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GOLD ASSAYING.

INTRODUCTION.

By assaying 1s generally meant the scientific determination of
one or more elements in a given substance by means of dry
reagents and heat, in contradistinction to azalysis, which process
determines, by chemical wet methods, the proportion of any
desired substance contained in a sample; although the deter-
mination of certain metals by wet methods, notably iron and
copper, are characterized as wef assays, as opposed to dzy or
Jire assays. In this little work—which, however, only concerns’
itself with gold, and incidentally silver—both systems are dealt
with. The intrinsic value of a gold-bearing mineral or alloy
-(bullion) of course depends upon the amount of the noble
metal it contains, and a means of its accurate determination is
an indispensable essential in the metallurgy of gold, and in
trade dealings in the metal.

The amount of gold determined in minerals is expressed in
England in terms of ounces, pennyweights, and grains (troy)
per ton of 2240 lbs. (long for), and in America per ton of 2000
lbs. (skort ton).

Jewellers in this country express the proportion of gold in
an alloy in carafs, i.e. so many parts of gold in twenty-four
parts. The French decimal system is now also much in vogue :
this expresses the proportion of fine gold in 1000 parts of alloy.

Before entering upon the actual modus operand: of gold
assays, some account of the mode of occurrence and of the
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2 GOLD ASSAYING.

physical and chemical characteristics of the precious metal will
be given. .

The attractive lustre, beautiful colour,and sparse distribution
of gold have from remote ages to the present time made the
metal highly prized and much sought after by all nations of the
world. The word go/d is doubtless associated with the Sanscrit
Jvalita, derived from the verb jzal, “to shine.” Gold as an
element is the only metal which has a yellow colour when in
mass, although under various conditions the colour is modified ;
for instance, gold leaf is translucent, and by transmitted light
appears green, but maintains its natural yellow colour by
reflected light.

Menes, who reigned in Egypt B.C. 3600, alludes in his codes
to the intrinsic value of the precious metal, and, doubtless
long before his time,in prehistoric ages, the natives of India
and China were acquainted with its virtues. Prior to the
discovery of America by Columbus, practically all the gold
was derived from India. Doubtless from the fact that gold
occurs in the metallic state in alluvial sands, it was the first

element and metal that was isolated and used as such.
N—



NATURAL OCCURRENCE AND FORMS OF
GOLD.

GoLp, as found in nature, is generally in the metallic state,
and occurs in various parts of the globe: (1) in siliceous or
quartz veins, filling up fissures of the earti’s crust; and (2) in
placers or alluvial deposits left by streams that have disinte-
grated rocks containing the auriferous veins.

Gold is rarely found absolutely pure in nature, silver being
the most common impurity, while it is also associated, either
in a fine state of mechanical mixture, or in some instances
in chemical combination, in fron pyrites, copper pyrites, nagyagite
(telluride combination), magnetite, iridosmine, galena, blende,
tetradymite, zircon, garnets, rutile and barytes, wolfram, and
scheelite.  In Western Australia it occurs free and in com-
bination with tellurium and lead and iron pyrites in a matrix
of quartz, and the carbonates of lime and magnesia and kaolin.
There are numerous other minerals in which gold occurs in
small quantities, and the ores of silver, antimony, and bismuth
appear to always contain the metal. Gold also occurs in sea
water in combination with chlorine, bromine, or iodine, to the
extent of § grain to 1 grain per ton.

There are several terms given to native gold, depending
upon the outward form in which it is naturally found ; thus—

Flake Gold.—This variety is generally found on the faces
of foliation and cleavage planes of the mineral in which it is
contained, generally in kaolin and diabase schists. It is exceed-
ingly thin, and floats on water, and very little of it can be
extracted from its matrix by ordinary battery treatment.
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Mustard Gold is a form of the noble metal in an
extremely fine yellow powder, contained in microscopic fissures
of its matrix, and doubtless produced by the decomposition of
highly auriferous sulphides and tellurides.

Rough, or Coarse, Gold.—This is the usual form in which
gold occurs in reefs, being irregular in form and having no
specific dimensions.

Dendritic Gold is a beautiful fern-like form of the metal,
incipiently crystallized in cleavages.

Crystalline Gold.—Cirystals, in the form of single octa-
hedrons, have been found in aséolite—a double oxide of man-
ganese and cobalt—in a kaolin clay locally known as “pug,”
in Kanowna, Western Australia.

Sponge’Gold.—This form of gold has been found in
beautiful masses on the oxidized zones of the Kalgoorlie Mines,
where at certain depths tellurides of the noble metal are found.
In structure it is very much akin to the ordinary marine
sponge, consisting of irregular strings and cellular masses of
brilliant gold, which form has doubtless been produced by the
oxidation and removal of the tellurium with which it was
originally combined. In March, 1897, one piece of sponge
gold weighing 60 ozs. was taken from the zoo-feet level of the
Great Boulder Mine, West Australia,

Rhodie Gold.—This combination is found in Mexico,

and has a golden colour, and contains from 34 to 43 per cent.
of rhodium.

Free, or Visible, Gold.—In quartzose rock and alluvial
sands gold may either be disseminated in a finely divided state
throughout the matrix, or in small grains or scales, or in pieces
of substantial weight unevenly distributed. These pieces are
usually termed 7nuggets, and occasionally are found of such a
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GOLD ASSAYING.

NATIVE GOoLD FROM CENTRAL AMERICA.

| |
Malapso. Trinidad. Guano. Santa Rosa.

Per cent. Per cent. Per cent. Per cent.
Gold . 8824 82740 7368 64°93
Silver . 11°76 1760 2632 35°07
I00°00 100°00 100°00 100°00

GoLD FROM WALES.

' Mawdoc River. | St. David’s. Dolgelly.

' Per cent. Per c;nt. h Per cent.
Gold . . d o | 8985 90°85 1 9555
Silver 0 . o 10°15 915 445
100°00 100°00 100°00

The following table shows the composition of native gold

found in the West Australian gold-fields : * —

Nature of gold. Locality.
|
Small alluvial nuggets | Hall’s Creek, Kim-
berley
3-oz. alluvial nugget | Ditto
¢ Bobby Dazzler” | Shark’s Gully, Pil-
nugget barra
From quartz boulders | Talga, Pilbarra
Gold from conglome- | Nullagine, Pilbarra
rate
Bamboo Creek, Pil-

Gold from quartz reef

bR
M 2 2

Sponge gold from
lode

Coarse gold from
ironstone pebbles

Crystalline gold from
calcite vein

Alluvial . o

Quartz reef electrum

barra
Towranna, Pilbarra
Peak Hill
Nannine Murchison
Kalgoorlie

Block 50, Coolgardie
Red Hill, Coolgardie

Preston River
Donnybrook

!
| Sp. gr.

% 16°62
11680
1466

16°20

17°16
1575

18°91

1800

|

|

|
|

Gold. | Silver. lagg%ggg.
Per ce;xt. Per cenvt_. Per cent.
93'30 | 6'60 | O'I0
88-39 | 11°61 -
76:81 | 23704 | 015
84°46 | 15°54 —
or2r | 879 | —
94°00 600 N
94'53 | 5'47 =
96°54 | 346 | —
89'45 | 1050 | —
9991 | o'c9 | —
99°46 | 064 | Trace
9321 672 —
9290 | 7'I0
49°29 | 50°71 —

* Vide Western Australian Geological Survey Bulletin, No. 6, 1g02.
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The average value of gold won in Western Australia for
1900 was £3'741 per ounce.

Gold in Iron and Copper Pyrites.—There appears
to be a difference of opinion as to whether the gold is in actual
combination with the sulphur or iron contained in pyrites, or
in a state of fine mechanical comminuted condition in the
mineral ; but from recent researches on very finely divided
auriferous pyrites, by the action of cyanide of potassium and
microscopic observations, it is generally held that the gold is
not actually combined with the sulphur, but merely locked up in
the crystals in the metallic state.

The amount of gold in pyritic ore varies considerably from
a few grains to many ounces per ton; a good average working
ore containing about 1 oz. of the precious metal per ton.

Telluride Ores of Gold.—In: these ores the gold is in
actual chemical combination—occurring for the most part in
Colorado, California, West Australia; and Hungary.

Calaverite is found in Colorado, and the pure mineral con-
tains 44°'s per cent. of gold and 55°5 per cent, of tellurium,
corresponding to the formula AuTe,.

Graphic tellurium, or sylvanife, is a mineral found to corre-
spond to the formula (AuAg)Te;, found also in various parts
of America.

Nagyagite, or foliated ftellurium, found in Transylvania,
contains—

Gold . 5 . o . o . 9°0to 130 per cent.
Lead 5 5 o 5 5 . 54°0 per cent.
Tellurium o o ° . . 3272 .

and also occasionally contains, in addition, silver, sulphur, and
copper.

In recent years a number of telluride lodes have been
discovered in the West Australian gold-fields, which have
greatly added to the mineral wealth of that colony, The
following is an analysis, by the writer, of such an ore found
in the mines of the Lake View Consols, in Kalgoorlie—
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Per cent.
Iron . . 2 o 5 5 . ] . 1565
Sulphur . o o o : c o . . 450
Silica . 5 a 5 o o o . . 42°50
Alumina . o 2 o 5 o : 3 . 612
Lime . . . . . . . . . 835
Magnesia 5 : . 0 . 5 o . 525
Lead 3 5 5 5 - 5 o o . 006
Copper . . c o o o B . o012
Arsenic . . 00§
Carbonic acid, oxygen gold sxlver, and tellurium . 17°40
100°00

Per ton.

ozs, dwts. grs.
Gold . ! . s . o o . 4 II 2
Silver . 3 . o . . 3 . 0 14 10
Tellurium a 5 5 8 3 o . 32 10 2

Adolphe Carnot® has made a complete analysis of the
telluride ore from Lake View Consols and the Great Boulder
Proprietary mines in West Australia, and in addition to the
presence of calaverite and sylvanite, he has isolated two com-
pounds of telluride containing mercury, the one he terms
kalgoorlite, having the formula (AuAgHg),Te, and a sesqui-
telluride, coolgardite (AuAgHg),Te,.

The following are analyses of some typical gold-telluride
compounds found in the Kalgoorlie mines :—

Sylvanite | Petzite Coo]gardlte Kalgoorlite | Kalgoorlite

(Krusch). = (Carnot).  (Phillips). | (Mingaye). | (Carnot).
Per cent. | Per cent. Per cent. \ Per cent. { Per cent.
Gold . 28°55 2416 3811 2072 | 26°10
Silver . 9°76 41°22 395 ‘ 3098 30°43
Mercury . . — 2°00 38 | 10 86 0’70
Copper . .| 032 o'10 0'95 ‘ 0'05 060
Iron . o o 0°06 — o 85 — 0'40
Nickel | o010 — \ — | —
Tellurium . | 6083 | 3233 50 75 ‘ 7 26 41°11
Selenium | o020 — —
Antimony . o —_ | — 1'50 | — 0’8o
Sulphur . . | 009 = — i 013 —
| 99'01 1 99°81 99°91 ‘ 100°00 100°14
|

* Vide Compt. Rend., 1901, 132, 1208-1302,
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The following is also an analysis of a complex gold-
bearing compound found in Kalgoorlie, and termed enargite
(Krusch) :—

Per cent.

Gangue . . o . 5 o 3 o . 026
Gold . . : 5 5 . 2 . . o012
Silver . 5 . 3 ; o : . . 022
Copper . . . . . o / . . 41'69
Iron . . . 4 . . . ) . 476
Nickel . . c g g o . . . 01§
Zinc E 5 . : : 5 . . . 268
Lead o 5 . 5 : o . 5 . olIo
Arsenic . . ! 2 . . . . . 1687
Antimony 5 : . o o o . . 430
Tellurium . 5 : . . 5 5 . oos5
Sulphur . 5 . . s a 3 . . 2843

99°63

Origin of Gold Deposits.—Geologists differ somewhat
as to the origin of the lodes or veins in which gold is found,
but the theory now generally accepted is that the fissures
produced upon the gradual cooling down of the earth in
prehistoric times were filled with the mineral they now contain
by precipitation from aqueous solution. How gold came to be
present in such mineral is somewhat hypothetical. Professor
Whitney is of opinion that it was deposited simultaneously
from the solutions from which the lodes or veins were pre-
cipitated ; and this appears the more evident from the presence
of the precious metal in pyrites enclosed in siliceous incrusta-
tions. The invariable presence of gold in the iron pyrites
contained in lodes has naturally suggested the idea that the
sulphide of iron is an essential factor as to the presence of
gold in its association with silica, and when it is considered
that iron pyrites have been found to be produced from a
solution of iron sulphate by reducing agents, and consequently
if during such reduction gold was present in solution, it would
doubtless be co-precipitated with the crystals. This is a very
probable theory.

At a recent meeting of the Institution of Mining and
Metallurgy held in London, Mr. B. H. Bennetts read a paper,






PHYSICAL CHARACTERS OF GOLD.

Gorp has a beautiful rich yellow co/our and a high metallic
lustre. When pure it is nearly as sof? as lead, and on this
account it is Aardened with silver, copper, etc., when required
to be used for coinage and jewellery.

The metal has remarkable degrees of malleabifity and -
ductility ; more than those possessed by other metals and at
all temperatures. A single grain of gold can be drawn into a
wire over 500 feet long, and can be beaten out to yggispy of
an inch in thickness, which may be further reduced by treat-
ment with a dilute solution of cyanide of potassium. Thus
300,000 of such leaves laid upon each other would be only
one inch thick, yet each leaf may be beaten so perfect and free
from holes that one of them laid upon any surface gives the
appearance of solid gold. They are so thin that if formed into
a book 1500 would only occupy the space of a single leaf of
common paper, and an octavo volume of an inch thick would
have as many pages as the books of a well-stocked library of
1500 volumes of 200 pages each. Pure gold has a #nacity
of 7 tons per square inch, with an elongation of 30'8 per
cent. The presence, however, of minute quantities of other
elements, such as tellurium, bismuth, and lead, materially
affects its physical properties. The specific gravity of cast gold
varies from 19°29 to 1937, and pure precipitated gold has a
density of 20'72. Its melting point, as determined by various
observers, varies from 103%7° to 1072° C., and it doi/s at about
2240° C.

At temperatures below its melting point gold can be welded
like iron, and precipitated gold can be consolidated under






CHEMICAL PROPERTIES OF GOLD.

GoLp undergoes no change by the action of the atmosphere
and moisture at any temperature, and, with the exception of
selenic acid, no single acid has practically any effect upon it.
It dissolves, however, in aqua regia—a mixture of hydro-
chloric and nitric acids—forming gold trichloride (AuCly), and
also in solutions containing free chlorine and bromine and
alkaline cyanides. Strong sulphuric acid, and polysulphides of
the alkaline metals, also dissolve finely divided gold.

Alloys of Gold.—Gold can be made to combine with most
other metals, the more important combinations being those
with silver and copper, and with these elements it unites in all
proportions,

The gold-silver alloys are characterized by being more
fusible, elastic, and harder than either free metal, while the colour
of gold is materially lightened by the addition of silver. There
have been several true crystallizable compounds of silver and
gold isolated, corresponding to the formule AuAg, AuAg,
AugAg, AugAg, and Au,Ag.  Silver-gold alloys used by jewellers
are: green gold, containing 25 per cent. silver and 75 per cent,
gold ; dead-leaf gold, containing 3o per cent, silver and 70 per
cent. gold. ZElectrum is a term used to designate the pale
yellow alloys containing from 15 to 35 per cent. of silver,
Triple compounds of silver, copper, and gold are mostly used
by British jewellers, containing gold parts in every 24 (carats) :
22, 18, 15, 12, and 9 respectively, .

Sulphuric and nitric acids act upon silver-gold alloys, dis-
solving out the silver, and leaving the gold, if the silver present
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is over 60 per cent,; but if under this amount, some silver will
remain undissolved.

Gold and Copper.—Like silver, copper unites with
gold in all proportions, forming alloys of a reddish colour,
which are less malleable, more elastic and fusible, and harder
than gold. British standard gold is a gold-copper alloy, which
has been used for our coinage since 1526, and contains eleven-
twelfths gold and one-twelfth copper, or, in other words,
916°6 fine (i.e. parts gold per 1000), or 22 carats (7. gold in
twenty-four parts); or copper 8:33 per cent. and gold 9167
per cent. The English standard is also that used by India,
Russia, Portugal, and Turkey. France and America and many
other civilized countries use the goo standard (i.e. goo parts
gold per 1000, and'thus containing 1o per cent. copper). This
standard originated in France in the year 1794. In addition
to the copper, most gold coinage contains from o0'8 to 1°2 per
cent. of silver.

Sulphuric and nitric acids dissolve out the copper from
the alloys if the copper present be more than 6 per cent.;
otherwise some of the latter remains undissolved. Aqua
regia completely dissolves the copper-gold alloys.

Amalgams.—Mercury combines with metals in various
proportions, and these are termed amalgams, and as mercury
is extensively employed in the extraction of gold from its
ores, gold amalgam becomes an important commercial com-
modity. Gold is dissolved by mercury at the ordinary tem-
perature, forming amalgams which are solid, liquid, or pasty,
according to the proportion of mercury used. The amalgam
containing 85 per cent. of mercury is solid, and crystallizes in
yellowish-white prisms ; that containing 87 per cent. of mercury
is pasty; and go per cent. of mercury produces a liquid
amalgam. Gold amalgam is soluble in excess of mercury,
and if the liquid amalgam thus produced is subjected to slight
pressure in a filter of chamois leather, mercury filters through,
leaving behind a pasty white amalgam containing about one-
third its weight in gold. Gold amalgam is dissociated below
a bright red heat, the mercury distilling and leaving the gold.

Y
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Oxides of Gold.—There are two oxides of gold known—
the suboxide (Au,0) and a sesquioxide (Au,0;), otherwise known
as aurous oxide and auric oxide. Awrous oxide is a dark-
green powder, produced by adding a dilute solution of potassic
hydrate to aurous chloride (AuCl). It is somewhat soluble in
excess of alkali. Treatment with hydrochloric acid converts
it into auric chloride (AuCly) and metallic gold. The auric
oxide is produced by decomposing a solution of auric chloride
by means of magnesia, a combination of the oxide and magnesia
is precipitated, and on removing the latter with diluted nitric
acid, a yellow hydrate or brown anhydrous powder of the
oxide is produced, depending upon the degree of dilution of
the acid. The oxide is decomposed by sunlight, and, when
subjected to a temperature of about 245° C., it is dissociated
into metallic gold and oxygen gas. Auric oxide is dissolved
by hydrochloric acid, forming the trichloride; and is also dis-
solved without decomposition by nitric and sulphuric acids.
The hydrated oxide forms soluble compounds with alkalies,
called aurates, and, with the alkaline earths, insoluble aurates.

Chlorides of Gold.—The chlorides of gold are the most
important compounds of the metal. It is in the form of
chloride that gold is extracted from many of its ores by what
is known as the cilorination process. There are two chlorides
of gold—the aurous chloride (AuCl) and the awric chloride
(AuCl).

The aurous chloride is produced by heating auric chloride to
about 175° C. ; chlorine is expelled, and a pale yellow powder
of AuCl is left, and if the temperature be increased beyond
200° C., the whole of the chlorine is given off and metallic
gold left. It is decomposed by sunlight, and, when deposited
with a solution of potassic hydrate, it yields hydrated aurous
oxide and potassic chloride.

Auric chloride, or perchloride of gold, is produced by
dissolving gold in aqua regia (1 of nitric acid to 2 of hydro-
chloric acid) and evaporating to dryness at a temperature
below 120° C. ; otherwise it decomposes. The AuCl, remains
as a red deliquescent mass, containing more or less of the
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protochloride (AuCl). It is freely soluble in water, alcohol,
and ether. It is decomposed by light, and at 288° C. it melts
and decomposes into gold and chlorine gas. Many proto-
salts, such as ferrous sulphate, decompose the chloride and
precipitate fine metallic gold. Organic matter and metals
act in like manner. If a solution of AuCl, be filtered through
charcoal, it is decomposed, and the gold remains in the
charcoal, which can be obtained when the latter is burnt off.
This method is often adopted in the chlorination process of
gold extraction. A current of sulphurous acid gas completely
decomposes a solution of AuCl,, precipitating the gold as a
fine brown powder. Alkaline chlorides form double salts
with the compound, as 2(KCl,AuCl)sH,O. It also forms
double salts with the chlorides of most of the organic bases.

Bromides of Gold.—There being now a bromide process
in vogue for gold extraction, these compounds are of im-
portance. There are two bromides of gold—the profobromide -
(AuBr) and the #ibromide (AuBry). The protobromide is a
yellowish-green powder, and is produced by heating the tri-
bromide to 140° C. It is decomposed by water into metallic
gold and the tribromide. Heat resolves it into gold and
bromine, which is eliminated as vapour. The tribromide is
produced by the action of bromine and water on gold at a
gentle heat. Its properties are similar to those of the tri-
chloride. It is a crystalline salt, deliquescent and soluble in
water, forming a highly coloured solution of a brownish red
colour. The salt is decomposed in a similar manner to the
trichloride.

Cyanides of Gold.—What is known as the cyanide
process of gold extraction has made the cyanides of gold and
their double combinations objects of much interest. There
are two cyanides of gold—the awrous (AuCy) and the awric
(AuCy,): the latter has not yet been isolated in a free state,
but is known to exist in combination with other cyanides. The
aurous cyanide is produced by heating the double cyanide of
gold and potassium (KAuCy,) with nitric or hydrochloric acid.
It is a lemon-yellow crystalline powder, unacted upon by the
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atmosphere, and is insoluble in water, but soluble in ammonia,
alkaline cyanides, and sodic hyposulphite. It is dissolved by
aqua regia, but not by the single acids. On heating with
potassic hydrate, it is decomposed, metallic gold being pre-
cipitated as a fine powder. Heating decomposes it, with the
production of cyanogen gas and metallic gold.

The most important double combination of auric cyanide
is the aurocyanide of potassium, which can be prepared by
dissolving fine gold and auric oxide or aurous cyanide in an
aqueous solution of potassic cyanide, from which it may be
obtained by crystallization. This compound is slightly soluble
in water, and articles of copper and silver suspended in the hot
solution are gilded. TUnless potassic cyanide be in excess,
a precipitate of gold is obtained when zinc or the alkali metals
are added to the solution.

Purple of Cassius.—This purple compound, discovered
by Cassius in 1683, is prepared by adding a dilute solution of
a mixture of stannous and stannic chloride to a dilute solution
of chloride of gold. It is also formed by digesting metallic
tin in a neutral solution of chloride of gold, metallic gold and
purple of Cassius being formed. It is this compound which
gives the beautiful red colour to Bohemian glass. Purple of
Cassius, when mixed with borax or fusible glass, gives to the
surface of china a beautiful rose or purple colour.

Fulminate of Gold.—This violently explosive com-
pound of oxide, of gold and ammonia (Au,O4(NH,),) is pre-
pared by adding ammonium hydrate to a solution of chloride
of gold, when the grey precipitate of the fulminate is produced.
It explodes on being struck or by being heated to 145° C. It
is soluble in potassic cyanide, but is insoluble in water.
It is decomposed by protochloride of tin and sulphuretted
hydrogen.

There are many other less important compounds of gold,
such as the silicates, hyposulphides, sulphides, etc., for par-
ticulars of which the reader is referred to the larger chemical
treatises.

Preparation of Pure Gold.—Pure gold—or “fine”

c
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gold, as it is known in the bullion and money markets—which
is required as a standard in the assay of bullion, is prepared
in the Royal Mint for the testing of the British gold coinage
as follows:* Gold cornets, obtained by the usual gold assays,
are dissolved in nitro-hydrochloric acid (aqua regia) ; the excess
of acid is evaporated off by gentle heat, and a mixture of
alcohol and potassium chloride added to precipitate any trace
of the metal platinum that may be present. The whole is now
diluted with distilled water in the proportion of about L oz. of
gold to 1 gallon of water; the solution is stirred, and allowed
to stand for 3 weeks. At the end of this time all traces of
silver present will have subsided as a precipitate of insoluble
chloride (AgCl). The clear yellow solution of gold chloride
is then carefully syphoned off into a glass vessel. Crystals of
pure oxalic acid are now added from time to time, and the
liquid warmed and allowed to stand for 2 or 3 days, at the end
of which time the whole of the gold will be precipitated in the
form of spongy scales. The gold precipitate is then washed
by decantation repeatedly with hydrochloric acid, pure water,
and ammonia alternately, and finally with distilled water, until
no reaction is obtained for silver or chlorine. The now pure
gold is carefully drained and dried and melted in a clay crucible
with bisulphate of potash and borax, and poured into a stone
mould. On removal of slag on cooling, and treating with hot
distilled water, pure cast gold is obtained.

Chemical Tests for Gold.—Many auriferous minerals,
such as iron, copper, and arsenical pyrites and tellurides,
contain gold in such a finely divided condition disseminated
throughout the mass, that it cannot be detected by the eye or
by “panning.” Chemists and assayers, however, are armed
with very delicate tests for gold in minerals of this kind, so that
when the precious metal has been rendered soluble, a quantity
so minute as one part of gold in 100,000 parts of solution can
be detected with certainty.

The two principal reagents used in testing for gold are
protosulphate of iron, or green vitriol (FeSO,) and bichloride

* Vide Fourth Annual Report of the Mint (1873).
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of tin, or stannous chloride (SnCl,). If the substance under
examination be a mineral, it is first ground to fine powder in
an iron mortar ; if an alloy, filings or turnings are obtained. In
either case, the substance is heated with nitro-hydrochloric
acid until all that is soluble is dissolved. After evaporating
off excess of acid, the mmass is diluted with water, and any
insoluble matter, such as quartz, ete., filtered off. If any gold
is present, it is now in solution as gold chloride (AuCl;). The
liquid is then divided into two portions. To one portion is
added a solution of protosulphate of iron in excess. If gold
is present, an immediate precipitate of the metal is obtained as
a dark-brown powder ; but if present in minute quantities, only
a brownish coloration is produced which, after standing for
some time, is precipitated, the reaction being 2AuCl, +
6FeSO, = 2Au + 2Fe)(SO;); + Fe,Cl,.

To the second portion a dilute solution of tin bichloride
(SnCl,), containing a small quantity of tin tetrachloride, or
stannic chloride (SnCl,), is added. If gold is present, a beauti-
ful purple precipitate is produced, purple of Cassius; if present
only in minute quantities, a purple solution is the result. Any
brown precipitate obtained by FeSO, in the first portion of the
original solution can be filtered off, dissolved in aqua regia,
and the gold present confirmed by adding the chloride of tin
to the liquid, when the purple precipitate or solution will be
obtained.

Another delicate test for gold, which will detect the metal
if present only to the extent of a few grains to the ton of
mineral, consists in treating 100 grams of the finely divided
and roasted ore with 100 c.c. of an alcoholic solution of iodine,
and allowing it to stand for an hour, with occasional stirring.
On allowing it to settle, a piece of Swedish filter paper is
soaked with the clear solution. This is then dried and ignited.
If gold is present, the remaining ash will be coloured purple,
and this can be confirmed by treating the ash with bromine
water, and, on adding some tin chloride solution, the purple
of Cassius is obtained.
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CONSEQUENT upon the very uneven and sparse distribution
of gold in the “veins” and “placers,” the obtaining of an
average sample is attended with some difficulty ; but in ascer-
taining the intrinsic value of auriferous ores, it is very necessary
that great care should be exercised in obtaining an average
sample, and none but experienced and competent persons
should be entrusted in obtaining it, many thousands of pounds
bhaving been wasted by capitalists through fraudulent and
incompetent sampling, it being so easy to pick out lumps of
ore from a mass that will contain an amount of gold far
exceeding that which would be obtained in actual extraction
on a commercial scale,

The assayer may be called upon to ascertain the amount of
gold contained in a “lode” or “reef” at various depths from
the surface, and he must use his judgment as to the certainty
of obtaining a sample that will give an average of the amount
of gold contained in the ore at the various depths.

Of a given weight of crushed ore, it is generally assumed
that 5 per cent. (35) of the mass taken at regular intervals,
and of equal weight, will give an average representation of the
amount of gold contained in the whole bulk. The amount of
work attending the accurate sampling of a mass of ore will
depend upon its amount, hardness, and whether it is in lumps
or in powder, since it is necessary that the actual average
sample taken for assay should be finely divided.

Suppose we have a parcel of lump-gold ore, which we will
call A. Out of every twentieth scoop-, spade-, bag-, barrow-, or
truck-load of ore, according to the amount thereof, we extract
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one such load, and make a second heap of ore—call this B—
which will now contain one-twentieth of the bulk of A. We
now crush B until it contains twenty times as many stones or
particles as A, then mix and abstract one-twentieth as before,
making a third heap, C. This is again reduced in fineness

by grinding as before, and the process continued until a degree
of fineness, by sieving, is obtained that will fit the sample for

F1G. 1.—BrauN ORE-sAMPLE CRUSHER AND PULVERIZER.

assaying. The general reduction of the original parcel to the
small average sample may be illustrated thus :—

A =1000 tons of rock and lumpy ore.

= 50 ,» rough stones, one-twentieth of A.
C = 2°5 ,, small stones, one-twentieth of B.
D= o125 ,, coarse powder, one-twentieth of C.
etc., etc.

Crushing and grinding the Sample.—There are
various forms of pulverizing implements for obtaining an
average sample for testing and assaying. At gold-mines, where
thousands of tons of ore are crushed monthly, the stamp battery
and heavy ball and roll mills are in vogue; but we shall de-
scribe here only those appliances generally in use by assayers.

The following is a description of the Braun ore-sample
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crusher, which reduces the lump ore to rough powder, and
which may be operated by either hand or power :—

The important and novel feature of this machine is a com-
bination of a jaw and a roll pulverizer working together. The
part called the stationary jaw in other types of rock-crushers
is in the Braun crusher and pulverizer composed of an upper
stationary jaw, A (Fig. 2), against which the heavy breaking
takes place, and a lower part, B, which is a roll revolving
toward the discharge outlet only (backward rotation being
prevented by means of roller stops or chokes, C).

The lower portion of the vibratory jaw D is shaped to

F1G. 2.~-BrRAUN ORE-SAMPLE CRUSHER, IN SECTION.

describe, when in operation, a segment of a circle from the
axial point E, as indicated by the dotted lines in Fig. 2. Thus
the discharge outlet is always the same size, and permits the
operator to regulate the maximum size of the crushed product.
The size of the discharge outlet can be changed in a moment
by means of a simple screw adjustment.

A glance at the illustration (Fig. 2) will show that a down-
ward motion is imparted to the material being crushed by the
forward or closing movement of the vibratory jaw, D, and that
this motion is compelled and continued by the one-way motion
of the roll, which is towards the discharge outlet.
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quantities of ore to powder of requisite fineness, usually of a
degree that will pass through a sieve containing sixty to eighty
meshes to the lineal inch, iron mortars and pestles, of the forms
shown in Fig. 4, are much used; and for grinding very
small quantities of ore to an impalpable powder, the agate
mortar and pestle shown in Fig, 5 is used.

FiG. 4.—IroN MORTARS AND PESTLES.

A new form of mortar, which is not so laborious to use as
the foregoing, is Calkins’ gyratory mortar (Iig. 6).

This gyratory mortar is designed to pulverize small ore
samples to any desired degree of fineness, such samples
having previously been crushed in a rock-breaker or ore-
crusher.

It consists of an iron mortar having an opening or dis-
charge outlet in the bottom, and a round iron ball or pestle,
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the contour of which conforms exactly to the entire bottom of
the mortar. About one-sixth (1) of the area of the ball comes
in actual contact with the bottom of the mortar when no
substance intervenes; this construction gives the maximum
amount of grinding surface.

Fic. 5. — AGATE
MORTAR AND
PESTLE.

FiG. 6.—CALKINS’ GYRATORY MORTAR.

The machine is operated by turning a handle, which is
supported by a bale or arch over the mortar. A right-angled
clutch extension attached to the shaft of the handle imparts
a gyratory and rotary motion to the ball. The right-angled
extension of the rotary shaft clutches a box fitted to the shaft
in the ball, which forces a gyratory motion, yet allows the
metal being crushed to produce, by attrition, a revolution of the
ball in an opposite direction to the way it is being gyrated.
This peculiar motion effects a twisting, crushing and grinding,
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and prevents the material being pulverized from being thrown
ahead of the ball by centritugal force. This is the most
important feature of the appliance. A disruptive movement
is obtained, and the material forced to discharge through the
opening in the bottom.

Verfical Section
Showmgﬁxhdrge
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F16. 7.—CALKINS’ GYRATORY MORTAR, IN SECTION AND DETAIL.
7 3

Tight engagement between the ball and the mortar is
obtained by a coil spring around the shaft, which at its lower
end presses against the ball, and at its upper end against the
box on the shaft of the ball.

The pestle being a true sphere, and the lower portion of the
mortar which comes in contact with it being an arc of a true
circle, the parts wear to place, and never become ineffective
by use.

The bale or arch is hinged at one side and secured by a
thumb-screw at the opposite side, which permits the entire
inside to be easily accessible for cleaning by swinging the bale
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over as shown in Fig. 7, which allows the ball to be readily
lifted out.

Bucking-plate and Hammer.—A desirable form of
pulverizer in use is the bucking-plate and hammer shown in
Fig. 8. It consists of a smooth iron plate about 2 feet square,
surrounded' with a rim about 1 inch high around three sides,
and a hammer having a smooth curved surface weighing about
8 1bs., and a handle 30 inches long.

Fic. 8.—BUCKING-PLATE AND HAMMER.

The ore, in coarse grains, is spread over the surface of the
plate, and the hammer manipulated upon it with both hands,
one holding the handle and the other pressing the head down-
wards, and rubbed with an oscillatory movement of the handle
until the ore is reduced to the desired state of fineness. An
improved form of the implement is Calkins’ radial bucking-
plate, shown in the woodcuts (Figs. 9 and 10).

Calking Combined Radial Bucking-plate and
Hammer.—This machine will quickly reduce crushed ore
samples to a pulp of any desired fineness with the expenditure
of but a fraction of the energy and time required for the same
work on the old-style bucking-plate.
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It consists of a circular plate, to the sides of which is
journaled an axle carrying the shoe or muller. The tight
engagement between shoe and plate is effected by two spiral
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Fi6. g.—CaLkins’ CoMBINED RADIAL BUCKING-PLATE AND HAMMER.

springs, which admit of a much lighter shoe than would other-
wise be required, and at the same time gives a more lively
action to the shoe.

—

7 Verfical Seclion Showin
/)] melerial aulomalically refeeding

Fig. 10.—CaLkins’ CoMBINED RADIAL BUCKING-PLATE AND HAMMER, 1N SECTION.
Heavier or lighter engagement between shoe and plate may

be had by compressing or relaxing the spiral springs. The
shoe is actuated by means of a handle connected to its shaft.
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The grinding surfaces of the shoe and plate conform in shape
exactly to each other.

Both ends of the plate depart somewhat tangentially from
the true radial line of the grinding surface; this prevents the
sample from being thrown out of the plate accidentally while
in operation. One end of the plate does not so radically depart
from the radial line as the other, and at this point it is provided
with a metal screen of any desired mesh, so that, in operating,
such of the material being crushed as may be fine enough will
be thrown against and will fall through into a receptacle.

From time to time the muller may be swung clear of the
plate, and the material in the plate may be brushed against the
screen, thus liberating the product that is ground to the requisite
fineness.

Both ends of the shoe terminate in a sharp edge, which as
it works gathers up the coarse particles of the ore, and as the
shoe approaches the extremity of the plate, these particles roll
or slide over the top surface of the muller and enter a cross-wise
aperture on the centre of the shoe, and are thus automatically
replaced between the grinding surface of the plate and muller,
as shown in sectional drawing in Fig. 10.

The importance of this construction of the shoe will be
readily apparent, as by gathering up the coarser particles it
prevents them from being surrounded and protected by the
finer particles, which would be the case were not the coarser
particles scraped up and replaced between the grinding surface
of shoe and muller at each stroke.

The screen is held in place by a thumb-screw, which
permits of ready removal, in case it is necessary to clean or to
insert screen.

This plate never becomes ineffective through wear, as the
grinding surfaces wear to each other.

Length . ° ° o o 5 o . 18 inches
Width : 5 5 o : ’s
Net weight . o 5 o o 75 Ibs.
Weight, packed for shipment . o g . 100 ,,

Quartering.—An important operation in the reduction of
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the amount of powdered ore is quartering. The whole of the
mixed ore is heaped up into a cone, and then by means of a
wooden stirrer is stirred circuitously, gradually from the centre
until it becomes flattened out into a low frustum of a cone.
Two diameters at right angles to each other are now lined out
on the surface with a straight-edge, any two alternate quarters
are mixed together and reserved, and the others rejected.
This process, with or without further grinding, as may be
required, may be repeated with the reserved portion until the
requisite quantity is obtained for assay.

An ingenious apparatus on the cone principle is the labora-
tory divider of Mr. Clarkson, illustrated in Fig. 11, which will

FiG. 11.—CLARKSON’S LABORATORY DIVIDER.

divide up a sample into six equal and exactly similar portions
in less than the same number of seconds, ensuring agreements
in the assay from any of the portions.

Preparing the Powdered Sample for Assay.—It is
essential that the w/ole of the average sample obtained by
whatever mode of pulverizing is adopted should pass through
a 6o- to 8o-mesh sieve. Should there be any particles of
metallic gold that could not pass through, owing to their
malleability, these must be cupelled separately, and their value
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calculated per ton of ore on the quantity they were sifted from,
independently of the result obtained by the true assay, to
which amount it may be afterwards added. The sieves usually
used are the tin-box sieves, which contain several of various
degrees of mesh (Fig. 12), and the ordinary wooden-frame
sieve, with brass gauze of specific mesh (Fig. 13).

The prepared sample should be stored in labelled tin boxes
or glass bottles ; bags are somewhat objectionable, owing to fine
particles of gold finding their way into the fibre from the ore.

Prior to the subjection of the ore to the various assay
operations, a definite weight should be decided upon to be

FiGs. 12, 13.—SIEVES,

taken, depending upon the approximate amount of gold and
silver found by preliminary assay.

The amount of gold found present in auriferous ores is
expressed in this country and in Australia in terms of ounces,
pennyweights, and grains per English “long ton” of 2240 lbs.
= 32,666 troy ounces; while in America and South Africa the
amount is expressed in terms of ounces, pennyweights, and
grains per ‘“short ton” of 2000 lbs. = 29,166 ozs. troy.
Much inconvenience would be prevented if the French metric
system of weights and measures were universally used. It will
be used for weighing operations throughout this little work,
while tables will be given for conversion into the English and
American terms of expression.

Before weighing out the sample (pulp) for assay, the whole
of it should be spread out on a sheet of glazed paper by means
of a steel spatula (Fig. 14), and by its means small quantities
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are taken up from all over the mass, and conveyed to the left-
hand pan of the pulp balance until the requisite weight—
generally either 25, 50, or 100 grams—is obtained. There are

Fic. 14.—SraTULA,

various types of balances used for this purpose, Figs. 15, 16,
and 17, being convenient forms. They are sensitive to about
T centigram with a load of 500 grams. The weights (Fig. 18)

FiGs. 15, 16, 17.—PuLp BALANCES.

from 500 grams to o'or gram are contained in a wooden box,
being manipulated therefrom by means of a forceps (Fig. 19).

The amount decided upon having been weighed out, the
next operations consist of—






FUSION.

Ix order to effect the solution of gold in the ore with lead,
the ore is mixed with fluxes, the amount and nature of which
depend upon the nature and amount of ore taken. The
operation is carried out in a fire-clay crucible (Fig. 20). The
crucibles made by the Morgan Crucible Company are the best
for the purpose ; they should be of such size that when the ore
and fluxes are introduced they should not be more than two-
thirds full. The materials necessary for mixing with the
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F1G6. 20.—~FI1RE-CLAY CRUCIBLE. FiG. 21.—FIRE-cLAY ROASTING DisH.

powdered ore under assay are powdered borax, carbonate of -
soda, oxide of lead free from silver, flour or carbon, and occa-
sionally nitre. Should the ore under examination be refractory
—that is, contain such elements as sulphur, arsenic, antimony,
tellurium, etc.—the weighed sample should be first carefully
roasted with occasional stirring in a roasting dish (Fig. 21),
this operation being conducted in a muffle furnace (Fig. 36).
Care should be taken to heat the ore gradually, and not
heat it suddenly to a high temperature, otherwise there will be
a loss of gold. With “free milling” or quartz ore free from
iron pyrites or mundic, previous roasting will be unnecessary.
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(Fig. 25), consisting of an iron burner arranged to admit air
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F16. 26.—Assay FURNACE (CHARCOAL).

with the gas before ignition, as in the Bunsen burner; the
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heating chamber is of fire-brick, and an iron chimney creates
the draught, and carries away the products of combustion.

A form of furnace much used in gold-mines is Morgan’s
charcoal furnace (Fig. 26). This consists of fire-brick bound
together with hoop-iron. Its construction will be readily seen
from the sketch. The draught is produced by a chimney 20 to
30 feet high. A small charcoal fire is first kindled, the hot

F1G. 27.—Assay Furnace (OiIL).

crucible and its charge placed in it, and covered around and
over with small lumps of charcoal; the cover having been placed
on, a white heat is soon obtained.

Where gas, charcoal, or coke is not available, Nelson’s
portable oil furnace is useful (Fig. 27).

In this furnace a mixture of oil vapour and air is the source
of heat. The light petroleum is contained in a strong steel
cylinder, supplied with an air-pump, pressure gauge, etc. The
compressed air forces the oil from the cylinder ina fine stream ;
it is mixed with air, and burnt in a specially constructed burner,






CUPELLATION.

THIs operation is carried out in small cup-shaped receptacles
made of compressed bone ash. Fig. 29 shows elevation and
section of one; it will be observed that they have a slight
taper. The cupels produced in the Royal Mint are made in
special steel cupel moulds.

There are two types in use, illustrated by Figs. 30 and 31.
Fig. 30 shows a mould for making single cupels, and Fig. 31
a mould that produces four cupels at one time. They consist
of a plunger C, a guide B, and the mould A. Bone ash which
has been slightly damped with a dilute solution of carbonate
of potash, is placed in the mould A, just a little more than
will completely fill it; the guide B is then placed over it;
the plunger C introduced, which is then subjected to pressure
under a lever press. On dismantling, the bone ash will have
assumed the form shown in Fig. 29. Before use, the cupels
should be very carefully dried and stored in a dry place,
otherwise they are very liable to crack and form fissures
during cupellation, which would render the assay worthless.

A recent American invention is Calkins’ automatic cupel
machine, illustrated in Fig. 32, for which it is claimed that it
will turn out six hundred cupels of perfect shape, uniform in
size and density, in one hour. The machine, as seen in sketch,
consists of a compound lever of ingenious construction, a
plunger or die, and two discs. The top disc contains the
holes in which the cupel is compressed, and the bottom disc
is a plane plate with one hole somewhat larger than in the
disc above. A hopper is attached to the machine, in which
the bone ash properly moistened is placed. A strong wheel
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in the hopper bears on the top disc, and rotates as the machine
is worked, thus preventing the moist bone ash from bridging
in the hopper, and ensures a perfect automatic and uniform
feed. The machine is manufactured by F. W. Braun and Co.,
of Los Angeles, California.

Now, the object of cupellation is to separate the lead which

FiG.29.—CurEL.

Fi¢ 30.—CureL MouLp FiG. 31.~QuaDRUPLE MouLD
(MinT). USED AT Rovar MinT.

has been used to dissolve gold and silver, in the case of gold
ores, and in the case of bullion, to separate the added lead
and the oxidizable metals originally present in the bullion.
Bone ash, at a bright-red heat, owing to its porosity, has the
property of absorbing oxide of lead and other oxides, such as
those of copper, bismuth, zinc, etc., which are soluble in oxide
of lead; while metals which do not oxidize in the atmosphere,
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such as gold, silver, platinum, etc., are not absorbed. This
property, then, is the principle upon which cupellation is based.
The cupel must be large enough to absorb the whole of the
oxidizable metals associated with the precious metals, and the
absorptive power of the cupel depends upon its texture, porosity,
etc. A cupel of average porosity will absorb the fused oxide
produced from about its own weight of lead. In the assay of
bullion, the amount of lead necessary to add will depend upon
the amount of oxidizable metal present; the more the latter,
the more lead is required.
The following table shows the proportion of lead necessary
for the elimination of varying amounts of copper in bullion :—
Lead required for

Gold in alloy. v 1 part alloy.

1000 thousandths . 5 o 5 o 5 . Ipart
900 . o 0 a o o o . 10 parts
800 53 . . 5 . . 3 5 1D | o

700 - 3 . . . 5 . 5 23 5
600 o5 : 3 o c . o . 24

500 % 0 . q 0 0 : . 26 ,,
400, 300, 200, 1CO, 50 thousandths . . . . 34

The actual operation of cupellation is carried on in a fire-
clay muffle (Fig. 33) heated by coke, charcoal, oil, or gas in

IRERt

FiG. 32.—CaLkiINs’ AvtoMaTIic CurEL MACHINE. Fi1G. 33.—FIiRE-CLAY MUFFLE.

furnaces to suit various conditions. The muffle has slits
in the sides and back to admit air, which is essential to
cupellation.

There are numerous forms of furnace in use. The form
used in the Royal Mint is illustrated by Figs. 34 and 35, showing
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front elevation and vertical section. The muftle M rests on
a bed of fire-clay, supported on an iron girder plate, C, resting
upon the fire-bars B. The external portion of the furnace is
made of wrought-iron about { inch thick, the whole being lined
with fire-bricks.

There are five openings to the furnace. The bottom one,
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FiGs. 34, 35.—MUFFLE FurNacE (MINT).

A, is a convenience for clearing the ash-pit; the two side ones,
DD, to remove two fire-bars so as to admit of the fuel being
dropped into the ash-pit when necessary; F is an opening
through which fuel—a mixture of coke and coal is most suit-
able—is charged; E is the snaffle opening into which are
introduced the cupels, crucibles, or scorifiers.
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The chimney is supplied with a damper, and with this, in
conjunction with the various openings, the requisite degree of
draught can be regulated to suit the various degrees of heat
that may be required.

A convenient form of furnace for prospecting and laboratory
work is seen by the illustration (Fig. 36), and can be used for

F1G. 35.—PROSPECTOR'S MUFFLE FURNACE.

muffles up to 8 X 43 x 3 inches, or four Battersea round
crucibles G, three ditto F, or two ditto G, and adapted for
fusing, melting, and cupellation, and constructed of wrought-
iron lined with fire-clay. The sketch shows the furnace for
cupellation. If required for melting or fusing, remove the
muffle C and close aperture with the fire-clay plug D. It is
supplied with a sand-bath, G, most useful for drying cupels,



44 GOLD ASSAYING.

evaporations, etc. Coke, charcoal, or coal is used as fuel,
or mixtures of them. :

Another useful form of portable muffle furnace is seen
illustrated in Fig. 37 for use with coke and charcoal. It is
made in sections of fire-clay bound with iron bands. The
working of the furnace will be readily understood from the
sketch. @ is the socket on which a long iron chimney is fitted ;
o, the opening, provided with a plug, for charging the fuel;

FiG. 37.—MorGan’s MurrLE FURNACE (CHARCOAL).

¢, the muffle ; 4, the door for muffle; ¢, muffle arch; /, door
for stirring fire ; ¢, the door for regulating draught; %, support
for muffle; and 7, iron grating. The chimney is provided with
a damper to regulate draught for desired temperature.

A most convenient and useful form of muffle furnace is
shown in section sketch (Fig. 38), for use where gas is avail-
able. All the inconveniences of coke and charcoal furnaces
due to attention to stirring, to ash, clinkers, dust, etc., are here
avoided, and an even temperature can be maintained for any
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length of time by regulating gas and air supply, without further
trouble. The furnace is constructed of fireclay bound with
iron bands, and adapted for various-sized muffles, It rests on
a large draught Bunsen burner, and is provided with an iron
chimney.

Another form of muffle furnace is Nelson’s, in which ben-
zoline oil is used as fuel. Its construction will be understood
from the illustration seen in Fig. 39.

It consists of the muffle furnace A, constructed of sheet-
iron lined with fireclay ; an oil reservoir, B, provided with air-
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Fi1G. 38.—FLETCHER'S MUFFLE FURNACE (Gas).

pump, valves, and gauge, connected with the vaporizer; and
burner, D, at which the mixture of oil-vapour and air burns,
and the flame, entering the back of the furnace, surrounds the
muffle. This furnace will be found useful in localities where
coal, coke, or charcoal is unavailable.

A compact and portable necessary apparatus for prospectors,
etc., is illustrated in Fig. 40, and is neatly packed for transport
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F16. 39.—NELson’s MurrFLE FurNace (O1L).

purposes. It is supplied by Messrs. Fletcher, Russell, and Co.,
Limited, of Warrington, and comprises—

No. 4 muffle furnace,

No. 3 crucible furnace, } modified for oil.

Four spare muffles,

Two spare crucibles.

One spare burner coil.

Bow and plain tongs.

Oil storage tank.
Size of case, 29 X 27 X 19 ins.
Weight, packed, 146 1bs.
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Having now described cupels and cupellation, and the
furnaces necessary for carrying out the process, we will proceed

“ to describe the methods of extraction of gold from the lead
button obtained as described on p. 38. \
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F1G. 40.—PROSPECTOR'S SET OF APPARATUS.
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Cupellation of the Lead Button.—The muffle furnace
having been charged with fuel, and the fire started, the cupels
are introduced into the mufile by means of cupel tongs (Fig.
41), the bottom of the muffle being previously covered with
a thin layer of bone ash. The muffle having been raised to
an orange-red heat, the lead button is conveyed to the cupel
with the tongs. Should the muffle be already raised to the
desired temperature prior to the introduction of the cupels,
then the latter should be gradually pushed into the muffle from
its mouth, since sudden heating would be liable to cause cracks.
The button immediately melts, and assumes a convex form,
resembling a globule of oil. The lead is rapidly oxidized
supetficially ; the molten oxide, in which is dissolved any other
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FiG. 41.—~CupEL ToNGs.

oxidizable metals, is rapidly absorbed by the cupel—some,
however, escaping from the muffle in the form of fumes—and
the button gradually diminishes in size, until but a small bead
or bullion containing the gold remains. When it is seen that
the button no longer diminishes in size, the cupel is gradually
drawn to the mouth of the muffle. It must not be suddenly
taken out to the cool air, otherwise there may be loss from
spurting due to sudden liberation of gases, mainly atmo-
spheric oxygen.

Immediately before the button sets it emits a flash of light
called fulguration or coruscation, and bright iridescent bands
play on its surface ; this phenomenon, indicating the termina-
tion of the process, will always be remembered when once
observed. After the cupel has been taken out of the muffle
and allowed to cool, the button, which should have a clean
convex surface, is detached by means of the end of a penknife,
brushed, and conveyed to the left-hand pan of the assay
balance with a forceps, for weighing.
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Weighing the Button.—This important operation is
performed by means of the assay balance. There are numerous
types of this delicate instrument in use. A description of the
one illustrated in Fig. 42 will suffice to explain the principle
upon which they are constructed and manipulated. The
weights are made of platinum and aluminium, the set con-
taining from 1 gram (= 1000 milligrams) to 1 milligram, with

FIG. 42.—OERTLING’S Assay BALANCE. (Beam 6 inches long.}

milligram riders for manipulation on graduated scales on the
arms of the beam AA. The balance can thus be made to
indicate % milligram in weight. The weights are contained
in compartments in a small box (Fig. 43), so as to keep them
from getting astray and from dust. They are conveyed to and
from the balance by means of the forceps (Fig. 19, p. 33).

The mechanism of the balance is fixed in a glass case with
sliding door, so as to keep away dust and also air-currents
during weighing. The graduated beam AA, which is 6 inches

E
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long, is made of brass, and when oscillating the central steel
knife-edge is supported on an agate plane. The stirrups C, C,
made of German silver, are suspended from the ends of the
arms by means of hooks. The pans D, D, resting on the stirrups,
are made of silver; the pan supports E, E have a screw adjust-
ment; the agate support for the beam at H is manipulated
by the milled head F, which is connected with an eccentric
at foot of pillar B. When at rest, the central steel knife-edge

F1G. 43.—Assay WEIGHTS.

of the beam is raised just clear of the agate plane at H by the
supports at top of the pillar.  On turning F to the left, a rod
running through B and carrying the agate plane is raised,
bringing the agate plane into contact with the steel knife-edge,
thus setting the balance in action.

It will be observed that there are pointers protruding from
the ends of the beam ; these oscillate immediately in front of
the divisions engraved on the ivory plates «,x, and indicate
when the balance is in equilibrium, and also the correct
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welght obtained. The final adjustment of the necessary
weight is obtained by manipulating a ‘“rider "—these are seen
in the centre of the weight-box (Fig. 43)—suspended at y,
by means of the sliding-rods J, J, to the correct part of the
graduated beam AA, each division of which represents
milligram.

It is necessary that the balance should be perfectly level,
and for this purpose it is provided with spirit-levels, G, G, the
levelling being adjusted by the levelling-screws T, T. In order
to keep the atmosphere inside the balance dry, to minimize

Fi1G. 44.—PORTABLE As5aY BALANCE FOR PROSPECTORS.

rusting, hygroscopic substances—such as calcium chloride,
recently burnt quicklime, or anhydrous sulphuric acid—should
be kept inside in a shallow dish or beaker.

The button having been deposited in the left-hand pan,
weights should be placed in the right-hand pan until short of
about 5 milligrams. The case is then closed, and the rider
moved on the beam until it is placed on a point that allows
the beam to oscillate the same number of divisions above and






PARTING.

THE button of gold obtained from ores by the methods de-
scribed almost invariably contains some silver, and it therefore
becomes necessary to separate this from the gold in order to
get an accurate result. To separate silver from gold, advantage
is taken of the fact that silver is soluble in nitric acid, forming
nitrate of silver, while gold is insoluble. It is necessary, how-
ever, that the silver should be present to the extent of at least
two and a half times the proportion of gold present; if not,
the silver is only partly dissolved, as a consequence of the
excess gold cloaking as it were the action of the acid on the
silver. By having the latter in excess, the solvent action of
the acid upon it converts the metal into a porous mass, and
thus the large surface exposed allows of the complete extraction
of the silver.

To the weighed button is added two and a half times its
weight of chips of silver-foil or wire, and the whole is wrapped
up in a piece of lead-foil free from silver, weighing about 1}
gram, and this is conveyed by tongs to a red-hot cupel in a
muffle, and subjected to cupellation in the manner described
on p. 39. The resulting button of gold and silver is now
placed on a polished steel block or anvil (Fig. 4s5), and
flattened into a thin disc by carefully tapping with the flat
surface of a metallurgical hammer (Fig. 46).

The flattened metal is now conveyed with the forceps to a
porcelain crucible (Fig. 47). 10 c.c. of nitric acid (2 of strong
acid to 1 of water) are poured upon it, and a watch-glass placed
over the top. The whole is now transferred to a sand-bath or
hot plate, and heated to boiling. It will be seen that the acid
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rapidly attacks the silver, which in the course of 1o minutes
will have all gone into solution, leaving pure gold as a spongy
mass in the original form of the disc if the silver was under
three parts to one part of gold present; but if more than three
parts of silver be present, then the gold will have fallen to
powder, and settled on the bottom of the crucible as such. The

F16. 45.—STEEL ANVIL. F16. 46.—METALLURGICAL HAMMER.

crucible is now filled with distilled water by aid of a wash-
bottle (Fig. 48), and the contents stirred with a glass rod ;
the gold rapidly settles at the bottom. The clear solution is
now decanted from the sediment very carefully, and the crucible
again filled with distilled water, stirred and decanted as before,
until the washings show no turbidity, when a few drops of

F1G. 47.—PORCELAIN CRUCIBLE. F1G. 48.—WASH-BOTTLE.

hydrochloric acid or solution of salt are added to it, showing
that all nitrate of silver has been washed out of the gold.
Generally four or five washings are sufficient.

The final washing and draining having been accomplished,
the crucible and contents are very carefully dried in a water
oven, and finally brought to a dull-red heat over a spirit-lamp.






SCORIFICATION,.

Assay of Concentrates, Sulphides, Arsenides, and
Tellurides, by Scorification.—This method is in vogue for
the assay of rich refractory ores without previous roasting, the
principle of which is to convert the silica and other constituents
of the ore into scoria or slag, brought about by oxidation of
metallic lead by the atmosphere, instead of using oxide of lead
as in the ordinary assay. The excess of lead used contains all
the gold and silver contained in the ore, while any sulphur,
tellurium, arsenic, are oxidized partly by the oxide of lead
produced, and partly by direct oxidation in the atmosphere.

A e ten aATS

F1G. 49.—SCORIFIER. F16. 50.—ScoriryING ToNGs.

The process is carried on at a bright-red heat in a muffle
in a scorifer (Fig. 49). This is a cup-shaped receptacle made
of compact refractory fire-clay to withstand the corrosive action
of the molten lead oxide; it is manipulated to and from the
muffle by means of the scorifying tongs (Fig. 50).

The process is carried out as follows: 4 grams of the powdered
ore are first intimately mixed with three to five times its weight
of granulated lead free from silver, and about half a gram of
borax. This mixture is run into the scorifier, and covered over
with about 12 grams of granulated lead, and introduced into
the muffle at a bright-red heat. ‘The door of the muffle is
closed for about a quarter of an hour so as to melt the charge,
and then opened so as to let in a current of air through the
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muffle. The lead is now rapidly oxidized, and attacks the
oxidizable metals present—most of the arsenic, sulphur, and
tellurium escaping as oxide fumes—and converts them into a
fluid slag. It is desirable to occasionally introduce about
1 gram of powdered charcoal on to the charge, by which means
a portion of the lead oxide is reduced to the metallic state,
which, in passing as small globules through the mass of molten
scoria, carries with it to the bottom of the scorifier any traces
of gold or silver that may still exist in it. The process is
known to have terminated when a small iron rod, previously
heated to redness, is introduced into the fluid mass, and on
its withdrawal the adhering film of scoria runs off clean,

The scorifier is now taken out of the muffle, and its contents
rapidly poured into an ingot mould (Fig. 28). The button
containing the gold and silver settles in the metallic state in
the bottom of the mould, by reason of its greater gravity, and
the litharge and other metallic oxides settle as a brittle mass
on the top. When cold, the adhering slag is separated from
the lead button by tapping with a hammer, and the latter is
then cupelled as described on p. 39, parted, and weighed, If
the ore be low grade, several weighed portions of the ore can
be subjected to the process, and the several lead buttons
obtained, melted together, further scorified, and finally
cupelled.

Assays of pyritic ores and concentrates can also be made,
without previous roasting, in an ordinary crucible by using
excess of litharge and also nitre ; but it is necessary to know
by preliminary assay what proportion of sulphides, etc., are
present, in order to ascertain the necessary proportion of
fluxes, etc.

The following table shows the charges for ores containing
10, 50, and 8o—go per cent. sulphides '—
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Excess grains. | Decimal equiva-

lent.

i Eighths.
~ |Caratgrains| Per cent.
AAssay o Carats. | | I 0°'017
- n | 1 7 0°'130
_ pound. 1 | 8 | 60 g 1'022
I 32 240 4167
I 24 l 8 1 5760 100°000

It will be seen that the excess grain is the ;%55 part of the
metal taken for assay, the ratio being the same as that of the
grain to 1 1b. troy.

The English standard gold coinage is 22 carats, that is, in
every twenty-four parts of the coin there are twenty-two parts
of gold and two parts of copper, or it contains g1°667 per cent.
of pure gold. The “trade system” of reporting the value of
alloy does not generally give the amount of gold present, but
states the results as being so much better or worse than the
standard, indicated by prefixing the letter B or W, as the assay
demands. Thus, if an assay be returned as B 1 ct. 3 grs.
5 eighths + 35 excess grains, it means that this amount added
to 22 carats gives the actual amount in carats or twenty-four
parts of alloy.

(2) The decimal system as used in France and America, is
far more simple and sensible than the carat system. In it the
amount of gold present is expressed in thousandths, or parts of
gold in 1ooo parts of bullion. Thus in France and America
the standard gold coin is expressed as being goo thousandths
fine, that is,in every 1000 parts there are goo parts of gold and
100 parts of copper, or go per cent. of gold and 10 per cent.
of copper. The English standard, 22 carats, is represented in
the decimal system as being 916°667 thousandths fine,

From the following table results can be calculated from one
system into the other :—
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Preparation and Weighing of Assay Piece.—In the
Mint, when a gold bar is to be assayed, two chips are cut off
with a chisel, one from the top comer and the other from the
bottom corner. These are rolled out into thin strips by means
of the “cornet” rolls. Fig. 51 illustrates the latest design of

FiG. 51.—CoRNET RoLLs.

rolls essential to gold assaying. ‘The top roll will be observed
at A, the bottom one being immediately underneath. They
are revolved by hand by means of the double pair of cogs B, B,
any desired pressure being obtained by manipulating the
screw C. A feed-plate that is tangent to the contact point of
both rolls obviates the difficulty of inserting a small piece of
bullion between the rolls—a common source of trouble in
ordinary rolls. The button to be rolled is placed on the feed-
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plate, and may be easily pushed with a pair of pincers between
the rolls. Opposite the feed-plate, where the metallic strip
emerges, there is another plate that closely wipes the bottom
roll, and conducts it away from the rolls. This prevents the
strip from dropping on to the floor or becoming lost.

The two chips are rolled into thin plates, and cut up into
very small pieces by means of shears (Fig. 52), and then
mixed. 1 gram of this—if the metal is very base bullion—is
now accurately weighed, or, if nearly pure gold, o'5 gram is
weighed for assay.

In many assay offices, about 1 dwt. of drillings are bored
out of the top and bottom of the bar and mixed, any bits of
steel that may have been rubbed off the drill being extracted
by means of a magnet.

FiG. 52.—SHEARS.

As it is necessary to add silver to about two and a half
times the weight of gold present, it is essential to know about
how much already exists in the bullion. An experienced
assayer can approximately tell, by the colour, the amount
present—the lighter the colour, the more the silver. Copper
gives a more or less coppery colour to the bar. Frequent
handling and assaying of bullion of various values soon gives
one a rough idea of its approximate value, by observation of
colour, hardness, etc.

To ascertain approximately the amount of silver, and also of
the oxidizable metals present, such as copper, lead, etc., weigh
1 gram of the clippings or drillings of the bullion, and wrap up
in 30 grams of lead-foil, and cupel and weigh the button of
gold and silver ; the difference in weight from the gram taken
will equal the amount of copper, etc., present. Now wrap this
button, together with 3 grams of silver, in 30 grams of sheet
lead and cupel. The button thus obtained is hammered into a
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disc, and the silver dissolved out by nitric acid in a porcelain
crucible. As there is in this case an excess of silver, the gold
will be left in the form of a brown powder. This is washed
and filtered, and estimated as described on p. 55. The difference
in the weight of gold thus obtained, plus the weight of copper,
etc., found, from the original gram taken, gives the amount of
silver present.

Now, having made an approximate determination of the
gold, silver, and base metals present, the accurate assay can be
proceeded with, o°3 gram, or 1 gram, as the case demands,
of the prepared sample is accurately weighed on the assay
balance, and mixed with silver to two and a half times the

Fi1G. 53.—GoLp BuTtToNs AND CORNETS.

weight of gold contained in it, as found by preliminary assay.
The two metals are then wrapped up in 30 grams of lead-foil,
and subjected to cupellation as described on p. 39. (It may
here be remarked that, to ensure accuracy, a duplicate assay
should be simultaneously made.) The button of gold and
silver thus obtained is next prepared for treatment with nitric
acid in order to dissolve out the silver ; and for this purpose
the button is rolled into a thin strip, and curled up into a
shape known as a “cornet.” Fig. 53 illustrates the transition
from the button to the cornet.

a is the original button; it is hammered into shape 4, as
described on p. 53; it is then rolled into shape ¢ by means
of the cornet rolls (Fig. 51), and this is coiled into the cornet
d, which still retains its shape as pure gold after the silver has
been eliminated, but diminished in size as seen in e,
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is carefully applied until the acid boils, and it is kept boiling
from 3 to 5 minutes, after which the liquid is drained off
and the cornet washed with distilled water. The cornet is
now boiled for 15 or 20 minutes with about go c.c. of
nitric acid of specific gravity 1-30. To prevent “ bumping,”
consequent from the necessity of the freedom of vapour at the
bottom of the flask, a few pieces of broken porcelain about the
size of peas are introduced. This prevents violent and sudden
ebullition. The acid is now poured off, and washed three or
four times with 20 c.c. of distilled water, to free the cornets
from nitrate of silver. After the last washing has taken place,
judged as described on p. 54, a porcelain crucible is placed
upside down on the tube, and, both held tight, it is then in-
verted ; the liquid flows away, and the cornet and pieces of
porcelain are retained in the crucible. The latter are taken out
by means of forceps, and the cornet of the now pure gold is
dried in the crucible, first in a water-bath, and then heated
over a spiritlamp (vide p. 54) and weighed, the calculation
of the weight into carats or thousandths being determined by
reference to the table on p. 61.

Now, while the weight of the pure gold in bullion thus
ascertained will be sufficiently accurate for ordinary purposes,
in cases where thousands of ounces of bullion are to be accurately
assayed, the determination of the absolute amount of gold present
will be obvious. There are certain errors that may take place,
which may be plus or minus the result obtained, depending
upon a variety of circumstances, including amounts of oxidizable
metals present, temperature of cupellation, etc.; and although
this amount may not vary more than o'z to o'5 in I000,
this can be accurately determined by subjecting two or three
check assays upon pure gold—prepared in the manner described
on p. 17—precisely under the circumstances as the sample as
regards the amount taken for assays, amount of silver and lead
used, temperature, etc. The amount found may be plus or
minus the amount originally taken,and this must be added or sub-
tracted from the result of the assays of the samples and those
duplicately conducted at the same time and in a similar manner.
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Determination of Gold by Wet Assay.—Advantage
is taken of the solubility of gold in aqua regia (2 parts of
hydrochloric acid to 1 part nitric acid) as perchloride (AuCly),
and its subsequent precipitation therefrom by reducing agents
in the pure metallic state, as a basis of estimating gold in the wet
way.

The method adopted is as follows : 1 gram of the bullion in
turnings or drillings, or, if a rich ore in fine powder, a quantity
that would contain about o'5 gram gold, is weighed and intro-
duced into a 100 c.c. beaker ; about zo c.c. of strong hydro-
chloric acid is added, and the beaker covered over with a
clock-glass, and placed on a hot-plate or sand-bath. Strong nitric
acid is now gradually added—about 12 c.c. will be found suffi-
cient—and the whole kept near the boiling point until all that is
soluble is dissolved. The cover is now removed and the liquid
evaporated to dryness with 10 c.c. of strong hydrochloric acid.
When cold, 5 c.c. of HCI are added and warmed, and then
so c.c. of distilled water, and the whole heated until all that
is soluble is dissolved. If ore was operated on there would
doubtless be an insoluble residue of siliceous matter, while in
the case of bullion containing only, say, lead and copper, there
would be no residue. Silver would be rendered insoluble as
chloride. . '

Should there be any residue, this is filtered off, and the filtrate
of chloride of gold, etc., received in a porcelain basin of 150 c.c.
capacity ; the residue is washed with hot distilled water till
free from soluble salts, and the solution diluted to 100 c.c.
It now becomes necessary to precipitate the gold. To effect
this a clear solution of ferrous sulphate (FeSO,) is added in
excess, and the whole stirred and allowed to stand in a warm
place for a few hours until the whole of the gold present has
subsided as a fine brown powder. The gold is now filtered
through a Swedish filter paper, and the solution tested to
ensure complete precipitation of gold by the addition of more
FeSO,. The amorphous gold, thoroughly washed from soluble
salts with hot water, is now transferred to a weighed porcelain
crucible with the filter, and dried at the mouth of a hot muffle,
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a microscope with 3-inch objective and B eye-piece is suitable.
The measurements are made with the help of a scale engraved
or photographed on a circular piece of glass, which rests on
the diaphragm of the eye-piece. This scale and the object
upon the stage can be easily brought into focus at the same
time. The button of gold obtained by cupelling is loosened
from the cupel by gently touching it with the moistened point
of a knife; it generally adheres to the knife, and is then trans-
ferred to a glass slide. The slide is placed on the stage of
the microscope, illuminated from below, and the bottom is
brought into focus, and so placed that it apparently coincides
with the scale. The diameters in two or three directions
(avoiding the flattened surface) are then read off: the different
directions got by rotating the eye-piece. The mean diameter
is taken.

The weight of the button is arrived at by comparing with
the mean diameter of a sfandard prill of gold of known weight.
The weights are in the proportion of the cubes of the diameters,
For example, suppose a prill has been obtained which measures
12°5 divisions of the scale, and that a standard prill, weighing
o't mg., measures 11'r divisions. The weight will be calcu-
lated as follows :—

't s 1253 it or s
0'I X 12'5 X 125 X 1275

‘o= IT'r X 11°1 X 111

= 0'143 mg.

The calculations are simplified by the use of a table of
cubes. The standard prills used in the comparison should not
differ much in size from the prills to be determined. They are
prepared by alloying known weights of gold and lead, so as to
get an alloy of known composition, say 1 per cent. gold. Por-
tions of the alloy containing the weight of gold required (say
o1 mg.) are then weighed off and cupelled on small smooth
cupels, made with the finest bone ash. Care must be taken to
remove the cupels as soon as cupellation has finished. Several
standard prills of the same size should be made at the same
time, and their mean diameters calculated. The lead for
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making the gold-lead alloy is prepared from litharge purified
by reducing from it about 10 per cent. of its lead by fusion
“with a suitable proportion of flour; the purified litharge is
powdered, mixed with sufficient flour, and reduced to metal.

In determining the gold contained in small buttons of
silver-gold alloy obtained in assaying (and in which the silver
is almost sure to be in excess of that required for parting),
transfer the button from the cupel to a small, clean, porcelain
crucible ; pour on to it a few drops of dilute nitric acid (50 per
cent. in water), and heat carefully until action has ceased.

If the residual gold is broken up, move the crucible in a
manner that the particles may cohere. Wash three or four
times with distilled water, half filling the crucible each time,
and decanting off against the finger. Dry the crucible in a
warm place, and when dry, take the gold up on a small piece
of pure lead. Half a grain of lead is sufficient, and it is
best to hold it on the point of a blunt penknife, and press it
on the gold in the crucible. The latter generally adheres.
Transfer to a small, smooth cupel, and place in the mufile.
When the cupellation has finished, the button of gold is
measured as already described.

Estimation of Proportion of Gold in Quartz from
the Specific Gravity.—Should it be desired to determine
the amount of gold present in a rich piece of quartz (provided
no other mineral is present in quantity), this can be calculated
with tolerable accuracy from an estimation of the specific
gravity of the sample, consequent upon the great difference in
the specific gravity of gold and silica—19'2 and 2°6 respectively.

A handy machine for this purpose is Walker’s specific
gravity balance (Fig. 53).

The specimen is attached to a piece of horsehair, and sus-
pended on to the graduated arm of the balance, and its weight
first ascertained in air ; it is then weighed in water at 15°5° C.,
as in the sketch. Its weight in water will, of course, be less than
its weight in air, and by dividing the difference into the latter
the specific gravity is obtained.
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free sulphuric acid and other cyanicides, such as sulphates and
basic sulphates of iron, and calculation of the amount of lime
or caustic soda necessary to neutralize these ; the consumption
of cyanide per ton; the percentage of extraction; testing the
strengths of cyanide solutions.

Acidity of Gold Ores.—Should iron pyrites be present
in the ore, they gradually become oxidized in a damp atmo-
sphere, forming free sulphuric acid and sulphate of iron, thus—

FeS, + H;0 + 70 = FeSO, + H,S0,

Other basic sulphates are also formed.

Free sulphuric acid and the sulpbates of iron decompose
potassium cyanide, and unless they should have been washed
out or neutralized with lime or caustic soda prior to leaching
with the cyanide solution, serious co:isequences would accrue
—there would be an undue amount of cyanide used up, and
the extraction would also be low.

Should the ore be acid, stirring it with distilled water,
applying a blue litmus, the latter would be turned red.

Should it be found necessary to determine the amount of
acid present and the amount of caustic soda or lime necessary
to neutralize it prior to cyanidation, the following is a con-
venient method to adopt :—

200 grams of the ore are weighed and transferred to a
beaker, and 200 c.c. of water poured on and well stirred. In
the mean time, 1o grams of commercial caustic soda are
dissolved in water and diluted in a graduated vessel (Fig. 57)
to 1 litre (= 1000 c.c.) and well mixed. A burette (Fig. 59)
graduated in % c.c. is now filled with this solution, and is
gradually run into the beaker containing the ore and water,
stirring until a drop taken out with the stirrer just turns red
litmus paper blue. Each cubic centimetre required corre-
sponds to 5% lb. of the same strength of caustic soda necessary
to neutralize the acid and acid salts contained in 1 ton of the
ore. If the consumption be more than 3 Ibs. per ton, it will
then be found more economic to give the ore a water wash
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prior to running on a weak alkaline wash and the cyanide
solution on the large scale.

Extraction Tests.—First make an accurate assay of a
portion of the powdered sample. Weigh out zoo grams of the
sample—should it be acid, it is previously treated with water
and alkali in the proportion that it is proposed to use on the
large scale—and transfer to the funnel of the apparatus shown
n Fig. 56.

“< - AspEsTos Packine

F1G. 56.—CvaNIDE Assay APPARATUS.

The sketch will be readily understood. The apparatus
consists of a funnel so arranged as to imitate the cyanide process
on a small scale. The tube passes through a cork fitted into
a flask which is connected with a vacuum apparatus. As will
be observed, the funnel is packed with asbestos and sand,
which acts as a filter. 150 c.c. of a 0’5 per cent. solution of
potassium cyanide is poured on the sample in the funnel, and
allowed to stand for a couple of days, after which a slight
vacuum is produced by turning on the water sufficient to allow
the solution to gently trickle into the flask. When the solution
has all drained through, the flask is emptied and the funnel
refitted into it, and the solution again returned and allowed to
gently percolate as before.
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The length of time necessary for complete extraction will
depend upon the nature of the sample and the degree of fine-
ness of the gold ; the more minute the particles of gold, the
sooner its solution takes place. From one to three days should
be sufficient with the above amount of “strong ” solution.

When it is assured that all the soluble gold is dissolved,
the solution is allowed to completely drain into the flask, and
the remaining solution still clinging to the ore is washed out
with water.\' The leached ore is now taken out and dried in
a water oven or on a hot plate, and 100 grams taken and the
gold estimated in it, using double the amount of fluxes given
on p. 35, and the result obtained by the assay table, p. 55,
multiplied by 2, will give its assay value, and, subtracting this
from the original assay, the amount of extraction will thus be
obtained.

Determination of Gold in Solution.—It is sometimes
advisable to estimate the gold that has gone into the solution
direct. In order to effect this, transfer the solution to a large
porcelain dish, and add to it 8o grams of litharge, and carefully
evaporate to dryness. Now add to it 30 grams of borax, 120
grams of carbonate of soda, and ro grams of flour. Thoroughly
mix the whole by means of a flexible steel spatula, and transfer
to an assay crucible, and proceed with the assay as described on
p. 72. As 200 grams were taken, the result obtained by
reference to the assay table on p. 55 should be multiplied by 4.

Another method of determining the gold in solution is to
add an excess of a solution of nitrate of silver. This produces
a curdy precipitate of cyanide of silver and a double cyanide of
gold and silver, which rapidly settles. This is filtered and
dried, and then mixed with litharge and the usual fluxing
materials, and fused in the usual manner. The button of lead
obtained is cupelled, the silver separated from the resulting
bullion with nitric acid, and the gold weighed.

Determination of the Consumption of Potassium
Cyanide.—The method adopted is a simple volumetric one,
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nitrate of silver solution, and this is gradually run into the
cyanide drop by drop, gently shaking, until finally a drop
produces a permanent white turbidity. The volume of silver
solution consumed is now noted. Suppose 2°2 c.c. were
required, and the original solution contained o‘s5 per cent,
KCN, then 2z X o'1 = 0’22 per cent. in solution and o'50 —
o'22 = 028 per cent. KCN consumed.

Testing the Strength of Cyanide Solutions.—
Since the cyanide solutions used in extraction of gold are
used over and over again, it becomes frequently necessary to
ascertain the strength of them in order to know the amount of
additional cyanide necessary to add to make them up to the
required strength. ‘The method adopted is the same as that
used to ascertain the consumption of cyanide, 10 c.c. of the
solution being taken, and titrated with the standard nitrate of
silver solution. Its strength is thus ascertained, and it is then
necessary to calculate how much of a strong solution contained
in the dissolving tank is necessary to add in order to increase
its strength to the required degree. The following formula
may be used :—

= desired strength of stock solution per cent.
B = present strength o 5
C = the strength of dissolving tank solution per cent.

D = the quantity in tons, 1bs., gallons, litres, etc., of stock.

A —
c= i X D = quantity of dissolving tank solution to be added

(in tons, lbs., gallons, litres, etc.).

Example—Supposing the stock solution to consist of 100,000 gallons
of 04 per cent. strength, and it be desired to bring this up to 0'6 per
cent. by adding some I0 per cent. solution, then—

i Rad g' X 100,000 = 2127°65 gallons of the dissolving tank solution.

I

Tank Capacities.—To calculate the cubical contents of
a circular tank, multiply the square of the radius,by 314, and
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the product by the height of the tank. Supposing a tank was
20 feet in diameter and 6 feet high, then—

10% X 3'14 X 6 = 1884 cubic feet
1 cubic foot of water weighs 62°3 lbs., therefore—

117573

2000, = 5878 tons of water

1884 X 62°3 = 117573, and
If it is desired to prepare a o3 per cent. stock solution, then
z 175138683& = 35271 lbs. of cyanide will have to be

dissolved in it.

After treatment it is found that the cyanide percentage has
117573 X 0'16
100
in solution, and to make it again up to o'3 per cent. another

164°61 1bs. of cyanide must be added.

fallen to o'16, which equals = 188°11 lbs. left

Extraction Test for Slimes.—Since slimes that have
been cyanided cannot be treated by the ordinary percolation
method, owing to the difficulty in filtration, unless they are
filtered under pressure, the foregoing methods are modified.
The writer has found that the apparatus shown in Fig. 60 acts
admirably for slimes cyanidation.

It consists of a cylindrical glass jar clamped on to a
mechanical device, whereby it is made to revolve by means of
a water motor or by hand. The jar is charged standing
vertically, the mouth is covered with a sheet of indiarubber,
the clamps are turned up vertically, and the jar tightly screwed
down, after which it may be coupled to the motor horizontally
as seen in the sketch. 200 grams of the slimes are introduced
into the cylinder, together with 200 c.c. of o'2 per cent. solu-
tion of cyanide, and made to revolve about thirty revolutions
per minute for about 12 hours, after which the cylinder is
turned up vertically and allowed to stand for a short time. When
sufficient clear solution appears, 1o c.c. of this are taken, and
the consumption of cyanide determined as described on p. 76.
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The solution is now stirred up with about 20 c.c. of milk of
lime, and allowed to settle for a few hours. The clear solution
is then decanted, the residue, mixed with clean water, stirred,
allowed to settle and decanted as before, this being repeated
three times to ensure complete extraction. The residue may

FiG. 60.—CyANIDE TEST APPARATUS FOR SLIMES.

then be dried and assayed ; and the result deducted from the
amount found in the original sample gives the amount ex-
tracted, which should be calculated centesimally. The gold in
solution may be estimated by the methods described on p. 76.

This apparatus can also be advantageously used for the
rapid cyaniding of sands and for testing the Newberry-Vautin
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chlorination process on small samples of ore. It can also be
ased for amalgamation assay.

Where such apparatus is not available, sands and slimes
can be cyanided in corked bottles, giving them a shake
occasionally.

Chlorination—Synopsis of Process.—The principle
of this process is based on the fact that free gold is dissolved
by a solution of chlorine gas, or compounds that liberate
nascent chlorine, forming chloride of gold, which is soluble.
Thus—

Au + Cl; = AuCl;

All ores containing pyrites, mispickel, tellurides, etc., are
first roasted before being subjected to the process. Quartz
and oxidized ores containing fine gold and no other minerals
can be treated without previous roasting.

The gold is obtained from the filtered chloride by precipita-
tion with sulphate of iron or charcoal, or as an electrolytical
deposit, from which it is smelted and refined by usual methods.
There are numerous chlorination processes in vogue, all of
which have for their object the conversion of the gold into
chloride, and the subsequent reduction of the chloride into
metallic gold. For a full description of these, the reader is
referred to the large manuals on Metallurgy.

Chlorination Assay.—This can be conveniently carried
out by the apparatus seen in Fig. 61, which consists of a
flask, A, for generating chlorine gas ; 4,a wash-bottle containing
water, which serves to wash the gas free from hydrochloric acid.
C is a glass cylinder in which the ore is chlorinated; D is a
cylinder containing rolls of blotting-paper or shavings moistened
with alcohol, which serve to absorb the excess of chlorine
that escapes. The method is conducted as follows: 20 ozs.
of ore, previously roasted free from sulphides, arsenides, etc.,
are weighed. Into the generating flask A place a mixture
of 1 oz. of peroxide of manganese in powder, 4 ozs. of

G
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hydrochloric acid, and 1 oz. of sulphuric acid previously
mixed with 1 oz. of water. Into the glass cylinder C, which
is 8 to 1o inches high and 2% inches wide, is introduced frag-
ments of bottle glass' about the size of hazel nuts, the layer
being a couple of inches high. Over this is placed a thin
layer of coarse clean sand, and then a layer of fine quartz sand.
Over the top of this now place loosely the 20 grams of ore
previously moistened with water. The whole apparatus is now
coupled together with glass tubing, as seen in the sketch. The
cover for the cylinder C is made of indiarubber.

A gentle heat is now applied to the flask A, when the

F1G. 61.—CHLORINATION ASSAY APPARATUS.

greenish gas will pass through the water in B and fill the
cylinder C.

The more coarse the gold, the longer should it remain in
contact with the gas. If roasted pyrites are under treatment,
about 1 hour would suffice, but ores containing coarse gold
should remain in contact from 5 to 10 hours. The apparatus
is uncoupled and water poured into the cylinder C, and the
clear solution containing the chloride of gold allowed to drain
through the orifice & into another cylinder, and after several
washings, to ensure complete extraction of the gold, the solution
is mixed with a few drops of hydrochloric acid, and excess of
a strong solution of sulphate of iron (ferrous sulphate, or
copperas), well stirred with a glass rod, and allowed to stand for
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some hours in a warm place until the gold is completely pre-
cipitated as a dark-brown powder and the solution above
remains perfectly clear. The solution is now carefully decanted
or syphoned from the precipitated gold, and the latter is stirred
and collected on a small filter paper by means of a wash-bottle
and a feather. The filter and its contents are now transferred
to a small porcelain crucible. A gentle heat is first applied, so
as to free from moisture, and then carefully heated in a muffie
until all the filter paper has burnt off. The residue is then
wrapped up in about ten times its weight of sheet lead, and
cupelled on bone ash (vide p. 48), and the button of gold
weighed.

Amalgamation—Synopsis of Process.—By amalga-
mation is meant the combination of mercury or quicksilver
with the gold and silver contained in the ore. There are
various machines in use on a large scale for the purpose, the
principal, however, being the stamp battery. Here the ore is
ground to powder, wet, and the pulp passes over inclined
copper plates amalgamated with mercury, in which the gold
is absorbed, and from which it is recovered by first scraping
off the gold amalgam, squeezing out excess of mercury through
chamois leather. The resulting gold amalgam—which contains
from 30 to 4o per cent. of gold—is retorted, the mercury being
distilled and the gold left in a porous mass, this being eventually
smelted with fluxes in plumbago crucibles and cast into bars.

Other methods of amalgamation consist in grinding the ore
wet in contact with mercury in grinding-pans, of which there is
a great variety.

Amalgamation Assay.—When it is necessary to ascer-
tain the amount of gold that can be extracted by mercury on
a small scale, the writer has found that the apparatus shown in
Fig. 62 is very suitable for the purpose. As will be observed,
it consists of an amalgamator which can be driven by water-
power or by hand. The mortar in which the amalgamation
takes place is made of iron, as is also the grinder, which is
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arranged to revolve. The following is the method of con-
ducting the assay: 1000 grams of the powdered ore, about
1500 c.c. of water made alkaline with caustic soda, and about
100 grams of redistilled mercury, are introduced into the
amalgamator, the grinder of which is made to revolve by
turning on water to the motor. The rate at which the
apparatus revolves can be regulated by the inflow of water.

AMALCAMATOR

Fi1G. 62.—AMALGAMATION ASSAY APPARATUS.

After the apparatus has been running for a couple of hours,
the motor is stopped, and the whole of the contents washed
out into a shallow dish. The whole is stirred, and the pulp
carefully run off, leaving the amalgam behind. Several wash-
ings with water will, of course, be required to free all the ore
from the amalgam. The latter is carefully run into a piece of
chamois leather held in the palm of the hand. The ends of
the leather are held up together so as to form a bag, as it were.
These are screwed around with the right hand, while the left is
used to squeeze out the excess of mercury, leaving a hard
amalgam bebind.. This is transferred to a piece of lead-foil
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TABLE OF VALUES OF GOLD.

Calculated from the standard at £3 17s. 10}d. per ounce.

| !
Carats fine. Value. ‘, Carats fine.

} Value. Carats fine. Value.
|

£ s d | | £ s a | £ s d
I o 3 6} 9 | 11110} || 17 3 0 2
2 o 7 1 1o | 115 4§ | 18 3 3 8%
3 oo 72 | 11 | ri81} || 19 37 3
4 014 2 12 2 2 38 | 20 310 0}
5 o17 8% 13 2 6 o | 21 | 314 4
6 1 1 2% 14 2 9 6} 22 3 17 10%
7 149 | 15 | 2131 23 | 415
8 1 8 3% 16 216 73 24 4 4 11}

All articles manufactured of gold and silver, except watch-
cases, have to be taken to the Assay Office of the district, and if
found of legal quality are stamped thus—

The Hall Mark, showing the district where manufactured, or
the hall where assayed, is, at Birmingham, an anchor ; Chester,
three wheat-sheaves or a dagger; Duwublin, a harp or figure of
Hibernia ; Edinburgh, a thistle, or castle and lion; ZExefer, a
castle with two wings ; Glasgow, a tree, and a salmon with a ring
in its mouth; LONDON, a leopard’s head; Newcastic-on-Tyne,
three castles ; Skefield, a crown ; York, five lions and a cross.

The Standard Mark for gold of 22 carats, and silver of 11 ozs.
2 dwts., is, for England, a lion passant; for Edinburgh, a thistle ;
for Glasgow, a lion rampant ; for Ireland, a harp crowned. Gold
of 18 carats fine, a crown and the figures 18. Silver of the new
standard, figure of Britannia.

The Duty Mark is the head of the sovereign, and indicates that
the duty has been paid.

The Date Mark is a letter of the alphabet placed in a shield.
The letter is changed every year.




























































Tables of Exchange.

AMOUNT OF FOREIGN MONEY THAT SHOULD BE PAID FOR
ENGLISH MONEY.

-

B e
1) enm:
lél%iali,la’ F;:race Icela:é, ’

Congo, Algeria Nether- anc Portu- United
inolish | FreeState,| T g lands and | Danish gal, States,
English | Italy, \?xem Germany.| Dutch West | Azores, | Egypt. |Canada,
money. | Salvador, Roul:rig;ﬁa East Indjes, and and

SSel::l:, Tunis, an d Indies. N(;rrmay, Madeira. Hawaii.

glnczl,r Austria, Sweden.

Uruguay.

25 g

s £ £ i @ 5 & e g s 18 = 5 &
£ s d & 38 & 8 2 & & 8 % & gas 218 S
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o o § O 350 o0 352 o0 42/ o 25/ o 37 900 020 O 10
o o 6/ o 6o o 63 o 51| O 30| O 45 II0| 0O 024 | O 12
oo 7 o 70 o 73] o 59/ o 35 O 52 130 0 028| 0 14
oo 8 o 8 o 8| o 68 o 40| o 6o 150 /0 032| o 16
o o0 9/ o0 90 o0 94/ o 76| o 45/ o 68 1700 036 | o 18
o o10f 1 o0 I o5/ o 8| o 50| O 7% 1go|0 040| O 20
o o1/ 1 10 1 15/ o0 93| O 55/ o 33 2000 044 | o 22
o1 ol 1 20 1 26/ I 02f 0o 60| O QO 220 |0 048 | 0o 24
o 2 ©f 2 50 2 52| 2 o4 I 20| 1 81 450 |0 097 | O 49
o 30 3 7 3 78 3 o6 1 81| 2 72| 680|0 146| 0 73
0 4 O 5 00l 5 o4 4 o8 2 41| 3 62 910 |0 195 | O 97
o 5 o 6 30 6 30| 5 10/ 3 02| 4 53 I,I40|0 243 | I 22
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014 O I7 60| 17 64| 14 28| 8 45| 12 68| 3,190 |0 682 | 3 41
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Rand Gold Outputs.

The London secretary of the Transvaal Chamber of Mines has
obtained the following data from Johannesburg. The gold output
for October, 1903, of the mines which have so far restarted working
on the Witwatersrand, amounted to 275,664 ozs. fine gold, and from
outside districts 8880 ozs. fine gold. Total 284,544 ozs., valued
at £1,208,660, as against 276,197 ozs., valued at 41,173,211, for
September.

The following table shows the total Transvaal gold output in
ounces month by month since 1898 :—

1903, 1902. 1901, 1900. 1899. 1898.
| |

- |

0zs, 0zs, | 0zs. 0zS. 078. 0zs.
January . 199,279 70,304 = 80,785 431,010 336,577
February . 196,513 81,405 — 64,408 425,166 321,238
March . | 217,465 | 104,127 | — 84,546 | 464,036 | 347,643
April .| 227,871 | 119,588 | = — 54772 | 460,349 | * 353,243

May . 234,125 138,602 7,478 | 64,249 466,452 365,016
June - | 238,320 142.780‘ 19,799 = 467,271 | 365,001
July. .| 251,643 | 149,179 | 25,960 = 478,494 | 382,006
August . 271,918 162,750 = 28,225 - 482,109 368,285
September 276,197 170,802 | 31,936 — 426,556 408,502
October . 284,544 181,439 ‘ 33,393 — 26,0904 423,217
November = 187,375 | 39,075 = 65,041 | 413,517
December — 196,023 | 52,897 | @ — 68,525 440,674

Totals i2'397'875 1,704,374 238,743 | 348,760 4,252,813‘4,555.009
§

The decrease in the output of recent years being due to the
South African War and labour difficulties.

Returns from Australian Mints.

The following tables show the amount of gold received, value,
expenditure and revenue, and composition of gold received at the
Mints of Sydney, Melbourne, and Perth in recent years :—
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Summary of the Coinages

Gold. Silver.
Country.
Pieces. Value. Pieces. Value.
X £
United Kingdom * 20,516,250 | 18,537,443 | 26,270,996 | 1,101,085
India ¥ . . — 62,134,555 | 3,423,182
British Colonies and Depen-
dencies? . o —_ — 63,964,391 | 6,452,402
Total (British) 20,516,250 | 18,537,473 | 152,369,942 | 10,976,669
Arabia : -—_ — 58,800 420
Austrla-Hungary 1,579,641 1,173,878 | 10,119,000 | 1,380,778
Belgium — —= - —
Bolivia — — — —
Brazil . — — — —
Bulgaria — — — —
China . No relturns.
Corea . — — 1,411,186 43,235
Denmark — — - -
Ecuador — = 1,518,658 10,187
Egypt . . — — — —
France . 2,403,707 1,954,966 | 11,778,172 475,563
French Colomes ete. 100 48 | 13,903,554 | 1,023,168
Germany . 4,638,044 | 4,388,086 | 21,577,269 | 2,205,279
German Colonles, ete. — — 151,019 10,068
Greece — — — —
Holland — —_ 1,300,000 45,833
Dutch Colomes etc. — — — —-
Ttaly . o o 5,920 4,736 4,632,893 207,287
Japan . 1,450,000 | 1,510,417 3,902,369 104,236
Luxemburg. — — -— -
Mexico § No rejturns.
Morocco —_ - 920,901 71,600
Norway 75,194 69,803 1,066,047 33.867
Persia . — — — —
Peru 96,139 92,346 990,650 6,286
Portugal — — — —
Pudakota — — — —
Russiat Com |plete returns/not received.
Siam — — 5,004,899 212,660
Spain . No re turns. '
Sweden 113,810 126,455 3,194,636 28,157
Switzerland . 600,000 480,000 — —
Turkey 187,343 180,514 | 11,958,711 140,635
Umted States§ 5,428,551 | 12,012,619 | 68,212,454 | 6,274,244
Total (Foreign) 16,578,449 | 22,893,868 i 161,701,248 | 12,274,043
TOTAL . 37,094,699 | 41,431,34% | 314,071,190 | 23,250,712

* Including gold coins struck at the Australian Branch mints.
1 Incluswe of coins struck at Calcutta and Bombay (during the financial year 1901-02),

and at the ‘“ Mint,”

Birmingham.
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Nickel Copper or bronze. Total.
Pieces ! Value. Pieces. Value. Pieces. : Value.
l F l £ £
= | - 45.774.848 | 146,227 92,362,004 | 19,784,785
- ‘ - 83,361,130 71,347 145,495,685 | 3,494,529
|

252,000 | 300 | 22,830,000 43,831 87,046,391 | 6,496,733
252,000 | 500 | 131,965,978 | 261,405 | 325104,170 | 29,776,047
— — — — 58,800 420
— — 62,549,082 36,769 74,247,723 2,591,425
10,327,134 35,506 9,947,778 5,970 20,274,912 41,476
| 10,500,060 190,001 — — 10, 500,060 160,001
27,980,168 742,136 — - 27,980,168 742,136
— — 60,000,000 40,000 60,000,000 40,000
34,003,060 104,177 1,436,200 880 36,850,446 148,292
= — 7,109,914 | 7,230 7,109,914 7,230
= | -— —_ — 1,518,658 10,187
8,000,082 | 10152 | 2,602,773 } 1,017 10,602,855 11,169
- — | 13,450,000 | 32,000 27,631,879 2,162,529
— = 8,550,000 | 14,148 22,453,654 | 1,037,364
27,751,825 94,914 | 13,599,384 | 6,799 67,566,522 | 6,695,078
- _ . — 151,019 10,068
— - 10,000,000 8,334 11,300,000 54,167

= —_ 36,000,000 29,166 36,000,000 29,1
5:974,242 59,742 26,308 11 10,639,363 271,776
6,000,920 31,255 10,001,000 10,418 21,354,919 1,656,326
2,000,000 8,000 —_ — 2,000,000 8,000
— — —_ — 920,901 71,600
— — 6,210,000 5.575 7,351,241 109,245
21,000,000 30,000 — — 21,000,000 30,000
- — - — 1,086,789 69,172
— = 1,070,000 1,189 1,070,000 1,189
— - 1,000,000 347 1,000,000 347
— = — — 5,004,899 212,660
— | — 5,373,410 5,566 8,681,856 160,178
3,000,000 14,000 1,450,000 780 5,050,000 494,780
‘ " - 37,838,200 73,477 49,984,254 394,626
1 31,298,779 | 326,029 | 86,479,722 180,166 191,419,506 | 19,693,058

1

187,836,270 1,645,912 | 374,694,371 | 459,842 | 740,810,338 | 37,273,665
1188,088,270 i 1,646,412 | 526,660,349 721,247 | 1,065,914,508 | 67,049,712

T Financial year, 1901-02.

¢ Fiscal year ended June 30, 1902.



















METRICAL AND ENGLISH MEASURES.

B. CAPACITY.
METRICAL TO ENGLISH.

I3

L

(1) Cubic centimetres

to cubic inches.

(2) Litres to fluid

ounces.

(3) Litres to pints.

(4) Litres to gallons.

0'06102705
0°12205410
0'18308115

PO N =

5 = 0730513525
6 = 0°36616230
7 = 0°42718935
8 = 048821640
9 = 0754924345

0°24410820 |

= 35215468 1= 17607734
= 70430936 2= 3'5215468
= 105'646404 3 = 52823202
= 140'861872 | 4 = 7°0430936
= 176'077340 | 5 = 388038670
= 211°292808 | 6 = 10°5646404
= 246508276 | 7 = 12°3254138
= 281°723744 | 8 = 14'0861872
= 316939212 ¢ = 158469606
|

|

I = 0°22009663
= 0°44019336
= 0°66029004
= 088038672
= I1'10048340
1°32058008
1°'54067676
1'76077344
I

2
3
4
5
6
7
3
9 98087012

I

ENGLISH TO METRICAL.

(1) Cubic inches to '

cubic centimetres,

(2) Fluid ounces to
cubic centimetres. |

(3) Pints to litres.

|

(4) Gallons to litres.

32772352
49°158528
65°544704

98-317056
114°703232
= 131'089408
9 = 147°475584

i nn

1
2
3
4
5
6
7
8

16386176

1 = 28396612 | = 0'567932
2 = 56°793224 = 1'1353864
3= 85189856 1'703796
4 = 113°586448 2271728

81'930880 | 5 = 141°983060 |
6 = 170°379672 |

| 7 = 198776284

| 8 = 227172896

839660

"543456
‘111388

O 00~1 O N

2
S ,
3975524
4

5

9 = 255°569608 i
I

4'543458
9'086916
3630374
8173832

N

i nn

9 = 40°891122

C. WEIGHT.

METRICAL TO ENGLISH.

(1) Grams to grains.

(2) Kilograms to ounces. l

(3) Kilograms to

pounds.
1= 154323488 1= 3527394 1= 220462
2 = 308646976 2= 7054788 2= 4'40924
3= 46°2970464 3 = 105°82182 3= 661386
4= 617293952 4 = 141°09576 4= 8381848
5= %77°1617440 5 = 176°36970 § = 11'023I0
6 = 92°'5940928 6 = 211'64364 6 = 13°22772
7 = 108°0264416 7 = 246°91758 7 = 15'43234
8 = 123°4587904 8 = 282'19152 8 =17'63
9 = 1388911392 9 = 317°46546 9 = 19'84158
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APPENDIX,

ENGLISH 170 METRICAL.

(1) Grains to

(2) Ounces to

(3) Pounds to

{4) Hundredweights

grams, grams, kilograms. to kilograms,
1=000647989 | 1= 2834954 | I =0'45359265 1 = 508023768
2=01295978 | 2 = 56°69908 | 2 = 090718530 | 2 = 101°6047536
3=0'1943967 | 3= 8504362 | 3 = 136077795 | 3 = 152'4071304
4= 02591956 | 4 = 113'39816 | 4 = 1'81437060 | 4 = 203°2095072
5= 0°3239945 | 5 = 141'74770 | 5 = 2°26766325 | 5 = 254'0118840
6 = 03887934 | 6 = 170709724 | 6 = 272155590 | 6 = 3048142608
7 = 0'4535923 | 7 = 19844678 | 7 = 317514855 | 7 = 355'6166376
8 = 0'5183912 | 8 = 22679632 | 8 = 3'62874120 | 8 = 400°4190144
9 =]

9 = 0°5831901

9 = 25514586

9 = 4708233385

457°2213912

Symbols and Atomic Weights of the Elements.

Element.
Aluminium
Antimony
Arsenic
Barium
Bismuth
Boron
Bromine
Cadmium
Caesium
Calcium
Carbon
Cerium
Chlorine
Chromium
Cobalt
Copper
Didymium
Erbium
Fluorine
Gallium

Symbol. Atomic weight, Observer.
Al 27'02 Mallet.
Sb 120°00 Schneider, Cooke.
As 7515 Kessler.
Ba 13684 Marignac.
Bi 210°00 Dumas.
B 11°04 Berzelius.,
Br 7976 Stas.
Cd 11204 Lenssen.
Cs 133700 Bunsen.
Ca 3990 Erdmann.
C 11°97 Dumas, Liebig.
C= 13824 Rammelsberg.
Cl 35°37 Stas.
Cr 52°08 Siewart.
Co 5874 Russell.
Cu 63°12 Millon and Commaille.
D 142°44 Hermann.
E 16890 Bahr and Bunsen.
F 18'96 Luca, Louyet.
Ga 6980 Lecoq de Boisbaudran.
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Coinage issues of the world for
1902, 124
Coins struck at Royal Mint, 1902,
114
Constants, various, 128
Consumption of potassic cyanide, 76
Coolgardite, 8
Copper, estimation of, in bullion, 63
Cornet rolls, 62
Cornets, 64
Corrections necessary in assays, 67
Coruscation, 48
Crucible tongs, 35
Cupel, g0
Cupel machine, automatic, 41
moulds (Mint), 40
Cupellation, 39
tongs, 48
Cyanidation tests, 73
Cyanide extraction test apparatus,
8o
process, 73
test flask, 77
Cyanides of gold, 16

DATE mark, 92
Decimal coinage, proposed, go
Decimal system, 60
Dendritic gold, 4
Duty mark, 92

NARGITE, analysis of, 9
English weights and measures,
126
Extraction tests, 75
for slimes, 79

FERROUS sulphate test, 19
Flake gold, 2
Fletcher’s gas assay furnace, 36
gas mufile furnace, 45
Fluxes for various ores, 35

INDEX.

Forceps, 33

Foreign countries having own sys-
tem of coins, 105

Foreign money
equivalents, 112

Foreign money where French sys-
tem in vogue, 93

Forms of gold, 2

Free gold, 4

Fulguration, 48

Fulminate of gold, 17

Furnaces, assay, 35

Fusion, 34

and  English

EOLOGIST’S hammers, 23
Gold and copper, 14
Gold and its combinations, 13
and silver, 13
at Indian mints, 123
buttons and cornets, 64
determination of, in solution,
76
in quartz, estimation of by sp.
gre, 71
valuation table, 93
yields from British possessions,
117
Graduated flask, 77
Greater Britain, weights, measures,
and money, 102
Gyratory mortar, 25

ALL mark, 92
Hammer, metallurgical, 54

MPERIAL coinage, 89
Ingot mould, 38
Introduction, 1
Todine test, 19
Iron pyrites, gold in, 7
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