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THE CHOICE OF COARSE AND FINE-CRUSHING MACHINERY
AND PROCESSES OF ORE TREATMENT.

By A. G. CHARLETON,

PART I.—INTRODUCTION.

The title of this paper has been suggested to the writer by a most
interesting contribution on the subject of gold-quartz reduction, read
by Mr. A. H. Curtis, at a recent meeting of the Institution of Civil
Engineers, which the writer in common with other visitors, had the
pleasure of hearing discussed at the two following sessions.

The subject is of such wide scope, that the writer ventures to think
some of the points Mr. Curtis dealt with may be enlarged upon, and in
fact the subject can be approached from several different points of view
(notably from a metallurgical one) without exhansting it, or in any way
attempting to trench on matters which Mr. Curtis has more particularly
disposed of.

In summing up, Mr. Curtis arrives at certain general conclusions, which
are almost entirely in accordance with the writer’s own experience, viz.:—

I.—That the most suitable machines for the preliminary coarse-
crushing of nearly all ores (depending on individual circumstances,
referred to later on) come under one of the two following classes : —

A. Those with a reciprocating-jaw action, either hung at the top on
a rocker shaft, so as to swing freely backwards and forwards at
the bottom (on the well-known Blake and Marsden principles),
or pivoted at the lower end, so as to move to the greatest
extent at the top (like the Dodge).

B. Those witha gyratory movement (like the Gates or Comet crusher).

II.—That, for medium-coarse (below 2} inches) to fine-crushing,
necessary for an ore which has to be amalgamated, concentrated, lixiviated,
chlorinated, or treated by any of the various modifications of these pro-
cesses which have sprung up of late years (each with some special claims
of its own), the types in their own particular provinces, of the best classes
of machinery to employ, are represented by :—

C. Gravitation stamps.

D. First-motion rolls for medium and fine work ; or geared-rolls for
coarser ore sizes, and

E. Centrifugal roller-mills (such as the Huntington) which have

stood the test of wide use, and time.
a
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If, however, it is intended to reduce to pulp ore already crushed fine, a8
required in certain branches of amalgamation, one must add to this list :—
F. Edge-roller-mills of the improved Chilian type, Frankfort mills;
and what are known in America as
G. Combination-pans, a modified form of the old Wheeler-pan.

COARSE-CRUSHING.

Although hand-spalling with a sledge still holds its own for breaking
gold-quartz in a number of Queensland mills and other places where
stereotyped prejudice still holds it in position, mechanical means should
generally be used for breaking the ore (as it comes from the mine)
to a convenient size for its subsequent treatment. The exceptions to
this rule are: If the stone contains mineral, which can be picked out at
once and shipped to smelting-works to be otherwise dealt with ; if manual
labour be exceptionally efficient and cheap; if power of any sort be
exceptionally dear; if the location of the mine* render the transport
and operation of heavy machinery practically out of the question ; or
if the location of an existing mill of old construction will not allow of
the introduction of an ore-breaker with its accompanying bins, grizzleys
and automatic-feeders, etc. In point of fact the first is the only case
in which spalling can compete with rock-breakers in & modern mill
properly located and arranged,t as for instance, where a concentrating
ore carries some such combination as argentiferous galena and zinc blende,
mixed with carbonate of lead, and copper pyrites or iron pyrites, spathic
iron and quartz. The result of crushing ore like this, would be to break
up much of the blende, pyrites, etc., into grains, which, with specific
gravity ranging only from 3-9 to 51, could not be thoroughly separated
from one another by jigging, or any other mechanical dressing process.
A mixture of these minerals} has no market, and hence crushing without
some previous selection would obviously result in loss.

The ore for example at Ems which is divided into (1) rich galena
ore ; (2) cobbing ore ; (3) pyritiferous cobbing ore ; and (4) barren rock
furnishes an illustration given by Kunhardt.§

In many localities, however, as he remarks, loss or no loss, the value of
labour is too high to admit of spalling and cobbing being carried
out together (as they have to be in such cases) and at best it is a pain-

* Since the introduction of sectionalized machinery and the application of
electricity to long-distance transmission, remoteness from civilization influences
this aspect of the question, more than local engineering obstacles.

1 Assuming it to have a capacity of 20 tons a day, or anything over that amount.

1 A bove certain proportions small enough to be neglected.

§ School of Mines Quarterly, series 2. “The Art of Ore Dressing in Europe.”
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fully primitive practice, which, carried out on a large scale, retards or even
prevents, by the sedentary nature of the work, a healthy physical develop-
ment of the youth of the mining population, though on the other hand, it
certainly tends to stimulate their fuculties of observation.

In class A, the best-known crushers are the Blake and Blake-Marsden
stone-breakers.

The Blake-Marsden hand-hammer-action crusher takes, it is claimed,
less power to get through a given amount of work than the Blake ; never-
theless it does not appear to have come into such general favour for
mining purposes. Perhaps this may be accounted for by its greater prime
cost, weight, and the large space it occupies, for it seems a simple and
well-built machine. o

The chief disadvantages, which attach to the use of the above class
of ore-breakers, are :—

(a) That the moving jaw only does effective work during the forward
stroke, rendering the action an intermittent one.

(b) That thin, flat pieces of rock may at times pass the jaws without
being broken, an objection, it may be remarked, which is not
of very great consequence to the miner, unless the product of
the machine is unusually large, and goes direct to automatic
feeders.

(c) That the stone leaving the machines is of continually varying
sizes.

With regard to the Dodge, its special advantages are :—

(a) Its light weight.

(5) The jaw being fixed at the bottom, (1) the size of the product
can be more easily regulated; (2) is more uniform in size;
and (8) the stone can be crushed down finer than with crushers
of the preceding class.

The Dodge is more particularly recommended on these grounds, for
fine-crushing in concentration-works, although its capacity is more or less
limited as compared with the Blake, owing to the fact that it gives a
finer product.

It should also meet a want in small mills, which cannot keep a more
powerful breaker fully employed, or as a preparatory machine for finer
crushing, in Rolls or a Huntington.

Belonging to class B there are:—

1. The Gates or Comet Rock and Ore-breaker—Qwing to the gyratory
movement of the breaking-head of this machine on an eccentric, within a
circular outer shell, which is protected with toothed liners, and is shaped
like an inverted cone, it is claimed :—
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(a) That flat pieces of rock cannot pass through it uncrushed to the
same extent, as in a machine with reciprocating-jaws.

() That as the area of breaking-surface increases towards the dis-
charge end, the material as it is broken smaller is spread over
a larger space, which results in finer crushing than is practi-
cable with a reciprocating jaw-machine.

(c) That as the head is loose on the eccentric spindle, there is no
grinding action, and there is a line of crushing-surface from
top to bottom of the head and liners in constant action.

(@) The area of breaking-surface is about three times as great as in
reciprocating machines of similar power. This seems to admit
of the machine doing nearly treble the work in any given time,
driven at the same speed, and of tipping into it large quanti-
ties of stone (using a hopper) ; dispensing with much of the
attention necessary with machines belonging to class A.

(¢) That, having a comparatively small crushing-surface acting con-
tinuously, dispensing with a fly-wheel to store up power (part
of which is wasted), and the rock which is to be broken being
supported at its ends only, in the circular crushing-chamber,
less power is required, as compared with a jaw machine, to do
a given amount of work.

Quoting the report of a committee, on a competitive trial between a
9 inches by 15 inches Blake-Marsden, and a 9 inches by 14 inches Gates, at
Meriden, Connecticut, on May 30th, 1883, the makers of the Gates assert
that, crushing the same kind of stone to an equal size, the latter machine
crushed over three times as much in a given time, and showed a saving of
about 83 per cent. of the indicated power consumed in doing the work.

On the other side, it must be said, that a Gates of an equal capacity
will not take in a lump of rock of as large sectional dimensions as a Blake
or Marsden; and the latter machines have the advantage in respect of
weight and prime cost; the price of the large sizes is in fact extremely
heavy, and the height of the Gates is also a disadvantage, where fall has
to be economized. The injury done to the machine, which might result
from a hammer head, or drill falling into it (a not unfrequent occurrence
through carelessness, or occasionally other reasons) has also to be con-
sidered, and there is no doubt that the Gates requires particular attention,
in keeping it properly lubricated with suitable lard, or heavy lubricating
oil. The head and liners are made of specially chilled, cast white-iron.

There is one particular case, however, which should be pointed out,
in which the Gates seems to possess very special advantages over other
crushers, and that is, where there is a wide lode yielding large quantitie
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of milling ore, in which the stone breaks “large” in stoping it down,
and requires in consequence to be spalled, to get it into the jaws of an
ordinary breaker. Under such circumstances, a Gates may obviously
serve a very useful purpose indeed, as the larger sizes will take in
whole lumps, as big as can be handled, and by this means the tedious and
expensive process of breaking in the mine, or “ breaker-floor,” is avoided.

The measure of economy in using a large sized breaker of the kind will
necessarily depend, however, on being able to keep it fully employed, as well
as possessing ample storage-bin room and driving power. As an instance
of the work it can accomplish under such circumstances, the Caledonia mill
in Dakota may be quoted,* where one No. 6 Gates, with receiving-open-
ings 12 inches by 18 inches, attended by one man, crushed 200 tons in 10
hours, and did the work formerly set for three No. 5 Blakes (the largest
ordinary pattern in the market), with a receiving-opening 9 inches by 15
inches. These latter took five men 20 hours, it is said, to produce the
same result, requiring the same amount of power. It is asserted by the
makers of the Gates, that its action entails less stress on the structure
it is mounted upon, than is the case with a reciprocating breaker, but
one is somewhat inclined to doubt whether this holds good in starting it
when empty, whatever may be the case whilst it is running full.

Its size, and weight, must evidently be special objections, when it has to
be mounted on a lofty structure (like the back floor of a stamp mill); and
where the stone is divided, along a long line of bins, the advantage of using
one large machine, is more or less offset by the difficulty of distributing
the ore between them, unless there is an exceptionally large fall to spare.
Under such circumstances the only practical escape from the difficulty,
is to set the breaker apart from the mill (if possible close to the shaft);
and it is not improbable that this is, as a rule, (where the mine and mill
are owned by the same company, and the former keeps the latter entirely
occupied), the best disposition to adopt. This does away with much of
the dust, which plays havoc with the bearings of the other machinery of
the mill, permits of lighter framing for foundations and superstructure, less
grading (in some cases),} and a smaller annexe to the main building.

2.—The Lowry Ore-breaker.—A second form of gyratory crusher
has quite recently been introduced by the National Machinery Co., of
Tiffin, Ohio.

* % Gold-milling in the Black Hills,” by H. O. Hofman. Zrans. Am. Inst. Min.
E., vol. xvii., page 498.

t When rock-breakers and ore-bins are used with automatic-feeders at the back
of a stamp-battery, which has tables and concentrators below it, the least practi-

cable fall that ensures the antomatic movement of the ore through the various stages
of the process is about 33 feet from the rock-breaker to the concentrator floor.
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A description of this crusher appeared in the New York Mining
Journal of December 5th, 1891.

Its construction is illustrated by a diagram, which shows it in
section, with a removable revolving top for fine-crushing, containing two
or more holes, to regulate and spread the stone round the breaker-head.
The ore is thrown into a hopper, and is discharged as fast as it is broken,
avoiding any danger of clogging. The Lowry ore-breaker appears to
occupy the same position with regard to the Gates, that the Dodge does to
the Blake, as the vertical shaft is fulcrumed below the crusher-head
instead of above it ; consequently there is less motion, so it is asserted, at
the bottom of the jaw, and the product is said to be more even than that
of any of the jaw-crushers, in which the jaw is pivoted at the top, a state-
ment which is no doubt correct.

The chilled-iron head or cone appears smaller in the Lowry breaker
than in the Gates. The chilled-iron ring or liner, which forms the outer
crushing-face is cast in one solid piece, having a solid turned bearing and
supporting-backing behind it. The machine is adjusted for crushing
to various sizes by screws at the side of the crushing mortar, by which the
liner can be raised or lowered. This is done to obviate the necessity of
lifting the vertical shaft, carrying the crusher-head, the bottom of which
always remains in the oil chamber of the eccentric, at the base of the
machine, The vertical shaft is driven by ropes with sufficient laps round
the pulleys, and with provision for adjustment in the tension-pulley.

As one of the chief advantages of this machine, the manufacturers
claim that the crusher-head strikes downward, and has a tendency to
draw in the material to be crushed, which would not be the case if the
vertical shaft were fulcrumed at the top.

These breakers are made in nine sizes, having a capacity varying
between 5 and 250 tons per hour.

Without having seen both machines at work and knowing more about
the Lowry, it is impossible to institute a fair comparison between it and
the Gates. But it is probable that, comparing the former with recipro-
cating-jaw machines, most of the arguments for and against the Gates
seem to apply equally to its new competitor.

The purpose for which an ore-breaker is intended, its capacity, saving
in space occupied, weight, quickness in setting to work, ease of repair,
simplicity of construction, wear per ton of ore, liability to serious or minor
accidents, first cost, and consumption of labour in atiendance, lubricants,
and power required per ton of ore crushed, will all influence the choice
of a machine, and no hard-and-fast line can be drawn, between the
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various coarse-crushers which have been mentioned, each possessing a
sphere of usefulness of its own. In fact, as some of the above conditions
are to a certain extent conflicting, a careful consideration of the par-
ticular circumstances of each case is absolutely necessary. In judging
of the relative economy of different crushers in regard to consump-
tion of power, it is perfectly correct that the only true test of their
efficiency is the actual, indicated, useful effect shown per Ib. of fuel burnt
in cubing a certain class of stone to a given size. This method of com-
parison is, not however, so entirely reliable as would at first sight appear,
unless the machines under trial be driven with the same engines and
boilers, by the same enginemen.

The consumption of fuel will, in fact, differ in different works, accord-
ing to its quality or description, the size and type of engine and boiler
employed, and the care bestowed in looking after them.

Further than this, it is absolutely necessary to compare the exact time
the crushing lasted, deducting all stoppages, since an engine which is idle,
during the time the boiler fire is alight, may be consuming—in proportion
to the useful work done—much more fuel than either the indicated or
real horse-power (measured while the engine was working) would lead one
to suppose. The different sizes, weights, capacities, size to which the
stone is cubed, size and speed of driving-pulleys, nominal horse-power
expended, and cost of the Blake, Blake-Marsden, Dodge, Gates, and
Lowry ore-crushers, are given in the subjoined tables, as far as it is
possible to ascertain them.

DIMENSIONS, PRICES, AND PRODUCT OF THE BLAKE STONE- AND ORE-

BREAKER.*
. | Driving
Gt | L | e s ) Y
No.t| ing | por Hour | Heavi. | Tokal i 4 s& & roB
Oﬁn“n- inTonlw o eight. ‘i 8 5 § s o;| OChioago.
Sinchsize| a | & s 55 o
Inches. Lbe. | Lbe [Pt In Pt In!Ft. In[Ft. In.|Ft. In £ 5 a
oo | 8% 14 Laboratory 40( 100j1 1|0 6|0 10/0 5|0 1 |300 10 8 4
A [10x4 4 1,993| 4,719|4 6(4 0|3 11|1 8(0 6| ...| 4 62100
2 [10x7 63 3,950 7,896(5 4)4 6|4 5|2 0|0 7}275( 7 104 3 4
5 |16x9 108 | 7,179 |156,749|6 8|5 O[5 3(2 6(0 9| ...|10 166 5 O
8 20x10l 134 | 7,700(17,00016 10(5 9|5 11|3 0|1 O |260|14 21815 O

* Messrs. Fraser and Chalmers' Catalogue, No. 4 (Gold and Silver Mills), and
Egleston's Silver, page 358.

+ There are various intermediate sizes not mentioned in the table; the 20 inches
by 15 inches, with a product of 20 tons per hour, being the largest.
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Size A—Takes pieces 4 inches thick, and crushes to % inch or less. 2—
Takes pieces 7 inches thick, and crushes to  inch or less. 8 and 4 are
used for road-ballast, furnaces, and breaking smaller for other crushers.
Mr. H. S. Munroe® places the cost of repairs for eight 7 inches by 15
inches lever-pattern crushers (Blakes) with corrugated jaws, estimated to
have crushed 224,208 tons of limestone, at Bonne Terre, Missouri, in 12
months, at :—

£ a

12 levers, at $2500 ... .. .. .. 6310 0
9 jaw-plates, at $15-00 .. 291 38
12 jaw-plates, at $12:00 ... . . 30 00
Toggles, check-plates, and sundries .. b112 6
Total cost ... .. &173 8 9

This represents an average of about £20 16s. 8d. for each crusher,
breaking 80 tons per diem, to 1} inches, but does not include the cost of
babbitting bearings, or labour in making repairs.

From these data, the average life of the wearing parts of a jaw-
crusher, appears (similarly circumstanced) to be about 8 months.

The lower box of the pitman-shaft must be packed with thin wood
packing, to prevent the key tightening the box to the shaft. Iron plugs
should be kept in the oil-holes, and if the fixed jaw requires to be cast-
up, it should be backed with zinc plate about } inch thick.

The amount of product depends on the distance the jaws are set apart,
the speed, and also on the nature of the ore.

The product given in the table assumes the jaws set 1} inches open
at the bottom, the machine run at proper speed, and properly fed, but it
will vary somewhat with the character of the stone, brittle stone for
instance going through faster than sandstone.

The No. 2 Blake is made in sections for mountain transport. Total
weight, 6,881 lbs. ; cost, £145 16s. 8d. No piece of this machine weighs
over 332 lbs.

DIMENSIONS, PRICES, AND PRODUCT OF THE DODGE CRUSHER.t

ey
A ximate Width "
Size of Driving Revolu- Price r.0.B.
No. Ji oduct Total Pulley. of i H.P. Chi ,
° Ope::i'nc pﬁ:{%‘f:“o Weight. Dil:lm:’hr. uli:]‘:. M 11513; Required. Oonx:?'etoe
Inches. Tons. Lbs. | Inches. |Inches. £ a4
1 4x6 —1 1,200 20 4 275 2—4 52 1 8
2 %9 1—3 4,300 24 5 235 4—8 9315 0
3 8x12 2—5 5,600 30 6 220 8—12 | 114 11 8
4 | 10x16 —8 12,000 36 8 200 | 12—18 | 187 10 0

* «The New Dressing Works of the St. Joseph Lead Company.” ZTrans. Am.
Inst. Min. E., vol. xvii., page 659.
1 Messrs. Fraser and Chalmers' Catalogue, No. 4.
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DIMENSIONS, PRICES, AND PRODUCT OF THE BLAKE-MARSDEN (WITH LEVER
AND ECCENTRIC MOTION) STONE-BREAKERS.*

Approximate Extreme Dimensions. | Driving Pulley. | proper
Size of 3 r:, uct, | eiehs 5 Bresd. | g p,
Rocoving | gor Hourta | Mot g 2| . erolu| T2 | Price.
O | e, | chine 228§
2} Inches. g 3 & ] a K Minute.
Inches. | Tons.Cwts. | Lbs. | Ft. In.| Ft. In. | Ft. In.| Ft. In.| Ft. In. £
12x8 5 8 110,080/ 8 1|3 7|4 942 0|0 b b 113
15x8 6 b5 (12,8808 94 410|(5 3(2 6|0 6 7 135
15x10 7 10 |15680/8 94 4105 8 2 6|0 7 g 8 150
18x9 8 15 17,684/ 811 | 411 |5 048 00 7 ";3, 9 1656
20x10| 10 O (22,400 911 |5 5|56 443 0|0 7 S 10 180
24x13 | 15 0 |30,240(10 63/ 6 8} 6 743 0|0 9 S 12 263
24x16 | 16 0 |31,360]10 64/ 5 8} 6 743 0|0 9 ‘; 14 276
24x17 | 16 5 |31,920{10 634 6 8}/ 6 743 0|0 9 § 14 282
30x18 | 20 6 |33,600 . . 18 376
34x18 | 23 2 |42,560] ... . . . 20 413

The makers state that it is advisable to use an engine of 2 horse-power
more than stated in the table, a8 it is more economical to run a larger engine,
than to run one up to its full power (this remark also applies to the Blake
and the Gates crushers). The principal working parts are all crucible steel.

DIMENSIONS, PRICES, AND PRODUCT OF THE GATES OR COMET ORE-CRUSHER.

Dlme;:- ,§ O:Dﬁ‘fl,:’; Dimen- bg%‘f?lm‘:ﬂ:ldn ~ %35&5‘3
:l);-;:gi sions [ n Tons of g“’_.':",?: igs % | . l'io rﬂg
§ m%;‘;"‘i‘:; Roooir. 2 2'000‘1,‘,1;" CALH- .32 28| Elovator, | Pt
@ ! ing ° 2} inches 85|%g| g9l B5 (57| andBcreen. | pop
Openings| gpep. 3 ing ac- | EEz|g g gm E London,
S | § | ahee 8] g B AR R de e [
about. B Og:ragg.et a g k] e § &=
Inches. | Inches.| Lbs. Labora- ) |In.| In. T In, | In. | In. £
00 | 2x12 | 2x4 | 300 kﬁpﬁ.',‘;’} § o 21 17|26/ 13 roo] 4 3 B
0| 4x30 | 4x10| 3,100 2—4 |16{ 6 | 48 |30| 73| 28 |500| 4 4 86
1|5x36 | 5x12| 5,500 4—8 |20 54 | 31| 76| 374475 8 125
2| 6x42 | 6x14| 7,800 6—12 (24 60 | 39| 90{ 394,450| 12 | 15| 165
8| Tx456 | 7x15(13,500( 10—20 |28| 10 | 73 |48 |103| 444|425 20 | 30 | 250
4| 8x54 | 8x18{20,000| 15—30 (32| 12 | 85 |54 (114| 51 400{ 30 | 40 | 400
5 |10 x 60 |10 x 20{27,000| 25—40 (36| 14 | 96 |63 |123| 59 (375 40 | 50 | 500
6 (11x72 (11 x24;36,000| 30—60 [40] 16 (109 |73 (139 66 (350 60 | 60 | 725
74{13 x 90 |13 x 30(60,000 | 40—75 |48( 18 {116 |73 |144]120 (350 60 [ 75 |1,040
8 |18 x 135(18 x 45/89,000 | 100—150 (48| 20 |156 | 90 (164|132 |350| 125 | 150 | 1,460

* Makers’ catalogue and correspondence.
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The power required per ton will, of course, vary with the size to which
the stone is broken, requiring additional power, to break it smaller than
ordinary macadam.

An elevator and screen are used when it is desired to break everything
down to § inch.

If the product is not required smaller than § inch, and some “spalls
are not objectionable, the screen and elevator are not needed.

Prices of Gates' breakers with revolving screen and return-elevator
fitted complete, on frame ; size 0, with 24 inches by 86 inches revolving
screen, £156 ; size 1, with 24 inches by 86 inches revolving screen, £208;
size 2, with 24 inches by 86 inches revolving screen, £250 ; size 3, with
24 inches by 36 inches revolving screen, £354.

Elevators 24 fecet between centres, including connexions, range in
price for the various size breakers (from 1 to 7) from £56 to £127, and
weigh from 2,000 to 5,000 lbs. Revolving screens, with dust jackets,
cost from £42 to £146 (exclusive of connexions) and weigh 2,000 to
8,000 Ibs.

MEDIUM-COARSE AND FINE-CRUSHING.

From the point of view of the mechanical engineer the superiority of
one machine of class II. over another, for the reduction of a certain kind
of stone (say granite), can in a measure, be pretty casily demonstrated,
but the question as a miner requires to look at it, becomes one of extreme
complexity, a8 the factors to be dealt with are variable and conflicting,
in more ways than one.

Viewed in this light, if the field of slection be limited, merely to the
three classes of crushers particularized on page 1 the choice of the best
for any special case, appears to depend on three equally important
considerations, which are altogether outside the primary question of the
mechanical merits or demerits of a particular machine, and it is here that
the experience of the mining engineer is called into play.

To arrive at a trustworthy solution of the problem, he must take
into consideration :—1st, the character of the ore itself and its
associated gangue; 2nd, the degree of comminution to which it is
desirable to carry reduction in order to get the best results out of any
particular system of treatment that may be adopted ; whilst in some
cases, the location of the mine and the nature and position of the mill site,
also form a 3rd factor of the question.
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To put the matter in a nut shell and go a step farther, it may be
laid down as a rule, that setting aside any other machines which have
claims to attention, where one of the three classes of crushers (stamps,
rolls, and roller-mills) now under consideration is found, commercially
speaking, to best meet the needs of the miner in any one instance, it is
most unlikely that either of the other two types, will be found suited to
the requirements of the same case ; if indeed, they did not turn out on
trial absolute failures, supposing one kind of machine to be substituted for
another.

An ideal “reduction plant,” would have to establish a claim to
extract the largest percentage possible of gold or other metal automatic-
ally in the shortest possible time, and in the simplest possible manner,
combining capacity for expeditiously reducing the greatest quantity of ore
in a given time to any desired point of fineness, with a minimum produc-
tion of fines or slimes; it should further possess strength and durability
without being cumbersome, and have as few working-parts and auxiliary
appliances connected with it as possible. Now, while this acme of
mechanical and metallurgical perfection combined has yet to be invented,
the success of one type of crusher as against another in various instances,
may be directly traced to the fact that some of those features which
are wanting in one class of machine, are found more or less devel-
oped in one or other of its competitors, In selecting the most suit-
able machinery for his own particular object it is therefore incumbent
on the miner not to lose sight of the points that have been indicated, a<
they may relatively affect in a different degree the circumstances he
happens to have to deal with.

The adaptability of the plant in the foregoing respects, however, is
not everything, as the outlay it may involve must after all be justified by
the returns it will yield. He has therefore to compare :—

1. The prime cost and weight of each class of machinery, with its
indispensable adjuncts for extracting the commercially valu-
able metals from any particular ore, representing a very
variable capital outlay to produce a given result.

2. The simplicity or complexity of the entire plant in each case.
not only with regard to cost of repairs, but also the time lost
in maintaining it in running order in out-of-the-way places.
difficult of communication, and where skilled labour is perhaps
not available.

8. The relative time required to erect each different class of

~machinery ; and lastly,
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4. The comparative costs (both in regard to quantity and price) of
labour, fuel, oil, etc., required to run a given class of plant in
a certain locality.

Under these circumstances, with the limited data possessed at present
in the shape of independent figures throwing light on many of these
questions of relative efficiency and cost, at most only general statements
can be made; and any attempt to assert the adaptability or superiority of
one machine or class of machines for all cases, must infallibly break
down.

Each form of crushing machinery has its champions and detractors who
freely express themselves for or against it, according to the measure of
success it happens to have achieved merely in their own limited personal
experience; and where failure occurs the machine not unfrequently is
blamed, when in some instances it is owing to want of forethought on the
part of the purchaser in overlooking natural.contingent results, which
might have been reasonably foreseen and easily escaped.

The degree of comminution to which it is desirable to carry reduction
to get the best results out of any particular system of treatment rests on
the general nature of the process employed to extract whatever of value
the ore contains; this is dependent to a very large extent on the ore
itself and its associated gangue.

The choice of medium and fine-crushing machinery must then be regu-
lated, from a mechanical standpoint, as well as by the class of ore it is
required to crush, bearing in mind that ruinous losses may ensue by going
to either extreme. That is to say, in selecting a machine, if crushing is
carried to an unnecessary degree of fineness, money is wasted in doing
unnecessary work, which shows itself in the cost sheet at the end of the
year, besides risking various mechanical and metallurgical losses.

Amongst these latter, may be enumerated, slimes and fine mineral
in suspension,'in concentration, and wet amalgamation; dust in fur-
nace and other dry processes ; and various inconveniences in filtering and
exiraction, in those cases where ore has to be lixiviated ; all entailing
extra expemse, to mitigate a difficulty which has been artificially
created.

If. on the other hand, the crushing is not fine enough, a proper per-
centage of the metals (remaining as they do locked up in their stony
envelopes) is not secured. So that whether water be employed to con-
centrate them, mercury to entrap them, chlorine to attack them, or some
chemical solution to extract them, there is a more or less considerable
loss, which ought to be carefully studied, for the purpose of finding the
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vanishing point (8o far as it can be learnt) common to all these com-
bined sources of trouble.

One may say then, that there is a certain average degree of fineness,
to which it pays best to carry reduction in every process (varying with the
ore, and the method of treatment). Bat before this point can be settled
it is necessary to decide what is the best process for the purpose in view,
i.6., in getting the largest commercial return on a given capital outlay.

On these grounds, it is of paramount importance that the chemical
and physical peculiarities of the ore and its associated gangue should be
first studied, and carefully noted in connexion with the local surroundings
of the works, in regard to the character and cost of labour, fuel, supplies,
and abundance or absence of water-supply, as well as climate and other
considerations, which must influence the choice.

To enter into nrinute details concerning the peculiarities of various
ores, and the processes of treatment they might be subjected to, is far
beyond the scope of this paper, but from a general standpoint, as affect-
ing the present question, the materials (ore and country-rock and
gangue) which the miner, the metallurgist, and the mechanic, have alike
to deal with, may be divided according to their physical characteristics,
in three chief classes :—

(a) Brittle and hard ; such as quartz, most pyritic ores, syenite, and
coarsely crystalline metamorphic rocks.

() Tough ; such as native copper, gneiss, and most of the micro and
crypto-crystalline metamorphic and intrusive voleanic rocks,
which accompany ore-deposits.

(c) Soft or clayey ; these latter comprising earthy carbonates, surface
ores, or clayey limestones, as well as some classes of stone,
comparatively hard and brittle like schist but carrying clay-
pertings, and sandstone.

When the different physical peculiarities which attach to the first
elementary mineral substance in the above list are considered, it is seen
what wide room there may be for enquiry in this direction alone.

Silica which possesses no doubt a special interest to many engineers
when it takes the form of gold-quartz, may possess under certain circum-
stances, what miners term a kindly appearance, tinged sometimes a light-
grey, blue, or brownish-red colour, combined with a dark resinous look ;
whilst elsewhere it may have a vitreous, wet, or opaque-white, hungry
appearance, probably so-called by “ cousin Jack,” because it generally
leaves him (if he attempts to work it) precisely in that very condition.
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Still some of the best specimen-quartz is frequently milky, and white
as a hound’s tooth, whilst what is known as ribbon-quartz, a laminated
variety of stone (separated by thin talc or chlorite-partings, or laming of
graphitic shale or slate) is not unfrequently when met with, a good weight-
carrier of metal. All these physical differences, due to peculiarities of
hydration, association, and structure, will influence the way in which the
stone breaks, and therefore affect its after treatment.

The materials dealt with by the mining engineer may, therefore, be
divided according to their mineralogical characteristics and metallurgical
behaviour, into a further number of classes, with different subdivisions:—

(a) Ores of the base metals, whether containing gold or silver or not,
which have to be smelted or treated by a wet process, either
with or without a previous (hand or mechanical) coarse or fine
concentration, matting, or roasting, depending on circumstances
which need not be enumerated.

(b) Ores of one or both of the precious metals, properly so-called,
comprising :

1. Free-milling gold ores.

2. Free-milling silver ores.

3. Pyritic ores of gold and silver.
4. Combinations of 1, 2, and 8.
5. Exceptional ores.

These different kinds of ore may be subjected to various processes,
amongst the most general of which, for dealing with free-milling®
low-grade gold ores (belonging to class 1) are :—

1. Stamping the ore wet to fine size, and catching the free gold on
copper plates (inside and outside the battery), with wells and
mercury traps, used as accessories.

2. Wet stamping the ore coarse, and amalgamating on copper plates,
separating the coarse-sands from the finer slimes, by screens or
gizing-boxes (in some cases, preceding or following this separ-
ation by fine concentration) ; and regrinding the coarser sands
thus saved, in Huntington or Chilian mills, or pans ; followed
by more copper plates.

For dealing with free-milling comparatively high-grade ores of gold,
belonging to class 1, in which there is an excessive loss, if the pre-
viously described systems of treatment are followed (owing to the fine

* A term implying that the greater part of the gold is free.
1 Without mercury preparatory to re-amalgamation.
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state of division of the metal, its alloyage with silver, or some other
reason) there may be employed :—

1. Wet stamping, succeeded by direct pan-amalgamation on the
ordinary plan (or else what is known as the Ross continuous
gystem) ; or crushing dry (followed in exceptional cases by
roasting) and then amalgamating in Chilian mills or pans.
When there is a small percentage of rich sulphides present
(especially if dealing with a mixed gold and silver ore) fine, .e.,
table-concentration, may precede or follow the pan-treatment
with an appreciable saving.

2. Ina few special cases, like the Mount Morgan mine, Queensland,
ores of this class may no doubt be treated in bulk with
advantage by drying, crushing with rolls, partially roasting,
and working by chlorination in barrels. That the Mount
Morgan ore may equally well be classed amongst the excep-
tional ores (belonging to class 5), becomes evident however,
when the facts of the case are closely studied.

Mr. T. A. Rickard in a paper read before the American Institute of
Mining Engineers, June, 1891, says :*—* The complete success of the
treatment is largely due to the extreme friability of the ore, which renders
its pulverization easy, whilst its porosity assists materially in the thorough
chlorination of the gold.” An enthusiastic writer has spoken of the ore
as a sort of snow-drift, which melts in the chlorination vats of the com-
pany, into a golden sand, such as might be supposed to have been brought
from the bed of the river Pactolus, instead of from the top of an
Australian mountain. The extreme richness of the stone hitherto avail-
able for treatment in large quantities (the capacity of the works being
1,800 tons per week), the extremely minute state of subdivision of the
gold, and the physical peculiarities of the ore above referred to, have all
tended to make barrel-chlorination applied in this peculiar way a success,
where the stamp-mill has been unsuccessful, and this also accounts in
no small degree for successful crushing of the ore with rolls.

Mr. Rickard remarking on the cause of failure when the ore was
stamped, says :—* The rock which the battery (25 stamps at Dee Creek)
was called upon to crush, averaged 10 ounces per ton, but the contents of
the tailings proved of much greater value than the amount of amalgam
obtained. This led to a critical examination of the ore at the Sydney
Mint.” It was found that the bullion was of a fineness hitherto unknown
in nature, assaying 99'7 per cent., occasionally 99'8 per cent., of pure

* Trans, Am. Inst. Min. E., vol. xx., page 15(.
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gold, the rest being copper with a trace of iron. It is remarkable as
being almost entirely free from silver. Dr. Lebius, of the Sydney Mint,
considered as a result of numerous experiments, that the iron present
was in the form of an oxide, which coated the gold, and so prevented
its contact with mercury. In a footnote Mr. Rickard adds: “My own
experience with the ores of Gilpin County, Colorado, leads me to believe
that this is more frequently the obstacle to successful amalgamation than
is usually supposed.

For dealing with free-milling silver ores (carrying less than 6 ounces
per ton of white metal) belonging to class 2 as a rule éne may employ :—

1. Wet stamping, followed by direct amalgamation in pans or
barrels. The ores of this class are limited, only embracing
decomposed surface-ores, carbonates, and occasional deposits
of argentite, chlorides, chloro-bromides, and native silver.

For dealing with pyritic ores of gold and silver, belonging to class 8
which contain the larger proportion of their metallic contents in combina-
tion with sulphides. The following are the usual methods :—

(a) If the sulphides are massive.

1. Hand-picking and after treatment, as described below.

(d) If the sulphides (pyrites) are disseminated.

2. Wet stamping, combined with battery and plate-amalgamation,
to extract the free gold followed by fine concentration of the
pyrites, and treatment of the hand-sorted ore and concentrates
by smelting for lead, which yields bullion that has to be
refined by different processes; or by smelting for copper in
reverberatory furnaces, to produce an enriched copper matte.*
The choice of these methods depends on whether lead or
copper is the predominating metal. More frequently, however,
the gold is extracted from the concentrates by the ordinary
Plattner vat-chlorination treatment, whilst in a few special
cases an iron matte is produced, and sold to smelters, or crushed
and chlorinated.

8. Wet stamping, followed by amalgamation and fine concentration,
and grinding the concentrates raw, in pans or Chilian mills.

4. Dry stamping, followed by roasting, with or without salt, and amal-
gamation in pans or barrels, a process which is only adapted,
however, as a rule, to rich silver ores, carrying a certain pro-
portion of sulphides, but not enough to pay for concentration.

* The gold and silver in this matte, are subsequently extracted by a wet process

from the copper-bottoms which contain the gold, after the silver has been extracted
by the Ziervogel or Augustine processes.
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5. The new cyanide-lixiviation-process, which is claimed to be
applicable to the treatment of certain gold ores, much in the
game way a8 the Russel process is to silver.

6. Ordinary lixiviation.

Dealing with ores belonging to class 4, which are amongst the
most difficult to treat, becausc a process adapted to the extraction of
gold may be very inefficient for the recovery of silver, and vice versa :
when one metal is in small proportion as regards value, it is frequently
sacrificed to the most profitable process commercially for the other. Many
of the base silver ores of the United States contain 5 to 15 dwts. of gold,
and from 20 to 50 ounces of silver per ton. For such ores dry stamping,
roasting, and pan-amalgamation is mostly used, and under proper
conditions will extract 90 per cent. or more of the silver, but only 40 to
60 per cent. of the gold. Lately, however, coarse-crushing, instantaneous
roasting in Stetefeldt furnaces, and double-leaching by the new Russel
process has come into prominence, and is said to be giving excellent
results in certain instances, as regards economy and extraction of both
metals.

The Russel process seems to be more particularly applicable to those
ores which do not contain enough lead or copper for smelting, are poor
both in gold and silver, and which contain large amounts of sulphur,
arsenic, and antimony, since roasting with salt would convert the base
metals as well as the silver into chlorides, and would give a very base
bullion if it were amalgamated. There is, however, a remedy for this,
which Mr. McDermott points out® : “ When the silver is in combination
with sulphides, antimonides, arsenides, and tellurides of the baser metals,
the pan process becomes inefficient and expensive. By contact with iron
surfaces, heat, and the addition of some chemicals—chiefly salt and
sulphate of copper—a partial decomposition of the complex minerals is
effected, and some of the silver amalgamated, but the wear of iron, loss
of mercury, cost of power and chemicals, and the production of base
bullion together, go far to neutralize the gain made in the recovery of the
silver. In such a case a great benefit is derived by combining concentra-
tion with amalgamation. The light, flocculent chlorides and sulphides
of silver can be amalgamated to a high percentage, while concentration
is almost useless to deal with them in the form in which they exist in a
free or decomposed ore.

On the other hand, concentration can be made very effective on the
undecomposed complex minerals, for which amalgamation is ill-adapted.

® Gold Amalgamation, by Walter McDermott and P. W. Duffield, page 88.
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There are two methods of combining the processes according to their
order, concentrating either before or after the pan-treatment. In regard
to the relative advantages of the two, concentration before amalgamation
is the natural method, because it relieves the pans of the baser minerals,
which are a disadvantage in the amalgamation, and the subsequent concen-
tration of which is made more difficult by the grinding or attrition of the
minerals in the pans. .

The only argument against the universal adoption of this order, rests
on the disadvantage of sometimes having native metals, and some
chlorides and sulphides entering the concentrations, instead of appearing
at once as bullion, which they otherwise would do, and also, that very
perfect settling of the slimes from the concentration tails is necessary, to
prevent loss of the flaky silver chlorides and sulphides. This process is
in use at the Standard mill, California.

When the free metal is gold, the first-named disadvantage can be
overcome by using copper plates before the concentrators, and this
process was adopted by the Montana Company with great success, after
first trying pans before the concentrators.

Comparing the combined process with dry crushing and roasting, the
advantages of the former consist in a reduction of the cost of working
fully one-half of that of dry crushing, a crushing capacity of double for
the same number of stamps, a decreased cost of erection, and a higher
saving of gold present. Aguinst these advantages may be placed simply
the increased percentage of silver saved by the dry process under certain
circumstances.

When combined gold-and-silver ores carry over 10 per cent. of base
metals it usually happens that the silver does not exist equally in the
minerals present, but is concentrated in one of them as a rich, brittle
ore. It follows from this, that concentration in some instances is very
ineffective, because while 90 per cent. of the heavy base metals may be
saved in the concentrates, the loss of the fine silver-bearing mineral in
the slimes may be fully 50 per cent. of the assay-value of the crude ore.
In some cases the clean concentrated, heavy minerals do not assay more
than the original ore from which they were separated.

This is a very strong argument against the injudicious application of
fine concentration to all cases, for, as Mr. McDermott says, there are ores
of both gold and silver in which the sulphides are so rich, that even a
very small loss by weight involves a very large loss by assay of the
Pprecious metals.

Such minerals as tellurides of gold and silver, ruby and brittle silver
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ore, come under this head. In concentrating some of the tellurium ores
of Colorado, some of the very finest slime-material, overflowing from the
concentration-tanks of the Frue vanners, assayed as high as £5,000 per
ton in gold and silver.

Where there is danger of loss, as described, it is advisable to introduce
a double concentration, re-treating the tails on vanners.

For dealing with exceptional ores belonging to class 5: if their value
lies mostly in tellurides of gold and silver, with little or no sulphides
Ppresent, the most successful method yet found is by selection of the rich
ore; and concentration (as above described), by double treatment of the
low-grade ores. Both rich ore, and concentrates, are then so valuable,
that smelting on the spot or shipment to smelters is advisable.

Another class of exceptional ores are those, in which the gold is not
free, so far as tests indicate,and yet there are no sulphides present.

These ores are generally oxidized in character, changed from their
original form, and contain chloride of silver in addition to the gold. As
some of these ores, when leached with hyposulphite of soda, yield a large
portion of the gold as well as the silver, it would seem to indicate that the
gold exists as a chloride, combined with the silver, either as a double
insoluble chloride, or mechanically protected by the latter from being
leached out by the natural drainage-water of the mine. Such ores are
uncommon, but have been worked to some extent by a raw-leaching and
concentration for the fine carbonate of lead, and its combined silver which
is also present.

There may be, other explanations, however, to account for the peculiar
character of the ores just alluded to. On page 6 of Gold Amalgamation
and Treatment, the losses of gold in milling are referred to five principal
causes :—

1. Loss of free gold, quicksilver, or amalgam, due to carelessness or
inexperienced amalgamation.

2. Free gold and gold-bearing sulphides, attached to or embedded
in particles of rock.

3. Gold contained in base-metal sulphides, broadly termed
sulphides.

4. Gold lost in fine slimes, and sometimes in solution.

5. A condition of gold in which it is not susceptible of copper-
plate amalgamation.

It is with the last of these that we now have to deal.

Quite recently ®* Mr. Richard Pearce, of Argo, Colorado, has given

* «The Association of Gold Ores with other Metals in the West.” Trans. Am.
Inst. Min. E., vol. xviii,, page 447.
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some most interesting facts with regard to the association of gold with
other metals in Colorado, which bear on amalgamation and concentration.
His investigations go to prove that gold and silver exist in some of these
ores found below the water-line, alloyed with bismuth, tellurium, and
copper, and perhaps arsenic, where the presence of such combinations has
hitherto been unsuspected, and a coarse-grained almost pure pyrites con-
taining silver and a small value of gold, from the Louisville mine of
Leadville, has been proved to contain metallic tellurium. When thus
combined the gold would appear to be more or less refractory to the
ordinary milling treatment, and this may account for some of the
troubles set down to so-called rustiness.

A natural crystalline compound of gold and bismuth, has lately been
discovered in Australia, it is said, and native alloys of these metals are
known under the names of maldonite and bismuthaurite. Hessite, a
natural combination of tellurium and silver (Ag,Te) has been found in
some of the Red Cliff veins, and a telluride of bismuth, probably tetra-
dymite was found by Mr. Pearce in ore discovered at Ouray. He
contends that, in certain cases, bismuth performs, a by-no-means small
part, in influencing the general deposition of gold, and also in causing the
refractory behaviour of this metal under metallurgical treatment.

Mr. Pearce adds: “The occurrence of gold in this district seems to
be intimately associated with that of eruptive porphyries, and the impreg-
pation of veins with gold-bearing minerals is apparently always accom-
panied with silica. Evidence of intense thermal action® is one of the
chief characteristics of gold deposits. Examples of these processes may
be found in Gilpin, and also in Boulder County. In the latter district
known as the ‘telluride Belt,’ there are indisputable evidence of vein-
impregnation by the girculation of siliceous waters through the joints of
the porphyry ; in this case tellurium is the chief mineralizing agent of the
gold. Perhaps the most striking example of the deposition of gold, through
the agency of thermal waters, may be seen in the celebrated Bassick mine,
which has 80 often been described. This deposit exhibits all the
characteristics usually accompanying geyser action. The disintegration
of the porphyry, with a partial replacement of the felspar by silica,
is here clearly shown. The gold was combined almost in its entirety

* The idea Mr. Pearce intends to convey (which is the writer's view
of the matter) is that the filling of veins with mineral, is rather due in most
cases to the leaching of the adjacent rock-masses, followed by a gradual replace-
ment of the original constituents of the lode with ore, along certain horizons or
belts, than to the action of thermal waters, building up masses of mineral in an

open fissure, though both solfatara action, as Mr. Pearce remarks, at the Bassick
mine, and sublimation in exceptional instances, may have tended to such a result.
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with tellurium, and rich tellurides of gold and silver were found
sprinkled through the mass of material. In some remarkable specimens
these tellurides formed a distinct coating on the surface of smooth
boulders which had become rounded by attrition from the action of
steam.”

Dr. T. Egleston, in an elaborate paper on the causes of rustiness and
some of the losses in working gold ores,® points out that the term rusty
is used by miners to indicate a condition in which the metal is supposed
to be coated superficially or alloyed with some substance, which prevents
contact with mercury, and consequently precludes the possibility of
amalgamation.

Gold in this state, it appears, is frequently covered with a brownish
coating, which has a much redder colour than ordinary gold, and is
irregularly distributed over its surface: where the least abrasion has
occurred the metal underneath show the true gold colour. Fine particles
of gold are sometimes visible with the microscope in the detached
coating, and it often cracks off from pieces of gold, leaving them bright.
Very often this film is composed entirely of silica, deposited on and
beside the gold. It is sometimes opaque, and again quite transparent,
so that the gold can be seen with the microscope disseminated through it,
just as cinnabar-crystals are seen in the red chalcedony of the district
around Knoxville, California. There may be, for example, many artificial
causes which produce this rustiness of gold, the covering of the surface
with particles of some foreign substance, or its alloyage with other metals,
as already explained.

As Mr. McDermott remarks, concentration and pan-amalgamation
would probably be effective on the former class of ores, though for reasons
that will presently appear the writer would like to add, or concentration
preceded by crushing in centrifugal roller-mills, if other circumstances
admit of it. Dr. T. Egleston’s view is, that the action of rubbing, which
occurs in any machine like the arrastra, is much more likely than the
stamp-mill to pulverize the fine pyrites, break up any coating that may be
around the particles of gold, rub off the superficial deposit, and thus bring
the gold into contact with the mercury and make it amalgamate. He
states, as a remarkable fact, that in the early days, Mexicans with the
arrastra, got 50 to 60 dollars a day, where stamp-mills, working the same
rock, only obtained 15 to 20 dollars, and instances can be cited where,
with the best modern machinery, only 20 to 30 dollars can be got out of
rock which yields 700 to 800 dollars by fire assay.

* Trans. Am. Inst. Min. E., vol. ix., page 646.
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Of course this might be due partly to the first cause of loss cited,
viz., carelessness or inexperience on the part of the workmen running
the mills, but this is on the whole unlikely. Amongst other causes
in the treatment and composition of ores which render gold un-amalgam-
able in the mill, and which have to be considered and guarded against,
Dr. Egleston mentions :—

1. Gold which has been hammered, so as to increase its density
and close its pores, amalgamates very slowly, a condition,
however, which can scarcely be taken into account in the
working of a stamp-battery, unless the gold is very coarse.

2. The presence of sulphuretted hydrogen in the water, likely to be
induced by the presence of soluble sulphides.

8. Gold which has been exposed to the vapour of sulphur, which
no doubt accounts for the behaviour of certain ores when sub-
mitted to amalgamation after roasting, and the same is doubt-
less true of arsenic in some instances, judging from Mr.
Pearce’s conclusions.

4. Certain alloys of gold, like the phosphide, though others like the
arsenide and antimonide (produced artificially) are apparently
more tractable. To these alloys must now be added the
bismuthide, telluride, and cupride.

5. Greasy substances, like powdered natural hydrated silicates of
magnesia and alumina, if present in the ore, froth and coat
the gold with a slime, preventing the action of the mercury,
and lubricants such as oil, getting into the battery box, are
fatal to gold amalgamation.

The late Mr. E. N. Riotte once mentioned in the writer's presence a
case within his experience, which occurred at a gold mine in one of the
Southern States, where they had to abandon the use of dynamite on this
account ; as owing to the inexperience of the negroes in its use, portions
of unexploded cartridges were left in the stone, and affected the battery
yield. The result, if the nitro-glycerine had leached out, and collected in
a corner of the box, would doubtless have been a revelation to them.

6. Unusually soft water, absorbing air or carbonic acid gas, and so
tending to form ferric sulphate (when pyrites is present), which
is a most active agent in staining the plates.

Glancing back at the processes that have been referred to, it will be
seen, that except in dealing with free-milling silver ores and a few special
cases, there is considerable latitude given in the choice of a process, not
to mention its details.
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Its proper selection will depend on considerations of relative cost, as
compared with saving or loss of metal, or other valuable products, that
the ore contains; and nothing influences both of these in the same way,
or either of them more, than the degree to which the crushing of the
stone is carried, which is the author’s next proposition.

The finer the crushing, and the more the ore is handled or re-handled,
by repeating the operation, the greater of course will be the expense ;
while the more it is handled and the finer it is crushed beyond a point
that is absolutely necessary, the greater also will be the loss. To reduce
this latter to a minimum, a certain cost must naturally be incurred, though
if it go a little too far, the cost is increased and the loss as well.

This happens under various circumstances, viz. :—

A. In coarse concentration of the baser metals and of gold and
silver ores, or a combination of both (applicable to the latter
classes of ore, when the sulphides exceed say 10 to 20 per
cent. by weight) to obtain the mineral with a minimum loss
from comminution, the ore must be broken up, only just
enough to unlock all the mineral it may contain, down to a
certain size, and (theoretically) the mineral and barren rock
with it should be separated at once. This will leave, however,
a certain amount of yet more finely divided mineral in the
residues, which require to be re-crushed and re-treated at so
much additional cost, to get out the metal that remains in
them, less of course a certain percentage of loss involved in
this re-treatment.

When coarse combined with fine-concentration is necessary, it may
then be considered how far it will pay, to carry theory into practice, and
when labour is cheap, the life of the mine assured for a long period, and
the ore of considerable value, the German practice may be adopted, of
classifying carefully, reducing the ore gradually, and concentrating close ;
but when labour is dear, the life of the mine uncertain, and the chief
object is to secure the largest possible profit in the shortest possible time
at a minimum capital outlay, irrespective of a certain unavoidable loss in
unrecovered mineral, the Anglo-American method must be adopted of
sacrificing saving of mineral, to saving of cost and time, and crush the
ore in quantity, to a much greater average degree of fineness, without
such careful regard to sizing it.

The latter practice is the one followed in most American and colonial
mills, employing fine concentration for gold and silver ores (when the
sulphides in the ore do not run over, say, 10 per cent.). To compare
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these divergent systems roughly as to cost, two different cases, one of a
European zinc-and-silver lead-mine, the other an American lead-mine
may be taken.

The works in Europe are those of the New Pierrefitte Co., which the
writer was commissioned to inspect last summer, and of which he is
permitted to give the following particulars :—

They are situated in the Pyrenees in France, and treat an ore contain-
ing galena, blende, magnetic iron, and a small amount of copper pyrites.

On an output of 21,449 tons of crude ore last year (averaging 9-33
per cent of silver-lead, and 11 per cent. of zinc) the cost of dressing,
covering wages, supplies (including coal for three months of the year,
water-power being used for the remainder), renewals of machinery, etc.,
may be taken at about 8s. 10d. per crude ton, as given below :—

CONTINENTAL WORKS. AMERICAN WORKS.

Per Crude Ton. Per Ton,
Francs. Cents.
Labour ... . 285 Labour ... e 134
Supplies and repairs ... 243 Supplies ... e 33
Repairs ... ... 100
Coal e 9B

Total ... 478 = 3s. 10d. Total ... 864 = 18.6}d.

The American case is that of the new dressing works of the St. Joseph
Lead Co., at Bonne Terre, Missouri.* The ore is non-argentiferous galena,
associated with some iron pyrites, carrying traces of nickel and cobalt.
On an output of 224,208 tons of crude ore in 1886-1887, averaging
565 per cent. of galena, the cost of dressing for the fiscal year, ending
May 1st, covering labour, supplies, repairs, and coal, was (1s. 61d.) 364
cents, divided as above shown.

It would take too long to explain the differences of treatment in the
two mills, suffice it to say, that the system outlined in both, is to crush
with rock-breakers and rolls (preceded at Pierrefitte by spalling and
cobbing), and then to jig and wash the orc on tables and buddles. The
difference mainly is, that in the one cuse they give attention to sizing,
and in the other they do not, though each mill in detail possesses certain
peculiarities of its own. Neither can the relative number of workmen,
cost of wages, supplies, etc., in detail be compared, as these data in the
cost sheet are wanting, in the otherwise excellent paper quoted, from
which the particulars of the Missouri mill are taken. In the French
works, wages range from 1 fr. (10d.) to 2 fr. (1s. 8d.) for boys, and 2:75
fr. (2s. 23d.) to 8 fr. (2s. 6d.) per day for the larger number of adult

*Trans. Am. Inst. Min. E., vol. xvii., page 659, H. 8. Munroe.
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mill hands, and it, i8 noteworthy that in both mills repairs and supplies
(excluding coal from the American case) bear nearly the same ratio to one
another.

. It would appear at first sight, that all the advantages lay with the
American mill, and no doubt it does in America, where labour is dear,
with the base ores that have to be dealt with in quantity, where the works
are situated. The case, however, would be entirely different if the
American mill were transplanted to the Pyrenees, and set to work the silver
ores of that locality, as the loss in the tailings at Bonne Terre is about
218 per cent., or 27-4 per cent. of the total amount of lead in the ore.
These large losses are due to included mineral in the coarse-sands, and
to very finely divided mineral in the very fine slimes, as a large part of
the ore requires very fine crushing, owing to the exceedingly minute
state of division of a large part of the mineral.

In the Pierrefitte works such losses with argentiferous ga.lena could not
be afforded, and though the writer is not in a position to state what
they are exactly, they are far less than in Missouri. Moreover, the cost
in the Pyrenees, with a larger output from the mine, conld be materially
reduced, a8 the works are not run up to their full capacity, and if their
general design could be remodelled on the lines of more modern Continental
mill-construction, the expense of treatment (if carried out on a similar
scale as regards quantity) might, be made to compare more favourably
with the price in America without sacrificing mineral, in view of the
lower price of labour.

To again quote Prof. Munroe, the losses in the Lake Superior copper
mills range, it is said, from 285 to 31 per cent., treating mineral much
more easily saved than the Bonne Terre galena, whilst the cost of
dressing copper at the Atlantic mill in 1885, using steam stamps, is stated
to have reached 8036 cents (1s. 84d.), divided between labour, 53d.;
fuel, 74d. ; supplies, 24d. These costs were reduced, however, at the
Atlantic mine in 1887 to 275 cents or 1s. 1id. per ton of copper ore
treated. Incidentally, Prof. Munroe states it is cheaper to crush ore*
with rolls, arranged as they are in the Bonne Terre works, than the
Lake Superior amygdaloid with steam stamps, but this is partly due to
the friability of the Missouri ore ; what is far more remarkable, however,
is that the rolls produce (according to the Professor’s statement) quite
as large a proportion of slimes as the steam stamps.

Further, it should be noticed that the above instances of the cost of
concentration in America are to be looked upon as a good deal below the

* Limestone.
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average (at any rate of smaller mills), and as a general rule, coarse con-
centration, where rolls are employed for crushing, does not cost far short
of 75 cents or 8s8. 13d. per ton, where labour rates are dear.®

The average cost of dressing different classes of ore in France is given
by Dr. Foster and Mr. Gallowayf (from a statement of Mr. Huet) as:—

Per Ton.
s 4
Iron ore . 0 2
Coarse-grained galena .. *° b610
Fine-grained galena .. 710
Manganese ore 710
Copper pyrites, or grey copper ore mth iron pyntes 9 9
Coarse galena and blende ... v e 910
Fine galena and blende ... 11 10
Copper pyrites, or grey copper ore vuth galena 13 10
Copper ore, galena and blende ... 20 4

Though these figures may have been typical and true of French
practice at the time they were compiled, the dressing-costs at Pierrefitte
would indicate that they are much above the average at the present time ;
and, as the translators remark, there is always great uncertainty in esti-
mating such working costs in a general way, for there is always uncer-
tainty with reference to the labour required for shifting the stuff about,
and principally with reference to the loss in dressing, to which might
be added the attention required by different classes of machines when
differently grouped.

If the American losses in dressing be compared with those in Germany
it will be seen that the advantage rests with the Continental system.

Oberbergrath O. Bilharz, in a paper entitled “Die Neue Central
Aufbereitungs-Werkstéitte der Grube Himmelfahrt, bei Freiberg i.8.,”
puts the losses in the tailings of these works, at only 0°01 per cent.
silver, nil per cent. lead, 10 per cent. sulphur, and 9 per cent. zinc. While
the settlings in the final catch-pits} carry only 001 per cent. silver, 2 per
cent. lead, 8 per cent. sulphur, and 6 per cent. zinc.

Quoting the pamphlet referred to, the transcript of an article from
Industries (in the New York Mining Journal of February 20th, 1892)
and the writer's personal knowledge, he would like to refer to the Freiberg
works more particularly, because he thinks they are illustrative of
American principles, so to speak, engrafted upon former German practice,

* In exceptional cases the price may run up to 12s. 6d.

+ Lectures on Mining, by J. Callon, vol. iii., page 134. Translated by C. Le
Neve Foster, D.Sc., and W. Galloway.

1 Only a fractional portion of the crude ore, which is re-treated.
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presenting a model of economy in costs, as well as economy in saving of
mineral, to an extent which has never been achieved before, an advance
which is undoubtedly in the right direction.

The ores which are obtained from the various shafts of the Himmel-
fahrt mine consist of argentiferous galena and zinc blende, with iron,
copper, and arsenical pyrites, while the gangue is partly quartzose, partly
sparry, mixed with the country (gneiss).

On account of the variety of the ores of the Freiberg district, the
machinery of the dressing-floors is duplicated, so that ore from other
mines can be dressed apart in the two sections, into which the mill is
divided.

The annual production of the Himmelfahrt mines alone is 45.000
crude tons, of which four-fifths is concentrating ore, coming from what
is known as the pyritic-lead formation (kiesige Blei-Formation) the
remainder being rich silver ore and high-grade hand-picked galena ore,
found mostly in cross-courses, carrying a gangue of brown spar and
heavy spar.

These latter ores, representing one-fifth of the total production, are
separated dry (hand-sorted and dry-stamped) and sent direct to the
smelting-works.

The dressing-floors® are designed to handle 150 tons of pyritic ore
per shift of ten hours, each separate section dealing with 75 tons, with
an average total consumption of 85 cubic feet of water per minute, the
machinery being driven by steam-power.

The ore averages 0°15 to 0-20 per cent. silver ; and iron pyrites and
galena are the predominating minerals. The zinc blende is black, and
contains 33 per cent. of iron. The building is arranged in storeys, one
above the other, and contains rock-breakers, screens, hand-picking tables,
several sets of rolls, wet gravitation-stamps, a variety of revolving screens
and jigs, hydraulic classifiers, Stein vanning-frames, and other machinery
(fully described in the papers referred to) which present many novel
features of detail.

The horizontal compound-condensing engine which runs the whole
crushing, dressing, and electric-lighting plant, indicates 105 horse-power,
and the works employ 44 workmen, with 8 overseers, 1 engine-driver, 1
stoker, and 5 fitters, in all 54 men.

The cosl of dressing one ton of ore amounts to 10d.

* The machinery was built and erected by Mr. C. Luhrig, of the firm of Messrs.
Luhrig, of Dresden, in accordance with the plans of Mr. O. Bilharz, who designed
the installation.
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There are only, five points which conld be charged against the plant
taken as a whole :—

1. That the design involves a considerable capital outlay (an
objection, which it will be shown later on, is entirely swept
away, when it conduces to and results in economy of treatment,
provided that the mine warrants it, and that the working
capital of a company can stand the necessary call without
stinting the development of the mine.)®

2. That it may be doubted whether efficient roller-mills of the
Schranz type, might not advantageously be substituted for the
stamps.

3. That, large as may be the reduction in labour as compared with
many other Continental plants of the same capacity, it might
be still further lessened, given a hetter site than the one at
Freiberg, which possesses but a moderate fall.}

4. That owing to the nature of the machinery, several skilled
machinists, as well as facilities for making repairs on the
spot, are very essential for running it properly.

5. That if anything goes wrong with any of its individual parts,
the whole plant appears to be brought to a standstill. The
writer was reminded of this by the practical illustration of a belt
slipping off a pulley whilst he was going through the works two

* years ago. It is a matter, however, which is capable of remedy.

On the whole the advantages far outweigh any objections that can be
urged, and the structural details of the plant, and erection of the machinery
exhibit first-class skilled workmanship.

The stock required to be kept on hand in concentration-works
consists of duplicate parts of the machines, in more or less number,
(depending on the distance from a source of supply and the average life
of the different pieces in use).

The proposition stated on page 28 holds good.

B. In the fine concentration of sulphides (which generally
accompany the precious metals) on belt or other automatic
concentrators, which are so frequently used} as an adjunct
to the stamp-battery.

* As these works are a Government concern, this last consideration may in the
present case be dismissed.

+ Owing no doubt to its being the only site available on account of other reasons,

1 Before adding concentrators of this kind to a mill, it is of course necessary to
ascertain that the clean concentrates will assay enough to leave a profit on further
local treatment, or shipment, to extract the gold, silver, or other metals they may

contain.
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The size to which the stone is reduced under such circumstances
influences very largely the chance of loss of mineral and gold, whether
included in the coarser part of the tailings, or liberated as fine slime.

The cost of the actual mechanical fine concentration is not a matter
of extremely serious consideration in itself, since assuming 18 tons of
concentrates saved per diem in this way, crushing an ore containing 24
per cent. of pyrites, the cost of treatment would not exceed 2d. or 8d. per
ton, and dealing with much smaller quantities, 6d.; and further it will
not vary much whether the ore is stamped coarse or fine, unless it
involves a double concentration (that has been alluded to) dealing with
rich ores liable to slime. But in order to concentrate in this way the ore
must be stamped wet, and what applies to crushing fine with rolls, is also
true of stamps. The finer the crushing the more it must cost in time,
representing extra labour and a wear-and-tear, and also fuel, etc.

C. In stamping previous to grinding in pans, if carried too far,
there will again be loss in the battery-tails, whilst if not carried
far enough, it will give the pans unnecessary work to perform,
which would be much more cheaply done in the battery.

D. When the concentrates are treated (obtained by coarse or fine
concentration or both combined) by such processes as smelting,
chlorination, and lixiviation, it will be found that, if it in-
volves a preliminary roasting (as these processes generally do),
if the ore is crushed very fine, and it carries much lead for
instance, it entails a more carcful regulation of the temper-
ature, and unless a suitable type of furnace is used, with
extensive dust chambers attached, great losses both mechan-
ically and by volatilization may be incurred. On the other
hand, if the ore is not crushed fine enough, and it is subjected
to a chloridizing roasting with salt, the chlorination will not
be as high as it should be, and the subsequent treatment will
be proportionately affected by it.

E. If the ore is to be lixiviated or chlorinated, and the stone is
crushed too fine, and at the same time of too uniform a grade,
great loss of time and imperfect filtration and leaching will
result, more especially if it is at all of a clayey nature,

The choice of a process, whether for treating crude ore or concentrates,
must be governed by the relative commercial profits it promises, as com-
pared with other methods of treatment. But before astempting to touch
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this question, it will be advisable to state certain general facts (under
separate headings), giving an outline of several of the processes, which are
later on compared, under the head of rival methods of ore-treatment, in
order to simplify the subject.

RoaASTING AND CHLORINATION.

This is, ordinarily the hest process to employ, for the treatment of the
high-grade pyritic concentrates of stamp-mills, and hand-picked sulphide
ores, provided a sufficient quantity can be commanded to run the works
full-time or nearly so; intermittent work being bad for plant as well as for
men. The ore should be kept moist after concentration, till it goes to the
drying-floors, as otherwise lumps will form which will not roast properly
unless re-crushed.

The ore to be roasted is generally worked in reverberatory furnaces to
expel the sulphur, arsenic, and other volatile compounds till it is dead
sweet or as nearly so as possible. Then a small quantity of common salt
is added, and the silver is chloridized, the sulphur is all driven off, and
the ferrous and cuprous sulphates are oxidized.

The ore having been damped to about 6 per cent. is gassed with chlorine,
a trichloride of gold being formed, which is leached out and precipitated
with a solution of sulphate of iron. This gold is collected on filters,
thoroughly washed, dried, and melted, and should average from 998 to
999} fine.

When silver is present in sufficient quantity to justify the extra treat-
ment, it can be recovered by re-leaching the residues with hyposulphite of
soda or lime to dissolve the chloride of silver, which is precipitated from
the lixivium by the addition of a solution of polysulphide of sodium or
calcium, and the sulphide of silver resulting (collected on the filters) is
washed, dried, and reduced to the metallic state.

There is, however, one point to be guarded against in adopting this
latter mode of treatment in dealing with ores, in which the percentage
of gold is high, and about equal to the silver.

Kustel,* remarks :—* If such an ore should be subjected to chlori-
dizing roasting, then impregnated with chlorine gas, leached with water
for the purpose of extracting the gold, and finally leached with hypo-
sulphite of lime for precipitating the silver, it would in this case,
although a high percentage of silver might be extracted, result in a
yield of gold that would hardly amount to 50 per cent., more or less.

* Roasting of Gold and Silver Ores, by G. Kustel, second edition, page 128,
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The reason is not easily explained. The gold may be influenced some-
how by the base-metal chlorides during the roasting, which prevents the
gold being attacked by the chlorine gas.”

On the other hand, if the base-metal chlorides and the chlorides of
gilver are extracted previous to the impregnation with chlorine, both
metals, silver and gold, can be got out very close by a process invented
and patented by O. Hofmann, which Kustel fully describes in detail.

The gold and silver-bearing sulphides of the Colorado No. 2, G. and
8. M. Co., at Monitor, Alpine County, California (as an instance) were
successfully treated by this method.

Should the sulphides contain any lead, it is advisable to conduct the
liquor from the leaching-vats to settling or storage-tanks, and about 40
1bs. of sulphuric acid (66 degs. B) is added. By this addition the lead
is precipitated as sulphate, and the liquor, being freed from lead, can
yield no plumbic sulphate with the gold, as it would otherwise do, when
precipitated with sulphate of iron ; hence a cleaner bullion.

In some chlorination works,® as the sulphate of lead obtained from the
base tanks, always contains some gold, it is collected and sold, and a con-
siderable sum is then realized for both lead and gold. The wooden tanks
are protected from the action of the acids, by a coating of paraffin
paint; and the covers of the chlorination-vats are luted on with a
mixture of tailings, bran and water.

There -are certain pyritic ores, however, to which chlorination is
unsuited. These include amongst others :—

1. Ores of low grade, which run below, say £3 to £4 value per ton.

2. Those in which the gold is very coarse.

3. Those in which there is any mineral present, or other metal
except silver and gold, in the gangue, liable to be attacked and
rendered soluble by the chlorine, whilst gold must be either in
a metallic state, or in a combination which can be destroyed by
roasting without loss. .

The impurities most to be avoided are sulphur, antimony, and arsenic,
since soluble salts of the base-metals may precipitate the gold in the
leaching-vat ; hence the necessity of what is termed a dead sweet roast
before-mentioned. Lead, lime, and magnesia are also deleterious, as they
are attacked by the chlorine, and waste a great deal of it, besides intro-
ducing difficulties in the after-precipitation.

Mr. Nelson E. Ferry, M.E,, in the New York Engineering and Mining
Journal of November 28th, 1885, recommended the addition of molasses

* Eighth Report of the California State Mineralogist, page 47.
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to the leach when lime was present. Mr. Ferry says: Dissolve one gallon of
molasses in 30 or 40 gallons of water and keep for use. The quantity to
use in each case must be determined by a laboratory test. If calcium
sulphate comes down, either the molasses is in insufficient quantity, or
it has not been thoroughly mixed. Examine by transmitted light.
Avoid large excess of ferrous sulphate. If the gold comes down at first
in a flocculent state, that does not matter, it soon assumes the usual form.
The best results are got when the liquid is made slightly acid.

Mr. A. H. Aaron® recommends the use of precipitated copper sulphide
as a precipitant,} stirring it into the gold solution, or better, allowing the
gold solution to flow through a series of small filters containing the
sulphides. He states as a reason that, unless there is copper present to
precipitate it, there is often a considerable loss from gold in suspension,
due to imperfect settling.

The presence of galena, necessitates a good roasting with a strong
finishing heat, as far as its fusibility will allow. This involves the use of
a long hearth to raise the temperature gradually, as the charge progresses
from one end of the furnace to the other. The roasted ore must be
examined to see that no galena is left undecomposed.

Any soluble iron chloride or other soluble metallic salt formed, will
react on the iron oxide and precipitate the gold, when dissolved, leaving
it in the tails of the ore-tanks after lixiviation. The addition of a little
salt towards the close of the roasting, after the ore has been carefully
oxidized, tends to counteract the effect of the lime and magnesia so often
present in gold and silver-bearing rocks.

Concentrates frequently contain iron as well as copper pyrites, galena,

* Notes on the Hydro-metallurgy of Gold.

t+ Mr. Olaude Vautin, whilst admitting that precipitated copper sulphide (CuS8)
is a good precipitant in the laboratory, points out that in consequence of its
physical condition, and the facility with which it is oxidized to Cu80,, its appli-
cation in practice is not to be recommended. He recommends fused sub-sulphide of
copper (Cu,8) as a perfect and rapid means of recovering the gold. To facilitate
the filtration the Cu,S is crushed to pass a 60 mesh sieve, and the portion which
remains on & 100 mesh sieve only is used ; this gives the desiderata of a dry, hard,
and granular filter-bed, three points of importance. Whilst charcoal is not free
from objections, on account of the large quantity necessary to ensure a complete
decomposition of the solution, and the somewhat tedious and troublesome operation
of “burning-off” the excess of carbon before smelting the residues, Mr. Vautin
claims for this method the advantage that it is not necessary to expel by heat or
otherwise any excess of free chlorine from the solution before passing it through
the reagent; nor does the presence of any free hydrochloric acid in any way inter-
fere with the reaction. Any copper, calcium, zinc, etc., also passes through, pre-
senting advantages over the use of hydrogen sulphide or ferrous sulphate.
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and arsenical pyrites, combinations which do not prevent the application
of the process, unless the base-metals, more particularly lead (but always
excepting iron), are present in large proportions. Losses are likely to
occur through the gold being volatilized or affected in roasting, which is
more particularly to be guarded against if copper is present, and the ore
be roasted with common salt. Much has been written on this subject,
and in fact, enormous losses may occur in the chloridizing roasting of
gold ores through volatilization of the gold.*

Mr. Kustel, page 57, records the loss of 20 per cent. of the gold
contents in the oxidizing-roasting of certain tellurides of gold and silver,
and states it is not a mechanical loss, but is due to volatilization. Though
with most ores no loss of gold is suffered in this way during oxidizing-roast-
ing either with iron or arsenical pyrites, loss may occur if the operation be
carried on so rapidly that fine particles are carried off by the draught.

A loss of silver in oxidizing-roasting is unavoidable. Plattner t
concludes that the percentage increases with the temperature of roasting,
and with the looseness or porosity of the roasting charge, that is with the
facility with which the air can come into contact with the silver, and the
freedom of the silver from combination with other substances. The loss
increases also with the time of roasting. He concludes that silver is
volatilized as oxide, which decomposes at a lower temperature into silver
and oxygen, but Dr. Percy throws doubt on this theory.

In roasting, it is easy to incur an enormous loss of gold by inattention
to what may appear insignificant trifles, showing how necessary in such
matters is a systematic weighing and sampling, as well as assaying of the
ores and products, in order to know at once when such losses are taking
place, so as to be able to check them in time. Haphazard and occasional
sampling and assaying, are worse than useless; they lead to great losses of
valuable capital, frequently to the total abandonment of good properties,
and worse than all, to a false sense of self-satisfaction, which discourages
investigation and improvement by denying the necessity thereof.

If the gold in the ore is of low fineness or combined with silver, a
large part of it may be lost in roasting from a different cause, as the sub-
chloride will surround the particles of gold, and prevent any further action
of the chlorine upon it, in which case the double process, previously
alluded to, must be employed.

The quantity of common salt used in chloridizing-roasting, and the
time when it can best be added, are of much importance to the final result ;

*“Losses in Roasting Gold Ores and the Volatility of Gold." ZL'rans. Am. Inat.

Min. E., vol. xvii., page 3.
1t Metallurgische Rostprozesse, Freib, 1856.
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and they have to be determined by trial, with different ores. The chlorine
must be purified from everything that would be likely to cause a reaction
between it and the other constituents of the ore.

Other important factors in the general success of the process are :—

1. Close and clean concentration.

2. Amalgamation of any coarse gold, preceding or following the
chlorination.

8. Lixiviation of the silver before or after gassing.

4. Absence of any organic matter in the charge, or wash-water.

5. That the ore is crushed properly. A series of experiments
should be made to ascertain how coarse the ore should be to
give the best resunlts with reference to economy, large capacity,
and best extraction. The pulp for the best leaching must be
in a granular condition, and carry as small a percentage of
dust and slimes as possible. Mr. John E. Rothwell (New
York Mining Journal of February 7th, 1891) points out that
for this purpose rolls, properly managed, are best adapted for
this purpose. The chief point is to make the reduction in
the size of the particles passed through them gradual. The
ore should come to the coarse rolls not larger than § inch,
and these rolls should crush to about § inch. The middle
rolls are set about % inch or less apart, and the fine rolls
about as far apart as the size to which the ore must be
crushed. If only two sets of rolls are used, the coarsc are
get a little closer, and the fine remain the same. The springs
should be tight enough in tension, not to give with the
hardest ore passing through them, but lax enough to allow
a piece of steel or iron to pass through without throwing off
the belts. The periphery speed of the rolls should be the
game or a little faster than the falling speed of the ore, and
the ore should be fed in an even sheet across the surface of
the roll. This will keep the surfaces true and produce a
granular pulp but carrying a small percentage of dust. A still
more gradual reduction can be made by making the rolls of
larger diameter and narrower, which will give them also
proportionately a greater capacity. Rolls of 89'5 inches
diameter and 12 to 15 inches face have been used by Mr.
Rothwell with good results.

Dr. T. Egleston writing on the formation of gold nuggets and placer
deposits says :—*“ I have known of gold (Grass Valley, California) being
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thrown down on the filter of a Plattner vat by the organic matter
contained in the very impure wash-water used for the solution of the gold,
rendered soluble by the action of the chlorine. The filter was full of
metallic gold, and there was no means of ascertaining how much had
been lost. Several ounces of a brown deposit were taken from it, almost
pure gold.”

An excess of chlorine must be present in the generator, and the ore
must be washed and filtered thoroughly, otherwise the tub tails will assay
4 to 5 dollars instead of 75 cents.”

LIXIVIATION.
The MacArthur-Forrest Process for Gold Ores.

This process claimst to extract the gold from pyritic ores, without
the necessity of roasting; and in certain cases it may have a consider-
able field of usefulness. When, for instance, the gold i8 in an extremely
fine state of division, and the ore contains silver as well as gold, the fairly
high percentage extracted of cach metal may render this method a very
desirable one.

For plain gold ores, in which the gold is in fine particles, the barrel-
chlorination process seems, however, to give a higher extraction, and with
ores of moderate and high-grade appears to work to better advantage.

It would appear, in fact, that the limitations of the cyanide process
might be summed up as follows : —

1. That it is only entirely successful with free-milling ores, as
although it will deal with pyritic ore, it does so at a greatly
enhanced cost.

2. That it is inapplicable to ores containing a considerable per-
centage of coarse gold.

8. That it cannot be economically applied to rich material, as a loss
of 2 dwts. in 8 dwts, ore is a very different matter to a loss of
say 2 ozs. in 8 ozs. ore.

4. That it is not applicable to ores contammg certain metal and
mineral combinations. :

On the other hand, it appears to be a process admirably adapted for
saving gold in the condition of float, #.6. in an extremely minute state of
subdivision, which cannot be caught by any process of concentration or

amalgamation.

* Phillips, Trans. Am. Inst. Min. E., vol. xvii,, page 813.
t Memoranda on the Treatment of Refractory Gold Ores by the MacArthur-
Forrest Process. Wm. Hodge & Co., Glasgow.
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Briefly outlined, the MacArthur-Forrest process originally consisted
in pulverizing the ore to 40 or 60 mesh size, and then mixing, and agitating
it, with a solution of cyanide of potassium (the ordinary standard
strength of which was intended to be 1} parts of cyanide to 100 parts of
water by weight).*

After a sufficient time has elapsed for the solution of the precious
metals, the leach is transferred to large wooden filter-tanks, the
solutions are allowed to settle, and are drawn off (sometimes assisted
by pressure or suction), and the gold and silver contained in these
solutions as cyanides, are decomposed and precipitated in a metallic
condition, by passing the filtrate through metallic zinc turnings. In the
course of this treatment the zinc replaces the gold in solution as cyanide
of zinc, which dissolves in the water, while the gold is deposited as a
dark powder. This is separated by sieving from the undecomposed
zinc, when it is found, by testing with chloride of tin, that the whole
of the gold has been precipitated from the leach liquor.

The zinc residues are then removed and dissolved in nitric acid, the
gold remaining undissolved as a dark brown powder, which is washed,
dried, and melted, yielding almost pure gold.

If there is any silver present it is dissolved with the zinc, and can be
-recovered by adding a solution of common salt, which throws it down as
chloride. It has then to be reduced to the metallic state by contact with
sheet-iron or zinc, after which it is washed, dried, and melted.

The chemistry of the processt is simple, depending on the affinity of
cyanogen for gold and silver, and the ease with which these metals form
soluble double cyanides with the alkali metals. The relative affinities of
the different metals, according to Mr. Wm. Jones, stand as follows :—
1st gold, 2nd silver, 3rd copper, 4th zinc, lead, arsenic, antimony, etc.

The solvent action on the base-metals can be reduced to a minimum
by reducing the strength of the solutions, the readily soluble gold and
silver being dissolved out with only traces of copper, zinc, etc.

The best strengths of solutions to use in leaching out the gold from
refractory stone depends entirely on the nature of each ore, and it is

* In actual practice, however, these ideas have been modified, and what is known
as the percolation system has come into almost universal use, employing standard
solutions of a certain strength, first leaching the ore for 6 to 12 hours with:6 to-8
per cent solution, and for 8 to 10 hours more with a weaker liquor, containing.2 to
4 per cent. of cyanide.

1 The MacArthur-Forrest Process for the Treatment of Refractory Gold Ores.”
Eng. and Min, Jour., New York, 1889, vol. xlviii., page 544.
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impossible to lay down any hard-and-fast line. The point must be
determined by practical tests.

Filtration of the liquor is accelerated by using a vacuum, and there is
no practical difficulty about this, unless there is a large percentage of
clayey matter present. The amount of free cyanide in the liquors, after
passing through the zinc, is then determined by means of a standard
solution of nitrate of silver, and the liquor is thereafter made up to its
original strength and used over again.

To extract the gold from refractory ores a number of points must
however be observed. If the ore betrays a noted acidity, due to the
presence of basic sulphates of iron, etc. (especially marked in the case of
disintegrated and weathered sulphides), it should be neutralized with an
equivalent quantity of caumstic lime in the form of milk of lime. The
exact amount of acidity can be determined by shaking up a weighed
sample of the ore with water, and adding standard-normal or tenth
normal caustic-soda solution till the point of alkalinity is attained, as
indicated by litmus or any other suitable tests. The amount of lime is
then easily calculated. Some ores show as much as 4 per cent. of acidity
in terms of soda, and such ores, on treatment with cyanide solutions
without previous treatment with lime, fail to yield their gold contents,
whereas when previously treated with lime, the greater part of the gold
is easily extracted.

Nearly all sulphides show more or less acidity, but when it is under
0°10 per cent. it may for practical purposes be neglected.

The cyanide solution used should be as free from caustic alkali
(NaHO or KHO) as possible, a8 it is apt to form a sulphide of sodium or
potassium with the sulphur of the ores, and thus prevent the gold and
silver going into solution. This difficulty, when it does occur, is got over
by adding calcium chloride. '

The cyanide solutions are best preserved from too great exposure to
the air, as a part of the cyanide is apt to be converted by oxidation into
the cyanate.

From a chemical point of view it appears, that the economic suc-
cess of the process, will mainly turn on the price, and consumption of
chemicals, and on the time taken in treating large quantities, to extract a
given percentage of gold from various combinations of ores in different
localities in which the gold exists in a coarse or fine state of division, and
in different alloyage, and in which the pyrites is more or less highly con-
centrated. The ores of the Witwatersrandt seem specially adapted for
treatment by this process.
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The Russel Process for Silver Ores.

Quoting Mr. C. A. Stetefeldt, on the lixiviation of silver ores, Mr. E.
H. Russel, it is said, discovered that a solution of a double salt of cuprous
hyposulphite and sodium hyposulphite (formed by mixing sodium
hyposulphite with copper sulphate) exert a most energetic dissolving and
decomposing action upon metallic silver, silver sulphide, silver minerals
belonging to the group of antimonial and arsenical sulphides, and other
silver combinations. Hence, if a charge of roasted ore is first lixiviated
with ordinary sodium hyposulphite solution to dissolve the silver chloride,
and subsequently with cuprous hyposulphite (this solvent is called the
extra solution) an additional amount of silver is extracted, which would
have been lost in the tailings, by working according to the old method
alone. Or, if the roasted ore contain caustic lime and be treated with the
extra solution, the deleterious influence of the caustic lime is thereby
neutralized. In the same way the extra solution may be applied to extract
silver from raw ores without previous chloridizing-roasting, or to lixiviate
ores after they have been subjected to an oxidizing-roasting. Mr. Russel
also discovered that lead can be completely separated from a sodium
hyposulphite solution, as lead carbonate, by sodium carbonate, without
precipitating copper or silver.

After decanting the solution from the lead carbonate, silver and
copper are obtained from it in the usual way. This method of separating
lead prohibits the use of calcium polysulphide as a precipitant for the
sulphides, because calcium, entering the regenerated lixiviation-solutions,
would also be precipitated as a carbonate with the lead, by sodium
carbonate ; hence sodium sulphide must be employed. A full investigation
has demonstrated that this is by no means detrimental, as sodium sulphide
and sodium hyposulphite are more advantageously used in the lixiviation
process than the corresponding calcium salts.

Finally, Mr. Russel found that if a hyposulphite solution has a caustic
reaction, produced by caustic soda or lime, its solvent power for silver is
materially deteriorated. This defect he corrects by neutralizing such a
solution with sulphuric acid.

The Van Patera Process (Ordinary Liziviation).
This process consists in:—(1) Crushing the ore (generally with rolls).
(2) Drying the ore. (8) Roasting with salt. (4) Leaching out the base-
metals with hot or cold water.®* (5) Leaching out the silver with

* The base-metal chlorides in the water may carry off 0'5 to 3 per cent. of silver,
but this can be recovered by simple dilution, unless chlorides of lead and antimony
be present (which are likewise precipitated), in which case either the ore must
be leached from below, under slight pressure, or the silver must be precipitated in
troughs outside the tubs.
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hyposulphite of soda. (6) Precipitating the silver. (7) Roasting the
sulphide of silver and melting to bullion.

It is capable of saving about 85 per cent. of the silver in the
chloridized ore, assuming it to be suited to this class of treatment.

The writer will not stop to refer to other wet methods, such as the
Claudet and the Kiss, for gold and silver ores, and the .Augustine and
Ziervogel, used for the treatment of argentiferous copper matte, though
they all undoubtedly possess special features of interest. )

The difference between the Russel process and ordinary lixiviation,
must however be alluded to.

1. It requires a less careful chloridizing-roasting, and on that ac-
count alower percentage of common salt may be used in roasting.

2. It extracts a higher percentage of silver by means of the extra
solution. This is specially of importance in treating raw ores,
and in lixiviating roasted ores containing caustic lime.

8. It produces sulphides free from lead.

4. It yields lead in the form of lead carbonate as a valuable bye-
product.

5. It overcomes the deleterious effect of a caustic lixiviation-
solution, by neutralizing it with sulphuric acid.

6. It uses sodium hyposulphite and sulphide exclusively, and not
the corresponding calcium salts.

Ores suitable for Treatment by the Russel Process.—It is claimed by Mr.
Stetefeldt that almost all silver ores that do not carry a large percentage
of lead or copper, can be treated by lixiviation with success and economy.
He says :—“1 do not mean to create the impression that, from ores con-
taining more or less lead and copper, a high percentage of the silver can-
not be extracted by this process. Such ores, however, will in most
localities be reduced to better advantage by smelting.”

1t is safe to state that all ores fit for amalgamation can also be treated
by lixiviation, and that the Russel process may succeed where amalgama-
tion is a failure. In cases where lead-bearing silver ores are sunitable for
concentration, it may be profitable to concentrate the ore by the Krom
dry system, obtaining and smelting product, high in lead, and to lixiviate
after roasting the tailings and the dust.

The dry system of concentration deserves the preference, because it
delivers the tailings and the dust in a condition ready for chloridizing-
roasting. In wet concentration, the drying of the tailings would be
expensive, and there would be a considerable loss of silver in slimes.
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Oxidized ores, containing silver chloride and lead minerals, may be
lixiviated after crushing, and the tailings may he concentrated for lead.
In this case wet concentration would be most smitable. This has been
done at the Old Telegraph mine, Utah. The Russel process is also
adapted to the treatment of tailings, resulting from ores which have
been worked either by the old lixiviation process, or by amalgamation.
Whether it is more profitable to lixiviate an ore raw, or after chloridizing-
roasting, or after oxidizing-roasting, must be determined in each case by
actual experiment.

Persoually, on commercial and other grounds the writer cannot take
Mr. Stetefeldt’s view with regard to using dry concentration as an
adjunct to lixiviation, unless recent improvements have been made in the
process, which he is unacquainted with ; though, of course, this is merely
a side question, and on the main issue Mr. Stetefeldt is no doubt one of
our greatest living authorities,

SMELTING.

Although this is one of the most important methods of beneficiating
ores of gold and silver, such as contain large amounts of lead and copper
(a class by themsclves), which can rarely be treated in any other way, the
writer does not propose going into this branch of the subject, beyond
stating that favourable local conditions with regard to nature and grade
of the ore, and the possession of cheap and suitable fuel and transport,
skilled labour, fluxes, dump-accommodation, water, and other things are
necessary to render works of the kind a success. A convenient central
gituation, and regular supply of ore in sufficient quantity, to keep the
furnaces running steadily, being two most important points.

Notwithstanding, however, that the gross cost of a smelting-process
is large, the high value of the products it yields frequently justifies its
employment, even in comparatively out-of-the-way parts of the world.

Under circumstances of this kind water-jacketed furnaces of the
Piltz type, scem to be gaining more and more ground in argentiferous-
lead smelting in the Western States of America, and are most highly
successful, more particularly as regards cost, which precludes the use of
high-class metallurgical fucl (in many places practically unprocurable).

Every metallurgical process gives rise to a certain amount of loss.

The losses in roasting have been already referred to, and some of their
causes explained, and as roasting is necessary to prepare most classes of
ore® for smelting, it is well to bear the facts in mind.

* If they contain an excess of 6 per cent. of sulphur.
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A further loss ensues in the actual smelting, part of the precious and
base metals being volatilized or mechanically curried out of the furnace,
and parts entangled in the slag, while a still further loss takes place in
refining the lead ballion.

As a rule, the loss in smelting proper in the Western States of America,
may be put down, the writer believes, at 3 to 4 per cent. of the silver,
and a variable amount of lead, depending chiefly on the percentage of the
latter metal in the ore.* This loss of lead varies under these and other
circumstances from 5 to as much as 15 per cent.

The saving of gold and silver can be put down at 90 to 98 per cent.

The same remarks that apply to concentration, in comparing European
and American practice, apply equally to smelting, and the point to
determine is how far close work can be carried, to yield most profit on the
money invested, in view of the cost of treatment.

The cost of smelting is extremely variable, and depends on the price of
labour, fluxes, fuel, composition of the charge, and its behaviour, size of
furnace, arrangement of plant, freight and refinery-charges on bullion,
and other circumstances.

Under the most favourable conditions as regards ore, fluxes, fuel, etc.,
the most docile lead ores may be smelted as low as 12s. 6d. to 16s. 8d.
per dry ton. Under unfavourable conditions the cost of smelting may
run from £1 0s. 10d. to £6 5s., but from £3 2s. 6d. to £5 4s. 2d. is a
closer average. In some cases, in dealing with smelting ores it will pay
better to concentrate close, and ship and sell the concentrated ore, than
to smelt on the spot. In this connexion, it is to be noticed that the
degree to which concentration ought to be carried, in preparing an ore
for smelting, depends on the value or otherwise of the concentrates and
the gangue as a flux. The relative cost of shipping the work-lead to
refining works, or of refining locally, has also to be considered.

By far the greater proportion of the ores produced in the silver-lead
mining camps of the States are sold under contract or at public auction,
on account of the mine owners, to custom smelting establishments, to
which sampling works for mechanically sampling the ore are generally
attached.

* The dry weight, 7.e., the percentage of moisture, is usually left to the
smelter to determine.

A higher charge is necessarily exacted when the ores are sulphides
or highly siliceous. Zinc, sulphate of baryta, and occasionally silica, are

* « Notes on Western Lead Smelting,” W. 8. Keyes. FEighth Report of the
California State Mining Bureau, page 804.
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charged for at so much per unit, in excess of a certain percentage fixed by
the smelter ; 5 per cent. more zinc being commonly allowed in oxidized
than in sulphuretted ores. _

When the ore is calcareous, or highly charged with oxide of iron, a
rebate on the ordinary public tariff-price, which represents their maximum
charges, is often allowed by smelters. As regards the lead, some smelters
require a certain minimum, and an extra charge is made for each per cent.
of lead below it ; as a rule, no payment is made when the assay shows less
than 10 per cent.

It is usmal to deduct 5 per cent. for loss of silver in the ore, and
calculate the value on New York quotatione for the balance; when, how-
ever, the ores are dry or siliceous, a still further deduction is made, often
as high as 10 per cent. for 100 ounces ore, but less for higher grades.

The gold is paid for from 4;th of an ounce per ton upwards, at the rate
of £3 15s. to £3 19s. 2d. per ounce. New York quotations for silver and
lead on the day of settlement, are assumed as the basis of price.

(To be continued.)
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THE CHOICE OF COARSE AND FINE-CRUSHING MACHINERY
AND PROCESSES OF ORE TREATMENT.*

By A. G. CHARLETON.

ParT II.—THE RELATIVE ScoPE oF RivalL METHODS OF ORE
TREATMENT.

Having examined the metallurgical nature of the various ores and
processes (which have been superficially touched upon in the briefest
possible manner), we are in a better position to proceed to the still more
complicated and difficult questions of the relative prime cost of plant,
working costs, and the percentage of gain or loss in rival methods of
ore treatment. These are liable to differ in different countries, and under
varying conditions even in the same neighbourhood, according to the nature
of the ore, cost and quality of labour, material and supplies, as well as the
economical or uneconomical manipulative or mechanical modifications in
treatment, which can be introduced in each case, on which probably more
than anything else, the individual economy or wastefulness (the profit and
loss in fact) in works of the same class will depend.

To form an estimate of the prime cost of plant, we must either
know the ordinary gross cost of a mill of a certain size and description in
any particular locality, or, what is better, the actual quantities and prices
of material of different kinds used, and the number of shifts worked by
different classes of artizans at specific wages rates, in the construction of
the foundations and superstructure of the building, and the erection of the
machinery ; as well as the price of the machinery itself, the weight of all
the transportable material, and freight rates.

The collection of such facts is unfortunately too rare in mining
operations to make it always an easy matter to form estimates of the
kind applicable to different localities. It is only by piecing together
fragments of information obtainable here and there that one can get any-
where near the truth.

Under the category of rival processes, the relative costs and results of
treating the following classes of ore may be compared :—

1. Pyritic gold ores by chlorination in vats and chlorination in
barrels, and by the new cyanide process, as well as by grind-
ing (without roasting) in pans and arrastras.

* Trans. Fed. Inst., vol. iv., page 233.
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2. Silver ores in general,* by wet and dry crushing and pan-
amalgamation, the patio and other processes, as compared with
the ordinary and Russel lixiviation processes.

8. Free-gold ores by battery-amalgamation, both with and without
grinding, and concentration.

The costs and loss in coarse-concentration and smelting have already
been considered, and will not be referred to again.

There is no branch of ore treatment which admits of wider differences
of internal detail than wet concentration (producing a corresponding
effect on its costt), but such points cannot possibly be entered into here;
and as regards dry concentration, it cannot at present seriously be regarded
as a rival to wet methods, and may therefore be passed over entirely.

The concentration of sulphide ores of gold and silver often depends on
the relative proportion the sulphides bear to the gangue. No sharp line
of distinction can be drawn between ores which are suitable for concentra-
tion or not, as average valuc and local cost of treatment enter into the
calculation, but roughly speaking, such ores as contain 40 per cent. of
sulphides are not usually sunitable for concentration. Frequently an ore
which will average 20 to 50 per cent. of sulphides, coming from the mine,
is best divided by hand selection into first-class ore (to be trcated by
smelting, or some other process), and a second and poorer class for con-
centration.

In a mine where the ore runs in seams and pockets of solid mineral, it
may happen that 100 tons of crude ore will contain on an average 20 per
cent. of sulphides, which can be separated by hand selection into 20 tons
of 75 per cent. sulphides and 80 tons of 61 per cent. sulphides. When
this can be done cheaply it is often better than subjecting the whole 100
tons to the costs and losses of concentration, whilst it renders commercially
possible a more expensive but more efficient process than the original ore
could bear.

A point to be remembered, however, in concentration is, that clean,
that is to say pure concentrates, are often as important to obtain as

* The term is applied to ores which do not contain more than, say 10 to 15 per
cent. of lead. Ores with more than 15 per cent. of lead are known as silver-lead ores,
and are smelted when circumstances admit of it, which is the only admissible proposi-
tion for their trcatment. Carbonate of lead and galena are converted by roasting
sometimes into oxy-chloride and somctimes into xulphate ; the former goes into the
amalgam, whilst the latter does not amalgamate, and this circumstance explains
why some bullion of plumbiferous silver ores is free from lead, whilst other bullion

sometimes contains 600 parts of lead in 1,000, according to the condition of the lead
in the roasted ore.

+ In western mining camps, the cost generally runs between 4s. 2d. and 12s, 6d.
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clean tailings (which latter are essential for close saving). You may
have the one without the other, and although a clean separation of the
metallic components of the ore is almost always advisable, in some
instances it may be desirable to leave a certain proportion of sand or
gangue in the headings, either as a flux for smelting (as previously pointed
out) or to lighten the pan-charges in amalgamation.

VAT AND BARREL-CHLORINATION,

For working a few tons of concentrates per day the regular Plattner
process, with fixed tanks and long exposure to gas, is ag convenient and
economical a8 any of the improved processes, because the plant is simple
and cheap to erect, and very few hands are required to run it.®

The production of gas is a simple question of relative costs of different
chemicals delivered at the mine. For working large quantities of ore
daily, especially if of comparatively low grade, which requires economy in
crushing, roasting, gas consumption, labour, and time, the usc of barrels,
in place of fixed tanks, effects a saving in time and labour, and makes
special watchful skill less important in the whole process than in the
Plattner method, so that one of the modifications of the barrel systemn
would be naturally adopted on crude ore and in dealing with large
quantities of concentrates.

The attrition of the ore particles and the thorough turning over of
the charge in the presence of nascent chlorine in the barrels, has also
some effect upon the results, especially if there be coarse-gold present
which has to be amalgamated afterwards, as the gold, it is said, is
attacked with much greater avidity by the mercury in consequence of
the clean surface created by the action of the chlorine and attrition
combined. It is necessary, however, that the tailings should first be
washed, by continuing the leaching, till all trace of chlorine has dis-
appeared, and that they should be treated by amalgamation at once. If
left to dry, the gold particles assume a red colour and amalgamate with
great difficulty.

The most successful furnaces in general use for chlorination-roasting
appear to be of three types:—

1. Plain or step-hearth reverberatories furnaces, of the Fortschaufe-
lang class, with a hearth surface of about 12 feet wide by 75 feet
long.

2. Horizontal round-hearthed mechanical furnaces, of the English
Brunton-calciner type, about 12 feet in diameter.

3. A modified form of the Spence furnace.

* Gold dmalgamation and Concentration, page 28.
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To which may perhaps be added an altogether new modification of
the Fortschaufelung furnace, which will be alluded to later on.

When battery-amalgamation and concentration precedes chlorination,
Mr. A. Thies* recommends the use of brass-wire screens in place of slot-
punched sheet-iron ones, stating that when using 86-mesh brass-wire in
place of 40-mesh slotted-iron, at Haile, in North Carolina, he obtained a
far more uniform pulp for concentration, whilst the average life of the wire
was found to be six weeks as compared with the sheets, which had to be
thrown out in fourteen days, a matter which is worth noting. German
practice certainly supports this view so far as concerns the effect of wire
screens on the concentration results.

Dr. Egleston states that the correct amount of charge, in roasting
gold-sulphides in the reverberatory furnace, is usually 10 to 12 lbs. per
square foot of hearth ; an ordinary charge amounting to about a ton at a
time on each division of the hearth, of which there are usually three.

A furnace of this description, designed to handle from 8 to 4} tons of
concentrates per 24 hours, 75 feet long by 11 feet wide inside, requires
for its construction 40,000 common bricks, 8,000 firebricks, and 5 barrels
of fireclay, and the ironwork, tie-bars, etc., exclusive of T-rails, weighs
11,000 lbs. A furnace with a 14 feet by 60 feet hearth requires 86,000 red
bricks and 15,000 firebricks, and costs about £626 in Pueblo or Denver.

In vat-chlorination, the rest of the plant to correspond, covered in (as
the furnace must also be), consists of a drier, a set of fixed or rotating
leaching-vats, with (in some cases) silver-leaching tubs added, precipi-
tating-tanks, and reagent tanks, well and pump, lead-generator, heating-
pan and wash-bottle, a drying muffle and melting furnace, and a press
and filters for precipitate, as well as filter-tubs for the base metalst in the
waste-solutions, and cars for handling the ore, overhead tackle for lifting
the vat-covers and tools, etc.

The cost of a plant of the kind in California, with a capacity of 6
tons in 24 hours, is stated} to vary between 6,000 and 7,000 dols. (£1,250
to £1,458 6s. 8d.). A small plant would cost about half the former sum.

The Thies modification§ of the Mears process (one of the most
successful unpatented systems of barrel-treatment), requires the sub-

* «The Thies Process of Treating Low-grade Auriferous Sulphides.”— Trans. Am.
Inst. Min. Eng., vol. xix., page 601.

+ If present and worth the extra treatment.

1 ¢ The Milling of Gold Ores in California,” by John Hays Hammond. Eighth
Annual Report of the California State Mineralogist, page 696.

§ A description of this process is given by Dr. Egleston in The Mctallurgy of
Gold and Mercury, page 664, et seq.
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stitution of rotating barrels for vats, the chlorine being generated inside
the barrels, by the action of sulphuric acid (66 degs. B.) on bleaching
powder, which is added to the charge of water and ore under ordinary
circumstaunces in the proportion of 10 to 30 lbs. of chloride of lime to
about 15 to 30 1bs. of acid per ton of charge of roasted ore in each barrel.

If copper is present more of these reagents are required.

The barrels must be run by steam or water-power, the latter being, of
course, the most economical, when available.

The rest of the plant, though differently arranged, is substantially the
same as that for vat-chlorination, and will cost not less than £620 for
works with a capacity of 5 tons per day; thelweight of the machinery
will be about 17 tons.

The cost of the vat process at the works of the Plymouth Consolidated
Company,* where 100 tons of concentrates is treated per month of thirty
days (leaching taking twenty-four days), is given as follows :—

Roasting— £ s 4 £ s 4
3 men at 10s. 3d. per day for 30 days ... .. 4617 6
1% cords of wood at 17s. 834d. ... .. 46 9 8%
54 lbs. of salt at 3s. 84. ... 210 74
—_— 9% 1710
Chlorine (employing two generators)—
60 1bs. of manganese per day at £915s.10d.perton 7 1 0
68 1bs. of salt » 3 23 6d. 211 0
120 1bs of acid . 1210s. 0d. ,, 18 0 0
_ 2712 0
Leaching—
40 lbs. of sulphuric acid for settling-tanks for
24 days ... . 6 0 0
40 1bs. of sulphuric acul for makmg sulphate of
iron for 24 days v 6 0 0
Wages of leachers (2 men at £1 28 lld 1) for
30 days ... ee . 34 7 6
Wages of foreman ... .. 26 010
—_— 72 8 4
Total cost per month ... £195 18 2

or £1 19s. 2d. per ton.}

* Trans. Am. Inst. Min, Eng., vol. xv., page 305.

+ Two men on day shift attend to all the work of handling the ore after it is
leached. The head man receives 12s. 6d., the others 10s. 5d. Only three tankfuls
are leached every four days; but the men are employed steadily. The sulphate of
iron is manufactured on the spot.

1 To this should be added for assays, repairs, supplies, insurance, taxes,
water, interest on invested capital, and deterioration of plant, as well as proportion
of general cxpenses and superintendence, about 16s. 8d. additional per ton, making
the total cost of working £2 15s. 10d. per ton.—Eighth Annual Report of the
California State Mineralogist, page 48.
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At the Providence Works® two furnaces are used, which have a capacity
of 9 tons in 24 hours. Each furnace consumes 1 cord of wood, and the
cost per day can be reckoned as shown in detail on page 58. This makes
the cost of treatment per ton of sulphides to be 14s. 93d when the works
are run at full capacity.

As the ore, however, only contains about 7 per cent. of sulphides, or
44 tons in the 62 tons milled daily, this quantity does not keep the two
furnaces running full time, though both of them are in constant opera-
tion. As most of the expenses remain the same, whether running at full
capacity or not, the actual cost of chlorination, figured on a working
basis of 44 tons treated daily, approximates, therefore, more nearly to
£5 138s. 10d. per day, or £1 58. 3%d. per ton of concentrates, as detailed
below. Add to the above sum (£5 13s. 10d.) the cost of milling per day,
viz., £11 19s. 7d., and it will be found to represent a total outlay of
£17 18s. 5d. per day, or a total charge of 58. 84d.t per ton of crude ore
raised from the mine.

This estimate makes no allowance for general supervision, interest on
first cost, or deterioration. The conditions of treatment in thesc works
are, however, very special, and can hardly be considercd as a basis to
estimate upon in most instances.

The estimated cost of the trcatment of 43 tons per day is:—

£ s d

Labour 213 14
2 cords of wood at £1 0s. 10d. 21 8
14 Ibs. of manganese at 1§d. 01 7
126 1bs. of salt at §d. 0 5 3
104 1bs. of acid at 1d. 0 8 8

Lime, sulphur, and calcium hyposulphite 00 7%
Illuminating 0 010
Extras 0 2 1
Total cost per day .. £51310

or £1 8. 34d. per ton.

At the Alaska Treadwell Company’s works the cost for the year ending
May 31st, 1891, was a8 follows, calculated on a basis of 8,568 tons of
concentrates treated :—

* Sehool of Mines Quarterly, vol. v., and Kgleston'’s Gold, page 657.
t 18. 104d. of this is chargeable to the chlorination.
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(Q‘x(ueﬁcan Cost Ker Ton.

Labour— Dooun:ry'.' ) (Euuhn Money ) Gm 2(:&. (im.‘(!ocdt:.
Foremen.. e 5600 3,006-43
Engineers and foremen ‘0534 28538
Gas generator ... 2089 1,121-29
Salters ... ‘0855 e 45824
Floormen ‘7604 4,080'83
Roasters ... v 2°9400 15,78249
Carmen ... 2077 1,114:72
Carpenters 0039 21-39
Labourers (white) ... *0999 536°62

» (Indian) ... *0309 16600 -
Teamster 0806 . vee - 43311

$50312 £1 011}  $27,007-50 £5,626 11 3

Bupplies—
Acid ... e 100220 5,486:38
Wood ... e 15230 8,175-93
Coal ... ‘0543 284-80
Furnace supplies .. 0270 145-19
Mangancse and salt ... 8095 4,345°86
Pipe ‘0089 4790
Generator ﬁttmgs 0038 2593
Leaching tanks... ‘0638 33905
Miscellaneous ... 1353 72726
Rake-heads . . 0360 e 19350
Car wheels 0037 27-50 .
Repair account... 13562 72008
Electric light account... 1077 57849
Haulage account ‘0549 29477

$3-9852 £0 16 7} $21,392-63 £4,456 15 11}

Total cost per ton .
of sulphides }39 0164* £1 17 6% 348 400-13 £l’0 ,083 7 2&
Total gross cost.

* In the six months ending November 3lst, 1892, this charge was reduced to
$8:42 = £1 15s. 1d. per ton of sulphides. Asan instance of economical management,
the total costs of mining and milling per crude ton extracted may be cited as follows,
the ore being quarried in open benches :(—

Cents. s 4 .

Mining ... e 65 = 2 8}
Milling and concentrahng . 33 = 1 44
Chlorination ... .19 = 0 9§
General expenses (mme) .. 8 = 0 4

General expenses (in San Francisco)... 2 = 0 1

Bullion freight, ete. ... e b o= 0 2§

Total cost $1:32 = 5 6 per crude ton

of ore, but the average for some time previous was 6s. 3d. per ton,
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The roasting at these works is done in Spence automatic furnaces,
each with four hearths, which roast 8 tons a day.  On the hearth next
the lower one, 8 per cent. of salt is added with a special spoon. The ore,
instead of being as formerly stirred by fixed rakes, is now rabbled by
oscillating ones, which tip every three minutes. On the upper drying-
hearth they last a long time, but on the lower ones, where the heat must
be great to drive off the last traces of sulphur, their life is only about
three months.

Formerly the rakes stopped between the forward and backward
motion just over the flue, now they are made to go beyond it, and are no
longer exposed, as they were at this point, to the sulphurous gases and
hot falling ore, which clogged the end of the shelves and gave such
trouble at the Haile mine, finally causing the abandonment of the Spence
furnace there for roasting fine ores, although admittedly a most excellent
mechanical roaster for coarser grades of material in its original shape.

With the important modification above alluded to it seems doubtful
(judged by the above facts) how far Mr. Thies’ condemnation of the Spence
furnace® (in works with a capacity of 8 to 4 tons) for fine ores (where a
dead sweet roast is required) is entirely justified.

The labour involved in vat-chlorination on an average may be taken

at :—
1 man, who works 10 hours, to bring in wood and ore.

1 man at the furnace, who works 8 hours.
1 chlorinator, ” 8
3 labourers (1 on shift by day, and 2 by night).

At Sutter Creek it takes 8 men for the whole 24 hours, one chlorin-
ator, one helper, five men at the furnace, and one who wheels ore.
The consumption of chemicals per ton of ore is about as follows : —

Salt in the furnace... e ... 40 1bs.
» » generator s see we 6,
Manganese » . 6 ,,

Sulphuric acid generator (66 degs. B.) ... 20 ,,

The stock of chemicals ordinarily kept on hand, on the scale of
operations of the Alaska Treadwell Company, seems to be :—

£ 8 d £ 8 4

Salt, about 53 tons, valued at 2 17 11 .., 183 9 7
Manganese, 13 ,, 915610 ... 127 510
Sulphuric acid, 35 tanks, at 8 18 10§ ... 313 0 7}
Total value .. £5693 16 04

* Trans. Am. Inst, Min. Eng., vol. xix., page 610.
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The works in Grass Valley, where vat-chlorination is most extensively
used, guarantee an extraction of 90 per cent. of the gold, and 60 per cent.
of the silver, but the saving more often amounts to between 90 and 94 per
cent. of the gold in pyritic-concentrates, and over 60 per cent. of the
silver, if the tailings are leached to obtain it.

The ore to be properly roasted ready for leaching should maintain a
nearly vertical face when made into heaps on the finishing hearth, and
cut down with a spadelle. It should show no bright specks, but be inclined
to become black, which will generally be in 7 or 8 hours. The largest
amount of gold has been shown to be in the best condition to be leached
and to consume the least amount of chlorine in chlorinating it, when
the ore falling in the furnace, in turning it over, has a slight violet
colour. When the ore sparkles, and the sparks are numerous and bright,
it shows that the roasting is not properly finished, and more salt has to be
used.*®

A ton of roasted ore will occupy usually 24} cubic feet. This
quantity is derived from 2,800 lbs. of raw sulphides, which occupy about
13% cubic feet per ton (2,000 lbs.). A ton of sulphides will weigh from
1,450 to 1,700 1bs. after roasting, and occupy about 174 cubic feet. The
roasted ore ought not to contain more than 1§ per cent. of sulphur.t

At the Plymouth Consolidated works, the Fortschaufelungs-ofen used
for roasting is 12 feet wide by 80 feet long, including the fire-box, the
hearth being a continuous plane, but the charges, of which there are three
in the furnace at one time, are kept entirely separate. They are called
by the furnacemen the drying, burning, and cooking-compartments. In
the middle division the ore is spread out very thin, and occupies about
double the space of either of the others.

The furnace is worked by 8 hours’ shifts, a charge being drawn and
added in each shift. The charges weigh 2,400 lbs. and carry about
10 per cent. moistare.

The ore averages about 20 per cent. of sulphur, and just before the
sulphur ceases flaming in the second division of the furnace 18 lbs. or §
per cent. of salt is added to the charge. Care must be taken to keep the
concentrates damp until they are introduced into the furnace, or a decom-
position of the pyrites begins, forming lumps which do not roast, and

* The heat on the finishing hearth must be maintained at a lively bright red, but
not at a white heat, else the gold particles would melt, which, with'a good magnify-
ing glass, can be easily detected ; after washing off the iron the gold appears then
in minute globules, the chlorination of which is more difficult.

t Egleston, Gold, page 622,
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consequently cause a loss of gold in the residues from leaching. The
roasted ore from each shift is kept by itself on the cooling-floor until a
tankful (about 4 tons) has accumulated from a single man’s shift, and it
is then worked by itself. This enables the foreman to better control the
work of roasting, for if one lot out of three works badly, it points to the
fault being with the furnaceman; whereas, if all three give unsatisfactory
results, it may be presumed to be owing to a change in the ore, and the
roasting must be modified.

The vats® for chloridizing the rousted ore are 9 feet in diameter by
8 feet in height; they are four in number, and are slightly inclined
forwards to drain them completely. The bottom of each tank is com-
posed of a filter abont 6 inches thick, consisting of light strips of § inch
wood laid on the bottom at intervals of about a foot. Across these are
placed 6 inch boards, spaced an inch apart. On this loose floor coarse
lumps of quartz are spread, and on the top of this again quartz-sand,
until a depth of 6 inches is obtained. Finally, this sand filter is covered
over with another loose floor, the boards lying cross-wise to the loose floor
beneath and pretty close together. This upper floor is merely to facilitate
shovelling the charge out when it has been gassed to permit the removal
of the leached ore without disturbing the filter.

The ore to be chloridized must be damp (about 6 per cent. moisture).
The working test is to take a hundful of ore and squeeze it, then
open the hand, and if the lump immediately begins to crumble and fall
apart (not run) the ore has the requisite amount of moisture. The damp
ore is screened into the tank so as to lie as loose as possible and thus
facilitate the penetration of the chlorine. A coarse screen of one-and-a-
half mesh is used for this purpose.

The tanks are only filled up to within about 3 inches of the top,
(to ensure the entire contents being covered with water in the subsequent
leaching,) otherwise there would be great difficulty in washing out the
soluble gold. As soon as they are full they are gassed. The gas is
introduced into the bottom from two opposite sides, and is continued
until ammonia held over the ore gives off dense fumes of ammonium
chloride, which usually happens in about 4 hours. When this point is
reached, covers are placed on the tanks and luted on.t

* The vats should be coated on the inside with asphaltum varnish or a mixture
of pitch and tar applied hot, but the former is preferable, as it penetrates better
into the pores of the wood.

1 It is usual to provide the covers of the tanks with two pieces of 1} inches gas-

pipe 6 inches long, and a square hole, 6 inches by 6 inches, closed with a wooden
cover. These pipes are closed with balls of clay during the impregnation of the ore
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The two gas-generators® which are employed to charge a tank are
allowed to work on till nearly exhausted, when they are disconnected,
and the holes in the tank are plugged up. The tanks are usually charged
in the morning, and left standing two days. On the third day the ore
is leached. The tank is first filled with water, and allowed to stand a
few minutes to permit the water to penetrate the ore. If no more water
is absorbed, the liquor is drawn off at the bottom, care being taken to
keep the tank full of water during this part of the operation, which lasts
4 to 5 hours.

For charging the tank a gunny sack is laid on the ore and held
down with a couple of bricks where the wash-water is afterwards to be
introduced, in order to better distribute the water in the tank, and
prevent it washing out holes and packing the ore.

The liquor from the leaching-vats is conducted to settling or storage-
tanks, where about 40 Ibs. of sulphuric acid is added (66 degrees B.) and
it is allowed to stand 2 to 24 hours. It is then run into the precipitating-
vats, where the gold is precipitated with sulphate of iron; the iron solution
being added until after stirring, a further addition produces no purple
colour. After the gold is precipitated it is allowed to stand from two to
three days to settle, when the supernatant liquor is drawn off with syphons
into a sccond settling-tank, where any gold drawn off by the syphons
has a second opportunity of settling.

The liquor stands in this tank till it is neccssary to run it off to make
room for a fresh charge. Very little gold is found in this tank, so it is
only cleaned out abount once a year.

In the meantime fresh liquor has been run into the precipitating-
tanks on the gold already precipitated there. In this way the gold is
accumulated till the semi-monthly clean-up, the precipitating-tanks
being kept locked and covered. In making a clean-up, the supernatant
liquor is syphoned off, the gold gathered up, and placed in a filter of
punched iron, lined with filter-paper, and washed with water till all the
acid and iron salts are removed. .It is then dried, melted in crucibles,
and cast into bars.

Under unfavourable conditions the cost of the chlorination process
may run up as high as £4 8s. 4d. per ton, but in California it may
with gas. After gassing, the clay is removed, and one of the pipes is coupled to the
hose of the water-tank, whilst the other is connected either with another tank ready
for chloridizing, or the ashpit of the roasting furnace, partly to utilize the surplus

chlorine, as well as to protect the workmen from its injurious effects.

* When practicable, it isa good plan to heat the generators by steam in place of
direct heat.
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generally be taken as costing £1 17s. 6d. to £3 1s. 6d. per ton, £2 14s.
2d. being in all probability a fair average on a basis of treating 3 tons or
more daily.

Mr. G. F. Deetken is responsible for the statement® that with
favourable conditions of cheap wood and freight rates, not counting
interest, insurance and amortization of a capital of 8,000 dollars, the
working expenses in some parts of California do not exceed £1 0s. 10d.,
and are sometimes as low as 16s. 8d. per ton.

In locating works of this kind it is important to secure a good fall,
and they should be terraced and so placed with reference to the prevailing
winds that noxious fumes will not be carried in the direction of valuable
land or house property.

There should also be a supply of water at hand, delivering 40 to 60
gallons per hour.

BARREL-CHLORINATION.

Mr. Thies, in a letter to Mr. C. N. Aaron (a well-known Californian
authority), gives the cost of the Thies process at the Haile mine, North
California, as follows :—

Using a double reverberatory furnace, which furnishes 2 tons of
roasted ore every 24 hours, with an average consumption of 1 cord
of wood, at 5s. 24d. per cord, and employing four labourers, the cost
of roasting the ore amounts to 10s. 114d. per ton. Two men can
eagily treat 4 tons in 10 hours, elevate the ore, and clean out the filter-
tanks, of which there are four to each barrel. Arranged on this basis,
the cost of roasting and chlorinating amounts to 19s. 3id. per ton, as
tabulated below :—

Cost per
Roasting 2 tons of ore— ajrm:i. s 4
4 labourers at 4s. 2d. ... e oes .. 8 4

1 cord of wood at bs. 2§d. 2 74
—— 10 11}
Chlorinating 4 tons of ore—
2 labourers at 3s. 9d. 1
1 chlorinator at 8s. 4d . 2
40 1bs. of bleaching powder. at l&d 1
60 1bs. sulphuric acid at 1d. w1
Sulphuric acid, for makmg ferrous sulphate 0
Repairs, wear and tear.. - 0
Power 0

Total cost per ton ... .. .. 19 34
* Eng. and Min. Jour., New York, vol. lv., page 244.
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We thus have the sam of 19s. 3}d. for roasting and chlorinating 1 ton
of roasted ore, representing 13 tons of raw iron pyrites.

Inside of 7 hours from the time the ore is in the chlorinator, the
solutions are ready for precipitation and the tailings are clean.

At the Pheenix mine, in North Carolina, the cost for roasting® and
chlorinating by the Thies process is estimated at :—t

£ s 4
Roasting ... e .. 091
Chlorinating .. 011 1
£1 0 2

2,353 tons of concentrates are gaid to have been successfully treated by
this process at the Haile mine and 5,000 tons at the Phcenix mine
between May, 1888, and September, 1890.

At the Phanix mine, a 12 feet revolving pan-furnace is used, which
roasts 1 ton of raw ore in 12 hours, with a consumption of §ths of a cord
of wood, and 3s. 9d. worth of labour. The cost of power does not exceed
1s. 04d. per ton.

At the Bunker Hill works, the concentrates are roasted with 1 per
cent. of salt, in a reverberatory furnace 40 feet by 12 feet on the outside,
with walls 18 inches thick, the stationary hearth of which (7 feet by 18
feet by 2 feet in height, with a working door on each side) terminates in
a horizontal revolving hearth, 12 feet in diameter, set at a lower level

giving a fall of 6 or 7 feet). The discharge hole or cub is in the centre
of this latter hearth, from which the ore drops into cars.

At the Deloro mine,} Canada, where the Mears process was formerly
in operation, the ore was roasted (after drying in a revolving drier) in a
pair of cylinders,§ one 30 feet in length by 5 feet in diameter, the other
20 feet by ¢ feet, set tandem, jacketed with mineral wool and then paper.
It is claimed that 10 tons of concentrates have been roasted in these
cylinders in 24 hours, so that the extraction of gold has reached 93 to 98
per cent.

The tanks used in the process should be built of wood which has been
soaked in linseed oil, dried, and painted with three good coats of white
lead or tar.

* Removing the sulphur to within 025 per cent.

+ Phillips, Trans. Am. Inst. Min. Eng., vol. xvii., page 321,

t R. P. Rothwell, Trans. Am. Inst. Min. Eng., vol. xi., page 191.

§ Different furnaces require, on the average, it is said, the following weights
of wood to roast a ton of ore (the weights being calculated on the basis of 2,200 1bs.
per cord as the average) :—White furnace, 300 lbs.; Bruckner, 900 lbs.; reverber-
atory, 600 lbs. ; Btetefeldt, 200 lbs.—(Report, Tenth Census, United States.)
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Mr. Thies states that the cost of barrel-treatment depends chiefly on
the number of tons chlorinated per day.

The wear on the inner lead-linings of the chlorinators is imperceptible;
a chlorinator in use at the Pheenix mine for over five years does not show
any wear. The lining is fastened on with bolts from the outside, as it
has been found very difficult to burn on lead, when chlorine has acted on
it, in making repairs.

At the Haile mine, the fire-assay and value of the ore delivered to the
stamps is 4'50 dollars (18s. 9d.) per ton.

The mint returns of bullion gave 16s. 3d. per ton of ore treated, of
which 6s. 03d. is to be credited to the battery, i.e., to free-gold ; whilst
10s. 2}d. was obtained from the sulphides.

Taking the assay-value of the ore at 188 9d., and the actual yield in
bullion at 16s. 3d., there is an indicated loss of 2s. 6d. per ton, or 134
per cent. Taking the yield in free-gold at 6s. 03d. per ton from an
ore worth 18s. 9d. per ton (or approximately 32 per cent. of the gross
value by assay), we have 68 per cent. to be debited to the concentrates.
But the total yield in free-gold, and in gold from the sulphides being
16s. 3d., the ratio of the free-gold saved, to the total amount saved, is
approximately 38 per cent., and the combined gold 62 per cent., or a
saving of about one-third free and two-thirds combined gold.

The term, combined gold, has been used to express the condition of the
gold which is not free. Whether the gold that is not free is chemically
or mechanically diffused in the sulphides or both is uncertain, in most
cases,

Mr. T. W. T. Atherton® claims to have found gold as a natural
sulphide in the pyrites of the Deep Creek mines of New South Wales.
He gives an analysis of the ore and the method pursued in experimenting
on it, from which his conclusions were drawn.

From 80 tons of ore stamped per day of 24 hours at Haile, 74 tons
of concentrates are obtained from 16 Embrey end-shake tables, which
gives as the yield of each concentrator a little less than half a ton.

The average assay-value of the raw concentrates for the 12 months
preceding the date of Mr. Thies’ paper was £6 58. per ton, and the per-
centage of sulphur they contained varied between 40 and 45 per cent.
In roasting, this was brought down to 0°25 to 0°40 per cent., whilst the
value of the material naturally increased ; the raw concentrates worth £6
58. becoming worth when roasted £8 ¢s. 8d., or about one-third more per

ton.
* Eng. and Min, Jour., New York, vol. lii., page G98.
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The assay-value of the tailings. thrown away, after chlorinating the
roasted ore, was, on the average, only 8s. 4d. per ton, representing an
extraction of 95 per cent.

The process had been in successful operation 2} years, at Haile, when
Mr. Thies’ paper was written in 1890, and 86,000 tons of crude ore had
been treated profitably during that time, prior to which nearly every
process had been tried on the ore and failed.

The advantages of the process are :—The small amount of space the
plant occupies, speed of operation, high percentage of yield, facility of
ascertaining the condition of the charge at any time,* and very slight
wear and tear. The only offsets against these advantages are the care
and intelligence required to control it, and the need for a small amount
of power.

250 to 300 gallons of wash-water are nceded per ton of ore treated (an
ordinary charge), the water being introduced into the barrel first.

It takes 2 to 4 hours to chlorinate each charge, the barrel revolving
at 12 revolutions per minute.

The lead-lining is } inch thick, and weighs 12 lbs. per square foot.

The filters must be flooded from below with 4 or 5 inches of water
to prevent the ore packing as it falls into them.

The charge must be allowed to drain, and then washed with water as
rapidly as possible till the wash-water shows no gold, though still carrying
traces of chlorine.

If lime is present, settling-tanks, called stock tanks, are required to
settle the liquors which are drawn out of them into the precipitating
tanks after standing for 14 to 16 hours.

The precipitating-tanks are large enough to hold the liquors from 3
tons of washed ore. The ferrous sulphate is syphoned into them. The
solution must have a decidedly acid re-action in order to be certain that
all the lime has been converted into sulphate.

The Providence works and those of Bunker’s Hill may be cited, the
former as showing exceptionally low cost by the vat process, working 9
tons per diem ; the latter unusually high cost by barrel-treatment, treat-
ing 2 tons in 24 hours. To compensate for this the loss in the tailings,
which used to run as high as £1 9s. 2d. when worked by the ordinary
vat process, has been reduced 50 per cent.

® For this purpose a lead valve isarranged in the barrel, so that not only the
pressure of an excess of chlorine gas but its actual presence can be ascertained at
any time. It does not do to trust to the pressure test alone, other gases being
some times given off.
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The cost at the Providence works :—

£
1 foreman vee . 0
1 white labourer . 0
5 Chinamen at 6s. 3d. v 1
2 cords of wood at £1 0s. 10d e 2
29 1bs. of dioxide of manganese at 1§d. ... . 0
v . 0

0

(1]

0

0

'S
L o

260 1bs. of salt at 4d. ..

216 1bs. of sulphuric acid at 1d.

Lime, sulphur, and calcium hyposulphlte

INluminating ... o s
Extras ...

—
NOoOwWwoowmeow

O
—

Per ton ... o 148, 94d.

The cost at the Bunker Hill works :—

Roasting— 5. 4 £ s 4
2 roasters at 13s. 6§d. ... .. .. .. 13 6}
§ths cord of wood at £1 5s. ... 15 7}

Chlorinating—
1 chlorinator at 12s. 6d. ... 6
30 1bs. bleaching paper at 2d. b
36 lbs. of salt at §d. oo 0
20 1bs. sulphuric acid, 66 B. at 1{d. 5
Water-power 2
2

General expenses and ]oss 1
ene pe — 111 8

Total cost of 1 ton of ore roasted and chlorinated ... £3 0 10}

Under efficient management and favourable conditions the cost of
barrel chlorination will usually be found to vary between 12s. 6d. and
£1 0s. 10d. per ton in America.

The results of treatment by another vat-process, the Pollock patent,
are given in the London Mining Journal,® treating various ores as

follows :— .
Om.Dwia. G Extrected

Sheba mine tailings... ... 2 7 21 96
Mixed lot of ore, Transvaal 1 3 22 97
Day Dawn P.C. quartz, Q. 6 ... 6 9 23 97
” concentrates, Q.1 ... 1 2 6 97
Swaziland quartz, South Africa .. 0 16 5 95
City and Suburban quartz, Transvaal ... .. 12 10 10 95
Crown ore, New Zealand.., . 3 16 0 94
Transvaal Gold Extracting Co. ... 1 10 11 93
" tailings ... 0o 7 8 85

Mount Shumrock tailings 0 8 17 96

* The Queensland Mining Journal, Nov. 5th, 1888.
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It is stated that the cost of the plant for treating 100 tons a day is
about £10,000.

It is certain that ores like those of Meadow Lake district, California,
composed of a species of siliceous heematite (which in depth will probably
be found in an unoxidized condition, consisting mainly of pyrite) will
not amalgamate properly, and attempts have been made with various
devices and countless processes to work them, but so far without success.

They are said to average £1 9s. 2d. to £2 1s. 8d. per ton or over, and
to bear a resemblance to the ores of Bald Mountain district, South Dakota.
It is possible that if a sufficient quantity of concentrates could be secured
to keep works of the kind running many of these ores could be advan-
tageously handled by the barrel-chlorination process, without a previous
roasting, if treated with an oxidizing agent such as nitre cake, and in
working the surface-ores even concentration might at first be dispensed
with.

An interesting modification of the barrel process (described by John
E. Rothwell, Eleventh Census, United States, 1890) is to make the
chlorination-barrel also the washing and leaching-vessel. This is effected
by fixing a diaphragm as a filtering medium, so as to form the chord of
an arc of the interior of the barrel. The diaphragm or filter is made up
of plates corrngated similarly to the ordinary filter-press plate, and per-
forated with holes every 4 or 6 inches square. These plates are supported
on bearings bolted to the shell. On the top of the corrugated plates is
placed the filtering medium—an open-woven asbestos cloth. It is about
as coarse as the common gunny-sack, but the warp and woof are of much
heavier thread. . )

Over this is placed an open grating, and the whole is held in place by
cross-pieces, the ends of which rest under straps bolted to the inside shell.
In this way, though the whole is rigidly held in place, it is very easily
and quickly removed when necessary to change the asbestos cloth. Two
valves on each end of the barrel above and below the filter, are provided
for the inlet and outlet of the wash-water and solution respectively.

The barrel is charged by first filling the space under the filter with
water, which at the same time is allowed to pass through the filtering
medium and wash it, then the required quantity of water is put in
above the filter. There are two methods of charging the pulp, lime-
chloride, and sulphuric acid. In one the lime is so placed in the ore-
charge in the hopper over the barrel that it goes in with the ore and is
completely buried with it. The acid can then be added with very little
danger of generating any gas before the plate on the charging-hole can

6
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be put on and securely fastened. The other way, which seems still better,
is to pour the acid first into the water, through which it sinks to the
bottom in a mass, and does not mix. The ore is then let in, and the
lime added last. The chances of generating any gas are stated in this way
to be much less. A barrel so churged has been known to remain open 5
to 10 minutes after charging without generating gas, but it has been
demonstrated that on the first revolution of the barrel the gas is at once
liberated and creates considerable pressure. After the chlorination is
complete the barrel is stopped, so that the filter assumes an horizontal
position. The hLose is attached to one of the outlet pipes, and conducts
the solution to the reservoir tank. A hose is also attached to the inlet
pipe, water is pumped in under pressure, and the leaching commences.

The air in the top part of the barrel is compressed, and forms an
elastic cushion, which gives the wash-water perfect freedom to cir-
culate over the whole surface of the charge, and wash every portion
thoroughly with the smallest quantity of water possible. By washing in
this way no gas is allowed to escape into the building. The solution runs
into a covered reservoir-tank from which an exhaust fan draws the excess
of gas, and discharges it outside the building. The length of time needed
to do the leaching, varies with the leaching-quality of the ore. Charges
have been leached in 40 minutes with a pressurc of 30 to 40 lbs. per
square inch. With higher pressures the time can be materially shortened.
As can be readily seen, the orc in the barrel is in the best possible shape
for rapid and perfect leaching. When the barrel is stopped, the ore settles
on the filter, the coarsest and heaviest on the bottom, graduated evenly
over the whole surface up through the charge to the slimes on top. In
order to facilitate the leaching of charges carrying an excess of dust, a
valve placed in the casing of the head (on a level with the surface of the
pulp) is opened just after the barrel is stopped, and the slime remaining in
suspension is run off into an outside washing filter-press, where it can be
treated separately, and the charge washed in the usual way. The tailings
are discharged into a car which will hold the whole charge of ore and
water and then run out, or if water is abundant they are discharged into
a sluice and washed away.

For leaching purposes the amount of water needed to wash a charge
varies very little with the richness of the ore, going to show the perfect
leaching-condition of the ore in the barrel. The amount required is about
120 gallons per ton more than the quantity used in the barrel for chlorina-
tion, which is about 100 gallons per ton.

In order to get a concentrated solution for after-treatment, and to
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reduce the amount of solution to be treated, a tank is placed over the
barrel, and when the richest of the solution and wash-water has run out
into the reservoir-tank the discharge hose is connected with a pipe leading
to the upper tank, and the washing is finished into it. The solution
collected in this way is used in the next following charge in the barrel.
The quantity of solution to be precipitated is thus reduced to 120 gallons
per ton of ore treated.

The advantages claimed for this method are: (1) the freedom of the
building from chlorine gas; (2) the control obtained over the perfect
washing of the ore; (8) the small amount of labour, especially skilled
labour, necessary; and (4) the small amount and simplicity of the
machinery for the great amount of work accomplished.

One man of ordinary intelligence and a helper, ure able to look after
three barrels—charging, leaching, and discharging them. If the tailings
are sluiced out no extra help is needed, but where they ha’vev, to be
trammed, one man in addition is necessary. The disadvantagés. are due
to the necessary construction of the barrel, but do not interfere with its
successful working. They are principally the amount of space taken up
by the filter and the portion of the barrel underneath, and the fact that
when the barrel is charged and running it is not perfectly balanced.

These disadvantages can be partly overcome by placing the filter close
to the shell, only leaving sufficient space underneath to allow of free
circulation, but bringing it up to the same height on the sides of the
barrel as the horizontal filter; then, by using compressed air to displace
the solution and wash-water, an equally good result can be obtained.

For the collection of the solution two tanks are necessary, each of
ample capacity to hold a day’s solution from all the barrels. Those for
collection are placed on the same floor as the chlorinators (unless fall can
be secured to place them below). On a step below are the precipitation-
tanks, which should be of the same capacity and number as the collect-
ing-tanks. The limit to size would probably be 50 tons capacity ; where
more is treated, another battery of tanks would be needed.

For a precipitant Mr. Rothwell recommends hydrogen sulphide gas
generated from paraffin and sulphur or from iron sulphide and sulphuric acid
a8 the cheapest and most satisfactory. It is generated, and then forced
through the solution with a small air-pump, which at the same time forces
air through, keeping the solution-tank in an agitated state and expelling
any free chlorine gas. To save time the gas is turned into the tank while
it is filling up, so that, when the tank is full, a few minutes finish the
precipitation and collection. The tank is now allowed to stand two or
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three hours, when it will have settled sufficiently to allow of the supernatant
liquor being drawn off through a filter-press. There is little danger of
precipitating arsenic and antimony which may be present when the
process is worked cold, as they do not commence to come down till some
time after the gold has been precipitated and collected.

This precipitant would not be, however, desirable with any consider-
able quantity of copper or lead in the solution, but small quantities can
be dealt with in the after-treatment.

The loss in gold is considerably less if the precipitate is allowed to
accumulate in the tanks, and a clean-up made after six or ten precipitations,
than if it were filtered through a press and collected after every pre-
cipitation. There docs not seem to be any advantage derived from a
continuous precipitation and collection on this account if hydrogen
sulphide gas is used, as the filters will soon become so coated and clogged
with the sulphides as to retard rapid filtration without extreme pressure,
which is sure to increase the loss.

The handling of a large number of filter-cloths is also a source of loss,
no matter how carefully done. The asbestos filter-cloth under ordinary
conditions will last 100 charges, and can be changed in about an hour and
a half ; one cloth has been known to last 150 charges.

The life of the supporting plates and grating can be made to equal the
life of the lining of the barrel, and with barrels that have several thousand
charges to their credit this shows little wear.

The latest suggested modification of the chlorination process appears
to be that patented by W. D. Bohm, described and illustrated in the New
York Mining Journal of December 31st,1892. Briefly stated, the principles
involved in it, are a forced upward circulation of the solvent solutions
through the powdered ore placed in a suitable vat, of special construction.

The circulation is maintained until the precious metals are dissolved,
when air-pressure is applied above the charge, to force out as much of
the solution as possible, wash-water being subsequently forced up from
below, or admitted above the charge, and then forced out in a similar
manner, the previous constant flow upwards having caused (it is stated)
such a deposition of the sand as to allow the liquid to be expressed
rapidly and cleanly. It is claimed by using a solution of chlorine
in water, and circulating it in closed pipes and vessels, that a considerable
saving of gas is effected, and that as rapid results are obtained as with
agitation, with much less power and wear and tear, while ores of different
character can be treated in a short time and with little labour.

The plant is said to be cqually applicable to cyanide treatment ; the
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precipitation of the gold being effected on shavings of an alloy of zinc
and sodium is claimed to be more efficient than zinc alone. The chlorine
water is circulated through the ore in a manner similar to a cyanide
solution. It is claimed for the electrolytic chlorine-producing apparatus,
the invention of two Russian chemists (which is worked in connexion with
this process), that a great reduction in the cost of producing chlorine is
effected ; that common salt will supply the place of sulphuric acid and
chloride of lime, that the machine is simple, requiring no skilled labour,
and has been running with success at the El Dorado mine, Siberia.

This plant, in charge of an engine-driver, produces 40 lbs. of chlorine
gas from less than 150 Ibs. of common salt, utilizing 5 horse-power. The
results are vouched for by M. Leon Perret, mining engineer to the
Imperial Russian Government.

A diaphragm-pump of spccial construction prevents any emulsified
grease or other undesirable matter from getting into the solution, and
stops leakage of the gold solution through defective glands, etc.

The cost of working this process is stated to vary with the locality.
Kaolin ores of Mount Morgan have been treated before the erection of
the electrolytic chlorine generator at the following cost :—

s. d.
10 1bs. of bleach, at 4 cents 1 8
8 ,, acid, at 2 cents see 0 8
Labour and power 1 54
3 9

The time occupied for cach charge being 4 hours.

The extraction is not stated, but a proportionate increase in cost of
chemicals would be necessitated in the treatment of ores requiring more
chlorine.

Mr. Claude Vautin mentions, as recent useful innovations, glass-lined
iron pipes, manufactured by Messrs. D. Rylands & Co.{ enamelled iron
diaphragm-pumps for conveying corrosive solutions, made by Messrs. Scott
& Sons ; and a compound containing upwards of 75 per cent. of available
sulphuric acid, solid below the temperature of boiling water, which can
be packed in iron drums, and shipped as ordinary cargo (obtainable
from the Ore Dressing Co., 42, Old Broad Street) ; also chloride of lime
packed in specially prepared iron drums. The form in which these two
latter reagents are sold may be of utility to persons employing the chlorina-
tion process, especially in localities distant from a railway where transport
has to be taken into account.
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Mr. T. R. Rose,* commenting on Mr. Vautin's statement *that pre-
cipitated sulphide of copper is not to be recommended as a practical
precipitant for gold, owing to its physical condition, and the facility with
which it is oxidized to sulphate of copper,” says:—“In accepting this
statement as correct in a certain limited sense, it must not be forgotten
that the suitability of the precipitant depends mainly on the manner in
which it has been prepared. By adding a boiling saturated solution of
sulphide (or rather a mixture of the polysulphides of sodium) to the
equivalent proportion of a boiling saturated solution of sulphate of
copper with vigorous stirring, sulphide of copper is precipitated in a
granular form, which settles quickly in water. This substance is more
active in the precipitation of gold than the fused sulphide. Its activity
is due to the larger surface presented by the porous granules, and to the
fact that it is easily decomposed. It is, a8 Mr. Vautin says, somewhat
liable to atmospheric oxidation, but the loss, owing to this cause, is insig-
nificant, because it is always kept covered with water, and can only take
up such oxygen as may be dissolved in the latter. The granules of the
sulphide of copper can be made the size of peas, under favourable con-
ditions, and there is no practical difficulty met with in precipitating gold
rapidly and completely by their use. A point in favour of the fused
sulphide of copper is the readiness with which it can be obtained, and as
it has been proved to answer well, there is no reason why it should be
rejected in favour of the precipitated salt.”

TrE CYANIDE PROCESS.

The plant required for the MacArthur-Forrest process consists of
crushers (stamps or rolls) to pulverize the ore to 20 to 60 mesh, and
leaching and precipitating-tanks of much the same description as those
used for chlorination ; but as its professed object is the treatment of the
ore in bulk, the number of tanks, etc., required for this method of treat-
ment are of necessity much larger than in chlorination works. The
cost of erection of such a plant on a basis of treating 50 tons per day
would not, so it is said, ordinarily exceed £6,250, everything included.

The report of Mr. J. R. Bradshaw (assayer, etc., of Charters Towers)
statcs, without going into details, that from information he received at
Ravenswood, North Queensland, it can be worked there to profit at a cost
of £2 per ton, but the cost must of necessity depend on the district and
surrounding circumstances.

Mr. Bradshaw claims, moreover, economy for the process in regard

* Mining Journal, March 11th, 1893, page 276.



PROCESSES OF ORE TREATMENT, 65

to time occupied in treatment, as compared with raw amalgamation in
pans, stating that with an ordinary wheeler,  ton of auriferous stone of
about 2} ounce grade is decomposed in 6 hours, representing the capacity
of one wheeler as being equal to treating 12 toms per week. Mr.
MclIntyre, the company’s manager at Ravenswood, he goes on to state, is
erecting two wheeler pans, measuring 5 feet in diameter, capable of
carrying a charge of 3 tons of ore each, and it will thus be seen that with
two pans, 24 tons of ore can be decomposed in 24 hours.

It would be interesting to learn how those arithmetical calculations
panned out in actual practice as regards power consumed and other details,

A test of the Ravenswood ore made by Mr. Bradshaw gave an extrac-
tion of 89 per cent. of the gold and 70 per cent. of the silver.

If the snccess of the process demanded the mechanical incorporation
of the cyanide solution with the ore in pans, it would seem likely to be
foredoomed to failure, and on this account the idea is now almost entirely
abandoned.

It would probably be found that, for convenience and speed, barrels
could be advantageously substituted for pans, but modern developments
of the process have done away with the original notion of auxiliary
agitation.

The Chemistry of the Cyanide Process.

This has been ably dealt with by Messrs. Charles Butters, Ph.D., and
J. E. Clennel, B.Sc., in a series of papers which appeared in the New
York Mining Journal, in October last, from which the following extracts
are taken :—

Elsner has shown that the very finely divided gold obtained by
precipitating a solution of the chloride with ferrous sulphate may be
dissolved by potassium cyanide, provided there is an excess of oxygen
present.

The compound formed may be looked upon as a double cyanide of
gold and potassium (KCyAuCy), and the reaction which takes place
may therefore probably be represented by the following equation :—

2Au + 4KCy + O + H,0 = 2KAuCy, + 2KHO.
Two interesting points are indicated by the above equation, which it is
well to bear in mind, in applying potassium cyanide as a gold solvent on a
commercial scale :—
1. That the quantity of cyanide theoretically capable of dissolving
a given amount of gold is infinitesimal, compared with the
weight actually required in practice. Taking Au = 196'8,
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K = 39:04, and Cy = 2598, it will be observed that 130°04
parts by weight of potassium cyanide, should be capable of
dissolving 1968 parts of gold, or approximately two parts of
the cyanide :salt should dissolve three parts of gold. The
minimum actual consumption in treating free-milling ore,
assaying, let us say, 10 dwts. per ton, is about 3 lbs. per ounce
of gold recovered, or roughly forty parts by weight of cyanide
for one part of gold. Tn the leaching-tanks alone 1 1b. of
cyanide is generally consumed per ton of material treated.

2. That an extremely small quantity of surplus oxygen is sufficient
to cause the solution of the gold, 1596 parts being required
for 8936 parts of gold, or say as 1: 25. The air present in a
porous mass of tailings, with that dissolved in the water nsed in
making up the solution, is in fact more than ample to effect the
reaction. To explain the enormous excessive consumption of
cyanide, we must bear in mind the great instability of the
simple cyanides.

Hydrocyanic acid is liberated from its salts by all minzral acids,
carbonic acid, and all common organic acids. Atmospheric carbonic
acid is sufficient to set up a certain amount of decomposition, in which a
constant evolution of hydrocyanic acid takes place as follows :—

2KCy + CO, + H,0 = 2HCy + K,CO,.

Then, again, we must consider the proneness to oxidation which the
cyanates exhibit, and which in fact lies at the base of most of their
technical applications. Potassium cyanide readily changes into cyanate
and ultimately into carbonate :—

KCN + 0 = KCNO ;
2KCNO + 30 = K;,CO, + CO, + N,.
The presence of alkalies, which always occur in commercial cyanide, tends
to induce the peculiar and little understood decomposition termed hydro-
lysis, which seems to be mostly produced in the zinc boxes by the presence
of that metal.

In the reaction alluded to above, the alkali appears to determine a
chemical change in which water plays a part, while the alkali itself is
not in the least affected.

There are good grounds for supposing that in dilute solutions a dis-
sociation of the cyanide takes place, so that what we term a weak solution
of potassium cyanide is in reality a mixed solution of potassium hydrate
and hydrocyanic acid :—

H,0 + KCy = HCy + KHO.
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This being the case, it is only natural that hydrocyanic acid should
be constantly given off from all vessels in which weak cyanide solutions
are freely exposed to the air, and its smell is, in fact, generally notice-
able in the neighbourhood of the tanks in which it is stored.

The consumption of the reagent is on these grounds evidently en-
hanced by the agitation or circulation systems, since these methods
involve a constant exposure of fresh surfaces.

Another source of waste is due to the tendency of the simple cyanides
to form double salts with each other, or with other metallic compounds.

Salts of iron, and to a lesser extent of aluminium, magnesium, cal-
cium, and the alkali metals are liable to occur in the tailings, especially
after long exposure to atmospheric influences.

It seems, therefore, that under the most favourable circumstances an
enormous waste of cyanide must take place, which may partly, however,
be mitigated by the use of closed tanks and careful attention to the
purity both of the cyanide itself and the water employed to dissolve it.

Action of Cyanide on Pyritic Material.—Various additional decompo-
sitions take place, when cyanide is applied to the treatment of pyritic ores
or tailings. The surface ores of the celebrated banket formation of
South Africa consist almost exclusively of silica and oxide of iron, the
silica occurring in the form of rounded pebbles, embedded in a softer
matrix highly charged with ferric oxide, which gives it a characteristic
reddish tinge. The gold® is found in this matrix associated with the
oxide of iron, or sometimes in small scales on the surface of the pebbles.
The pebbles themselves carry little or none.

At a lower level this free-milling banket passes into an ore precisely
gimilar in strocture, but much harder, and containing the iron in the
form of sulphide instead of oxide, which gives it a peculiar bluish tint.

There can be no doubt that the free-milling ores have been formed by
the gradual oxidation of the pyrites through the influence of air and
moisture during a long period of time, and in fact we see this change in
progress, wherever pyritic material has been exposed to the action of the

. atmosphere. The first effect observed is the conversion of ferric sulphide

* Taking into account the production from tailings and concentrates the average
yield of the Witwatersrandt ore was 12 dwts. b grains per ton in 1891 and 12 dwts,
13 grains in 1892. At the end of 1891 there were 1,540 stamps in operation, which
yielded 11'23 dwts. per ton by direct amalgamation, whilst the average of free-gold
saved fell in 1892 to 9°87 dwts., 2,035 stamps being in operation at the close of the
year; the total yield having increased rather than fallen off goes to show that
though the ore with depth has become more sulphuretted, it has so far been
successfully treated.
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into a soluble sulphate, free sulphuric acid being liberated. By the
action of the air again on the ferrous sulphate, certain insoluble basic
sulphates of variable and somewhat complex composition are found to
result, whilst a certain amount of soluble ferric sulphate is likely to be
produced at the same time.

The pyritic ores of the Witwatersrandt contain also small amounts
of copper, arsenic, and sometimes cobalt and nickel, but the amount of
these foreign metals has hitherto been so small that it has not practically
interfered with the process.

As the fact has been observed, however, at the Robinson chlorination
works, that copper and arsenic seem to occur in gradually increasing
quantities with the increasing depths of the mines from which these
concentrates were purchased, it is possible that these elements may be a
gerious source of trouble in the future.

If one attempts to treat a charge of partially oxidized pyritic tailings
directly with cyanide solution, the free sulphuric acid present which
renders the moisture they contain distinctly acid, sets free hydrocyanic
acid. Ferrous sulpbate (green vitriol) reacts upon the cyanide with the
formation of ferrous cyanide, a yellowish-red flocculent precipitate :—

FeSO, 4+ 2KCy = FeCy, + K,SO,.
This, however, under ordinary circumstances is slowly converted into
potassium ferrocyanide by the excess of cyanide present :—
FeCy, + 4KCy = K FeCy,.
If sufficient acid be present, the ferrocyanide reacts on an additional
quantity of the ferrous salt, ultimately giving risc to a blue precipitate
or coloration (Prussian blue) :— '
3K, FeCy, + 6FeS0, + 80 = Fe,0, 4+ 6K,80, + Fe,Cyy.
A coloration of that sort on the surface of the tailings or in the
solution is therefore a sure indication that acid iron salts are present,
and that a large waste of cyanide is taking place.

Ferric salts, when present unmixed with any ferrous compounds,
decompose the cyanide solution with evolution of hydrocyanic acid, and
precipitation of ferric hydrate : —

Fe, (80,), + 6KCy + 6H,0 = Fe, (OH), + 6HCy + 3K,SO,.
This reaction takes place in two stages, the first being the formation of a
soluble but very unstable ferric cyanide, giving a dark brown solution :—
Fe, (80,); + 6KCy = Fe,Cy, + 3K,S0,,
which decomposes as follows :—
Fe,Cy, + 6H;0 = Fe, (0OH), + 6HCy.
This gives rise to ferric hydrate, part of which, being in a finely divided
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colloidal condition, is with difficulty removed, as it chokes the pores of
the filters.

A mixture of ferrous and ferric sulphates, such as is probably always
present in partially oxidized pyritic tailings, causes the appearance of a
blue colour on the addition of cyanide, after the free alkali of the com-
mercial product has been neutralized, Prussian blue (ferric-ferrocyanide),
Fe, (FeCy,)s, being produced when the ferric salt is in excess, and Turn-
bull’s blue (ferrous-ferricyanide), Fe, (FeCy,);, when the ferrous salt
predominates, '

Before attempting to treat pyritic material or products with cyanide,
it is necessary therefore to get rid of the free sulphuric acid and soluble
iron compounds. This is generally done by leaching with water until
the liquid running off the tanks no longer shows a coloration with
ammonium sulphide. After this treatment the insoluble basic sulphates
which still remain, and being gradually decomposed by water, would act
upon the cyanide solution, are dealt with by washing with caustic soda
or lime water. This converts the basic salts into ferric hydrate and
sodium or calcium sulphates. When the quantity of free acid and iron
galts is small, the preliminary wash-water may be advantageously omitted.

Lime in the dry state is sometimes mixed with the tailings before the
cyanide treatment commences. When this method is adopted the iron is
precipitated as a mixture of ferrous and ferric hydrates. After the wash-
ing with alkali i completed, the tanks are allowed to drain, and strong
cyanide solution of about 6 per cent. is pumped on.

Even after this treatment the consumption of cyanide with moderately
pyritic tailings, which have been partially decomposed by exposure, is
found to be four times that which occurs with free-milling material.

The presence of a large excess of alkali in the solution brings about
various secondary reactions, which lead to a loss of cyanide, such as the
hydrolysis before referred to, and a peculiar action in the zinc box
mentioned later.

Lime though slower in its action is preferable to caustic soda as a
neutralizing agent, as it is equally effective in decomposing the iron salts,
less dctive in producing secondary reactions on the cyanide, and also less
energetic in attacking the zinc in the precipitating-boxes.

Ferric hydrate does not appear to be acted upon by potassium cyanide,
but ferrous hydrate, which is formed on the neutralization of the iron salts
by alkalies, reacts on the cyanide in excess, with the formation of ferro-
cyanide of potassium :—

Fe (OH), + 6KCy = K,FeCy, + 2KOH.
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Deposstion of @old from Cyanide Solutions.—Under certain conditions,
such as the absence of sufficient oxygen in the solution, a partial precipi-
tation of the previously dissolved gold appears to occar. If by any
chance the solution should become acid, there is a decomposition of the
double cyanide of gold and potassium, in which the gold is generally
supposed to be thrown down as (insoluble) aurous cyanide :—

KAuCy, + HCl = KCl + HCy + AuCy.

In working on the circulation-and-transfer system it is found that
where pyritic material is under treatment it is not safe to transfer a solu-
tion already rich in gold to a fresh lot of tailings, as the extensive decom-
position of the solution which takes place may lead to a final loss of gold.

Selective Action of Cyanide—It is claimed by the inventors of the
MacArthur-Forrest process, that in a mixture containing metallic gold,
silver, copper, and base metals, cyanide of potassium exerts a selective
action, dissolving first the gold, then the silver, and afterwards attacking
the copper and baser metals.

The process, however, does not appear to have been successfully
applied to ores, such as are met with in parts of California and
Australia, containing considerable quantitics of foreign metals.

Ores containing sulphides of silver and copper produce considerable
decomposition of cyanide, the copper being partially dissolved as sub-
sulpho-cyanide, the silver, however, remaining unattacked.

In two experiments carried out by Mr. Wm. Bettel, chief chemist of
the Robinson Gold Mining Company, on an ore from the Albert silver
mine (containing 30 ounces of silver per ton and 10 per cent. of copper),
it was found that no extraction of silver occurred, this metal being present
as sulphide.

Action of the Zinc Shavings on the Solution.—We must now consider
the action of the zinc on the gold cyanide solution. Theoretically, a
simple substitution of zinc for gold occurs in accordance with the follow-
ing equation :—

2KAuCy, + Zn = K,ZnCy, + 2Au.

Taking Zn = 65'1, Au = 1968, it follows that 65°1 parts by weight
of zinc should be sufficient to precipitate 8936 parts of gold, or 1 lb. of
zinc should precipitate 6 1bs. of gold. The actual consumption of zinc
is about 1 lb. per troy ounce of gold recovered. It is evident, then, that
zinc is consumed in some other way than in mere replacement of gold.

During the passage of the solution through the zinc boxes a constant
vigorous evolution of small bubbles may be noticed, which are found to
consist chiefly of hydrogen. The outflowing liquid is found to possess a
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greater degree of alkalinity than it had on entering at the head of the
box, and a smell of hydrocyanic acid and sometimes of ammonia is con-
stantly observed in the neighbourhood of the boxes.

It is clear, then, that a decomposition of the potassium cyanide
solution itself by the zinc is in progress, and this is not to be wondered
at when we consider the powerful electro-chemical effect which must be
produced by the contact of such a highly positive metal as zinc with a
strongly negative metal such as gold.

Ordinary commercial zinc loses weight when immersed for some time
in cyanide solution, but the action is slow. It is doubtful whether
pure potassinm cyanide would have any action at all on chemically pure
zinc. It is well-known that the copper-zinc couple produced by im-
mersing zinc in a solution of a copper salt decomposes water.

An analogous reaction of the zinc couple accounts for the evolution
of hydrogen above-mentioned :—

Zn + 2H,0 = 2H + Zn (OH),.
The hydrate of zinc is at once dissolved in the excess of cyanide :—
Zn (OH), + 4KCy = K,ZnCy: 4+ 2KOH,
which reaction accounts for the increased alkalinity of the solution.

There are reasons for believing that the black deposit formed on the
zinc shavings is an actual chemical compound of gold and zinc, which
acts as the negative element in the electric couple, the undecomposed zinc
forming the positive element.

When strong solutions of caustic soda have been used for neutralizing
the acid salts of the ore, a white deposit is frequently observed on the
zinc. The alkali first attacks the metal to form a zinc-sodium oxide : —

Zn + 2NaHO = Zn (ONa), + 2H.
This then reacts on the double cyanide of zinc and potassium always
present in the solution, and precipitates the white insoluble simple cyanide
of zinc :—

2H,0 + Zn (ONa), + K,ZnCy, = 2ZnCy, + 2NaOH + 2KOH.
This reaction is of some importance as affording one means by which
the excessive accumulation of zinc in the solutions is avoided.

Affinity of Zinc for Cyanogen.—Potassium auro-cyanide (KAuCy,)
appears to be one of the most stable of the salts of gold, and the reaction
in the zinc boxes, shows that the affinity of zinc, together with potassium,
for cyanogen, is greater than that of gold with potassium for the same
radicle. Hence a solution of potassium cyanide cannot dissolve gold which
is in contact with zinc, neither can gold replace zinc in a solution of the
double cyanide of zinc and potassium. So long as any zinc is present,
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therefore, we need not fear that the precipitated gold will redissolve in the
excess of potassium cyanide flowing through the boxes.

It is evident also that the cyanogen contained in the double cyanide of
zinc and potassium is not available for dissolving gold, nor when a
solution charged with zinc is employed in the treatment of a fresh lot of
tailings it is only effective in so far as it contains a certain quantity of
simple cyanide of potassium or other alkaline cyanide.

New Methods of Precipitation.—-The cyanides of sodium and ammonium
and those of the alkaline earths (calcium, barium, etc.) will dissolve gold
as well as potassium cyanide. Sodium cyanide is more difficult to manu-
facture than the potassium compound, but a given weight of it should
be more effective than the same weight of potassium cyanide, inasmuch as
49 parts of the former are equivalent to 65 of the latter.

The advantages of Molloy’s process and others which employ sodium
or potassium amalgam will be referred to later. The alkali metal is
obtained by the electrolysis of the carbonate between electrodes of lead and
mereury :—

Na,CO; = Na, + CO, + O.

The sodium forms an amalgam with the mercury. Sodium amalgam
may also be manufactured direct from its elements. It is claimed for this
method of precipitation that the whole of the cyanogen is restored to a
condition available for dissolving gold as shown by the reaction :—

Na + KAuCy, = Au 4+ KCy + NaCy.

Composition of the Zinc Slimes.—Any base metals which happen to be
in solution in the cyanide liquor are liable to be precipitated by the zinc
along with the gold. Hence the zinc slimes are found to contain a cer-
tain percentage of copper as well as traces of arsenic and antimony.
Moreover, any impurities in the zinc will also find their way into the
glimes, as zinc will be dissolved by the cyanide in preference to any less
oxidizable metals, e.g., tin and lead. Silver is dissolved by the cyanide
and re-precipitated by zinc by a set of reactions precisely analogous to
those of gold :—

2Ag + 4KCy + O + H,0 = 2KAgCy, + 2KOH, and
2KAgCy, + Zn = K,ZnCy, + 2Ag.

It has been observed that the proportion of silver to gold is greater in
the cyanide bullion than in the gold from the batteries, and this is
explained by supposing that the loss of silver in amalgamation is greater
than that of gold.

Treatment of the Zinc Slimes.—The removal of the zinc is a trouble-
some operation, and is only very partially carried out in smelting the
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dried slimes. The admixture of sand is made for the purpose of forming
a fusible silicate of zinc.

A portion of the zinc i8 volatilized and burns at the mouth of the
crucible with a greenish flame, producing the white oxide (Zn0), which is
found encrusting the flues, and no doubt carries with it no inconsiderable
quantity of gold and silver. The most promising method of treating
these slimes appears to be that suggested by Mr. Bettel of fluxing with
acid sulphate of soda and fluorspar.

Attempts to remove the zinc prior to smelting have been only partially
successful, as all such methods involve the filtration of a slimy mass,
which retains soluble salts with great tenacity.

The slags from the fusion of the zinc slimes contain a considerable
amount of gold, some of which is in the form of round shot, and may be
removed by pounding up the slag, passing through a coarse sieve, and
panning off. The residue from the first fusion should always be fused
again with additional lead to form an alloy with the gold. The same
lead bars may be used for a number of successive fusions of the slag, and
when sufficiently enriched the gold can be recovered by cupellation.

Testing of Cyanide Solutions.—1It is a matter of importance to deter-
mine exactly what strength of cyanide solution is used in treatment of
tailings. The ordinary method of testing depends on the fact that silver
cyanide is soluble in excess of potassium cyanide, with the formation of a
double cyanide of silver and potassium :—

KCy + AgNO, = AgCy + KNO,, and
AgCy + KCy = KAgCy,.

When silver nitrate solution is added drop by drop from a burette
to a solution of cyanide a white precipitate is formed, which quickly
redissolves. At a certain stage the precipitate becomes permanent, when,
in fact, the whole of the cyanide has been converted into the soluble silver
salt, and an additional drop of silver nitrate produces a permanent
precipitate of the insoluble simple cyanide of silver :—

KAgCy, + AgNO, = KNO, + 2AgCy.

From these reactions 107°66 parts by weight of silver are equivalent
to 180°04 parts of potassium cyanide. A convenient standard silver
solution is one of such strength that every cubic centimetre added to 10
cubic centimetres of the solution to be tested, corresponds to 0°1 per cent.
of pure potassium cyanide.

This method gives good results when pure cyanide solutions are under
examination, but when the solutions contain zinc it is difficult if not
impossible to determine the end of the reaction. A white flocculent pre-
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cipitate occurs at a certain stage, probably consisting of simple (insoluble)
cyanide of zinc, formed by the decomposition of the soluble double cyanide.

This precipitation occurs long before the whole amount of potassium
cyanide has been converted into the soluble double salt of silver (KAgCy,)
for the solution after the appearance of the flocculent precipitate still
gives the Prussian blue reaction with acidulated ferrous sulphate.

A standard solution of iodine in potassium iodide may be used with
great accuracy for determining the total amount of cyanogen in a solution
whether in combination with zinc or not, making use of the reaction :—

KCy + I, =KI + ICy.

The colour of the iodine is discharged so long as an excess of cyanide
is present. The sharpness of the terminal reaction may be increased by
adding a small quantity of starch to the solution under examination, which
gives a permanent blue colour as soon as an excess of iodine has been added.

What is most needed, however, is a rapid method of determining the
amount of cyanide available for dissolving gold, for, as was pointed out
above, the cyanide in combination with zinc is not available for that
purpose.

The method of testing solutions containing zinc for available cyanide
which was introduced by Mr. Bettel at the Robinson Company’s works is
as follows : —Two perfectly clean flasks of equal size are taken. To each
of these is added a considerable bulk, say 50 cubic centimetres of the
solution to be tested and 50 cubic centimetres of water. The liquid in
both flasks will probably appear slightly turbid, but the degree of turbidity
will be the same in each. Standard silver nitrate solution is run into one
flask until the slightest possible increase in turbidity is observed in com-
parison with the liquid in the other flask. This point is taken as indicating
the conversion of the whole of the free potassium cyanide into the soluble
silver salt, and therefore as determining the amount of available cyanide
present,.

The amount of gold in the solution is generally found by evaporating
a known bulk with litharge, fluxing the residue and cupelling the resulting
lead bullion. Evaporation on lead foil may likewise be employed.

Poisonous Properties of Cyanide—A few words may not be out of
place in this connexion. Although one of the most rapidly and deadly
of known poisons when taken internally, its action as a blood poison is
much less violent. Nevertheless, when introduced into cuts it produces
very painful sores. The men employed in cleaning-up and in melting

the slimes are subject to a peculiar eruption, especially on the arms, =

and complain of headuche, giddiness, and general depression.
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Ferrocyanide of potassium has been recommended as a remedy for
the eruption ; it may be taken internally and also applied as a lotion.
Considering the dangerous nature of the reagent it is remarkable how few
fatal cases have occurred through the use of cyanide on a large scale. In
cases of poisoning precipitated carbonate of iron, obtained by mixing
solutions of sodium carbonate and ferrous sulphate, may be used as an
antidote, forming internally an insoluble blue compound with the cyanide.

Hydrocyanic acid acts directly on the nervous system, causing instant
paralysis, hence any treatment which will excite the action of the nerves
such as applications of cold water to the spine, inhalation of ammonia, etc.,
may be tried in cases of faintness produced by breathing the acid vapour.

The disposal of waste cyanide liquors is a matter of serious consider-
ation. Solutions containing 0°1 to 02 per cent. of potassium cyanide must
occasionally be discharged and are likely to contaminate the water of the
dams or streams which receive them to a dangerous extent. If some
effective means of precipitating the zinc, or better still of dispensing with
the use of zinc altogether, could be devised there would never be any
necessity for allowing cyanide liquors to leave the works.

Applications of the Cyanide Process.

Mr. Almarin B. Paul appears to have originated the idea of using cyanide

solution in the battery crushing the ore wet. This he claims to have done
with success at the Calamut mill, Shasta County, California. He states
that his plan is in all cases to crush with a weak solution, and should the
ore require a higher percentage of cyanide when the first solution has
percolated below the surface of the ore, after the tanks have been filled, a
stronger one can, if necessary, be introduced. All the dust and disagreeable
effects of dry-crushing is thus avoided. The loss of cyanide in crushing
is but nominal, and is off-set by the cheapness of working and complete-
ness of distribution of the cyanide through the pulp in the tanks. This
plan has been followed of late at the May Consolidated works in South
Africa, but it does not appear to be applicable to all cases, as generally
when ores have been crushed wet and run direct to the tanks the pulp has
packed so hard as to be impenetrable to the leach liquor. Ores con-
taining impurities, such as arsenic and tellurium, have proved obstinate
to deal with.
" The consumption of available potassium cyanide may for practical
purposes be divided into avoidable and unavoidable decomposition ; each
of these factors varying with the composition of the ore, the strength of
the solution, time of contact, and method of treatment.

S
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Tests made on a heavy, raw sulphide gold ore by Mr.C. W. Merrill, using
a 2 per cent. solution, showed that it was capable of decomposing available
. cyanide at the rate of 12 lbs. per ton in 24 hours, but that by taking all
possible precautions this loss could be reduced to 8 Ibs. per 24 hours,

The reduction in loss of cyanide seems, however, to have been set off
by an extravagant loss of time, a8 it is necessary to continue the treatment
for 7 to 10 days.

A series of extraction tests proved that a } per cent. solution
when reinforced each day gave as good results as a stronger one,
and with a decomposition of only 5 to 7 Ibs. of cyanide per ton. As the
ore contained acid salts of iron and fine copper snlphides, both of which
decompose potassium cyanide, the probability is that the weak solutions
were rendered inert after a few hours’ contact with the ore, hence the
necessity of reinforcing them.

A series of experiments, published in detail in the New York Mining
Journal of December 24th, 1892, were made by Mr. G. E. Kedzie, M.E,
to determine how far the gold-bearing pyritic ores of Ouray, Colorado,
could be successfully treated by the cyanide process, and also to learn the
conditions under which the most complete extraction could be obtained,
together with the amount of cyanide consumed. These experiments
throw much light on the question of how far it i practicable to treat ores
of a similar description by the cyanide method.

The samples under treatment contained gold and silver in varying
proportions, ranging from 0-27 ounce to 14590 ounces of the former, and
065 ounce to 458 ounces of the latter metal, the value of the high-grade
ores and tailings being determined by triplicate scorification assays, and
that of the low-grade ores and tailings by duplicate crucible fusions.
The gangue in some cases was quartzose, in others calcareous or clayey,
and contained iron pyrites, copper pyrites, and magnetite, either alone or
in admixture.

The deductions drawn from these tests were: (1) the gold is more
readily extracted than the silver ; (2) under the same conditions the per-
centage of extraction is increased—(a) by the fineness of the pulp—(&) by
the duration of treatment—(c) by the strength of the cyanide solution;
(8) the greater the amount of cyanide added to the ore, the higher will be
the percentage of extraction, but in this case the total values extracted for
each pound of cyanide consumed are less than when a smaller amount of
cyanide is used for each ton of ore treated ; and (4) when the same amount
of cyanide is used for each ton of ore treated the percentage of extraction is
greater when the weight of the solution is equal to that of the ore taken.
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His conclusions are that there are no flattering indications of
the process being a metallurgical success with the pyritic ores under
consideration. With high-grade ores, which are under no circum-
stances adapted to this process, the percentage of extraction under the
most favourable circumstances is low, lower even than the results obtained
by amalgamation. However, the total values extracted for each pound of
cyanide consumed are relatively high.

With low-grade ores, even where the low value of the tailings will
admit of their being thrown away, the total values extracted in a majority
of instances are less than the cost of cyanide consumed, to say nothing of
milling expenses. In these experiments the percentage of potassium cyanide
varied from 05 to 1°5 per cent.  The treatment lasted from 12 to 60 hours.
The extraction of the gold ranged from 231 to 84-62 per cent. The
extraction of the silver varies from nil to 8888 per cent. The propor-
tion of the potassium cyanide added per ton of ore represented from 5 to
60 Ibs., and its consumption rose from 3'2 to 50'8 lbs. per ton. The
lowest value extracted perlb. of cyanide consumed was 0°28 dollar and the
highest 5372 dollars. The latter result was obtained in treating an ore
which assayed 145°90 ounces in gold and 458 ounces in silver per ton.

Mr. Kedzie suggests, as the outcome of his observations, that the
strongest solutions used should not exceed in strength 4 per cent.
of potagsinm cyanide, and good results are anticipated with much
weaker ones. Arrangements should be made for the slow percolation of
the cyanide solution, so as to keep the ore always in contact with a solu-
tion of nearly normal strength, and finally the period of lixiviation should
be extended to 96 hours, if necessary, in order to secure a more complete
extraction. To comply with these conditions the mechanical difficulties of
leaching and loss of time must evidently be debited against a higher return.

Messrs. Clennel and Butlers state® that the cyanide process is the only
method which has hitherto met with success in treating the tailings
derived from various South African mills after amalgamation. The
adoption of the process has been rapid, and its success most remarkable.
Despite its simplicity on paper, the working metallurgist who attempts
to carry out the process on a large scale soon finds himself confronted
with difficulties. These arise from the nature of the material under treat-
ment, and from the manipulations necessary in applying the treatment
to ore-in bulk.

Neither the solution of the gold in the ore under trcatment, nor its
precipitation, nor the conversion of this precipitate into bullion, is perfect

* Continuation of articles in the New York Mining Journal before referred to.
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theoretically or practically. Losses occur in each operation, and the
consumption of cyanide and zinc has been shown to be much in excess of
what is indicated by the various chemical reactions primarily involved.

Hitherto the process has only been successfully applied to those ores
or tailings usually described as free-milling, t.e., such as are capable of
yielding the greater part of their gold in the ordinary amalgamation
process. The promoters of the process have been singularly fortunate
in South Africa in the nature of the material they have had to deal with.
The ores forming the upper portion of the main reef series, extending to
a depth of 10 to 150 or 200 feet (as on the Robinson property) consist
almost exclusively of silica and oxide of iron. They contain practically
no substance, except gold and silver, which the cyanide is capable of
attacking.

It is in dcaling with ores or products containing sulphide of iron,
especially when these are partially oxidized to sulphates and those con-
taining compounds of lead, zinc, etc., that the difficulties of the process
begin.

Solution of the Gold.—When the cyanide process was first introduced,
about two years ago, it was thought necessary to agitate the material
under treatment with the cyanide solution to obtain a satisfactory extrac-
tion. It was soon found, however, that the power nceded and the rapid
decomposition of the reagent were items of expense, which more than
compensated for the greater percentage of the precious metals obtained
in comparison with simple lixiviation. The operation is carried out by
the African Gold Recovery Company, who represent the patentees in
South Africa, as follows :—The damp tailings from the settling-pits are
charged into wooden vats holding 35 to 50 tons, originally built square.
The best works are now building them circular, those at the Robinson
works holding 75 tons, and at the Langlaagte Estate 400 tons, whilst at
the New Primrose still larger ones are being constructed.

The vats are filled to within a few inches of the top, and the surface
of the tailings levelled. Cyanide solution of 0'6 to 08 per cent. strength
is then allowed to flow into the tank until it is entirely filled.

The ore settles from 3 inches to 1 foot below the rim of the tank
(the amount of shrinkage depending on the depth of the vat). This
solution is allowed to remain undisturbed in contact with the ore for 12
hours. .

Each vat is provided with a false bottom (usually a wooden frame-
work covered with cocoanut matting). Below this is a layer of coarse
sand and pebbles through which the solution percolates,
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An iron pipe communicates with the vat below the false bottom, and
conveys the filtered solution to the zinc boxes, where the precipitation
takes place. After 12 hours’ contact with the ore, the solution is allowed
to drain out of the tank by opening a cock.

The dilute cyanide solution does not attack the wood, or corrode the
iron piping to any appreciable extent. In wear and tear of the apparatus
the use of cyanide, therefore, offers advantages over chlorine, which
otherwise might be applied just as cheaply to the treatment of these
oxidized surface-ores. Brass plungers and pump-valves are attacked, but
not very rapidly. The pumps at the Robinson works stood for four
months with comparatively little wear, but iron is preferable for the pump
fittings where cyanide is employed.

As the liquor is drawn off during the leaching process it is replaced
by fresh solution. This operation is continued for a longer or shorter
period, depending on the grade of the tailings, for 6 to 12 hours. At the
end of this period, known as the strong solution-leaching, a weaker solu-
tion (containing 02 to 0-4 per cent. of cyanide) is turned on, and allowed
to filter through the ore for about 8 to 10 hours. This weak solution is
then drawn off through another zinc box (known as the weak zinc box).
Finally, a quantity of water is run into the tank, more or less equivalent
to the amount of moisture which the ore contained when the tank was
filled. This last washing-water displaces the weak cyanide solution, so
that the volume of cyanide solution in use remains unchanged. The weak
solution is in fact the liquor which has previously passed through the
zinc boxes into the receiving-tanks or sumps, and has been pumped again
to the leaching-tanks. The cyanide is usually supplied in cases containing
170 to 195 lbs. of crude cyanide, contaminated with carbonaccous matter
and iron, but containing 72 to 78 per cent. of pure potassium cyanide.

This cyanide is usually dissolved in a small volume of water to form
a highly concentrated solution, a special tank being employed for this
purpose. The solution of required strength is obtained by adding this
concentrated solution to the dilute liquor in the sumps. By this means a
dilute solution of a given strength is more accurately arrived at than if
the cakes of cyanide were dissolved directly in the required volume of
water, since the percentage of cyanide can be more accurately determined
in a strong solution. The actual amount of solution used is about half a
ton of the stronger (0°6 to 0'8 per cent.) and half a ton of the weaker
(02 to 0°4 per cent.) solution for every ton of ore leached.

When the final wash-water has been added, and has displaced the
weak solution, the residues are discharged usually by the tedious process
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of shovelling them over the side of the vat. A truck line runs generally
by the side of the tanks to receive the discharged tailings, which are
dumped outside the works. The tank is then ready for a fresh charge.

The percolation system just described may be modified however in
various ways. One of the first difficulties arose when the tailings con-
tained a small percentage of iron pyrites, which, on exposure to the air,
had become converted into sulphate, with the liberation of free sulphuric
acid. The trouble could be minimized by treating the tailings direct from
the battery, giving no time for the oxidation of the pyrites, but to deal
with old tailings which had been exposed to the atmosphere for some time
it was found necessary to give them a preliminary washing, first with
water and afterwards with an alkaline solution, such as lime or caustic
soda. At the Robinson works lime was given the preference, as it is less
active in inducing decomposition of the cyanide solution in the tanks
and in attacking the zinc used in precipitation.

Substances present in the ore which are capable of decomposing the
cyanide may cause much trouble by reprecipitating the gold, and deposit-
ing it in the gelatinous mass formed on the surface of the tank, especially
if the circulation-method is employed. It has been stated that a ton of
ore generally requires for its treatment a ton of solution, and since with
free-milling ore a much smaller quantity is sufficient to dissolve the gold,
it was suggested that the solution from one tank might be transferred to
a second, and be made to dissolve an additional quantity before passing
to the zinc boxes. For example, at the Robinson works it was found
that 20 tons of solution were amply sufficient to extract 40 ounces of gold
from 75 tons of tailings in one tank; whilst 20 tons of solution sufficed
to fill a tank holding the usual charge of 75 tons of tailings, covering it
to a depth of 8 or 4 inches.

Instead, therefore, of replacing this 20 tons of solution by fresh cyanide,
the solution filtering throngh was continually pumped back again into the
game tank for about 36 hours, and then passed through the zinc box.

The extraction of gold by this circulation-system was equal to that
obtained by the ordinary method, and the consumption of cyanide was
much less, since a much smaller quantity of solution was exposed to the
zinc. Another modification suggested itsclf as a further step, viz., to
transfer the solution charged with gold from one vat to a second and
third in order that it might take up an additional quantity of gold from
fresh tailings before going through the next stage of the process.

The advantages of this method are that the solutions from which the
precipitate is obtained are much richer in gold, giving a cleaner deposit
on the zinc with much less consumption of cyanide.
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Whilst the usual practice is to prepare the cyanide solution in a special
tank, as before stated, at the Robinson works, the strength of the liquor
is kept up by adding cyanide in lumps, dissolving it under the stream
from the pump. By this procedure, a cyanide solution, of required
strength, is formed in the leaching-tank itself.

This simplifies the operation and diminishes the number of tanks
needed, while affording an easy means of getting rid of the insoluble
impurities of the cyanide (the so-called carbide of iron) which would
otherwisc accumulate as a black slimy deposit in the concentrated solu-
tion tank. 'This insoluble residue is, of course, discharged with the
tailings when the tanks are emptied.

A further difficulty frequently encountered in the application of the
cyanide process is the treatment of battery slimes, which, owing to their
fine statc of division have a tendency to agglomerate into pasty masses.
These either resist the penetrating action of the cyanide or retain the
dissolved gold during the leaching operation.

No satisfactory remedy had at any rate until quite recently been
devised, though the evil may be lessened by mixing the slimes with clean,
coarse sand. In the direct treatment of ore from the battery previously
alluded to, coarse gold, which is easily caught on the plates, is very slowly
dissolved by cyanide, and this-is probably a serious source of loss.

The experience at the Langlaagte Estate aud other works in treating
pyritic concentrates with or without agitation scems to confirm what has
been already stated.  Although an extraction of over 90 per cent. has
been obtainel, it appears that the consumption of cyanide is enormous.

Various improvements have been introduced in the mechanical details
of construction. The large leaching-vats of the Robinson works are
rapidly and conveniently discharged by a trap-door placed in the centre
of the tank bottom, which is hermetically closed by a screw-fastening.
The enormous underground vats of the Langlaagte Estate works are
discharged by a dredge, which appears to give satisfaction.

Precipitation of the Gold.—Having obtained a solution of gold in
cyanide of potassium, the next step is to recover it. Various precipi-
tants have been suggested, but the only one which has come into use on
a large scale is metallic zinc in the form of freshly-turned shavings ; zinc
in sheets offer too little surface for the deposition. The same is true of
granulated zinc. When once the surface has become coated with an
extremely fine layer of gold the action ccases, or becomes so slow that the
precipitant cannot be practically applied in this form. Zinc dust and
zinc amalgam have also been tried and are effective, in so far as they
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present a large surface for deposition, but are found to clog if the con-
tinued flow of liquid through them be interrupted. Sodium or potassium
amalgam has been used with success on a small scale, as in the Molloy
process now about to be tried with a 500 ton plant at the works of the
Pioneer Gold Mining Company, but the difficulty so far has been to manu-
facture these substances cheaply and in sufficient quantity on the spot.

The zinc shavings now in use are prepared by turning thin sheets of
zinc on the lathe. This produces a light spongy mass, which readily
allows the solution to filter through and presents a large surface for the
precipitation of the gold. These shavings are placed in wooden troughs,
commonly known as zinc boxes, and the solution from the leaching-vats
is allowed to flow slowly through them, depositing the gold as a finely
divided black slime on the surface of the zinc, while the zinc gradually
dissolves in the liquid. ~After passing the zinc box the exhausted solution,
which should not contain more than § dwt. of gold per ton, flows into the
storage tank or sump, whence it may be pumped back to the leaching-
tanks, when a fresh charge has to be treated.

The simple replacement of gold by zinc is not the only reaction which
occurs in the zinc box ; we find that a notable falling off in the strength
of the cyanide occurs, due to secondary reactions caused by the gold-zinc
couple. :

Various slight modifications have been introduced in the construction
of the zinc boxes. They are usually divided into several compartments so
arranged that the liquid flows alternately npward and downward through
the shavings. The shavings are placed in a tray, the bottom of which is
an iron-wire screen of about 4 holes to the inch. This is supported a few
inches from the bottom of the zinc box. The fine gold slimes fall through
this screen, and may thus be separated from the undecomposed zinc when
the clean-up takes place. The zinc boxes used at the Robinson works are
about 20 feet long, 2 feet wide, and 2 fect deep, with inclined bottoms.
They are divided into compartments of about 20 inches in length. Each
compartment holds about a bushel of shavings, weighing about 40 Ibs.

Seven compartments in each zinc box are filled with shavings; a
gingle compartment at the head is left empty to receive any sand that may
be carried through the filters by the solution from the tanks. A double
compartment at the foot is also left empty to allow any gold that may be
carried away by the stream of liquid to deposit before the solution flows
into the sump. About 60 tons of solution, which is the quantity required for
treating the ordinary daily charge of 225 tons of tailings, are allowed to
run off through two zinc boxes in about 9 hours. This solution may
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carry from 1 to 3 ounces of gold per ton of liquid ; after passing through
the zinc boxes it rarely contains more than 2 dwts., and should not contain
more than § dwt. if the precipitation has been properly carried out.

There are two sets of zinc boxes, one to receive the strong solutions
(0°6 per cent. to 0°8 per cent. cyanide), and one for the weak solutions
(02 per cent. to 0-4 per cent.). The slimes formed in the weak boxes are,
as a rule, much poorer than those in the strong boxes, and less consump-
tion of zinc takes place in them.

The total amount of zinc consumed amounts to about 100 lbs. per
day. Two men are constantly employed at the lathes, so that the turning
is an arduous and somewhat costly operation. It is desirable to use
freshly-turned zinc, as the surface rapidly oxidizes and then becomes much
less active in precipitating the gold. The most vigorous action of course
takes place in the compartments which first receive the solution from the
tanks. It is here that the zinc dissolves most rapidly, and is accordingly
replaced by shavings from the lower compartments, whilst fresh zinc is
continually added as the last compartment is emptied.

The clean-up takes place once or twice a month. The screens contain-
ing the undissolved shavings are lifted from the zinc boxes. The boxes
are then left undisturbed for an hour or so to allow the zinc gold slime to
settle at the bottom. The liquid is then drawn off by a syphon until
very little is left above the slimes. The box is then cleaned out, and the
slimes and muddy water allowed to drain through a screen of 40 meshes
to the inch. The mass consisting of water, finely divided gold, and very
fine zinc is rubbed through this screen with a short stick 5 or 6 inches
long, to the end of which a piece of india-rubber is fixed.

The stuff remaining on the screen consists almost entirely of uncon-
sumed zinc fine enough to pass through a screen of 12 meshes to the linear
inch. This is replaced in the first division of the zinc boxes over a fresh
lot of shavings. The slime consisting of finely divided gold and silver,
with a large proportion of zinc and lead, and a certain quantity of tin,
antimony, organic matter, and other accidental impurities, is allowed to
settle in a small tank placed beneath the 40 mesh screen, and is now ready
to undergo the drying and melting operations necessary to convert it
into bullion.

In the Molloy process the use of zinc is dispensed with altogether. The
solution passes through a shallow trough containing mercury, in which is
an inner cylindrical vessel filled with solution of carbonate of soda, the
edges of the cylinder just dipping beneath the mercury so that its contents
are entirely cut off from the other portion of the vessel.
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A rod of lead dips into the soda solution, the lead and mercury are
connected with opposite poles of the dynamo and the solution is electro-
lysed by the passage of the current. The sodium released combines with
the mercury to form sedium amalgam, which decomposes the gold cyanide
solution with formation of gold amalgam, sodium cyanide being simul-
taneously produced.

It is cluimed that much less decomposition of the cyanide takes place
than with zinc, and that the outflowing solution is better adapted for
dissolving fresh quantities of gold, becoming regenerated. In the ordinary
method a large accumulation of zinc in the solutions must take place,
which in time would render them valueless for gold extraction, whereas
sodium cyanide is just as effective as the potassium compound. If this
method of precipitation should prove successful on a large scale, a great
improvement will have been effected.

Production of Bullion.—The third stage of the cyanide process con-
sists in converting the precipitated gold into a saleable form. The slimes
are transferrcd to enamelled iron pans and carefully dried over a small
furnace. This is a tedious operation which requires time. The rich-
ness of the dried slimes will depend on the percentage of gold present
in the cyanide liquors passed through the zinc boxes.

The pans in use at the Robinson works contain about 5 or 6 gallons
of dried precipitate. This may contain as much as 150 or as little as
20 ounces of gold. The precipitate when nearly dry is mixed with sand,
borax, and bicarbonate of soda, and melted in a No. 60 crucible at a fairly
high temperature. The material melts very easily, forming a very liquid
slag which, however, corrodes the pots rapidly, so that a good crucible
rarely lasts out more than eight meltings. The change is not added all
at once, but as each portion melts and sinks down fresh quantities of the
mixture are added.

When the pot is full of liquid slag it may contain from 100 to 150
ounces of bullion. Large quantities of oxide of zinc are given off during
the melting, which carry off a very appreciable amount of gold. The
zinc fumes, together with the products formed by the decomposition of the
cyanide salts, render the operation anything but healthy. The bullion
produced is whitish in appearance and about 650 fine. It is very hard
and brittle, and the bars are by no means uniform, so that it is difficult
to obtain an accurate assay. In addition to zinc they contain silver,
lead, and sometimes a little copper. Several ways have been suggested
for obtaining a purer bullion. One method consists in partially roasting
the slimes in a muffle furnace, whereby part of the zinc is oxidized and
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volatilized, leaving a much smaller mass for subsequent melting. By
this treatment bullion of 800 fine may be obtained.

Another method is to carefully wash out the soluble cyanide salts and
then treat them with dilute sulphuric acid, which dissolves the zinc. The
objection to this process is that the slimy massis very difficult to filter, and
retains the soluble zinc salts even after prolonged washing.

The same trouble occurs when the zinc is dissolved in hydrochloric
acid. Some difficulty is also experienced in washing out the soluble
cyanide salts. It is possible that the use of filter-presses might to some
extent solve the difficulty of purifying the zinc slimes. The use of acid
sodium sulphate also appears to promise good results as a solvent for zinc.

No attempt as a rule is made to refine the product, because to melt
straight away into bars of bullion yields a larger number of ounces per
month, though it does not augment the sterling value of the product.

In general it is found that on a large scale the extraction of gold by
cyanide amounts to 70 or 80 per cent., and tailings assaying 8 to 10 dwts.
will give residues assaying 2 to 2} dwts.

A much higher extraction is obtained on a small scale with the same
strength of solution when, relatively, large quantities of solution are allowed
to pass through the material under treatment.

That the cyanide process is well adapted at present for the treatment
of Witwatersrandt ores is shown by the fact that, although the system
has been in use little more than two years, 40,000 tons of tailings are
now being treated per month. The process is only in its infancy, the
varied and complex problems to which it has given rise are mostly
unsolved, its limits are yet undefined, and it would be rash indeed to
forecast its future.

Turning again to what has been done in America, some interesting
particulars of the process are given by Mr. C. Merrill in the New York
Mining Journal of November 5th, 1892, from a report made by Messrs.
Louis Jannin, Sen., and Henry Bratnober on the results of the process at
the Mercur gold-mine, Fairfield, Utah. The ore is a siliceous limestone,
carrying magnetic oxide of iron, traces of cinnabar, and gold (no silver).
No free-gold appears to be present—in the ordinary acceptation of the
term—though the magnetic oxide of iron appears to be more or less coated
with a thin film of gold. The ore contains considerable silt, and any
attempt at fine-crushing results in sliming the greater portion. This
being fatal to successful leaching, coarse-crushing had to be resorted to,
which has the disadvantage of involving more time for successful treat-
ment. There appear in fact to be few ores which can be treated with any
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degree of success unless crushed fine enough to pass a 20 or 30 mesh
screen. The ore after crushing in a stone breaker passes through two sets
of corrugated rolls, which give a product, 20 per cent. of which remains
on a No. 4 screen, 40 per cent. on a No. 12, 18 per cent. on a No. 30, and
26 per cent. passes through. Of this last 26 per cent. nearly the whole is
impalpable powder.

The ore is carried by an overhead tramway on cars to the leaching-
vats. The best size and pattern for the latter, according to experience at
this mill, is a round vat, the shell of which is No. 10 or 12 sheet-iron.
The bottom is of 8 inch California red wood, and is caulked with oakum,
over which is poured a mixture of tallow and resin. On this bottom are
placed 1inch by 1 inch slabs 18 inches apart. Upon this rests a false-
bottom of 1 inch yellow pine, in every square inch of which is perforated a
4 inch auger hole. Over this perforated false-bottom is stretched a burlap
filter. There is, of course,a stopcock (between the true and false-bottom),
which should be of iron. The dimensions of the vat are: diameter,
12 feet 8 inches; depth over all, 40 inches; depth to false-bottom,
85 inches; capacity, 14 tons. There scems no reason, however, why
larger vats should not be used, provided they are round.

The ore having been charged, is levelled to within about 6 inches of
the top of the vat, and the stopcock being closed, a $ per cent. solution
(1 Ib. of pure potassinm cyanide to 400 lbs. of water) from the
standardizing-tank, is run in from a pipe till about 3 inches of solution
covers the top of the ore. It has been found that the solution acts slowly
at first, but more rapidly after extraction has begun, possibly owing to
some galvanic action.

The charge is allowed to soak from 12 to 24 hours, then the solution is
allowed to percolate, flowing in at the top and out at the bottom for from
24 to 240 hours, according to the leaching rate of the ore. That from
near the surface of the mine is very slimy and requires a longer time.
The average time is about 60 hows, or practically until the outgoing
solution does not discolour bright zine. The test is made by placing a
little sieve containing bright zinc threads under the stopcock, and allow-
ing it to remain there for an hour or so.

If it remains bright the solution has extracted all that it will extract,
and the flow is stopped. The outgoing solution from all the vats flows to
a sump, and is pumped thence to a second or gold-solution tank. From this
tank it is allowed to flow constantly through two boxes containing spongy
or thread zinc, each box being 40 feet long, one of wood 12 inches square
internally, and the other of iron 15 inches square. Each box is provided
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with partial partitions which deflect the current from the bottom to the
top and vice versa. These partitions are placed about 3 feet apart. The
zinc should occupy so many of them as will give bright zinc in the last one,
8o as to ensure complete precipitation. The solution flows from the zinc
boxes back to the standardizing-tank, where it is occasionally tested, and
if below the required strength, potassium cyanide is added in proper
quantities.

After the gold has been extracted and the solution has been turned
off, the vats are allowed to drain. It has been found that there remains
400 lbs. of  per cent. cyanide to the ton in the tailings, and to force this
out a wash of about the same quantity (400 1bs.) of water is used, which
joins the main body of rich solution in the sump.

After this is drained out, as the tailings still contain 03 to 0'4 of a
pound of cyanide per ton, a second wash of 400 Ibs. of water to the ton is
added, and the very weak solution left (which is forced out), runs to the
waste-solution tank, whence the first wash of succeeding charges is drawn.

At the end of the month the outlet from the gold-solution tanks to
the zinc boxes is closed and the latter are allowed to drain. When com-
paratively free from solution the richest portion of the zinc product,
which has the property of powdering up in the fingers, is removed.

Mr. A. Hanauer gives the following analysis of this zinc and gold
product :—Zinc, 39°1; carbonate of lime, 867 ; gold, 4'4; cyanogen,
3:5; sulphur, 26 ; iron, 2°4 ; and residue, 6-0. This product is sampled
and treated by the Omaha Smelting Company, who return 2060 dollars
per ounce of their assay of its gold contents. Deducting 12 cents for
express charges, this leaves a net return of 19-88 dollars per ounce of gold
extracted.

It is stated that from April 18t to July 1st, there were milled 1,518
tons of moist ore of an average value per dry ton by assay of £3 3s. 5d.
(1522 dollars). The ore tailings’ assay was 10s. 10d. (260 dollars). The
apparent extraction was therefore £2 12s. 7d. (12:62 dollars) per dry ton,
or 83 per cent.; hence, without allowing for moisture, we should have a
bullion return of 19,272°60 dollars. The actual bullion returns from the
smelter were 16,805°80 dollars = 73 per cent. = £2 6s. 0d. (11°04 dollars)
per ton of moist ore. The discrepancy is accounted for by the ore being
weighed wet and assayed dry, making a difference of at least 6 per cent.
due to moisture, besides loss by leakage, handling, and drying.

The losses due to leakage and handling will probably be minimized
when the mill is in thorough working order, and should, it is claimed,
leave a difference of not more than 2 to 3 per cent. The following is
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stated to be the itemized cost per ton, compiled from the books of the
company. It is exclusive of superintendence, office expenses, and royalty,
and covers a period of six months from January 1st to July 1st : —

s. d
Potassium cyanide, 1-27 lbs. per ton . 29
Zinge, 0-55 b, per ton .. 0 2}
Labour (7 shifts per 24 hours, 6 day and 1 mght) 4 8
Supplies, repairs, fuel, freight, etc. 2 4

10 0

In regard to the labour item it is said that since the period covered by
these figures the capacity of the mill has been doubled, reducing this charge
- to 28. 4d. per ton, and the total cost to 7s. 8d. per ton. It is intended in
the near futare to again double the capacity of the works, requiring only
the addition of 4 shifts to run the crushing machinery and to charge the
tanks at night. At present only the solution-man is on night shift.
Notwithstanding the difficulty the Mercur ore offers to leaching, (owing to
its disposition to slime), the process appears to be in this case certainly an
economic success, but it cannot be repeated too strongly that extensive
preliminary investigations should be made by an impartial person before
attempting to apply it to an untried ore in a new locality.

RAW GRINDING.

As to the amalgamation of gold ores, Messrs. McDermott and Duffield
remark :* * Generally the pan-amalgamation process must be preceded by
roasting. In the colonies, grinding and working in pans the raw, partially
concentrated sulphides is practised, but in the United States this process
has entirely gone out of use, being displaced by smelting and chlorina-
tion, rendered possible by the development of the country and more perfect
concentration.”

Some sulphides contain their value in comparatively coarse-gold,
which, grinding will liberate and mercury attack, but most of the base-
metal sulphides in gold ores will only yield a small part of their gold
contents to such a process. Even when still in usc this process has its
chicf excuse in an imperfect concentration, and would be better super-
seded by the close saving of higher-grade clean concentrates, properly
treated by chlorination, or some modification of the smelting process.

The same writers remark :t “ The sulphide ores and concentrates
can, as a safe general rule, be considered as not adapted to amalgamation
without a previous roasting. In some few cases where the gold is
comparatively coarse, a sufficient proportion of it can be extracted by

* Gold Amalgamation, page 31. t 1bid., page 44,
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raw pan-amalgamation to.pay a profit on the operation, and this process
is used at places in the Australian colonies, usually after a crude process
of concentration, which itself involves considerable losses of fine minerals,
and the production of unclean concentrates, and in some few cases the
value thus extracted is to an appreciable extent in the form of amalgam
lost before concentration. Generally speaking, therefore, it is safe to say
that raw amalgamation is inadvisable on the material now treated of.

“The dead (oxidizing) roasting of sulphides as a preparation for pan-
amalgamation improves the process by preventing the loss of quicksilver
consequent on working raw sulphides, but it is not so successful as is
generally supposed, or as theory would promise. The operation of roast-
ing (whilst it apparently frees the gold from its combinations, increases,
perhaps, the size of the gold particles, and eliminates the objectionable
sulphur compounds,) seems to have a bad effect on a large part of the gold,
putting it superficially at least in a condition unfavourable for securing
contact with quicksilver. The extent to which the gold is thus affected
varies curiously in different ores of apparently similar composition, and
the conditions of roasting have also an influence on the result.

“For the amalgamation itself of the roasted ores various methods are
recommended. Oune process used in the colonies is by working with large
excess of quicksilver, and little water, and apart from contact with iron.
The effect of grinding in iron pans scems in some cases much less
beneficial than when amalgamation is conducted in stone arrastras. The
use of gold amalgam in place of quicksilver, and the avoiding of contact
with iron surfaces, was found most beneficial in experiments conducted by
Mr. Stetefeldt, in Mexico, and a high percentage was extracted from a low
grade ore.

“On the other hand, experiments on many gold ores in the New York
ore-testing works gave unsatisfactory results by all these processes after
roasting in a small reverberatory furnace, and nothing but chlorination
was found effective when the material was rich in gold.”

On most points the writer is perfectly in accord with the views that have
just been stated in regard to raw amalgamation, and entirely so in regard
to the inexpediency of roasting first, if only because of the extra cost
added to the process when the ore is roasted, which scarcely any ore can
bear, but he believes that, in certain exceptional instances, as regards
the ore and as affected by locality, the process of raw-grinding is justifiable
to a certain extent.

The writer thinks, as Dr. Foster pointed out in the discussion on
Mr. Curtis’ paper, that it is perfectly possible to extract a very high
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percentage of gold from heavy pyritic ores and concentrates by this
method, of which there are examples in the Pestarena ore in Italy
(amalgamating it in Frankfort mills) and in some of the Transylvanian
gold mines, where Tyrolean mills are employed for a similar purpose.

More frequently, however, one finds where an ore carries heavy pyrites
it is not what one would term free-milling, and only a certain proportion,
roughly speaking 50 to 65 per cent., can be got out by raw grinding, the
process being generally accompanied by heavy loss of mercury and high
working costs.

It is still more often the case, that mere grinding without previous
natural decomposition (which can sometimes be assisted by adding a little
salt to the ore pile and allowing it to weather for two or three months
previous to treatment) will only extract a very insignificant percentage
indeed, and roasting with salt generally will merely tend to make matters
worse, both commercially and metallurgically.

The method of grinding, just alluded to, which is followed at
Pestarena, in Italy, is in several respects unique, and cannot be passed
over without special comment.

The ore, which consists of quartz, mixed with micaceous, graphite-
schists, carrying iron pyrites, associated with a little arsenical pyrites, is
first screened, and the lump ore, after being picked over, and if necessary
cobbed, is crushed in a rock-breaker, and then delivered to Cornish rolls,
whilst the screenings (mine fines) are trammed direct to the rolls, unless
of too poor quality, in which case they are concentrated first by jigging.

The medium-size ore (resulting from cobbing) is washed and carefully
picked over on tables, provided with settling-tanks to catch any fine
pyrites that might otherwise escape, before it is sent to the stone-breaker.

The product of the rolls derived from these different sources is delivered
to bins, connected with what are known as Frankfort mills, an improved
form of arrastra.® 5 to 10 lbs. of lime per ton of ore is added to the
charge to prevent sickening of the mercury. The action of sickening may
be caused by greasy substances such as graphite, which, under the name
of kish, is often used to cover the surface of castings, oil, grease, etc.
Metallic oxides and finely divided carbonate of lead likewise cause flowing,
and so do some soluble chlorides, owing to the formation of calomel on
the surface of the mercury. Ferric-chloride being formed when ores are
amalgamated in an iron pan with salt and sulphate of copper, will account

# The writer intends to make the construction and operation of these mills (fora
description of which he is indebted to the kindness of Messrs. John Taylor & Sons)

the subject of a separate paper, he will therefore pass over their description here,
though of very great interest, without further comment.
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for this action in some cases; where it is due to metallic chlorides a little
metallic zinc added to the quicksilver will preserve it; when caused by
graphite, which has been used to coat a mercury trough for instance, the
only remedy is to carefully varnish it with shellac.

The quantity of ore treated in each mill varies from 10 cwts. to 1 ton
per 24 hours, depending on the proportion of pyrites that it carries.

The report of the Pestarena company, for the year 1888-89, showed
that 4,474-811 tons of wet ore, representing 4,345°443 dry metric tons, or
4,276'785 dry English tons, were milled in this way, at Val Toppa, during
the 12 months ending June, 1889, with 205 mills, working 809 days.
The results showed an extraction in bullion of 8 dwts. 23% grains, per
English ton of ore. The bullion being 797°1 fine in gold, and 197-8 fine
in silver. The fine gold, determined in the crude ore by assay, amounted
to 8 dwts. 20 grains, per English ton, of which 7 dwts. 4 grains, were
extracted by the mills, equivalent to a duty of 81°1 per cent., with a loss
of 234 grammes of mercury per metric ton of ore treated.

The report of the same company for the year ending 1889-90 showed
that 5,016:771 metric tons of wet ore, representing 5,724:004 dry metric
tons, or 5,633:560 dry English tons, were milled at Pestarena (a separate
establishment) during the 12 months ending June, 1890, with 25 9 mills,
working 844 days. The results showed an extraction in bullion of 18
dwts. 8 grains per English ton of ore, the bullion being 742°4 fine in gold,
and 252-2 fine in silver. The fine gold determined in the crude ore by
assay, amounted to 17 dwts. 84 grains per English ton, of which 13 dwts.
15} grains was extracted by the mills, equivalent to a duty of 7877 per
cent., with a loss of 230 grammes of mercury per metric ton.

Looking at these results, the question arises as to how far the
extraction in grinding is affected by the fineness of the metal present
entering into the bullion, the degree of concentration, and the grade of
the ore, and it seems to lend confirmation to a point observed in other
cases, that a low-grade ore, carrying fine metal (gold or silver) with a
large percentage of gangue or sand in the concentrates, yielded in pro-
portion a higher return than when these conditions are found reversed.

It may also happen that the loss of mercury is affected by the duty
of the mills. The agents, Messrs. John Taylor & Sons, in their report
on the Pestarena mines, for the year 1888, stated that the duty or per-
centage extracted of the assay contents of gold in the ore had increased,
being 0°80 as against 0°78 last year; and the consumption of mercury
had increased from 242 grammes to the ton during last year to 810
grammes per ton.

9
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If the loss of mercury were due, as might be imagined, to the extra
baseness of the ore, one would expect the yield to fall off, whereas the
contrary is the case. The writer is inclined, therefore, to think that it
may be rather attributed to extra grinding of the ore, which would tend
to increase both the yield of gold and loss of quicksilver. Professor Le
Neve Foster has remarked that on the whole more gold is extracted in
these works in winter, when the water, coming from the mountains, is
comparatively cold and clear, than when it is turbid and warm in summer.
In July, 1887, for instance, at Val Toppa, the duty of the mills was 706
per cent., and varied from September to December from 917 to 88-5 per
cent. Though it does not, in this respect, appear to follow an invariable
rule in different years, this may be accounted for by modifying causes
in different scasons, character of the ore and its general manipulation, as to
amount of grinding, etc., and perhaps, as Dr. Foster thinks, the turbidity
of the water, as well as the more rapid oxidation of the pyrites in summer,
may partly account for these results.

The conclusion he draws that low temperature is not incompatible with
good amalgamation in this instance, is no doubt perfectly true as well, since
a certain amount of heat is generated by the mechanical action of grinding;*
but of course this statement is not intended to apply to plate-amalgamation.

In Dakota, for example, where the thermometer sinks, at times, to 40
or 50 degs. below zero, provision is always made for heating the supply
served to the stamps by passing the waste-steam of the engine through a
steam-coil in the supply-tanks, and there is generally a steam-drum as
well, running in front of the apron-plates, as an extra precaution.

Either very cold or warm watert would certainly be pernicious in
plate-amalgamation. Speaking of the writer's own experience of grinding
raw sulphurets in pans, he made some careful experiments in 1884, treating
a quartzose ore, carrying on an average 24 per cent. of pyrites, which was
concentrated on end-bump tables. He put a lot (about 14 tons)
through iron whecler-pans, subjecting them to continuous amalgamation
for 8 hours on somewhat the same plan as the American Boss system (so
called after its inventor Mr. H. P. Boss), and found that though the con-
centrates originally assayed only 1 oz. 16 dwts. 18 grains, the tailings still
contained 17 dwts. 12 grains per ton.

# Dr. Foster roughly measured the increase in temperature in course of grinding
in a Frankfort mill at Pestarena, and found that an average rise of about 3° Fahr.
took place, but on the mill-bed itself the heat must have been much greater.

+ The-pan amalgamation of silver ores, it is true, is facilitated by a high tem-
prature (live steam being often introduced to warm the pulp), but the conditions
in that casc are entirely different.
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In the Black Hills, it has long been the fashion to treat blanket
concentrates in pans. Dr. Hofman states® that when panned down for
experiment, these gave 205 per cent. cleaner concentrates, assaying 40°18
dollars per ton, but when amalgamated in a wheeler-pan, only yielded
56°9 per cent. of their gold contents.

In Australia, again, the witer has constantly found that battery-pulp
concentrated on percussion-tables and buddles, up to 60 and 75 per cent. of
pyrites, when ground in berdan-pans, only yielded 50 to 60 per cent. of
its gold in the first grinding, though about half as much more might be
extracted by a repetition of the process at much extra time and cost.

The Warden in his official report on the Charters Towers gold-field
for 1878, page 14, remarks in connexion with this subject : * There can be
no doubt that in many instances more gold escapes with the tailings than
is in the first instance obtained by the crushing mills. For support of
this, I am aware of several hundred tons of tailings having been put
through the stamper boxes as a trial, and the result obtained was 15 dwts.
to the ton. If such a yield is obtainable in such a manner, I may well
ask the question, what must be the yield of tailings when properly treated
with the most approved gold-saving appliances? Practical men of long
experience inform me that tailingst on this field, under proper treatment,
will yic!d on the average 9 ozs. 5 dwts. per ton.” The writer does not
think that the average loss of gold at the present time in the pan-tailings
of Charters Towers is much less, however, than 14 dwts. to the ton.

The only remedy that has been applied to any large extent is grinding
and re-grinding. The re-grinding of these tailings (after the miner has
relinquished his interest in them), was at one time a regular recognized busi-
ness, and is doubtless still carried on to some extent at some of the mills,

This, no doubt, accounts for no small portion of the gold, indirectly
supposed, if not alleged to be stolen by the miners working in some of
the mines, or by the mill hands, an explanation the writer does not for
one moment believe, though it may certainly be a convenient red herring
to draw across the scent to divert investigation from channels it might
possibly follow with more advantage to the general mining community
and the industry at large.

There may be small isolated thefts of specimens, but, taken as a body,
the writer has always found the Qucensland miners an uncommonly
honest set of men, and it is quite impossible that 18,598 ozs. to 15,169

* “Gold-milling in the Black Hills,” by H. O. Hofman, Transz. Am. Inst. Min.
Eng., vol. xvii., page 538.
+ The allusion here is evidently to pan-sludge after concentration and grinding.
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oz8. (the excess of gold purchased by the banks over the mill returns in
1889 and 1891*) could have been illicitly obtained and secretly crushed.

As the mills do not publish any record of the gold got from the
source referred to (that the writer is aware of), there is no check on the
matter, and the miner who has an interest in a mine or claim (and there
are few who have not) may more probably be the rea.l sufferer,t whilst
being branded actually as the culprit.

In pan-amalgamation, the flowering of the mercury which Mr. Curtis
has alluded to, even when heavy pyritic concentrates are being worked, can
generally be avoided with care, by selecting a suitable class of pan, grinding
the ore to sludge before adding the mercury, and raising the shoes (if
wheelers are used) off the bottom, during amalgamation (80 a8 to allow
the muller merely to act as an incorporator), keeping the pulp of the
proper consistency (neither too thick nor too thin) and using chemicals
judiciously, adapted to the particular conditions that obtain.

If the pulp gets too thick, the inevitable loss of mercury in treating
ore in berdans is likely to be greatly intensified; using wheelers, the
charge should be about the consistency of cream, and to avoid loss, the
settler must be properly looked after.

A consideration of the MacArthur-Forrest process, also forces one to
consider the losses of the precious metals, (more particularly gold in
golution), that may occur through the indiscriminate use of chemicals, such
as cyanide. Other re agents such as salt, iron, sulphate of copper,
sal-ammoniac, and caustic soda and potash, are used by different mill-
men, in certain cases, in the amalgamation of gold and silver ores.

Cyanide keeps the mercury quick and lively, and the last-named
reagents neutralize greasy substances introduced into the pan, for which
wood-ashes are also employed. Caustic lime is sometimes used with
roasted ores which contain a great deal of cupric chloride, to reduce it to
cuprous chloride. Sodium amalgam is useful, especially for ores con-
taining binoxide of manganese, to prevent flowing, which that metal,
as well as copper and lead, are more especially liable to occasion, by
debasing the amalgam.

Blue-stone, salt, and iron assist the decomposition of certain silver
ores, and an acid solution of the former salt, when there is a large
proportion of clay in the ores, which causes it to ball-up and carry off
globules of mercury, probably acts on the clay like alum, tending to
promote its precipitation and prevent loss.}

* Charters Towers Gold Mines, by 1. W. Marsland, page 197.
1 Vide remarks on page 96.
1 Tenth Report, Census of the United States, 1880,
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Dr. Raymond and others have frequently pointed out that some gold
is lost in solution in ordinary plate-amalgamation, but if cyanide is the
active agent in attacking gold and silver which it is represented to be, it
stands to reason that very large hitherto unsuspected losses may occur in
certain instances, especially when the gold is naturally in a fine condition.

We do not know how large these losses may have been in the past,
because the writer ventures to say that there is no mill in the world where
amalgamation-tailings are regularly tested for gold in solution, but if
we have not examined the question hitherto, it is one that deserves to be
looked into in the future where cyanide is used to any extent. A little
red-oxide of mercury dissolved in the cyanide, will often greatly assist
amalgamation, and for the recovery of the dissolved gold, a little zinc
amalgam may be added to the pan towards the end of the operation.

Raw-grinding is still the favourite process in North Queensland, and
it is likely to remain in fashion there for many years, for good reasons, or
otherwise, although it has been proved to be a more or less mistaken idea.

The very fact tlmt it pays local chlorination-works to purchase and
treat the pan-tailings after the first grinding, shows that it cannot be
otherwise than sheer waste of money with some of the Charters Towers
ores to incur the first expense of grinding at all. Amongst the reasons
alluded to may be mentioned :—

1. The heavy loss of capital involved in making a radical change
in a field where all the mills are laid out specially for griuding,
as the large number of pans which are now running would
only be worth the value of old iron if they were thrown out ;
affording a good illustration of the importance of choosing
the proper kind of plant in opening up a new district, making

* due provision for probable changes in the class of ore likely to
be met with in depth.

2. The fact that some of the Queensland ores contain considerable
amounts of base metal, especially lead, and these can be treated
at some profit by grinding-milling, whilst it has yet to be deter-
mined how far this class of stone can be otherwise worked to
better advantage; smelting being out of the question at present.

3. The difficulty of overcoming the general prejudice on a gold-
field against any new form of procedure.

4. The fact that as many claims are worked by prospectors, and as
many of the mills are run on custom-work, chlorination-works
would have either to work a number of small lots separately,
which would be costly and impracticable, or else buy the ore
outright, which introduces the next difficulty.
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5. That the miner, with a wisdom born perhaps of experience, likes
to follow his gold and look after it hirself from start to finish,
and would not be convinced that selling it on assay the advan-
tage did not gravitate to the side of the mill. It is only when
he has followed it just as far as he can, and scraped every
crevice of the mill himself (to see that there is not one atom
of amalgam lost), that he is ready to let the tailings go out of
his own control and sight.

6. A change would perhaps temporarily throw a small number of
men, accustomed to grinding-milling out of employment, and
introduce the nccessity of specially skilled superintendence, so
that any alteration in the existing régime might affect local
capital and local management in these respects, and as the
gold-fields policy of Queensland, when controlled by local
influences, has up to the present turned apparently on the
exclusion of everything British except money, the change is
not likely to come yet awhile.

The chief sufferers, of course, are the miners themselves (who are
mostly shareholders in the mines but not in the mills,) and outside capital
introduced into the district, representing at present, the nominal amount
of £1,787,268 out of a total of £3,774,400, invested in mines, in the
colony of Queensland. Both the miner and capitalist are, it would
thereforec seem, paying to maintain a wasteful system, which benefits
comparatively few people, by which the country loses a large amount of
gold, which would be better in circulation in the pockets of the com-
munity, than in the river bottoms.

In districts, like Charters Towers, no doubt, we shall ultimately see
most of the mills adopting the principle of simply catching all the free-
gold they can in the battery and on plates,* concentrating thoroughly, and
disposing of the pyrites to central chlorination-works, merely utilizing
the pans as they stand for treating the tailings of the concentrators after
they have been classified, whilst large outside mines, which have ample
stocks of pyrites, will, in time, put up chlorination-works of their own
with advantage ; but smaller concerns will no doubt do best to stick to
grinding and suffer the loss for the time being.

Where gold ores must be ground, it would be better, in the writer’s
opinion, to grind in Frankfort mills, or to substitute Chilian mills for

* A few pans might, of course, be kept for occasional use, to deal with ores that
could be advantagceously treated by grinding, under conditiouns described.
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berdans, and amalgamate on copper plates outside, grade the pulp in
classifiers, concentrate on efficient tables, and treat the concentrates by
chlorination, or else where pans are employed for the treatment of sul phides
(concentrates), to grind continunously in large-sized wheelers, with wooden
gides (in place of the small iron ones that are in general use), and
amalgamate afterwards with the mullers raised ; or as another alternative,
distribute the ground-up pan-sludge to berdans, discharging into large
settlers provided with proper drags. V '

The writer’s reason for this opinion is that even an ordinary wheeler®
is a far faster grinder than a berdan, whilst the latter machine seems
to be a better gold-amalgamator.

The writer ventures, however, to think that the statement that grind-
ing in the colonies is the outcome of poor concentration, ought to be
reversed, and for this reason, that a certain proportion of sand must be
present to brighten the liberated gold and lighten the charge.

Another special point to observe is that a berdan grinds and amalga-
mates better, and naturally wears out less, if the drags are made of softer
iron than the pan itself.

Hardwood drags may be used if the pan is intended simply as a
machine to amalgamate and collect amalgam in. It is of course a first
essential that the pan should be speeded right, and inclined at the proper
angle from the vertical, depending on its diameter. The gold is
amalgamated by the pan being allowed to run full for some time without
overflow, water being afterwards turned on from a pipe to expel the
ground-up sludge.

Eight berdans are about an ordinary allowance to a battery of five
stamps (which crush on an average 2 tons per head per day) for
dealing with the concentrates from the ordinary run of Queensland ore,
carrying 2 to 6 per cent. of pyrites, though this allowance is often
exceeded for re-grinding and treating extra heavy ores.

The cost of 32 berdans (the number we may assume on this basis
that would be required) for a 20 stamp battery, including the shed
to cover them, erected in running order at Charters Towers, would not be
far short of £1,200 to £1,300, and the 32 pans would have a working
capacity of something like 28 to 30 tons of sand and concentrates weekly,
allowing, of course, for variations in the mecthod of treatment, degree of
concentration, and amount of re-grinding to be done.

* The writer alludes to the small cast-iron type in common use, not the wooden-
sided combination pan used in silver-milling, between which and a berdan, in the
matter of grinding, there can be no need for comparison.
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The cost of this treatment may be estimated as follows :—

Per Berdan.
£ s d
anes permonth ... ooe .. 018 2
Wood 01110
Mercury ,, 1 29
Castings, wear of belts, etc per month 09 1
Handling sludge v e 0 3 3
Oil and chemicals . 019
Total cost .. £3 610

or equal to 2s. 6d. per day.

Assuming that each pan grinds about 3 cwts. per day (dry weight) of
60 per cent. concentrates, it is equivalent to saying that one pan grinds
2013 lbs. of clean concentrates per day, or 1 ton of pure pyrites in, say,
11 days, at an actual mill cost of £1 7s. 6d.* for a yield of 50 to 65 per
cent. of the gold which the concentrates contain.

Taking the cost of the grinding plant (covered in) at £1,200, and
reckoning interest on the spot at 4 per cent., we must add to the above
costs £48 per annum, or 73d. to 84d. per ton of concentrates ground,
equivalent to about 11}d. per ton of pyrites, making a total grinding cost
of £1 8s. 5)d.T per ton of clean pyrites.

Looked at in another light, the actual working cost of grinding the
Charters Towers concentrates in berdans may be reckoned at 2s. per crude
ton, added to the ordinary milling-costs, in a 20 stamp battery with a duty
as stated.

The Northern Miner of February 14th, 1889, gives an interesting
account of a trial made at Charters Towers by Mr. Millet, a well-known
miner, at the Mary Louisa mill, on an unusually heavy pyritic ore, from
the 1 and 2 West Wellington mine. Eight tons were crushed as an experi-
ment and yielded 4 tons 4} cwts. of concentrates, 2 tons 4} cwts. of which
were taken for trial. This was distributed between the wheelers and
berdans in the proportion of 1 ton 2 cwts. treated in the former, and
1 ton 24 cwts. in the latter. The wheelers gave 2 ozs. 3 dwts., the berdans
2 oz8. 6 dwts. of gold. The berdan put through one wet ton per week,
at a mill charge of £2, while the wheeler put through 5 to 6 tons, at a
charge of £9, or about the rate of £1 12s. 9d. per ton, leaving a margin
on charges in favour of the wheelers of 7s. 3d. per ton. The total extrac-
tion by milling and grinding} was 81 ozs. 14 dwts. from the 8 tons
of stone treated, not counting the gold left in the pan-sludge, or the

* These figures are, of course, liable to fluctuate somewhat (up as well as down),
depending on the relative percentage of sand, sulphides in the concentrates, and
the actual percentage of the latter in the crude ore. 1 1bid.

$ Even with docile ores this seldom reaches more than 76 per cent. of the total
gold in the stone at Charters Towers,
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2 tons of concentrates left unground. If these latter had been ground the
yield would doubtless have been increased by another 4 ozs., or an
equivalent of about 4} ozs. per ton.

As over 55 per cent of the total gold was got by amalgamation in the
battery it would be extremely interesting to know what the pan sludge
contained after grinding.

The extraction, it will be noticed, per ton of concentrates, was 2 ozs.
0 dwt. 20 grains with the berdan, as compared with 1 oz. 19 dwts. 4 grains
with the wheeler, or a difference of 1§ dwts. in favour of the berdan, and
valuing this gold at 8s. 5d. per dwt. it really represents a saving of 5s.
8d. per ton, off-setting the smaller mill charge employing the other pans.

Now, if we assume the above saving to be fairly representative (as
regards the two methods of treatment), estimating the cost of operating
the berdan at 3s. 5d. per ton in excess of the cost of the wheeler
(an amount seldom exceeded in a 20 stamp mill), it will be apparent
that the advantage to the mill owner, crushing stone of his own, under
existing conditions, would rest on the side of using the berdan, as he
would gain the difference between 8s. 5d. and 5s. 8d., netting a profit of
2s. 3d. per ton. As there are chlorination-works already established at
Charters Towers we can further compare the cost of grinding with that
of chlorination in this same district.

Mr. Brown, in a letter published in 7%e Northern Miner, October
23rd, 1886, gives the cost of vat-chlorination as carried on by the North
Queensland Pyrites Co., at the Burdekin works (of which he was
formerly manager), as follows :—

Cost of roasting 15 tons of ore at Charters Towers in an ordinary
reverberatory furnace :—

£ s A

Labour, 6 men . 1818 0
Firewood ... . 716 0
Water . 010 0
Salt . 100
Kerosene ... .0 70
Total cost ... £2811 0

or £1 18s. 0d. per ton.
Cost of chemicals and labour chloridizing 26 tons of ore :—

£ s d

Management 6 0 0
Labour, 2 men 6 0 0
Water ... 1 00
Salt, 3 cwts. at 6s. . 018 0
Manganese, 24 cwts. at 5s. 6d. ... 013 9
Sulphuric acid, 416 lbs. at 5s. 6d. 5 4 0
Sulphate of iron ... . 110 0
Kerosene .. . .. 0560
Total cost ... £21 10 9

or 16s. 7d. per ton ; making the total cost, £2 14s. 7d. per ton.
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The capacity of the furnace represented about the weekly capacity of
the works, viz., 15 tons, and in the period ending September 1st, 1886,
they paid 2s. in dividends* upon 740 tons of ore treated ; £450 additional
was invested out of profit in new plant, whilst the total capital cost of the
works, up to the date in question, appears to have amounted to only
£2,830 58. The returns from the ore (pan-sludge) treated was 1,466 ozs.
8 dwts., or over 2 ozs. per ton. Owing to the success this trial plant
had achieved it was proposed in 1886 to quadruple its capacity at an out-
lay estimated at between £4,000 and £5,000 additional, and Mr. Brown,
in the letter previously alluded to, estimated that with an improved
roasting-furnacet the time was not far distant when he would be able to
treat a ton of ore at a cost of £1, working on a larger scale.

Mr. Brown goes on to say : “ This field is exceptionally favourable for
the establishment of extensive chlorination-works owing to there being a
large percentage of float-gold, which is unfavourable for amalgamation,
but is easily and perfectly extracted with chlorine. The time is close at
hand when chlorine will do away with such extreme amalgamation as is
now in practice, as the gold will be obtained much cheaper with that
agent. Concentration is a matter which is much overlooked at present,
and there is a large percentage of fine mundic passing off with the quartz-
sand that could be casily saved by improved machinery, but this will not
receive much attention until there is a demand for the concentrates, when
it will be looked to. The large heaps of quartz-tailings, now looked upon
as worthless, will be reduced to one-half their present value, and will pay
handsomely under the chlorine process.”

Now, if we assume on a liberal estimate that 80 per cent. of the gold in
the pyrites can be extracted by a double grinding, and on a low estimate
85 to 95 per cent. by chlorination, we find that :—

Per Ton. Per Ton.
The cost of chlorination per ton of clean con- £ s. d. £ s d
centrates (page 99) amounts to ... ..214 7 tol 0 O
Add to this interest on a capital outlay of
£2,800 to £7,800 at 4 per cent. on a
capacity of 740 and 2,960 tons treated per
annum .. 0.3 03,0 2 14

The total cost of chlorination is from £2 17 7} ,,1 2 1}

Now, the cost of grinding per ton of clean concentrates has been shown
to amount to £1 8s. 53d. Therefore doubling this sum for re-grinding,
* On a nominal capital of £10,000, representing a;net: profit of!£1,000 in eleven

months, the year commencing August 12th, 1885, and ending September 1st, 1886,
1 Which would reduce the cost of roasting to 10s.
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the cost of obtaining 80 per cent. of the gold by this process, under the
most favourable circumstances, will not be less than £2 16s. 11d., as com-
pared with a yield of, say, 90 per cent. (to put it low) at a cost of
£2 17s. 7}d., under the most adverse conditions of chlorination.

If, in fact, we assume clean concentrates to run only 2 ozs. to the ton,
the difference merely in yield at the average price of Charters Towers
gold, will represent a money value of 13s. 8d. saved by chlorination, or
a net gain of (13s. 8d. — 8}d. =) 12s. 114d. per ton. With higher grade
concentrates, and the costs reduced even to £1 10s. (as they easily ought
to be), the gain with chlorination would be simply enormous. The
question whether it is expedient or not to incur large gross cost in treat-
ment for the sake of close extraction depends, in fact, not only on the
quantities to be dealt with, but likewise on the grade of the material
treated, it is evident that the richer this is the more important it becomes
to save close.

With a single grinding, the results are scarcely less disadvantageous
to the pan process, as the mine owner loses the difference between 65 per
cent. and 90 per cent. of the gold in the pyrites, or, say, 10 dwts. per ton
(worth £1 14s. 2d.), dealing with 2 ozs. sulphide ore.

The Charters Towers pyrites works, situated at Charters Towers
itself, employ the vat process in the same way as the Burdekin works.
The only peculiarities with regard to them are that they manufacture
their own sulphuric acid on the spot, and employ a unique form of roast-
ing-furnace—an idea which originated with Mr. D. A. Brown (who has
been already alluded to), their able and energetic manager.

Mr. Brown conceived the plan of building his furnace on the side
of a hill, possessing approximately the natural slopes requisite for the
purpose he had in view, viz., to economize labour in manipulation and
save as much fuel as possible (by utilizing the combustion of the sulphur
in the ore, for roasting) without sacrificing the sweetness of the roast.

The furnace is shaped like a Fortschaufelung, with a number of doors
on cach side throughout its length.

To break up any lumps in the material (pan-sludge) to be roasted as
it comes to the charging-floor it is first passed throngh a Carr disintegra-
tor, driven by a pulley, provided with a coned friction-clutch. Below
the disintegrator a hopper discharges the ore into three vertical circular
openings, at the head of the hearth, each fitted with an Archimedean
screw, driven by bevel-gearing. The speed of these screws regulates the
feed, and delivers the ore into channels, which run down the upper part
of the hearth.

a3
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Speaking from memory (as the writer has mislaid some notes he made
when he visited the works in 1889), the hearth is about 600 feet in
length, and has three different grades, commencing with 35 degs. at the
head of the furnace, for a few feet, continued on for some 20 feet at a
grade of 27 degs., and for the remainder of its length sloping at 18 degs.
The fireplace and wrinkle (with working-openings on each side), back-up,
and form the foot of the furnace.

Just below the brickwork of the hearth, three parallel lines of 6 inches
fireproof stoneware pipes are laid the greater part of its length, connected
at the two ends by bends, so that the artificial draught produced by a
Roots blower, at the head of the furnace, circulates backwards and for-
wards three times through the pipe till it is finally discharged in a super-
heated condition, into the fireplace. The downpipe of the blower is
provided with a gate-valve to prevent the furnace gases being drawn back
into it when the blower stops.

The roof of the furnace is very low and flat, but presents a succession
of 6 feet to 8 feet span transverse arches, with their curtains set cross-
ways to the length of the hearth (which is about as wide as that of an
ordinary reverberatory furnace) to throw the flame down on to the ore.

It was a bold project, which deserved success, though at first sight it
would appear to be beset with many practical difficulties, in controlling
the ore during its descent, so as to obtain a dead sweet roast during its
gradual passage, from the top to the bottom of the furnace ; and at the
game time to avoid large losses in dust, not to mention difficulty, from
the superheated gases entering the lead-chambers.

Still, from the fact that the furnace has been in active operation
almost continuously from the time it was properly started, these objections
would seem to have been overcome. Having lost sight of the matter
lately, through pressure of various business engagements, the writer is
unable to say what measure of success this systemn has actually achieved.

In making a preliminary trial of the furnace, Mr. Brown stated that
he was able to roast 50 tons a week, with a consumption of 1 cord of
wood to 10 tons of ore roasted, and he expected to increase this by some
alterations that were in contemplation to 70 tons weekly without any
increase in fuel burnt, anticipating that 1 cord of wood would be suffi-
cient to dead sweet roast 15 tons of ore.

(To e continued.)
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THE CHOICE OF COARSE AND FINE-CRUSHING MACHIN-

ERY AND PROCESSES OF ORE TREATMENT.

By A. G. CHARLETON,

ParT III.—SILVER.
WET AND DRY PAN-AMALGAMATION AND LIXIVIATION.

Pan-amalgamation, as applied to silver ores, is always preceded by
stamping the ore in a battery. If conducted wet, the pulp is collected
in tanks, from which it is shovelled into the pans (an arrangement which
might, the writer thinks, be improved upon), or else, if arranged on the
Boss system (much in fashion lately owing to the saving in labour and
other advantages claimed for it) the pulp is run straight through a series
of pans without any intermediate settling. If conducted dry, the ore is
taken direct from the cooling-floor of the roasting furnace (which forms
an essential part of the plant), and is charged into the pans afterwards.

Pan-amalgamation is most extensively used in the Western States of
America for the extraction of silver from its ores, and with such excep-
tions as have been or will be alluded to, is, the writer thinks, likely to
retain its position for some time to come.

It broadly divides itself, as will be presently seen, into :—

1. The Washoe process, in which the ores go direct from the tanks
to the pans wet, the amalgamation being generally assisted by
the use of chemicals, chiefly salt and bluestone.

8. The Reese River process, in which the ore must be first dried : (a)
on a drying-floor heated by waste-steam or furnace gas ; or (%)
in revolving drying-cylinders or shelf-kilns, which are steadily
coming more into fashion. Roasting (ususally with salt, which
is mixed in the battery, or between it and the furnace) follows
drying, and the ore is ground in pans in the same way as in
the wet process.

8. The continuous Boss process.
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THE WasHOE PRrOCESS.

In an ordinary wet-crushing silver mill, the ore is brought in cars to
the top of the mill-building, where it is dumped over the top of the inclined
grizzley or screen on to the crusher-floor. All the small pieces pass through
the grizzley into the ore-bins below. The coarse rock is shovelled into
the jaws of the rock-breaker, which are on a level with the crusher-floor.
The ore crushed to walnut size in passing through the rock-breakers falls
into the ore-bins, and thence goes to the automatic feeders (behind the
stamps), passing through inclined shoots controlled by gates. The auto-
matic feeders being kept full, ensure a uniform supply of stone being fed
to the stamps as fast as needed.

The finely stamped ore, known technically as pulp, suspended in water,
flows into large settling-tanks, where the excess of water is drawn off,
while the thick pulp remaining is shovelled in regular charges into a row
of amalgamating-pans, in which it is ground for several hours, first with
salt, bluestone, and other chemicals, and afterwards amalgamated with
mercury, with the mullers raised. The contents of the pans are run into
large settlers (when the previous operation is finished) placed below, and
in front of the pans, in which the pulp is thinned by additions of water
and gentle agitation, and all the quicksilver with the precious metals in
the form of amalgam, settles to the bottom. The pulp is gradually drawn
off from the settlers (through holes fitted with plugs at different levels in
the side) and flows to waste. The amalgam is strained from the excess
of quicksilver, retorted to drive off what remains, and the resulting gold
and silver cake is melted into bars. The gold and silver contained in
the sulphides, which will not yield to the above treatment, is sometimes
caught by concentrators (Frue or Embrey) which receive the waste pulp-
tailings from the settlers. A clean-up pan generally forms part of the
plant.

The old method usually employed in silver-milling was to crush coarse
in the battery and grind fine in the pan, but as this involves greater
power, greater wear of castings, greater loss of mercury, and not always
better results, the system of crushing fine in the battery (keeping the
shoes barely off the dies) has lately come into practice. By this means
more gold and silver will sometimes be extracted, since ore will naturally
break where there is most mineral, and the fine comminution in the battery
will generally disengage most of it, the consequence being, that as quick-
silver has a preference for gold and silver, it will amalgamate with them,
rather than take up base metals (which render it inactive), which it is
forced to do by excessive grinding.
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The modern amalgamating-pan is a growth from the old arrastra, and
though its construction is quite simple it presents a variety of forms. The
pan holds from 1 and 1} to 2 tons of pulp, and generally revolves at about
60 revolutions per minute; the gearing underneath is open and plain,
the muller is raised by a left-hand screw on top, the hand-wheels of which
should be large (the jam-wheel being no smaller than the screw-whecl), as
it frequently reqnires a greater application of muscle than the latter, and
when the machinery is in fast motion it is inconvenient to adjust a small
wheel under a large one. The most important feature of the pan is the
pulp-current, which often receives but little attention, and though simple
in principle is not always understood, and its neglect may cause serious loss.

These currents must be uniform and regular to ensure uniform work,
and strong enough at the bottom of the pan to carry the quicksilver.
The motion of the muller makes a current by throwing the pulp to the
outside ae it advances, which then rolls up at the side and falls over
towards the centre, and down through the central opening, in and under
the muller, to be thrown outwards again from the bottom. This so far
cannot be improved upon, but the wings are needed, to give the pan
capacity (by preventing the pulp from running too high up at the side), to
accomplish which, they should have the shape of an inverted ploughshare.

Having naturally a good current above the muller, we have only to
work in unison with that underneath it, which will depend on the design
of the muller and setting of the dies. -

The pans vary in diameter from 4 feet to 5 feet 6 inches, and
have generally a cast-iron flat bottom with wooden sides.  They
ordinarily hold 1,200 to 1,300 lbs. of ore, and three is the usual
number allowed per battery of five stamps, but somectimes two will
be found sufficient. Each pair of pans requires one settler. In some
districts copper plates are introduced into the pan, and much of the
amalgam is found attaching to these, but the more usual system is to
cmploy settlers entirely for the collection of the quicksilver and amalgam,
after the pans are discharged. While the pulp is being worked in the
pans, which usually takes 6 to 8 hours, steam is introduced to he.t the mass
and promote the chemical reactions; sometimes live steam is introduced
direct from the boilers into the charge, but more commonly the pan is
furnished with a false steam-bottom, and heated with the exhaust from
the engine. The bottom of the pan is protected by cast-iron dies, and
the muller is furnished with adjustable shoes, so that the wearing surfaces
are renewable if it be necessary to grind the ore. The shoes and dies can
be brought together when grindiug by means of the hand-wheel, and

h
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screws on top of the spindle, or the muller can be raised above the dies
for circulation and mixing only.

The screw on the settler-driver, should, unlike the pans, be right-
handed, for besides being more convenient in case of a belt slipping, the
power applied to turn the screw, helps the muller to revolve. A settler
should never be allowed to foul by an accumulation of heavy matter at
the bottom, it is a positive preventive of good work. It is, however,
easier to advocate this than to do it. An apparently natural remedy, viz.,
a liberal use of water, tends rather to aggravate the difficulty ; there is a
point in the thinning when the quicksilver will be precipitated, but the
heavy sand be held in suspension.

If, after the charge is run out (which should leave about 8 inches of
pulp in the settler), a pan is drawn and no water is added for half an
hour, the warm charge will gather and carry the heavy sand; now enough
water only is added to reduce it to the appearance of still some thickness,
and this is all the water that is used in the charge. A horn spoon will
show its success in advance of results.

Settlers are generally made with wooden sides 8 feet in diameter
inside the staves, an automatic syphon-tap being provided for the dis-
charge of the quicksilver and amalgam. Around the bottom a groove is
cat, starting from nothing on one side, and gradually deepening to the
gyphon-tap opposite, in which all the quicksilver is carried to the outlet.

The muller-plate attached to the driver-arms, is shod with wooden
plough-shoes, which are sometimes, however, attached direct to the arms
themselves. The speed of the settler is generally about 15 revolutions per
minute. Concentrators for a silver-mill must of necessity be simple and
capacious. Good agitators (shovelled out often) are profitable. In some
cases sand sluices are very effective, consisting of a broad sluice 20 to 24
inches wide, in which at intervals of 8 or 10 feet vertical strips are fixed
at the side to hold movable riffles. The riffles (battens of wood) are laid
in, and the sands run over them for a time (8ay one or two hours), when
another course of riffles § inch thick or less is laid on the first ones.

This is repeated until the sluice is full, when it is shovelled out,
meantime allowing the sands to run through a duplicate sluice, at the
side. Such sluices should have a grade of about 3} inches per rod to
keep them under control, as by starting with & thin riffle at the bottom
a strong current may be produced, whereas the introduction of a thick
riffle will give a deadened current.

These sluices are an advantage where blankets are profitable, and if
followed by blankets relieve the latter from much coarse, heavy material.
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A blanket sluice should have a grade of about 8 inches in 7 feet. The
stock of mercury in a silver-mill should be large to begin with. In a
dry-crushing silver-mill the loss is usnally from } to § lb. per ton of ore.
A 10 stamp mill usually requires from 200 to 250 lbs. of mercury per
month to make up the loss. The quantity needed in stock depends on the
richness of the ore, but is approximately 1,500 lbs. in the pans, 1,500 lbs.
in the settlers and in circulation, and 1,500 lbs. locked up in amalgam,
so that a total stock of 2 to 8 tons would be necessary for starting with.

RoastiNG MiLLING.—THE REESE RIVER PROCESS.

After passing the rock-breaker, the ore is dried by passing through a
continuous revolving-drier or shelf dry-kiln beneath the breaker, the dried
ore being taken by car or else run through shoots (lined with sheet iron
and regulated by gates) to the automatic feeders, if the fall admits of it.
The stamps are fed while the ore is still hot, the pulverized product
being conveyed to the elevator, by which it is carried to the iron storage-
hopper of the roasting-furnace. In the furnace the ore, with the addition
of common salt, is desulphurized and chloridized, thus preparing it for the
paus and scttlers. After roasting, the ore is spread on a cooling-floor, and
is taken in cars as required to the pans. Amalgamation follows on the
same plan as in wet crushing-mills. In old type mills it wus formerly the
practice to employ drying-floors of boiler or cast-iron, from which the ore
was shovelled to the stamps, in place of the more modern arrangement of
an automatic revolving-drier.

Trae Boss PROCESs.

This process marks a new epoch in the milling of silver ores in the
United States and in Mexico, as it presents claims to superiority in
many respects over the old system of pan-amalgamation. The large
saving in labour and fuel, increased cleanliness, reduced wear and tear, and
other features that will be mentioned later on, combine to make it a
favourite with mill-men. It does away with the large pulp settling-tanks
and consequent shovelling and handling of the pulp, which is a serious
item of cost in ordinary wet treatment ; it saves the erection of the tanks
and the space they occupy; and no slum-pump or agitators are required.

The buildings and cost of erection for a continuous mill are less
expensive than for an ordinary one, as they require less grading and
retaining-walls and cover less area. The ore passes through the grizzley
and crusher in the usual manner and down the automatic feeders to the
stamps. The pulp flows from the battery through pipes to the special
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grinding-pans (the product of ten stamps passing through two in succes-
sion). The pulp is then conveyed by pipes to the first amalgamating-pan,
and flows continuously through the lines of pans and settlers. The tail-
ings are run off and led over concentrators. A special feature of this
process is that the pulp in the amalgamating-pans is always kept thin,
instead of being about the consistency of thick cream, as usual in the
ordinary pan process. The quicksilver is charged to the pans by means
of pipes from the distributing-tank, and the amalgam flows direct to the
strainer. The chemicals are supplied to the pans by two chemical-feeders.
Steam syphons are provided for cleaning out the pans, and for conveying
the pulp past any pan when it is necessary to cut it out of the series for
repairs. The main-line shafting runs directly under the pans and settlers,
each of which is driven from it by a friction-clutch. This arrangement
of separate clutches for each pan and settler is very convenient, as any
number or any one pan and settler can be stopped in case of accident for
cleaning out, without having to stop the whole line.

All the water from the batteries must pass through the pans, so that
all the slimes are treated ; there is less loss of mercury and a true sample of
the tailings can be obtained, a matter of much greater difficulty with the
old method. Heating by cxhaust steam is stated to be one of its
economical features, obviating any strain upon the pan, which is heated
indirectly throngh the hollow steam-bottom. Where changes were made
from live to exhaust steam in some mills it is said to have saved as much
as £2 10s, 0d. to £3 2s. 6d. per day for cord wobd.* By using special
grinding-pans, the ore can be crushed through a coarser screen in the
battery, and the finer grinding can be afterwards accomplished in the
pans, thus obtaining increased capacity.

Though it does not pretend to cope with rcbellious ores which are
unsuited to such treatment, the Boss process is without doubt a great
improvement over ordinary pan-amalgamation in tanks. If the latter
process be employed, the tanks are filled in succession ; the pulp being
conveyed to them through a launder, by means of which the supply is cut
off as cach vat becomes full. Arrangements should be made to settle as
much of the mineral as possible by allowing the water to circulate through
the empty tanks before passing to the slum-pit outside, the escape or
tailings water being turned into each tank after emptying it of sand.
Each tank in turn thus receives the water after passing through the other
tanks, and becomes the final one of the series. In some mills a certain
number of tanks are kept employed in settling the sands, while the

* Messrs. Fraser-Chalmers, Catalogue, No. 4, page 82,
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remainder are used up for the slimes; in others the capicity of the vats
is large enough to settle the sands and slimes together. Before charging
the pulp into the pans it is usually shovelled into heaps on the platform
in front of the pans, which is slightly inclined towards the tanks to drain
the water back into them. In the pan-treatment a proper consistency of
the pulp, a proper degree of heat, and clean quicksilver, are matters of the
chiefest importance.

While charging the pan the muller for grinding is kept revolving and
lowered, water having been previously run in so as to fill the pan to
within 12 to 18 inches of the edge, and heated with steam. Some mill-men
favour direct heating with live steam, others by means of a jacket or false
bottom. The charge must be heated nearly to boiling-point by turning
on steam again during the grinding. At the commencement of the
grinding the pulp is thin, but after a couple of hours it will acquire the
proper consistency for receiving the quicksilver, which becomes diffused
(by the heat and grinding) in small globules through the mass. The pulp
ghould be thick enough to cling to a wooden paddle dipped in to test it,
showing particles of mercury evenly disseminated through it, so that the
charge will carry the quicksilver in suspension. The salt (say about
10 1bs.) is added as soon as the pan is charged, and 2 Ibs. of sulphate of
copper (or whatever proportion is used), half an hour later. After the
pulp i8 heated to about 180 degs. Fahr. steam is cut off, and the muller
should be lowered gradually during the progress of grinding. When
finished (after about 2 hours), some 200 lbs. of mercury are added to a
1,200 1bs. charge of pulp. The grinding is then sometimes continued for
another half-hour or an hour, when the muller is raiscd and the pan run
with the muller up, for 8 hours more. There is, however, less chance of
flowering if the bulk of the mercury is not added until the grinding is
entirely finished. A quarter of an hour before drawing the charge, suffi-
cient water is added to fill up the pan, thinning the pulp thoroughly, so
that it will flow readily out of the pan, and cooling it.

The work should be so arranged as to charge and discharge a pan
every 6 hours, which gives it a capacity of about 2} tons. The pans should
be discharged in succession, not all simultaneously ; that is to say, as soon
as onc or two pans have been discharged and refilled, after a certain
interval (depending on the number of pans in the mill) the next pan or two
should have completed their 6 hours’ work, and be ready to undergo the
BAINC Process.

When discharged, a stream of water should be directed into the pans,
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to rinse them out thoroughly. Everything thus flows to the settlers, and
through the partial dilution of the pulp, the quicksilver settles to the
bottom, and is collected in the syphon. During the discharge of the pans
the settler arms are kept revolving, and after a short interval a spray of
water is turned on, and allowed to run till the scttler is full. It is then
turned off and the maller is allowed to revolve for an hour. This allows
the quicksilver to collect and settle. An abundant stream of cold water
is then let in and the settler is allowed to discharge through the different
plug-holes, commencing with the top one, the operation being timed so
that the bottom hole is reached just in time to receive the next charge.
Once a week or oftener the settlers should be cleaned out, and the coarse
sand and sulphides accumulating in the bottom are re-worked in the
pans.  Generally two scttlers discharge into one agitator, and a constant
stream of water should run into them. They collect some coarse sand
containing a little quicksilver, amalgam, sulphides, and a quantity of iron
which is worked-up in the clean-up pan. The floors should be kept as
clean and free from dirt as possible. All drains should lead into the
agitators, and unless the weather is too cold the quicksilver floor should
be sluiced down with a hose daily.

RETORTING AMALGAM.

The retorts for retorting silver bullion are generally cylindrical or
square with the corners rounded off, and containing shelves for several iron
dishes. They should be heated to a bright cherry-red heit before com-
mencing the retorting, otherwise it is difficult to drive off the last traces
of quicksilver. A serious loss is entailed by a retort bursting, not an
uncommon occurrence even with the greatest care. They must therefore
not be fired too strongly, and must be strongly made and well braced.
The mercury fumes are condensed by condensers acting on the Liebig
principle, the quicksilver being caught in a bucket of water, into which
the end of the pipe from the retort dips ; care being taken that the water
is not able to run up into the retort as it cools by the end of the pipe being
too deep under water. After the retorting is finished it is advisable to
leave the retorts to stand for several hours before withdrawing the bullion.

For cleaning quicksilver from impurities, which become mechanically
mixed with it, the quicksilver strainer invented by Mr. H. H. Oakes is
recommended by Mr. Eissler and is described by him in detail.*

* Metallurgy of Silver, page 159.
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GENERAL REMARKS, ORES, ETC.

The ores of silver which can be successfully treated by the Washoe
process are those in which the metal occurs in a condition which will be
acted on by quicksilver, assisted by heat, agitation, and certain chemicals
(chiefly salt and sulphate of copper), which produce a certain quantity of
sub-chloride of copper, through the secondary action of the metallic iron
present. The chloride and sub-chloride of copper (both of which are
liable to be formed), tend to reduce any sulphides of silver present, by
exercising a chloridizing influence upon them, and at the same time
decompose the sulphides of lead and zinc. The sulphate of copper,
moreover, enhances the amalgamating energy of the mercury by tending
to expel the lead, and by causing the formation of a small quantity of
copper amalgam.

A list of the chief ores and minerals containing silver would comprise
the following :—

Name. Composition. Per Cent. of Silver
when Pure.

Naumannite ... . AgSe . oo 732
Eukairite ... CugSe + Ag,Se 43-1
Hessite ... . Ag,Te ... ces 628
Petzite ... ... (AuAg),Te ... 41'8
Sylvanite (Au Ag) Te, ... 10 to 15
Argentite (sllver-glauce) AgS ... 871
Stromeyerite ... . AgS + Cu,S ... 631
Sternbergite ... ... AgFe,S, 342
Miargyrite ... AgS + BbS, ... 867
Pyrargyrite ... .. 3AgS + BbS,... 598
Proustite wo 3AES + As S, 654
Stephanite ... bBAgS + Bb,S, 685
Brogniardite ... ... PbS + AgS + 8bS, 261
Polybasite 9 (Ag,Cu) S + (8b As),S, ... 680
Tetrahedrite (Fahlerz) (CuAg),S + (SbAsBi),S, + (Fe ZnHg)S variable.
Xanthoconite ... o (BAgS, As8) + 2 (3Ag,8, AsSY ... 6400
Fire blende ... ... AgSbLS ... 623
Freieslebenite ... ... PbAgSbS, .. 238
Cerargyrite (hom-sxlver) AgCl ... 7533
Bromyrite ... AgBr ... 5740
Embolite ... Ag(C1Br) ... e 61toT71
Iodyrite .. . Agl .. 46
Native sllver . 100-00
Arquerite (native amal

gam) ... ... AgHg ... 348

Electrum (nativealloy of
gold and silver) o 27t0327
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Minerals, etc., often containing silver in small quantity :—

Galena ... PbLS

Blende ... ZnS

Pyrite ... Fe§,

Chalcopyrite ... CuFeS,

Erubescite Cu,FeS,

Mispickel FeS, + FeAs,
Altaite ... PbTe

Clausthalite ... PhSe

Nagyagite (Pb AuAg) (Te, S),
Chivialite (Cu,Pb) 8§ + {Bi,S,
Dufrenoysite ... PbS + AsS,
Enargite 8CuS + AsS,

Cupel bottoms, dross litharge sweepings, ctc.
Slags, etc.

The presence of sulphides of iron, copper, lead, zinc, and antimony,
interferes with the success of the amalgamation process in several ways.
They foul the amalgam and check the reactions of the chemicals on the
free-milling minerals, and carry off in their refractory combinations a
portion of the silver which the latter contain. It often happens that while
the upper decomposed surface-ores of a vein are free-milling, as depth is
attained (beyond the decomposing action of the air and surface waters)
they change in character, through sulphides and base metals making
their appearance in the ore.

Occasional natural deposits of chloride of silver and some rare
instances of native silver, unaccompanied by sulphides, form, with
certain decomposed ores, the chief types adapted to free-milling; though
the process being cheaper than roasting-milling, ores are sometimes
worked by it, which should properly be roasted, but the percentage saved
in such cases is correspondingly low. Ores carrying quite a large per-
centage of base minerals may be worked by roasting-milling, but in many
cases it is more profitable (when the conditions admit of it) to treat such
ores by concentration and smelting. The presence of certain minerals in
combination may render the chloridizing roasting of an ore extremely
difficult. The Silver King mine in Arizona may be cited as an instance
of this, as mentioned by Mr. Aaron.*

The ore in question consisted largely at one time of fahlerz, chlorides,
bromides, and oxides, in a gangue of quartz and heavy spar, and being of
high grade it proved well adapted to treatment by the Kiss lixiviation
process, for which it had to undergo a preliminary chloridizing roasting.

It was found that this ore sustained a scrious loss of silver by volati-

* Report of the Director of the United States Mint.



PROCESSES OF ORE TREATMENT. 113

lization during roasting ; an extra draught produced by opening both ends
of the fireplace somewhat mitigated the difficulty, but it was only finally
overcome by introducing steam into the furnace (as originally suggested
by Dr. Percy) which successfully met the difficulty ; the volatile metal
chlorides (to which the volatilization of the silver is mainly owing) being
decomposed and converted into oxides, with the instantaneous production
of hydrochloric acid. Unfortunately, however, as depth was reached in
the mine the character of the ore changed. The proportion of chloride
and tetrahedrite fell off, and zinc blende and galena became more abundant,
and this led to far more serious difficulties.

The roasting became slow and tedious; while previously a charge of 5
tons could be well roasted in 14 to 16 hours, converting about 95 per cent.
of the contained silver into chloride. The percentage of soluble silver in
the roasted ore decreased also somewhat, causing richer tailings, and as
the grade of the ore likewise fell off, a serious diminution in the output
of bullion ensued. The ore, moreover, developed a tendency to ball
and form crusts on the furnace walls. The balls were peculiar, being
perfectly spherical and of all sizes from a pin’s head to a marble, extremely
hard, and consisting of concentric layers. The ore being crushed wet and
received into scttling-pits, no doubt operated disadvantageously in this
instance.

When the ore was by no means at its worst, analysis showed it to
contain 12 per cent. of zinc—equivalent to about 18 per cent. of blende,
6 per cent. of lead as galena, a good deal of antimony, a little arsenic, a
very little iron and copper, and trifling quantities of cadminm, selenium,
tellurium, and bismuth. The conjunction of antimonial and plumbiferous
minerals with zinc blende tends in fact to make roasting difficult. The
character of the gangue also exercises a great influence on the roasting.
The presence of quartz is advantageous, spar or gypsum is not troublesome,
but carthy carbonates are detrimental, and magnesia bad.

At one time the ore contained less quartz and spar than formerly, and
more of the so-called porphyry of the district, which contains magnesia
in abundance.

In the case of ore which balls in the furnace when roasted with salt,
the usual practice is to roast without salt, to a certain stage when the salt
is added and the heat increased; but the presence of metallic silver and the
absence of a fair proportion of iron rendered this method inapplicable.

The next idea tried, that of roasting to complete oxidation without salt,
and then chloridizing by an addition of calcined copperas and salt, has been
used with a slight modification on some of the worst ores with good results,
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Another successful plan was to mix a certain proportion of sand, about
7 per cent., with the charge. The sand used contained a little silver, being
the coarser portion of a pile of rather rich tailings from previous concen-
tration. The addition of one-third of clean quartzose silver-ore was found
to act favourably, 95 per cent. of the chloride being got out in 24 hours
with 8 ton charges.

Mr. Stetefeldt has lately introduced the plan of drying and roasting
ore with gas, at the Holden mill, Aspen, Colorado, and at the Marcac
mill, Park City, Utah, where lixiviation is employed for the treatment
of the ore. The former plant was put in operation in November, 1891,
and consists of four double shelf-driers, with one 6 feet diameter Taylor
revolving-bottom producer, and one large Stetefeldt furnace, witha Taylor
producer, also 7 feet in diameter. Mr. Morse, the general manager of
the Holden works, states that, on a recent run of 4,681 tons of ore, 96-4
lbs. of coal were used per ton of ore roasted, costing 14'45 cents. The
coal, consisting of a mixture of about equal proportions of Colorado New-
castle and Sunshine coal, costing 3:00 dols. per ton delivered at the
mill. The composition of these coals are :—

Fixed Volatile
Carbon. Matter. Ash. Water.
Per Cent. Per Cent. Per Cent. Per Cent.
Colorado Newcastle ... .. Lb&59 ... 89 .. b4 ... —
) " .. 1I 486 .. 3795 .. 116 ... 17
» Sunshine ... .. III. 480 ... 430 ... 756 .. —
“ “ . IV. 371 ... 363 .. 238 .. 28

This, Mr. Stetefeldt states, is the cheapest drying and roasting on record
in any silver-mill, and the introduction of the system of employing gas
producers is making rapid progress in silver-milling. Full details of the
cost of drying and roasting at Aspen on a run of 12,000 tons of ore are
given in the The Engineering and Mining Journal, New York, of June
25th, 1892.* )

When ores contain a very large percentage of sulphur: i.e., are
cxceptionally heavy. Mechanical roasting furnaces cannot, as a rule,
compete with the old-fashioned reverberatory furnace, but, with a mode-
rate amount of sulphur, many of them give excellent results. The cost
of roasting (chloridizing) in the Stetefeldt furnace is said to vary from
16s. to £1 0s. 10d., and the furnace is said to cost £625 to build. A
Briickner furnace, which is a favourite in small mills, will treat from
3 to 4 tons (in exceptional cases 10 tons) in 24 hours. The cost of roast-
ing in it varies from 10s. to £1 per ton. An improved form, with double
cylinders set tandem, is estimated to roast 20 to 40 tons of refractory ore
(in inverse proportion to the percentage of sulphur it carries) at a cost

* Page 660.
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of £4 3s. 4d. per day, f., 28. 1d. to 4s. 2d. per ton. Mr. Briickner’s
estimate of the cost of a double-cylinder plant is £2,255 erected.

In many of the best modern mills where dry-crushing is practised
the furnaces are placed at the extremity of the battery line, a little be-
hind it, and not in front, as they used to be.

Mechanical furnaces of the improved Briickner and Howell-White
type (a modification of a Hocking and Oxlands calciner), and the Stete-
feldt and O’Harra are amongst those in most general use.

If the ore requires roasting, dry stamps are invariably used, the
mortars being covered in with a wooden housing, to which exhaust fans
are attached to draw off the dust into pockets (emptied at intervals),
and the dry ore is moved by screw-conveyors or horizontal endless-belt
tables to the feed-pocket of an elevator, which raises it to the hopper of
the furnace if a mechanical roaster be employed.* When the ore is
roasted a chlorination aseayt must be made of every charge.

The floors of modern wet-crushing mills are laid slightly inclined
towards a reservoir connected with the pulp-tanks, double-planked and
tarred, and the mill supply of quicksilver is almost always handled
mechanically by a mercury pump. It is imperative, however, that it
should be of first-class make, as a poor device for handling quicksilver is
more extravagant than hand labour.

The variations in the details of the plant and method of manipulation
are capable of so great a number of permutations that it would be use-
less to attempt to go into the subject fully in this paper. The author
should, however, state that the fineness to which the ore can be reduced
is to no small extent determined by the capacity of the settlers to work
off the coarse sands without loss of mercury.

Although it has been found by experience that some ores roast as well
if crushed through a 30 as they would through a 40 mesh screen ; some
heavy ores, i.e., those that contain a great deal of sulphur, give a low
chlorination and extraction, unless crushed finer, say to a 50 mesh. The
limit of coarseness to which it is ordinarily practicable to carry crushing
with stamps is, the author believes, about 30 mesh.

* A new form of elevator and conveyor made by the Jeffrey Manufacturing Co.,
of Columbus, Ohio (a description of which is given in The Engineering and
Mining Journal, New York, of March 4th, 1893, page 201), consisting of a steel
cable, to which a number of iron diaphragms of suitable®shape are attached at
intervals, which travel in a trough of corresponding shape, would seem to be par-
ticularly applicable to this purpose. .

+ The method of doing this is excellently described by, Kustel, Roasting of Gold
and Silver Ores, secoud edition, 1880, page 32, et seq. -
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It cannot be too strongly emphasized that one of the most important
points in pan-amalgamation is cleanliness about the works, and the use
of clean quicksilver ; though order and neatness, with the polish that
comes of the use of elbow-grease, are factors of economy that ought to
be naturally looked for in all mining plant.

Bichloride of copper is supposed to be the active agent in the Washoe
process in the reduction of sulphide of silver; just as bichloride of
mercury® attacks gold and amalgamates with it when ordinary quick-
silver will not touch the yellow metal.

If it is worth while putting up a well-constructed mill building (which
cannot be done without corresponding expense) it is worth while keeping
it in first-class repair.

The cost of an ordinary 20 stamp dry-crushing plant, including
rock-breaker, mechanical-drier and roasting-furnace, cooling-floors and
elevators, with stamps and conveyors, and the necessary pans, settlers,
sluices, etc., with a quicksilver-tank system, will not, in most cases, fall
far short of £7,100, in London, exclusive of local freight and erection
charges. It would weigh about 284 tons.

The cost of a 20 stamp wet-crushing silver-mill plant, with rock-
breaker, antomatic-feeders, stamps, pulp-tanks and pans, settlers, etc.,
will not generally come to less than £6,525, and weigh about 186 tons.

The cost of treatment, milling ores wet, varies from 12s. 6d. to £1 17s.
6d., employing the Washoe process. A high average being about 18s.
9d. per ton.

The cost of treatment, milling ores dryt, varies from £1 5s. to £2 11s.,
and when the ore requires roasting it will average from £1 13s.4d to
£3 2s. 6d., and sometimes as high as £5 16s. 8d. per ton.

The great variations in silver ores, conditions of working, and methods
of extraction make it impossible to give more than very general estimates
of cost, us it fluctuates frequently in the same district, with differences
in price of fuel, labour, freight, chemicals, ete.

* The Designolle process.

t The writer alludes here to a modification of the Reese River process, which
dispenses with roasting ; as examples of which, we have the Ebcrhardt at White
Pine, and the Lancaster mill at Tuscarora. It is practised on the grounds that a
much higher percentage is saved, if the ore contain chlorides, as the finely divided
horn-silver is likely to be lost if crushed wet, although the slimes are thin, It is
applicable also to some ores which produce an excessive amount of slilne, which
escapes the settling-tanks,
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A 25 stamp wet-crushing silver mill, running 24 hours, generally needs
the following crew of men :—

2 rock-breakermen. 1 mechanic.
2 battery feeders. 1 foreman and assayer.
2 amalgamators. 2 assistant amalgamators.
2 engineers (and in some cases 2 3 tank-men.
firemen).

The Grand Prize* (a 20 stamp dry-crushing and chloridizing mill)
employs :—

2 amalgamators .., .. at 1 010
2 . helpers , 016 8
2 chloridizers ... w 1 010
2 » helpers s 016 8
2 battery feeders (tenders) e 5 1 010
2 engineers (drivers) ... e 5 1010
4 firemen ... . w 016 8
1 melter and retorter s 016 8
6 dry-kilnmen w 016 8
1 blacksmith . 1 010
4 labourers w 016 8
28

The Lancaster® (a 10 stamp dry-crushing raw-amalgamating mill)

employs :—
Wages per 13
No. o Hogxm” bitt.
2 amalgamators ... .. at 1 010
2 ” helpers s 016 8
2 battery tenders e s 016 8
2 engine drivers .. e 5 1 010
3 fircmen ... we 4 016 8
2 dry-kilnmen ... .. . 016 8
3 labourers s 016 8

16

ExaMPLES OF THE WASHOE PROCESS.

The ores of Mineral Hill, Nevada, consist of chloride of silver, bromide
of silver, argentite, polybasite, stephanite, carbonate and molybdate of lead,
carbonate of copper, and some manganese, occurring in a limestone-forma-
tion in irregular deposits. Mr. Eisslert states that, being of a complex
character, they were originally treated by roasting milling, but he

* Egleston, Metallurgy of Silver, page 437. + The Metallurgy of Silver, page 155.
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subsequently worked them successfully on the Washoe principle by dry-
crushing and amalgamation (the modification of the Reese River process,
before alluded to).

A point of special interest is the presence of bin-oxide of manganese in
the ore. This mineral appears to have a deleterious effect on the amalga-
mation, its presence being indicated in the settlers by a thick froth, which
in spite of dilution with water, carried off flowered quicksilver. The
charge, Mr. Eissler states, which gave the best results, was found to be
1,500 Ibs. of ore mixed in the pans with 15 to 20 Ibs. of salt and 3 to 5 lbs.
of bluestone. Treating 18 tons per diem, the cost was as follows :—

£ 8 d
Superintendent, who aiso acted as assayer 218
Master mechanic ... 1 60
Carpenter 1 6 0
Two engineers at £,l Os 10d 1 day and l mght 21 8
Two men tending rock-breaker at 16s. 8d. 113 4
Onc man at dry-kiln, and to take battery samples, 1 day
and 1 night . 113 4
Two battery-feeders, 1 day and 1 mg,ht n.t 18s. 9(1 117 6
Two pan-men during the day . 113 4
Two pan-men and one retorter at night... 210 0
400 1bs. of salt at 3d. 5 0 0
8 cords of wood at £1 5s. ... e 10 0 O
Loss of mercury, 30 lbs. at bs. 710 0
Wear and tear of iron, and repairs 4 8 4
0Oil and incidentals, sulphate of copper and nssa.y
materials ... 3 2 6
£45 16 8

Cost per ton, £2 10s, 11d.

The ores of Pioche, Lincoln County, Nevada, which contain on the
average 3 to 5 per cent. of lead (cerussite and galena) have been treated
successfully by the ordinary Washoe process, the ore being worked up to
over 82 per cent. ; when assaying £27 1s. 8d. per ton and yiclding bullion,
the average fineness of which was somewhat below 700, containing lead
and some copper.

To extract the greater part of the lead, the quicksilver and amalgam
after leaving the settlers was strained in sacks suspended in a large box
filled with water, heated with steam by a 4 inch pipe. Lead amalgam
at the temperature of boiling water remains liquid, and will therefore
strain through with the excess of quicksilver. As a certain amount of
gilver and copper amalgam also passes through, the mercury is run into
a smaller box cooled with water, and when cold strained in the usnal way,



PROCESSES OF ORE TREATMENT. 119

leaving an amalgam of lead containing a small amount of the other metals.
This lead amalgam, when retorted, gave bullion containing 6 to 20 per
cent. of silver, very little copper, and only a trace of gold. The amalgam
in the first sacks gave bullion from 550 to 680 fine in silver, and finer in
inverse proportion to the amount of copper in the ore.

The amalgam from the second straining of the quicksilver, with ore
of normal character, gave bullion 60 to 200 fine. When the ore was
amalgamated without chemicals the bullion was 300 to 350 fine, and when
amalgamated with salt and bluestone, but not strained in hot water, 400 to
450 fine., The ore contains on an average £1 0s. 10d. in gold to over
£20 168, 8d. worth of silver, this proportion remaining very constant.
45 to 55 per cent. of this gold is extracted. The bullion contains 0:0003
to 0°0015 parts of gold, and occasionally as high as 0:0030 parts. With
bullion 500 to 600 fine (after passing through the hot-water straining
process) the loss of quicksilver amounted to 43 lbs. per ton of ore, due
probably to the formation of chloride of lead and the subsequent formation
of sub-chloride of mercury. Another source of loss was the formation of
floured lead-amalgam, which had the dull appearance of lead and floated
off in flakes on the surface of the water. The chloride of copper formed
rapidly destroyed the castings of the pans. The proportion of retorted
bullion to amalgam in working the Comstock, White Pine, and Idaho ores
isas 1 to 5§ to 6 ; in amalgam containing a large amount of copper as 1
to 7 to 73 ; and in very base amalgam as 1 to 4.*

The ores of the Silver Reef in the Harrisburg district, Utah, are of a
remarkable character, consisting of chocolate-coloured sandstone with fine
chloride of silver disseminated through its mass, and where organic remains
(such as leaves and stems of trees) are found embedded in it, the silver is
present in a pure metallic state. In the Stormont mine, the ore is found
in a zone 10 to 100 feet thick, often associated with fossil-remains, etc.,
and is bounded by red sandstones above and white sandstone below. The
ore is very easily crushed and disintegrated, a 750 lbs. stamp putting
through 7 to 8 tons per 24 hours’ crushing through a 40 mesh screen, so
that 5 to 10 stamps will more than supply 12 pans, working 1} tons pan
charges. Considering the size of the mills, the cost of milling is in con-
‘sequence extremely low. The ore averages £6 5s. per ton. The tailings
vary greatly in richness, according to the character of the ore. With
sandstone ore, they will often carry 12s. 6d. per ton, while with shaly
ore'they may run £2 1s. 8d. or more,

* Eissler, Metallurgy of Silver, page 133.
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Mr. R. P. Rothwell gives the cost of a year's working at three of the
mills of the district as follows :—

Christy M. and Stormont
Mf' Co. Co. In 1878 In 1879
Per ton of 2,000 lbs. 14,249 tons. 9,983 tons. 12,064 tons. 4,679 tons.
£ s d £ 68 d £ s d £ s 4
Labour & salaries 011 104 012 4 0 9 2 —
Bluestone o (21 1b8)0 1 3§y (14 1bs)O 1 1
Mercury we (11221b8)0 2 5 (11131bs)0 2 43
Salt .. .. (258 1bs)0 2 14 (20001bs)0 1 2} 13 5 _
Fuel ... ... 0 5 5} 0 1103
General supplies 03 73 0 110}
Incidentals ... 0 1 8 0 0 6
£1 8 6 £1 1 4 £1 2 7 £017 2
Hauling ore to mill 0 3 0} 0 8 4 01 4 0 10§

In parts of Mexico, silver ore which falls below £6 5s. per ton is not
available for the Washoe or patio processes, owing to the excessive cost
of transport, and fuel. At Guanajuato, for example, packing on mules
costs 14s. 7d., and treatment of the ore £2 7s. 11d., whilst mining,
pumping, hoisting, etc., add a further charge of €2 10s. Wood costs
£2 1s. 8d. and coal €4 11s. 8d. per ton. The district, however, is said
to be a rich one, one group of mines north of the city of Guanajuato
heing credited with a production of 312,860,000 dollars between 1518
and 1889, out of a total of 650,000,000 dollars worth of silver obtained
from the district.

Mr. W. L. Austin gives* the subjoined particulars of the cost of
running a wet-crushing silver-mill in the Tombstone district, stating
however that, owing to the arrangement of the plant, which works under
some disadvantages consequent upon its alteration from dry-chloridizing
to wet-crushing and other reasons, a reduction of 20 per cent. in the cost
of milling could be effected under more favourable circumstances.

A novel feature to be noticed is that the shoots leading from the ore-
breaker to the bins are not only provided with the ordinary grizzleys, the
bars of which are set 3 inch apart, but the bottom of the shoot itself is
fitted with a shaking-frame covered with screens of the same mesh as
those used in the battery.

This relieves the batteries materially, and decreases the amount of
slimes, increasing the capacity of the mill 5 per cent. or more, depending
on the fineness of the ore and its percentage of moisture, ag the ore fine
cnough to pass the screens, goes direct to the pans without pasging
through the battery at all.

* ¢ Siiver Mining in Arvizona.” ZTrans. Am. Inst, Min. Eng., vol. xi., page 91.
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The average gross weight of the stamps is between 750 and 800 lbs.
The shoes, weighing 120 1bs., have an average life of one month, when
worn down to about 35 lbs.

Hendy Challenge feeders are used, and the stamps crushed 2'9 tons of
medium hard rock in 24 hours for the first six months they were in
operation, using a 30 mesh screen.

After 4 hours’ grinding in the pans, the average extraction was found
to be about 81:04 per cent., and nothing material was gained by prolong-
ing the treatment, but by the use of salt and bluestone 87 per cent. could
be got out of the ore, which contained only 7 per cent. of its silver as
chloride.

So long, however, as coarse crushing was adhered to in the battery,
the bullion was much debased. The remedy was found to be to crush
finer, using 35 mesh screens and amalgamating without grinding in the
pans, by which means the bullion was kept at *970 fine without sacrificing
the milling percentage. The ore contains about 8s. 4d. in gold, and 43
per cent. of this was also recovered. It may be mentioned that the
debasing of the bullion was chiefly due to lead, which lowered it down to
200 and *300, and whenever wulfenite appeared in the ore this was
remarked to a much greater extent than when the lead was in the form
of cerussite or galena.

The average cost of milling for five months was with 20 stamps :—

£ 8 4

Labour 010 6
Fuel... 0 4 4¢
Chemicals and mercury ... 0 3 2§

Lubrication 00 2
Illumination 0 0 14
Castings .0 1 44

Supplies .0 0 8

Per ton ... ..£1 0 b

The cost of labour (subdivided) treating 1,730 tons, based on one
month’s work was estimated to be :—

s d
Crushing 2 2
Amalgamating 2 9}
Power-pumps, etc. 1114
Foremen, etc. ... 3 74
Tailings-pits 0 54

Per ton o 11V
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The loss of mercury averaged about 58. 5d. per ton, and about 0°11
cords of wood,* and 1,200 gallons of water, were consumed per ton milled.

Mr. Austin also gives another instance of the cost of wet-crushing in
Arizona, estimated on 2,643 tons crushed in a 20-stamp battery, fur-
nished with a rock-breaker and antomatic feeders, separating the coarse
gands in hydraulic sizing-tanks, and working each sand-class by itself,
for which the ore alluded to was particularly sunitable, being entirely free
from base metals with a gangue of light specific gravity.

The stamps weighed 800 lbs., and put through on an average 5 tons
per head in 24 hours.

Cyanide and lime, in the proportion of 14 lbs. of the former chemical
and 120 lbs. of the latter per 100 tons of ore, were used in the pan
treatment. The mercury was pumped through the mill for distribution.

The motive power was a 200 horse-power horizontal engine (42 inches
by 20 inches cylinders, run at 60 revolutions per minute), and the boilers,
which were tubular, 15 feet 6 inches by 54 inches, carrying 85 lbs. steam
pressure, burnt 16 cords of wood irrespective of the boiler for the pump,
which burnt 8 cords per week. The cost per ton of ore was:—

£ s 4
Labour .. 0 5 1)
Supplies ... . 07 17
Assaying 0 4 5§
017 2
The cost for labour as given above is thus subdivided :—
£ s 4
Crushing 011
Amalgamation - 0 010
Power, pumps, and repmrs 01 8
Foreman, melter, etc. 0 1 6}
05 1}
The cost of material as given above is thus subdivided :—
£ s a4
Mercury 019
Chemicals 0 0 33
Castings 01 2§
Ilumination and lubncatnon 0 0 3}
Fuel, including pump 0 3 3
Supplies . 0 0 9§
07 7

* This includes pumping the water supply 200 yards (with a lift of 100 feet
vertical); 7 cords of mixed wood (black oak, white willow, and pine), costing
£1 17s. 6d. per cord, were used on the average per day. The mill'engine was pro-
vided with a Meyer cut-off.
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The consumption of wood per ton of ore was 0'15 cords, and of
mercury 096 1bs.

The bullion averaged ‘995 fine.

Stated in gallons, the quantity of water used per boiler in a silver-
mill is 7} gallons per horse-power per hour. For each stamp, 72 gallons
per hour ; for each pan, 120 gallons per hour; and for each settler, 60
gallons per hour.

The consumption of wood (not including that used for roasting) in a
dry-crushing mill is pat by Prof. Egleston at about 4 cord per ton.

The power required for a Briickner roasting-cylinder is estimated at
about 2 horse-power, and for the Howell-White 1} horse-power.

The ore according to its baseness loses 3 to 15 per cent. by weight in
roasting.

The value of stock on hand necessary to run a dry or wet-crushing
gilver-mill, including wood, mercury, castings, chemicals, etc., is very
variable.

ExaMpPLES OF RoASTING MILLING TREATMENT.

The ore of the Ontario mine is a very base one, being composed of
zine, lead, and silver sulphides and silver chloride in a quartz gangue.
This becomes baser with the increasing depth of the workings. The
bullion obtained runs about 600 fine and contains no gold. The average
grade of the ore treated is 100 to 180 dollars per ton, and the amount
treated varies from 50 to 55 tons per day, though formerly (when it was
less base) 65 tons were handled daily. The ore is roasted in Stetefeldt
furnaces with the addition of about 15 per cent. (dry weight) of salt.

After leaving the furnace the ore goes to the cooling-floor, where it
remains piled up for 18 hours. This increases the chlorination from 8 to
8 per cent. After being damped it is run to the pan-room. Each pan-
charge of ore weighs 2,500 lbs, to which 1 per cent. of salt is added, and
the pulp made up with the addition of hot water to proper consistency.
The muller makes about 65 revolutions per minute, and is held 1 inch
above the pan-bottom so that it does not grind. About 1 lb. of zinc
and 300 lbs. of mercury are added to the pan after it has run 1 hour
(and is hot), and amalgamation is continued for 7 hours. From the pans
the pulp is drawn into settlers, which run 4 hours, making 40 revolutions
per minute, and after running for 1 hour cold water is let in, and the
overflow discharging the tailings is set running. The mill is worked up to
from 88 to 92 per cent. of the value of the ore, that being counted as the
amount chlorinated. The tailings carry off 8 to 12 per cent. of the silver.
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The cost of treatment on a production of 50 tons per day was stated
as follows® :—

No. of Per Day. Per Ton.
Men. Oocupation. Dollars. £ s d.
1 Foreman... .. 10000 ... 0 010
1 Assayer ... 600 .. 0 0 6
3 Machinists at $400 ... 1200 010
2 Carpenters at 400 ... 8:00 00 8
2. Blacksmiths at 400 ... 800 .. 0 O 8
2 Engineers at 400 ... 800 .. 0 0 8
2 Foremen at 350 ... 7:00 00 7
9 Dry-floormen at 350 ... 3150 02 7%
3 Batterymen at 400 ... 1200 010
6 Roasters at 400 ... 2400 02 0
12 Cooling-floormen at 400 ... 4800 0 4 0
4 Carmen at 400 ... 1600 01 ¢4
4 Amalgamators at 450 ... 1800 01 86
1 Retorter at 400 800 00 8
1 Melter at 400
4 Labourers at 2050 ... 1000 0 010
4 Watchmen at 300 ... 1200 010
2 Ore-floormen at 330 ... 7-00 0 0 7%
3 Clerks at 400 ... 1200 010
66 $257-50 21 1 6
Per Day. Per Ton.
Supplies. Dollars. £ 8 d
Salt, 10 tons at $8:00 ... 8000 0 6 8
Quicksilver, 175 1bs. at  0-50 ... 8760 0 7 3%
Wood, 15 cords at 450 . 6750 014 8
Coal, 12 tons at 825 . 9900}
Castings 0 6 3
Oil and waste... 0 1 of
Sundries, chemicals, etc. 0 21
Hauling from mine ... 0 2 04
Charcoal, assaying, and melting ... 01 0}
£2 1 1§

Total cost per ton, £3 28. 74d., exclusive of office expenses, general
superintendence, repairs, and insurance.

The report of the Granite Mountain Company, Phillipshurg, Montana,
one of the largest dry chloridizing roasting-crushing plants in America
(running 153 stamps), gives the following particulars of working for the
year ending July 81st, 1891 :—

Ore, tons crushed, wet, 72,623 = dry weight, 68,850
Salt, " » 10,807 = " 10,645

Total 83,430 79,495
Average moisture in the ore, 52 per cent. ; average moisture in salt, 15 per cent.

* R. P. Rothwell, Trans. Am. Inst. of Min. Eng., vol. viii., page 557.
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The salt and ore are mixed before crushing.
The ore averaged 50°59 ounces of silver, and the cost of milling was
£2 1s. 8d. per dry ton, divided as follows : —

£ 8 4
Labour and superintendence 014 B
Salt ... . 0 8
Fuel ... . 0686 l(a)i
Mercury . 0 4 8
Castings .0 2 7
Chemicals .01 2
Water ... . 00 6
Miscellaneous . 0 83 04

£2 1 8

Equal to £1 198 54d. per wet ton.

The company’s three mills of 20, 43, and 90 stamps respectively are
known as A, B, and C, and have cost, with improvements up to date,
£145,348 17s. 9}d., as shown by the trial balance sheet. The cost varied
from £1 16s. 74d. in mill C, which crushed 42,158* wet tons, to
£2 11s. 10d. in mill A, which crushed 9,934% wet tons.

The saving of silver amounted to 90°7 per cent.

The report of the Elkhorn Company, of Montana, for 1891, affords
another excellent illustration of close saving and business-like manage-
ment.

The mill, which crushed 11,645 tons (dry) during the 12 months
ending December 81st, 1891, saved 98:78 per cent} of the silver contents
of the ore at a cost of (9:226 dollars)§ £1 18s. 5id., a close approxi-
mation to the figures just given.

TaiLiNgs MiLLs.

Silver-mill-tailings are generally concentrated on concentrators, or on
blankets, in sand-sluices, and either leached, or treated in pans on the
Comstock system (using chemicals) ; which has given rise to what are
known as tailings, or auxiliary mills.

Tailings from silver mills can in fact often be treated profitably by
storing them in dams, leaving time, air, and chemical agency to effect
their oxidation, and then treating them raw in pans, no drying or chlor-
idizing being required.

The chief drawbacks against this method are the uncertainty as to the
time necessary for complete oxidation of the minerals present, which may
be taken from 2 to 4 years, and the necessity of constructing large
storage dams.

* Representing 40,(67 dry tons. + Representing 9,318 dry tons.
1 In 1890, 86:83 per cent. was saved, the increase in 1891 is attributed to using
extra salt. § For analysis, see Appendix,
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Mr. Eissler states® that, in some establishments of this kind in
Nevada, the quantity of sulphate of copper supplied to the pans with this
system of treatment varies from 8 to 6 lbs. per ton of tailings, while the
salt amounts to 20 or 30 lbs. The pans are covered, and supplied with
steam at a high temperature.

He places the yield at about 60 per cent., dealing with an ore worth
£8 to £3 10s. per ton, and gives the current cost as follows :—

£ s d

Labour ... 0 0
Quicksilver lost ... 0 4 0
Salt 0 8 0
Sulphate of copper 02 6
Fuel 05 0
Castings ... 0 0 6
Total .. #1 1 0

In Avery's tailings-mills in Washoe valley, where wood is £1 4s.
per cord, the cost per ton is stated to have been 14s.

It is usual in Nevada for two sets of samples to be taken as a basis
upon which to determine the value of the ore, when it is treated at customs
establishments.  One of these samples is taken from the waggon conveying
the ore from the mine to the mill, the other from the mill after the ore
has been crushed. The waggon sample is obtained by drawing from each
waggonload of ore a sample of rock, and mixing the total number of
samples of the loads sent to any one mill at the end of the day. This
bulk sample is then quartered down, the mill being charged with the
weight of ore, and the amount of gold and silver represented by assay.
The mill sample, which is to serve as a check on the waggon sample, is
taken by allowing the crushed ore as it comes from the battery to run into
a pail, held at the end of the trough leading to the tanks.

A sample of this kind is taken in most mills every hour, in some every
half-hour, and the accumulated samples are well mixed, dried, and reduced
to a sufficient quantity for assay.

The pail or vessel in which the crushed ore is caught must not, of
course, be allowed to overflow.

In some mills the samples are taken from the tanks after the sand has
deposited itself in them, either from the surface or preferably with a
tube sampler.

Strange as it may scem the waggon samples and mill samples generally
differ in yield, and the former is usually the highest.

This was proved in the late celebrated suit tried before Judge Hebbard,
Fox versus the Hale and Norcross Co. In practice, therefore, both <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>