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STEEL

AND

IRONWIRE
BULLIVANT & CO., Ltd.

REGD. OFFICE:

72 MARK LANE,
LONDON. E.G.

MINING
Wire 1

Extra

B
AE

Spans

BL 1

and all

5, Lifts,

S'

YS
3 tons.

WORKS:

MILLWALL,

LONDON, E. ROPES.
Chief Australasian Depot :

BULLIVANTS* AUSTRALIAN CO., Limited,

331 KENT STREET, SYDNEY.

HARRY E. FARMER, Manager.



AUSTRALIAN MINING AND METALLURGY.

THE

Austral Otis Engineering
Co. Ltd.,

SOUTH MELBOURNE.

Manufacturers of

Mining Machineryt Steam Engines,
Boilers and Pumps.

HigH Pressure and Compound Single and

Double Stage Air Compressors, Rock Drills*

Reheaters, Receivers, Air Winches and Pumps.

Waterworks Pumping Plants, for Town
Supply, Irrigation, or Sewerage*

Stamper Batteries, Ball Mills and Rock

Breakers, Amalgamating and Concentrating

Machinery.

CYANIDE and CHLORINATION PLANTS.

Sole Agents and Manufacturers of the Celebrated

WILFLEY ORE CONCENTRATOR,
WILFLEY SLIME TABLE

(Mr. A. R. Wilf'ey's Latest Invention),

THE McDERMOT SIZER.

SOLE AGENTS in Australia of

GANZ & Co. LTD., Buda Pest,

Electric Haulage and Lighting Plants

Electric Hoists and Pumps
Roller Flour Milling Machinery & Requisites*

ESTIMATES ani CATALOGUES given on Application.
I.



AUSTRALIAN MINING AND METALLURGY.

Lake View Consols Ltd

Directors .

F. A. GOVETT, CHAIRMAN AND MANAGING DIRECTOR.

H. W. PELHAM CLINTON, LEONARD FAWELL,
TYNDALE WHITE.

THE LONDON JOINT STOCK BANK LIMITED,

THE UNION BANK OF AUSTRALIA LIMITED.

Solicitors :

BURN & BURRIDGE.

Hufcttors :

FORD, RHODES & FORD.

Oeneral

BEWICK, MOREING & CO.

Secretary :

CHARLES LLOYD.

fbeafc Offices :

SALISBURY HOUSE, LONDON WALL, E.C.
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THE

GREAT BOULDER
Proprietary Gold Mines, Limited.

directors*

GEO. P. DOOLETTE, Chairman.

GEO. M. INGLIS. A. JOSHUA.
W. T. JONES. GAMBLE NORTH.

JOHN WADDINGTON.

Hfcx>fsorg iJBoarfc in

SIR J. H. SYMON, K.C. W. L. WARE.
GEORGE BROOKMAN.

H. P. WILSON, Secretary.

JSanfeers.

THE BANK OF ADELAIDE, LONDON & ADELAIDE.
THE WESTERN AUSTRALIAN BANK, KALGOORLIE.

Hufcitors.

MESSRS. PRICE, WATERHOUSE & CO.,

Solicitors.

MESSRS. CHESTON & SONS.

/IDine /IDanager.

RICHARD HAMILTON.

Secretary.

JAMES EDWARDS.

ffices.

55 & 56 BISHOPSGATE STREET WITHIN, LONDON,
E.C.
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Great Fingall

Consolidated
LTD.

DIRECTORS :

G. ALGERNON MOREING, Chairman.
F. H. HAMILTON T. S. HORN
W. T. JONES W. A. HORN

BANKERS :

ROBARTS, LUBBOCK & CO.

SOLICITOR :

J. C. MORETON THOMPSON, LL.D.

AUDITORS :

PRICE, WATERHOUSE & CO.

GENERAL MANAGERS :

BEWICK, MOREING & CO.

SECRETARY AND OFFICES :

E. PEARS, 20 COPTHALL AVENUE,
London, E.C.
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THE

Golden Horse-Shoe Estates
COMPANY LIMITED.

Directors :

SIR JOHN PURCELL, K.C.B., CHAIRMAN.

HENRI BOUSQUET, WILLIAM ST. VINCENT

BUCKNALL, CHARLES KAUFMAN, ALBERT

REITLINGER, ALFRED H. REITLINGER,
THE RIGHT HON. LORD RIBBLESDALE, P.C.

Consulting Engineers ant) General Managers in

BEWICK, MOREING & CO.

Solicitors :

DAWES & SONS.

JSanfeers :

THE BANK OF NEW SOUTH WALES.

Secretary :

E. PROTHEROE JONES.

REGISTERED OFFICES :

Salisbury House, London Wall, E.G.

v.
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COUCHE, CALDER&CO.
FREMANTLE and KALGOORLIE.

Cable Address: "Calder," Fremantle. Codes A1, A.B.C. 4th Ed.

''Vulcan" Lubricating Oils & Greases
SPECIAL OILS FOR SUPERHEATED CYLINDERS,
ENGINE, DYNAMO, COMPRESSOR, ROCK DRILL,
AND ALL PARTS OF MACHINERY. ::::::::

Beldam's Engine & Pump Packing
METALLIC-ASBESTOS, TUBULAR. AWARDED THE
CONTRACT FOR SUPPLY TO THE BRITISH NAVY.

BOILER COMPOUND. ANTIFRICTION METAL
''SCOTCH MARINE"

PERRY'S "BLUE" MINING FUSE

OAST'S ASBESTOS AIR=CELL PIPE COVERING

KEASEY WOOD SPLIT PULLEYS
WITH MALLEABLE IRON CENTRES.

SHERWIN-WILLIAMS

Prepared Paints and Varnishes.

Wm. Jessop & Sons, Sheffield.
HIGH SPEED TOOL STEEL. " BALLOON " AND

"BLUE LABEL" DRILL STEELS.
STEEL CASTINGS. MILL SPARES, ETC.,

Electric Motors, Lamps, Cables, Etc.

Contractors to the Australian and New Zealand Governments.

VI.
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LIMITED.

directors :

FRANCIS A GOVETT, CHAIRMAN.

HENRY W. PELHAM CLINTON.

SIR LEPEL GRIFFIN, K.C.S.I.

GEORGE A. TOUCH.

TYNDALE WHITE.

Capital Hutborisefc:

200,000 SHARES AT 5 EACH ^1,000,000.

Bixnfcenfcs :

PAID TO DATE ^1,030,000

Summary of TKflorfeincj Costs : Tons 14.537

Battery Working Expenses
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Cockle

Creek

Smelting-

Works
THE

SULPHIDE CORPORATION LIMITED.

Ores, Concentrates, and Slags, carrying gold, silver or lead

purchased on specially favorable terms for net cash.

THE WORKS
are situated only 9 miles from the Port of Newcastle, where

the CORPORATION has every facility for taking delivery

of consignments on behalf of shippers.

TARIFF AND FULL PARTICULARS CAN BE
OBTAINED ON APPLICATION TO

The Manager, Cockle Creek, N.S.W.

GIBBS, BRIGHT and CO., Agents,
MELBOURNE.
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THE

SOUTH KALGURLI
GOLD MINES LTD.

DIRECTORS :

FRANK GARDNER, Chairman.
L. AARONS J. CUTCLIFFE
A. GASKELL A. H. MARKER

J. S. ROGERS

GENERAL MANAGERS :

BEWICK, MOREING & CO.

BANKERS :

THE BANK OF AUSTRALASIA,
4 Threadneedle Street, E.C.

SOLICITORS :

HEPBURN, SON & CUTCLIFFE,
Bird-in-Hand Court, Cheapside, E.C.

AUDITORS :

COOPER BROS. & CO.,

14 George Street, Mansion House, E.C.

SECRETARY :

WALTER BRAMALL, F.C.I.S.

REGISTERED OFFICES :

20 COPTHALL AVENUE, LONDON, E.C.

IX.
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Ml LLARS'
KARRI AND JARRAH GO.

(1902) LIMITED.

HEAD OFFICE - - PERTH, W.A.

Branch Offices

Albany, Fremantle and Kalgoorlie, W.A.

North Terrace, ADELAIDE, S.A.

Collins Street, nELBOURNE, V.

Taranaki St., WELLINGTON, N.Z.

LONDON OFFICE 72 BISHOPSQATE ST., B.C.

Large Quantities
Builders' Jarrah scantlings,

fencing posts, angle rails,

pickets, paving blocks, turned
verandah posts, seasoned floor=

ing, weatherboards, lining,

dressed or rough, always in

stock.

Railway sleepers, round or

square piles, telegraph poles,

mining and wharf timber.

Beams, girders, and poppet=
legs up to 100 feet long,

supplied on shortest notice.

COUNTRY ORDERS RECEIVE SPECIAL ATTENTION.
x.
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fiampton Plains Btate, Cimited,

Directors :

LORD ARTHUR BUTLER, ALLEN H. P. STONEHAM,
SAMUEL GREEN, OLIVER WETHERED.

(Managing Directors).

(general dfcanaget ano Bttorneg in TKflestern Sustralia :

E. GRAHAM PRICE.

Bankers :

LLOYDS BANK LIMITED, 72, Lombard Street, E.G.

NATIONAL BANK OF SCOTLAND, LIMITED, 37, Nicholas Lane, E.G.

Solicitors :

BURN & BERRIPGE.

Secretary :

JOHN A. STONEHAM.

OFFICES :

30 and 31, St. Swithin's Lane, London, E.G.

Cbe Red Rill, lUcsiralia. Gold mines, DO.

Directors :

ST. JOHN WINNE, CHAIRMAN AND MANAGING DIRECTOR.
HERBERT STANLEY HEADINGTON. JOHN ALLEN STONEHAM.

(Beneral .Managers anfc Bttornegs in Western Bustralia :

E. GRAHAM PRICE & CO.

LONDON THE LONDON & SOUTHWESTERN BANK, LIMITED,
155 and 156, Cheapside, E.G.,

AND
WESTERN AUSTRALIA THE WESTERN AUSTRALIAN BANK,

Kalgoorlie.

Solicitors :

H. H. WELLS & SONS.

BuDitors :

MESSRS. MONKHOUSE, STONEHAM & CO., Chartered Accountants.

Secretary :

JAMES WILLIAM YOUNG.

REGISTERED OFFICES :

London Norfolk House, Laurence Pountney Hill,

Cannon Street, E.C.

Western Australia Macdonald Street, Kalgoorlie.
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DAVIS ^
machinery exchange,

Boulder Road,
And . .

Dariotst, _ . KALQOORLIE,
CUE. Western Australia.

THE LARGEST SECOND-HAND MACHINERY DEALERS

IN WESTERN AUSTRALIA.

MINES COMPLETELY EQUIPPED AND HANDED
OVER UNDER A FORTNIGHT'S TRIAL. : : : :

TERMS s

Cash, -xtended payments, or Share Interests.

Battery Equipments have been supplied, amongst
others, to the following:

LANCEFIELD GOLD MINES, Laverton .. 40 Head
GOLDEN RIDGE GOLD MINE, Boorara .. 20

EAGLEHAWK HEATHER GOLD MINE, Niagara 10

ECLIPSE GOLD MINE, Kalgoorlie .. .. 10

KING SOLOMON GOLD MINE, Coolgardie .. 10

HANS IRVINE, Esq., Black Range .. .. 10

LE BALAU GOLD MINE CONCESSIONS, Dutch Borneo 10

NIL DESPERANDUM GOLD MINE, Lawlers

WAIHI GOLD MINE, Davyhurst

10

10

ETC., ETC.

EYERY DESCRIPTION OF MACHINERY SUPPLIED.

AIR COMPRESSORS. BOILERS.
PUMPING PLANTS. WINDERS, Etc.

Davis Machinery Exchange
KALGOORLIE, WESTERN AUSTRALIA.

XII.



AUSTRALIAN MINING AND METALLURGY.

THE

Sons of Gwalia
LTD,

DIRECTORS :

CYRIL WANKLYN, Chairman and Managing Director.

JOHN BARRY, J.P. R. C OGILVIE

DAVID RICHARDS T. W. WELSTED

BANKERS :

THE UiNION OF LONDON AND SMITH'S

BANK LTD.

SOLICITOR :

J. C MORETON THOMPSON, LL.D.

GENERAL MANAGERS :

BEWICK, MOREING & CO.

AUDITORS :

MONKHOUSE, STONEHAM & CO.

SECRETARY AND OFFICES:

E. PEARS, 20 COPTHALL AVENUE, LONDON,
E.C.
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AUSTRALIAN MINING AND METALLURGY.

. . . THE . . .

OROYA- BROWNHILL
COMPANY LIMITED.

directors :

GEORGE P. DOOLETTE, CHAIRMAN,

J. H. CORDNER JAMES, HERBERT C. HOOVER,
ARTHUR POMEROY, W. F. TURNER, JOHN WILCOX.

Bankers :

MESSRS. ROBARTS, LUBBOCK & CO.

THE BANK OF ADELAIDE.

THE BANK OF AUSTRALASIA.

Solicitors :

MESSRS. H. G. CAMPION & CO.

General Managers:

BEWICK, MOREING & CO.

Consulting Engineers :

MESSRS. JAMES BROTHERS.

Hufcitors :

MESSRS. MONKHOUSE, STONEHAM & CO.

Secretary anfc ffices:

G. GOLDTHORP HAY, F.C.I. S.,

581 SALISBURY HOUSE, LONDON WALL, E.C.
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HORNSBY'S
JUPRIGHT

WATER-TUBE
BOILERS.

Efficiency with Economy

and Safety.

LARGE RESERVE & STEADY

STEAM.

Perfect Combustion. Free Circulation. Accessible

and Easily Cleaned.

Handy and Light Lifts for Transport.

ABSOLUTELY SAFE.

"HORNSBY-AKROYD"
Patent Safety

nil CMP I M CO PORTABLE and
Ul I IIU 111 LO STATIONARY
Are the Best that British

Capital and Labour can

Produce.

AWARDED 1000

by British Government for

Best Military Tractor.

PARTICULARS ON APPLICATION.

R. HORNSBY & SONS LIMITED,

Grantham, England. MELBOURNE and SYDNEY,
XVII.
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fRIED KRUPP A.G. GRUSONWERK,
Grushing and Mining Machinery.

Stone and IVocK CrxisHers, Stamp Batteries,

Shoes and Dies of liRUPP Steel

ROLLER MILLS.
Morrison's Patent Open-Fronted Mortar Box.

Morrison's High-Speed Stamper Batteries.

Krupp's Patent Ball Mills
For Dry and Wet Crushing.

GRIT MILLS. STONE MILLS.
SPARE PARTS IN KRUPPS SPECIAL STEEL.

Krupp's New Concentrating Table
SIMPLE. STRONG. EFFICIENT.

Perforated Steel Sheets.

-Amalgamating Tables. Classifiers.

Belt Concentrators,
AiVet and Dry Magnetic Separators.

Plxinger Jigs.

Estimates Given for Complete Plants.

NOYES BROS.,
SOLE UAVPO nnAO Melbourne,

Sydney,
Perth,

Dunedin

xvm.
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James Martin & Co.,
LIMITED,

GAWLER, SOUTH AUSTRALIA.

Locomotive, Mining
. . . AND . . .

Agricultural Engineers.

\V. A. ADDRESS :

MCNEIL CHAMBERS, BARRACK STREET,
PERTH.

Complete Equipments Supplied for Concentrating

Tin, Lead or Copper*

Cyanide Plants Complete for Sands and Slimes,

with all adjuncts*

Complete Smelting Plants for Lead and Copper*

Copper Converters*

Simple and Compound Engines and Condensers*

Winding Engines and Winches* Blowing Engines*

Air Compressors* Simple Extraction and Thorough
Wash Filter Presses,

Lever or Hydraulic closed*

Merton, Edwards and Brown Roasting Furnaces*

Phoenix-Weir Concentrating Tables*

Lead and Silver Refining Furnaces,

Rolls, Patent Jiggers, Rockbreakers*

Grinding Machines and Classifying Appliances,

Alfa Refrigerating Machinery,

Up to Twelve Tons cf Ice per day.
XIX.
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THE

Broken Hill

Proprietary Co.,
LIMITED.

Purchasers of

ORES of GOLD, SILVER and LEAD,

And ORES Containing COPPER.

Manufacturers of

SALT CAKE, SULPHURIC ACID,

And SUPERPHOSPHATES.

HEAD OFFICE,:

32O Collins St., Melbourne

BRANCH OFFICES:

ADELAIDE : Alfred Chambers.

SYDNEY : Imperial Chambers.

LONDON, E.G. : 3 Great Winchester Street.

xx.



AUSTRALIAN MIXING AND METALLURGY.

The Mount Lyell Mining
AND

Railway Company,
LIMITED.

PURCHASERS OF ORES CONTAINING

COPPER, GOLD AND SILVER.

Tariff on Application.
Special Concessions for Large Parcels.

Producers of Smelting Coke of high

grade, as supplied to the leading

Smelting Works throughout the

States; also Special Quality for

Foundry purposes.

Manufacturers of Superphosphates and Fertilisers

of all Kinds of Highest Quality*

Reduction Works:
QUEENSTOWN, TASMANIA.

Chemical & Superphosphate Works :

YARRAVILLE, VICTORIA.

Head Office:

. . 39 QUEEN STREET . ,

MELBOURNE.

ALFRED MELLOR, Secretary.
XXI.



AUSTRALIAN MINING AND METALLURGY.

POTTER'S
SULPHIDE ORE TREATMENT, LTD.

The Potter Process is now being operated at the

Block J4 Mine, Broken Hill, and the Proprietors of the

Patent are prepared to treat with Companies or persons

wishing to use it.

Full particulars of the Process are to fce obtained

from the Secretary,

POTTER'S SULPHIDE ORE TREATMENT, LTD.

Old Exchange, Collins Street,

MELBOURNE, Vic.

(See Descriptive Article, pages 597-407.)

CROSSLEY'S PATENT CAS PLANTS.

Combination Gas Plant. Engine, and Dynamo.

Gas for Power Produced at a Quarter of Cost of Town's Gas,

CROSSLEY'S "OTTO" GAS ENGINES
To Work with above.

ALEX. COWAN & SONS, LTD., SOLE AGENTS,
395 Flinders Lane, Melbourne. 37 Wynyard Square. Sydney.
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The Australian Commonwealth Tariff
and

The "Australian Mining Standard."

Under the Australian tariff as first framed and brought before

the House of Representatives, it was proposed to tax the items

underwritten at the rates attached :

Mining machinery 25 per cent.

Engines 25 per cent.

Boilers and pumps 25 per cent.

Gas engines 20 per cent.

Electrical machinery 20 per cent.

Electrical appliances 20 per cent.

Beams, girders and joists 20 per cent.

The Australian Mining Standard strenuously and steadfastly

contended for a lower range of duties in each case, and its articles

in this behalf were extensively copied by the goldfields press

throughout the six States of the Commonwealth. When the tariff

finally passed, the items named bore the subjoined imposts :

Mining machinery 12J per cent.

Engines 12 per cent

Boilers and pumps 12 per cent.

Gas engines 12 per cent.

Electrical machinery 12 per cent.

Electrical appliances 12 per cent.

Beams, girders, and joists (iron or steel) 12 per cent.

Herewith are furnished excerpts from a few of the speeches
delivered by several of the prominent mining members in the

House of Representatives, indicating the extent to which the

arguments relied upon and information furnished by the "Mining
Standard" influenced the course of the tariff debate.

Extract from the speech delivered by Mr. THOS.
BROWN, member for Canoblas (New South Wales),
during- the tariff debate in the Australian House of

Representatives, January 16th, 1902:

If the mineral wealth is not here, the Government may impose
a duty of 100 per cent, on mining machinery, and yet do very
little towards developing the manufacture of the latter. The first

thing necessary is to develop mining, and make a demand for

machinery. I hold that the Government, in the method which

they have adopted, are sacrificing the mining interest for the

benefit of a few manufacturers, and that their conduct amounts to

"killing the goose with the golden egg." I do not wish to labor

this matter. Avhich has been A-ery ably dealt \vith by the leader of

the Opposition and other honorable members. There are honorable

members of the House who have practical ruin '115 knowledge gained
in the different States, and who are in a position to lay before us

valuable information. But I should like to refer honorable mem-
bers to an article in the Australian Mining Standard, which i>.

a very ably conducted journal, published specially in the interests

XXIII.
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of mining. Ihe matter which finds expression in the columns of

this journal may be regarded as different from that in the daily

press, in so far as this particular publication represents the require-

ments of the mining industry, and is conducted by experts who

thoroughly know the subjects with which they deal. Ihe article

takes the ground I have taken from the outset, namely, that the

industry is natural to this country, and one to which the Common-

wealth in no small degree owes its present position amongst the

peoples of the world. . . . During the course of this debate a big

point has been made of the great advance which has taken place

in the manufacture of mining machinery in Victoria. It is

claimed that this State is capable of competing with the most up-

to-date machinery manufactured in any other part of the world,

and that it can produce it as cheaply. If that be so, there can

be no objection to the Tariff submitted. But the writer to whom
I have already referred holds quite a different view. Speaking of

Victoria, he says :

Its method of mining, of management, of reduction and extrac-

tion, are unfavorably criticised by every visiting expert.

Mr. Isaacs. Who is the writer?

Mr. Brown. I am quoting the opinion of the editor of the

Australian Mining Standard, who says that the opinion of visit-

ing experts is to the effect that Victorian mining, so far as the

reduction and extraction of gold from ores is concerned, is not up
to the standard which obtains in other parts of the world. He then

goes on to show to what extent this Tariff will affect existing min-

ing enterprises which are conducted upon a large scale, particularly

in Western Australia. I have already shown to what degree it

will affect the industry in New South Wales, and this expert

authority sums up the position thus

As we have pointed out on more than one previous occasion,

however it may apply to some others, the miner is a man
who derives no particle of benefit from protection either

directly or indirectly. He stands in dread of no competitor.

He asks for no assistance at the expense of his neighbor. His

product is an article the market price of which protection is

powerless to advance, and it is one that must be exported
before its value can be realised. If Australasian gold could

not be exported it Avould be a worthless drug. Silver, copper,
tin and lead are in the same case

; yet protection anathematises

export, and concerns itself only about local manufacture.

Nevertheless, the miner, though he derives no benefit from

protection, must pay its full cost in the advanced price of

every dutiable import he uses, and every local manufacture it

affects, and he is now called upon to do this at a time when
his industry is fighting against a serious depression caused

by the market decline in the value of products. Silver,

copper, tin, lead, zinc, all are down, and only taxes are up.

Extract from the speech delivered by Mr. HENRY
WILLIS, member for Robertson (New South Wales)
during the tariff debate in the Australian House of

Representatives, January 16, 1902: -

I suppose that honorable members would like to see our mineral

resources developed, and that wealth won from the soil; but how

XXIV.
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can that come about unless we foster the mining industry !

J Hou
orable members who claim to be protectionists, and who are always

speaking of fostering native industries, have an opportunity here

We can foster the mining industry by making it possible for those

engaged in it to obtain their machinery and other requirements
at as low a price as possible. But in spite of the heavy decline in

the selling price of metals, the Government propose to place a duty
of 25 per cent, upon mining machinery. The honorable member
for Barrier has told us that this duty is equal to increasing the

cost of the output of the Barrier district by from 7s. 6d. to 10s. a

ton. In Western. Australia, where the output of gold has been

even a little larger than that oft Xew South Wales, there are mines

which have been shut down altogether, because the companies can-

not afford to pay for machinery the high prices created by this

duty. The Mining Standard of 16th January makes a statement

of the utmost importance as to the decline in the value of metals.

In 1900 tin was selling at 153 per ton
; to-day its value is 4 104 per

ton. Copper has come down from 79 per ton to 45 10s. ; lead

from 18 per ton to 10 8s. 9d.
; spelter from 22 per ton to 16

8s. 9d., and silver from 30 3-16d.to 25 ll-16d. per oz.

Extract from the speech delivered by Mr. WILLIAM
KNOX, member for Kooyong (Victoria), during the
tariff debate in the Australian House of Representa-
tives, April 9, 1902: -

Mining interests from one end of the world to the other are

suffering very much from the depreciation in the prices of the vari-

ous metals copper, lead, and silver having declined so much that

a profitable working margin is rapidly vanishing. In the case of

Broken Hill, which was particularly referred to by the honorable

member for Barrier, the services of large numbers of men have

had to be dispensed with in consequence of the fall in the price

of lead, and on that ground there is justification for asking the

committee to give as favorable a duty as is consistent with the

necessities 'of revenue. But there is another important point
which was referred to earlier in the evening. The products of

the mines have to compete with products from other parts of the

world, all the silver, copper, and lead being sold abroad. That

competition has to meet with cheaper labor and more complete ap-

pliances, and on that ground alone the mining industry deserves

the fullest sympathy and help. It must be remembered that min-

ing has contributed 500,000,000 to the wealth of Aus-

tralasia. Of the total production of wealth in Australia

in 1899, amounting to 137,000,000. mining produced 24,858,000,
and manufactures 33,316,000. These figures show that

mining produced nearly one-fourth of the primary pro-
duction of Australasia, or was nearly equal to the production of

agriculture, which amounted to 25.247,000. I am indebted for

these figures to the Australian Mining Standard, the recent

articles in which, on the mining industry as it is affected by the

duties, are most powerfully written, and claim the attention of

any honorable member who desires to study this subject for him-

self.
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BABCOCK &
London. Sydney. Melbourne.

List of Some Mines in Australasia

Using Babcock & Wilcox Boilers.

(Unanimously Selected by Expert Committee

of British Admiralty as a Standard Boiler for

the Wavy after Four Years' Extensive Use.)

Broken Hill Proprietary Co., Ltd 4 orders

Broken Hill Proprietary Block 10 Co.

Broken Hill South Silver Mining Co 3 orders

Central Mine, Broken Hill 3 orders

Mt. Morgan G.M. Co., Ltd 11 orders

Mt. Lyell Mining and Railway Co., Ltd 3 orders.

Sulphide Corporation. Cockle Creek

Waihi G.M. Co., Ltd 6 orders

Tasmanian G.M. Co., Lid. ... 2 orders

Lake View Consols 3 orders

Associated Gold Mines, Ltd.

Wealth of Nations G.M. Co,, Ltd.

Sons of Gwalia G.M. Co., Ltd.

Golden Horseshoe Estates, Ltd 6 orders

Yellow Aster G.M. Co., Ltd.

Great Boulder Proprietary

Hannan's Brownhill G.M. Co., Ltd.

Wallaroo and Moonta Mining and Smelting Co. ... 3 orders

Lloyd Copper Co., Ltd 2 orders
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WILCOX, Ltd.

Adelaide. Perth. Auckland

Scottish Gympie G.M. Co., Ltd. \

Mt. Garnet Freehold

No. 2 South Gt. Eastern G.M. Coy.

Stannary Hills Mining and Tramway Co. ... 3 orders

Brilliant Extended G.M. Co.

Crown Mines. N.Z 2 orders

Occidental Gold Mines

Victorian Al Gold Mines

Kauri Freehold Estates

Ringarooma T.M. Co., Ltd.

Barrier Reef G.M. Co., Ltd., N.Z.

Union Waihi G.M. Co.. Ltd., N.Z.

Waitekauri G.M. Co.. N.Z 4 orders

Waitekauri Extended G.M. Co.. N.Z.

Catherine Reef G.M. Co.

Grassy Gully G.M. Co.

Brilliant Block G.M. Co.

Moanat-aiari G.M. Co., N.Z.

New South Wales Government Metallurgical Works

Lake George Mines, Ltd.

Zeehan Western. Ltd ,. .. - orders

Silver Spur S.M. Co.. Ltd.

Phillips River G.M. Co., Ltd.

Smith's Creek Proprietary Tin Mines

Amounting to a Total of 41,000* Horse Power.

You will note that where coal is expensive at Broken* Hill,

our Boilers are almost exclusively used; and where

wood is expensive in Western Australia, our Boilers are

installed.
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Knox, Schlapp
SOLE AUSTEALASIAN REPRESENTATIVES

ALLIS-CHALMERS Co
flanufacturers of

Mining and . . .

Metallurgical Machinery.

Reynolds' Corliss

Engines,

Riedler Pumps and

Compressors.

Stamp Mills and Con-

centrating Plants,

Gates Rock and Ore

Breakers,

Lead and Copper
Smelters,

Wheeler Condensers

and Cooling Towers,

Copper Converting

Plants,

Bucyrus SteamJShovels, Dredges and Wrecking Cranes,

Hoisting and Pumping Machinery, The Robins Patented

Belt Conveyors, Standard? Diamond Drills.

163-169 William Street, Melbourne, and
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&Co.Propy.Ld

A.E.G.

Allgemeine Elektricitats
-

Gesellschaft,

BERLIN.

Manufacturers and Contractors for all kinds of

Complete Electrical Plants for Lighting
and Power Installations.

Electrical Haulage, Winding, and

Pumping.

Three-Phase and Continuous Current

Plants.

J. POHLIG'S "Otto" Aerial Wire Ropeways

Complete Portable and Permanent Tramways,

Steel Rails fall sections and weights),

Side Tip Trucks,

Locomotives.

A Large stock of Tramway Material on hand.

Equitable Buildings, George St., Sydney.
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Blythe River

Iron Mines, Ltd.,

TASMANIA.

Office:

56 QUEEN ST., MELBOURNE,

Cable Address : BLYTHE.

Specia Reference Pages 249-254,
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^
IN THE PRESS.

West Hustraltan

ITnbustr?.

CONTENTS -.

The Mines, their Management, Equipment, and

Prospects*

Descriptive Plans, Showing Underground Work=

ings.

A Digest of the New Mining Laws of West
Australia*

Twelve Maps of the Various Goldfields, and Plans

of the Principal Leases.

The Whole -Work makes approximately 256

Pages, Crown Folio.

FIVE SHILLINGS NET.
PostJFree, Any Address.

AUSTRALIAN MINING STANDARD,
Melbourne or Sydney,

And
CRITCHLEY PARKER,

Mines Department,
Irwin St., Perth, West Australia.
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THOS &WM SMITH
NEWCASTLE-ON-TYNE, ENGLAND.

ESTABLISHED 1782. ESTABLISHED 1782.

MAKERS TO THE ADMIRALTY.

. .Red

STEEL WIRE

for All Mining Purposes.

Full Particulars as to suitable Ropes, Prices,

Breaking Strains, etc., can be had upon
application to

B. K. MORTON,
General Representative for Australia and

New Zealand,

&7 Queen Street, Melbourne.

B. K. MORTON & CO.
Steel Manufacturers, Sheffield, England*

"KLONDYKE" and "THARSIS "
Cast Steel for Miners' Drills.

BEST WARRANTED CAST STEEL for Tools of all kinds.

"SPECIAL" CAST STEEL for Turning Hard Surfaces.

"ALPHA" HIGH SPEED STEEL, for taking Deep Cuts at High
Speeds.

Blister, Shear, Spring and Hammer Steels, etc.

Melbourne 1&^ H\V\ ^V*x^% Sydney

QUCC" /jNil JlS^l Post 0fflcC

TUO OF WARj
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THE

London & Western Australian Exploration

COMPANY LIMITED.

Authorised Capital :

300,000 IN 300,000 SHARES OF 1 EACH.

Capital paid up 280,663.

Directors :

C. ALGERNON MOREING, Chairman and Managing Director

R. C. OGILVIE, ALLEN H. P. STONEHAM,

J. C. MORETON THOMPSON, T. W. WELLSTED.

Secretary: E. PEARS.

Registered London Office :

20 COPTHALL AVENUE, LONDON, E.G.

This Company is prepared to take options on

properties with a view to purchase.

Full particulars should be sent to the General

Managers in Western Australia.

BEWICK, MOREING & CO.

55 Macdonald Street,

Kalgoorlie.
XXXIII.



AUSTRALIAN MINING AND METALLURGY.

Geo. P. HARRIS, SCARFE & CO.

LIMITED.

Newman Street,

FREMANTLE.
Kalgoorlie Representative:

R STAGEY, Egan Street.

Sole Agents in West Australia :

HORNSBY UPRIGHT WATER TUBE BOILERS

HORNSBY WATER TUBE BOILERS
(Patent Safety).

HORNSBY AKROYD OIL ENGINES
(Portable and Stationary).

WORTHINGTON STEAM, POWER, and

ELECTRICALLY DRIVEN PUMPS, also

WORTHINGTON CENTRIFUGAL,
VOLUTE and TURBINE PUMPS.

Webster's Feed Water Heater, Purifier and Filter.

Webster's Oil and Steam Separators.

HOTCHKISS BOILER CIRCULATOR and CLEANER

NATIONAL EXPLOSIVES GO
XXXIV.



AUSTRALIAN MINING AND METALLURGY.

Is

en

C/) Q
Z ij
o SH rX

O S
HH fa .

C/3

CM
N

csf
^

CO

Q
W
5 Q

g o
H O
w fa

o o
< Qz

i a
H PH

J



AUSTRALIAN MINING AND METALLURGY.

THE

East Murchison United
LTD.

DIRECTORS :

COLONEL R. PARRY NISBET, C.I.E.,
Chairman.

T. B. DUNSFORD, Esq.
SIR JAMES D. LINTON.

R. C. OGILVIE, Esq., A.M.I.C.E.

SURGEON MAJOR-GENERAL SIR J. C.

B. READE, R.C.B.

BANKERS:

ROBARTS, LUBBOCIi & CO.

SOLICITOR :

J. C. MORETON THOMPSON, Esq.,
LL.D.

CON. ENGINEERS & GENERAL MANAGERS :

BEWICK, MOREING^CO.

AUDITORS :

MONRHOUSE, STONEHAM &t CO.

SECRETARY AND OFFICES :

F. C. HELEY, 2OCoptKall Avenxie,
London, E.C.

XXXVI.



AUSTRALIAN MINING AND METALLURGY.

To Scientific and

Technical Writers

THE AUSTRALIAN MINING STANDARD
Is prepared to treat with AUTHORS

respecting the publication of works on any

subject connected with ELECTRICITY,

METALLURGY, ENGINEERING,

GEOLOGY, CHEMISTRY, MINING

SCIENCE, Etc., Etc.

MELBOURNE, SYDNEY, PERTH,
Viet. N.S.W. W.A.
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Paringa Mines
LTD.

DIRECTORS :

JOHN BLAIR, Chairman.

G. MURE RITCHIE R. T. SMITH

BANKERS :

LLOYDS BANK LTD., London.

P. MACFADYEN & CO., London.

THE BANK OF AUSTRALASIA, Kalgoorlie, W.A.

SOLICITORS :

COURTENAY, GROOM, SON & FINCH.

AUDITORS :

J. H. BYRNE & CO.

GENERAL MANAGERS :

BEWICK, MOREING & CO.

SECRETARY :

FRANCIS STOBBS, F.GI.S.

REGISTERED OFFICES :

76 BISHOPSGATE STREET WITHIN, London, E.C
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MERTON'S REWARD
Gold Mining Company Limited.

Directors :

C. KAUFMAN, CHAIRMAN, LORD DEERHURST,

MAJOR A. GRIFFITHS.

Solicitors:

DAWES & SONS

Hufcitors :

BLAKEMORE & CO.

General /Manager:

BEWICK, MOREING & CO.

Secretary anfc Offices :

H. C. W. COLE, 10-11 AUSTINS FRIARS, E.G.
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I. THE

Great Boulder Perseverance

COLD MINING COMPANY LIMITED.

Directors :

FRANK GARDNER, CHAIRMAN,

JOHN STOREY BARWICK, J.P., SIR CHRISTOPHER

FURNESS, M.P., ALFRED GASKELL, HON. ZEBINA

LANE, ALBERT REITLINGER.

General /Managers:

BEWICK, MOREING & CO.

JBanfeers :

THE NATIONAL PROVINCIAL BANK OF ENGLAND,
LTD.,

BISHOPSGATE STREET, E.C.

BANK OF AUSTRALASIA, 4 THREADNEEDLE STREET, E.C.

Solicitors :

ASHURST, MORRIS, CRISP & CO.,

17 THROGMORTON AVENUE, E.C.

Hufcitors :

CHATTERIS, NICHOLS & CO., 1 QUEEN VICTORIA ST., E.C.

Secretary :

FRANK F. FULLER, F.C.I.S.

7 TO 11 MOORGATE STREET, E.C.
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5 BELLEVUE
PROPRIETARY

LTD.

DIRECTORS :

R. J. HOFFMANN, Chairman.

C C. BAKER W. P. FORBES
J. H. QRELTON H. C. HOOVER
A C. IBBOTSON J. McKILLOP, M.P.

SOLICITORS :

ARMITAGE & CHAPPLE.

AUDITORS :

CASH, STONE & CO.

GENERAL MANAGERS :

BEWICK, MOREINQ & CO

SECRETARY AND OFFICES :

H. MILNER WILLIS, 130 CANNON STREET,

LONDON, E.C.
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WHITE FEATHER
MAIN REEFS LTD.

DIRECTORS:

R. J. HOFFMANN, Chairman
A. GASttELL H. MAGNUS
T. S. REA B. SOMERT

SOLICITORS :

VALLANCE, BIRttBECft & BARNARD.

AUDITORS :

WOODTHORPE, BEVAN & CO.

GENERAL MANAGERS :

BEWICR, MOREING & co.

SECRETARY AND OFFICES :

E. PERRY, 32 OLD JEWRY, LONDON,
E.C.
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VIVIEN
GOLD MINING COMPANY

LTD.

DIRECTORS :

SIR J. D. LINTON, Chairman.

SURGEON MAJOR-GENERAL SIR J. B. C.

READE.
J. H. de YILLIERS.

F. SOUTERS.

SOLICITORS :

J. C. M. THOMPSON.

AUDITORS :

MONKHOUSE, STONEHAM & CO.

CON. ENGINEERS & GENERAL MANAGERS :

BEWICK, MOREING & CO.

SECRETARY AND OFFICES :

T. E. SMITH, 20 COPTHALL AVENUE, E.G.
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Cosmopolitan Proprietary Ltd.

directors*

JOHN H. GRETTON, CHAIRMAN.

W. P. FORBES. R. J. HOFFMANN,

HERBERT MOIR. B. SEIMERT.

Solicitors.

ARMITAGE & CHAPPLE.

Bufcitors.

CASH, STONE & CO.

General -Managers in M.B,

MESSRS. BEWICK, MOREING & CO.

Secretary ant) fRces.

H. MILNER WILLIS,

139 CANNON STREET, LONDON, E.G.
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ASSOCIATED NORTHERN BLOCKS, W.A.

LIMITED.

Capital, 350,000 i shares.

TONS.

Output from Custom Works 26,713 617,949

Output from Sulphide Mill

to June 30th, 1904 ... 16,500 78,045

43,213 695,994

Dividends paid cash 262,500

Dividends paid shares 17,500

Average total revenue expenditure since starting of

Sulphide Mill, 1st December, 1903, to 30th June, 1904.

189 per ton.

Q. M. ROBERT5,

GENERAL MANAGER.
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THE GREAT

Fingall Associated
Gold Mining Company, Ltd.

DIRECTORS :

T. J. MILLIGAN, Chairman.

HON. JAS. W. WRIGHT, M.L.C.

CAPTAIN OATS, M.L.C.

FREDERIC DUDLEY NORTH, GM.G.

MINE MANAGER :

C J. GRACE, R.S.M., London.

BANKERS :

THE WESTERN AUSTRALIAN BANK.

SOLICITOR :

M. J. LAVAN.

SECRETARY AND OFFICES :

W. BRADDOCK. Prince's Buildings, St. George's
Terrace, Perth.

This Company was registered in Perth (W.A.) on the 17th May,
1904, to acquire and develop Four Gold Mining Leases, known as the
"Associated" Nos. 1, 2, 3, and 4, comprising 59 acres, situate at Day
Dawn, in the Murchison District of Western Australia. The Leases
are to the north of, and immediately adjoin the Northern boundary of

the well-known Great Fingall Consolidated Gold Mining property,
while the property of the Murchison Associated (Rubicon Gold Mine)
adjoins the leases on their Northern boundary. The Associated
Leases are thus wedged between, and are on the same line of reef as

the Great Fingall itself, and the Rubicon, which promises to become
one of the most important gold mines in the whole of the Murchison
Goldfield.

The Authorised Capital is 125,000, in shares of 10s. each, 25,000
of which have been issued. 100,000 shares are being held in

reserve, and 125,000 are being issued to the vendors, together with

10,000 in cash in full payment for the property. Twro additional

leases on the line of reef, comprising 40 acres, have been acquired by
the Company since its incorporation, making in all 99 acres.
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THE WESTERN AUSTRALIAN BANK.
ESTABLISHED 1841.

s. d.

AUTHORISED CAPITAL (25,000 Shares of 10 each) ... 250,000
PAID-UP CAPITAL ... (",500 Shares of 10 each) ... 125,000
RESERVE FUND ... ... ... ... 300,000
RESERVED PROFITS ... ... ... ... 13,380 5 10

RESERVE LIABILITY OF SHAREHOLDERS ... 125,000

HEAD OFFICE: PERTH.
DIRECTORS:

HON. SIB GEOBGE SHENTON, KNT., CHAIRMAN.
HON. W. T. LOTON, M.L.C., J.P. J. B. EOE, ESQ., J.P.

HON. GEO. BANDELL, M.L.C. J. F. STONE, ESQ., J.P.
AUDITOBS: MESSRS. O. L. HAINES AND OO.

GENERAL MANAGER: H. D. HOLMES. MANAGER: B. L. HERBERT.
Accountant: H. W. BEVILAQUA. Branch Inspector: A. L. JOHNSTON.

SOLICITORS:
MESSES. STONE AND BUBT.

BRANCHES AND AGENCIES:
ALBANY KANOWNA.
BEVEBLEY. KATANNING.
BLACK BANGE (NUNNGAEBA). KOOKYNIE.
BOULDEE. LAVEBTON.
BRIDGETOWN. LENNONYILLB.
BBOAD AEBOW. LEONOEA.
BULONQ MENZIES.
BUNBUEY MIDLAND JUNCTION
BUBTVILLE. (Agency of PERTH).
BUSSELTON. MOUNT MAGNET.
COOLGABDIE. MOUNT MALCOLM.
CUBALLLNG MOUNT MOBGANS.
CUE, with Agency at DAY DAWN. NANNLNE
DONGAEA. NAEEOGIN.
DUKETON (NORTH EBLISTOUN). NEWCASTLE.
ESPEEANCE. SRS8,^?'
FEEMANTLE. NOBTHAM.
GEEALDTON. PINGELLY.
GEANITES THE (YUNDAMINDERA). BAVEXSTHOBPE.
GBEENBUSHES. f^W31* CEOSS'

GUILDFOED (Agency of PERTH). WAGIN.
KALGOOEIJE. YOBK.

LONDON AGENTS :

THE BANK OF ADELAIDE, 11 LEADENHALL STREET, E.C.

COLONIAL AND OTHER AGENTS:
South Australia: THE BANK OF ADELAIDE.
Victoria" THE BANK OF NEW SOUTH WALES; THE BANK OF YIO

"

TOEIA, LIMITED: THE BOYAL BANK OF AUSTBALTA.
LIMITED- THE COLONIAL BANK OF AUSTBALASIA, LIMITED

New South Wales: THE BANK OF NEW SOUTH WALES.
Queensland: THE BANK OF NEW SOUTH WALES;V THE BANK OF NOBTH QUEENSLAND, LIMITED.
New Zealand: TEE BANK OF NEW SOUTH WALES.
Tasmania: THE COMMEECIAL BANK OF TASMANIA, LIMITED.
South Africa : BANK OF AFBICA, LIMITED; STANDABD BANK OP SOUTH

AFEICA, LIMITED.

& SHANGHAI BANKING
COBPOEATION.

THE CHAETEEED BANK OF INDIA, AUS-
TEALIA AND CHINA;

THE MEEOANTILE BANK OF INDIA, LTD.
THE NATIONAL BANK OF INDIA, LIMITED.

England : THE MANCHESTEE & LTVEBPOOL DISTRICT BANKING
COY., LIMITED.

THE BIEMINGHAM DISTRICT & COUNTIES BANKING COY.,
LIMITED.

Scotland: THE BRITISH LINEN COMPANY BANK.
Ireland: THE BANK OF IBELAND.
Austria: BANQUE IMPEBIALE BOYALE PBIVILEGIEE DBS PAYS

AUTEICHIENS.
France: THE CEEDIT LYONNAIS.
Germany: THE DEUTSCHE BANK; THE DEESDNEB BANK.
Mauritius: THE BANK OF MAURITIUS, LIMITED.
United States : THE AMEEICAN EXPBESS COY.
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THE MOST SERIOUS PROBLEM
THAT MINE MANAGERS HAVE TO CONSIDER-

The Reduction of Working Costs

FOUR GREAT AIDS TO THE ABOVE.

CHBDDITB.
A new Explosive, superior in blasting effect to Gelignite,

less sensitive to shock, and safer to handle, than

explosives of the Nitro-GIycerine class.

Cheddite costs less per case, of corresponding weight, than Gelignite,
therefore, as the working effect is much superior, it is the cheapest
explosive in existence. Cheddite is manufactured by

CURTIS'S AND HARVEY LIMITED, LONDON.

ASSAY MABOR
FOR CUPEL MAKING.

This line is much cheaper than Boneash, and gives
greater satisfaction.

Stocked in Bulk and ready-made Cupels

BENNETT'S FUSE.
No. 30a White Countered Gutta Percha Fuse a reliable,

cheap Fuse.

This fuse has been adopted by BEWICK, MOREING CO. for all

their mines during the last twelve months.

Teon Belting.
The Strongest Composite Textile Belt, and THE ONLY

RELIABLE Heat, Steam, Oil, Acid and Water Proof
Belt giving every satisfaction in Kalgoorlie Gold-
fields.

Sole West Australian Agents for Above Lines

WILLIAM SANDOVER&Ca
PERTH AND FREMANTLE,

From whom all particulars and full details can be obtained.
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PREFATORY.

Does Gold Mining Pay?

Does gold mining pay ? The question has often been asked in

doubtful tones as a preliminary to answering it in the negative

To Australia it is one of supreme importance, because it assails the

basis of its great mining industry, for though the winning of its

industrial metals is an important phase of the general subject, on

comparing the annual values of the respective products it will

be seen that the one stands for but an insignificant proportion

of the other. If, then, gold mining does not pay, the foundation

of the industry is absolutely unstable, and nothing raised upon it

can be profitable or permanent.
Those who contend for this view of the proposition declare

that gold mining absorbs more capital than it returns; that every

ounce of gold won costs more than its value in the winning; that

if the cash equivalent of the whole product were divided among
the men engaged in the production it would not give them a living

wage; therefore that it is a wasteful occupation, diverting into

unreinunerative channels the capital and energy which might be

employed to general profit in other directions.

It is hard to definitely and precisely disprove those asertions,

because it is practically impossible to reduce the factors in the

general calculation to definite and precise terms. It is easy to

arrive a+ a fairly accurate estimate of the world's gold production

year by year, but the very reverse to say what amount of capital

has been expended in its production ;
with what proportion of that

expenditure production should be legitimately charged ; by what

rule the men employed in this production are to be estimated,

and how the employment total is to be calculated. The difficul-

ties are so obvious, seeing it is the general and not any particular

case which must be judged, that they need not be further detailed.

Furthermore, the allegation as to the unprofitableness of gold min-

ing is undoubtedly a specious one, because it is certain that the divi-

dend-paying enterprises bear but a small proportion to the dead fail-

ures and the representatives of hope deferred. But it is by the general
results that the general case must be judged, and it may be laid

down as an unassailable proposition that no permanent success

has ever yet been established, or ever will be established, on the

basis of financial failure. To find an answer, therefore, to the

question, Does gold mining pay? it is only necessary to ask what
has gold mining done ? The reply is furnished by the waste places
of the world which it has converted into populous provinces, by
California, Australasia, South Africa, and Alaska, and it is fur-

ther emphasised not only by the great gold mining centres, such as

Johannesburg, Cripple Creek, and Kalgoorlie, but by all that these

reclamations from the desert have meant and still mean in points
of development and progressive settlement.

Taking the comprehensive case immediately to hand, it

may be claimed without fear of challenge that gold mining has

built up the Australasian States
;
and that with so magnificent an
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achievement to its credit, it is manifestly absurd to say it does

not pay. What Victoria, New Zealand, Queensland, and Ne\v

South Wales owe to gold mining in the opening up and settlement

of these several States need not be dwelt upon to be fully real-

ised. How feeble a course a country can run deprived of this

great stimulus was attested in the case of Western Australia. For

nearly three-quarters of a century it stood the non-progressive

unit in an actively progressive aggregate ;
until gold mining gave it

also the required impetus, and in such measure that in a decade

it sprang from a position of insignificance to one of commanding
importance. So far from being unprofitable, it may therefore

be strongly contended that no other form of industry stands

credited with such an accumulation of tangible, realisable, and

convertible profit. Moreover, while it injures none, it is the

pioneer, the founder and sustainer, of all other industries. Cut-

throat competition is the evil against which organised labor in all

its branches inveighs, as it affects pretty well everything but gold

mining. In this competition has no place. The gold miner, in

making room for himself, makes room and provides employment
for whole armies of dependents. He is at once the patron and
the paymaster of all by whom he is surrounded. His industry is

the mainspring which keeps all the wheels of the general
mechanism in motion, and as it is certain that gold mining would

not be sustained at a continuing loss, the general profit to the

investor must be assumed as a point not less clearly proven than
the general profit to the community.
Does gold mining pay ? Let the enquirer mentally contemplate

the Australasia of the opening 19th and of the opening 20th cen-

turies. Let him pass in mental review the great lone lands before

they were awakened from their unproductive sleep of countless

centuries by ring of pick and roar of stamp mill, and the seven

{sovereign States, with their noble cities, their vast areas under cul-

tivation, their land and sea-borne trade, and their thriving millions

of population. Let him regard these two pictures illustrating the

change wrought by gold mining, and then let him answer his ques-
tion for himself.

THE EDITOR.
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MINING AND ORE TREATMENT IN WEST AUSTRALIA

Introductory.

In accumulating information on various subjects connected with

mining, one may obtain a cinematographic picture of each and yet

actually acquire very little knowledge. It is the explanations

:*iven, the data, figures and results which enable one to set forth

the experience of other men. Through the courtesy of the Hon.

H. Gregory, Minister of Mines, all particulars concerning the public

batteries of the State were obtained. To Mr. H. S. King, the Under-

secretary, I am specially indebted, having been afforded every

facility for acquiring much of the material necessary for these

..I tides, and also to Mr. Gibb Maitland, the Government Geologist;

Messrs. Purdie and Allen, of the Perth Technical School; and Mr.

Robt. Allen, of Perth, for their welcome co-operation and assist-

ance. My acknowledgments to workers on the fields and mines

will be made in due course.

So far as mining was concerned. Western Australia was certain-

ly the Cinderella of the States. Queensland, with its Charters

Towers, Gympie and Mount Morgan : New South Wales, with its

extensive coal measures and Broken Hill ; South Australia, with

it i Moonta and Burra Burra; Tasmania, with its Tasmania, Mount
Bisehoff and Mount Lyell : Victoria, with its 260,000,000 worth of

gold ; were all apt to look upon their western sister with a tolerant,

patronising air. Now'she has outstripped all her sister States, and

shown how one small field such as Kalgoorlie can turn out as much

gold as the whole of the fields in any State. The area of Western
Australia is 975,920 square miles, its great length from north to

south being 1400 miles, and from east to west 1000 miles. The

southern and south-western areas are fringed with coastal lime-

stones from eocene age to the recent calcareous sands, so prevalent
around Perth and Fremantle.

Carboniferous and mesozoic rocks occur over large areas
;
cam-

brian rocks have been identified in the Kimberley district, while the

archaean rocks, comprising gneiss, granite and schist, are said to be

more extensive than in any portion of the world. These archaean

rocks are important, in that the valuable metallic deposits occur

in them. Mr. Woodward considers there are six distinct belts run-

ning north and dipping slightly eastward. The first belt runs nearly

parallel to the western const and contains lead, copper and zinc. The
second belt contains the Greenbnshes tin fields and fine deposits of

graphite.

The third belt lies about 100 miles inland from the coast, and

is about 100 miles wide. This belt contains bold, bare outcrops of

granite, which are flanked round with sand. Rain runs off as from

the roof of a house. This water finds its way through the sand to

be entrapped in hollows, giving rise to soaks and gnamma holes.
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Drains are now made circumscribing these outcrops, and the water

led into excavated dams.

The fourth, or first auriferous belt, lies east of the granito belt.

It is about 20 miles in width. Starting at Phillip's River, it

includes Parker's Range, Southern Cross, Golden Valley, Mount

Magnet, Cue, and Nannine. The fifth belt resembles the third;

that is, it is made up of granites and other igneous rocks. Thi>

divides the Southern Cross auriferous belt from the sixth belt,

whose width has not been determined. The sixth belt starts from

the Dundas Hills, and includes the famous fields of C'oolgardie and

Kalgoorlie, and extends right through to Marble Bar' and Mulline

on the north-west coast. The area of the present goldfields may
be conceived 'when it is remembered that each of these belts is over

800 miles in length.

As early as 1861 a prospector found auriferous stone 30 mile*

east of Northam, but could never re-discover the place. In 1862

the Government engaged Mr. E. H. Hargraves, the discoverer ot

gold in New South Wales in 1851,to prospect and inspect the coun-

try for gold. Mr. Hargraves' opinion as published, ''The Non-

Auriferous Character of the Rocks of Western Australia," show.s

how the practical man will theorise, even to his own undoing. IIL

1864 Mr. C. C. Hunt headed parties which penetrated the country
to the Dundas Hills, Lake Lefroy, and probably passed over the

Coolgardie goldfields. They named the "Hampton Plains" after

the Governor of the day, but only looked upon the country from a

pastoral point of view. In 1869 the Government offered a reward

of 5000 for the discovery of a goldfield within 300 miles from

any port, to be paid after 5000oz. had been won
;
a still more pro-

gressive step was taken in 1873, when 16 Ballarat miners were im-

ported to prospect and mine for precious metals. A battery wa.-*

erected at Fremantle. This venture ended in failure. In 188?

the Kimberley goldfield was opened up, and in the following yoai
2000 men had been attracted to the place This marks the first

successful move which has resulted in the modern discoveries. Pros-

pectors again set eastward from Northam, and after many small

finds Southern Cross was discovered in 1887. From that time for

a number of years new fields were proclaimed with feverish haste

Pilbarra, Ashburton, Murchison, Cue, Siberia, were all discovered

"before 1891. In April, 1892, Bayley and Ford started eastward
over that desolate, dreary strip which lies to the east of Southern
Cross. After having been beaten back for want of water they
slightly changed their course, and arrived at the native well

Coolgardie where they camped. During the next three days they
picked up 200oz. of alluvial gold. Returning to Southern Cross for

provisions they hurried back to the scene of their find, and on the

day they reached Coolgardie for the second time discovered the
famous Bayley's Reward mine. The first afternoon's work gave
them 500oz. in specimens. Bayley returned and showed 554oz. tc

Warden Finnerty on the 17th September, and obtained a lease oi

"his discovery claim. The gold fever seized the local inhabitants,
and in less than a week hundreds were on the way to the latest land
of promise.

Kalgoorlie was discovered in June, 1893. During the next three

yea^-s Bulong (I.O.U.), The Londonderry, the Wealth of Nations.
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Menzies, the Norseman, iind a host of other goldfields were dis-

covered.

The difficulties the early prospectors had to contend with can

never be properly understood by those who have not faced them.

The country from Northam to the goldfields is so flat that for

hundreds of miles there is neither cutting, embankment, nor bridge.

A few culverts are constructed where water might run. Iso-

lated bare granite outcrops, or low rugged ridges capped with iron-

stone are dignified with the name of mountains. The country,

however, is not bare, but sparsely covered with stunted gums about

50 feet in height, with a scaly butt and bare white or red stems;
a thin cluster of pendent leaves is borne on tiie summit of umbrella-

shaped branches. Mulga. quandongs, cotton-bush and salt-bush

hide the bareness of the parched red soil, while on the sand ridges

the globular tufts of the bright-green spinifex shows in marked
contrast against the blue of the short scrub and the bilious green
of the scraggy gums. Great flat plains, covered in some instances

with sand, in others with a stunted scrub, are known as lakes. The

water, it is explained, is underneath the surface. The soil appears
to be fertile, but is redeemed from being a desert by tlie scrub,

which extends over hundreds of miles. As soon as settlement

destroys vegetation the fine red sand which floats with every breeze

envelopes and tinges all natural and artificial objects with a color

peculiar to itself.

While the Queenslander is never at a loss to give an alligator

story, those from the other States have their snake stories, yet every

"Western Australian can outdo them all with the wonderful tales

of the wandering willy-willies. The meandering whirlwinds are

ever present. Now and again they gather up tins which so plenti-

fully strew the surface, rattle them together in a manner suggestive
of a tin-kettling party, carry dust, paper and rubbish aloft until

they vanish into thin air. While these are the bane of a house-

keeper's existence, yet on a larger scale further north their destruc-

tive violence is vouched for by the Government Astronomer, who
states: "Houses and sheds are usually tied down to the ground by
means of strong iron cables, but the wind generally takes no notice

of these impediments, and is rarely satisfied with anything short of

a complete wreck." For further information as to disappearing
tanks and bulky articles I need only refer you to any of the resi-

dents.

The climate of the southern and south-western coastal districts i:-

said to be the most salubrious in the world; most people would not

say the same about the goldfields towns. The average mean maxi-
mum day temperature for January is very nearly 100 degrees for

the Coolgardie goldfields. while the Murchison is 105 degrees. The

nights are said to be cool, but this is only relative to the day tem-

perature. There is no doubt that a continual sun bath from early
in the morning until late in the afternoon is not conducive to the
comfort of mo>t white people. The winter climate is said to be de-

lightful. It cannot be said tiiat flies or mosquitoes are trouble-

some : possibly with the advent of water they will multiply and
increase.

The want of fresh water in the centre of the State has proved
the chief drawback to its progiess. and even now it is a grave
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menace to the welfare of a city with 25,000 people, nearly 400 miles

from a supply centre. Even now the cost of travelling or prospect-

ing must be great when a horse will consume 2s. 6d. worth of water

and a camel swallow 1 worth at a draught. One cannot help ad-

miring the courage of the explorers who traversed desolate waste

oi spinifex, sand and scrub, or the perseverance and pluck of the

prospectors who went out into the wilderness, and by their dis-

coveries sowed the seeds of the State's mining greatness. Some

'few were personally successful, but the credit belongs to all. Water

had to be carried off or condensed from a liquid salter than the

sea. Tinned meat and damper, wor.k of the most arduous descrip-

tion, carried on in the driest of atmospheres, all helped to impover-
ish the blood and weaken the system. Little wonder is it that

they went down with fever, and that many were carried off in those

days when medical comforts were little known and nursing still les.s

so. Conditions are now so altered that hardships, as compared
with those of a few years ago, are almost unknown, yet mining Ls

handicapped to a very great extent owing to the absence of abun-

dant supplies of wood and water.

There is little doubt, had the Eastern goldfields a rainfall like

that of the coastal districts, the topographical features of the

country would have been greatly different. Deep channels would

have been cut, and water-sheds would have been clearly marked.

The rainfall is from about six to nine inches per annum
;
this lim-

ited supply has little or no geological effect in removing material

and eroding channels. In more ways than one such a meagre
rainfall is of advantage in a country where the water lies, and where

a downpour of a few inches would mean flooding the country and

converting the roads in the red soil into clay quagmires. Semi-

tropical conditions would be much more trying than the clear, dry
heat which now prevails.

Water is conserved in other places, even in immense quantities,

where the rainfall is no greater, but the configuration of the coun-

try and the amount of soluble salts in the soil are against this here,

except on a small scale. For household purposes, an extensive roof

and an abundant tank supply will give enough water if sparingly
used. While a few are so favored, the great majority on the gold-
fields have to purchase all the water they use, while all the large

mines have to erect elaborate condensing plants to supply the short-

age caused by imperfect condensation of their steam. There are

many public condensing works on the fields, and special condensers

have been evolved to suit local conditions. Many elaborate me-
thods were tried, but a very simple form is almost universally

adopted.

Five ordinary cubical 400 gallon tanks 4 feet by 4 feet by 4

feet are set on edge, so that they form a diamond shaped boiler 20

feet in length. A similar row is set parallel to these with middle

edges adjoining. These are built in. A fireplace is placed in front

"between the series, and flues are so arranged that the heated" air

circulates round the tanks and returns to a chimney alongside the

fireplace. The tanks are connected below, while above they lead

to a common pipe through which the steam passes. This pipe leads

'to a closed jacket which surrounds a galvanised iron tank, the
tank itself being full of the salt water, which has to be condensed.
A portion of the steam is liquefied and drains away to a reservoir.
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The water in the tank becomes raised to near its boiling point by its

contact with the steam, and runs continuously into the first tanks,

or those on each side of the fireplace. The salts in the water,
which soon deposit, are blown out at the opposite end from time

to time.

The vapor which passes the first cooler goes through a series of

inclined or vertical galvanised iron hollow cylinders about 4 feet

in diameter and 20 feet in length. These have open pipes run-

ning through them. Each of the cylinders condenses some of

the vapor which is drained away, and the number can be so ar-

ranged that very little escapes. These rows of columns, so common
on the goldfields, are in reality atmospheric condensers. Joints

are made tight with a little paste. In some cases, in order to

facilitate cleaning out, each tank is divided so that the upper half

forms a cover resting in a water seal. The top can thus be lifted

"bodily with block and tackle, and scale or salt removed from the
Tower portion.

The cost of distilling with wood at 15s. per ton, or green Avood

from 24s. to 25s. per cord, is about id. per gallon, or 4s. 6d. per
100 gallons. It is sold to the mines in large quantities at from 6s.

to 7s. per 100 gallons" while the townspeople pay from 10s. to 12s.

6d. So far as one could see, no effort was made to reduce the

atmospheric pressure in order to lower the boiling point ; possibly
the additional cost of working on a comparatively small scale would
have counterbalanced the saving effected. The water condensed
still contained appreciable quantities of chlorine, and had the effect

of causing iron vessels in which it was stored to rust rapidly. Pos-

sibly it still contains appreciable quantities of ammonium salts or

volatile organic products ;
but on this point I was not able to obtain

information. Certainly in the interests of the consumers a most
careful analysis .should be made.

The water from the shafts adjoining the mines, for the gold mines
themselves may be said to be dry, contains from 6 per cent, to 19

per cent, solids: that from the Great Boulder mine giving sodium
chloride, 11.104

; magnesium chloride. 1.425; calcium sulphate, .462:

lime. .422: 13.473. Such water is sold at the pit's mouth for from
5s. to 6s. per 1000 gallons. Mr. George Roberts, the metal-

lurgist at the Great Boulder mine, lias kindly supplied me with the
cost of water per ton of ore treated : Fresh water, 3s. 4.182d.

; salt

water, 10.830d. : up keep, etc., 4.686d.
; total, 4s. 7.698d. These

figures are for 89.521 tons crushed during the year. The total cost
of fresh water being 14.921 16s. 5cl. : salt, 4021 13s. Id.

; up keep,
repairs to pipe, etc.. 1745 11s. 9d.

; total, 20,689 Is. 3d. On
other mines it has cost as much as 6s. 8d. per ton of ore treated.

It will readily be seen the water difficulty is a serious one, not

only handicapping the mines, but adding to the cost and discomforts
of living. Almost the whole inland population depend on con-
densed water, while house-owners live in perpetual dread of fire. In-
surance rates amount to several per cent, per annum: and there is

little interval between the beginning and end of a fire in a canvas

"house, or those whose timber is dessicated in this jilmost rainless

region.

The salt water at the mines is u highly objectionable material,
loaded as it is with ^olids : it has to be used over and over again,
until it is so saturated that even a small amount of evaporation or
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J

A Big Condensing Plant.
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change of temperature will cause it to deposit its salts all over the

place ; every leak or drip of water about the works is indicated bj

long pencil-like stalactites, while the pipes and launders choked and

filled with large and often perfectly formed crystals of gypsum (sel-

enite), and even the grinding pans and settlers become coated with

a thick incrustation of the same substance. When the water be-

comes alkaline through lime being added, a white inflorescence of

magnesium hydroxide separates out : this coversi the filter presses

with a snow-like deposit. The water still left in the press cakes of

residues amounts to from 15 to 20 per cent.
;
this evaporates from

the tailings heaps and leaves the finely pulverised sand cemented

and crusted with various salts. Fortunately this is so, for were the

slimes loose and pulverent, the dust caused by many millions of tons

would smother the city. It is of course impossible to use such saline

water in the boilers, consequently it must be distilled and elabor-

ate precautions taken to ensure its condensation. It is a rare thing

to see a puff of steam escaping into the air. The steam condensed

from the cylinders contains oil
;
this is filtered out with special fil-

lers before it passes back to the boilers. The loss owing to im-

perfect condensation amounts to 25 per cent.
;
this must be made

good with fresh water.

The Government, with foresight almost intuitive, undertook to

lighten the load which so handicapped the mining industry, by
means of a scheme which is far beyond any venture of the sort ever

attempted. A weir has been constructed on the Helena River, 21

miles from Perth, and 330 miles from Coolgardie. Eight interme-

diate pumping stations are installed
;
the water is forced into reser-

voirs from one to the other until raised to a reservoir to a height of

1000 feet in all. whence it gravitates to Kalgoorlie At each pumping
station three sets of engines and pumps are provided, two of which

will be sufficient to do the work. The pipes which are now laid are

made of steel 30 inches in diameter, inch thick, and 28 feet in

length : they are coated with asphaltum. Expansion joints have
been provided, and all provision made against serious failure. The
late Mr. C. Y. O'Connor, C.M.G.. was the engineer for the scheme.

Messrs. Mephan Ferguson, G. and C. Hoskins were the success-

ful contractors for the 60.000 pipes required, their contract price

being 1.025.124. At the date of my visit to the West, in 1902,
the water scheme had not been completed, and salt water was

mainly used for milling; and cyaniding. The change from the saline

to the fresh water introduced many difficulties; the incrustations

from pipes and pumps were slowly dissolved off, giving rise to leaky

joints, while a considerable quantity of sediment was stopped by
the filter cloths of the filter presses, giving rise to an increased con-

sumption. Next gypsum, which is freely soluble in saline solu-

tions, crystallised out from the fresh water. This occasioned much
trouble in the zinc boxes, and gave much extra work in the treat-

ment of the zinc slime.

Fuel is also a source of much higher expenditure than in other

States. The wood used as a i '/le is so free burning that it is like

feeding a fire with paper. The country has been devastated of

large timber for miles around, and though branch timber lines are

pushed further and further back, it is likely that the price will

reach that of coal conveved on the railwav from the local mines.
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The present cost of 15s. per ton means about 20s. when compared

with the firewood we produce.

Timber for mining purposes is practically non-existent at the

mines, but the other portions of the State send up the magnificent

poppet legs and heavy timbers so necessary in these large mine,-,

and the cost of these would probably be very little greater than iu

our own mines. As a matter of fact, the timber used underground

in the mines visited was very much less than one sees in otfier places.

The ground is certainly very good, but great care is taken not to

waste timber unnecessarily.

A scheme which would have worked out well, were it not for

vested interests now involved, would be to build a heavy rail broad

gauge line down to Esperence Bay, the fall from Coolgardie being

over 1200 feet in 236 miles. The ore requiring chemical treatment

from the mines could be run down to sea-board and treated even bj
the present methods at a less cost than they now are. It is doubt-

ful if this can be done if the fields are supplied with cheap water.

It cannot be said that the State is behind in providing railway.-.

In 1881 the Eastern line was opened to Guildford : in '84 it reached

Chidlow's Well
;
the following year it had passed through York.

while in 1886 Northam was the terminus. Gold brought it to

Southern Cross in 1894, to Kalgoorlic in 1896, to Menzies in 1899,

and now it is being pushed along to connect with the railway of

the Murchison field. Even now there must be a difficulty in

supplying fields having a population of about 40,000 witJi necessary

foodstuffs, and mines yielding some 5,000,000 worth of gold with

machinery and .supplies. The water difficulty again has to be

faced. The railway tanks along the line are somewhat precarious
sources of supply, and when they give out either condensed water
has to be purchased, or the engine has to haul its own requirements
in water trucks, which unnecessarily burden it. Fortunately a

breakdown has never occurred, though it must cost a large sum to

avoid the possibility of it. Marvellous is not a word to apply
to the cities on the goldfields ; they are phenomenal in their growth
and solidity; old methods have been left behind to a great extent.

Fine buildings, streets laid out on no niggardly system, well paved
footpaths, bicycle tracks and well metalled roadways; electric

lights, suburban railway traffic, and electric trams, all show the

magic power of the yellow metal.
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Gold Deposition - The Great Boulder.

It is the common custom to make comparisons with other States

in order to show the latest gold producer off to the greatest ad-

vantage, but such comparisons are not fair. Take, for instance,

the Victorian case. Victoria in the early days was rushed by a

gold-seeking population who had very little experience in searching
for alluvial, and none when it came to extracting small particles of

gold from hard rock. Reef after reef was left in the early days
because the material was looked upon as too difficult to work; the

evolution of quartz mining was slow, the work proceeded cautious-

ly, and even now, owing to this original policy, any change of ma-

chinery or method is viewed with the greatest suspicion. Contrast

this with the West. Thousands of trained miners nocked to the

newly discovered fields
; money poured in for development purposes ;

machinery of the most extravagant type was rapidly run up, and
mines were opened up at a rate almost unparalleled. Had Vic-

toria been a new field with modern facilities, modern knowledge, and
with modern men, then the world would have been astounded with

the wealth produced year by year. Western Australia will be a

great gold producer for years to come, but it may take another

jubilee for ner to catch up to the long lead Victoria has given with

regard to gold production.

One cannot help contrasting the comparative small amount of

alluvial or so-called alluvial gold won in W.A. in comparison with

that obtained from reefs also with that of Victoria. Nor can one

get over the remarkable fact that while the great bulk of the gold
obtained from the reefs is as fine as flour that very little of this gold
has been won from the alluvial. It seems to be quite feasible that

surface solutions may have had solvent action on this gold and car-

ried it to spots where it has been re-precipitated. A certain amount
of denudation has gone on all over the fields, and even if this only
amounted to a couple of hundred feet during the time the present
reefs were exposed, then the amount of gold shed into the brecci-

ated material surrounding these outcrops should, in a field such as

Kalgoorlie. have amounted to millions of ounces, anu not a paltry
few thousands which have been won. The matter is well worthy of

investigation, and it may throw some light on the poverty of some

outcrops and their richness down below and vice versa.

One of the most noticeable features at Kalgoorlie is the enor-

mous plants dumped down on such small areas; coincident with this

is the hurry and bustle that goes on. "We are anxious to work
the place out and get away from it," jocularly remarked one pro-
minent mining man. "The gold is better in the bank than in the

ground," was another excuse given for running out SO.OOOoz. per

month, and causing many sanguine shareholders to fall in. Vic-

toria in the early days sent shafts down a few hundred feet and ap-

pointed a Royal Commission tr decide whether gold would probably

go down to 1000 feet. At Kalgoorlie they sink to 1000 feet almost

in one act and start off straight away for the .second thousand.
There can be no husbanding of resources with leasos containing only
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2-i acres, where the small hoppy-go-hop batteries have been dis-

placed by the hundred head of heavy stamps, with their long and

rolling hum. Work progresses at a rapid rate, day and night, Sun-

day and Monday ;
it must be confessed that with work proceeding

i\i such a rate, the greatest efforts have to be made to keep develop-

ment work well ahead, and it is probable that the limit of produc-

tion has been reached in most of the mines, and perhaps over-

reached in a few of them.

It has often been stated that Victorian mining men were at a

loss when called upon to deal with the lodes of Kalgoorlie. The

matrix which contained the gold was not quartz, neither were the

lodes, so-called, contained in a channel with defined walls. A
liard blue rock, specked with pyrites here and there, which on Ben-

digo would be called mullock, carried the gold, and this material

was called a lode wherever it was payable. Many of the mines

contain little or no free gold ;
in others veinlets of telluride of gold,

or blotches of the same mineral, barely distinguishable from pyrite,

permeate the rock.

The rock which contains the gold is locally known as a diorite

or greenstone, but it has been proved by examination to be a dia-

base. The lodes themselves are portions which have been fractured

and fissured, and through such channels the auriferous solutions have

flowed, leaving some of their valuable metals crystallised through

the disturbed areas. On some parts of the field vast chambers

have been hewn out in removing payable ore
;

in others, such as

the Boulder, the values are sharply defined to within a few inches

one way or another of the width of the material taken out. Ap-

pearance counts for little or nothing where no gold nor telluride

veins are visible. It is only by a continuous system of sampling
that the mining manager is guided as to values

;
not the slip-shod

assaying and sampling done on some of our Victorian mines, which

have brought the practice into discredit. Hundreds of assays,

taken at regular intervals, broken down from wall to wall, are sep-

arately pulverised and sieved, and the sieved sample handed to the

assayer. "How often do you take your samples?" ''Every six

inches in this mine," was the reply obtained from a manager who
was not even then satisfied that he could speak with absolute cer-

tainty as to values. Certainly he erred on the right side, and his

mine was as well mapped out as to values as the stock in a mer-
chant's shop. This system, so necessary here, has been of such as-

sistance to managers that it has been adopted almost universally ;

and it has been stated by most reliable men that
even with patchy reefs, having coarse gold, their battery values

followed their assay values very closely. At times there are great
discrepancies on this field between estimated and actual values, but
if the origin of these were sought it would be found either in the

incompetence of the men connected with the work or else be the
result of market manipulations. It may be a difficult matter to

value a mine to Avithin a few per cent., but there is no excuse for

values of a mine well opened up being declared to be hundreds of

per cent, over actual values.

Another indispensable method of development lies in the use of

the diamond drilL This work is so important, and can be carried
on so cheaply, that the best managed companies have made full use
of the system, and have bored their properties from boundary to
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The Great Boulder in 1895.
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boundary, thereby gaining valuable information, and in many cases

making important discoveries. The work at Kalgoorlie is largely

done by the Sullivan Diamond Drilling Co., and I have no doubt

that the system on which they work will be extended to other

States in the near future.

The Great Boulder property consists of four leases, the first two

having an area of 24 acres each, the third 21, and the fourth 16

Plan of the Givat Boulder Louies.

acres. The main workings are carried on in the first two leases,

whose length in a north-westerly direction is nearly 3000 feet, and
whose width is one-fourth of this, or 750 feet. The lode runs tan-

talisingly close to the western boundary, and dips towards the

Golden Horseshoe lease on the south-eastern end, and towards the

Ivanhoe property on the northern end. These last two properties.
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each having A lease of 24 acres, together with the Boulder, pro-

duce nearly half a million ounces of gold per annum. In the

Boulder property a belt of rocks classed as felsitic schists aud slates,

varying in width from 200 to 500 feet, runs along the whole length

of the leases. On the western side is the famous Boulder, Horse-

shoe and Ivanhoe: on the eastern the Lake View, Perseverance, and

other properties. The lodes on the Boulder mine are known as

the east lode, the west lode, and a lode which forms a loop with

the west lode, known as the west branch lode. The last outcropped

close up to the western boundary, and dipped into the Golden

Horseshoe property, thereby helping to make that mine one of the

richest in the world.

The west lode, after a westerly dip. which brought it up to

within 50 feet of the Horseshoe boundary, commenced to dip the

other way, so that at the 1400-feet level it is further away from

the boundary than it has been for some time. Down to the 900-

feet level the general trend of the dip is westerly.

In going down a mine such as the Boulder a casual observer oan-

not form any opinion as to values, other than that apparent from

the quantity of stone removed, the absence of a mullock tip and

the presence of barren material from other sources filling the stopes

depleted of their ore. The ore removed must have been of won-
derful value, for up to the end of 1900, 198,248 tons were treated

for 449,944.7 ounces and 175,000 paid in dividends. For the year

1900, 54,887 tons were treated for a yield of 115,908oz., and at the

end of 1900 it was estimated that down to the 1000 feet level there

were 143,800 tons, containing 211,324oz. of gold, an estimate which
has since proved to be considerably under the mark.

At the 1200 feet level the lode is about 8 feet in width, and had
been driven on at the date of my visit for over 500 feet, the values

averaging at least 2oz. per ton for this distance none of that stone

had been broken out. Although this level does not make the
mine any more than one swallow makes summer, yet it has raised

the hopes of the local people, who anticipated better yields from
the lower than from the upper levels in other mines as well. This

rcay prove so, but, taken as a whole, it would prove contrary to all

other Australian experience.

As may be seen from the plans and sections the Great Boulder
mine is one of the best developed on the field. The work done
i'or a single year is suggestive

Feet.

Shafts .. .. .. .. .. 940
Levels .. .. .. .'. .. 2,872

Crosscutting . . . . . . . . . . 1,339

Rises .. .. .. .. .. 789
Winzes .. .. .. .. .. 677
Air passes . . . . 180

Total .. .. .. 6,797

Diamond drilling . . . . . . . . 6,977

Hie mine is now well opened up, and should have stone for at

least three years ahead, wnile the dividends on the present price
of the shares amount to about 10 per cent. The savings effected

in the co.,t of treatment have amounted to as much as ~.s. per ton
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for the past twelve mouths, so that if the ore maintains its value a

very much larger profit should be made. As a further guarantee
ot careful management, it need only be mentioned that Mr. R. Ham-
ilton is In charge, and that Mr. Geo. Roberts is the metallurgist
or- the mine.

Since this description was written Mr. Hamilton's estimates have

been abundantly justified. The main shaft has been pushed down

Great Boulder Workings.

to 1600 feet, and the lode has been proved to be much nearer the

shaft than it has been for a thousand feet. The probability of it

dipping into the Golden Horseshoe Estates, which seemed almost a

certainty at the 900-feet level, has not been borne out by the

results of work at deeper levels. The present ore reserves are even
now ahead of what they were in 1902, while the cost of production
has been lowered.
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When ore was first treated at the Boulder it was assumed that

the old-time methods would be good enough ;
the gold was got, the

tailings were waste products. Battery work, followed by pan

amalgamation, was looked upon as perfect. Fortunately there

were no running rivers in which they could hide evidences of bad

work. Tailings heaps remained to be sampled, and the army of

assayers and scientists from other States. Germany, England, and

America showed that altered methods were necessary. The tail-

ings heaps were cyanided. and the difficulty of extraction was de-

clared to be overcome: roasting and cyaniding were introduced, and

yet the recovery of gold was not satisfactory. Ricli tailings were

hidden and buried in the stopes of some mines. A new word

was necessary, since the tailings from such operations were rich

enough to be re-treated. Residues was applied to such payable

sand, and tailings to the final material going over the dump. Then

commenced a series of rival methods of treatment. Claims were

always put forward for over 90 per cent, extractions. Yet even

after this tailings often became residues, from which as much as

16dwt. per ton were extracted. Each man did what was right in

his own eyes, and though in many instances the process has been

fearfully extravagant so far as companies are concerned, as silently

testified by the "hospitals" or masses of unused or discarded ma-

chinery ; yet out of the chaos has emerged a few interesting and

original processes, which will serve as stepping stones to future

advancement. The end is not yet come. Even now the rivalry

does not appear to have ended
; tailings heaps are said to be guarded

in some instances against would-be intruders, who are anxious to

know the value of the tails, ''for fear tellurides might be stolen,"
as one manager facetiously remarked. The knowledge of bad work

being done, and the efforts made to improve upon the present ex-

tractions, is a very hopeful sign. On many fields, so long as good
yields are forthcoming, the managers have adopted the ostrich policy
with regard to their losses. Great blunders have been made in

the past, but the competition between rival companies" has been
too keen for the authors of such blunders to live in happy ignor-
ance.

From a treatment point of view, the Boulder ores cannot be
looked upon as specially refractory. For instance, they cannot be

compared with those at Bethanga or Cassilis in Victoria, nor with

many ores in Central and Northern Queensland. There are two
difficulties to contend with, the former being due to the presence
of tellurides. the second that the gold is so fine and so encased that
the finest grinding is necessary to free it. Treatment with special

solvents, such as cyanide of potassium, with bromo-cyanide, or roast-

ing, is necessary to overcome the first difficulty, while the second
necessitates sliming the whole of the ore and the attendant difficul-

ties in treating it.

The Great Boulder Company started with the battery and pan
amalgamation system, but afterwards, with the knowledge gained
from the nature of the ore, erected a special plant to deal with the
same : while the tailings which had accumulated were dealt with

specially also. Analyses of the oxidised and sulphide ores are

given :
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Oxidised. Sulphide.
Si0 2 .. ..66.80 Si0 2 .. .. 74.95

A1 2O 3 .. .. 8.44 A1 2O 3 .. .. 1.75

Fe 2O 3 .. .. 17.39 FeS 2 .. .. 5.40

Fe 3O 4 .. .. 0.46 FeCO 3 .. .. 3.22

CaO .. .. 0.37 CaC0 3 .. .. 7.03

MgO .. .. 0.13 MgC0 3 .. .. 4.76

NaCl .. 0.50 K 2ONa 2 .. .. 1.40

H 2 (combined) .. 5.15 H 2 (combined) .. .25

99.24 98.76

Ax previously mentioned, there are two distinct classes of ma-

chinery for the treatment of the oxidised and sulphide ores. The
oxidised ore and a portion of the sulphide free from telluride is

put through the usual stamp battery, followed by amalgamation and

cyaniding. The machinery for treating the sulphides is of an al-

together different type, the ore being dry crushed, roasted, pan
amalgamated, and cyanided. The ore is brought from the main
shaft in box cars, having a capacity of 14cwt. each. The'se are

pushed into a kick-up, and discharge their contents into a No. 5

Gates breaker D type. This breaker is fitted with a manganese
steel mantle instead of the ordinary chilled solid head. One
mantle in use crushed 80.000 tons of rock from pieces up to a hun-

dredweight weight down to a gauge of 2 inches before it was re-

placed. This breaker is driven by a 14-inch rubber belt, from a

5 feet 6 inches friction clutch pulley placed 60 feet from the breaker.

The breaker wheel runs 400 revolutions per minute, and absorbs

about 50 horse-power. Its capacity is 170 tons in 8 hours. The
broken material is delivered into a revolving trommel, having inch

screens. The fines when dry drop on to a 14-inch Robin's belt

conveyor, and are carried direct to the Griffin mill bin; if they
contain more than 3 per cent, of water they are passed through a

Howell White pattern revolving drier, and then elevated to the

bins. The coarse lumps from the trommel fall on to a grasshopper

conveyor, having discharge doors six feet apart ;
these doors are

regulated so that a 500-ton bin may be evenly filled. The ore is

taken from this bin by three automatic feeders, and dropped on to

shaking troughs, which deliver it into three Gate's breakers H
type, each having a capacity of 100 tons per 24 hours, crushing the

rock down to 1-inch gauge. These are driven at 600 revolutions

per minute. The crushed ore falls on to a 14-inch Robin's con-

veyor, thence into a truck, which is tipped into the Griffin mill bin.

The Griffin mill, as used on some of the largest mines on the field,

somewhat resembles a Huntingdon mill, but in the former case

only one disc is hung on the shaft. It consists of a pan lined with

a' steel ring, 2 feet 6 inches in diameter. A horizontal disc of less

than half this diameter is attached to the lower end of a vertical

sjiaft 6 feet 6 inches long. The upper end of this shaft is hung in

the axis of a horizontal pulley by means of a ball and socket joint.

On rotating the pulley, the shaft, with the disc attached, also ro-

t'ates at the same rate, while the disc swings out like a conical pen-

dulum, and presses against the steel ring. The ore is broken,

crushed, and pulverised by the action between the two. Above

the ring is a screen. By means of a fan fixed on the shaft, the

pulverised ore is blown through the screen, and falls through a series

4
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of slots into a receptacle below, whence it is continuously removed by
means of a spiral conveyor. The pans and screens are encased in an

iron cover, while on top is fastened a conical shield, through which

the shaft works. At the Boulder, the annular space between tiie

shaft and the top of the shield is usually covered by a piece of

bagging to prevent dusting. The mills are fed automatically, and
on the under side of the roll or disc are ploughs or shoes, which

prevent the ore from packing below. They scoop up the un-

crushed material, and throw it between the ring and disc. The

disc, which is capable of rotation on the shaft, travels round the

ring, revolving in an opposite direction to the swinging circle de-

scribed by the shaft. The pressure between the roll and ring is

said to amount to about 60001b.

A remarkable feature about the machine is the fineness of the

product from a comparatively coarse screen. For instance, at the

Boulder, where a 15 woven wire mesh is used, it is found that 80

per cent, will pass through a 120-mesh screen. The total weight
of the machine is from 6 to 7 tons, the ring of die being the heaviest

portion about 4001bs. The pulley is driven at a speed of 135 to

150 revolutions per minute. The cost of the mill in Melbourne is

between 500 and 600. Altogether for fine crushing or sliming
it is the most effective mill known, and the experience at the

Boulder shows that each mill requires 25 horse-power, and that

the crushing capacity is 26 tons per day. At the Perseverance each
is said to crush from 30 to 40 tons per day : in this case the ore is

ground afterwards. At the South Kalgurli 20 tons per day is

treated, so that the average of one ton per hour may be looked upon
as fair work on Boulder ore. The cost per ton for wages and re-

pairs amounts to about Is. lOd. per ton, power not included. The
mill requires to be fed with an even product ;

otherwise a breakage
of the shaft may occur, and owing to the feed being in one place, a

greater wear takes place on the ring here, thus necessitating its re-

placement or moving it round. Another curious and yet some-

what serious drawback to it is the number of explosions which some-

times occur through portions of unexploded charges of dynamite

being fed in with the ore. At one mine, as many as 13 took

place in two shifts, resulting in either blowing out the screen or

the bottom of the pan. The same material will go through a bat-

tery or even ball mill without explosion, but in the Griffin mill will

never fail to go off. This in itself serves to indicate the heat and
enormous pressure produced within the pan.
The Great Boulder has ten Griffin mills. The dust is drawn

away through a zig-zag pipe by a fan <uid settled in a large cham-

oer. The pulverised ore is conveyed by a spiral conveyor to a double

push conveyor 180 feet long. From this the ore is distributed to 12

shoots, each leading to an Edwards' furnace. The furnaces are au-

tomatically fed with 16i tons of ore per day. The furnaces have been

described in connection with the article on Messrs. Edwards and
Co.'s works. They are of the standard type, 64 feet long, swung
on trunnions, and set for the local ore with an elevation of 15

inches. The upper rabbles are plain cast-iron
;
the lower ones are

water-jacketed. When Avood is used for fuelling, 15 per cent, of

the weight of the ore is found to be necessary. It was discovered

in roasting this ore that the furnace was unnecessarily long for the

operation. If any roasting
'

went on in the upper portion the
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30-inch Griffin Mill arranged for Dry Pulverising.
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lower part became too hot and led to fusion of the ground material :

the ore in itself, containing such a small quantity of sulphur, sup-

plied such a small amount of heat to the furnace that the conditions

which held with concentrates did not apply. In order to supply

sufficient heat, so that the temperature should be high enough to

induce the necessary chemical changes, recourse was had to gas

firing. This was supplied through the crown of the furnace ftt

various points, and has overcome the difficulty. There are three

producers of the Dowson type. They are fed with coal, saw-dust

chips, and like materials. The gas so produced is led away to any

part of the furnace which requires it. The roasted ore contains

from 2 per cent, to 3i per cent, of sulphur as sulphates, and .18

per cent, to .2 per cent, of sulphur as sulphide. The Edwards

furnace is as good as any on the field, but it has all the faults com-

mon to roasting furnaces. There is no method for the conserva-

tion of heat, almost the whole of which is wasted. Reducing gases
from the fuel are allowed to come in contact with the ore wiien

they should be rigorously excluded
;
the amount of air passed in

bears no proportion to the work it has to do. The metallurgist
of the Great Boulder, not satisfied if a better furnace could be

introduced, supervised the roasting of a parcel of ore at Merton's

metallurgical works, Spottiswoode, Victoria, and was so well

pleased with the result that the management decided to instal ^ix

others.

The result of the roasting by Merton's furnace on a parcel of 50

tons from the Great Boulder mine led the metallurgist of the mine,
Mr. Geo. M. Roberts, to recommend the adoption of six of the

furnaces. These are now installed at the mine. Merton's furnace

consists of three hearths, superimposed above each other, each

hearth being 23 feet long, 8 feet wide, and about 12 inches from the

floor of one hearth to the bottom of the next, the hearths them-
selves being about 12 inches thick. The ore is delivered automati-

cally into a hopper on top of the last hearth near the flue end:
from the hopper it is fed on to the first hearth. It is worked auto-

matically by rabbles until it comes to the end; from this it may
be dropped through a discharge chute on to the second hearth, along
which another ^et of rabbles cause it to travel towards the flue end

;

from this it drops on to the third floor, and it travels along this

towards the fire-box end. It drops through a chute on to a short
fourth floor, where it either can be in the hottest part of the fur-

nace, or be worked with a single rabble, after which it may be dis-

charged.

The modification of this furnace for silver roasting or chloridising
is arranged by having a chute from the last hearth mentioned dis-

charging into a revolving cylinder, which has a movable fire-box

at one end.

There are foiir rabbles working on each hearth, each being 4 feet

in length. Three revolve in one direction, and are always in the

same or in parallel lines; the fourth revolves in the opposite direc-

tion, and is at right angles to the others. The rabbles are at-

tached to vertical shafts, of which there are four, through the

three-hearth furnace, and one through the single hearth. Thoe
through the three hearths are 5 feet apart, and pass through the

bottom floor to an archway, where each is supported on a footstep.

They are all water-jacketed, and are driven at a uniform rate by
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bevelled cog\vheels attached to a horizontal shaft working into cor-

responding wheels on the upper end of the vertical shaft. Pro-

vision has been made for removing or replacing rabbles without

having to cool down the furnace. Inspection doors are provided on

each floor opposite the rabbles. The furnace is stayed by means of

railway rails placed as girders, and connected together above and

oelow the hearths.

The cylinder on the chlorklising furnace is 10 feet long and 6 feet

in diameter. It is lined with firebrick, arranged so as to taper

from the feed to the discharge end. The movable fire-box is a

brick-lined furnace set on wheels. The flue passes into the centre

of the end of the cylinder. This is simply a modification of the

well-known Bruckner cylinder.

The air is allowed to pass into the ordinary furnace through the

fire-box, where it is partly consumed
;
the excess of oxygen in air.

the nitrogen, and products of combustion pass over the ore lying

on the last hearth, thence over' a short bridge along the third

hearth. At this point, if desired, the gaseh may be sent through
the flue without traversing the upper hearths at all. Otherwise

;

as is usually the case, the air passes back over the second floor, and

escapes through a flue capable of being closed by a damper on to the

upper floor, from which it finally passes away.
In the chloridising furnace the fire-box of the ordinary furnace is

used as an auxiliary source of heat. The ore, after leaving the

fourth hearth, slides into the cylinder, where salt is" added, and
the gases from the movable fire-box pass through and over it. Air

is admitted also at the end of the cylinder.

The advantages claimed for this furnace are its compactness,

simplicity of construction and working, its large output, and heat

economy. The space occupied is only 34 feet by 10 feet, the top of

the first hearth only being about 9 feet above the ground. The

products of combustion passing, as they do, over and under the

iiearths, tend to keep them at an even temperature. There is no

great amount of heat radiated from the furnace. By carefully

regulating the supply of air roasting can be so arranged that the

heat from the waste gases can be taken up by the raw ore fed in.

The difficulty with regard to material becoming too hot in the

upper floor, through the access of a large quantity of hot air com-

bining with the pyrites, is got over by allowing the bulk of the
heated air in such a case to pass away into the flue. Should an ore

require to be roasted in stages this furnace offers facilities for doing
so, such as many continuous process furnaces do not possess. In
Edwards' furnace, for instance, the rabbled material moves down,
and there is a possibility of part of the ore from No. 1 rabble pass-

ing on to No. 2 rabble, and if it passes to No. 2 the chances are
that it may pass to No. 3, and so on be transferred from one end of

the furnace to the other in as many revolutions as the furnace has
rabbles. Though in practice this is not found to take place to

any appreciable extent, any such possibility may be dismissed from
consideration in dealing with Merton's furnace. The ore may be

kept on No. 1 hearth until certain desirable changes occur, such as

the transformation of the pyrites into the magnetic sulphide and, in

part, magnetic oxide. On the next floor the sulphur may be al-

most wholly removed and part of the magnetic oxide transformed
into ferric oxide. On the last floor this change may be com-
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pleted, while in the finishing floor any sulphates of the weaker

bases may be decomposed, should this be desirable.

An ore like that from the Boulder does not roast in the same way
as the ordinary pyritic one. The finely-powdered ore clings in

dusty clots
;

it is light and fluffy, and like flour will not flow freely.

Its penetration by air is slow, while any attempt to stir it vigorously
or to cause it to flow in heated air leads to an inordinate amount
of dusting. From a few experiments made with sinvlar material,
it was found that as soon as the calcium carbonate was decomposed
the resulting oxide was acted upon by sulphur dioxide, giving cal-

cium sulphite. Calcium sulphide also formed from the inter-re-

action of pyrites or ferrous sulphide and calcium oxide. These in

their turn slowly oxidised to calcium sulphate. Certain it is that

the Boulder ores give on a bad roast a considerable quantity of alka-

line sulphides. This may be due to the reactions given above, or

more probably to the alkalies and alkaline earths in the ore react-

ing with ferrous sulphide direct. The product from all the fur-

naces on the field has a slight alkaline reaction.

The method of testing the roasted product is done, as I was
informed by Dr. Earp, B.Sc., F.I.C., and Mr. Wright, of the Per-

severance mine, by adding lead carbonate to the aqueous extract

trom the ore
; this, of course, shows soluble sulphides if the black or

brown lead sulphide is produced. A further extension of this is to

boil the ore with caustic potash and then filtering ; lead carbonate

added to this solution will show the presence of sulphides, which

may not be soluble in water. I have confirmed this test, which is

a very useful o>ne, so far as ferrous sulphide is concerned, although

finely ground di-sulphide or pyrites only gave a faint sulphide re-

action.

The quantitative method of ascertaining the state of the roast de-

pends upon the termination of sulphur present as sulphide. This

is done by determining the total amount of sulphur present by
fusing the material with sodium carbonate and some oxidising agent,

thereby transforming the whole of the sulphur to the form of sul-

phate of sodium. The fused mass is disintegrated and filtered;

the filtrate evaporated to dryness with HC1 to render silica insol-

uble. The solution is taken, treated with barium chloride, and the

sulphur determined from the weight of the barium sulphate pro-

duced. The sulphates are determined by boiling some of the ore

with sodium carbonate
;
this serves to transform the sulphates into

sulphate of sodium. The ore is filtered, the filtrate acidified, evapor-
ated to dryness, and the solution treated as before, and ,,ie snip :ur

present as sulphate determined. The difference between the two

amounts of sulphur is attributed to sulphides. The process can be

shortened materially from that given in this description, but it can-

not be said that such a mode of determination is altogether satis-

factory. The difference in the two amounts is but small, and this

small amount has to carry all the errors of both determinations.

Further, the presence of a small quantity of barium sulphate in the

ore would not be decomposed by boiling with sodium carbonate, and

the sulphur in it would consequently be counted as suiphide.

It must be confessed the estimation of the sulphur as insoluble

sulphide is not an easy matter on such an ore as this. The method

of fusing with a kown weight alkaline carbonate and some oxygen-

supplying compound, and estimating the alkalinity afterwards, fails
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in the presence of easily decomposable sulphates, e.g., Ca S0 4 +
Na 2 CO 3 = Ca C0 3 + Na^ S0 4 ; each molecule of calcium sulphate

neutralising one of carbonate of sodium.

As the sulphur as sulphide has not only all the errors of deter-

mination, but also all the sins of a bad extraction laid on its shoul-

ders, it is necessary to state that this is not the case, but that all

other reducing agents must be looked upon as equally as bad; and

even the oxidation of such agents may not suffice to correct the

evil. The sulphur as sulphide, then, can only be looked upon as an

accompanying evil, and a simpler test might be devised to show
the state of the roast relative to the consumption of cyanide. For

example, the KOH extract might be acidified when diluted, and its

reducing power estimated with a standard solution of KMn O*.

The same samples might be tested with KCy shaking test to de-

termine the consumption of cyanide. From the two on ores of

similar nature a table could be readily constructed showing the

relationship between the reducing power of the ore and the con-

sumption of cyanide. The most direct test as to the state of the

roast is tried now at most mines, and also at the Great Boulder.

This is the shaking test or the actual test with cyanide on a sample
of the ore.

Although such tests are useful for the same classes of ore. and

while they may give good results so far as showing the state of the

roast is concerned, they may be of little or no use in guiding the

metallurgist as to his probable extraction. Very often a roast that

will respond to all tabulated tests will fail to give a good extraction,

and one reeking with basic and other sulphates, which the text-

book authorities are so strong on, may be made to give a first-rate

extraction. The cause of the non-extraction of fine gold by solu-

tions is either due to the destruction of the solvent by
some other agent in contact with the gold or by
want of contact of the solvent with the gold. The

latter includes cases of bad percolation where certain patches of

ore are not acted on at all, and the more common cases of the gold

Toeing locked up in some other material, either physicallj
7 or chemi-

cally. It may exist in fused oxide of iron, or in some easily

hisible silicates: it may exist in a telluride naturally, or may be

locked up in some metal or metallic sulphide formed in a roasting

furnace. In the case of some solvents, such as chlorine, the outer

coating of many of the reducing agents will be destroyed, and the

gold, whether locked up physically or chemically, will be dissolved,

the -exceptions to this being the case of an insoluble compound form-

ing and enveloping the gold, such as chloride of silver. Even this

material does not prevent the entire solution of the gold, provided
the latter is present in the alloy to the extent of 60 per cent.

Should the particles enclosing the gold be too coarse, then the sol-

vent action may be too slow, even if in course of time a perfect ex-

traction might be obtained. While the solvent is dissolving the

particle it is being destroyed as such, and consequently can not

attack the gold, so that there must be an ever replenishing supply to

all such particles. It is very often forgotten by the metallurgical

engineer that he is dealing with masses which may only be very

imperfectly represented by molecular formula?. He forgets that

every change that takes place is between molecule and molecule,

and that in the smallest particle visible there are some myriads of



26 AUSTRALIAN MINING AND METALLURGY.

molecules, and in the time given for action a comparatively small

number may be acted upon. Chlorine is able to penetrate and

dissolve gold out of material impervious to cyanide ;
so that when

the latter solvent is used on rich ore which is likely to frit in any

way, it is necessary to grind the product very finely, and thereby

expose as much of the metal as possible. This is an accepted axiom

on the Kalgoorlie field.

After leaving this furnace the roasted material is sent along by

means of push conveyors, two for every six furnaces, to a Krupp
bucket elevator. There are two of these elevators, each delivering

ore continuously into a mixer. Each mixer is a small steel vat, 4

feet in diameter, and 2 feet deep, fitted with a movable cover,

through which a shaft fitted with paddles works. There are six

discharge outlets near the top of the mixer, through whicl? the

pulp flows into the amalgamating pans. The hot sand is churned

up with the stream of solution supplied from the wash water and
excess cyanide solution from the filter presses. The object of the

mixers is to damp the ore without creating much dust ; in this

they are partly successful. The pulp flows from the mixers into

twelve grinding and amalgamating pans. These are of the usual

Wheeler type, and are arranged to have a continuous overflow

from sets of three into a large settling pan. As men-

tioned in a previous article, the contact of the dry hot sand with

water causes a solution of many soluble materials present in the

roasted ore. The two which have the most influence on subse-

quent operations are calcium and magnesium sulphates. The
former exists in the mine even at IOAV levels, in the form of gypsum
CaS0 4 2H aO, while it is also produced from the interaction of cal-

cium carbonate, sulphur dioxide, and oxygen of the roatsing furnace.

The magnesium sulphate is produced in a similar manner.

The anhydrous calcium sulphate is very slowly ac:ed upon by
water. It is practically dead burnt plaster of paris, but in course

of time it becomes 2CaS0 4 H 2 O, or the ordinary plaster of paris,

which, under ordinary circumstances, sets very rapidly, becoming
CaSO'i 2H 2 0, or it goes back to gypsum again. This action is more
or less retarded by the presence of other salts, but appears to be

going on at almost all stages of operations at the Boulder. The

settling takes place to such an extent in the pans that all parts be-

come coated with a crust of material which has to be chipped off

from time to time. For the same reason, it is useless hanging
amalgamated copper plates in the pans, the amalgamation being
done by adding large quantities of mercury, somewhat after the
fashion of silver amalgamation, and periodically replacing that

amalgamated. Whether the crystals of gypsum, as they form, are

able to lock up gold and prevent it from further attack I was not

able to discover, but should this be the case it would be preferable
to allow sufficient time for the crystals to form and then grind
them, it being obvious that when once the compound formed re-

grinding would reduce it to a slime, which would not re-set. The

chippings from the pan bottoms have a high value, but this is due
to the amalgam entangled. The pans are cleaned up twice per
month. By starting at one end of the series and doing; one pan
per day, then on the thirteenth day the first pan would be again
cleaned up, and so on.

The amalgamation which takes place is very good, while the loss
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of mercury is small. This is no doubt due in a great measure to the

fact that hot alkaline cyanide solutions are used in place of water in

the pans, thereby keeping the mercury and gold bright, and also to

the fineness of the product fed into the pans. A pulp which con-

tains from 2 to 3 parts by weight of water to 1 of dried slime has

been found to be fluid enough for the operation. Under ordinary
conditions a pan is not a suitable amalgamating contrivance if

worked with a continuous supply and discharge. In the first place
the finer particles, including the fine gold, are washed out without

ever getting to the bottom or coming in contact with the mercury.

Secondly, the fine gold present only amalgamates with great diffi-

culty, and even if amalgamated plates are hung on the baffles or

sides of the pan the bulk of the fine gold will pass out. Thirdly, a

reducing action appears to be always going on, and hydrogen is al-

ways evolved in appreciable amount, while with arsenical ores

arseniuretted hydrogen is given off freely. Fourthly, the pulp has
to be so diluted that practically all th", mercury fed in periodically

immediately falls to the bottom, where it becomes covered with all

the heavy metallic minerals present. It should not be necessary to

point these simple facts out, but in parts of Australia the system
of pan amalgamation is still believed in as the most perfect of all

methods. It is a different proposition altogether to take a

thickened pulp and have globules of mercury desseminated evenly

through it, to add chemicals to assist amalgamation, and then to

thin down so that mercury and amalgam sink to the bottom and the

thin fluid pulp overflows. The pan amalgamation process at the

Boulder serves to eliminate the coarse specks of gold from the pulp,

while only the finest or that capable of being dissolved by cyanide

solutions in a limited time is carried over into the settlers. Solu-

tion of gold is, in fact, going on all the time. The amount of gold

recovered as amalgam varies from 30 to 60 per cent. The amalgam
caught by the pan is treated in an amalgamating barrel and thereby
cleaned. The cleaned, well squeezed amalgam contains from 25 to

33 per cent, of gold. The pulp overflows from three pans into a

settler. This is of the usual type, having suspended paddles work-

ing from a vertical shaft. The duty of the settler is to allow the

fine globules of mercury carried over to subside. The pulp is so fine

when it leaves the pan that 98 per cent, of it will pass through a

120-mesh screen, the balance through a 100-mesh. From the

settlers the pulp passes into a sump, from which it is pumped up 48

feet to two distributing tanks, each having four discharge holes

leading to four small conical spitzlutte. from which it overflows

into a series of spitzkasten. The former serves to eliminate any
coarse or heavy pnrricles which may have come over with the slime.

These are led back again into the pans; the latter are for the pur-

pose of thickening the pulp and clarifying the solution. So effec-

tively do the spitzkasten do their work that clear water is drawn

away from the top of the final one, while a ptilp having a consistency
of 1 of water to 1 of slime by \veight is drawn off below. A de-

tailed description of these will be given in a later article. The
clear water from the spitzkasten is led back to the mixers, while

the thickened pulp is led into the agitation vats. The strength of

the solution is now made up to from .01 per cent, to .05 per cent.

KCy, and the paddles are started and as a rule kept going from 16

to 17 hours.
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Tests are frequently made to see if the gold is passing into solu-

tion. Since the weight of pulp and solution is nearly equal, by

taking samples and filtering and determining the amount of gold

in the solution, the decrease in the slimes may be readily inferred.

This result is checked from time to time by assaying the slimea

themselves. The ordinary method of determining gold in cyanide
solutions by evaporating to dryness with litharge, and then running
down the lead button and cupelling, is not looked upon with favor

"by some of the metallurgists on the field. It is held that largo lo>ses

take place on account of the solutions being saturated with chlorides

and other salts. Mr. Goldstein, of the Great Boulder No. 1, is

positive that this method of assay is misleading, and seeks to lessen

the error by adding charcoal as well as litharge to the solution to

be evaporated. He also fuses at a low temperature.

The gold dissolves readily at first, and then solution takes place

more and more slowly, until the commercial limit is reached. The

state of the roast is the essential factor governing the success or

failure of the process. It is found that if alkaline sulphides are

present not only does the solvent action of the cyanide cease, but

that a partial precipitation of gold takes place. For instance, at

one of the prominent mines, the following results were obtained:

The solutions flowing into the settlers contained 40 grains of gold

per ton. The solution Avas then made up to the desired strength

with cyanide. One hour after adding KCy solutions assayed 50

grains per ton
;
4 hours, 42

; 8} hours, 40
; 12} hours, 37

; 16} hours,

25; 28} hours, 25. Had the solution gone on in the regular way,
the value would have been about 170gr. per to'i. This sample was

found wlien tested with the lead carbonate method already men-
tioned to give a sulphide reaction. The method adopted for the

quantitative determination of sulphur is based upon the qualitative

test already described. About 5 grm. of ore are boiled with abou:

50c.c. of 5 per cent. NaOH for about 5 minutes. This is filtered,

washed, and the filtrate diluted to 200c.c. with cold water. It is

then made faintly acid with acetic acid and titrated with decinormal
iodine solution. The reaction H.^S + I-j

= 2HI + S is quantita-

tive, and the end reaction with starch as an indicator is sharp.
This method will indicate not only sulphur, but any other com-

pound which can be raised to a higher state of oxidation by iodine.

Further, it assumes the decomposition of all sulphides by the caustic

alkalies. By this method of indicating sulphur, only 0.03 per-

cent, was shown to be present in the case of the ore. which refused to

yield its gold to the KCy solution. Assuming that the sulphur is

present in the state of soluble sulphide, and that the following

equation is a quantitative one K^S + KCy + H 2
= KCyS + 2KOH

then each atom of S destroys a molecule of KCy, or double its

weight, so that 0.1 per cent, of S means 2.241b. of S and a destruction

of 4lb. of cyanide per ton. The addition of soluble lead salts to the

solution, in order to precipitate the sulphur of the soluble sulphides

as sulphide of lead, does not appear to be carried out at any of

the mines. A test which has to be carried out regularly is the deter-

mination of the alkalinity of the solutions from the ore. Now, as

v.-ater is not used for moistening the sand, but dilute KCy solu-

tion, the problem is to determine that of the liquid, independent of

the KCy present. This is done by running in AgNOs solution,

using KI as an indicator, and taking it to opalrscence. This fixes
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the KCy : a few drops of alcoholic phenolphthalein solution is

added, and the alkalinity indicated. This is titrated with decinor-

mal HC1. The protective action of an alkaline on KCy is now very
well known, and care is always taken to see that there is always
free alkali present. If the solution from an ore is neutral a small

amount of lime is added.

What the effect of moistening finely divided hot ore with KCy
solutions is cannot be definitely stated, but it would seem trom

some instructive experiments carried out by Mr. S. Radcliff. the

metallurgist to the Chance mine, Cassilis (V.), that a great deal of

cyanide is destroyed.

Mr. Radcliff was struck with the amount of KCy decomposed on

running a solution through dry sand, and found the finer the sand

the higher was the consumption. In order to find the relation-

ship between the size of the particles and the consumption of KCy
ne powdered some clean glass and sieved it through various sized

sieves. He determined the amount of cyanide in his original

sample, the amount retained 011 the glass and the amount oxidised

to cyanate. 25c.c. was used in each case; this was washed with

25c.c. distilled water.

KCN KCN KCN KCN KCN Per Per

origi- after oxidis- left notac- cent. cent,

nally pass- ed to on counted con- left

pre- ing KCNO. glass, for. verted on

Size of Particles. sent, through. to glass.

grin. grm. grm. grm. grm. cyanate.
Through 40 sieve and on 60 .2075 .1880 .0160 .0026 .0019 7.7 1.25

60 80 .2075 .1833 .0193 .0034 .0015 9.3 1.6

80 100 .2075 .1720 .0305 .0038 .0013 14.62 1.87

100 120 .2075 .1710 .0318 .0045 .0003 15.3 2.10

It would therefore seem that there is a condensation of oxygen
on finely-divided material, which is able to transform as much as

15 per cent, of cyanide of potassium into cyanate. which in its turn
is transformed into potassium bi-carbonate and ammonia.

KCNO + *H O = KHC0 3 -f NH
The method of treatment at the Great Boulder of sending back the

water-washes from the filter-presses, in which there is a minimum
amount of cyanide, is one to be recommended.

The treatment of the pulp after its gold has been dissolved in the

agitators is an adaptation from modern chemical practice. First

of all the montejus, of which there are four, into which the slimes

from the agitators pass, are modifications of the acid egg, so well

known in the manufacture of sulphuric acid. Each monteju has a

capacity of 500 cubic feet, and is simply a steel pressure tank,

fitted with a pipe through which air may be delivered, and another

pipe reaching nearly to the bottom and leading to the filter presses
above. By admitting air under pressure the pulp is forced up the

other tube as water is forced out of a wash bottle. The pulp is

forced into a filter press, taking but a few minutes to fill it
;
as soon

as the press has been filled, water is turned on to wash the cakes,
and finally a current of air to dry them.

A filter press is a mechanical contrivance for separating finely

divided solids from liquids; in its simplest form, it might consist

of three square or rectangular frames, like the frames of a school-

boy's slate, tightly clamped together, the press being solely for



30 AUSTRALIAN MINING AND METALLURGY.

the purpose of drawing the frames together, and not, as might be

imagined, of forcing solutions through. The middle frame is open
that is, a frame without a slate in it, this is indicated by C

;
on

one side of this open frame is another (A), which contains a cor-

rugated plate instead of a slate; over each side of the corrugated

plate lies a sheet of punched iron, or a screen
;
on the other side of

the open frame lies another frame (B), similar in construction to

A. A sheet of filtering cloth is doubled over the open frame. If

water and slime is forced through a lateral opening into the open

frame C, then the liquid will escape through the filter cloth, then

through the screen, and find its way between the corrugated plate

and screen. By providing a lateral tap on this frame, water may
be drawn off, and the open frame filled with a cake of slime. By
closing the lateral opening through which the slime entered, and

forcing water through a lateral opening between the corrugated

plate and the screen in plate A, the liquid will pass through the

screen, then through the filter cloth, then through the slab of slime

In the open frame C, through the filter cloth on the other side, then

through the screen, and find its wr

ay down the corrugated plate B,

when it may be drawn off. Similarly air may be forced through to

displace water or solutions. Instead of three frames, a great many
are clamped up together. All of these have projecting lugs on

their corners. Through these lugs holes are bored, which form a

continuous pipe when the frames are in position. Lateral open-

ings are made into each frame from one or other of these pipes, in

accordance with its purpose. For instance, the slimes run only

into the open frames. Solutions or wash water passes into the A

frame, and air escapes from it; while from the B frame only solution

escapes. Both A and B frames are provided with taps for the

escape of liquids. Each frame must be planed up accurately to

minimise the danger of leakage; also, strips of tarred blanket are

iaid along the faces, so as to serve as packing. The filter cloths

which lie over the open frames are stitched together in two or three

places, where they project, so as to prevent them giving when the

pressure is applied. The whole of the frames, which are verti-

cal, are carried on horizontal bearers by means of projecting arms;

uhey are brought together by means of powerful screws, or by hy-
draulic pressure.

When a press is empty, slimes are forced in, either by pumps or

by the compressed air of the monteju. The mud flows along the

slime passage pipe, and rushes into the open frames; air is displaced
and the solution starts to run through. Taps are turned off, and

the liquid finds its way through the filter cloths, thence through the

filter frames
;
in from 15 to 20 minutes, a press is full of hard caked

slime. The cakes are next washed. Connection with the "pressure
tanks is cut off, wash water is forced into a frame on one side of

the cake, this passes through the cake, and escapes on the other

side, the pressure applied being about 801b. per square inch, the

time taken for washing being about 20 minutes. Air is then

passed through in the same direction as the water. This serves

to displace nearly 50 per cent, of the Avater that would otherwise

remain in the cake. Even after air washing, they contain from lo

to 20 per cent, of moisture. The press is then opened by unscrew-

ing or releasing the hydraulic pressure. The frames are slid along
the bearers; the slabs of semi-solid slime are knocked out; these
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fall into trucks below, the filter cloths scraped wherever necessary,

the frames brought together, and tightened up again, the press

then being ready for another charge; the time taken for emptying
and closing being about 20 minutes, or an hour in all. As an

actual example, a solution, containing 0.17 per cent KCy before

agitation, contained 0.09 per cent, after treatment, and 0.05 per
cent, after was'iing the cakes. The slimes assayed odwt. before

Filter-Press Open.

treatment, and Idwt. after treatment
;
the consumption of cyanide

being 47 per cent, the displacement of KCy solution by water 44 per
cent. The actual cost of labor in filter pressing is not high. Two
men, paid at the rate of 11s. 9d. per shift, deal with 10 presses of

four tons capacity each in that time, and if they had the hydraulic

closing apparatus, as supplied by Martin and Co., Adelaide, they
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would do two more, so that 48 tons can be dealt with at a cost of

23s. 6d., or less than 6d. per ton. This, however, is only the

approximate cost of one part of the operation.

The subject of filter pressing is a very important one. Mr. J.

W. Sutherland, general manager of the Golden Horseshoe Estates,

deserves great credit for having been the first to introduce them
on this field, and for having shown that they were suitable for

slime treatment on an extensive scale. The result of this is that

they have been adopted by all the large companies on the field, and

they are used extensively all over Australia. The success is all

the more noteworthy, since, I believe, they were tried in South

Africa, but deemed unsuitable. The original method of using them

was to pump slimes direct into the presses, force the cyanide solu-

tions through in order to dissolve the gold, and then to force wash

water through to displace the gold solution. The introduction of

the agitators for carrying on the solvent action in was an apparent

improvement on the original method, the presses only being used

for filtering purposes. The introduction of the montejus came
later ; but Mr. Sutherland stuck to the three-throw pumps, and
these have displaced the montejus at the Great Boulder also. It

was held by many that the presses were not so evenly filled by the

pump as with the montejus; but this is not so. Mr. R. Hamil-

ton kindly supplied the additional information as to the working of

the pumps: "The pump; for the filling of the filter presses acts very
well now that provision is made for safety appliances to prevent
extra pressure of the pump opening the hydraulically-closed presses.

If we exceeded a pressure of 851b., the press would begin to open.
In order to avoid this, we have a lever safety valve, after the style

of the old-fashioned steam boiler valve, but with sheet rubber face

on the valve instead of being metal to metal. We have also an

arrangement whereby an attendant can open a by-pass in order to

reduce the pressure. We have also a float valve to control the

charging pipe from the vats to the sump ;
this valve works auto-

matically by means of a float, and is also controlled by a lever from
the second floor, so that if necessary the attendant can siiut off the

product into the pump sump at will. The method is much more
economical than filling by means of compressed air." The pump
most favored by Mr. Sutherland, and which is being generally

adopted, is a three-throw plunger, with 9 inches to 12 inches diame-

ter cast iron plungers, twelve to twenty-four inch stroke, the whole
erected in a cast iron frame, and belt driven with fast and loose

pulleys. The valves most serviceable being the ordinary clack,

with, hard rubber, or piece of old belting for wearing face against
an iron seat, the whole being simple and wearing parts interchange-
able.

The cakes from the presses have an even structure throughout,
and it is remarkable to see how they split along a central plane

parallel to the frames. It would appear as if this central portion
rt-as the last filled with slime. Some naturally occurring argillace-
ous ores cannot be treated successfully with the ordinary filter

press, while, if the ordinary slimes contain much gritty or coarse

material, a great deal of trouble is caused by the excessive wear and
tear and imperfect washing.
The filter presses first adopted were small, having cakes from

H inches to 2 inches in thickness. The cakes now are 3 inches
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thick, and 40 inches square ;
while as many as 50 frames occur in one

press. It is hardly likely that larger presses on the same principle

will be used, for there is a limit to the size. Dehne's and Martin's

are the only two in use on the field.

One of the greatest faults with the press is that continuous auto-

matic work stops as soon as the slime enters the press. Men hare

to be in attendance to shut off the cocks, to open the press and

knock out the cakes, to scrape the filter cloths and close the press

up again. Much trouble is occasioned by the screws for tightening

ui) the frames not being so nicely adjusted that the men can tell

Solution Plate for Filter-Press.

when each is perfectly closed. Each set of men must know their

own press and stick to it. At the Great Boulder, this trouble is

for the most part got rid of by using hydraulic pressure. The press

is closed evenly and tightly in a few seconds. If the filter frames

were not properly set, or each joint in the frames not properly

cleaned out, a leaky press would be the consequence, and muddy
instead of clear solutions would run out. All the adjuncts of the

process, such as agitation vats, pressure tanks, air and hydraulic

pressure vessels, are expensive to instal and costly to maintain, and

they are necessary for a small, as well as for a large, plant. The

presses themselves are costly, and, for a mine, somewhat fragile

5
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pieces of mechanism. It is doubtful if perfect washing can be giver,

to the cakes of slime in the time allowed
;
from the mode of wash-

ing the tendency of solutions will be to escape in the easiest way
through the cake, so that if sandy or gritty materials are present,

and not distributed in even layers parallel to the filter frame.^,

the wash water will pass through these channels in preference to

more impervious portions in the cake. Air pressure will only re-

move the water from the most penetrable portion. On the other

iiand, the necessity for sliming Boulder ores in order to obtain

a. good extraction had to be met by adopting some new process.

The usual decantation method was not suitable on account of the

enormous volume of water required and the want of a suitable

dumping ground. The filter press gives a cake which is coherent

enough to be handled and stacked up on the tailings dumps, while

the cakes when water washed contain only 40 per cent, of moisture,

and when compressed air is forced through them less than half thi>

amount. A considerable saving of KCy is also effected by using u

minimum of water, and work can be so arranged that no solution*

are run to waste. A further great advantage is that they are clean

in their work. Instead of the slimy, sticky mass of mud in the

decantation process, clean cakes are turned out, and the amount of

slime each press can treat per day is great compared with its capac-

ity. With ten presses, having a capacity of about 4 tons

each, 350 tons per day may be easily dealt with. On

seeing the way in which slimes are settled in the series of spitz-

kasten, and solutions almost clear are drawn away, one is forcibly

impressed with the possibilities of some modification of this sy.stem

coming into use for slime treatment. The decanted solution.^

could be run through a clarifying press (which would take a long
time to become filled with slime), the clear solution sent through
the zinc boxes and returned to wash the thickened pulp in a lower

series of spitzkasten. With some such simple sj^stem the present
elaborate filter press method could not compete on fields having

different conditions to Kalgoorlie. It is hardly likely that the

sliming of all the ore, as practised on the field, will be adopted

anywhere else, except by those who slavishly copy without under-

standing why they do.

The cost of treatment at the Great Boulder mine is now as

follows:

s. d. s. d.

Crushing and delivery of material 4 7.28

Roasting (Merton's and Edwards') 3 9.83

Amalgamating 1 6.88

Supervision (including salaries) 3.81

Assaying, electric light, clerical, etc 4.51

10 8.*L

Cyanide Mill

Mixing, agitating, and filter pressing 4 6.56

Disposal of residues 11.44

Precipitating 2.92

Supervision (including salaries) 2.23

Assaying, electric light, clerical, etc 4.01

6 3.13

Total .. 16 11.44
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The clear solutions from the filter presses pass through the zinc

boxes, thence to the grinding pans ;
the second wash water from the

presses goes direct to the pans. Many details have to be attended
to in order to get such an elaborate plant as this to work smoothly
from one end to the other. The '"montes," or pressure tanks,
where used, should be on a lower level than the presses, so that the
slimes may be forced up a sloping pipe to the presses. By this

means, when the press is full the mud filling the pipe runs back into

the monte instead of choking it up, as has been the case with some

Air Plate for Filter-Press.

plants. In addition to the dry crushing plant, a battery of 30
head of stampers was used for milling lower grade ore, or that free

from tellurides. The stone as crushed by the large breaker was
fed into a truck and tipped into a hopper behind the battery : an
automatic feeder delivered the stone into each box. Mercury was
fed in at regular intervals, and the crushed pulp passed through a
24-mesh screen and thence into a mercury well, then over amal-

gamated copper plates into a Wheeler pan. There were six pans,

working continuously. Each two pans discharged into a settler,

thence over canvas strokes, the tailings going to a .settling dam.
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This material was cyanided without roasting, the slimefe being filter

pressed as before.

The term slimes is not an easy one to define. The common
meaning was that portion of ore crushed in a battery which flowed

away with the water. The amount of slimes was usually deter-

mined by allowing the sand from a sample to settle for a few

moments and decanting the discolored liquor into a larger vessel,

repeating the operation until the latter was filled. The finely-

divided suspended material could then be precipitated with alum.

Open Plate or Slimes Plate for Filter-Press.

This method gave a slimy levigated product, which was free from

grit and heavy coarse particles. The material also set in leathery

cakes, which were impervious to water; any attempt to wash, or

sand solutions through the slimed cake under pressure only led to

the material becoming more closely packed and more impervious.
The slimes formed in this way were usually argillaceous or clayey

products, and owed their plasticity to the water chemically com-
bined with each particle. When this water had been driven off

the material at a low red heat, the plasticity of the material is de-

stroyed, and its slimy nature with it. It is gritty instead of greasy,
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and even when in lumps solutions will percolate it, and gold may be

extracted. In fact, there is the same relation between the

material before and after heating as between clay and brick dust.

The more usual method of estimating slimes is by means of sieves.

Formerly, 100 meshes to the linear inch was deemed a sufficient

test : then 120. and now 150 : yet this method of classification is not

satisfactory. Particles of gold which would readily go through the

screen would fall through water rapidly and not be counted in the

slimes by the old method of decantation, while the same would hold

for many other rapidly falling equal sized heavy grains. The fine

grains, whether plastic or gritty, when wet, would all be classed in

the same category if sieving is to be the only guide. This is not

at all satisfactory, for no accurate comparison is possible when deal-

ing with treatment on various fields. For instance, at Mount

Morgan (Q.), where the gold is as fine as it is at Kalgoorlie. and

where tellurides are said to be present in the lower level ores, the

whole of the ore after dry crushing in ball mills and when the

stuff is very rich they crush very finely is sent through a roasting

furna.ce, and treated in large shallow vats by percolation. The

percentage extraction, according to published returns, is very much
better than at Kalgoorlie, while the cost for mining and treatment

amounts to 25s. per ton for sulphide ores. There is no more fine

material in the Kalgoorlie crushed product than in the Mount

Morgan, but the former is a tough rock comparatively soft, which

gives a clay-like product when finely ground. The latter is hard,

brittle and gritty, and the angular fragments do not pack in such

a way as to be impenetrable to solutions.

The whole of the Kalgoorlie rock does not become slime even

after its passage through the pans after which the bulk of it will

go through a 100-mesh sieve for it is found this material will

admit of percolation of solution, and a considerable quantity of this

finely-ground, but still gritty and angular fragments, is treated in

ordinary cyanide vats. An extension of the simple system for such

material, and the use of the filter presses only for true slimes, would

appear to be a more natural course for people who are not in too

much of a hurry.

The zinc boxes used on the Boulder field generally are the usual

'type of rectangular wooden box, with the ordinary partitions. The
solutions passing through are very dilute, yet they readily part with

mcst of their gold, those from the sulphide plant running from 10

to 12 grains per ton of solution, and from the oxidised ore 5 grains.

It may be that the warm liquors in circulation help to bring about

this desirable result. The extraction at the Great Boulder from
the battery and its accessory plant was about 80 per cent. Before

the telluride came in, the results were 10 per cent, higher. With
the sulphide plant, an extraction of over 90 per cent, is obtained,

the tailings running from 2 to 3.2dwt. per ton. With fresh water

the residues are reduced to from 30 to 40 grains per ton. The tail-

ings themselves are trucked away and stacked in a gigantic heap
over 100 feet in height by means of a Lidgerwood flying fox, the

cost of dumping amounting to Is. per ton. The clean-up of the sine

boxes is effected by treating the zinc precipitate with sulphuric acid

in a large lead-lined cast-iron pot. A hood is provided to carry

away hydrogen and noxious gases. After the whole of the zinc is

dissolved, the sludge is put through a small filter press having plates
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of a lead-antimony alloy to resist the attack of acids. The cakes

are washed within the press, and after drying are ready for smelt-

ing. This is done in a Faber du Faur zinc distilling tilting furnace,

which offers great advantages in smelting large quantities of bul-

lion. These furnaces are cubical in shape, and are supported on

trunnions, after the manner of the Bessemer converter. Figs. 1 to

5 show the construction of the furnace. The exterior consists of

iron plate, covering a sheet of fireclay or brick-work. The opening

(o) on the top serves for the introduction of coke or charcoal
;
the

opening (h) is connected with the flue. The crucible, somewhat re-

sembling a skittle-pot, lies at an angle with the furnace, and is

supported on a narrow arch of brickwork (f). The mouth of the

pear-shaped pot, which is in reality a zinc distillation retort, pro-

jects slightly beyond the furnace. The fire-bars (v) consist of

wrought-iron bars set on edge. The furnace can, be tilted by a

worm gearing into a toothed wheel. The advantage of such a fur-

nace for the smelting of large charges will be obvious to all who have

to labor with even the best-designed ordinary smelting plants. The
size of those on the Boulder is much too large for most Australian

mines, but of course they may be constructed to hold from lOOOoz.

to half a ton.

The pots themselves are made of plumbago, and the charging of

them through the open mouth is a very simple matter compared with

that of feeding crucibles, even in smelting furnaces sunk below

floor level. The flux generally used for smelting cyanide slimes

after these have undergone acid treatment is borax, and the melted

bullion runs from 98 to 99 per cent, of gold and silver. The purity
of the bullion produced shows that the reproach attached to the

zinc method of precipitation should be shifted on to the shoulders

of the complainants. It is proposed to instal a plant for refining

the bullion by Miller's process, but as I have repeatedly pointed out,

this method is slow for low-grade bullion, and needs careful atten-

tion. A much simpler plan would be to take the gold sludge,

purified from most of the zinc and other baser metals by the sul-

phuric acid treatment, and dissolve the gold out of this with chlor-

ine in the wet way. The gold solution could be decanted and the

gold precipitated in an almost pure state. The residual sludge of

chloride of silver could be washed and reduced in the ordinary

way.

The method adopted by Mr. Mclntyre at Charters Towers is also

a simple and economical one; this is described in detail in my
article on methods of ore treatment in Queensland. Briefly it con-

sists in melting the bullion as obtained from the zinc boxes so as

to form a zinc-silver-gold alloy, the proportion of gold being kept
at about 45 to 47 per cent., or a value, say, of 2 per oz. This alloy
is granulated and the silver, lead, zinc, and copper dissolved out
with nitric acid. The porous gold sponge left is washed, dried and

smelted, when it assays 99.6 per cent, to 99.9 per cent. gold. The
silver is precipitated with salt, washed, and the chloride reduced
with scrap zinc left from the turning lathes. Many thousands of

ounces were purified by this method, and the saving effected amount-
ed to a very large sum annually.

An even more attractive method would be to take the precipitate
after treatment with sulphuric acid, to wash it thoroughly free
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trom chlorine compounds, and then treat it with dilute nitric acid;

the whole of the lead may be removed by this method, but whether

the whole of the silver would be in all cases, I cannot at present say.

</

Fig. 5

Gold Smelting Furnace used at Kalgoorlie.

In the precipitation of bullion from cyanide solutions, it would

appear as if silver were precipitated at the same time as the gold,

the two forming an alloy on the surface of the zinc. I have be-

fore shown that from the result of many clean-ups with
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new plants tne first bullion produced, or that precipitatea

iu the first boxes, was richer in gold than that obtained subse-

quently. The gold is precipitated in the upper boxes, and the

silver in the lower ones. After the first clean up, when the zinc is

Fig. 1. Push Conveyor.

moved upwards, more silver appears in the bullion until it subse-

quently reaches the same ratio as it is in solution. With charcoal

precipitation this is even more marked. If the gold and silver are

deposited as an alloy rich in gold, it would not be possible to part

the gold-silver slime with nitric acid. The crudeuess of much of

the cyanide bullion produced, and the losses entailed in producing it

and in subsequent refining charges, should disappear in a land pro-

ducing so much gold.

In addition to the plants already described, the Great Boulder

Company has a customs works on the Great Boulder No. 1 lease.

This is under the charge of Mr. S. Goldstein, who has the respoa-
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sibility of dealing with a large amount of stone and sand per an-

num. The system adopted is crushing in a 10-head battery automa-

tically fed, inside and outside amalgamated copper plates being
used. The sand is passed over Wilfley tables, and the heavier con-

SCALE

4 feet

Figs. 2 and 3. Push Conveyors.

centrates extracted. The sands escaping are ground in pans and
then cyanided in double treatment vats, one being placed directly
over the other. A Riecken plant for the treatment of a large

quantity of low-grade slimes was erected. This will be described in
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a future article. An interesting feature of Mr. Goldstein's plant is

that the cyanide solutions are pumped to and from the Great

Boulder plant, about half a mile away.
The shifting of a large amount of hot material along level sur-

faces has led to the adoption of push conveyors in preference to

those of other type. Spiral conveyors were found to distort in

hot sand, but the push conveyors are simple to construct, easy to

maintain, and will work on wet or dry sand, and will move'hot sand

along without dusting. The conveyors figured were designed spe-

cially for use at the Great Boulder. Figs. 1, 2 and 3 show the con-

struction of the conveyors, No. 1 being over 80 feet in length.

They all consist of a channel (B) of thin steel plate, either of trough-

shaped or square section. A series of suspended flaps (A) or plates

of |-inch steel are arranged at equal distances, and fit within about

one inch of the inner cross-section of the channels. The straps

(H) suspending the flaps are riveted on to the outside edges, and
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are about 1-J- inches by |-iuch thick. These rise vertically from the

flap, nnd are turned over a horizontal rod. thence backward and

slightly upwards for a few inches, the end being unattached, but

resting against another horizontal rod. The rods are made of gas

pipe, which act as spacing pieces between two horizontal longitu-
dinal bearers (C), made of 3-inch by i-inch bar iron. An iron rod

runs through the gas pipe, and is tightened up by screwing on
nuts on the outside of the bearers. The bearers themselves are
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attached at intervals to an axle which spans the trough, and on

the ends of which are two small flanged wheels (D), which run on

a short track on a concrete foundation (K). A bar (E). acting as

a connecting rod is attached to the horizontal bearers at one end,

and to a crank (F) at the other. On the revolution of the crank the

bearers run forward : the sand in the trough causes the lower end

of the flap to be lightly dragged over it. On the backward revolu-

tion the flap assumes a vertical position, and a certain quantity of

sand is pushed along by each flap for the length of the stroke.
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Perhaps one of the most instructive innovations on the field is

the spitzkasten used for thickening slimes and clarifying solutions.

The old rules with regard to their dimensions are ignored, and

though there is great diversity as to the number employed for a

given quantity of slime, yet at all the mines they appear to work

well. Practically one size is adopted, and for increased capacity

the number is added to. The spit^kasten is, as the name implies,

a pointed box, the dimensions being 6 feet square, and 6 feet 9

inches deep, the slope starting 1 foot from the top. The inverted

pyramid is really 6x6x6 feet. These are constructed of -inch

mild steel, riveted on to angle iron, 2 x 2 x -inch at the edges;

i-inch rivets, spaced l.^-inch centres at the sloping edges, and

3-inch centres on the upper edge, are used. The plates forming
the sides, if more than one, are riveted with g-inch rivets, 1^-inch

pitch, the lower plate to overlap, so that no slime will collect on

the ledge. The bottom of each box terminates in a cast iron cap,
fastened on with -inch cup head bolts, and packed watertight. A
2-2-inch gas tap opening is provided ;

a pipe with valve attached

screws into this, and so allows of regulation of downward flow.

The boxes are arranged in series, connected into a square or rect-

angle. Each series has one or two smaller conical boxes preceding
it. These are about 2 feet and 2 feet 6 inches in diameter, and
2 feet 8^ inches and 3 feet 2 inches deep respectively. A cast iron

cap, with screw for a 2-inch gas pipe, is provided below. The dis-

tances between the centres of the boxes are 2 feet 8 ?nches, 4 feet 8

inches, and 6 feet respectively. The slimy water flows from the sand

separators, from the bottom of which any sand or heavy particles
of amalgam are led back to the pans. The lighter material from
one spitzkasten to another is settled and drawn off from the bottom
of each at about a 1 to 1 consistency, wrhile the clearer and clearer

water overflows from each until it finally passes into a launder

almost clear. How strange it is that the terrible bug-bear of the

old-time amalgamators and concentrators should be looked upon
as a blessing by the modern metallurgists. Avoid making slimes

wa. the old, and slime everything the newest, doctrine. But
since slime production and treatment is much more expensive than
the older methods, the latter is much to be preferred when there
is no advantage in fine grinding. The general scheme of ore treat-

ment and gold extraction employed at the Great Boulder may be
followed from the diagramatic plan shown.
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The Great Boulder Perseverance.

The plant on this mine is one of the most perfect examples of en-

gineering skill on the field. The buildings, though covering so

much of the 24-acre lease as to leave no stacking room for tailings,

are compact and proportioned to the machinery they have to sur-

round, support and cover. The ore itself, from the time it leaves

the mine until it receives its check at the filter presses, flows through
the works in a steady stream, and after leaving the presses is carried

mechanically to the tailings dump. The stone as broken below

comes to the surface in large blocks admixed with the fines. This is

dropped on to a grizzly, the fines passing through and the blocks

being fed into a No. 5 Gates breaker
;
thence the coarse part drops

into two No. 3 Gates breakers, the fines passing through a grizzly.

The whole of the crushed product falls into a 1200 ton bin. An
automatic feed from this bin is given by a Challenge feeder, which

delivers a regular stream of rock on to a Robins belt conveyor.
These conveyors are used wherever possible throughout the build-

ing and have done such excellent work that a short description will

not be out of place. At the Perseverance one of the conveyors has

transported over 100,000 tons of rough angular stone without show-

ing any appreciable wear. The conveyor consists of a belt made of

canvas, and covered with rubber. The edges of the belt are turned

up, so that the material carried lies in a trough while the belt is

moving. The belt is driven by passing over pulleys, and is guided
and supported by a number of fixed pulleys. The only part of the

surface subjected to wear is the point where the ore is delivered.

After the surface of the belt is reached it is carried noiselessly and
without any motion on the belt itself to its point of discharge.
The guide pulleys are known as idlers, those above being called the

t roughing idlers. The two topmost ones turned inwards are only
used occasionally to prevent the belt running off at the edges and

thereby inducing chafing. This can only happen when the belt runs

sideways from the setting of the framework, or the end pulleys not

being parallel : similarly the vertical bottom idlers.

The belt is of an even thickness throughout, but as the centre

wears more rapidly than the sides an additional thickness of rubber
has been supplied there. This also allows of greater flexibility at

the sides. When it is desired to discharge material at any point

along the belt this is provided for by a tripper, which is simply an

arrangement consisting of a pair of pulleys which turn the upper

conveying belt into curves resembling the letter S. The ore falls

over the upper curve and drops into a chute, which delivers it side-

ways clear of the belt. The tripper may be moved along to any

part of the belt. The conveyors may be used as sorting belts, con-

veyors on horizontal or inclined planes; they may be used for convey-

ing grain, ore, sand, and are now in use for elevating tailings from

"bucket and other dredges. It is needless to say that they will not

convey material beyond the limiting angle of friction or the angle of

slope for various materials. Coal has been conveyed up to an angle
of 26 degrees. The drawing shows the tail end of the belt, and pro-
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Great Boulder Perseverance.
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vision made, i.e., a wooden platform, to prevent ore tumbling over to

the lower belt. The sole agents for this simple and useful conveyor
are Fraser and Chalmers.

The ore after leaving the conveyor drops into a hopper, which sup-

plies the Griffin mills, of which there are 10. These mills were not

fully employed at the date of my visit, seven of them putting

through 300 tons per day. Each mill takes about 25 horse-power to

drive it, and crushes from 30 to 40 tons per day. Since the amount
is much larger than that treated in other works, a comparison of the

grade as regards size is interesting: Passing through a 120-mesh

screen, 72.6: remaining on a 120-mesh screen, 3.5; on 100, 2.3; on

80, 6.5: on 60, 7.1; on 40, 4.1; on 30, 3.2; on 20, .7. At the

Boulder the capacity is about 26 tons per day, 75 to 85 per cent.

going through 120-mesh screens, and at the South Kalgurli 20 tons.

It is evident, assuming these figures to be correct over a long period,
and there ^eem.s to be no doubt about this, that power amounting
from 50 to 100 per cent, is required to perform less than 25 per
cent, more work. These figures show the advisability of removing
the fines and grinding the coarse sand in a pan.

A Sturtevant fan is placed below the Griffin mill, which serves to

withdraw the dust. This is then settled by cyclone arresters, and

dropped down cones into the furnace. A large chamber for set-

tling fine dust is provided. The crushed product from the Griffins

is carried away below by means of a spiral conveyor. It

is then elevated by a bucket elevator, and delivered on

to a Robins belt conveyor, which carries it to hoppers of 6 Holt-

hoff-Wethey furnaces. Each furnace is 120 feet long and 12 feet

wide, and will roast 60 tons (averaging 50) in 24 hours. The type
is a favorite American one. The rabbles consist of a number of

miniature mould-boards carried on a carriage which spans the

"hearth. As the carriage is dragged along, these blades cut into the

ore, and turn it over to a slight extent, and also move it along

slightly. Another carriage is just behind, whose rabbles bisect all

the cuts made by the former one, and so on for a series of eight of

them. A slot runs along the side of the arch, and the ends of the

carriage project through this and are attached to endless cables,

after the manner of the Brown furnaces. The ore is discharged
underneath the furnace, which becomes the cooling floor. The

rabbles, after passing through the furnace, pass round and through
the ore on the floor below. A number of suspended small iron doors

fall when the rabbles pass in or out, thus preventing a large excess

oi cold air. Similarly, as the carriages pass along the suspended
iron covers are raised, and drop into their places as soon as it passes.

The fire places are arranged along the side.

The cooled ore is sent along by a spiral conveyor to an elevator,

which lifts it on to a Robins conveyor, which delivers it into a mixer.

This is a closed in vessel 5 feet in diameter, with propeller-shaped
blades. Dilute cyanide solutions are used to moisten the ore, the

amount used being from 50 to 60 per cent, by weight. The slimy

material from the mixer is led into amalgamating pans, of which

there are 11. Smaller pans of the Wheeler type were first used :

these are being replaced by larger pans of the manager's design.

The smaller pans are of the Wheeler type, 4 feet in diameter, and run

at a speed of 50 revolutions. The larger ones are 8 feet in diameter,

and are run at half that speed. In the larger pans the shoes and
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dies are flat, not radially ribbed, as in the Fulton and Meekison

pan, nor circumferentially, as in the Watson and Denny. - Provision

is made for a large quantity of mercury in the rim, which surrounds

the dies. A vertical baffle plate in front of a sloping overflow dis-

charge prevents mercury from being swilled out by centrifugal ac-

tion. The sides of the larger pans are constructed of mild steel or

wrought iron, the bottom being cast. A large proportion of gold is

Eobins Belt Conveyor. Tail End, arranged to prevent material from
]

dropping on lower belt.

caught in these pans, the dilute cyanide solution assisting in promot-

ing amalgamation. As much as 75 per cent, of the total gold won

i got from the pans. The loss of mercury is very small. The

amalgam obtained from the pans is cleaned up in an amalgamating
barrel and retorted in the usual way.
The slimes overflowing from the pans are led into agitating vats, of

which there are 24. Each vat is 20 feet in diameter, and 4 feet 6
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inches deep; abcut 16 or 17 tons of slime are run in, the water be-

ing present ni the proportion of 2 to 3 by weight to 1 of dried slimes.

The vats used on the field for agitating are very large, and since

the time of agitation is about 16 hours, their capacity must be two-

-nirds of the daily output. As a rule, the arms may be raised or

lowered on a central spindle, to which they are keyed, but the arms

have to be so light and long that there is a great tendency to break

c: bend them. It cannot be said that they agitate the material to

any great extent, for they travel round with almost the same veloc-

ity as the slimes; nor can it be said that the material is well mixed

by them, for the heavier sand is continually dropping, and ulti-

mately forms a cake on the bottom, which lias to be dug out. A
simpler, more easily worked, and better type of agitator should be

possible. The solutions are made up so as to contain from .03 per

to .05 per cent, of cyanide; these are then agitated for about

17 hours. The consumption of cyanide is about lib. per ton of ore.

Provision is made for raising or lowering the agitators, also for

supplying air through hollow arms. The latter device was for the

Fiobins Belt Conveyor. Arrangement of Idlers.

purpose of oxidising any soluble reducing compounds, such as sul-

phides, from imperfectly roasted ores. The addition of chloride

oi lime was aUo tried for the same purpose, but it is doubtful if any

subsequent treatment will compensate for a bad roast. A certain

amount of heavy sand containing mercury and amalgam settles in the

bottom of the agitators; this is dug out every few weeks and re-

turned to the pans. The pulp from the agitators is run into one of

four pressure tanks, whence it is forced into filter presses. There

am 10 presses provided for the purpose, each press holding 50 three-

inch cakes, or 4 tons in all. The solutions running from the

presses are clarified by pas-ing them through a large Dehne press,

and are then sent through one of seven zinc boxes. The solutions

rfter the gold has been extracted are sent back to the mixers or

pans. The residues or cakes discharged from the press are dropped
down a hopper and are carried by a Robins conveyor to the tailings

dump.
The zinc boxes are cleaned up in the usual way : the slimes being

roasted, treated with acid, filter pressed, fluxed and smelted in ordi-

6
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nary pots. The magnitude of the last operation will be grasped by

the few who know what 15,000oz. per month takes to clean up and

smelt.

The bullion produced by amalgamation is worth 4 per oz., and

vhat from the cyanide works 3 to 3 10s. per oz. [The last report

issued states that there were 250,000 tons, averaging l^oz. per ton,

ready for raising. This would amount to about a two-years' supply,

the plant erected treating 300 tons per day without difficulty. The

cost of mining oxidised ore was stated to be 7s. lOd. per ton, and of

sulphide ore 13s. lid. per ton. The treatment costs amounted to

38s. 9d. in 1900 to 28s. 5d. in 1901, and at present less than 21s. per

ten.] The manager, Mr. Ralph Nicholls, C.E., estimated the cost

of treatment at 25s. per ton, so that actual expenditure proved to

be well within the mark.

The motive power for supplying the plant consists of six Heine

water-tube boilers, 200 maximum horse-power, the working pressure

being 1251b. per square inch. Originally there was a prejudice

against water-tube boilers, even when condensed water was used.

It was found that the trouble with them was occasioned by the oil

passing in with the condensed water. This is now wholly overcome

by the use of oil filters, such as Edmiston's. The mill engine is of

the Corliss type, 20 x 36 x 48 incl^s, supplied with an independent

jet condenser, developing 375 horse-power. It is churned that not

more than 60 per cent, of the quantity of fresh water that is being
used on other mines for the same horse-power is required. Motors
are freely distributed throughout the building, and each one is sup-

plied with a centrifugal fan giving a blast of cold air. The motors
have occasioned no trouble, and have served admirably to drive

various appliances which would have been awkward to reach with

other forms of transmitted power. Another plant, kiVSwn as the

Lakeside mill, was made use of for dealing with oxidised ores. This

consisted of a 20-head battery, with copper plates and canvas tables.

The tailings from this passed into spitzkasten, the sand flowing into

large rectangular vats, of which there were four, capable of holding
100 tons each. The slimes were agitated and treated by four Dehne
filter presses of the same size as those used in the sulphide mill,

ffhe concentrates Avere sold.

The plan of operations at the sulphide mill is perhaps the simplest

of the mechanical and chemical processes on the field. The plant,

buildings and machinery cost 125,000, and the whole of the work,

which would take a volume to describe in detail, goes on so smoothly
that it reflects the highest credit on Mr. Nicholls, the manager, and

Mr. Blakeslee, the engineer. The simple system adopted, starting

with dry crushing, then amalgamating and finishing with cyaniding
and filter pressing of the whole of the material, is carried out as

cheaply as processes which depend on differentiation of sands and

solutions, so that if extractions are as good nothing is to be gained

by complicating the process. It is evident, even to a casual ob-

server, that a. definite scheme was designed and rigorously carried

out, and that the lowering of costs is due in a great measure to the

engineering skill displayed in the construction of the whole works.
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The Golden Horseshoe Estates Company, Limited.

The small lease owned by this company contains some of the rich-

est stone on the field. Mr. J. W. Sutherland is the manager, and

through his courtesy I -was enabled to see the wnole of his well-

equipped plant. The method adopted is wet crushing, concentra^

tion, grinding of the sands, agitation with cyanide of the slimes and

ground sand, and filter pressing. The rich ore and concentrates are

smelted in a blast furnace. The ore is tipped out on a grizzly, with

bars spaced two inches apart. The fines pass into a bin, while the

coarse goes through two No. 3 Gates' breakers, thence into the same

bin, which has a capacity of about 200 tons. The ore is then '

trucked to the battery, being fed in through Challenge, feeders. The

mill contained 50 head of stamps, 30 by Fraser and Chalmers, and 20

oy Martin. An additional 50 stamps, each weighing 12501b., was in'

course of erection.

Inside amalgamation is practised, the pulp passing from the

uiortar-box through a woven screen having 800 holes per square inch.

Amalgamated copper plates are used outside. The concentrates are

eliminated by Wilfley tables, or on tables somewhat similar, made

by Martin and Co., Gawler, which are said to be superior to the

Wilfleys. The coarse sand is ground in amalgamating pans of the

Wheeler type, the fine material eliminated running through the

usual settlers, one being used for two pans. The fine sands are

separated from the slimes by means of spitzkasten, and care is taken
to eliminate the concentrates from all classes of fine material by run-

ning them over canvas strakes having a fall of -inch per foot. The
sands are sent to vats through a Butters' distributor. These vats
are 20 feet in diameter, and 7 feet deep, and hold about 70 tons-

The size of the sand may be inferred from the fact that about one-

fjurrter w'll remain on a 50-mesh sieve, one-t* ird extra on a 100-

mesh, the balance passing through the 100-mesh sieve. This is

treated in the upper vats, then discharged into corresponding rats

below, the treatment taking about 10 days. The slimes were treat-

ed in filter presses direct, without agitators, there being nine

presses, having 50 frames, with 3-inch cake. Three of the presses
ai ? filling while three others are under way, and the last three being
discharged. The gold is dissolved out of the cake by forcing solu-

tions through it. The solution of the gold is stated to be almost

complete in 20 minutes : since this is only l-60th of the time required
in the agitating vats, it is a matter which deserves careful investi-

gation. The speedy solution is generally attributed to pressure
alone, but the extra quantity forced through, the more perfect
contact, and the larger quantity of oxygen dissolved are more pro-
b.-ible causes. After the gold has been dissolved the cakes are water-
washed by forcing water through them, after which they are dis-

charged.

The number of stamps in the new sulphide plant is 50. A most

interesting series of particulars was courteously supplied by the

general manager concerning the output of this plant. Taking n.

month's run, the ore milled was 6240 tons, or per 24
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hours 201.29 tons; the actual time being only 27.54

days, gives an actual output per 24 hours working time of 226.57

tons, so that the actual duty per stamp is 4.53 tons per 24 hours.

Each stamp delivers 96 blows per minute, wren a 8^-inch drop. The

average height of the discharge is 4A inches. The screens at present

in use contain 200 punched holes per square inch, equal to about

700, with woven screens. The average life of the woven wire

screens is 4.5 days, of the punched screens 10 days ;
the dies last 300

days, and the shoes 225. The pulp from the battery averages from

48 to 50 per cent., and will pass through a 200-mesh sieve. The

whole of the sand, with the exception of the concentrates, is ground
m grit mills, so as to pass through a 200-mesh sieve, or one having

0,000 holes per square inch. The grit mills, described in a later

article, are used in the new sulphide mill instead of pans for grind-

iugj Put through 28.7 tons in 24 hours, the quantity of flints in each

mill being 5 tons, and the consumption of flints in each mill being
1 ton per month, the average life of a set of steel liners in the mill

"being 240 days.

In the filter press department, the number of press charges dur-

ing the month was 678
;
the number of presses treated was double

this, or 1356, and the number of tons put through 6102, or 203.4 per
24 hours, the number of presses treated per shift being 15.06.

The number of agitating vats filled was 151, each therefore hold-

ing about 40 tons. The cyanide used was 15,9041 b., or 105,321b.

per vat, or 2.601b. per ton. The lime amounted to 14,1701b., or

"2.321b. per ton. The consumption of zinc amounted to 4481b., or

only 0.71b. per ton. The number of filter cloths used was 330, or

at the rate of .05 cloths per ton of ore. The salt water absorbed

"m the residues was 256.284 gallons.

The gist of the treatment is elimination of free gold and concen-

trates as far as possible, cyaniding the ground sands and filter press-

ing the slimes. The ore treated by these means gives of the gold

recovered about 60 per cent, by amalgamation, 20 per cent, from the

sands, and 20 per cent, from the slimes, the total recovery being
about 90 per cent. The concentrates and ore richer in sulphides
than that being treated are entrained to Fremantle to be smelted.

The rich sulphides obtained from the mine are smelted in a water

jacketed blast furnace on the works. This has a capacity of about

30 tons per day, from 8 to 10 tons of ore passing through. There

is no roasting furnace attached, so that the sulphur is mainly elimi-

nated by feeding scrap iron into it. The limestone for fluxing conies

from Southern Cross, the ironstone is procured locally, white the lead

ore comes from Broken Hill
;
metallic lead, matte, and slag are pro-

duced. The lead is introduced into a cupel of the English type, and
reduced to a size and raised to a value suitable for shipment. The

litharge is used again in the furnace, and. when reduced, collects

ti large proportion of the gold again, the difference being made up
with raw galena concentrates.

The cyanide solutions from the vats and filter presses are clarified,

and then sent through zinc extractor boxes of the usual type ;
the

zinc sludge is treated with sulphuric acid, then filter pressed and

washed, and the cnkes are smelted in a Faber du Faur tilting fur-

nace.

For refining the bullion produced a Miller chlorination furnace

hns been built. This method of parting has been in use at the
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Australian mints sinco 1867. The bullion mainly received, in those

days consisted of alluvial o:old, or bars derived from melting very

pure bullion. The composition of this was gold and silver, with

"base metals, such as iron and copper, present in quantities, as a rule,

not exceeding 1.5 parts per 1000. The silver, as a rule, did not

amount, to more than 10 per cent. The method, as originally in-

troduced by Miller, lias only been modified to a slight extent.

About 600 or 700 ounces ot -j;old bullion are placed in a French clay

pot, in which there are from 2 to 3 ounces of fused borax. The fur-

tuice, a modified assay furnace, is filled with fuel and the gold

melted. A perforated lid is placed on the crucible, and a pipe

stem, or a cylindrical earthenware pipe, connected at one end with

chlorine under pressure, is made red hot and dipped through the hole

in the cover of the pot into the molten gold, the chlorine being

turned on to prevent the pipe .from being choked up with gold.

The chlorine attacks the base metals first, and the volatile chlorides

escape in dense fumes through the cover. Afterwards the silver

is attacked, and the silver chloride formed floats on top of the molten

gold. Near the end of the operation the stream of chlorine is les-

sened to prevent the gas spirting and carrying away gold and silver

chloride. As soon as a brown vapor escapes, which will give a

brown stain on white earthenware, the operation is finished. The

silver chloride is ladled out periodically, the last dippings always

containing some gold dipped up : these are kept separate. The gold

produced has a fineness of from 996 to 998. The cost at Melbourne

averages about a farthing per ounce, but the gold is fairly pure,

running considerably over 93 per cent. In Sydney, for bullion

about 85 per cent, gold, 13 silver, and 2 to 3 per cent, of base

metals the cost is about one penny per ounce, and the loss in gold

from 0.11 to 0.19 per 1000. The time taken for gold containing

only 2 per cent, of silver and 0.5 per cent, of base metal is an hour

and a half, while if the silver is 3.5 and the base metal 1.5 per cent,

the time taken is two hours.

This process is eminently adapted for the elimination of small

quantities of silver from gold, yet if the silver rises to about 30

per cent, and the gold is contaminated by base metals, it can scarcely

compete with other methods. It needs also to be stated that the

silver chloride, which floats on top of the gold, carries from 5 to 10

per cent, of gold. This is recovered by fusing the chloride and add-

ing bi-carbonate of sodium fractionally. Part of the chloride is re-

duced to silver, and the shower of silver buttons carries the gold
down. In some instances granulated zinc is added for the first frac-

tional precipitation. Silver is afterwards recovered by hanging the

chloride in flannel bags in an iron bath. Plates of iron are placed

between the bags, a little ferric chloricte is added, and steam is

passed in. The silver is reduced to metal, and is washed with boil-

ing water and smelted without fluxes. It was found at the Mel-

bourne Mint that when pure gold was alloyed with 4 per cent, of

copper the cost of extracting the copper was 4.5d. per ounce Troy.
For the same percentage of lead, it was 1.4d.. for 4 per cent, of iron

B.9d., and for 4i per cent, of tin 2.5d. per ounce Troy. The melting
of cyanide slimes to a base bullion and the subsequent refining by
such a process as Miller's does not seem to be a rational proceeding
when, as already pointed out, the slimes are capable as such ready
attack by gold or silver solvents, as the case may be.
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The Great Boulder Main Reef.

The Great Boulder Main Reef lies near one extremity of the

Golden Mile. The method of treatment adopted does not differ in

any material respect from that on some of the mines already de-

scribed. The ore is broken in a Gates' crusher No. 3, and is reduced

to powder in ball mills. The product from the mills passes either

into three Edwards' furnaces, each roasting 15 tons per day, or one

Richard furnace, roasting about 35 tons per day. The latter

furnace is after the design of tnat of Captain Richard, the metallur-

gical engineer at Mount Morgan. The furnace will be described in

an article dealing with Mount Morgan. It consists of a shaft rec-

tangular in section, 30 feet long, 12 feet wide, and 65 feet in height.

It is divided horizontally by 11 arches, each of which constitutes a

floor. The ore is fed in at the top by means of a screw conveyor,

and slides down from arch to arch through openings either in the

side or top until it reaches the discharging floor vdiich is a hand

i everberatory furnace. At Mount Morgan the motion of the ore

could be assisted by jets of compressed air when necessary. The
floors were so arranged that the heated gases from the fireplace

passed over the floors from end to end until they escaped by the

outlet on top. The principle was the same as in the SteteFeldt fur-

nace, only in this case the ore was exposed much longer to the oxi-

dising gases. It also has a strong likeness to the Hasenlever and

Helbig furnace, which has sloping shelves alternately placed instead

of arches. The physical properties of the crushed ore at the

Boulder led to different results being obtained from those at Mount

Morgan, and it would appear as if Edwards' furnaces were considered

more suitable, since three of these have been installed. Curiously

enough, the effect of the trunnion has been neutralised by the man-

ager bricking them up underneath, evidently for the purpose of con-

serving some of the heat. The shaft furnace is said to consume 3.5

tons of firewood per day, and each Edwards' 2.25 tons.

The roasted ore is moistened with dilute cyanide solutions. The
slimes are separated and passed into agitators, the sands passing
to Wheeler pans, where they are ground and amalgamated. The
overflow from the pans is passed through a spitzkasten, any coarse

material being sent back to the pans, while the fine slimes are agi-

tated in vats. The material thus reduced to slime passes into one
or two montejus and is forced into Dehne filter presses. The clear

solutions pass into the zinc extractor boxes, while the washed cakes
of slimes are sent to the dump. The costs of treatment were givo-i
as 1 6s. lOd. per ton, and the total costs of mining and milling as

2 5s. 8d. The average value of the ore, including tailings treated,

appears to be about 3 per ton. Mr. J. T. Marriner was manager
at the time.
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The Kalgurli Gold Mines, Limited.

In order to obtain an idea of the difficulty of prospecting a

mine on the Boulder, a visit to the Kalgurli mine is of importance.

At the date of my visit the main shaft had been sunk to a depth of

1078 feet, while crosscutting for the lode had been started at 1050

teet and 1000 feet levels. At 920 feet the lode was proved to be 30

feet in width, having a value of 25dwt. per ton. The ore had been

driven on for a distance of 45 feet north and south of the cross-

cut, the width of the drive being 8 feet. For this distance the

average value was 34clwt. per ton. At 850 feet only small lodes

were met with, the ore taken from the shaft at this level running

about 8d\vt. per ton, and gradually lowering in value from the

shaft as crosscutting proceeded. From about 660 feet the lode

matter was carried down with the shaft. At 700 feet the lode was

cut by a western crosscut 36 feet from the shaft. It averaged

30dwt. for a width of 7 feet. At the 640 feet level a western cross-

cut had been driven for about the same distance as that in the lower

level, and the lode matter here was rich enough to be

taken out for a width of 50 feet, and has been proved for

a length of 100 feet. At the 540 feet level there are two lodes

the eastern, which is from 10 to 35 feet in width, and the western,

from 18 to 27 feet wide, with a proved length of 75 feet, averaging

25dwt. per ton. At this level both free gold and telluride occur,

and it is noteworthy that these lodes are more siliceous than in

other parts of the mine. From 540 feet downwards the lodes are

opposite and south of the shaft ; above the 420 feet the lodes are 50

feet north of the shaft. It would appear as if a large fault lode

running north and underlying east, having a pitch to the south, had

caused the lodes above it to shift northwards. Where the main
lodes come in contact with the fault at 300 feet and above this level

they are payable for a width of over 80 feet. From the 200 feet to

the 100 feet level the lodes are 80 feet in width, and averaged 28dwt.

per ton.

In going down the mine all that one sees is a bluish-grey rock,

which in general appearance looks the same whether one is on the

lode or off it. On closer inspection the payable rock carries py-
rites evenly diffused through it, and at times veinlets and blotches of

tellurides are apparent. At the 640 feet, 700 feet, 850 feet and 920-

feet levels no free gold is risible. No doubt those thoroughly
ramiliar with the rock and its characteristics are able to judge of its

value to within certain limits, but even by the most experienced it

is not deemed safe to rely on any estimate but those given by a mul-
titude of as*ay>. The possibilities of this mine are great wITen it

n considered that between a couple of levels at least 50,000 tons

of payable ore exists. Yet this is only looked upon as one of the
smaller mines !

The mine is well equipped with a fine winding engine and an air

compressor made by James Martin and Co., of Gawler (S.A.). The
ore is tipped from the brace of the main shaft over grizzlys into

two No. 3 Gates crushers, and crushed down to 2-inch gauge: it

then falls into bins having a capacity of 100 tons. From these it

is delivered into llcwt. skips, weighed and conveyed to the ball
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The Kalgurli Gold Mine
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mill bins by means of an aerial tram over a distance of ,374 feet, and

97 feet above the ground. The cost of conveying, including labor,

repairs and renewals, was 2.78d. per ton, and the I.H.P. required

was 4.2o. The ball mill bins are placed directly over the mills, and

have a capacity of 300 tons. Six Krwpp mills, No. 5, are arranged
in pairs, and are driven by belts. The experience of the field

shows that belt driving is far preferable to spur wheel gearing. The

ore is automatically fed into each mill and has to pass through a

40-mesh .screen before it is discharged. Dusting is prevented by

mploying a large fan, which exhausts the very fine dust from the

mills and drives it into a large dust chamber, which is a long room

having he^sjan ^ides; the air is forced through the permeable
In---ian walls, while the dust falls into the chamber, from whicn it

is removed periodically. This ingenious dry filter is very efficient,

keeping the mill room free from dust.

The crushed material from the ball mill passes into shoots, from

which a screw conveyor distributes it into the roaster bin, which is

185 feet long, having a capacity of 400 tons. Nine Edwards 7 fur-

naces are arranged with their longer axis at right angles to this bin,

so that each is fed independently by means of a fluted roll worked

with bell crank and ratchet, having adjustable pawl*. The tem-

perature of the roaster at the feed end is approximately 420deg.

Fahr., and the discharge end 1200dcg. Fahr. The roasted ore is

discharged into a push conveyor 4 feet wide and 200 feet long, and
is pushed along to a chain and bucket elevator and raised to a

height of 21 teet : it is then discharged into a mixer, from which

it issues in a thin pulp; this passes into the hydraulic classifiers,

where the <and is separated from the slimes. The coarse and

lieuvy particles escape through the bottom of the classifier, while

the fine Climes flow over the top. These slimes are fine enough to

pass through a 90-mesh screen. The overflowing material, carrying
about one of slime to five of water, i- run into five sets of slime

s.-ttlers of the usual type, the clear water being again elevated to

the head water tank by means of a (3-inch air lift. The thickened

slime pu-st-s out through valves at the bottom of a consistency of

one of slime to one of water: this flows in a continuous stream to

the combined agitation and pressure tank 5 feet 6 inches in dia-

meter and 13 teet 6 inches deep. The cyanide solution is here

added to the pulp and agitated by compressed air for three hours;
it is then forced up into the filter presses, of which there are two,
with compressed air at a pressure of about 301b. per square inch;
it is trashed with spout sump solutions, dried with compressed air

and then sent to the residue dumps. One defect of the filter press
<
r
is used for auriferous slimes Hes in the construction of the cock as

ordinarily supplied. On almost every mine one m ty see wooden

plugs replacing broken or damaged taps. A special form was de-

vised at tiie Kalgurli mine which is simple, effective, and not likely
to go out of order. The accompanying drawing gives all details.

The coarser and heavier material flowing from the bottom of the

classifiers is run over copper plates, thence on to Halley tables,

where all the heavy and coarse particles are removed : the sand is

then elevated into 100-ton cyanide vats, and treated for approxi-

mately 20 days. The solutions are kept constantly circulated and

terated by means of small air lifts introduced by Mr. Moss : these

take the solution from the bottom of the vat, and deliver it again
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on top of the sand. The concentrates are ground to slime in a

Wheeler pan, agitated in the pressure tanks and filter pressed in a

similar manner to the ordinary slimes.

As showing the economical arrangement of the plant, one man
on each shift attends to the ball mills, the cost for labor being only

54d. per ton. Two men on each shift feed the ore into the fur-

naces, roast the ore and deliver it into the elevator at a cost for

Underground in the Kalgurli.

labor of only 8-|d. per ton. The cost of fuel is 3s. per ton. One
man attends to the classifiers, slime settlers, elevators; one man
takes the slime from the settlers, fills the agitators, agitates the

pulp, and charges the filter pi-esses. The total cost of treatment,

including repairs and renewals, amounted with this practically new

plant, working on methods differing from the others on the field,

to 23s. per ton.
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It is highly interesting to note that the principles underlaying
the method of treatment are the same as adopted by Mr. Moss in

1899, and it is the highest testimonial to his skill as a metallurgist
that the tailings from this mine probably the only one in Kalgoor-
lie were never rich enough to be re-treated. The residues now pro-

The Kalgurli Gold Mines.

Diagramatic Elevation of Five Tanks. Pneumatic Agitation and Filter-press
Pressure Tanks.

C. H. Barnes, Constructing Engineer

duced are officially stated to be under 2dwt. per ton. The official

returns are also given according to the method continuously urged

by the
"
Mining Standard," in standard ounces, and not as crude

cyanide bullion or argentiferous gold yields, which only serves feo

mislead the public.
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The arrangements for smelting, assaying and other necessary

operations are similar to those described in other mines. The mcst

novel feature in this plant consists in the use of the pressure tanks

instead of the ordinary agitators, which have already been charac-

terised as the crudest appliances on the field. The pressure tank

Is a modified montejus, in which the gold is dissolved, the agitation

'being supplied by means of compressed air, which keeps the pulp

Suggested Arrangement of Five Tanks.

in constant agitation. Curiously enough, a method based on the

same principle, known as the White-Simpson process, was intro-

duced at Stawell (V.) some years ago. The pulp is run in at the tcp
of the tank

;
a current of compressed air is turned on through a

pipe reaching almost to the conical bottom of the tank. Agitation
is thus kept up for about three hours, when solution of gold ia

' fee \ , ;
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From slime

Plan of Top of Tank.

said fo be practically complete. This in itself is a great stride

forward in point of time beyond that taken at other works. A
pipe is provided for air escape, also a discharge pipe through which

the slimes are sent to the filter presses.

The Edwards' furnace, which forms so conspicuous a feature of

the Kalgurli plant, is designed and manufactured by the well-
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known Ballarat maker. This furnace is of the McDou-
gajl type. The form of McDougail furnace generally

adopted for roasting has a series of horizontal circular

floors, ranged one over the other. Tne ore falis from one
to the other, until it is discharged at the lowest. Rabbling is

effected by attaching rabbling arms to a vertical shaft. McDougall
found that this type of furnace caused too much dust, and was
therefore not suitable for roasting fine pyrites in the manufacture
of sulphuric acid. To avoid this dusting, such as is caused when
hot sand drops from shelf to shelf, he designed a long health rever-

beratory furnace, slightly inclined, with revolving rabbles, which
stirred the sand, and caused a downward flow of ore from the feed

to the discharge. Mr. Edwards' first furnace was practically

McDougall's. The ordinary reverberatory, with the inclined hearth,
was built. A series of rabbles were driven from vertical shafts

passing through the crown of the furnace. From this ic was seen

that the discharge of the sand mainly depended upon th angle
of inclination of the hearth. This naturally led to the const iction

*

of a furnace whose inclination could be adjusted at will. Tk'.s was

arranged by boxing the furnace in and suspending it on trunnions,

thus making a cantilever of it. Details of the furnace may be

obtained from the drawings given. The casing consists of riveted

iron or steel plate stiffened with angle irons. The bottom is made
of corrugated (No. 14) iron. The interior is lined with ordinary
bricks. At the Kalgurli mine Mr. Frank Moss dispensed with the

flooring of brick, and used sand. In Fig. A 1 represents the side

plate, 2 and 3 the small doors of sheet iron
; these are used for

inspection only ;
4 is the door of the fireplace, 5 the ash pit, 6 the

gear for raising and lowering the furnace, 7 the push conveyor
for moving the hot sand after its discharge, 8 the cooling floor,

9 the discharge shoot from the furnace; a is the hopper and feed

gear. The driving gear, rabble, discharge shoot, and cross section

of the furnace are shown in Fig. B. The plan in Fig. C. The fire-

place end, showing air holes, in Fig. E.

The sand and concentrates are fed into the hopper A : the feed

gear, which consists of two spiral conveyors placed side by side,

works the ore, even when wet, into the furnace with a speed pro-

portionate to that of the rabbles. This feed arrangement of Mr.

Edwards' is not always followed. After entering the furnace, the

rabbles, of which there are usually thirteen, cut under it, and

allow it to flow over the edge. The upper rabbles have a wedge-

shaped section, the bottom being flat. The heel of the blade almost

touches the floor, while the toe describes a circle about this as

centre, and almost touches the walls as it revolves. The next

rabble is of the same dimensions as the last, but describes a circle

in the opposite direction, and in revolving almost touches the heel

of the upper one
;
the two circles so intersect as to leave only

a very small fraction of dead space not cut by a rabble. The rabbles

thus moving in opposite directions mainly tend to turn the ore

. moving it backwards and forwards. If the hearin is horizon-

tal the ore should not move along the hearth at all, since the

rabbles move in opposite directions alternately, and they are all

moving at the same rate. In practice, this is not strictly the

csse, although the movement of sand is almost entirely governed
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by the angle of inclination ot the hearth. When mixed

ores are being treated the workmen can always tell by
the sparks in the falling ore whether it is coming down

too fast, and can consequently regulate the grade by

raising the end. The rabbles at the end are made hollow, and

water is circulated in them. A cast-iron shoe may be readily

slipped on or off. The iron used in a medium-sized furnace amounts

to about 20 tons, a ton being the heaviest part. About 1000 red

bricks are used in the construction. The wood used is ocwt. per ton

of ore roasted, when an ordinary reverberatory would take 12cwt.

This type of furnace is deservedly popular. Its cost is not as great

long hearth American furnaces, and it do betteras many
work.

The Edwards furnaces were adopted by Mr. Moss, not from any
bias in favor of a Victorian invention, but from bald testimony from

comparative figures. At the Lake View and South Kalgurli the

eosts with the Brown furnace amounted to from 7s. to 9d. per ton.
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The Kopp costs almost as much. The Richard shaft furnace is a

solitary structure, Edwards' furnaces having been added to deal with

the excess of ore produced at the Great Boulder Main Reef. The

cost of roasting, as given by Mr. Moss, amounts to only 4s. per

ton. At the Great Boulder the Mertou furnaces now roast for

2s. 8d. per ton.
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The Lake View Consols. The Diehl Process.

The Lake View is one of those meteoric minen whose occasional

flashes dazzle, but whose re-appearance, like the oomet, is a matter

of conjecture. It certainly has been a wonderful mine. There

are 250,000 shares in the company, and between October 28th, 1897,

October 29th, 1901, it paid in dividends 1,312,500, or 5 os. per

share. The present market value of shares indicates the prevail-

ing opinion that its brightest days are done: whether this is so or

net I can offer no opinion. The policy of the management of

mar.v of the mines on the field is to keep all information confined

to the corners of their board rooms. Incorrect newspaper reports

m iv have done some harm to shareholders, but never one-hundredth

the harm this policy of silence has occasioned. Judging from the

plans of the mines, the lode at "100-feet level was worked for 2000

feet, at the 200-feet level from 1500 to 1600 feet, at the 300-feet for

(500 feet, at the 400 for 300 feet, at the 500 for 200 feet, at

the 700 for 100 feet. From the shape of the leases it is evident

that 800 feet of the lode at the south eastern end will dip into the

Golden Link Consolidated lease at a depth of between 700 and 800

leet. Aout the same length of lode will remain within the Lake

View's property so far as it can be worked. It may be said that

any erratic gold producing mine soon gets into bad odor
;
share-

holders expect a manager to give even returns, not a feast one day
and a famine the next. Whatever may be the feeling with regard

to the mining and production of gold, it cannot be said that the

company has not done good and useful experimental metallurgical

work. There are two systems of treatment in use at the mine, one

on the ordinary lines, as a dry crushing, roasting, and sliming

method
;
the other, wet crushing, concentration, and sliming, known

as the Diehl process. For many details on the latter I am indebted

io Mr. G. A. Roberts, on whose advice the system was introduced,

and to Mr. Brown, who was metallurgist at the mine, as well as to

Mr W. Frood, metallurgist at the Hannan's Star Gold Mines
Limited.

The ore is broken by two No. o Gates rock breakers down to 1|-

inch gauge, the whole passing into a 400-ton bin. The material

from the bin is conveyed by an serial tram to a bin which supplies

the ball mills. There are four of these, two No. 5 and two No.

8 : the former are driven at 25 revolutions per minute, the latter at

21 revolutions. The No. o mills crush 25 tons, and the No. 8 40

tons, down to a size that over 60 per cent, of it will pass through a

loO-mesh screen, and the balance through an 80-mesh. The dust

from the ball mills is moved along by a screw conveyor to push

conveyors, thence to elevators, from which it is conveyed to bins

over the furnaces. The fine dust drawn off from the mills by a

fan is settled in a large chamber : it is removed from this from time

to time and sent to the furnaces with the other sand. The type
of furnace used is the Brown straight line. There are four of

these, each 180 feet long, with a 10-feet wide hearth, each capable of

roasting about 30 tons per day. This furnace, instead of having a

7
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central slot and tunnel like the Ropp, has a pair of low longitu-

dinal walls, which bound the width of the true hearth on which

the ore is roasted. Between these interior walls which do not

reach the arch spanning the furnace and the true walls is a track or

rail, on which the wheels of the rabbling carriage spanning the

hearth travel. There are two of these rabbling carriages, fitted

with a number of stirrers of plough-share shape, which turn the ore

over in their passage towards the fire-box end of the furnace. The

carriages are attached to two endless steel link chains, which pass

over sprocket wheels fixed on both ends of the furnace outside th

roasting hearth. After passing through the ore the carriage re-

turns over the top of the arch, and passes into the furnace again

at the other end. There are sheet-iron flap doors at both ends of

the furnace, which are raised by the carriages passing through, but

which fall and exclude the air as soon as the rabbles have passed.

Euch carriage completes one complete cycle in six minutes. The fire-

places, of which there are four for each furnace, are arranged in

pairs on opposite sides of the hearth.

The protecting wall for the carriage track is made by projecting

fireclay tiles from the hearth below and the arch above, the two be-

ing separated by a slot through which the arm of the carriage

passes. The skew backs of the arch are stfeel channels supported
on short columns. The space between the columns from the

spring of the arch to the hearth floor is closed by sheet iron doors

lined with asbestos, so that the interior of the furnace may be easily

reached without having to pull down the brickwork. The whole

furnace is bound together externally by steel H beams. This fur-

nace is of simple construction, but it is noteworthy that Edwards'

furnaces have been more generally adopted than any other, and even

on this mine the Edwards is used for roasting concentrates. Wood
is used as a fuel in the Brown straight line, and it is said the ore

is roasted down to 0.2 per cent, of sulphur as sulphide.

Push conveyors take the roasted sand to a Krupp chain and

bucket elevator, which discharges the pulp into two collecting agi-

tator vats holding about 50 tons each; a cyanide solution is run on,

the agitator is kept going and the slimes overflow while the sand

settles; the agitator is raised to keep it clear of the settled sand.

When full the sands are discharged arid trucked to leaching vats, of

which there are ten, each holding 60 ton's. Since the sand is in

contact with cyanide all the time this may be looked upon as a rough
double treatment system. The slimes, which form about one-third

of the weight of the muddy liquors, are agitated in the usual way
until the solution of gold is judged to be complete ;

these then pass
into the monteju, and thence are forced into filter presses. The
solutions are clarified and sent through zinc boxes.

The second process in use is known after the name of its patentee.
Dr. Diehl. It has been installed at the Brown Hill, Hannan's Star

and the Lake View. The concentrates are eliminated from the ore,

the sands are reduced to a fine state of division, and these with the

slimes are treated raw with bromine and cyanide of potassium. The

concentrates are roasted, ground and treated in a similar manner.

The essence of this process lies in the fact that telluride of gold is

soluble in the solution used, although it is not in the ordinary

cyanide solutions.

At the Lake View the ore is crushed in the ordinary way in a
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battery ;
the gold is amalgamated as far as possible on plates. The

pulp then passes on to a Wilfley table, the concentrates eliminated

going into an Edwards furnace. The roasted sand is taken back and

put through a stamper box reserved for it, the escaping red sand

then going through the ordinary operations common to the raw

material. The coarse sand is ground by a new and novel method,

' "^

Grit Mill.

the tube or grit mill used by the cement manufacturer having been

called into service as against the grinding and amalgamating pans.

The latter liberates a great deal of finely-divided iron from the shoes

and dies
;
this would use up bromine unnecessarily. The grit mill

consists essentially of a wrought-iron drum on a horizontal axis,

the interior of the drum being fitted with hard steel liners. Two
man-holes are provided for the introduction of the flint stones, which
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serve to triturate the sand. The mills are made in five different

sizes, from A to E, the dimensions of the last being diameter, 4

feet 11 inches
; length, 26 feet '2 inches

;
the weight being nearly 20

tons. Some four or five tons of waterworn flint stones, said to

come from Greenland, each stone being about the size of one's

fist, are put in the mill. The stones have mucli the same appear-
ance as those which we see in our alluvial wash, which no doubt
would serve just as well. The sand is fed through a hollow journal
into the gri tiding drum, and escapes at the other end. By an in-

genious hydrostatic arrangement, the finely-ground pulp can only
overflow when it is fine enough to be carried by the ascending current

of the discharge pipe. By this means the heavier particles present
and also the gold must be triturated to a greater degree of fineness

than the sand which escapes with them. It is a case of equal

rising as against equal falling particles.

The horse-power required for the larger mills Is about 30, the

output being about three tons per hour, for a 200-mesh discharge,
and nearly double this quantity for a 100-mesh discharge, the feed

being supplied from a 30-mesh sieve. The mill requires very little

attention, and is one of the most perfect sliming machines known.
The slimes from the battery thickened by spitzkasten, as well as

the slimes from the grit mills, are agitated in closed vats with the

"bromo>-cyanide solutions, after which they are filter pressed and the

solutions sent through the zinc boxes.

At the Hannan Star works, where the Diehl process i.> in opera-

tion, the ore is dry crushed in ball mills, the dust being led into a

mixer, where it is moistened with a dilute solution of potassium

cyanide. The pulp from the mixer is fed into a spitzlutte, the sand

escaping at the bottom running over copper plates inch in thick-

ness
;
these were eaten through in about two years. The coarse free

gold and some of the fine is caught on the amalgamated plates; the

product passing the plates passes on to a grit mill, which grinds it

to pulp. Precautions are taken to send any coarse material over

the plates and through the grit mill. The pulp ;
thickened by

spitzkasten, passes into large agitation vats 26 feet in diameter and
6 feet 6 inches deep. The agitators are kept going for from 18 to

26 hours. The pulp passes into the montejus and filter presses, the

escaping liquor being passed through zinc extractor boxes. Pre-

cipitation is said to be perfect. The addition ol bromine to cyan-
ide solutions is not to be made in any haphazard way, otherwise both
solvents may be destroyed. The proportion should be one-fourth of

.tJrCy to 1 of KCy, or with a .25 per cent, solution of KCy, .0625 pei

cent, of BrCy should be added. The bromo-cyanide may be added iL

crystals, but it is more usual to make it by adding bromine water

to solutions of potassium cyanide, when the following reaction takes

place :

KCy + Br., = KBr + BrCy.

It is stated that if KCy is in excess that the following reaction

takes place :

KCy + BrCy = KBr + Cy 2 ,

and that this leads to the rapid decomposition of the bromo-cyanide,
which is a fairly stable compound by itself. As may be readily

understood, alkaline solutions may not be used when bromo-cyanide
is added.
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At the Brown Hill crushing is effected in a 20-head stamp mill,

the .stamps weighing llOOlb. each, with a 7-inch drop, falling 10(5

times per minute. Dilute cyanide solutions are u.sed in the boxes;
the pulp passes over copper plate.s and on to Wilfley tables, one for

each 5 head. The concentrates eliminated amount to about 5 per

tent-., and these carry about 30 per cent, of the gold present in the

*Ve The concentrates are roasted in Edwards' furnace, the time

taken being about 8 hours. The roasted concentrates are taken

back to the battery, one box, as at the Lake View, being reserved

foi this purpose. Part of the gold amalgamates, part is caught
on the Wilfley with any fused or unroasted particles, which go back

to the furnace again. Tlie balance flows away with the slimes;
these pass into a series of spitzkasten, the clear water going back

to the battery, the thickened slimes going to the agitators. The

sands flow into two grit mills (size b), 16 feet long and 4 feet in

diameter, carrying each about 2^ tons of flint stones. The slimes,

which are fine enough to flow away from the mill, are thickened

in spitzkasten, the pulp passing to the agitators, which are kept

going from 16 to 24 hours. The escaping pulp is filter-pressed,

*'ad the solutions are run through the ordinary zinc- boxes. This

Process has been most carefully worked out, and its main virtue ap-

pears to lie in the fact that gold combined with tellurium is at-

tacked by the solvent. Pyrites would appear to exercise a bad

effect on the solvent, they are, therefore, removed; or it may be

that it is cheaper to roast them first and grind the product after-

wards, rather than reduce the pyrites to slime. In most cases a

large amount of the gold dissolved would be acted on by the cyanide
alone. The extra cost of the special solvent and the royalty charged
would, with most ores, amount to more than the increased returns

of gold.

Regarding the cost of the process, it may be said to compote

favorably with most of those at present in use, but, as with others,

many items will be reduced as time goes on, so that present costs

in such an expensive field are only comparative with others on a

like footing. Dr. Diehl has been a benefactor to the mill-men for

introducing a successful wet process. The dust generated by some

of the dry crushing plants can be better imagined than described. A
few years of it would settle those employed. The Diehl process

plant at the Lake View, for 8 months ending 31st August, 1901,

treated 41,054 tons for 40,120oz. ; the concentrates contained 21,217

oz. : gold, per ton, being 1.494oz.
;
total value, 230,180: value pt-i

ton. 5 12s. Id. ; value per oz., 3 15s. ; cost per oz., 18s. 11.2d. The
detailed expenses per ton are as follow:

s. d.

Superintendence 8.755

General charges and stores 7.502

Electric light 3.591

A -saying, retorting, and smelting ... 6.662

Fuel 3 9.533

Water 4 2.367

Labor (general) 2 0.223

Engine-driving 10.315

General repairs 1 8.625

Screens, shoes, and dies .426

Elevating.... 4.184
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s. d.

Bromo-cyanide 4 6.660

Pot. cyanide 3 5.560

Filling and emptying ... 2 9.381

Compressed air 1 10.192

Zinc 1.648

Chemicals 1.078

Filter cloth... 2.359

Royalty 1 9.196

Total 30 0.727
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The Associated Gold Mines.

The Associated, as this company is generally called, installed one

of the largest dry crushing and cyanide plants in Australia. The

original scheme included crushing in ball mills and roasting and

direct treatment in large vats by cyanide solution. The system
was held by subsequent metallurgists to be unsuitable for the ore,

and it has been modified accordingly. The works are erected near

the main shaft on a ridge about 50 feet high. The plant and build-

ings form a prominent mark in the golden mile.

The stone as it comes from the mine is dumped on to one of a

set of four grizzlies, the bars being set two inches apart. The
fines pass to the ore bins, the coarse to four No. C Comet breakers.

The mill is arranged into two main sections, so that each part is

independent of the other. From the rock breakers and grizzlies

che ore passes into two bins of 200 tons capacity each. From these

it passes automatically into four Roger rolls, 36 inches in diameter

by 16 inches in face. These are driven by belts, and are supposed
to crush down to inch to f inch gauge, but are of little service now

owing to the excessive wear. The crushed product then falls into

.evolving driers, of which there are four, 35 feet long and 4 feet in

diameter, the heat being supplied by the waste gases from the roast-

ing furnaces. These furnaces have been dispensed with in most

of the other mines even when dry crushing, it being found that a

small amount of moisture (3 per cent, and less) does not impede the

operation. The ore deprived of its moisture passes to bins above

the ball mills. There are 10 of these No. 5 ball mills, fed by
means of grasshopper conveyors. The Krupp ball mill is univer-

sally used. The mill itself consists of a drum rotating on a hori-

zontal axis. The end walls are lined with chilled iron and steel

plates. The circumference of the drum consists of a number oi'

steel grinding plates which are curved inwards at one extremity.

Through perforations in the grinding plate the coarsely ground ma-

terial escapes : the larger lumps are returned to the interior of the

mill, the finer passes through a screen. The coarses particles in

the second product are stopped by a still finer screen and returned

to the mill, the fines passing through the fine screen which en-

velopes the mill. The grinding is effected by a number of chilled

steel balls. 3, 4 and 5 inches in diameter. These, as the mill

rotates, triturate the ore both by their action on the grinding plate

and their attrition against the ore and against each other. The

whole mill is encased in a dustproof sheet-iron casing. The mills

are made from size O, having a diameter of 26 inches, up to size 8,

with a diameter of 107 inches. Size 5 is that commonly used on

mines, though the largest size is said to be a much better machine

for a greater output. No. 5 mill is driven by a spur wheel and

pinion at the rate of 25 revolutions per minute, the belt pulley being

driven at 150 revolutions. From the experience of metallurgist^ in

Kalgoorlie. it is not advisable to substitute spur wheels for belts in

cl riving these mills. The approximate horse-power required is about

18. The whole machinery weigh- about 10 tons, the bnlls themselves
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Krupp Ball Mill for Dry Grinding. Plan and Section.



AUSTRALIAN MIXING AND METALLrRGY. 73

amounting to one ton extra. The output depends on the size of the

material fed into them, its nature, and the size of the disc aru-

screens used. At the Associated the design of the plant shows that

each machine was supposed to do 40 tons per day, but the actual

output at present is from 22 to 23 tons. This may be due partly
to the Roger rolls not doing their full share of work, and partly to

the toughness of the ore, and also to the important fact that much
finer screens are used.

The ball mill may also be used with a continuous feed and dis-

charge for wet grinding: they have the advantage of giving about

30 per cent, higher output. Fresh water is supplied by the tube

"i, which ends in the r*pray pipes o, ol, and o2, regulated by the valve

p. The spray pipes throw water against the fine sieves of the

drum. The external dust casing is transformed for wet crushing
Into a spitzkasten, which may receive a water supply from below at

y. The overflow level may be regulated by a slide s, worked by a

hand-wheel t. If desired, the overflowing slimes can be led away
separately from the sands, which are delivered through the sypTion

pipe k.

Mr. Moss, of the Kalgurli mine, states that in dry crushing with

a 40 mesli screen (50 per cent, of the material passes through 110

mesh screen, and 15 per cent, more through an 80. The capacity
of the Xo. 8 ball mill for dry crushing amounts to 50 tons per day,
or with wet (io tons, the horse-power required being about 30.

\Vliile these figures will not show as favorable a result for wet crush-

ing against the modern stamp battery, yet for dry crushing it is

doubtful if any machine will compete with them for simplicity and
effectiveness.

At the Associated screw conveyors are used to force the dust

along to the boot of four chain and bucket elevators, which raise the

material into two 200-ton supply bins. These supply four Ropp
furnaces, each 120 feet long by 14 feet wide, having six rabble

cars and four fireplaces. The furnaces have been materially al-

.ored since they were first erected, the crowns having been lowered

17 inches, and a saving of 25 per cent, of fuel is said to have been

effected through this alteration alone, and a better roast obtained.

Even with the alteration the furnaces are clumsy contrivances, and

not in any wa\ designed on scientific principles. The furnace is

plainly the one which gave rise to the Brown, Holshoff-Wethey, and

such types of American furnaces. One of the main objects of all

these furnaces is to put through the quantity, but this is very often

done at the cost of the quality of the material roasted. It was
found at Mount Morgan (Q.) that the cost of getting a good roast

with a Ropp furnace was as great as with their hand rabbled rever-

beratories. The furnaces put through about 60 tons per day.
Push conveyors bring the roasted ores to a pair of conveyors

which distribute it in shoots leading to four mixers. The previous
method of treatment, which has been so severely condemned, was
to moisten the cooled roasted sand with a dilute solution of cyan-
ide of pota.ssium to expose it to the air for at least 24 hours and

then run it into the large steel cyanide vats and treat it witli solu-

tions until the operation ceased to be unprofitable. It is held at pro-
sent that grinding so fine as to prevent ordinary percolation is ne-

cessary, hence the vats have not been used for cyaniding in. The

pulp from the mixers passes into 24 Wlict-ler grinding and amalgama-
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ting pans, running at 62 revolutions per minute : about 35 per cent,

of the go-Id is caught in these pans. Some experimental work

was going on in attempting to concentrate after grinding in the

pans. The overflowing material was led on to Wilfley tables, also

on to a Wesley-Baird table, in order to remove any gold, amalgam,
or particles of fused ore.

The slimes themselves are raised by means of an air lift, and sent

to one of three conical sand separators, thence through a series of

12 spitzkasten, arranged in three of four each, all connected. The

Krupp Ball Mill for Wet Grinding.

air lift is used to a considerable extent for raising slimes and tail-

ings. It consists of a well, or bore hole, sunk to the depth equal
to the height through which the tailings are to be lifted ; a pipe
of the size required extends from the bottom of the well to the

discharge point. An air pipe from the compressor passes into the

bottom of the delivery pipe. By simply turning on a jet of com-
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pressed air, sand, water, and slime may be elevated through a

height corresponding with the pressure of the air turned on. At
first glance it does not look as if such an arrangement would pos-

sess a reasonable efficiency ;
since compressed air itself is, as a rule,

a wasteful source of energy, and the method of using it does not

diminish its efficiency. The advantages are the simplicity of parts,
the comparatively low pressure required for elevation, about half

the number of pounds per square inch for the same number of feet

:===== =;=
= ==:

Krupp BaH Mill, showing Mounting.

raised, and the ease and regularity of working. The small amount
of friction and the absence of moving parts are advantages possessed
by no other forms of elevators.

The spitzkasten are similar in construction to those used at
the Boulder : in fact the type is the same throughout the field. The
sand from the small conical boxes heading each row of spitzkasten is
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led back to the pans for regrinding. The clear solution

from the spitzkasten is led back to the grinding pans and

mixers. The pulp let out through the bottom of the spitzkasten

has a consisteiicy of f or
ij to 1 ; this is run into one of 12 agitation

vats. These are 18 feet in diameter and 5 feet deep. They are

provided with suspended paddle agitators driven at the rate of four

revolutions per minute. The driving is effected by worm on a

horizontal shaft gearing into a spur wheel on the suspended paddle.
The strength of the cyanide solutions is made up in these vats, and

they are kept going for about 20 hours. The slimes are then run

into the usual montejus, and from these are forced into one of six

filter presses at a pressure of 301b. per square inch ; the cakes are

washed and dried at a pressure of 801b. per square inch with com-

pressed air. The gold bearing solutions are sent through a small

clarifying press and then run through zinc boxes, of which there

are six, each 20 feet long, 3 feet wide, and 2 feet 6 inches high, hav-

ing nine compartments. The cleaning up room is a fine building,

fitted up with furnaces for roasting the gold slime, a lead lined pan
with hood for acid treatment, a pi-ess for the gold sludge, Faber du
Faur smelting furnace, as well as ordinary smelting furnaces and

retorts for amalgam.
As part of the original design there are 24 steel vats, 3o feet in

diameter and 7 feet deep. These are now made use of for storage of

water, and also for clarifying slimes or holding slimes. In some
cases the cloudy liquor overflowing from the spitzkasten is led into

one of these large vats, the slimes allowed to settle, and the clear

solution led back to the mixers or pans ; in other cases they are made
use of as agitating vats by fixing a set of four agitating paddles in

each.

The general manager of the mine, Mr. T. Hewitson, formerly
well known in the Clunes (V.) district, is strongly against dry crush-

ing plants as adopted on this mine. Mr. John Dunstan, the metal-

lurgist, has had an uphill task in transforming a plant designed for

one method to that suited for an altogether different one. Mr.

Jus. J. Dunstan, as assistant metallurgist, has had to share this

task. I am indebted to all these gentlemen for the courtesy in

supplying information.
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The Ivanhoe Gold Corporation.

This mine, which adjoins the Great Boulder, locally known as

the Ivanhoe, is one of the foremost producers on the field, and is

specially interesting in that ordinary battery treatment is largely

adopted. It is stated that even on the golden mile the many lodes

which lie alongside each other differ widely in their mineral con-

tents. In some the gold is wholly combined with tellurium ; in

others the gold is wholly free. It i*> therefore impossible to com-

pare the different methods of treatment and their results, for a sys-

tem which might work well on one mine would prove an absolute

failure on a mine only a few hundred yards away. The alkahest

of Van Helmont was just as visionary as the one method treatment

for Kalgoorlie ores.

The ore is dumped on to a grizzly, with bars spaced two inches

apart. The lumps pass through a No. 5 Gates breaker, the whole

of the material passing into a 400 ton bin. From this bin it is

trucked to the battery, which consists of 40 head, by Fraser and

Chalmers, and 60 head of Australian make, the stamps in the latter

weighing 9001b., and the former 12001b. It was decided to replace

the lighter stamps for heavier ones. It seems strange, from a Vic-

torian point of view, that a stamp of 9001b. should not be con-

sidered heavy enough, but figures are against even a stamp of this

weight as compared with the 12001b. one, both a* to proportionate

crushing power and cost. The duty per stamp hes^ Averaged over

3.7 tons per 24 hours. With the new plant it will be above four

tons. The number of drops in the old mill was 90 per minute, and
the discharge took place through a screen equivalent to a 250

punched one. There is little doubt that the old order is changing
with regard to battery construction. The old mill-men, witli their

light stamps and long drop, with measured beat and -low. are

left behind in the present race for output and gold. It has been

urged that the old type of batteries run on the old lines are better

amalgamating machines, and are more easily cleaned up than th*

massive boxes now introduced. There is no doubt a good deal of

truth in this, but the modern mill-man looks upon his battery mainly
as a crushing machine, relying upon other methods to give him a

closer extraction. Part of the blame may rest with the manufac-
turer, who prefers to stick to his old patterns rather than risk any
Innovation, but the greater part of the blame rests with those who
order batteries fitted up in an antiquated way. The Western Aus-
tralian field was supplied at first very largely by Australian firms,
*but the engineers from the Rand and America wanted heavier types
than the Bendigo batteries, and introduced others from England
and America. This resulted in an awakening of some of the Vic-

torian and South Australian firms, and it is pleasing to note that

many of the latest designs have been adopted.

There are a couple of details in connection with batteries which
are introduced in all modern mills in the West. These are the gib

tappet and the Blanton cam. The former is coming more generally
into use in our States, but the latter is rarely adopted. Both have
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overcome the difficulties connected with jambing and slipping. The

tappet consists of the usual disc, bored out so as to give a good slid-

ing fit on the stem (K). The gib is made of forged steel, planed on

the back and edges, and the front bored to a curve about inch

smaller diameter than the stem. There are three horizontal rect-

angular slots through the tappet behind the gib. Slightly tapered

keys are driven in; these \vedge up the gib against the stem, caus-

Three-Key Tappet.

ing it to grip, and so render the whole tappet practically immovable.

When it is desired to alter the drop the wedges or keys can be

driven out easily and the tappet slid up or down with very little loss

of time. The Blanton self-tightening cam is so simple that it

should be universally used. A wedge-shaped recess is cut out of

the cam. Into this fits loosely a curved wedge, shown in the

figure. A couple of small set screws serve to hold the wedge in

position on the cam shaft until the cam has gripped ;
when once

Blanton Self-tightening Cam.

this has taken place it tightens itself so as to be immovable. It

it is desired to loosen the cam a tap on the back edge with a ham-
mer is sufficient. The slotting of the cam shaft as well as the cut-

ting of keyways in the cam itself are both obviated by this simple
device. A later modification of the same principle consists in hav-

ing ten taper faces on the cam shaft, all arranged at equal intervals.

This arrangement permits of the ten cams being adjusted according
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to the order of drop, since each cam has ten equal recesses cut for

the taper faces to fit into. The tightening in this case takes place

over the whole shaft, and is proportional to the work required. With

keys the tightening is local, and an unnecessary bursting strain is

very often imposed. The cam often receives a slight tilt owing
to the taper of the key.

Challenge feeders are almost universal on the mines, and this

type is adopted on the Ivanhoe. The pulp passing through the

"New" Blanton Patent Cam and Shaft.

screens passes over amalgamated copper plates. TVilfley tables and

canvas strakes are used for saving concentrates the former for the

coarse, and the latter for the fines. The canvas tables are 30 feet

long, with a fall of 1J inches per foot. About 3 Per cent, of from

12 to 14 tons per day of concentrates are saved by the Wilfley :

these assay about 4oz. per ton. The fine material caught on tho
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canvas has a very higli value, probably owing to the presence of

finely-divided tellurides.

The .sands are separated from the slimes by means of a spitz-

"kasten and run into Wheeler pans, where they are ground and any
coarse gold amalgamated. The product escaping from the pans is

pumped up and run into large cyanide vats, each 21 feet in diameter

and 7 feet deep. Each vat is provided with the ordinary Butters

distributor: the sands settle while the slimes overflow. The sands

are cyanided for three days in the upper vats, and are then dumped
into a series of vats of the same size placed directly underneath.

They are treated for four days in the lower vats, after which they are

discharged. The double vat system is very common on the gold-

fields. The beams supporting the joists are sometimes strength-
ened and stiffened by strutting and centre pieces, sometimes by a

truss, after the type of the fink, and sometimes by vertical support-

ing posts resting on the floor of the lower vat.

The slimes are thickened and run into agitating vats 20 feet in

diameter and 9 feet deep, where they are agitated for about 12

hours. These are then forced into< filter presses and washed in the

ordinary way, there being two montejus and four presses of three

tons capacity, turning out 2-inch cakes. Four men are employed
on each shift, and upwards of 5400 tons are turned out per month,
at a cost of 6s. 6d. per ton, for this branch of the work.

About 1000 tons of concentrates had been treated, but the cost

with the plant at the command of the company was so excessive

that the system was discontinued. Arrangements were being made
for installing a couple of Edwards' furnaces; the concentrates will

then be roasted in these, ground and amalgamated in Wheeler pans,
and the overflowing slime cyanided and filter pressed according to

the methods already described.

The whole system of treatment commends itself to Victorians,

on account of its apparent simplicity and the adaptation of eacli

machine for its part. It is specially interesting, because it shows

that when the gold is fairly free that is, not in chemical combina-

tion the slimes may be treated without roasting.

The total percentage of pyrites, judged by the amount elimin-

ated, will be somewhere about 5 per cent. The amount of slimes

formed by batteries runs about 45 to 50 per cent, of the stone

milled. Curiously enough, when it was desired to increase the

quantity it was found that a very slight percentage was added by

diminishing the size of the mesh of the screen.

By dealing with the richer part of the ore by itself in this place

the concentrates the extractions should be better than when the

products are mixed. In other words, a 90 per cent, extraction

from the slimes and sands, which run about 12dwt., should leave the

residues worth only 1.2dwt. per ton, while if the 4oz. concentrates

were reduced to 3dwt. per ton the extraction would run up to 96 per
cent. The gold caught in the battery would bring the total per-

centage recovered to very high figures. When the material is all

treated together the loss is diffused evenly through the residues,

and if it amounts to about from 2dAvt. to 3dwt. per ton the limit of

profitable handling may be reached : while if the products were kept

separate the average loss may be less than this. Notwithstanding
the apparent advantages of such a system the treatment in bulk, as

carried on at the Boulder and Perseverance, does not cost more
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The South Kalgurli The Riecken Process

The Mumford Process.

The South Kalguvli Gold Mines, Limited, have the property on

the ridge next to the Associated. I am indebted to Mr. J. lies, the

manager, who kindly supplied all details and gave such information

concerning the Riecken process as to clear up many doubts.

The sulphide ore is broken down with stone breakers, and Ls

afterwards pulverised in Griffin mills. The capacity of these mills

and the effect of their blow on dynamite charges left in the ore have

already been stated. The powdered ore, without further grinding,

is elevated by bucket elevators, to the hoppers over two Brown

straight-line furnaces, having a hearth area of 147 feet long and

10 feet wide. These deal with the product from the Griffin mills,

about 80 to 100 tons per day. The roasted ore is sent along by a

push conveyor to a cooling floor of the same length as the furnace.

Rabbles pass through it as in the furnace, and turn it over. The
cooled ore falls into a bin, from which it is elevated to the mixer,

where it is mixed with a cyanide solution in the proportion, by

weight, or one part slimes to one part solution. The fine gold is

dissolved, while the coarse gold is rendered more amalgamable by
contact with this solution : from this agitator, it is discharged into

a Riecken vat.

How many processes have we had in which the term electricity

was used as a form of abracadabra ? We are now in tEe age of

doubt about such appliances, no matter how plausible their pre-

tentions are. Mr. lies shared the current opinion about this pro-

cess, and strongly objected to it going up on his mine. After a

year's trial on many thousands of tons, he has altered his opinion

about it. The vats are made of steel, each being trough-shaped,
with sloping sides and curved bottom. The ends were made vertical

in those first constructed, but have a slight slope in the case of the

later ones, the dimensions of the vat being 13 feet 4 inches by 8 feet

3 inches on top, and 11 feet deep; when charged with t'ne pulp,
there are about 15 tons of dried slimes present. A horizontal shaft,

with wooden paddles attached, passes longitudinally through the

trough, stuffing boxes being provided to prevent leakage of pulp.
The shaft is driven at a speed of about 12 revolutions per minute.
The whole of the sides, and, in later vats, the ends, are covered iron

sheets l-8th inch thick
;
to these are rigidly attached copper plates

l-16th inch thick. All the plates are in sections, so as to be cap-
able of easy removal from the vats. The copper is amalgamated,
and is kept bright by a continuouslj- flowing stream of mercury over
the whole face. This is the essential feature of the process. It

has been long known that gold may be precipitated on mercury as
a cathode, but the trouble has always been to get it down in a
coherent amalgamable state instead of a black powder. The flowing
cathode appears to have overcome the difficulty, and also that con-
nected with the crusting of salts on the linings of pans. A quan-
tity of mercury is added sufficient to maintain an even flow for wet--

ting the plates. This is kept in circulation by elevating it with an
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air lift. Mercury flows from the bottom of the vat through a pipe

at a lower level
;
a jet of compressed air is blown in here, and the

mercury is carried up between the air bubbles rising in the ascending

"tube. Provision is made for an air escape at the top, the mercury

passing on to a reservoir. This reservoir is connected on to an

iron pipe on each side of- the vats by a rubber pipe. The iron pipes

are 12 feet 10 inches long and f inch internal diameter. They are

perforated on the side facing the copper plates with l-16th Tnch dia-

meter holes, 6 inches apart. Mercury runs from the reservoir,

through the rubber, and thence through the iron pipe, escaping

through the holes on the sides of the vat in a number of streams

By giving the pipes a reciprocating motion for a distance of about

six inches the whole of the plate is moistened with a flowing stream

of mercury.

So far as the vat has been described, it is simply a very good form

of amalgamator. The large mercurial surface exposed, the agita-

tion and the constant flowing stream of mercury, would account

for a high proportion of gold, without any charm word such as elec-

tricity or mesopotarnia being introduced. It would be an inter-

esting problem to run such a vat for the same time on the same

class of ore as that with the current as an adjunct to see what the

i-eal value of the electrical method is. In other plants a high per-

centage of gold is caught by simple pan amalgamation, and this easily

amalgamable gold should not be counted as being specially saved by

the Riecken process.

The electrical part of the apparatus is supplied by having two

iron girders running lengthwise over the vat. To these are at-

tached the anodes, which consist of iron bars 3 inches wide and

1 inch thick, with their lower ends curved so that the whole row of

them remains parallel to the cathode. The latter are attached to

the negative terminal of a dynamo, the former to the positive. The

alkaline solution, carrying the pulp being so highly charged with

salt, offers very little resistance to the passage of the current. The

current used for jeach vat is about 200 amperes of a. potential of

only 2.5 volts. This represents less than one electrical horse-

power. Solution of gold goes on to a certain extent within the *at

itself, the amount of KCy present running from 0.05 to 0.032 per
cent.

;
the solvent action is said to be accelerated by the oxidising

action of the current. Decomposition of the aurocyanide is effected

by the current, which deposits the gold on the flowing cathode, form-

ing an amalgam ; the cyanogen liberated at the iron anodes is con-

verted into ferrocyanide, which of course are useless for further

gold extraction. A certain amount of salt in solution is also decom-

posed, giving rise to sodium, which passes into the mercury at the

cathode, and chlorine, which also attacks the iron or oxidises the

solution. The iron anod*e is therefore a weak spot in the apparatus,
and it is proposed to use carbon anodes so as to regenerate the

cyanides. Ordinary carbon anodes rapidly disintegrate, but those

made of graphitised carbon are durable. These are made by gra-

phitising the shaped and baked carbon anodes. The sodium liber-

ated is said to unite with the mercury and thereby keep it bright
and active, and so give a better amalgamating surface. From
actual experience, it is stated that the greater portion of the gold
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is rapidly precipitated, but that it takes from 12 to 14 hours to

obtain the necessary extraction.

When precipitation is considered complete, the slimes are dis-

charged by opening a valve about 6 inches from the bottom. The
clean up is effected by squeezing the mercury, and by removing and

scraping the amalgam from each plate. The amalgam, as might
bo expected from sucli fine material, is soft and buttery, and car-

ries about 27 per cent, gold ;
this retorts to a very clean bullion.

Through the courtesy of Mr. lies the cost of working the process
nas been obtained.

s. d.

Labor ,. ... 1 8.525 per ton.

Steam 1 0.437 per ton.

Mercury lost 3.000 per ton.

K( y 3 3.597 per ton.

Repairs 1.844 per ton.

Water 3.000 per ton.

Assaying 11.500 per ton.

Royalty,, etc 2 0.650 per ton.

9 8.553 per ton.

At the South Kalgurli, the slimes, after having been discharged
from the Riecken vat, are filter pressed, so as to obtain a dry cake,

and return the water to the works. This extraordinary method
of introducing a process only indicates how rich the ore must be to

stand the cost of it. One could understand such a methoa being
used in place of filter pressing and zinc precipitation, where condit-

tions were favorable for the deposition of the sludge and the partial
icturn of the water used

;
but to instal such a process in order to

get over the simple, effective and cheap method of precipitation on

zinc is a difficult matter to understand outside Kalgoorlie.

It is undoubted that some such process will play an important

part in the future metallurgy of gold, but the large amalgamated
cathode surface would lock up a large amount of bullion which small

companies could not spare. For instance, after the ordinary clean

up, as much as 700oz. are left on the plates, and for every square
root 3^oz. of gold. Wliatever metals, such as copper or antimony,

pass into solution in cyanide, will be deposited as amalgam with the

gold, thereby not leaving it any cleaner than impure zinc bullion,

while the destruction of cyanide and its subsequent waste are facts

which cannot be overlooked. The novel feature about this process
is said to be the flowing cathode ; but as a matter of fact

this is not new, for it was used years ago, and is in use

now in the Castner process of depositing sodium on mercury.
In this case, the cell or vat is tilted, through an eccentric, giving
to it an oscillating motion. A rival process was started on the

field known as the Mumford process, after the name of the inventor,
Mr. Frank T. Mumford. The appliance used in this case for dis-

solving and precipitating the gold from the slime is an iron or steel

barrel, with its axis horizontal. The barrel is lined with copper
plate. The ends of the barrel are of wood, and through these pass
a number of 2-inch iron bars, which constitute the anodes. Pro-
vision is made for admission and expulsion of slimes, also for escape
of any gas formed. A plug is placed in the bottom of the cylinder
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to remove mercury. The current is about \ ampere per square foot

of cathode surface, and 2 volts is found to be sufficient to overcome
the resistance, using water containing 2 per cent, or more of salts.

The cylinder, lying on friction rollers, is rotated by means of a

spur wheel at the rate of five revolutions per minute, the mercury

Section A.B

End Elevation.

Side Elevation.

Electrolytic Slime Amalgamator.

inside thus continually coating the copper plate and giving the

same effect as in the Riecken vat. By making the barrel long

enough, Mr. Mumford claims that his process could be made a con-

tinuous one. Owing to the relatively larger cathode surface, pre-

cipitation is said to be effected in a much shorter time. It is

also claimed that the first cost of the plant is much less than that
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of the Riecken, that there are fewer mechanical parts, and that

p': air is required to lift the mercury. The method proposed to be

used in cleaning up is to place sand within the cylinder, which will

scour the amalgam off into the mercury, from which it may be ex-

tracted. It is not claimed for either of these processes that gold
can be extracted unless it is arnalgamable or passes into solution,

nor that they are suitable for anything but slimes. The fullest and
'most candid information was supplied by Mr. Hinman, who is repre-

senting the Riecken people, and by Mr. Muimford, an old pupil of

Berringer, who has carried out a larger number of experiments
with his own plant.

Since the foregoing was written the plant erected at the Boul-

der No. 1 mine proved to be unsuitable because precipitation was

incomplete. It is therefore plain that the work done at the South

txalgui'li was mainly due to amalgamation.



86 AUSTRALIAN MINING AND METALLURGY.

Public Batteries.

The Mines Department has largely helped to develop the Wes
trailan mining industry by the establishment of public crushing

plants. These were started in 1898. Mr. David White, of Victoria,

was appointed as officer-in-charge. A large sum was expended in

equipping these plants, sixteen of them having cost over 80,000,
or an average of more than 5000 each. The value of the

work done may be readily inferred from the fact that they Tiave

opened up and revived fields which would otherwise have languished,
or from which the prospectors must have moved on through want of

a suitable testing plant. During the comparatively short time they
have been in operation, up to December, 1901, 66,493 tons have been

treated, for a yield of gold valued at 282,624, or a quarter of a

million has been won by those who most deserve support the

pioneer prospectors.

It was recognised from the very outset that the toy testing plants

such as have been erected in Victoria would have been of little or

no use in developing a field while the cost of working would have

been unnecessarily extravagant. The smallest batteries erected in

the West Have five head of heavy stamps, and the larger ones 20

head. Some are equipped with a suitable cyanide plant. It is

well recognised now in all places but those in which the primitive

battery and amalgamation methods still prevail thai tailings from

rich ore, and especially where there is fine gold, should never be

allowed to run to waste without further treatment. With a pub-
lic crushing plant, whether large or small, tailings having high

values will accumulate. The Mines Department found that it was

not possible to treat each small parcel of tailings by itself. A
scheme was devised which treated the prospectors fairly, and one

which shows that such matters are understood by the men who
have to deal with them. The rules which follow might, with slight

alteration, be taken as models for any State which desires to help
the mining industry by the erection of public batteries.

Crushing. 1. All stone for treatment at the Government bat-

teries to be estimated at 22 cubic feet per ton. 2. The manager
of the battery to have power to refuse any stone considered too

poor to pay crushing charges unless a deposit is paid in advance.

3 The charge per ton for crushing at each battery to be determined

trom time to time by the Hon. the Minister for Mines. 4. A mini-

mum charge of 5 to be mode for parcels of six tons or under. 5.

Payment for crushing to be made to the manager on completion of

treatment. The gold will be held pending payment of the amount
due.

Purchase and Treatment of Tailings. 1. The manager of a bat-

tery to have power at his discretion to refuse to purchase any tail-

ings, should he consider them unsuitable for treatment by the cyan,
ide plant erected at the battery. 2. The number of tons of tail-

ings suitable for treatment by the cyanide plant installed at the

battery, and which will be purchased by the Department, to be de-

termined by the manager, whose decision shall be final : provided in
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Government Battery, Mulline, North Coolgardie G.F
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no case shall the number of tons to be purchased exceed 80 per cent,

of the number of tons milled. 3. The manager to take samples of

the tailings as they pass through the battery, or from the pi: into

which the tailings may be deposited. The tailings collected to

be thoroughly mixed and divided into three sample*; one for as-

say by the manager; one for the owner, and one sealed and kept by

the manager for reference. Should the owner dispute the result of

the manager's assay, and produce an assay certificate from a <:<>mp<>-

tent assayer, the results of the two assays to be averaged, provided

that the difference between them does not exceed six grains: but

should the difference in the assays exceed six grains, and should

tne owner refuse to accept the results of the manager's assay, the

sealed sample previously referred to to be forwarded for assay to

the Government Assayer, Perth, and the result of the assay as fur-

nished by him to be considered as final. The cost of such assay to

be borne by the party' whose assay differs most widely from fix-

referee's assay. 4. Upon the value of the tailings being deter-

mined as aforesaid, the Department within 31 days to pay t he--

owner 50 per cent, of the assay value, based upon a 75 per cent, ex-

traction, less the charge for treatment, 5. A clean-up to be made every

3 months, and the owner of the sands to be paid the balance due to

him, such balance being based upon the average extraction made by
the plant during that period. 6. All tailings assaying less than

3dwt. 3gr. per ton to become the property of the Government. 7.

A charge of ten shillings per ton for treatment, to be the first charge

on all sand treated, and the gold contents of tailings to be paid for

at the rate of 4 per ounce. 8. All tailings collected by the owner

to be treated at the rate of 27 cubic feet per ton. 1). The Depart-
ment to reserve the right to suspend operations from any cause

whatever, and to accept no responsibility for delays in treatment.

It is a pity that a weighing machine is not supplied with each

battery. The system of averaging quartz and other rock at "2'1

cubic feet per ton leads to an undesirable laxity of method.

The rules relating to the purchase of sand indicate that the De-

partment does not shut its eyes to the fact that there is still an

amount of gold in the tailings from amalgamating mills which

should be extracted. The provision with regard to the value of the

tailings as determined by assay is somewhat more difficult than here

assumed. If the tailings are the usual battery quart/ tailings, or. say,

from 10 to lodwt. per ton, then each of the three samples if as-

sayed separately by the same assayer. who chooses his assay sample
so as to have his result correct, to say three grains per ton. will

probably differ by more than the stipulated amount.

Slimes do not appear to be paid for at all, while cyanide treat-

ment is restricted to certain classes of ore: yet on the whole, even

such a start as this indicates a laudable effort not to stop at a point
where metallurgical work commences. It is noteworthy in connec-

tion with this matter that in Victoria the Bairnsdale district School

of Mines some years ago undertook to deal with ore at its testing

plant on much the same lines as those adopted in Western Australia

to-day. No restriction was placed on the class of ore sent in.

which was treated by amalgamating, cyaniding or chlorinating me-

thods; the free gold won was handed to the owners, while 90 per
cent, of that contained in sands, slimes or concentrates was paid for

after the cost of treatment had been deducted.
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Government Batterv. Mount Ida.
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As may readily be imagined, such a number of public batteries

scattered over goldfields hundreds of miles apart require to be very

closely looked after, otherwise they may become such a drain on

the State coffers that their advantages would be more than coun-

teracted. By judicious management at every plant, and by a se-

lection of site based on careful observation, the loss to the State

should be rendered trifling, while the use of each public battery
would in no way be curtailed.

In the near future the policy to be adopted by the Mines De-

partment should be one of leading, and not following, in methods

of ore treatment. In this case not only will the simple classes of

ore be dealt with, but more complex and refractory material should

be successfully handled, and new sources of wealth opened up. The

objection that such public plants interfere with private enterprise
does not hold good, for the State does not seek to compete with

existing batteries, but rather encourages prospectors to give fields

a trial which would probably never be developed if some means of

crushing were not available. From the very nature and purpose
of these plants, it cannot be expected that they as a whole will

ever be worked at any considerable profit, yet with care they
will form a very important factor in increasing the wealth of the

State.
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The Associated Northern Blocks.

The latest plant on the Boulder is now Hearing completion. Mr.

George Roberts, who was metallurgist at the Great Boulder, and

is now acting manager of that mine during Mr. Hamilton's absence,

is general manager of the Associated Northern Blocks. xle Las had

excellent opportunities for acquiring special metallurgical know-

ledge, and has availed himself of these to the fullest extent. For
some years he was assayer to the Broken Hill Proprietary Co., and
became chief assayer. Leaving for Western Australia in its early

goldfields days, he has had a hand in the growth and development
of metallurgical practice there, and the latest plant, which is

almost erected, may be considered one which combines all the good
points of the varied plants on the field. The ore is trucked from a

shaft and tipped over a grizzly into a No. 5 Gates breaker erected

over a 400-ton bin. As the ore leaves the breaker, it passes on
to a Robins belt conveyor, having two trippers to distribute the ore

in the bin. The ore is then fed automatically into 3 -.o. 5 Krupp
ball mills (Mr. Roberts would have preferred the No. 8 mills as

being more economical, but the former were ordered before he took

charge). The crushed material from the ball mills passes through a

30-mesh screen, and is conveyed away by a spiral conveyor to a 100-

ton bin. from which it is conveyed to four Merton furnaces by means
of a double push conveyor. An automatic sampler is attached to

this conveyor, dropping an ounce per minute of the crushed sand.

Each furnace will roast 18 tons per 24 hours. The hot sand from
the roasters is conveyed by means of a Krupp elevator to a mixer,
from which it passes 'nto six Forwood amalgamating and grinding
pan-. From these pans it passes into a series of spitzlutte and

spitzkasten ; the former separates the sand from the slime, and the

latter the excess of solution. The thickened pulp is agitated with

a 0.08 pei- cent. KCy solution and filter pressed in the usual way. The

j>resses are filled with pumps. The sands are settled in two vafcs

and then dumped in the ordinary leaching tanks and treated the

same as the oxidised ore. The plant, which has a capacity of 70

tons per day, was designed by Mr. Roberts and his engineer, Mr.

Ridgway. and it is anticipated that it will do about the cheapest
work on the field, with extractions equal to any.
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The Mount Charlotte Gold -Mining Co.

The cost of mining on the Boulder field must strike any unpre-

judiced observer as being exceptionally high, and the cost of treat-

ment until recently as extravagantly so. The ground is favorable,

the lodes wide, and water has not to be contended with. On the

other hand wages are high, and labor is said to be less efficient than

Plan of Lodes, Mount Charlotte.

in other States. The latter contention is contradicted by most of

the managers on the field. AS an offset against the general high

mining costs the work done on the Mount Charlotte Gold-mining
Co. deserves special mention. The figures quoted were obtained
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through the courtesy of Mr. H. L. Read, the attorney for the com-

pany, aud Mr. Wylie, of Adelaide.

Kalgooriie, originally beUer known by the name of the pioneer

prospector Hannan, owes its origin to the Reward claim, pegged
out on a hill only a few hundred yards from the town. The Boulder

is a couple of miles further on. The brown-red soil for a consider-

able distance around Haunan's Hill is pitted like the old alluvial

leads of Bendigo. The,se workings are said to have yielded more
surface gold than any others in the West, and even now the tossicker

or dry-blower can win his few pennyweights. The original Han-
nan's Reward and Mount Charlotte companies have been amal-

gamated, and underground prospecting has revealed a most peculiar
formation.

Two parallel lodes, running almost due north and south,

are each about 10 feet wide, and about 300 feet from each

other. A large amount of prospecting work has been done on

these lodes, but with disappointing results. It was noticed in driv-

ing that- these north and south lodes were in reality faults chan-

nels which had cut a number of east and west parallel lodes and

given them a left-hand heave. These east and west lodes have

proved to be payable so far as prospected. As many as 30 of

them are known as exist, varying in width from 18 inches to 30

feet and 500 feet in length, and have been proved downwards for

a depth of several feet.

The cost of mining amounted to 13s. 2.2d. per ton : of milling

with a 10-head battery (9501b. stamps). 9s. 9.8d. per ton
;
or a total

of 1 3s. per ton. The value of the gold won per ton of ore is

1 16s. 8.7d.
;
cost of mining and milling, 1 3s.

; profit per txm, 13s.

8.7d. ; profit for tons treated (5930), 4079 12s. These figures show

that with a free milling ore the expenses are as low as they would

be in a place much more favorably situated. Some good mining
and metallurgical work would be done if the Boulder mines would

tackle a six pennyweight proposition. Mount Morgan has done

ii, with success, and the economical and effective work done there

still remains an object lesson to the world as far as gold mining and

oro treatment are concerned. Even four pennyweights in the

oxidised ore, which contains about one per cent, of sulphur, is treated

at a profit. Yet the stone is dry crushed, roasted and chlorin-

ated.
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General Remarks on the Boulder Field.

The Boulder is the most interesting field in Australia, and pro-

oably outside Australia, for multiplicity of methods of treatment.

Out of all the chaotic processes suggested and even started on a

colossal scale, the present ones have emerged. Many of the methods

tried were commercial failures, yet contained in them good points

now dovetailed into other systems. Very few fields have been for-

cunate enough to have had such scientific and technical talent fo-

eussed on them as this; the trained experience of the world has been

brought to bear on the problems which have arisen
; the engineer

brought his most modern mechanical appliances ; the technical chem-

ists introduced apparatus and methods previously unknown in auri-

lerous ore treatment
;
the silver metallurgist similarly gave .suitable

appliances, while the trained chemists and analysts brought valuable

xperience and methods from every branch of chemical industry.

The healthy rivalry on the field will bring out more facts con-

nected with methods and machines in a single year than would be

obtained in a generation from places where "Lead and I follow" is

the motto.

As all difficult undertakings when successfully accomplished are

apt to be made light of, so there is a tendency to belittle the work

done on this field. This should not be, for while the end of me-

thods of treatment has not been reached, greater strides in the time

have been made towards it than on any other field. The fact that

15dwt. stone could not be counted as an asset in a mine only a

short time ago is a blot which has been cleared away by the present
men. The cost of treatment has been reduced in .some instances to

half of what it was a little more than two years ago, and even with

the lowering of costs a better extraction is being obtained. Though
it is not easy to state exactly what gold is being lost now it is pro-

bable that with such continuous plants as are in operation, occa-

sional batches of bad extractions occur, and that these flow on to the

tailings dumps with the general bulk of the material reduced to two
or three pennyweights per ton. Although this loss may appear to

be small, yet it is a most serious one, and is not equalled in aggre-

gate on any other field in all the States. It certainly amounts to not
less than 390,000 per annum, so that the Golden Mile is pouring
gold into its tailings heaps at the rate of 1000 a day ! What a chance
for good men to repay their salaries to their companies some ten,

some fifty, some a hundred fold.

While the Boulder men have solved, or are on the way to solve,

their own difficulties, it is doubtful if their methods will be adopted
0:1 many other fields. As I pointed out before, with the exception
ot a small percentage of tellurides there are no refractory minerals

in the ore, and the roasting of it is simple when compared with other

Australian ores from which gold has to be won by chemical meThods.
It is claimed that after removing the coarse gold fine grinding is

necessary, even after roasting, because grains of sand still contain

kernels of gold. If the gold were present as a telluride it is almost

certain that the temperature of the roasting furnace is sufficient to
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cause the dissociation of the compound and the bursting of the fra-

gile shell, thereby exposing the metal, while if the gold were un-

combined the difference between tiie ooemcient of expansion of gold

and its gangue is usually adequate to free the metal. It would be

thought by anyone following Boulder methods that concentrates

at least could not bo treated without the elaborate grinding and

sliming methods adopted. This may be necessary tor some of the

Boulder ores. It is doubtful whether it is necessary for much of it,

because it has proved altogether unnecessary for rich concentrates

elsewhere, which can be reduced from 8oz. to 2dwt. or 3dwt. per
ton. Fine grinding as a corrective to indifferent roasting is of ad-

vantage.
Filter pressing is a necessity on the Boulder, but it is not likely

tc displace the simpler decantation methods on fields having poorer
ores where water is abundant and where slimes may afterwards run
to waste. Clarifying presses will bo useful adjuncts to ordinary de-

cantation processes, but the cost of installing and working with

filter preens alone could not bo borne by most mines outside the

Boulder.

It has not been made clear that Dr. Diehl's process has any ad-

vantages commensurate with the extra cost when applied to raw ores

not containing tellurides. It is extremely doubtful if it has, so

that it will hardly take the place of the simpler application of cyan-
ide solutions. The electrolytic methods have not proved successful.

Smelting the ores on the field can hardly be viewed as a commercial

proposition, while the entraining of ores and concentrates for nearly
300 miles to the coast seems to indicate some metallurgical weakness.

At this stage I also desire to acknowledge the general assistance

given by many whose names have not appeared. The visit to this

field proved a mo-t instructive one. Much has been learned from

successes, almost as much from failures, which after all guided men
to success, so that the words of the poet may be parodied into

'Twere better to have tried and failed,

Than never to have tried at all.

A great deal of experimental work is still going on which, if fully

recorded, would save other mining fields from unnecessary investiga-

tions and expense. This work is being carried out on scientific prin-

ciples not the usual plunging in the dark in the hope that the

unexpected may happen. It can be said of the majority of the

Boulder managers and metallurgists that they do not deceive them-

selves, and from this fact we can hope for a still further advancement

5n original metallurgical methods.
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Prospecting Party A JI id-day Spell.
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The Western Advance.

How slow the progress of a colony may be in the absence of

the stimulus to development furnished by gold mining was attested

by the early history of the Western State. The territory was

first occupied as a British possession under the name of the Swan

River Settlement in 1829. The Dutch navigators who had visited

it at earlier date had named the country "Provincia Aurifera,"

and its gold-bearing character was further avouched by the reports

to that effect of the old buccaneering explorer, Dampier, who

spent some time himself in searching for tne precious metal on some

insufficiently described portion of the north-west coast, to which he

gave his name. But, despite repeated attempts, no success attended

the first efforts of the early settlers to draw upon these golden re-

sources, and with a territory eight times as large as that of

Great Britain and Ireland the population was so sparse that only

a small area in the south-west corner could be regarded as occupied.

Indeed, so arduous was the struggle against the conditions sur-

rounding the handful of settlers that after half a century of effort

the population did not exceed 30,000; revenue stood at about

250,000, and imports balanced exports at a total of about

500,000.

Many were the unsuccessful attempts made to find gold during

the earlier years of Westralian settlement, but the first promise of

more fortunate result was that given by the discovery due to Mr.

T. Hardman, Government Geologist, of the Kimberley Goldfield in

the north-east corner of the State. This was in 1882, and as the

yields were encouraging it stimulated the further search, which led

to other important discoveries. The Yilgarn field, about 200

miles east of Perth, was the next important discovery, the pioneer

being Mr. Anstey, and rich returns were obtained from the dif-

ferent divisions of the area, Southern Cross, Golden Valley, and

Parker's Find. The Pilbarra field, in the north-west, was next

proclaimed in 1889, and the Ashburton, at the eastern end of the

Capricorn Range, in 1890. From both these gold was obtained in

large quantities. Quickly followed the discovery of the Murchison

by Messrs. Macpherson and Peterkin, in 1891, the district being
on the Upper Murchison River, about 200 miles from the coast.

Gold had previously been found in this locality at Mulga Mulga
and Yum, but it did not pay for working. On the Murchison field

proper, however, the record was very different. Gold was found

in liberal quantity in the outcrop of the reefs, and the rudest

appliances enabled the diggers to obtain rich returns. They
crushed the stone by hand, and realised magnificent results. The

gold was distributed in richly-paying quantities through a number
of reefs, and certain of the specimens sent from the Murchison to

Perth equalled in gold-bearing capacity anything obtained through-
out the world. It was stone in the gold more than gold in the

stone, and the tide of immigration that had for the past few years
been steadily setting toward the "Wesf now increased in strength
and volume. A wonderful impetus was given to business, and

13
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fresh energy infused into the work of prospecting new districts by

the stream of gold now steadily pouring from the field. The out-

put of the precious metal for 1892, the year after the opening ot

the Murchison, amounted to 59,548oz., of which Murchison con-

tributed 24,356oz. ; Yilgarn, 21,209oz. ; Pilbarra, 12,893oz. ;
and

Kimberley, 1088oz. The rapid advance in the gold yield to the point

of the epoch-making discovery, which opened up the eastern fields,

appears from the following return for the years underwritten:

oz. Value.

1886 320 1,207

1887 4,873 19,492

1888 3,493 13,098

1889 15,492 58,871

1890 22,809 86,664

1891 30,311 115,182

1892 59,548 223,305

The discovery from which the great advance dates was that of

the Coolgardie field, in September, 1892. This was reserved for

Messrs. Bayley and Ford, who had been unsuccessful at Southern

Cross, and had started out prospecting in an eastern direction.

At the outset ill-luck attended them and they were returning,

their provisions being exhausted, when they made the discovery

which caused the rush to the goldfield, which soon obtained world-

wide celebrity. At the time, however, even the prospectors

themselves did not realise the importance of their discovery, and

Bayley sold his reward claim to Mr. Sylvester Browne, brother of

"Rolfe Boldrewood" Browne, for 6000 and a one-fourth share.

Mr. Browne set to work with only two hammers and a pestle and

mortar, and in less than six months he had dollied out over 600Qoz.

of gold. Hereupon followed the great influx from the eastern

colonies, and the out-spreading of the miners from the Coolgardie

centre, prospecting the country before them. Many were the

discoveries made, till within a space of time almost incredibly short

for such important developments, Black Flag, White Feather, Kur-

nalpi, the Wealth of Nations, and Menzies, were among the busiest

mining centres in Australasia. These, however, have in later years

been completely dwarfed by the stupendous results of that other

discovery upon which the great superstructure of Westralian mining

prosperity now so solidly rests, at first named after its discoverer,

Hannans, and now known only as Kalgoorlie, the rival of the Rand
as premier gold producer of the world.

To rehearse the story of the marvellous rise and rapid progress
of the great Westralian mining centre would be to enter upon a

recital all too long for space at command in these pages. It is best

told in the contrast of the barren, arid waste presented but little

over ten years ago with the populous, well planned, well built

city of to-day, with its abundant water supply, its electric-lighting,

power and traction system, its wealth of vegetation, promising to

make it in the near future a city of grovej and gardens, o-f

flowers and grateful foliage, and its every up-to-dative convenience.
It is told in the never-ceasing throb of its mighty machinery, in

the Niagara roar of its tireless industry, and in the solid results

of that well-directed energy allied to high capacity in mining
science which gives the field its admitted rank as the most advanced
of modern mining centres. It is told in the number, the extent,
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and the industrial importance of its many progressive outliers

Boulder City, Kanowna, Bulong, and the many minor centres, which

are included in the East Coolgardie group; and it is still more

expressively told in the statistics of steadily increasing gold

production, which are given on other pages; in the re-

cord of dividends distributed, now approaching a total of

ten millions sterling, and in the proven ore reserves it is estimated

will, in the near future, yield from the best eight mines a monthly

profit of over 200,000. Permanence and stability is assured by
the fact that there is more ore in sight in the working of the

principal mines than there has even been before, and that science,

system, and method, which have so materially reduced the cost

of extraction over the past few years, are still working in the same

wealth-producing direction.

On this head, a few remarks from Mr. Algernon C. Moreing,

formerly president of the Institute of Mining and Metallurgy, Lon-

don, and a mining engineer, whose Westralian experience is

extensive, may be quoted. He said : "A point which the general

public have omitted to follow has been the extraordinary reduction

in working costs which has taken place in mining in Western
Australia. It is that reduction in working costs that has brought
about a great part of the profit which is now being made. I

will give a few instances. The working costs of the Great Fingall

Company at the end of 1901 amounted to 36s. per ton
;

at the

present time they are 19s. 5d. Think what that means when

they are working, I think, 10.000 tons a month. The working
costs of the Sons of Gwalia at the end of 1901 were 35s. 8d. per

ton, and at the present time they are 20s. 7d. The Cosmopolitan

Company's costs were 39s. Id. in 1902, and they are now 18s. 9d.

The Lake View Consols working expenses in 1901 were 56s. 8d.

a ton, and they are noAv 27s. 9d. The Great Boulder Main Reef

have reduced their expenses from 45s. 6d. to 24s. 6d., the East

Murchison United from 29s. 9d. to 20s. 4d., the Oroya-Brownhill
from 43s. to 26s. 9d., and the Bellevue Proprietary from 40s. 9d. to

29s. lOd. I could give many other similar instances."

Reduction in mining cost, it need hardly be pointed out. means
much more than an increasse in the profit-yielding capacity of rich

mines. This is the least significance it has for all but the share-

holders directly concerned. For the community at large, it means
all the benefits which are to be derived from bringing large low-grade

propositions under contribution, thus broadening the basis of the

industry, enlarging the field for employment, and benefitting every
branch of trade and commerce.
What has been done at Kalgoorlie in connection with mining and

gold production, the metallurgic methods employed, the different

processes of treatment, etc.. has received exhaustive treatment in

the pages preceding. What Avill be its prospective output has

received careful consideration in a paper on "The Future Gold-

Production of Western Australia," read before the Institute ot

Mining and Metallurgy. London, in October last, by Mr. C.

Hoover, which admits of the folloAving summary : The author
takes as tlie basis of his calculation the sixteen leading mines,

eleven of the-e being in the Kalgoorlie area, which had to dttte

yielded 4,749.Slooz., valued at 17,988.790, from 3.183,116 tons of

stone. The dividends from these during t-iie year then current he
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estimated to exceed 1,800,000, the actual amount divided

being 1,880,289, and for this year he sets the total

at 2,100,000. His calculation takes into account the

extent and value of the ore bodies, and the capacity of

the respective plants. In January, 1903, he says, the reserve

of ore in the 16 mines was 3,039,914 tons, containing 3,518, 147ox.

fine gold, of the value of 14,791,609. The average value of this

ore, as shown by assay, was 1.12oz. per ton, but the average yield

was only 1.04oz. per ton, thus proving that the rich ore shoots were

being drawn on slowly. The group is now treating about 100,000

tons of ore per month, but, Avith extensions of plant, will before

long be able to treat 120,000 tons per month. If the ore mined is

added to that exposed in reserve, there is, and has been, in the

mines 6,223,030 tons of ore, containing 7,757,037oz. fine gold, of

the value of 32,780,399. If the factor of excess occasioned by

the presence of oxidised ore is discarded, Mr. Hoover estimates the

16 mines to have an average of 7534 tons per foot of depth, for

9391oz. fine gold, or an average value of 39,688 per foot. This

means, roughly, a profit of 23,000 per foot of depth. Such figures

will bear a liberal discount, and still be very attractive
;
but there

is, in the Kalgoorlie, no necessity to reserve a broad margin for

error.

All the foregoing has to be taken into account in reviewing the

wonderful process of expansion and development which has trans-

formed Western Australia from the least progressive to the most

progressive of the Australian States
;
but there also has to be con-

sidered the related items presenting every equivalent of solid value

by which the progress of a whole community can be measured. As

some of the most prominent among these may be mentioned the

following: Taking 1893 as the point of the great gold discovery,

over the last 11 years the population of the Western State, which

then stood at 65,000, had increased to 232,000 ; imports have ad-

vanced from 1 millions to 7 millions
; exports have increased from

1 million to 10^ millions
;
total trade from 2- millions to 16

millions; shipping, in and out, from one million tons to 3| millions,

and the area under crop has advanced from 80,000 acres to 230,000

acres. Keeping pace with these giant strides ahead, the general

revenue, which in 1893 stood at little over half a million, last year
totalled nearly 4 millions

;
tlie advance in general expenditure on

public works being proportionate. The train mileage ran in

1893 was about half a million : last year it was over 4 millions.

The leading items on the export list appear in the following

figures for the year last past, with the corresponding figures for

the preceding twelvemonth: Gold specie, 4,566,192 4,149,869;
imminted gold, 4,061,767 3,318,958 ; wool, 443,743 458,078 ;

timber, 619,705 500,533 ;,
hides and skins, 128,580 111,456 ;

pearls and shells, 224,322 178,699 ; sandahvood, 37,913

61,771; other articles, 162,562 219,692. Total exports,

10,324,732 9,051,358. The Hon. the Treasurer claims that there

is no State so favorably situated as is Western Australia to sur-

vive the tightness of the London money market. This year, he

holds, should see a gold production of nearly 10,000,000, which
must mean expenditure of nearly 7,500,000 for production. The
timber companies will pay, roughly, 1,000,000 in wages, and other

industries will probably pay from 500,000 to 750,000 for the
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Electric Light and Power Co.'s Electric Power Station, Kalgoorlie.
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same purpose, making, roughly, 9,000,000 to be expended amongst
a population of 232,000 people, irrespective of large sums puo in

circulation by private and other institutions. Here in itself, h

claims, is sufficient prospect of keeping the State solidly prosper-

ous, and in addition, in his opinion, there is not the slightest

doubt that the agricultural development during the next three

or four years will be unrivalled in the history of Australia.

As, therefore, the latter-day progress of the Western State ha&

been most remarkable, so its prospect is most hopeful, and the at-

tractions it presents as a field for the profitable investment of capital

will go far to realise the forecasts as to its future. To this point but

a limited area here and there of its vast extent has been turned to

account. The value of its tin and copper resources are only
now beginning to be realised, but year by year it may be reason-

ably expected that a better knowledge of this richly endowed
State will obtain, and more systematic efforts will be put forth

to lay them under large contribution for common benefit.
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Gold Production and Dividends.

Westralian gold production on the higher scale commenced with

the year following the discovery of Coolgardie. This was in Sep-

tember, 1892, and whereas the output for that year was below

60,000oz., for 1893 it was over 110,OUOoz. The increase had been

in a healthy state of development for two or three preceding years,

but from that date it shot up with remarkable celerity. Last year

it was 2,335,425oz., and to that date total production reached

the magnificent aggregate of 11,662,315.19 crude ounces, equal to

10,270,003.37 fine ounces, valued at 43.624,202, or an average value

of 2,423,567 each year. The chief producing centre has been East

Coolgardie (Kalgoorlie), which stands for over 50 per cent, of the

total output, the yield being 5,846,949.10oz. Murchison is the next

highest, with l,067,473oz., Mount Margaret is second with

916,745oz., North Coolgardie third with 913,694oz., and Coolgardie

fourth with 724,256oz. The Golden Horseshoe, Kalgoorlie, is the

largest producer in 'the State, and during 1903 treated 150,873 tons

for 209,054oz., averaging 1.38oz. per ton. To date the mine has

produced 3,000,000 worth of gold, and has paid over 1 million

sterling in dividends. The Horseshoe has been opened up to a

vertical depth of 1100 feet, but sinking to attain a greater depth

is now in progress, and the end of 1904 should see the mine tested

dcwn to 1500 feet. The ore now. blocked out in its workings is

said to contain sufficient gold to maintain a monthly output of from

17,000 to 18,000oz. for several years, while the ore in sight, but not

blocked out, is estimated to be of greater bulk and value than that

referred to above. The Great Boulder - erseverance during 1903

treated 132,593 tons for 194,578oz., averaging 1.39cz. per ton. The

main lodes have been proved to a vertical depth of 1100 feet. Both

bodies are of big width and high average grade, but are said to show

a slight falling off of values in depth. To date the mine has yielded

over 2 million pounds worth of gold, and has paid in dividends a

shade under three-quarters of a million Veiling. The Great Bcul-

der Proprietary is turning out nearly 171,957oz. a year; Ivanhoe

Gold Corporation, 130,000oz. ; Oroya-Brownhill, 99,600oz. ;
Asso-

ciated, 77,228oz. : Lrike View Consols. 57,893oz. : Kalgurli, 45,662oz. ;

Great Boulder Main Reef, 13,397oz. : while other large producers

include the Great Fingall Consolidated, Limited, Day Dawn
;
Cos-

mopolitan Proprietary, Limited, Kookynie ;
Ida H., Laverton

;
Men-

eies Consolidated, Menzies
;
Peak Hill Goldfield, Limited, Peak

Hill; Princess Royal, Norseman; Sons of Gwalia, Limited, Leonora;
Westralia and East Extension Mines, Limited, Bonmevale

;
Wes-

tralia Mount Morgans, and White Feather Main Reefs, Kanowna.

The following table gives the total production of gold, showing the

gross weight reported to the Mines Department, its equivalent in

fine gold, and the sterling value thereof :
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The most favorable evidence of the prosperity of the Westraliau

gold mining industry is the payment of dividends by the companies.

Since the year 1890 the number of dividend-paying companies
has increased from two to twenty-two, and there are signs of still

further additions being made to the list. The distribution in

1890 was 1250
; 1891, 5326

; 1892, 1875
;
but in the next year tlie

amount jumped to 34,350, due chiefly to 30,000 from Bayley's

Reward, Coolgardie. In 1894 this company made a further con-

tribution of 96,000, the total for the year being 110,642. For

1895 the amount distributed was 82,183; 1896, 168,216; 1897,

507,732; 1898, 606,124; and in 1899 the total reached 2,057,421,

the principal contributors during this year being the Lake View

Consols, with 625,000; Golden Horseshoe, 371,175; and Oroya-
Brownhill 176,250. For the following year, 1900, the total

reached 1,392,866; 1901, 1,093,605; 1902, 1,424,272; 1903,

2,024,155. It will be seen that the amount paid away last year
was the second largest since the inception of the industry, and
was the result of operations extending throughout various parts
of the State. The Great Boulder Perseverance, Kalgoorlie, paid

away the highest amount, 350,000, which was the same as in

1902. The Golden Horseshoe, Kalgoorlie, was second, with

270,000; the Great Boulder Proprietary, Kalgoorlie, next, with

262,500; Great Fingall Consolidated, Murchison, 200,000:

Oroya-Brownhill, Kalgoorlie, 191,250; and Ivanhoe, Kalgoorlie,

sixth, with 180,000. The following tabulated statement shows

the

Company.

DIVIDENDS FOR 1903.

Goldfield. Amount

Associated

Associated Northern

Brownhill Extended

Burbanks Birthday Gift ...

Cosmopolitan Proprietary...

Golden Horseshoe

Great Boulder Perseverance

Great Boulder Proprietary
Great Fingall Consolidated

Ida H.
Ivanhoe

Island Eureka

Kalgurli
Lancefield

Menzies Alpha
Oroya-Brownhill
Peak Hill Goldfield

Princess Royal

Queensland Menzies

Sons of Gwalia

Westralia Mt. Morgans
White Feather Main Reef

East Coolgardie

Coolgardie ...

North Coolgardie.
East Coolgardie .

Murchison ...

Mt. Margaret
East Coolgardie .

Murchison ...

East Coolgardie .

Mt. Margaret
North Coolgardie.

East Coolgardie .

Peak Hill ...

Dundas
North Coolgardio.
Mt. Margaret
Mt. Margaret
N.E. Coolgardie .

49,539

87,500

45,000

4,500

60,000

270,000

350.000

262,500

200,000

28,606

180,000

1,000

60,000

3,960

1,000
191,250

30,000

32,000

19,800

79.500

60,000

80,000

2,024,155
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TOTAL DIVIDENDS TO 1903.

Company.

Associated

Associated Northern

Australia United ...

Bayley's Reward

Bayley's Gold Mines

Bendigo and Coolgardie ...

Brown-Hill Extended
Burbanks Birthday Gift ...

Central

Cosmopolitan Proprietary

Day Dawn
East Murchison United

Eraser's

Eraser's South

Eraser South Extended ...

Gem of Cue ...

Golconda

Golden Horseshoe

Great Boulder Main Reef

Great Boulder Perseverance

Great Boulder Proprietary
Great Eingall
Ida H.
Island Eureka
Ivanhoe

Kalgurli

Lady Loch ...

Lady Mary ...

Lady Robinson

Lady Shenton

Lake View Consols

Lake Way Goldfield

Lancefield

Long Reef
Menzies Alpha
Menzies Gold Reef... ...

Morning Star

Mount Burges
Mt. Malcolm Proprietary...
Hit. Yagahong Exploration
Murchison Proprietary ...

New Chum ... ... ...

North Boulder ... ...

Oroya-Brownhill
Peak Hill Goldfield

Premier ..;

Princess Royal

Queen Margaret
Queensland Menzies
Robinson Gold Mines
Sons of Gwalia

Authorised Total

Goldfield. Capital. Dividends.

East Coolgardie 500,000 308,289

350,000 262,500
Mt. Margaret ... 100,000 4,500

Coolgardie ... 480,000 126,600

155,000 62,000

24,000 832

East Coolgardie 100,000 45,000

Coolgardie ... 180,000 99,500

Yilgarn 100,000 11,305
North Coolgardie 400,000 79,000
Murchison ... 2,750

East Murchison 180,000 60,000

Yilgarn 78,125 25,208

100,000 7,500

125,000 3,731
Murchison ... 5,000 1,250

100,000 5,916
East Coolgardie 1,500,000 1,481,375

130,000 50,000

1,500,000 743,750

175,000 1,550,550
Murchison ... 125,000 406,250

Mt. Margaret ... 60,000 41,012
Murchison ... 10,000 16,.000

East Coolgardie 1,000,000 923,750

120,000 90,000

Coolgardie ... 75,000 3,000
Dundas 60,000 15,000

Coolgardie ... 48,000 1,152
North Coolgardie 160,000 120,000
East Coolgardie 350,000 1,317,500
East Murchison 150,000 2,750
Mt. Margaret . . . 25,000 14,040
Murchison ... 150,000 3,335
North Coolgardie 120,000 1,000

175,000 17,381

Murchison ... 45,000 14,061

Coolgardie ... 80,000 2,667
Mt. Margaret ... 250,000 10,000
Murchison ... 250,000 6,051

832

160,000 8,000
East Coolgardie 200,000 27,500

450,000 728,741
Peak Hill ... 300,000 160,666

Coolgardie 50,000 21,625
Dundas ... 40.000 100,000
N.K. Coolgardie 100,000 8,316

North Coolgardie 33,000 89,100
N.K. Coolgardie 80,000 7,905
Mt. Margaret ... 350,000 141,300
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Hydraulic Sluicing Plnnt. Ccolgardie.
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Total Dividends to 1903. Continued.

Company.

Star of the East

Vale of Coolgardie

Victory United

Westralia Mount Morgans

Goldfield.

Murchison

Coolgardie
Murchison

Mt. Margaret

Authorised Total

Capital. Dividends.

200,000

90,000

40,000

125,000

12,000

5,625

4,000

196,832
White Feather Main Reef N.E. Coolgardie 160,000 61,070

9,510,017
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The Qoldfields Water Supply.

A moderately cheap and efficient water supply for the gold-

fields' centres had been the theme ot those controlling the affairs

of Western Australia in 1892, amongst its leading advocates

being Sir John Forrest, the then Premier. He recognised that

without adequate means for proper water conservation the cost of

winning the precious metal would not be in proportion to its value,

that mining progress would be stagnant, and that the advance

of the colony, which depended so much on the active development
of the mineral resources, would materially suffer. It was the gold

discovery at Coolgardie, in 1892, which led to the development of

the now numerous fields, and it was then recognised that sooner

or later the question of water supplies would have to be faced with

a firm mind. The population rose rapidly. The supplies were ob-

tained from wells sunk in pockets or immense mamma holes

around the main rocks, filled with alluvium of decomposed granite.

When the supply in these pockets was exhausted the wells gave

out, and were useless until the pocket was refilled by the rains.

The making of the wells was very expensive, as they had to be

stained from top to bottom to keep the walls standing. After-

wards tanks and dams were employed, and these sufficed for a

time. The boring for water was carried on to a large extent, and
with much success, but the many new rich finds in other parts of the

Cinderella of Australia, and where there was practically no water,
caused Parliamentary action to be further ripened. Sir John

Forrest, speaking on behalf of the Government in 1893, said

"We look upon this matter of water supply as a very serious busi-

ness, and we are determined to do all we can to meet the difficulty.

We have already done a great deal. Unfortunately, this gold is

found in localities where there is no water, and you cannot find

it by sinking. We have got the boring machine to work, and we
are doing the very best thing we can in this matter, and I can tell

the House this, that it is costing an immense amount of money. But
we intend to persevere and do all we can to solve the difficulty."

Following on these lines, the route to Coolgardie was compara-
tively honey-combed with tanks and dams, and later on at Cool-

gardie an immense condensing plant, consuming 120,000 gallons
of salt water per day, and producing 100,000 gallons of fresh

Avater, was erected. On the outbreak of other fields, which have

proved such important factors in the up-building of the colony,
the supply was principally artificial, and condensers were largely
used. In the meantime the heads of the Water Supply Department
were at work devising a gigantic scheme. Many difficulties were

confronted, but Sir John Forrest was not to be daunted, and
when speaking at the opening of the Coolgardie railway, in March,
1896, referred to the determination of the Government to provide
the goldfields with an adequate water supply, and briefly outlined

the scheme, which was to "bring the water from the coast." There
was no harking back; the scheme was adopted, the necessary loans

to enable it to be carried out floated, and now water is carried from
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the source of supply in the Helena River to Kalgoorlie, the premier

gold centre of Australasia, a distance of 352 miles, at the rfcte of

many million gallons per day. The official ceremony in connection with

the completion of this great work, was made the occasion of an im-

posing demonstration on the 24th of January last year, and in com-

menting upon it the "Australian Mining Standard" paid the

following well-deserved tribute to the gentleman whose name is

most prominently associated with this undertaking and its suc-

cessful issue: Sir John Forrest had reason to be proud of the

position in which he found himself last Saturday, when in the

presence of a distinguished company he performed the final act

to that point of turning on at Coolgardie the water he had

brought to it over a distance of 328 miles. In one way this great

undertaking compares with the other of cognate character re-

cently achieved, the completion of the Assuan Dam, each being

the greatest modern achievement in its class of which the world

holds record. In this connection the names of Sir John Forrest

anu. the late iu.r. C. Y. O'Connor may worthily be bracketed with

those of Sir Benjamin Baker and the Messrs. Aird
;
and having

regard to all the surroundings it may be questioned whether the

greater credit is not due to the Westralians. Egypt is a land of

stupendous engineering works, undertaken and completed during

what is to us the day-dawn of a civilisation that has declined and

become almost legendary. But its colossal monuments will re-

main in the ruins of Thebes Karnak and Luxor. The great pyra-

mid of Gizeh, Avith its seven million tons of stone, dwarfs as a

constructive work anything that modern history can show, and

the waterworks of ancient Egypt were on the same scale of mag-
nitude. There is a tradition that the Nile itself once flowed at

the foot of the Lybian Hills, and was diverted from that course

into its present bed, an undertaking so stupendous in its magni-
tu^e as to apparently verge on the fabulous; but the great irri-

gation reservoir of Lake Moeris, construction between the

Feiyoon and the river by Amenemhat III. of the twelfth dynasty,

which held 11,800 millions cubic tons of water between high and

low water mark, is a work that cannot
.
be thus discounted.

Egypt is, therefore, a land which presents on every hand sugges-
tion and incentive, but the arid western wastes oF the unhistoric

continent are barren of both, beyond the incentive which the

need of water to develop its resources and; alleviate the distress

of its people communicated to the practical mind of its pioneer
Premier. To undertake with a doubtful outlook, and an over-

burdened revenue, a pumping scheme greater than is to be found

operating in any other part of the world ; to bring a flow of five

million gallons per day over a distance of more than 300 miles
;
to

bid a river of water run through the wilderness and make its

waste places productive, was to embark on an enterprise requir-

ing grasp, faith and firmness of purpose. Sir John Forrest has

manifested his possession of all these -qualities. If he could have
been daunted his scheme would have failed under the weight of

discouragement and misrepresentation with which it was assailed.

His working colleague could not sustain the insidious attack, and
sank by the way Avithin sight of the goal ; but Sir John Forrest

held on according to his wont
; and/has reaped a rich reward in the

success that has so triumphantly ..answered all adverse criticism.
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Erected along the pipe route are twenty sets of pumps, distributed

at eight pumping stations. The various mining companies on the

Hannan's belt have agreed to purchase a daily minimum of

500
;
0oo gallons for the next three years, to allow the salt water

raised on their several mining properties to run to Avaste, and to

purchase water from no other source whatever. In consideration

of these terms the companies are exempt from the water rate,

but are charged 5s. per 1000 gallons consumed. As showing the

purchases by the companies for the months of December and Janu-

ary last, the following tabulated statement

December.

Total Con- Daily

supmtion. Av'rge.
Gallons. Gallons.

Associated 1,496,000
Associated Northern ... 823,000
Devon Consols ... 275,000

given :

January.

Golden Horseshoe 3,082,000
G. Boulder Main Reef 501,000
G. Boulder Perseverance 1,756,000
G. Boulder Proprietary 2,612,000
Hainault 545,000
Hannan's Star ... 381,000
Ivanhoe 2,432,000

Kalgoorlie G.R. Co. ... 49,000

Kalgurli 1,021,000
Lake View Consols 1,531,000
Lake View South 47,000
North Boulder 19,000

Oroya-Brownhill 1,397,000
South Kalgurli 127,000
Brown Hill Extended ... 59,000

48,258

26,548

8,871

99,420

16,161

56,645

84,258

17,581

12,290

78,452

1,580

32,935

49,388

1,517

613

45,066

4,097

1,900

Total Con-

sumption.
Gallons.

1,652,000

834,000

350,000

3,046,000

538,000

1,786,000

2,279,000

581,000

558,000

3,239,000

69,000

1,123,000

1,721,000

12,000

41,000

1,600,000

178,000

60,000

Daily

Av'rge.
Gallons.

55,067

27,800
11

3
667

101,533

17,933

59,533

75,967

19,367

18,600

107,967

2,300

37,433

57,367
400

1,367

53,333

5,933

2,000

18,153,000 585,580 19,667,000 655,567
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Tin.

Tin has been found in several parts of West Australia, notably at

Greenbushes, in the south-western portion of the State
;
Marble Bar,

in the Pilbarra goldfield district, and at Kimberley, but up to the

present, active operations have been chiefly confined to the nrst-

named field, though a considerable amount of alluvial mining has

been done at the Pilbarra field. The total quantity and value of

the metal produced in the State to 1903 was 4995.02 tons, valued at

288,172. Regarding the Greenbushes field, the principal line of

stanniferous country (which varies in width from half a mile at the

north to a few hundred yards at the south) can easily be traced across

the field by the rich deposits of angular tin, which are met with in

the alluvium. The main line is characterised, particularly in the

southern portion, says Mr. H. P. Woodward, in his geological re-

port on the field, by the great size of the tin pieces of the solid tin-

stone, weighing several .pounds, having been met with in patches,
but unfortunately a good deal of titanic iron is associated with the

wash, which renders the dressing of the finer samples more difficult.

At the north end of this belt, at the head of Dumpling Gully, the

wash is met with over a large area, not being confined in a small

gutter, as at tne south, and numbers of perfect crystals of tin are

met with where the wash rests directly upon decomposed porphyry,
in which disseminated crystals of tin are also found. When this

line of lode was prospected, the tin was found in rich bunches in a

well-defined lode formation. The eastern belt does not appear to

have been very rich or of great extent, as little stream tin was

found, and that was of poor quality, which is rather characteristic

of tin on the eastern fall. The western fall appears to be of greater
extent. Rich patches of lode tin have been worked as alluvium, as

from its decomposed condition, it would be almost impossible to

distinguish it from wash. One of the most noticeable features in

the structural geology of the field is the ferruginous conglomerate
and gravel. In its mode of occurrence, the conglomerate presents
one important feature, viz., that it does not form a horizontal table-

land, but occurs at different elevations, and seems to have adapted
itself to the original contour of the ground upon which ft originated.
The conglomerate covered a much larger area than it at present
occupies, and denudation has gone on to a large extent since it

formed part of one continuous formation. The thickness of the

conglomerate is nowhere very great, operations having shown that it

rarely, if ever, exceeds 20 feet. The conglomerate is not of sedi-

mentary origin, but has apparently been formed by the alteration in

<itu, and subsequently cementation of the underlying rocks. In
<-ome portions of the field, this conglomerate carries a certain quan-
tity of tin. The ore, however, is not evenly distributed throughout
but seems to be concentrated in certain comparatively isolated

patches. Both the modern alluviums and the residuary sands,
gravels and conglomerates have yielded by far the greater portion ot

the tin turned out from Greenbushes. The tin-bearing granite con-
sists of granite passing in places into a foliated and highly micaceous



118 AUSTRALIAN MINING AND METALLURGY.

r

Geological Map of Greenbushes Tinfield.
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granite, with little or 110 felspar. This granite (greissen) contains

tin, tourmaline, zircon, garnet, as accessory constituents. In some

parts of the field, the tourmaline occurs in such quantity in the

gneiss as to give a distinctive character to the rock, and would he

better described as a tourmaline gneiss. Some specimens of this

highly micaceous rock yielded on assay tin to the extent of 1.79 parK
par hundred. A "tin floor" has been worked at the head of Spring

Gully, on an old lease at a depth of 16 feet from the surface. The

floor, a tin vein, was found underlying at a low angle to the north-

west. The vein had been followed for about 40 feet to the rise, i.e..

south-east. The tin, which is associated with tourmaline, quartz,

and a little mica, is confined to a zone of about 1 foot in thickness.

The country rock is a decomposing granite. On the southern bank
of Bunbury Gully, not far from its head, another well-marked tin

floor has been worked at a depth of about 30 feet from the surface.

The floor underlies at a low angle to the west. The material form-

ing the floor is about 2 feet 6 inches in thickness, and consists of

mica, quartz, a little tourmaline, and tin. The deposit occurs w^t-
iii the zone of decomposition of the tin-bearing granite. The tin-

bearing granite occupies a definite and fairly well-defined belt,

trending approximately north-west and south-east from Hester's

Troughs, Bunbury Gully, across the heads ot Dumpling Gully, and a

little to the east of Koran's claim
;

it includes Bishop Gibney's

ground, the heads of Spring Gully, and Cowan Brook. This direc-

tion coincides with that along which lines of weakness have been

produced by the earth's movements of considerable intensity ;
it is

along these fractures that mineral-bearing solutions have pene-
trated and deposited the tin. This granite has been reticulated by
a number of tin-bearing veins, forming a stockwork, and many have
been worked in the zone of surface decomposition as alluvial de-

posits. The tin ore is contaminated with certain minerals of the

same specific gravity, nor can they be separated by any mechanical

process. These minerals are tantalite and stibio-tantalite
.;
the for-

mer a tantalo-niobate of iron and manganese, and the latter a tan-

talo-niobate of antimony. Mr. G. A. Goyder (S.A.) has analysed
this mineral, and given it the name stibiotantalite.

Per cent.

Nio-bic Oxide Nb^ O
5 7.56

Tantalic Oxide Ta, O
5 51.13

Antimony trioxide Sbj 0;, 4D.23
Bismuth trioxide Bu O

;j 0.82

Nickel protoxide Ni O 0.08

99.82

Specific gravity, 7.37.

Mr. E. S. Simpson, the W. A. Government Mineralogist, has
analysed some tin concentrates from the Bunbury end of the field,
with the following results :

Per cant.
Loss on ignition 0.22
Tin Dioxide Sn O^ 53.14
Titanic Oxide Ti O* 0.67
Silica Si O^ 1.61

Ferric Oxide Fe, Of, 4.11

Alumina AU 0.42
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Bonanza Crusher and Puddler.

(Spring Gully, Greenbushes.)
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Per cent.

Manganese protoxide, Mn O i.61

Lime Ca O 0.69

Magnesia Mg O 0.39

Antimony trioxide Sb * O 3 15.13

Bismuth trioxide Bi-2 O-3 Trace

Tantalic Oxide Ta-2 O 5
19. o

Niobic Oxide Nbn O 3 3.56

101.39

The ratio of tantalic and uiobic oxides to antimony trioxide in this

analysis corresponds closely to that in Goyder's analysis, and w*

may therefore conclude that in this specimen of dressed ore there is

present 35 per cent, or more of stibiotantalite. Stibiotantalite.

Orthorhombic. Mostly in water-worn pebbles. Cleavage, not ap-

parent. Fracture subconchoidal to granular or sub-fibrous

Brittle H = 5 to 5.5, G = 6.4 to 7.4. Lustre adamantine to

resinous. Color, various shades of yellow and brown. Subtrans-

lucent to opaque. Composition, a tantalo-niobate of antimony, Sbj
O a .(Ta Nb>>j0 5 . B.B. Infusible, colors flame greenish grey. Re-
duced to metallic antimony by fusion with potassium cyanide. IH

closed tube gives no sublimate by itself
;

on adding sulphur gives
a sublimate black when hot, but brownish-red on cooling. Soluble

in hydrofluoric acid
;

this solution on adding a little potassium
fluoride, evaporating somewhat, and cooling deposits a felt-like mas*
of colorless crystals of potassium fluotantalite. This acid solution

also in a platinum dish leaves a black stain on the dish when a
small piece of pure zinc is dropped into it. Decomposed by fusion

with potassium bisulphate. The following table gives the returns
from 1891 :

REMARKS.
The Mining Registrar at

Year. Tin Raised. Estimated Greenbushes reports : "Of

Value. previous years there is no
tons. cwt. record either at Bunbury

1891 ... 204 ... 10,730 or Fremantle, and I be-

1892 ... 265 9f ... 13,843 lieve the amount to be in-

1893 ... 171 10 ... 7,664 considerable."

1894 ... 371 5 ... 14,325 In 1889 and 1890, 72 tons

1895 ... 277 3 ... 9,703 lOcwt, of tin, valued at

1896 ... 137 5 ... 4,338 5700, were exported
1897 ... 95 11 ... 3,275 from the Colony, which
1898 ... 68 2f ... 2,760 the Collector of Customs
1899 ... 278 8i ... 21,138 reports to be "in all pro-
1900 ... 435 10 ... 29,528 bability the produce of

1901 ... 321 ... 18,852 the Greenbushes Tin-

1902 ... 403 ... 24,680 field." These figures have

1903 ... 525 ... 34,362 not been included in the

table.

3553 4f ... 195,198
At Marble Bar, in the Pilbarra district, a considerable quantity

of alluvial work has been done at Moolyella and Cooglegong. A
promising find of lode tin has been made at Wogina Hill, but the

development work upon it has been small. The output from the
Marble Bar field is :
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General View, Greenbushes Tin Smelting Works.
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Quantity. Value.

Previous Tons.

To 1899 75.45 4,419

1899 57.50 3,612

1900 387.87 27,174

1901 412.98 21,148

1902 216.35 15,103

1903 292.11 21,528

1442.26 92,984
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Copper and Lead.

The production of copper and lead gives promise of playing a

most important part in the future of the Westralian mineral in-

dustry. While the first discovery was made in the Northampton
district in 1842, there was no production until 1855, and since then,

owing to the price of the metals, the difficulties of transport and

the absence of smelting facilities, operations have not been carried

on to the extent warranted by the prospects. The metals have

also been found at Day Dawn, Mount Malcolm, Pilbarra, Roeburne,

Kimberley, Irwin River, Wongan Hills, and at Phillips River. In

the Northampton district several copper mines were opened, then

lead mines, the latter ultimately predominating over the copper
mines in the larger output. The value of lead ore raised in the

district up to October 31st, 1899, was 364,514, being the value

of 33,317 tons of ore shipped. The value of copper ore raised up
to the same period was 457,944 from 9349 tons of ore. For the

last 30 years most of the mines, however, have been practically

idle. It is conceded that there are abundant supplies of lead and

copper ores, but the low prices of the metals is against their being
worked at a profit. Principal attention is now being given to the

Phillips River goldfield district. The absence of any local smelting

works, the high cost of carriage to the coast, and conveyance to

smelting works in the eastern States, combined with the low price

of copper, have rendered the mining of any but high-grade ores

unprofitable, and consequently the development of the copper

properties has been slow. The Government within the past year
took up the question of affording facilities to the companies for the

disposal of the ore, and appointed Mr. J. Provis to purchase ore,

advancing money at the rate of 50 per ton on its copper assay

value. During the past six months nearly 3000 tons have been

carted to the ore depot, on which 12,000 has been advanced. The
total value of the ore stacked is, reckoning copper at 50 per

ton, about 23,000, or nearly 8 per ton. In February last

the Minister for Mines, accompanied by the State Mining Engineer,
Mr. Alex. Montgomery, visited the field with a view to the erection

of a smelter, and so impressed were they with the prospects
that the Minister has decided to urge upon the Government
the immediate erection of a smelter. The Government will

continue in force the advancement of money on the ore, and after

smelting and realising results, will return any profit there might be

to the producers. About 14 months ago Mr. Montgomery made a

special report on the field. He states that in going round the

mines it is often found quite difficult to distinguish between the

intrusive greenstones and certain greenstone schists, which appear
to belong to the metamorphic series of rocks. The latter are

hornblende schists, with the hornblende often altered to chlorite,

and very closely resemble both in composition and appearance
some portions of the massive greenstones. A question often

arises whether the rock is a greenstone .schist or a schistose green-

stone, and it is rather probable that both exist. It seems possible
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Marble Bar.

Marble Bar.
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and likely that in the neighborhood of the greenstone intrusions

some of the more basic sedimentary beds have been metamorphosed
into amphibolite schists, while parts of the intrusive masses may
also have assumed a schistose structure, as massive igneous rocks

so frequently do, as the result of compression due to 'the stresses

to which they are subjected in consequence of move nents of the

earth's crust. As every change in the country rock enclosing

lodes often appears to have an influence on their ore contents, it

may prove of importance as the field progresses to distinguish be-

tween these two classes of greenstone schists. At present, from

a purely mining point of view, the important feature of the district

seems to be that the sedimentary rocks of Archsen age have been

intruded through in' every direction by dykes and masses of green-

stone, causing great disruption of the strata, and affording the

conditions favorable for extensive hydrothermal action, the most

probable source of ore deposits. Ine mines visited were Red,
White and Blue, Harbor View, Omaha, Mount Stennett, Elverdton

Welcome Stranger, Elverdton South, Elverdton, Baden Powell,
Mount Desmond, Mount Decker, Great Oversight, Carbine, Last

Chance, Last Chance Proprietary, Emily Vale, Kilmore, Federal,
Mt. Allan, Kingston, Mary, Mt. McMahon, Mt. Cattlin, Andante,

Grimsby, Marion Martin, Sunset, Surprise, Marnoo, Mountain

View, Zealandia, Australia, Mt. Garritty, Pick and Shovel. The
total production from the field to the end of 1903 is 2992.72 tons,
of the value of 25,865. The great question, says Mr. Mont-

gomery, with respect to any newly discovered copper lodes is that

of the permanence of the ore bodies in depth. It is now recognised
that the surface portions of copper lodes are particularly liable to

be much richer than the bulk of the lodes beneath, inasmuch as

they have been enriched in course of time by copper being brought
down in solution from the cappings of the veins, as these are

gradually worn away by surface agencies On his recent visit,

Mr. Montgomery again inspected the mines, and state'l that the

work done since his first inspection had proved that the outcrops
had good roots. He is satisfied that they will live down and
maintain their values. As soon as the erection of vhe smelter is

completed the progress of the field as a copper producer should

be rapid. The production of ore at Mt. Malcolm for 1903 was

18,965 tons, valued at 45,567, and the grand total 33,391 tons,

valued 128,203. The West Pilbarra production totals 12,340
tons, valued 112.778; Day Dawn, 15.65 tons, valued 167.
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Coal Resources.

The development of a local coal supply is a matter of first mo-

ment to any State; but it becomes one of still greater importance

to a State whose expansion is so rapid as that of Western Australia.

To say that in this particular nature has not been as lavish in the

bestowal of her favor as in the distribution of gold would, perhaps,

be to jump at an over-hasty conclusion : but it can be safely said

that if such be the case the development of the one has not kept

pace with the production of the other. The coal fields of the

State are comparatively few, but the area of the carboniferous

deposit is pretty extensive. The principal scene of operations

is at Collie, which is situated 25 miles due east of Bunbury, upon
the Collie River. The existence of coal was known in 1884, but

production on anything like a large scale was not commenced until

1898. The field covers an area of about 12 miles m length in a

north-west and south-west direction, with a width of about 4 miles,

the area altogether being about 50 square miles. As given by Mr. A.

Gibb Maitland, F.G.S.,Government Geologist, the coal measures con-

sist of a series of sandstones, conglomerates, shales and coal seams;

but, owing to the peculiarities of the basin, the measures are, how-

ever, seldom visible at the surface, being covered by a more recent

deposit derived from the weathering, in situ, of the beds beneath.

This recent deposit is often cemented together by oxide of iron,

forming what is locally designated as ferruginous conglomerate.
The coal measures readily decompose into a sandy soil, which con-

tributes in no small measure to the concealment of the underlying
rocks. Any visible outcrops of the coal measures are found only

along lines of most rapid erosion, and that is along the water

courses. At several places in the bed of the Collie River, just

below the water-level, in the vicinity of coal mining lease 110, are

apparently horizontally bedded sandstones belonging to the coal

measures. The latter have been deposited in a comparatively

unsymmetrical shallow basin of erosion. Cases occur in which a

portion of the seams has been eroded, and the channel so formed
filled with deposits of sand. The strata do not appear to have
been subjected to any serious disturbance, and to have suffered

little or no lateral pressure. This field, so far, has been the only

producer, and the output to 1903 is as follows:

Production. Value.

1898.

1899.

1900.

1901.

1902.

1903.

Tons.
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The property consists of 5000 acres, each acre being calculated to

produce 44,000 tons of coal, or a total of 220,000,000 tons The

company has only been in existence since 1896, and the wages paid

amount to nearly 70,000. As evidencing the extent of the under-

ground workings, Mr. J. Evans, the manager, states that it is

possible to walk a mile and a half due east through the mine, and

for about 50 miles through it altogether. When he left New
South Wales he said he was going to Western Australia to stop

New South Wales from sending coal there, and he was going to

do it. The mine has already been developed, and without further

recoveries the company can take out 100 tons per day for the

next 10 years. The coal contains a high percentage of moisture,

howeveTr, and while it is not specially adapted for gas-producing

purposes it has a high value for steam and domestic uses. A
particular feature of the coal is that it is charged with gases which

during the process of combustion retain their heat for an abnormal

period of time. In connection with its use in water-tube boilers,

and where the fire-bars are not too widely spaced, and a good
draught, the indications go to show that, properly handled, the

Collie coal will give excellent results. The Westralian Wallsend
ana the Collie Proprietary seams have been proved to be the same,
and during 1902 the latter company acquired the property of the

former. The railway of the Proprietary has been extended to

the south-east of the Collie Boulder leases, where a considerable

amount of preparatory work has been done. The line is also

to be carried to the Collie Cardiff leases. At present the largest
consumer of the fuel is the Railway Department. The gold mines
are well-supplied with firewood. The mine-owners' attention is

now being devoted to an extension of the coal market.
In the Irwin coalfield boring operations have been carried on

near Mingenew on the Midland railway line. At a depth of 900
feet 10 inches, a seam of coal 6 feet 2 inches, resting on a seat of

clay of 1 foot in thickness, was found. The cores were analysed
by Mr. Simpson, Government Metallurgist, and gave the following:

Specific gravity, 1.410; calorific value, pounds steam evaporated,
12.38; British thermal units, 11.959; proximate composition mois-

ture, 2.66; volatile hydrocarbons, 29.68; fixed carbon, 52.92; ash,
14.74. The reports adds: "The greater part of the sample sub-
mitted is a clean hard, bright bituminous coal, with which are
associated a few small duller pieces, which may perhaps represent
'stone' partings in the seam, and to which the comparatively high
percentage of ash may be due. The coal is of the coking variety,
yielding a dense, hard coke, of good quality. The percentage of
moisture is low, being about the same as that of Newcastle coal.

The ash, though high, does not clinker readily, the coal in this

respect, as in many others, resembling the New South Wales
southern district coal. In heating capacity the sample is superior
to the best Collie coal, and about 16 per cent, better than the
average of 23 samples from the Collie coalfield. In this respect
it is about 10 per cent, less efficient than good Newcastle coal.
Ti~s coal appears well suited for all ordinary purposes, coke-

making, gas-making, and steam-raising, in either stationary, mar-
ine, or locomotive boilers." The Invin coalfield is situated upon
what is known as the Upper Irwin. The tract of country lies

between 30 and 40 miles from the coast, and is extremely fertile
15
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The carboniferous basiii spreads out to the eastward, covering a

fan-shaped area, which is surrounded on most sides by cliffs of

horizontally-beclded sandstone about 200 feet in height, which

form the edge of the sandy tableland, and it is at the base or

these beds where they rest directly, but generally unconformably

upon the shales, that springs break out at several places. Indi-

cations of the existence of coal were first reported in 1846, but

the field was never looked upon as a likely producer until 1888,

when some fragments of coal were found on the north branch,

which proved to be of very fair quality. These were traced up
to their source and were found to be a seam of about 4 feet in

thickness. Into this a drive 150 feet was put down to the dip,

but although it improved both in size and quality it did not prove
at the time of sufficient value to warrant the expenditure of more

money upon its development. More seams were found, but there

was no local demand, and the quality was not good enough for

export. The carboniferous area spreads out from Mingenew in an

easterly direction, covering an area of about 200 square miles, its

greatest length from north to south, from Badgeree Pool, upon
the north branch", to Mt. Scratch, being about 30 miles, while its

greatest width, from Mingenew to Marandagry, upon the Lockier

River, is about 17 miles. To the north-west this area is bounded

by the high sandy tableland which extends away to the northward

as far as the Greenough River. The south is bounded for the

most part by the low outcrops of metamorphic rock, which con-

tain many copper lodes
;
to the eastward by the bold escarpment

of crystalline rocks, flanked by horizontally-bedded Tertiary sand-

stones, which often present towards the plains vertical cliff faces of

as much as 200 feet, particularly where streams have cut deep
channels through them

;
whilst to the westward it is bounded by

more high sandy plains which extend as far as the coast. Of these

boundaries that to the south and east may be taken as the definite

edges of the carboniferous formation, but that to the north and
west only as provisional, since the sandstones which form the

high sand plain in these directions are of much more recent date,

and may overlie extensions of the carboniferous formation, and
since it is known that carboniferous rocks occur in the river

valleys furtfier to the northward it is highly probable that they
are part of the same formation : and if this should prove to be
the case valuable coal deposits may be found beneath the high
sand plains which lie between the Irwin. Greenough, and Murchison
Rivers. The coal measures consist of a series of shales, sand-

stones, and limestones, which are very rich in marine fossils. A
good deal of experimental work has been carried out at the Vasse,
in the neighborhood of the Vasse River, which enters Geographe
Bay near "Wannerup. some miles to tlie north of Cape Naturaliste.

In all there have been six recorded bores, in the whole of

which 25 coal seams have been reported. The greatest thickness
of coal in any one bore was about 3 feet 6 inches. The coal at

Fly Brook, the furthest branch of the south-east of the Donnelly
River, which discharges itself into the Southern Ocean about 30
miles east of Cape Leeuwin, has been tested by a series of bore-

holes to determine the size, quality and extent of the seams.
One bore passed through 20 feet of coal in sinking to
a depth of 128 feet, consisting of 17 seams, the largest
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being 5 feet 4 inches, with a 6-incti clay parting, 2 feet 4

inches, with a 3 inch parting, and 2 feet 3 inches, with a 2 inch

parting. The coal itself was of a highly lustrous variety, having
almost the appearance of jet, but lacking its hardness

;
while the

woody structure was clearly visible in some places. The average
of three samples assayed was water, 16.40

;
volatile matter, 38.23 ;

fixed carbon, 43.32; ash, 1.85. The coal-bearing series consist of

sandstone, grits, and clay beds (the latter of which are often

micaceous), the whole being overlaid by a bed of ferruginous con-

glomerate, containing large water-worn pebbles of quartzite, quartz
and other metamorphic rocks. According to the researches ot

Mr. H. P. Woodward, geologist, It is also highly probable that

coal will be found in the northern portion of the Kimberley district,

where the carboniferous series is largely developed in the quartzite
and sandstone-capped flat-topped hills, with shale beds beneath

attaining an elevation of as much as 1000 feet.
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Iron Ore Deposits

Iron ores are very widely distributed throughout the Western

State, but with one or two exceptions the area in which the ex-

ploitation of such deposits is actively prosecuted is limited, such

areas being at present confined to localities where fluxes can be

obtained in considerable quantities. Some of the richest and most

extensive deposits are absolutely valueless, owing to their geo-

graphical position. The iron ore deposits so far examined can be

broadly separated into two main divisions (a) ores associated with

the crystalline schists and other allied rocks
;
and (b) the superficial

deposits of limonite (laterite ore), which occupy extensive areas

in many and widely separated portions of the State, and the soft

porous deposits of hydrated oxide of iron (bog ore) of comparatively

recent origin. The important ores associated with the crystall'ne

schists are developed most extensively in the watershed of the

Murchison River, more especially between 25deg. and 28deg. 'of

south latitude and 116deg. and 119deg. east longitude. The most

important localities are Horseshoe, Peak Hill, Mount Gould, and

Mount No Name, Peak Hill, and Mount Hale, Wild

Range (Wilgie Myah), Munara Hills, and Mount Narr-

yer, Murchison. Less important deposits of this nature occur

at Marble Bar, Pilbarra, Kilalo Well, Murchison, Wiluna, Mount

Townsend, and Mount Marion, East Murchison; Bardoc, Broad

Arrow : Mount Jackson, Yilgarn ; and Jennapullin, Blackboy Hill,

and Green Hills, Avon district. These deposits consist of highly

inclined beds, bands and lenses of almost pure hematite (occasionally

magnetite), or admixtures in all proportions of hematite and quartz,

interbedded with, and sometimes replacing, quartzites and quartz

schists. Xe detailed geological survey of any of these important

deposits having yet been made, it is impossible to give even a rough

approximate estimate of the minimum quantity of ore in sight in

any one of them. That quantity of ore must be large, as is evi-

denced by the following descriptions: The sigma-shaped range of

hills on the west side of the Murchison, of which Mounts Hale,

Taylor, Matthew, Yarrameedie and Eramandoo form the most promi-
nent summits, is remarkably prolific in iron-bearing schists. The
summit of Mount Hale is formed of contorted quartz schists, with

bands of hematite, which occur in lenticular masses: some bands

are often as thin as a sheet of paper, whilst others widen out to

considerable dimensions. One band measured 70 feet across, and

outcropped for over a quarter of a mile, but varied in thickness in

different parts. There were similar bands parallel to it, and equally

persistent along the strike. Just under the western summit of

Mount Hale, the quartzite is replaced by a great bed of hematite,
several huge monoliths of which stand out prominently on the range.
This hematite can be followed along the range to a point just south

of the summit of Mount Matthew. A partial analysis of a sample
of this bed yielded, ferric oxide (Fe^On ), 94.05 per cent. : ferrous

oxide (FeO). 0.97 per cent. The outcrop of a bed of ironstone forms
a conspicuous feature on the surface at the foot of Mount Narryer



136 AUSTRALIAN MINING AND METALLURGY.

Range. The bed, which is vertical, attains a thickness of 8 or U

feet, and rises about 2 feet above the ground. In tho Wild Range,
at the head of Roderick River, is the Wilgie Myah, said to be one

of the richest iron lodes in the world. The deposit has been openeu

up to a depth of over 100 feet, and at the bottom of the excavation

to a width of 50 yards. The deposit is a banded hematite. The

following table shows the results of the assays of the iron-bearing

schists, as made in the Departmental Laboratory :

Description.

Metallic

Iron.

Banded limonite

Massive hematite ...

Massive hematite ...

Massive hematite . . .

Hard red Wilgi ...

Argillaceous limonite

Hematite quartz schist

Filirous limonite ... 3

Siliceous hematite . . .

Massive hematite ...

Silica.

Per cent.
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Ploughing Tin Wash, Pilbarra.
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Graphite or Plumbago.

Graphite or plumbago is usually found in massive forms, which

may be separated easily into leaves or plates, and hence are said

to be foliated; sometimes also it is finely granular and compact. It

has the same composition as the diamond, consisting also of nearly

pure carbon
;

it is, however, a different substance in its physical

characters, and is hence a distinct mineral. They differ in crystal-

line form; also the diamond is hard and heavy, while graphite is

soft and light. Graphite is commonly found in the cry-

stalline rocks called gneiss, sometimes scattered in scales,

but occasionally in large beds that can be mined.

It is also found in scales in crystalline limestone, and is often treated

in an iron furnace. It is the so-called black lead, says Dana, of

the lead pencils (but it is only like lead in its color),

and would be mined for this purpose, if for no

other. It is used as an excellent lubricator
;

because

of its smooth, soapy character when pulverised ; also, mixed

with clay, for making crucibles, because it is infusible, and not

affected by the heat of an ordinary furnace
;
in electro-plating, be-

cause it is a conductor of electricity. In the Champion Bay district

of Western Australia, graphite has been found in association with

certain ferruginous deposits, but the large percentage of iron in it

prevented it of being of any marketable value. Some years ago a

deposit was worked in the neighborhood of Kendenup. The gra-

phite was of fair quality, but the distance from market was a bar to

its economic working. Some years ago a deposit was found near

the head of the Donnelly River, and it was proposed to work it, but

the low price of the mineral compelled the parties to abandon opera-
tions. In 1894, a find was made near the older field. The first of

the outcrops was 28 feet in thickness, being followed by IS feet of

schistose rock, containing a small bed 1 foot 6 inches in thickness,
whilst the third bed was 8 feet in thickness. Several shafts were

sunk, one being on a large bed, a sample, weighing 25cwt., being sent

to England in order to ascertain its commercial value. In another

shaft, about 15 chains, the deposit was again struck at a few feet

from the surface. Mr. H. P. Woodward, geologist, in a description
of these beds, states that they should be called plumbaginous schists,

since the percentage of graphite contained is so small, the main

portion of the deposit consisting of magneisum silicate. The forma-

tion consists principally of micaceous and talcose schists, which here

strike east and west, dipping at a high angle to the northwards,

whilst following along to the southward, close to the outcrop of the

graphite beds, is a large dyke of intrusive granite. A little to the

eastward of the drive, the outcrop of this deposit is lost, but beds of

steatite are met with along this line as far as Wilgarup ; therefore,
the graphite seams will also probably be found to extend in this

direction, the local break in the continuity of the rocks being due
in all probability to a fault. To the westward, the graphite can be

traced for several miles, but the beds seem to split up, and become
smaller upon the claims that were first prospected. This deposit
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of earthy graphite is due to the alteration of poor shaley coal seams,
the metamorphosis being in all probability due to the indurated

granite to the southward, which changed the coal seams into gra-

phite, and the shale into schists. It offers exceptional features for

cheap working, since the spur upon which it is situated rises so

rapidly that a drive following the strike from the outcrop in the
creek would have 100 feet of backs in a distance of 20 chains

; whilst
if crosscuts were driven, the seam would be obtained.
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Mica.

The development of the mica formations has not yec been perse-

vered with to any extent. The mica-producing strata are the cry-

stalline schists and allied rocks. Generally it is found that the

mica-producing rocks are pegmatitic granites, which traverse the

crystalline schists, etc., either in the form of dykes, sheets, or len-

ticular masses, which are often parallel to the foliation of the sur-

rounding strata. Possible commercial mica is known to occur in

the following places: Nokenena Brook, Northampton; Tambourah,

Pilbarra; Mullalyup, Darling Ranges; Bindoon
; Londonderry, Cool-

gardie. The mica at the Darling Ranges occurs in granite ( ? peg-

matite), and dykes, which do not go down vertically. Near the

surface they are, as a rule, much decomposed, the mica being value-

less
;
but in or two places hard masses outcrop, where the mica is of

good quality. At the Mica Mine, Londonderry, work was carried

on by means of an open cut, along the outcrop of a coarse granite

dyke, which intersects the surrounding hornblendic rock. The

granite, which at times assumes a pegmatite structure, is composed
of large masses (in some case* weighing as much as Icwt. or more)
of orthoclase quartz, lepidolite, and cyanite. Muscovite is de-

veloped on a small scale, and is generally well crystallised. The

only other mineral visible is chalcedony, which is found filling the

original holes in the rocks. The most important, from an economic

point of view, of the constituents of the granite, is the lithia mica

(lepidolite), which occurs generally in rough radiating bunches, al-

though it occasionally appears as somewhat well-defined crystals.

The greatest size in which the mica is found is 15 inches by 1*2

inches, but this is exceptional, the average not exceeding 5 inches to

6 inches. The mineral, when not less than about l-32nd of an inch

in thickness, gives a distinct sherry-red color when examined by
transmitted light, but, in sheets split finer than this, it is difficult

to detect coloration. Besides these large sheets, the mica also

occurs in long crystals, which, when grouped together., as they
frequently are, with the longer axes parallel, present a peculiar
scale-like impression. The color of such specimens varies from a

pale pink to a pale green, or is quite colorless. The cleavage of all

the varieties is very perfect.
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TASMANIAN MINING AND METALLURGY.

Introductory.

In beginning this series of articles I desire to acknowledge the

assistance and facilities given by the Hon. E. Mulcahy, Minister

for Mines, and Mr. W. H. Wallace, Secretary for Mines, and to

acknowledge the valuable information supplied in the publications
of Messrs. Twelvetrees, Government Geologist ; Waller, Assistant

Government Geologist; Montgomery, Morton, and Johnson. Other
references will be mentioned in due course.

Tasmania is our smallest State, having an area of only about

26,000 miles, yet after visiting it one only regrets that some of the

large waste States could not be compressed to the same area

without any corresponding contraction of their mineral wealth.

From a geological point of view it is unlike the rest. of Australia.

Nearly one-third of the island, or a strip parallel to the West

Coast, is made up of crystalline and metamorphic schists, clay-

slates, conglomerates and quartzites of Archaen, Cambrian, Silurian

and Devonian age. These are penetrated at a few places by
granites and porphyries, but for the most part there are narrow
belts or strips of country which are persistent in direction over

considerable distances. Each of those belts appears to have its

own particular class of minerals, so that in passing across such

zones a variety of mineral substances is met with unequalled in

Australia. For instance, gold, iridosmine, tin, iron, antimony,

silver, lead, zinc, chrome, bismuth, copper ores, as well as com-

plex and rare compounds of these valuable metals are actually
mined within a short distance of Zeehan. This strip of country in-

cludes the Blythe River iron deposits, Mount Bischoff, the Zeehan

field, the Heemskirk district, Rosebery, Mount Read, Dundas.

Mounts Lyell, Jukes, and Darwin. Fully one-half of it lying to

the south of the fields mentioned does not seem to have been

prospected. Rocks of the same description crop out at Beacons-

field and on the North-East Coast ; in these the main gold mines
of the State lie. The granites and porphyries, which have burst

through these rocks, are for the most part stanniferous.

The next formation in size consists of greenstone; the whole of

the central tableland, the banks of the Tamar to Launceston, and

large portion of the South-Eastern Coast consists of this rock.

Avhich does not appear to be metalliferous. It is most interesting

to note that in almost every instance a fringe of coal-bearing rock

surrounds the greenstone. At Ben Lomond, one of the most promi-
nent peaks in the north-east, the highest portion of the mount
consists of greenstone, while it is surrounded by the palaeozoic or

inesozoic beds, similarly many isolated peaks near it. Whether
these greenstones have burst through the coal beds or whether

they overlie them does not seem to have been definitely settled.

During the corresponding period of last year my time was spent

amongst the mines of Western Australia. The contrast in con-
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clitions was most striking. Instead of the hot, quivering air, the

mirrage, the dust storms, the undulating waterless country, the

bare stemmed scrub, and the scanty foilage, here was a land

where rain falls two days out of three, where the mists almost

always envelop the hills, and where vegetation is so dense over-

head that the soil never sees the sun. While the goldfield pioneers
of Western Australia had to face terrible hardships, so the pioneer

prospectors of the WT
est Coast had conditions pitted against them

of the opposite kind. The country is so mountainous that even

the familiar racecourse is missing in some populous centres. In
some places the mines are 2000 feet above the valley below, and it

is a matter of danger and difficulty to get to them. With the

exception of a few plains on the basaltic tableland near Mount
Bischoff, the bold looking hills of serpentine and the button grass

country near the sea coast, the field a few years ago was an almost

impenetrable jungle. There was no edible grasses for stock, it

was impossible to make a road in the low country without cordu-

roying almost every yard of it, while the mountain paths made
would only serve for pack horses.

The usual Australian vegetation has been replaced by the

"beech (locally called myrtle), the ashen grey leaved flowering leath-

erwood, the tall sassafras and lightwoods, whose foilage form an

impenetrable barrier to the sun's rays; underneath these are the

tree ferns, musk, hazel, blanketwood, and the terrible horizontal.

The last grows with slender stem and a heavy top, and after a

time bends over into the position from which it takes its name. This,

together with the fallen vegetation, forms such a tangled barrier

that every step has to be cleared by the axe. In this awful and

solitary forest there is no animal or bird life except perhaps an
occasional wombat and a few screeching parrots. What little

chance a prospector has of finding lodes, except in a few exposed

places or right up on the hill tops. In all other places a mass of

decayed vegetation covers a peaty soil to the extent of several

feet. To add to his difficulties there is a rainfall of from 90 to

120 inches per annum. A spell of fine weather, even for a fort-

night, is an exception, and so little provision is made by house-

holders for storing water that three weeks dry weather means a

drought. The rain falls in alternate drizzles and showers, some-

times for weeks at a time, and those who have had experience
of camp life in a forest will know what that means. Every
article becomes sodden and damp, and it needs an iron constitution

to combat such a climate when wholly exposed to it. It is worthy
of note that so far as typhoid fever and such complaints are con-

cerned that it is only during the dry weather that they are preva-
lent. As may be readily understood the pathways up the moun-
tains become cataracts, while the creeks and rivers are nearly

always in flood, and discharge large volumes of peaty amber-colored

water down boulder-strewn gorges, to deep placid streams below.

Many of these rivers are unfordable for most of the year, while

prospecting for gold near their beds is a difficult and dangerous

undertaking. Bullock teams, so well-known in other such moun-
tainous districts, are here unknown, while even pack horses are

out of the question on most fields. As a rule, the men carry their

swags, and they are of such a weight as to bring back the saying
that there were giants in those days.
A change has come over the scene since the days only a decade



AUSTRALIAN MINING AND METALLURGY. 143

ago. The Government recognised the value of the country's mines.

Private enterprise has also done a great deal. The railway line

from Emu Bay to Waratah and thence to Zeehan has not come up
to original expectations so far as profits to investors are concerned

;

but there is little doubt that in course of time there will be

settlement along it from Burnie towards Waratah, and that beyond
that point many still undiscovered mines will be opened up. It is a

matter of great surprise to me that tourists do not see more of the

West Coast, which is undoubtedly the most attractive part of

Tasmania. It was recognised by the State that it was as easy to

build a railway (or tramway as some of these small gauge lines

are named) as a roadway. And from Zeehan some of the most
instructive lines have been built. One, the N.E. Dundas tram, has

a 2 feet gauge, and traverses country where it would not be

possible to take a loaded bullock team. The engines are heavy
said to be 45 tons and the curves are only two chains radius. It

winds about the hills, at the same time rising 976 feet in 11 miles,

then gradually descends to its terminus, Williamsford, some 18

miles distant. This line takes the ore from the Hercules, Mount
Reid, Fahl Ore and other mines on its course. It sweeps round

the base of several waterfalls several hundred feet in height,

amongst others the well-known Montezuma falls. No visitor should

miss this most instructive trip.

Another line, built by the State, is known as the Comstock.

This runs out towards Trial Harbor, and serves to bring in ore

from many of the surrounding mines, also fuel. A private railway
from Zeehan to Maestries takes the ore from the Dundas mines.

In addition to these, the Western mine had a small steam tram
line of its owii, while there is a steam tram service through the

town of Zeehan itself. In fact, steam locomotion seems to be so

natural to the place that outside roads are unknown. With the

progress of mining a vast amount of timber was destroyed, and
the sun wasS able to shine on undergrowth which had been sheltered

for centuries. A few hot days will make the material as dry as

tinder, for it is surprising to note how rapidly the ground dries

even in a few hours after the heaviest rain. A bush fire is started

and sweeps everything before it until it reaches the unaltered

forast. The acid fumes from Mount Lyell have destroyed vegeta-
tion for miles around. This material also dries in a few hot days,

and a bush fire fiercely burns every particle of timber over the

surface : it also runs along the blackened peaty soil itself, burning
down to the damper material underneath. This action may take

place until the organic matter in the soil is burnt out. The local

opinion is that these destructive fires are due to the sulphur falling

on the ground from the smelters, and subsequently burning ;
but

since the sulphur is wholly or almost wholly burnt on leaving the

furnaces, it cannot be burnt the second time. By examining the

surface soil in the neighborhood and applying a very simple test it

could readily be seen whether free sulphur did exist, as so emphati-

cally stated.

The combiiied action of clearing and fires will enable a great
deal more ground to be prospected than could have been done

otherwise. Also in those places where acid fumes do not affect

the soil a sweet grass springs up, so that stock thrive where before

they would have starved.

The prospector on the West Coast has not the easy proposition
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that the gold-seeker has. In the majority of cases the latter is

able to tell by simple inspection whether his ore is payable or not.

The former has to have all material carefully assayed, and it takes

him a long time and usually costs a good sum before he can say
from mere inspection, even approximately, what his ore will go
in silver, antimony, zinc, or whatever metal he wants or does not

want. When he does find out he has to sell his product (for he

cannot go and get it crushed, and the metal extracted for a small

sum like the gold-miner), but in this respect he is better off than in

many places, for there are excellently worked local smelters and

also ore buyers from other parts.

The State has also gone further, and erected a neat School

of Mines building at Zeehan, which is fairly equipped. This should

prove a great boon to all those wanting to improve their mining
and metallurgical knowledge on such a field so well supplied with

complex ores. The building, which was formally opened on Febru-

ary 6th, is central, and situated on the site of the old post-office.

Ic is built of brick, with stone facings, and, although only one

storey high, the walls have been specially designed to carry another

storey if required. The front room, 23ft. Gin. x 18ft. on the left

of the entrance, is set apart for a mineralogical museum, and is

equipped with specimens of the various rocks and ores from the

West Coast and other centres. Opposite the museum is the survey-

ing lecture room (23 feet 6 inches x 16 feet), and behind this the

chemical lecture room (24 feet x 23 feet 6 inches). Other rooms in

the building are the mining lecture room (23 feet 6 inches x 22

feet), chemical laboratory (32 feet 6 inches x 27 feet), furnace

laboratory (24 feet x 15 feet), instructors' private laboratory (16

feet x 15 feet), sampling room (15 feet x 14 feet), balance room

(14 feet x 8 feet), and registrar's office (17 feet x 8 feet). Several

of these latter rooms are in the old post and telegraph building,

which has been utilised by the architect to form the rear part
of the new institution. All the rooms are well equipped and

lighted. The artificial illuminant employed for night use is sup-

plied by the Zeehan Electric Light Co. It is to be hoped that

this school will be allowed to develop on natural lines. In Hobart

or in Launceston, or in any such centre the subjects necessary for

a diploma in mining or in metallurgy such as mathematics, surface

surveying, assaying, chemistry, and mineralogy can be taught
with as much and often to greater advantage than in a mining

town, but experimental plants should be erecred near mining cen-

tres, and the advanced students from the other schools srhould

be required to devote some time to this class of work under com-

petent direction. In this way the Zeehan School of Mines would

not only achieve a reputation for itself, but would repay the State

a hundredfold by a single discovery which would enable low grade

copper or other ores, of which there are vast supplies, to be worked

profitably.
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Mount Lyell.

The Heemskirk tin field attracted many prospectors. From

this point as a base, they pushed out along the west coast. In

1882 Mr. Con Lynch, using Macquarie Harbor as a supply depot,

went up the King River for 6 or 7 miles. Gold was discovered in

a tributary now called Lynch's Creek. A rush took place, and

one of the results was that William and Michael McDouough,
nicknamed the Cooney Brothers, and J. S. Karlsen pegged off and

became possessors of the Mt. Lyell Mine. It was simply pegged
out because a few prospects of fine alluvial gold were obtained

;

the iron blow standing out so prominently attracted their attention,

and this was included in the area pegged out. The Cooney bro-

thers sold one share in 1885 to Mr. James Grotty, and made ar-

rangements with Mr. Wm. Dixon to work the other share. Fur-

ther prospecting revealed payable gold. Mr. Grotty applied for

and obtained a reward claim of 45 acres. The gold was won by

sluicing and concentration in sluice boxes and blankets. Other

partners, including Chas. Karlsen, Allen Karlsen, and F. O.

Henry, were taken in. Owing to countless difficulties, no real

progress was made, and the Karlsen brothers sold out. The iron

blow was found to be rich in gold, a company was formed, and a

10-head battery erected. The crudest treatment was given, and

yet 1874 tons gave 1672oz. gold and 852oz. silver, the bullion being
valued at 6159. It is extremely probable that this only repre-

sented about one-third of the value of the ore. The opening up
of this iron blow disclosed the presence of a large body of pyrites,

and also scattered over the gossany surface plentiful supplies of

native copper. The iron outcrop was opened up for some con-

siderable distance, and all attention devoted to winning the gold
from the great masses of blueblack ironstone standing on the sur-

face.

In 1891 Mr. BOWPS Kelly and party visited the mine, and sent a

bulk parcel of the pyrites to Mr. H. H. Schlapp, the metallurgist
of the Broken Hill Proprietary Company ;

results were so promising
that this influential group of mining men became shareholders in

the Mt. Lyell Mining Company, No Liability, registered in 1892.

Mainly through the advice of Mr. Schlapp, Dr. Peters, the Avell-

known writer on copper smelting, was engaged to report on the

mine early in 1893. Dr. Peters started his investigations, and in

May, 1893, his report was completed. It is worth noting that

in April the company was reconstructed, and became a limited

liability company of 300,000 shares at 3 each. 150,000 shares being

given to the old shareholders, and 150,000 reserved for future issue.

It does not appear, until Mr. Schlapp took the matter in hand,
that the treatment of the pyrites for copper was ever seriously
considered. In view of subsequent developments, this may seem

surprising, but the west coast differs from most other copper
districts in Australia in having an abnormal rainfall ; in consequence
of this, any copper pyrites which become oxidised is either at once
washed away in solution into the streams below, or, sinking into

16
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the earth, become reduced to native copper. There is no show

of copper stained rocks such as one may see in South Australia,

New South Wales, or Queensland; no carbonate or oxide deposits

of any magnitude, but simply an uninviting ironstone outcrop or

hard, massive pyrites only showing. occasional signs of copper. The

pyrites deposit at Lyell was large, but the copper contents small;

poorer, in fact, than anything of a similar nature which had been

successfully worked in Australia. After a lapse of ten years, the

main contentions of Dr. Peters have been amply verified. His re-

port deals with the whole problem in a' way previously unknown

in our mining world. Most of our Australian reports were couched

in terms of sanguine expectations, a smattering of scientific terms,

and an utter absence of detailed investigation. The expert was

supposed to take a Roderic Dhu stand, and evolve from his inner

consciousness a forecast or an amazing glimpse into the future,

based on what he called his practical experience. Fortunately,

the gentlemen connected with this mine did not need glowing re-

ports, based upon a minimum of fact; but proceeded to open up

this mine and test it thoroughly before dealing with the question

of treatment. Tunnels were driven round the pyritic mass, cross-

cuts were put in, and the whole sampled systematically. The

average value of the ore was determined, the costs of mining and

treatment gone into exhaustively, and a margin of profit shown.

While due allowance was made in the estimates for deductions as

to- quantity of ore, insufficient allowances were made for the diminu-

tion in quality, and this is the main fault to be found with the

report. The work to be done, as generally outlined, has been

carried out with even greater success than promised, and while we

are apt to look back and to take the work done as natural after such

a report, yet the main credit lies with those who have been able to

obtain better results than those promised. In spite of the excel-

lent report furnished, it is doubtful if a serious check Avould not

have been experienced had not a bonanza of rich ore been struck in

exploratory work in No. 4 level. This rich patch of ore returned

105,000 nett from 850 tons. Money was thus furnished for pro-

gressive work, the plant was soon started, and success assured froia.

the outset.

The Mt. Lyell Mine is situated on a peak which is much lower

than many on the ridge which claims the name. Its height above

sea-level is about 1500 feet. On one flank of the ridge are mas-

sive conglomerates which make up the series of mountains of which

Mt. Owen is the most prominent ;
the other side of the ridge or

flank consists of schists. Between these two lies the pyritic body
now being worked. On the surface this was oxidised, but at a

short distance down solid pyrites were struck. A horizontal sec-

tion of this showed it to be lenticular in shape, or wide at the

centre and tapering off at each end, its greatest width being about

300 feet and length from 500 to 600 feet. The' general strike is

N.W. and underlie to the S.W. The southern end dips under the

hill, necessitating a .greater amount of stripping of overburden as

the depth increases. The angle of dip 011 the surface is about 60

degrees, but becomes steeper at a depth. The footwall is con-

glomerate and the hanging wail schist Following the foot wall

round and lying between it and the pyritic body is a body of the

blueblack hematite, of the same character as formed the outcrop.
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Mount Lyell M. and E. Co.'s Mine, Mount Lyell.
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It is held to be a secondary product derived from the pyrites, but

is remarkable in that it persists to the deepest levels worked some

800 feet beloAv the surface. There is evidence of metamorphic

action near this body, for the conglomerates have been more or less

ciianged into quartzites, and what is more remarkable, the

hematite appears to have replaced the siliceous conglomerates.

When near the pyrites, the hematite is rich in gold, but the values

die away towards the Avail. While conglomerates form the wall,

there is scarcely a place where they are not separated from the ore

body by a band of schist of varying thickness. Leaving the iron-

stone and crossing the pyrites, the appearance of the latter is

unique, for it is almost pure. The color is white, with a yellowish

tinge; near the footwall occur splashes and veinlets of fahl ore.

galena, blende and chalcopyrite becoming less plentiful, and giv-

ing out and passing into almost pure pyrite as the hanging wall is

reached. The amount of gahgue present is exceedingly small and

consists only of barium sulphate, and siliceous material. Typical

analyses of the ore gave Iron (Fe), 40.30; Silica (SiO 2 ), 4.42;

Barium Sulphate (BaSO 4 ), 2.50; Copper (Cu), 2.35; Alumina

(AliOj), 2.04; Sulphur (S), 48.50. In other words, the composi-

tion is approximately 83 parts iron pyrites to 7 parts of copper

pyrites. The great bulk of the ore is even poorer than this, but

the analysis given represents the average of ore treated for six

months.

Horizontal sections below the surface show that the ore body
maintains the general shape it had above. At the No. 4 level, the

total length is 660 feet and the greatest width 270 feet ; at No. 5

level, 510 by 210 feet; at No. 6 level, 510 feet by 270 feet;

at No. 7 and No. 8 level, both length and width have considerably

increased. A highly instructive model of the mass, showing
detailed work, has been prepared by Mr. Batchelor, the mine

manager.

The main body of pyrites continues down to No. 8 level, but

no rich patches similar to those obtained in the upper levels have

been struck up to the present. Near the contact, however, at

this level, good ore has been got, but limited in amount for a mine
of this size. It is possible that deeper sinking may show a higher

grade ore. Curiously enough, in all the pyrites, whether rich or

poor in copper, the gold contents are maintained ; there is also but

little difference in the silver values.

The origin of this deposit has not been satisfactorily deter-

mined. The opinion held by geologists some time ago that these

masses were due to the filling of peaty swamps and marshes with
surface solutions carrying sulphate of iron, which was reduced to

pyrites, and subsequently covered over, does wot appear to be

correct, although Dr. Peters put this view forward. It would be
an extraordinary coincidence if such masses occurred at or near
the contacts of two formations, as they do here between the con-

glomerates and schist, or at Rio Tinto between porphyry and slate.

This theory also necessitates fresh water deposits and rocks, but
the rocks adjoining Mt. Lycll are fossiliferous, which shows them
to be of marine origin. Nor is there any sign of fossil vegetation
either amongst the pyrites themselves or in the adjoining rock.
This of course would have been destroyed by subsequent metamor-
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phic action, which has undoubtedly gone on. The tongues of schist

running into the pyrites shows that the latter were not bedded

contemporaneously with the schists. This pyrites lode only dif-

fers from many others in size and uniformity of contents, and any

explanation which will account for the former series might with

special conditions apply to this. At the same time, it would be

as well to consider the possibility of such masses being intrusive.

Many dykes come up heavily charged with pyrites, and there seems

to be no reason why such a mass may not have been forced upwards

along a plane of weakness, not necessarily by a dry heat, but asso-

ciated with solvents which have disappeared, or have become part

of the adjacent rocks.

The method of working the deposit is probably the cheapest

that could be devised. This I believe was initiated by Mr. Linde-

say C. Clark, and is now carried out on the same lines by his suc-

cessor, Mr. Batchelor. An excavation was made near the centre

of the mass required to be shifted, the material shifted was sent

down a pass to a tunnel below and trucked out. As soon as the

first excavation was extended far enough laterally a second one was

commenced, and worked on the same lines as the upper one, the

first in the meantime being extended as far as required. A third

followed the second, and so on for as many as were required. This

system has gone on at Mt. Lyell for some years, so that there are

now nine of these to a depth of 266 feet, or about 30 feet apart.

The topmost bench is about 800 feet by 600 feet while the lowest

level was about 100 feet in diameter. This system, as carried

out, gives a series of tiers or benches one above the other. The

ore from each bench is trucked round and run out through tunnels

to the ore bins on the other side of the ridge. The barren material

or overburden and this increases at a great rate, owing to the

dip and pitch of the pyritic mass into the hill is trucked round

and sent ever the dump. The benches are numbered 0, OA, 1, 2,

3, 3A. 3B, and 4: the tunnels or levels are at 1, 2, 3, and 4. Of

these benches, Nos. 0. OA, 1, 2, and 2A are m overburden; Nos. 3,

3A, 3B, and 4 are in pyrites. On the footwall side and for more

than half the width of the deposit, the whole of the ore is removed
ind sent to the smelters ; on the hanging wall side a vast body of

the lower grade ore lias been left standing.
On each terrace, from No. 1 downwards, may be seen men mov-

ing like ants, picking down loose material, smashing up blocks of

ore or stone, drilling pop-holes in blocks too large to break, and

filling trucks by hand or with travelling steam cranes, while the

incessant clatter of 20 or 30 rock drills gives reality to the panor-
amic show. At about 4.30 p.m. drill after drill goes out of action,
and the whole scene alters

;
holes are charged and tamped, trucks

are moved round, gangs of men lift the rails and methodically stack

them in safe places, tools are similarly piled, and the stream of

workers depart. Red flags are hoisted, bells rung to warn incau-

tious passers-by the whole air becomes strangely subdued, and all

have gone except a few figures on each bench. Presently, at a

given sign, each of these, with a red hot lump of iron, runs round
and ignites each fuse. The shortest fuse burns for H minutes, but

long before this the firers have got back to a place of safety. A
report breaks the silence, followed by a rapid succession of exploding
shots : then comes the deeper sound from the heavy charges, and
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the air is thick with flying rocks and stones, which sometimes are

projected for hundreds of yards. When all is over, as much as

1000 tons of rock may be dislodged, but the effect appears to be

puny compared with the size of the mine. The material is broken

and removed to the extent of over 1000 tons per day.

Mount Lyell M. and K. Co/s Smelters.

Underground the work done consisted of driving around the

ore body, and also carrying drives along the contact of the schist

and conglomerate in order to locate any fresh deposits. At the

No. 8 level, or 730 feet from the surface, and also, to a lesser ex-
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tent, from other underground levels, patches of ore are removed

from the foot wall; these are sent down for smelting, with the

pyrites, in the proportion of about 1 to 9. The analysis of this

class of ore is given as Iron (Fe), 24.75
;
Silica (SiO-2-), 30.69

;
Barite

(BaSOt), 1-48; Copper (Cu), 5.33; Alumina (Al^Oa), 6.30; Sulphur

(S), 30.00. The mine itself is nearly dry, in fact, from the tight

dense mass of pyrites one would not expect much water to pass

through. The small amount which does make it exceedingly acid

and rich in copper ;
it is stated that the drip from the roof will

eat through an iron plate half an inch thick in less than a fortnight.

The drainage water from the lowest adit carries 23 grains of cop-

per and 200 grains of sulphuric acid per gallon. The copper is

precipitated on scrap iron, and the precipitate, containing 50 per

cent of copper, sent to the converter plant. The costs of mining
ore and overburden are kept separate, but in the latter case the

charge was calculated over a number of years and averaged:
Overburden

Mining. Removal.

s. d. s. d.

In 1897 . . . . 1 8.27 . . ..20
1898 .. ..1 4.88 .. ..20
1899 . . . . 2 5.31 . . ..20
1900 .. ..3 5.00 .. ..20
1901 .. ..2 6.86 .. ..21
1902 . . . . 2 3.89 . . ..21

In addition to the big mine, the company has acquired the Royal
Tharsis, South Tharsis, King Lyell, Glen Lyell, and Mt. Lyell

Reserve leases. The first two supply a schist which carries 1.64

per cent, of copper, with small quantities of silver and gold. This

low grade ore is known as metal bearing flux. Upwards of

32,000 tons of material have been smelted, the average assay being
South Tharsis, 62.67 silica, 8.05 iron, 12.17 alumina; Royal Thar-

sis, 61.17 silica, 9.94 iron, 10.44 alumina.
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Mount Lyell Metallurgic Methods.

The ordinary term pyritic smelting is rather vague, for it may

mean, as defined by Dr. Percy, "the smelting of silver or gold ores,

which are either free from lead or do not contain it in sufficient

quantity to collect the silver, in conjunction with pyrites, in order

to produce regulus, in which the silver may be concentrated. Iron

pyrites is used for this purpose, and by preference, such as is

argentiferous or auriferous; but, failing this sulphide, cupriferous

iron pyrites or copper pyrites may be substituted." On the other

hand, it may mean a process in which part of the heat is supplied

by the burning of pyrites, the balance being supplied by coke;

but the true meaning should be the smelting and concentration of

pyrites and matte with the formation of a siliceous slr.g by the

aid of the heat derived from pyrites alone. Carpenter, an author-

ity on the subject, writing a summary of pyritic smelting for 1901,

Mineral Industry, Vol. XII., indicates that where pyrites are added

as carriers of precious metals, the process is a success
; but when the

pyrites are added for other purposes, i.e., for fuel or a flux, the

pyrites are liable to melt and run away from the charge, leaving

the siliceous contents, unfluxed, which results in a frozen furnace.

This, he writes, was probably the difficulty where the smelting of

pyritic ores with little or no carbonaceous fuel has been attempted.
He also states that the process should not be attempted without

hot air.

Dr. Peters, with his American and European experience behind

him, recommended roasting in stalls, smelting of the roasted

ore in blast furnaces, and bessemerising the matte, but provisionally

indicated that pyritic smelting might be successful. It need hard-

ly be said that Dr. Peters' method meant roasting the ore to elim-

inate portion of the sulphur, and transforming part of the iron to

an oxide. The semi-desulphurised material would then be fed

into a blast furnace with silica and limestone. The silica, iron

oxide and lime would form a slag and be got rid of, while the sul-

phur remaining would unite writh copper and iron to form a matte.

A large amount of carbonaceous fuel wrould have to be used, some,

perhaps, in roasting, and at least 15 per cent, in smelting the

charge. The matte obtained in the first operation Avould pro-

bably need enriching to fit it for bessemerising, so that the roast-

ing process to eliminate some of the sulphur would have to be gone
through again, followed by the subsequent fluxing and smelting.
The action as so carried out of oxidising the pyrites outside a blast

furnace, and then supplying heat enough from burning fuel to partly
reduce what was oxidised, and also to cause the slag-making ma-
terials to unite and to be raised high above their melting points
is wasteful. The dream of the metallurgist has been to make use ,

of the heat caused by the burning of the sulphur in the pyrites, and
the oxidation of the iron to perform roasting and smelting in one

operation. In 1856 Bessemer applied for his patent, which subse-

quently revolutionised the steel industry. The simplicity of the me-
thod and the speed with which a very impure iron was converted into
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a marketable product, caused the copper metallurgist to turn atten-

tion to it. Eight years later, the method was tried on copper

mattes, but was a failure, because in the case of iron there was

no mechanical separation of the pure steel from the impure iron,

but in the case of copper matte metallic copper separated, and the

heat required by the burning of the material could not be kept

up, consequently the copper chilled in the tuyeres or blow holes.

The first who really left his mark indelibly inscribed on this

branch of copper metallurgy was Mr. John Holloway, and the re-

sults of his experiments were published in 1879. Holloway ex-

perimented with Rio Tinto ore, similar in composition to that at

Mount Lyell, and carrying from 2 to 3 per cent, of copper. The

crude ore was first melted in a cupola, and then transferred by a

ladle into a converter. The ganister, or siliceous lining formed

the acid of the slag >uppiyiug the material required for the oxide of

iron to combine with. In addition to this sand was fed in from

time to time. Into the converter, 1700 cubic feet of air per minute

were injected at a pressure of about 201b. The air passing through
oxidised the sulphur, which escaped as sulphur dioxide. The iron

was simultaneously oxidised to ferrous oxide, which at once com-

bined with the silica to form a slag of ferrous silicate. The slag

so made contained about 55 of ferrous oxide to 30 of silica. The

temperature of the escaping gases was 60deg. C. at the commence-
ment of the operation, rising to 726 C. at the finish.

Holloway sought to Bessemerise the whole of the raw ore in the

converter, by pouring off the slag, and adding raw pyrites from

time to time, until a high grade matte was producedL So far as

melting the material was concerned and the concentration of pyrites

into matte, he amply verified his opinions : but he saw that the

ordinary Bessemer converter was not a suitable vessel, for it had

no place for the regulus to accumulate out of reach of the blast.

As showing the thoroughness with which the work was done the

analyses of the gases was made after the bloAv had proceeded for

six minutes, and then again for twelve:

Sulphur
Oxygen. Dioxide. Nitrogen.

After six minutes 14 86

After twelve minutes 0.7o 10.88 88.37

In the second case a little air got in. In reality, the whole of the

oxygen was used up in each case. Assuming that the first atom
oi sulphur is distilled off and that Fe. S remained, the first reaction

would be approximately represented by
3FeS + 5O 3 = Fe.^0^ + 3SO 2

It is difficult to get an equation for the second, except on the

assumption that more iron was oxidised than sulphur. Holloway
also noticed that a large amount of unburnt sulphur distilled off,

and in his eagerness to embrace every saving operation under his

process, he set about devising means of condensing this before he

had finished with the vital parts of the process. His final experi-

ments were carried on in a modified spiegeleisen furnace. The

sulphide was melted as before, poured into the hearth, the blast

turned on, and air blown through the molten mass. Fresh pyrites

were fed in at the rate of three tons per hour, and when all seemed

satisfactory, the blast, accumulating under the too pasty slag, caused

a large portion to be suddenly ejected. The next experiment was
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blocked on account of the condensation of the sulphur, and the slag

blown out, choking the flues. These failures, which would now
be looked upon as mishaps or small accidents accompanying the

running of any new plant, were the causes of the financial failure

of the Holloway process. It is of interest to Victorians that this

process was adopted at Bethanga, when matte smelting was

carried on at the mines. Holloway failed by attempting too much.

Had he confined his attention to the enrichment of low grade ores

by Bessemerising or the conversion of high grade matte into copper,

he probably would have succeeded; but he failed by attempting to

do more than is done even at Mount Lyell at the present time.

He claimed he could get metallic copper in the one vessel from low

grade ore, but only succeeded in obtaining a high grade matte.

Manhes started with the object of producing copper from a high

grade matte, and succeeded. He first used a small Bessemer con-

verter with bottom tuyeres. The melted matte was run in and

air forced through. The sulphur was rapidly oxidised, and escaped
a>; SOa. The iron was also oxidised, and the ferrous oxide produced
attacked the silica lining, forming a fluid slag. The iron oxidised

more rapidly later on, and magnetic oxide separated, not enough
silica entering into combination. The result was that a viscid

crust formed on the surface of the melted matte, and the pressure
of the gases underneath gave rise to great bubbles, which, from

time to time, burst and threw the slag out of the converter. The
metallic copper liberated, sinking into the tuyeres, clogged them
before all the matte was reduced. Manhes at once recognised the

c.iuse of failure, and placed the tuyeres at such a level on the side

that the copper when reduced could not reach them. This alteration

was eminently successful. Copper was rapidly produced, and kept
molten by the heat of oxidation, going on above the surface. He
also used twro converters, one to enrich a lean matte up to 60 per

cent., and the second to produce metallic copper. In order to

produce more fluid slags, the silica proposed first by Holloway was

added, and the success of the process assured. Shortly afterward

it was introduced by some pupils of Manhes into America, and

whatever it lacked before was soon remedied wfn the American

metallurgists got hold of it. In fact, the true developments may
be said to have taken place in the States.

While the Manhes process has been successfully used for many
years, the pyritic smelting, as defined at the commencement of

this article, and as foreshadowed by Holloway, has never been so

successfully accomplished as at Mount Lyell. If Dr. Peters had his

doubts about pyritic smelting, Mr. Robert Sticht, from Butte,

Montana, who took charge of the metallurgical department in

1895, had none. There was no hesitation on his part, in iecora-

mend ng thr immediate erection of a plant capable of ti eating 00

tons per day, to be afterwards increased to 1000 tons a day pk'.nr,

This work was started in 1895, in 1896 the first furnace was started,

and in 1899 the full double plant was completed.
The Bessemerising of Mount Lyell ores is carried on in three

stages. First the enrichment of a low grade ore to 12 per cent,

matte; second, an enrichment from 12 per cent, to 45 per cent.;

third, the conversion of 45 per cent, matte to blister copper. It

is not necessary for most of your readers to give at this stage

mere than a general description of the reactions which go on in the
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furnaces. A detailed account will be supplied later. The concen-

tration of the raw ore depends upon part of the sulphides present

becoming oxides. These, in their turn, at a high u-mperature.

unite with silica, and form a slag, the unaltered sulphide contain-

ing practically all the copper and all the gold and silver. The

silica must be present in the proper proportions to form a slag,

which can hardly be called a chemical compound, but a mixture

of chemical compounds dissolved in each other at a high tempera-

Cross Section of Sampling Mill.

ture. Their fusibility depends on the proportion of bases, such

as the alkalies, lead oxide, copper oxide, manganese oxide, iron

oxide, lime and alumina to silica, and also upon the nature of the

oxides themselves. For instance, if definite proportions of the

bases given are intimately mixed with silica, they will fuse in the

order given. It is also well known that if two or more bases are

present they will fuse more readily than one. The probable
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changes which go on when the ore is fed into the furnace is that

in the upper regions where reducing or neutral conditions exist,

the pyrites lose nearly half their sulphur, which distils off. This

may be plainly seen escaping. These pyrites are fed in not in

molecules, which alone are represented by reactions, but in masses

up to and over a foot in diameter. These decrepitate violently,

bursting asunder into fragments in the upper part of the furnace.

The reactions which go on may be ultimately expressed as:

TFeSj, = Fe 7 S 8 + 3S a

3FeS a
= Fe 8 S 4 + S,

Part of the sulphur being evolved. The extra supply of air gain-

ing access to the throat of the furnace causes this to burn freely.

As the smaller blocks of pyrites descend to a hotter zone of the

furnace, they meet a better supply of air, but can only be super-

ficially oxiui::d. The tendency at this stage is for this fusible

material to run and choke the furnace up. To overcome such a

contingency coke amounting to about 2 per cent, of the charge
was fed in. This proved to be effective. Latterly billets of wood
about 15 inches in length and 9 inches in diameter, have been fed

in until recently. These constituted about the same percentage
of the charge. This was found to be thoroughly effective. The
calorific values of such a material is a mere trifle, and as a matter
of fact far more heat escapes from the top of the furnace than is

represented by the combustion of such fuel, so that this is pyritio

smelting pure and simple. In fact, if some neutral solid could

be added which would disappear after a certain zone was reached,
the effect would be exactly the same. But at present, even the
wood has been discarded, and the pyritic ore is smelted without

any carbonaceous fuel whatever, except the occasional use of an

insignificant addition of coke, amounting to only per cent, of the

total daily quantity of charge treated. The probable changes
which take place may be indicated by saying after the expulsion of

the free sulphur, a crust of magnetic oxide forms, while within is

a kernel of magnetic sulphide. The fusible sulphide of copper is

driven towards the centre after the manner of kernel roasting.

Silica, coming in contact with the oxide of iron when hot enough,
will react as follows :

Fe 3 4 + SiO 2 = FeSiO ;5 + Fe^O :!

The Fe$O$ formed at once reacts with the internal sulphide with
which it is in contact, and gives:

36Fe 2 ;5 + Fe 3S 4 = 25Fe ;} 4 + 4SOo
a very small portion of the sulphide being sufficient to prevent the
oxidation of the iron. In ordinary roasting some reaction corres-

ponding to this goes on, for while oxidation is rapid enough at first,

much of the oxidised material becomes magnetic at a higher tem-

perature, even if excess of air be present, a very small quantity of

copper pyrites being sufficient to prolong the time of roasting.
The formation of a slag by the union of two infusible substances,

or substances which only melt at very high temperatures, is a slow

operation. For instance, between silica and lime, if both were
solid, it would only be at the point of contact that each would
react. A small amount of lime would dissolve in this slag on one

side; a small amount of silica on the other. These in their turn
would react to form more slag, and so on until the Avhole of them
liquefied. Such an operation could be materially hastened by add-
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ing some slag which would act as a solvent for both materials. In

practice, this is done. The main base present in the first slag

formed is iron oxide, but as the charge sinks down alumina also

combines with the silica and behaves as a base, every 102 parts

of alumina displacing 216 parts of iron oxide to form the same slag.

Slags are generally worked in percentages. Silica, where the

"base is mainly iron, running from 36 to 44 per cent.
;
but with

Cross Section of Engine Boiler and Blowers.

alumina in large quantities such percentages would be unsafe guides.
In some cases alumina behaves as an acid, and is said to form

slags, but as a rule aluminates are very infusible, many of the

natural ones being absolutely so. Alumina also has the effect ot

lowering the specific gravity of the slag. In the first operation
"the addition of limescone is not essential, a double base being
formed with iron oxide and alumina. In addition to these

materials, there is in the ore barium sulphate, which passes into the

furnace. In what state it is present in the slag has not been,

generally speaking, satisfactorily determined. In an oxidising
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"blast, it will melt down as such, and probably only dissolve in this

state in the slag itself. On the other hand in a reducing atmos-

phere the following reaction takes place :

BaS0 4 + 4C = BaS + 4CO
"In this state it is highly objectionable, and forms infusible masses,
which dissolve in neither matte nor slag. The atmosphere of the

furnace is highly oxidising, so that the barite is not reduced by
carbon, and the reverse of the following reaction takes place in

practice :

BaS0 4 + FeS = FeS0 4 + BaS
so that it is hardly possible barium sulphide is formed. The third

possibility is that it is present as oxide, due to the inter-reaction

of barium sulphate, and silica at a high temperature in a current of

heated air.

BaS0 4 + Si0 2
= BaSi0 8 + S0 2 +

It is probable that this change takes place, arid that the barium

oxide is present as a harmless or even useful slag ma-king material.

Since writing the above, experiments on Mount Lyell slags have

"been carried on by students at the Bairnsdale School of Mines.

The finely powdered slag was boiled with water. If barium were

present as Ba S, the following reaction would have taken place :

2BaS + H 2 = Ba (SHj 3 + Ba (OH) V .

Possibly the Ba(OH) 2 would have united with silica also in solu-

tion, but no Ba(SH)^ was found dissolved. Next, by treating the

slag with dilute acetic acid, no sulphuretted hydrogen was given

off, and yet barium was found in solution, showing that it was pre-

sent neither as sulphide nor sulphate, so that it must be present
as oxide in combination with silica, or as a silicate. Mr. Sticht

has also kindly informed me that there is not sulphur enough in

the slags for the barium to be in any other state than that of

silicate, so that settles the matter.

As the material descends in the furnace it is subjected to a

greater oxidising action. The sulphides are rapidly oxidised, and

the temperature is greatly increased. The slags have greater sol-

vent power, and descend in liquid streams. By increasing the

charge of siliceous material and increasing the air blast a larger

amount of pyrites would be oxidised and a greater charge put

through. If, however, the silica and blast were both increased

then a smaller amount of richer matte would be formed. It is

not held desirable to do this to a greater extent than is done at

present on account of increased losses that Avould take place with

the production of a richer matte. The molten matte is heavier

than the slag, and sinks through it
;
but more important still

is the fact that neither will dissolve any appreciable quantity of

each other
;
in fact, the two liquid materials are as distinct in their

properties as oil and water, so that, although their density may
approach each other provided the slag is not viscid, they will

readily separate. A small amount of copper is no doubt oxidised,

and in such a condition must pass into the slag. A small amount
in very fine slots of matte has not time to separate from the running
stream of slag, and as such passes out; but the losses in smelting
in this way are less than if the material is smelted in the ordinary

way, for the slags are more uniform in composition. Neither have

they suspended impurities, such as particles of unburnt carbonace-
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oiib matter, or metallic iron, which serve to entangle globules ot

metal or matte.

The air is another important tactor which must be considered.

The following is the main ultimate reaction, which provides the heat

for the furnace, and serves for the subsequent changes :

GFeS.,, + 11O 2
= 6FeO + 8bO 2 + 2S 2 .

In other words every 360 parts of pyrites require 176 parts by

weight of oxygen, or very nearly 2 to 1, or one ton of pyrites takes

I0961b. of oxygen. This is accompanied by 36691b. of nitrogen,
which passes through the furnace unchanged, and which only
serves to dilute the action of the oxygen. The volume of this

would be about 61,000 cubic feet. Considering that each furnace

at Mount Lyell is capable of running down 300 tons 01

pyrites in 24 hours, or at the rate of 0.21 tons per
minute, upwards of 12,800 cubic feet would be required per
minute to oxidise the whole of the pyrites. The amount now actu-

ally used is nearly double this, or 25,000 cubic feet per minute.
This is heated to 300 deg. F., and supplied at

a pressure of 36oz. and over. It would be interesting to know
the amount of oxygen actually consumed, but it seems to be impos-
sible to get a fair sample, and even if it were obtained tne results

would not shoAv how much could be used, for much of the air es-

capes up the blow-holes, which form in the column of charge,

chiefly at the ends of the furnace, and probably a larger portion
never conies in contact with the pyrites at all. Were it blown

throng/i a liquid layer, then, as in Holloway's experiments, the
whole of the oxygen would probably be used up. It is of little

use discussing the thermal conditions which accompairy such
chemical changes as those indicated. Our knowledge of what
takes place at high temperatures is not exact enough. The specific

heats of the products formed, the latent heat of the slags and

mattes, the certainty of chemical changes, and other necessary fac-

tors are too indefinite to build any solid superstructure on. And
it would appear that many of the conclusions obtained so labori-

ously with regard to this branch of the subject are absolutely
contradicted by the results at Mount Lyell. The water vapor
present in the air is not eliminated, and as the air must be almost

constantly at its saturation point, a very large amount must be
drawn into the furnace. At a high temperature the effect will

probably be to form sulphuretted hydrogen and oxidise some iron,
the H 2 S in the upper part of the furnace again reacting with SO?,
giving sulphur and water, the latter escaping.

The matte as run out from the first furnace, is broken up, mixed
with the requisite fluxes. In this case, limestone is added, and
run down as before. The matte from this operation is oxidised

in the converters, and in this case a different reaction goes on. At

first, the air on being blown in oxidises the sulphide of iron, which
turns to oxide, and sulphurous acid is given off. The oxide of iron

combines with the silica lining of the converter, forming a silicate.

When all the iron has been removed only sulphide of copper remains,

Cu^S. On air being forced through this, the sulphide is oxidised

in part :

2Cu 2 S + 30 2
= 2Cu 2O + 2SO...

This at once reacts with Cu^S present, giving
Cu,S + 2Cu 2

= 6Cu + SO 2
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The oxidising action which goes on causes copper to separate even

before the sulphide of iron has all disappeared.

The smelting and reduction works are on the site chosen by Dr.

Peters. At first sight, especially to those unused to metallurgical

operations on a large scale, it would seem as if a more natural posi-

tion could have been selected down the glaciated Linda Valley. The

original scheme provided for a long tunnel through the ridge, which

separates the mine from the works. The ore was to have been

cent through this to the smelters. The railway terminus was de-

cided upon on the Queen River side of the ridge, because the

Railway Act provided that the railway should run to Strahan, and
would not have been passed but for this provision. The ridge

could, however, have been surmounted only by a great expense of

money and the lengthening of the line by over seven miles. The
site was therefore practically fixed through this consideration. As
it subsequently turned out, the selection was an admirable one, for

nearly all the raw materials and fluxes necessary were discovered

within a radius of less than a mile from the works, whereas on

the mine side of the ridge, neither water, fluxes nor firewood are

available in sufficient quantity, and would have to be brought from

miles distant. At the same time, work at the open cut is not now
retarded by the fumes from the smelters, while it is certain that if

smelting had been started in the contracted space of the Linda Val-

ley, it would not have been long before an injunction restraining the

company from working would have been placed upon it 011 account
of the fumes. The limestone is obtained by quarrying a bed, whose

dip is nearly vertical, and whose strike is into the face of a hill over

500 feet in height. The material is removed from 5 benches, which
are about 7 chains long and about 25 feet high. The rock is sent

down to a 10 x 20 Blake style crusher run by a motor, crushed to a
convenient size, and deported by means of an overhead rail system
of delivery into storage bins below. From these, trucks are filled

and hauled by a locomotive to the works. The analysis of the
limestone is

Grey. White
Si0 2 .. .. 10.92 .. .. ".'..' 3.26

FeO .. . .V \. .57 .. .. "',. .85

A1 2 3 ..I''' .. 2.88.. '^.' .. .86

MgCO 3 .. .. 3.00 .. ^V trace

CaCOg .V
1 '-

.. 83.40 .. .'. .. 95.10

The lime required at the works is made by burning in two kilns

each 18 feet high and 6 feet 6 inches in diameter. For siliceous

flux there are numerous sources in the reduction works valley ;
in

fact, one side of the Queen River consists of quartzite hills. A
convenient deposit of this rock was attacked in contact with lime-

stone, which is a bed parallel to it. The material on top of the

hill, 500 feet above the valley, is less friable than that below, hence
work is carried on above. A quarry is vrorked on three benches.
The blocks of quartzite are sent down to the crusher bins by means
of an Otto ropeway 1500 feet long, of the same type as that used
for the ore from the mine, which will be described later on. There
are two largest sized rotary Comet crushers driven by a motor, which
break the material down to 3-inch gauge. The sand is separated
by perforated percussion tables, and is made use of for converter

linings. The crushed quartzite falls into bins, from which the
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trucks are loaded direct and hauled along the tramline to the

works. Analysis of the silica flux is as follows :

White. Dark.

Si0 2 .. .- 91.44 88.72

Fe 2O 3 .. .. 1.54 .. .. .. 3.60

A1 2 3 .. .. 3.09 7.03

Another fortunate find Avas a deposit of excellent brick clay, from

which the bricks for the works, amounting to 4,000,000 were made,

Cross Section No. 2 Smelting Furnace.

and still another also alongside the works was an excellent fireclay,

from which 128.000 fire bricks were made last year.
It is evident that while the proximity of such valuable deposits

to the works may be termed lucky, yet how often in Australia have
we seen deposits just as valuable altogether overlooked. The credit

is due to those who make the most of natural opportunities. In-

stead of driving a long tunnel and conveying the ore through the
17
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dividing ridge between the mine and the reduction works, two

systems of transport are adopted. Both make use of the greater
fall on the works side of the ridge to haul the loaded trucks or

buckets over the crest and return the empties. Almost all the

ore from the open-cut is transported from the bins to the works by
a large aerial ropeway. The buckets carry llcwt. of ore, and
travel on a fixed rope, which is 35mm. diameter on the loaded and
25mni. on the return side. A continuous f-inch rope 16,000 feet

long serves as the travelling rope attached to the buckets. On
the crest of the hill, the ropes on which the buckets travel are re-

placed by fixed rails for a length of 300 feet; this has saved the

running ropes from the great wear which would have taken place
had they been continuous. The speed of the buckets is six feet

per second, and in every 30 seconds a bucket is delivered, or 22cwt.

of pyrites per minute. As much as 220,304 tons were delivered in

a year. The horizontal distance of this line is 6750 feet : the rise

on the mine side of the ridge is 430 feet, and on the works side the

fall is 920 feet. The mean gradients on the mine and smelter

sides are respectively 1 in 2.9 and 1 in 6.3. The span between the

standards, which are from 8 to 50 feet in height, is up to 1300 feet,

while the ground is as much as 220 feet below the buckets. The
total cost of delivery, including maintenance and repairs, is from 6d.

to 7d. per ton.

The haulage line chiefly carries underground ore, and may be

used, when worked three shifts, to replace the aerial tram. In

this the trucks run on a 2-feet tram line, which crosses over the

hill, and are hauled up one side and let down the other to a small

steam tram, which takes the ore f of a mile to the works, and

returns the empty trucks.

The company possesses one of the most interesting 3 feet 6 inches

gauge railways in the States, which passes through one of the

most picturesque strips of country in Tasmania. The merits and

demerits of the Abt system have been so fully commented on that

any remarks would be superfluous. A fine engineering shop and

foundry makes the company one of the most self-reliant in Aus-

tralia, while what is most satisfactory of all, there is no evidence

of that waste and reckless extravagance so common on many of our

large mines. The Mt. Lyell Company may be said to be the only
one in Australia which has its works laid out for systematic sam-

pling. The extra small expense incurred is more than recovered by
the accuracy of the information gained ; further, without some such

system it would not have been possible to buy ores on an extensive

scale. Every 25th bucket from the open-cut, every 16th of under-

ground ore, and every 18th truck of mineral flux goes to the sam-

pling works. On purchased ores, every fourth to every eighth
bucket or truck is taken according to its richness. The selected

ore is broken down by crushers, etc., and quartered in the usual

way on the sampling floor, the balance being sent direct to the

respective ore bins. Each bucket of ore as delivered by the aerial

tram is detached and run on rails to the suspended weighing ma-

chine, the weight is entered up. The bucket is run round by

hand, tipped into its bin below, and returned on the upward line,

the whole operation being done with such rapidity that there is

no interruption in the continuity of the stream of buckets entering
and leaving. The ore and fluxes as delivered in trucks are weighed
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on a long weighbridge, \vhich takes 25 tons at a time, but can take

75 tons, and weighs down to 561b. These materials are also tipped
into special bins above the smelting floor.

The smelting works are divided into two sections, that

which was first erected being known as No. 1 plant.
It contains six blast furnaces, each being 40 inches by 168

inches at the plane of the tuyeres, except No. 3, which is

Blast Furnace. Longitudinal Elevation and Section.

36 inches by 126 inches, and 20 feet to the charge floor, the number
of tuyeres being 32, No. 3 having 24. After the experience gained
in working these furnaces, five larger ones were built, and this

group is known at No. 2 plant. Each of these furnaces has 40

tuyeres 3 inches in diameter, and a sectional area of 210 inches by
42 inches at the tuyeres, and are 20 feet in height from tapping
floor. Details of one of these furnaces are supplied in the excellent
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drawings made by the company's officers, and reproduced. The

height of the ore column above the tuyeres, or to the level of the

downcast is 9 feet 4 inches, while above this level on the feed floor-

is 4 feet 8 inches, the depth from the tuyeres to the bottom of

the furnace is 2 feet 5 inches. The furnace is jacketed almost up
to the level of the downcast, the jackets being made in sections of

cast-iron. There are two horizontal sections, the lower being 1

foot 9 inches wide, and 4 feet 6 inches high, with a 4-inch water

space ; through each of these passes two 3-inch tuyeres, with centres

10 inches apart. The tuyeres are 1 foot 4 inches above the bot-

tom of the jacket. The whole of the tuyeres are at the sides,

there being none at the ends. The upper row of sectional jackets
break joint with the lower, and are 4 feet in height, and 1 foot 9

inches wide. The lower portion of the furnace, including the

jackets, is carried on cast-iron plates 2 inches thick. These are

supported on screwjacks. The upper portion is independently car-

ried on rolled steel girders, which are supported on cast-iron pillars.

The tymp jacket is of steel. Both matte and slag flow out to-

gether continuously, the blast being trapped by setting up the

slag spout, thus lowering the jacket round which both matte and

slag have to flow. The air is now blown in hot at No. 2 plant and
cold at No. 1 plant. When heated air is used it is wanned by
causing it to pass t hrough a hot blast stove

;
this consists of a series

of cast-iron U tubes, 9 feet long and 9 inches internal diameter.

Each U tube practically consists, so far as shape is concerned, of

a cylinder doubled round on itself, the doubled portion forming
a partition plate, the ends being turned round at right angles and

flanged so as to connect to the next tube. The air is forced

through a series of 10 rows of seven of these, the external surface

of the pipes being exposed to the heated gases from an ordinary

grate furnace. For No. 1 plant there are 4 stoves, with 56 U tubes

each
;
that is, a series of eight parallel rows of 7 each

;
while in No.

2 plant there are 4 stoves, each having 70 U tubes. The air is heated

to about 350 deg. F. The air is supplied by Roots blowers, there

being nine No. 8, each with 116 c.f . displacement, and three reserve

No. 7. The former and one of the latter are each driven by a

compound condensing engine, 12 inches and 22 inches by 18 inches,

set up in marine style, and coupled direct by flexible coupling. The

air, which is thus supplied in units, is delivered to a common main.

The steam is generated in 12 Babcock and Wilcox boilers, two in

each plant being held in reserve. Green's economisers and super-
heaters are used, the estimated saving effected by the former being
15 and the latter 16, or a total of 31 per cent. This experience
tallies with that at Mt. Morgan, where they were introduced some

years ago. It may be said that so far as cheap pOAver is concerned

there does not seem to be a chance of lowering the present figures

at Mt. Lyell. The bustle pipe which passes round each furnace is

21 inches clear internal diameter and brick-lined. At the present
time there may be said to be two of the large furnaces working on

ore, and on an average they smelt 280 tons of Mt. Lyell pyrites

daily ;
sometimes as much as 350 tons of pyrites are run down, while

the daily output of raw material fed in is over 500 tons. Phe-
nomenal tonnages are sometimes reduced, as much as 724 tons be-

ing put through in 24 hours by one furnace. These unprecedented
returns were obtained by simply supplying more air. At first the
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air was distributed over from 7 to 8 furnaces, whereas it is now all

passed through three to four. Simultaneously the blast pressure
has risen, and ranges from 36 to 40oz. at the blowers, and from 30

Blast Furnace. Cross Section and End Elevation.

to 34oz. at the tuyeres. Such pressures for copper furnaces were
previously unknown in Australasia, and in fact for the whole world,
with the exception of the United States and British Columbia.
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As typical of the composition of the furnace charges may be given
what is called the "straight pyritic" charge: Mt. Lyell pyrites,
22401b.

;
barren silica, 2001b.

; metal-bearing fluxes, 5001b.
;
lime-

stone, 100-1501b.
; slag, 3001b.

; coke, 40-601b., if used. One of the
most interesting sights at the works is the feeding of these fur-

naces. They are open on both sides, and covered with a hood con-

nected with an iron stack, through which any gases escaping above
the charge, and not drawn into the downcast, find their way. The
bulk of the waste gases, with flue dust, pass to the downcast, which
is 7 feet 9 inches wide, and 3 feet high. The dust is caught in

chambers, while the gases are drawn through a tall stack. The
bins are arranged in a row parallel to the furnaces. The workmen
run in their charges, weigh them out quickly; a block more or a

block less suffices as a rule to give the exact amount. This is

dumped alternately along on one side and then the other of the fur-

nace, then rapidly shovelled in. The pyrites are fed in in lumps up
to a foot in diameter, the silica and metal-bearing fluxes in splin-

tery 3-inch pieces, the limestone in fairly large pieces ;
coke is fed

close alongside the walls. The wood experimentally used was in

ordinary blocks of about 18 inches by 9 inches. As soon as shov-

elled in, the pyrites decrepitate violently, a certain amount of

sulphur distils off, and instantly takes fire on meeting the external

air. In a few minutes the wrhole mass sinks and is spurting jets
of flame from every orifice, while there is a continuous roar from
the enormous volumes of gases forced through the furnace. The
maxim of keeping the top of the charge cold cannot be carried out

here, for it seems impossible to feed each furnace fast enough, so

rapidly does the charge drive. A cool top Avould mean that there

would be constant trouble with throat accretions and no advantage
whatever gained, except appearances. The burning of the volatil-

ised fraction of sulphur which is unavoidable does not constitute a

loss of heat to the furnace. The sulphur distilled off, together with

that oxidised lower down in the furnace, is burnt to sulphur di-

oxide with small quantities of sulphur trioxide; these pour out of

the tall stacks, and meeting the moisture-laden air, form a white

cloud or a pillar of smoke, which may be seen for 20 miles; the

sulphurous acid so formed in course of time is transformed into

sulphuric acid, and an equivalent of 1000 tons per day of this

material is ultimately precipitated as dilute sulphuric acid. The

devastating effect of this acid rain on the district is such that the

blackness of ashes now marks where the primeval forest stood,

while modern roofs have to be covered with a tile-colored composi-
tion or tarred with the dismal black of their surroundings. Some

day a portion of these fumes will, perhaps, be used for dealing with

the low-grade siliceous ores
;
but it would not be possible to store

or dispose of one-half of the acid that could be made were all the

sulphur transformed to sulphuric acid. The ores and fluxes fed into

the furnace in less than two hours are running out in the form of

matte and slag. These flow into the forehearth, which is a rect-

angular vessel 44 by 62 inches, and 26 inches deep. It is con-

structed of cast-iron plates, lined with brick and protected by
water-cooled coils between the lining and sides. The overflow

spout for the matte from the forehearth is made of a solid piece of

cast-iron cast round an ordinary iron pipe bent to horseshoe shape ;

through this a stream of water runs. Near one corner of the
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top of the forehearth is placed the overflow opening for slag, which

flows into a smaller forehearth for safety ;
into this the slag runs,

and overflows in a regular stream. The falling molten slag is

struck by a jet of water, and is instantly granulated and swept

Section Through Hot Blast Stoves.

away. The first forehearth is tapped from every 3 to 10 min-

utes; the second is tapped occasionally, about once per hour. The

pots of matte are poured into shallow sand moulds and allowed to

cool. The first matte produced carries about 12 per cent, of cop-

per.

The sluice down which the slag runs is paved with slag blocks,
whose glassy, smooth surface offers a minimum of friction to the flow-

ing stream. In the early days there seemed to be room enough for

all the slag produced, but when figures passed from hundreds of

thousands to millions of tons, and acres of low-lying land became
covered with this black, heavy, granulated material, some device
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had to be adopted to keep it within limits. After some experi-

ments, special centrifugal pumps were used; these have a 10-inch

suction, and a 9-inch discharge, with 18-inch beaters or vanes, and

are run at 540 to 600 revolutions per minute. The pumps are

driven by motors, and have most satisfactorily solved the difficulty.

There is a good deal of misconception about this matter, for it

has often been stated that the system of granulating slags ori-

ginated at Mt. Lyell. This is not so; nor was it ever claimed by

Mr. Sticht. That slags could be so granulated was known" for

many years, but could only be adopted where water was plentiful

and the fall sufficient. The methods of raising granulated slags by
means of a centrifugal pump is new, and this certainly originated

at Mt. Lyell. The general analysis of the slags from the first opera-

tion is as follows: SiO-a . 36.66; FeO, 50.67; CaO, 1.20; BaO, 1.90;

A!v,0s, 7.47
; Cu, 0.25. The dust from the chambers is mixed in

a Chilian mill with about 4 per cent, of clay, and a little water, and

made by hand into bricks, each weighing about 141b. These are

partly dried by placing them on shelves, alongside which hot pots

of slags are ranged. As much as 4666 tons were handled in a year,

the assay being Copper, 3.5 per cent.
; silver, 2.5oz

; gold, .07oz.

per ton. This simple method of treatment has proved effective,

and is much cheaper than more elaborate ones. Experiments were

carried on with the use of cold blast, an amount of wood fuel being
added to the charge of nearly the same Aveight as was used in heat-

ing the blast. This was wholly successful, and showed that with a

small percentage of fuel the hot blast could be dispensed with al-

together. Even more interesting and instructive has been the

work carried on quite recently, when fuel has been dispensed with

altogether as part of the charge and pyritic smelting pure and

simple carried out for the first time in its entirety. The first

matte is broken into blocks when cold, and trans-

ferred to the bins over No. 1 plant. The matte

produced is treated nearly the same as ore and run down
in the same way as in No. 2 plant. Limestone, however, is added
in this case. This furnace was run with a cold blast, and the

slag and matte flowed continuously into the two forehearths as

before. No. 1 being tapped every 5 to 10 minutes, No. 2 about

every hour. The matte in this case contains 45 per cent, of copper.
As before, this matte was poured into sand moulds and broken when
cold. The slags from this furnace assay in general SiO^ 41.70;

FeO, 43.14; CaO, 8.16; BaO, 0.16; Al^Os, 5.46; Cu, .35. At pre-
sent the large body of slag produced cannot be put to any use, but
it may happen in future that portion of it may be used for the

production of metallic iron, to be used for precipitating copper ac-

cording to wet way processes. This, however, is not very probable.

The second matte, containing about 45 per cent, of copper,

passes to the converter plant. This is arranged so ris tc form two

equal sized departments, each capable of producing from 25 to 40

tons of copper per day. There are two remelting furnaces, four-

teen converting vessels with stands for six, two No. 5 rotary blowers

for the remelting furnaces, each having a separate engine, two
Fraser and Chalmers' horizontal compound condensing blowing

engine, 16 inches and 24 inches by 30 inches, with air cylinders 30

by 30 inches, delivering 3000 cubic feet of air at 60 revolutions, the

average blast pressure at the converters being 81b. per square irch.



AUSTRALIAN MINING AND METALLURGY. 169

The remelting furnaces are about 4 feet external diameter at

the tuyeres and 7 feet 6 inches to the feed floor. Into this furnace

broken matte, a small amount of fuel, and occasionally some sili-

ceous purchased ores are fed. When a sufficient amount of the

molten matte has accumulated, the furnace is tapped, and the

matte flows down a movable slag channel to a converter. The

type of converter used is known as the Stalmann, which is square

in section, with a trough-shaped bottom. This is mounted on

trunnions, and may be readily tilted by hydraulic power, the rack

being on the moving horizontal cylinder through which the pressure

water enters and leaves. The lining of the converter is made from

a fine white clay and silica. The clay is found near the works, and

consists of :

Per cent.

Silica (SiOt) 62.52

Alumina (A1*O$) 23.89

Oxide of iron (Fe 2-Oj) 26

Lime (CaO) 25

Magnesia (MgO) 40

Water and undetermined 12.68

100.00

The silica is obtained from the siftings of the quartz flux. The

mixture is rammed into the converter shell for a thickness of 18

inches at the bottom and 12 inches on top, leaving a clear space

of from 2 feet 3 inches below to 2 feet 9 inches above for a height

of about 4 feet. The lining is carefully dried and heated ; moisture

left in would lead to serious explosions. The molten matte is run

in to the hot converter ; when a sufficient quantity has been added

the flow is stopped, the slag launder shifted, and air at a pressure

of about 81b. to the inch forced in. A vigorous action at once goes

on, the iron is oxidised, and at once combines with the silica of the

lining forming a slag which floats on the surface. Sulphur dioxide

escapes in large quantities, and is carried away through a hood lead-

ing to a set of flue dust chambers connected with the main stack

at No. 1 plant. Small portions of molten material are rejected from

the vessel, but the workmen pay no more heed to these than to the

sparks from a blacksmith's anvil. The curved back of the con-

verter tends to prevent the ejection of matte and slag. A large

supply of air at high pressure may cause more oxide of iron to sep-

arate out than can unite with silica in the time allowed. The slag

would contain much magnetic oxide of iron, and become pasty. The

accumulating volume of gas under this may cause a boil over, such as

terminated Holloway's experiment. The blowing at Mount Lyell
is done intermittently. The converter is gradually tilted so that

the air passes through the molten matte still unacted on. Any
copper noses formed by the chilling of the metal or matte by the
cold blast are punched off as the operation proceeds. As soon as the

formation of slag has ceased, which is visible by a change of color in

the flame to a clear blue, the blast is stopped, the converter tilted,
and the slag poured off. Any white metal which runs out at the
same time is broken up, and returned to the remelting furnace

;

the slags which are the richest in copper of the series being returned
to the blast furnaces. A second lot of matte may be run into the
converter, and worked up as before, the slag being poured when the
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iron is oxidised, and blowing continued until blister copper is pro-

duced. During the first blow the flame is greenish blue, while dur-

ing the last stage it is yellow or clear blue. The workmen can tell

by the flame and the solid particles ejected to what stage the con-

version has proceeded. If mistaken as to the final change frie first

few pounds poured out will show whether matte remains. Should

matte run out the vessel is tilted back, and a short blow is given.

Cross Section of Converter Plant.

On the other hand, the copper may be over blown or contain cuprous
oxide. One of the overseers of this department, not knowing of

the inter-reaction of cuprous oxide and cuprous sulphide, endea-

vored to correct an over-blown charge by running a little more
matte into the molten copper. The reaction was so violent that

the whole contents of the vessel were suddenly thrown out as a

mass of froth, so that this interesting reaction is not likely to be

repeated in the same way.
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The copper is poured into a series of moulds carried on a car

which runs on a track directly below the converter. Mould after

mould is filled with molten copper, which solidifies almost instantly.

The car is run back over a water sump, and the copper slabs tipped

out into the water below. They are thus not only rapidly cooled, but

acquire the fine red shade which enhances their appearance. This

is due to a film of cuprous oxide. The reactions which take place in

the converter have already been indicated. They are similar to

those in the blast furnace up to the separation of pure cuprous sul

phide (Cu 2 S). The silica in this case is supplied by the lining of

the converter. This is a somewhat expensive way of supplying it.

If the lining were a siliceous copper ore a small saving would result,

but the extra cost of working in an unsuitable material would more

than counterbalance this. The lining is very thick at first, and

the charge is correspondingly small, while at the finish there

is a danger of the protecting coat being eaten through. The lat-

ter risk is minimised in the Stalmann converter, for the blast chest

surrounds the front and two sides. The blast may be turned on at

the front, so that when tnat portion of the lining becomes tliin the

front tuyeres may be shut off, and the side ones opened. The num-

ber of blows that a converter will stand at Mount Lyell is from

five to seven. Attempts have been made in other places to supply

silica by other means. Holloway blew dust through the tuyeres

with the air. Quartz has been added to the top of the matte, but

none of these methods were successful. It would appear that

with the present types of converters the only successful method for

supplying the necessary silica is by lining the vessels.

The blister copper is poured into cakes 16 inches by 24 inches by

2i inches thick. Each weighs about 2cwt. or 10 go to the ton. A
lot of 500 cakes, or 50 tons, constitutes one parcel, which is specially

marked and specially sampled. The crude bars are trimmed up
and weighed. Each cake goes to a drill press, and assay samples

are taken by drilling two f-inch holes through the cake. The cakes

are shipped to the Baltimore Copper Smelting and Rolling Company
in Maryland on a toll arrangement, the products being turned over

to the company. The refined product, as ingots, wire and sheet

copper, branded B.E.R., is sold in the open market, the silver and

gold produced being sold to the U.S. mints. The flat shape of the

ingots was decided on because it was found that liquation of the

gold and silver occurred to such an extent in ordinary pigs that it

was well nigh impossible to obtain accurate assay samples. Sil-

ver values would differ by anything from 2 to lOOoz. in a 200oz. cop-

per from drill holes bar a few inches apart. The variation was found

to be much less with flat cakes, but even m this case a systematic
method of sampling is adopted. A template, the size of a copper

cake, is mapped out into 150 holes, so spaced as to symmetrically di-

n'de each cake. The first cake is marked with two holes, the next

with two more, and so on until the seventy-fifth cake has the last

two of the template. Each cake is then bored with two three-

eighth inch holes, so that the borings from 75 bars represent a sample
as if taken from all over one cake, and will be accurate provided
that the distribution of precious metals is about the same in each.

The borings from a 50 ton parcel are assayed, as before stated, in

ore lot. The method of assaying the samples is after the plan

adopted by Ledoux and Co.. New York. This well-known firm
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does the check assaying for the Mount Lyell Company. Since de-

tails are given with great clearness, I will quote in extenso the prac-

tice followed in this somewhat difficult problem. The borings are

put through a mill and ground as finely as possible. The fine bor-

ings are gone over with a magnet to remove any small particles of

metallic iron that may have been derived from the mill or drill, and

mixed thoroughly.

COPPER. The sample is divided repeatedly on a split sampler

until about 20-22grms. remain. This operation is conducted with

Converter. Plan.

great care, so as to include a proper proportion of fine and coarse

borings. The small sample is then placed on the balance, and its

weight accurately adjusted to 20grms., which is transferred to a litre

flask and treated with a mixture of 200 c.c. water, 20 c.c. of sul-

phuric acid (Sp. Gr. 1.84), and 60 c.c. nitric acid (Sp. Gr. 1.42). The
flask is placed on the steam bath for about an hour, at the end of

which the copper will be dissolved. Standard salt solution is now

Converter. Front View.

added to the flask in sufficient amount to precipitate the silver, but
not much more. About lOOoz. of silver is allowed for in the Mount
Lyell bars. After adding the salt solution the flask is transferred
to a hot plate, and the contents boiled until the red fumes are ex-

pelled. The boiling coagulates the silver chloride. The flask is

allowed to cool, and the temperature of the room is noted. Then
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sufficient cold water is added to the flask to bring the copper solu-

tion exactly to the room temperature. Finally the dilution to ex-

actly one litre is completed with water at room temperature, tak-

ing care to keep the solution in agitation during dilution to avoid

the contraction, which always occurs when water is added to strong

copper solutions, so that it forms a separate layer in the flask. After

mixing the contents of the flask a portion of the liquid is poured

through a dry filter, and the nitrate caught in a dry beaker. From

this clear liquid two portions of 50 c.c., each equivalent to Igrm. of

the borings are tapped into glasses, and the solution diluted to 125

c.c. The copper is plated down from this on a weighed platinum

cylinder ;
no further addition of acid is necessary. The current em-

ployed is 0.3 amperes, and the cylinders have a surface of 10 square

inches. The determinations agree to within 0.05 per cent. The

apparatus used for tapping 50 c.c. from the liquid is of special con-

struction, so that it measures exactly one-twentieth of the contents

of the litre flask. The measuring apparatus, as well as the flasks,

are checked from time to time by running through determinations

of copper wire of known purity. This precaution is necessary as

the glass used in the litre flasks may change in volume to a slight ex-

tent after long use.

SILVER. The sample is divided in the same way as for copper. The

division is carried so that the small sample aggregates a little more

than 3 A.T. This is divided into three accurately weighed 1 A.T.

portions, each of which is transferred to a large beaker provided
with a cover glass. Over each assay ton is poured 100 c.c. of water,
and to this is added 50 c.c. of nitric acid, 1.42 sp. gr. After the

strong action is over, another portion of 50 c.c. of nitric acid is

added, making 100 c.c. in all, which is sufficient to dissolve all the

copper. Boil the liquid to expel nitrous fumes, and remove from
the heat. Wash down the cover glass, and add enough standard

salt solution to precipitate the silver (only a slight excess is added,
the contents being approximately known). Stir well, and allow

the beakers to stand over night. In the morning filter off the
chloride through double filter papers. Wash with cold water until

the copper is practically all removed and wipe out the beakers care-

fully with a piece of moistened filter paper, which is added to the
filter. The wet filter papers are transferred to a 2 incii scorifier

lined with a disc of sheet lead, which weighs about Sgrms. The
object is to prevent the absorption of water from the filter paper
by the scorifier. The scorifiers are transferred to an oven
which is heated to about SOOdeg. C. This burns the paper in a

short time. When the charring is complete 20grms. of fine test

lead is added to each scorifier. together with l^grm. more or less of

borax glass. The scorification is then made so as to yield a lead
button weighing about 7grms. This is effected when the lead ring
is about i-inch in diameter. The slag is saved. The buttons are

cupelled in small cupels at the lowest possible temperature. The
cupel bottoms are saved, and mixed with the slags. The, beads are

weighed. If the difference between the maximum and the mini-
mum does not exceed 0.75oz. per ton the beads are united and
parted. The gold found is subtracted from the silver. This gold
figure is lower by about 0.20oz. than the gold found in the special
assay, which will be described later. The cupel bottoms and slag
are mixed, fluxed with litharge and glass and a reducing agent, and
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the lead button is cupelled. The weight of the silver bead is divided

by three, since a single fusion is made of all the cupel bottoms and

slag. This weight is added as a correction to the average of the other

figures. The correction usually amounts to 1.4 to l.Toz. per ton.

GOLD. The material is sampled as for copper down to 1 A.T.,

which is divided into four equal portions of \ A.T. These \ A.T.

portions are placed in 3-inch Bartlett pattern scorifiers, together

with 90 grms. of lead. Over the lead is put a cover of about \

grm. of silica and borax glass. The scorifications are conducted

until the litharge closes over and the pouring is done hot. The

buttons are freed from slag; the slag is saved. The buttons are

then each made up to 65 grms. weight with lead, and \ grm. silica,

and again scorified in 3-inch Bartlett scorifiers. This scorification

is kept fairly hot during the whole process until the litharge covers

over. The buttons are freed from slag as before, and the slag

saved. Then they are united two and two. Two buttons repre-

senting \ A.T. are made up to 90 grms. with lead and \ grm. silica,

Converter. Side View.

and again scorified. The slag is saved, and the buttons, which

weigh about 35 grms. each, are cupelled. The cupel bottoms are

saved, and mixed with the slags. The beads, each representing
A.T. of the borings, are parted with very dilute nitric acid

(Sp. Gr. 1.078). After boiling, the acid is poured off and washed
once with cold water and boiled with nitric acid, Sp. Gr. 1.32. The

gold is then washed twice with water, dried, annealed and weighed.
The gold determination should agree to within 0.02oz. per ton.

The slag and cupel bottoms are fluxed, and the lead button cupelled
and parted. The gold correction thus obtained is added to the
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average of the first figures. The scorifiers used in this assay are of

the Bartlett pattern, a broad shallow shape, which allows of scorify-

ing 100 grms. of lead down to 30-35 grms. The shape of the scori-

fiers is quite important. Assays are made over again if they differ:

More than 0.10 per cent, copper.

More than O.Tooz. silver.

More than 0.02oz. of gold.

It is necessary to state that the assay ton indicated by Ledoux
and Co. is the gramme assay ton on 20001b., or 29.166 grammes.
The assay ton used at Mount Lyell is the grain assay ton on 22401b.

It is unfortunate that the same term indicates four different weights.
It is also necessary to point out that the assays for gold are done

Converter Section.

on such samples that the results would be of little value on the

ordinary assay balance, weighing down to 0.001 grain, or even 0.0005

grains. The balance used must be sensitive for a difference of

0.02oz. per ton to 0.0001 grains on half an assay ton sample. The
American balance makers supply button balances, reading to -^
of a milligramme, or 0.000077 grains.

The ordinary assays of ore containing from 2 to 3 per cent, of

copper are scorified for gold and silver, one-fifth of an assay ton be-

ing taken and 1000 grains of lead free from silver and gold. The
scorified button is cupelled and weighed and parted. From. 3 to 5

are run down for one gold button. The first matt*4 is treated in a
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similar manner. For converter matte one-tenth of an assay ton

is taken, five being run down together. Copper in mattes is esti-

mated by precipitation of the metal on aluminium, the separated

metal being dissolved, thrown down as subiodide, the liberated

iodine being determined in the usual way. For the electro depo-

sition of copper in the blister copper assays, gravity crow foot cells

are used for generating the current, the E.M.F. being 5 volts.

For slags the ore is fritted with carbonate of soda, on a sheet of

platinum foil turned up at the edges. The direct decomposition

with acid is not looked upon as reliable. The fritted material is

oxidised and evaporated to dryness after the addition of hydro-

chloric acid. A few drops of sulphuric acid are added. The resi-

due after nitration and washing is weighed as silica plus barium sul-

phate. This is again fused with soda, when soluble sodium silicate

and sodium sulphate and insoluble barium carbonate form. The

former two are washed out with water, the barium carbonate dis-

solved in hydrochloric acid and barium sulphate precipitated.

This is weighed, the difference being silica. Ferric oxide and alu-

mina are weighed together. The ferric oxide is then dissolved,

reduced with zinc, and estimated with potassium permanganate, the

alumina being given by difference. Calcium is precipitated as

oxalate, ignited and weighed as lime.

The percentage of copper extracted in the three treatments, i.e.,

first smelting, matte concentration, and converting from the ore,

may be put down as 85, the silver 92, and the gold shows a variable

plus over 100 per cent. The last is due to the introduction of minute

quantities with the fluxes, and the very minute mechanical losses

sustained, in the gold assaj, particularly ii* the parting, which are

greater than the loss of gold in the blast furnace operations. The

copper ores dealt with run very little over 2 per cent., so that a

recovery of 85 per cent, on three successive treatments means only

a loss of 0.3 per cent, of copper, a vastly different return to 85

per cent, on a 20 per cent, ore in a single smelting, when the slags

with the same percentage loss, as in the previous case, would be

richer than the Mount Lyell ore. No article on Mount Lyell

would be complete without attention being drawn to the un-

paralleled record of this mine. Had not scientific and technical

skill been brought into action, the mine would have fitfully

struggled on in a small way, but without any profit being made.

The result of management has been that 917,511 19s. 8d. has been

paid in dividends since March, 1897. The mine has been opened

up, and a magnificent plant and railway paid for. Unfortunately,
the grade of the ore has declined, but even this has brought out

still more strongly the extending resources of the management, for

while the cost of mining has necessarily gone up, as ore has to be

won from lower levels, the cost of smelting and converting has come
down from the low cost of 22s. 0.03d. per ton to the unbeaten record

of 15s. 6.03d., and the total costs from 1 5s. 8.3d. to 19s. 8.21d.

per ton. Contrast this with Dr. Peters' estimate, an estimate cer-

tainly understated on the methods he recommended, at 1 16s. per
ten. This last difference is due to management, and management
alone. When one contrasts the judicious expenditure of share-

holders' money arid the conservation of their interests at this mine
Avitn the reckless prodigality and the blundering bungles on the

comparatively rich North Mount Lyell mine, it is surprising that
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shareholders in the latter had not their eyes fully opened to their

only hope of salvation.

In concluding this sketch of the Mount Lyell mine, I must ex-

press my acknowledgments to the general manager, Mr. Robt.

Sticht, and his staff. No question was left unanswered, while

every facility was given for acquiring information at the mine and
works. Much of the information given has been taken from a paper
written by the company's officers, entitled "Operations of the Mount
Lyejl Company for the Year 1901-2."
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The North Mount Lyell.

The North Lyell mine is about three-quarters of a mile along the

Lyell ridge, north of the Mount Lyell. The isolated knob is as

characteristic as the famous Crotty's iron blow. The ore from this

mine is quite familiar to me, for years ago, before the present

company was floated, Mr. J. P. Madden sent down many parcels of

ore, and since that time he has very kindly presented the School

(Bairnsdale School of Mines) with many bags of typical ore. The

grade of the ore, its character and methods for profitable treatment,

are therefore not matters of mere conjecture on my part.

The English company was floated in 1897. Out of 500,000 shares

395,000 were held by the vendors in full payment of the purchase

money, leaving 105,000 available for working capital. Of these

45,000 were subscribed for by the directors and their friends, 35,000

were reserved for future issue, and 25,000 offered to the British

public. In other words, the placing of one-twentieth of the mine

in this manner constituted a successful float. After the flotation a

rich deposit of boriiite was struck in some surface excavations, and

the value of the property enormously enhanced. The valuation of

the ore was published in 1897 at a mere million pounds sterling,

while only twelve months afterwards the chairman of directors

stated that a safe estimate to be 5,726,387. Such colossal

figures stimulated the North Lyell directors to enter upon an inde-

pendent career, and apparently to endeavor to outrival the Mount

Lyell Co. The result has been most disastrous. More than

20,000 was spent on a special steamer, which was sold soon after-

wards, more than 30,000 on useless furnaces, more
than 10,000 on a useless concentrating plant, and

more than a quarter of a million pounds on &n unnecessary railway,
v harf and jetty, and probably another one or two hundred thousand

pounds just as wantonly and lavishly expended, and for which

nothing is to be seen. A mine which was floated for so many
shares and so little cash at its command must have been a good
one to stand such extravagance. The area enclosed and worked

is not large, only about 30 acres. The main ore deposits, as at

Mount Lyell, are at or near the contact of the schists and conglomer-
ates. The main ore body, which was struck on the surface, lies

nearly in the centre of the property, and at an elevation of about

1800 feet above sea-level. This consists of quartzites, carrying
boniite and some chalcocite. This ore body has now been sur-

rounded by tunnels down as far as 330 feet, and various connections

have been made right up to the surface, so that the contents and
values are fairly accurately known. This body is from 110 to 200
feet long and from 50 to 110 feet in width. Mainly from this

120,000 tons of ore of an average value of 9 per cent, have been
broken out and sold. A large amount has been removed from this

by an open cut.

The contact schists are bodies of metalliferous schists or tongues,
some 50 feet in length and 20 feet in width, which protrude from the
contact rock into the schists. These are persistent as to depth,
but have not been exploited to any extent so far.
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The third deposit is known as the eastern ore body, and is prac-

tically all the company had to show when the mine was floated.

This has been but little exploited, arid appears to consist of crushed

rock with boulders of rich ore interspersed through it. It may be

a surface deposit of secondary origin. The work done on the mine

consists of No. 1 tunnel, which was driven N.E. for 400 feet, passing

through the eastern ore body at about 150 feet. A crosscut wa-

Vut in west, then turned south-west, and finally in the opposite direc-

tion to that which it started at, in order to reach the rich ore

body. No. 2 tunnel was started 330 feet below the outcrop, and

driven for 860 feet in a north-westerly direction, when the main

ore body was cut. By a circumfcrenting drive, the area was found

to be lenticular in shape, 150 feet being the length and 110 feet

the greatest width. Stoping has been carried on from this level

as well as that above. A winze was sunk in country rock from this

level, and was down 110 feet at the date of my visit, but I did not

'have an opportunity of going down this. The ore struck at this

level is reported to be poorer than that above. The removal of such

large bodies of ore is not an easy task. A wide stope is taken out,

pigsty frames are put in, and the space filled with waste rock from

the surface. Fortunately the country stands well, and allows of

large roofs of unsupported rock. From the open cut a great deal of

the rich ore sold was extracted down to 100 feet in depth. The

bottom and sides of the unworked portion do not seem to be as

rich as the ore underground. Certainly nothing like the original

values. It is a comparatively easy tasTs to fix the grade and quan-

tity of ore available above No. 2 level. So much has been extracted

and sold that the block has been very well sampled. Probably

about 200,000 tons of six per cent, ore might be obtained. Mr.

Muir says certainly 100,000 tons of 10 per cent. ore. It is quite

evident the millions of tons mentioned in the sanguine annual re-

ports have vanished into thin air. I am indebted to Mr. Muir.

the mine manager, for showing me through the mine. It is grati-

fying to note that there is no evidence of wasteful expenditure on

this one essential part of the company's property. It is ancient

history now of how Mr. Muir protested against much of what he was

ordered to do, but in vain. According to official returns, the ore

sold was as follows :

1900 1,782 tons ... 22.46 per cent, copper.

9,461 tons ... 13.88 per cent, copper.

1901 12,494 tons ... 17.33 per cent, copper.

44,249 tons ... 7.53 per cent, copper.

1902 17,970 tons ... 6.5 per cent, copper.

1,698 tons ... 15. per cent, copper.

11,000 tons ... 8. per cent, copper.

The bulk of the ore went to Mount Lyell ;
the balance was sent to

England. The latter had to be bagged, packed on horses over a

fearful road, handled and rehandled, and shipped to England.
The profits must have been most meagre. In other words, nearly

600,000 worth of copper has been taken out of the mine, and the

company has not started yet. In 1900 Mr. J. S. MacArthur, one

of the original directors, supplied a report on the property, and tho

method of dealing with the ore. Mr. MacArthur recommeuded

smelting in large reverberatory furnaces, and the direct conver-

sion of the matte produced by bessemerising. This report was no
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doubt based on inflated ore values, also on the published records of

the work done with similar furnaces in America. But Mr. Mac-
Arthur does not seem to have considered the extra cost of fuel in

Tasmania, or the extra amount required to melt such slags as he

proposed. Mr. L. C. Trent was appointed general manager, and

proceeded to carry out Mr. MacArthur's scheme. A site was select-

ed at Crotty, over eleven miles from the mine, on the King River.

Four great reverberatory furnaces, each 36 feet by 15 feet, with a

Hearth four feet deep, were erected. Each furnace had its own

nuge stack and fireplace for consuming a maximum of fuel for a

minimum of heat. With coke at os. instead of 2 per ton, there

might be some hope of success with such reverberatory furnaces,

provided they had a freely flowing slag. But at Crotty, about 200

tons of coal were consumed per week, and a small amount of matte

was produced at a fabulous cost. Mr. Trent then demanded richer

ore from the mine, but to supply this a large amount of seconds

would have had to be stacked. To get over this a concentrating

plant, costing about 12,000, was erected. Now, of all ores and

gangue treated by concentration this was about the least suitable.

The brittleness and low .specific gravity of the ore, the hardness and

toughness of the gangue, should have shown the merest novice

that trouble Avould occur in crushing, and further trouble in concen-

trating. The plant erected cannot be condemned as a concentrat-

ing plant, but as one wholly unsuitable for North Lyell ore. And
the folly of directors allowing such a plant to be erected can only be

excused on the grounds of sheer ignorance.
The design of the plant is on the catalogue system of Fraser and

Chalmers, and consists of a grizzley which screens out the fine ores,

a breaker which crushes the coarse. The crushed ore passes to an

elevator. After crushing finer in a Blake crusher the fines are

passed through a grizzley, the coarse going on to a sorting table.

Thence the material is elevated to a storage bin, and passes to a

trommel. The coarse ore from the trommel goes to a set of rolls,

the fines to a pit. The ore from the rolls goes to a topping jig,

thence to fine rolls and to a series of three trommels followed by
corresponding jigs. The fines from the pit are also delivered into

the same series of trommels and jigs. The tails from the jigs pass
into two Chilian mills for further trituration. The product from
this mill is passed through a spitzkas.en, the sands going to a table

of the Wilfley type, the slimes going to 18 Frue vanners, each having
belts 6 feet in width. Mr. H. Mackay lias charge of this plant. I

am much indebted to him for his courtesy and hospitality. The return
obtained by this method of treatment, I was informed, was 65 per
cent., which was very good considering the nature of the ore. On
a low grade ore by rushing a large amount through even with a

waste like this, the operation may be commercially the most pro-
fitable. The rolls used wear out very quickly, but for such soft

mineral no other pulveriser could very well be applied. The at-

tempt to slime everything at the finish in order to get good work
out of the vanners shows a woeful state of affairs. Mr. Trent
plunged more deeply when he found that smelting would not do, for

suspecting huge losses with a concentrating plant, he recommended
the addition of a lixiviating plant. He could not decide on what
-system to adopt fortunately for the shareholders. The absur-
dity of sliming nearly all his material for the Frue vanners makes it
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appear that a large portion of the plant was erected for the installa-

tion of these machines, and the suggested after treatment by wet
method shows that the directors must have had more faith in their

experts than fitness for their positions. After the failure of these

schemes, Mr. Trent departed. The next move was to erect blast

furnaces, and start smelting on ordinary lines. Thanks to the skiH

of Mr. H. H. Lewis, the company was given the first glimmer of

hope, since the so-called metallurgical work started. Four bla,st

furnaces were erected by Mr. Lewis. Each of these is 9 feet by
3 feet, by 12 feet in height, and provided with six tuyeres, back

and front. The furnaces are steel jacketed. The blast pressure i*

about 12oz., and the charges are so adjusted that a high grade
matte containing 45 per cent, of copper is made in one operation.

The slags are granulated by a jet of water and run to waste. At
the date of my visit, all four furnaces were running smoothly, and

turning out 56 tons of matte, or a total of 100 tons of copper per
week. The slags were running on the average : Silica (SiO 2-), 42.0 ;

alumina (A1 2O 3 ), 7.0
;
ferrous oxide (FeO), 23.0

;
lime (CaO), 23.0

;

magnesia (Mgo), 3.
; copper, 0.4. Unfortunately, North Lyell ore

does not contain enough sulphur or iron for matte, and also contains

a high percentage of silica, thus necessitating the addition of a

Targe amount of fluxes. The general composition of the good ore

may be stated: Silica (SiO 2 ), 71; alumina (Al 2 Oa), 9; iron, 4.3;

copper, 9.2
; sulphur, 6.5.

In order to supply the iron and sulphur required for a 45 per

cent, copper matte pyrites from the South Lyell mine is fed in with

the ores and fluxes. I was shown over this mine by Mr. J. Ryan,
the popular manager, and also supplied with much information

about the field. The South Mount Lyell mil e adjoins the Mount

Lyell. A shaft was sunk in the former, and a body of pyrites struck

at a depth of 505 feet, and passed through at 630 feet. This ma,sft

is lenticular in shape, being about 230 feet long by 93 feet wide at

the centre. It is similar in composition to the low grade pyrites of

Mount Lyell, but contains less gold. By itself, so far as proved, it

is not payable. The floor of this deposit is about on a level with

No. 8 level of Mount Lyell, but it does not seem as if there was any
direct connection between them. It is clear that this property
should be further prospected, preferably with the diamond drill, of

which too little use has been made on this field. One ton of Soutii

Lyell pyrites are used with two tons of North Lyell ore, just the

reverse of pyritic smelting. Part of the sulphur distils off, and
burns in this case as with Mount Lyell pyrites, most of the remainder

going to form matte. The iron-stone necessary has to be brought
all the way from Zeehan, and costs 20s. per ton. A cheaper loca!

material was used, but the extra cost of that from the Manganese
Hill at Zeehan is more than counter-balanced by the better driving
ot the furnace. The limestone is obtained from a quarry along the

railway line. A system of electrical transmission is used through-
out. A compound engine, 250 horse-power, drives the dynamo,
which supplies the current to motors which drive the concentrating

plant, motors which drive two small Baker's and two large Roots'

blowers. This magnificent plant is under the charge of the elec-

trical engineer, Mr. J. H. Newby. Everything works with the

greatest smoothness, and the confidence in the plant is complete

when motors driving the blowers are not even duplicated.
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Whatever faults might be found with the system of treatment

adopted, none of this reflects in the slightest degree on the staff at

the mine. They are zealous and eager to obtain the best possible

results, and, under favorable conditions, the work done would bring

them into prominence. As it is, shareholders are clamoring for pro-

fits, and any work which does not bring dividends is condemned,
while even bad work on a good mine will give a manager un-

deserved credit. Taking a wider view of the position, it is clear

that the task set the present expert staff is to show how copper or

matte may be produced at Grotty for more than it is worth. I

cannot pretend, and do not pretend, to judge the whole value of this

mine, and the work, from a rapid examination, but the position is

made clear by the amount tf material taken out of the upper levels,

and the manner in which it was taken out. Ores containing six per
cent, of copper may pay to concentrate even if 50 per cent, of the

values are obtained, but such siliceous ores will never pay to smelt

at Grotty under existing conditions. The final outlook for share-

holders from this point of view is a hopeless one.

It is quite possible, and I believe feasible, that many of the low

grade siliceous ores could be dealt with successfully by wet methods.

Mr, MacArthur, during his last visit, erected a small muffle furnace,

and did some experimental work on ton parcels of North Lyell

ores. Mr. Mackay informed me that with salt roasting a perfect

extraction was obtained. I can also state from experiments carried

on at our school on similar ores that good extractions may be ob-

tained at far less cost than by smelting. This work, which should

have been tried first, instead of last, inspired the directors with no

confidence. They had been so long chasing the spot where the

rainbow rested that this was regarded as another ignis fatuus.

The vital question of amalgamation of the two companies, which

is now on the point of fortunate consummation, awaiting, as it does,

only the ratification of the shareholders interested, has been raised

since the commencement of this series of articles. On this sub-

ject, before visiting both mines, I could not form any opinion,

while on the field the matter was only mentioned by a few who were

opposed to it. On due consideration of the whole question, only one

conclusion can be arrived at, and that is in favor of amalgamation.
In our younger days, we all heard of the fable of the cat and the

fox; of how the cat had only one way of escape, but the fox had a

thousand, yet when the critical time came the cat, by the help of her

single shift, ran up a tree, and sat securely among the top branches,

from whence she beheld her neighbor, reynard, who had not been

able to get out of sight, overtaken with his thousand tricks, and
torn into as many pieces by the dogs which had surrounded him.

While this fable may not be exactly apposite to the Mount Lyell and

North Mount Lyell companies, yet the clear road to success was

followed with unerring singleness of aim in the one case, and many
uncertain tracks were dodged about on the other, all leading to fail-

ure. Had either company a clear future before it, there would be

n.o amalgamation ; absorption would take place in that case. If the

Mount Lyell costs come down at the same rate as they have done

"during the past year or two, and even small developments take

place, it is quite possible that many years may elapse before work
ceases to be absolutely profitable. On the other hand, if the North

Lyell costs of production of copper were reduced to anything like
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those at Mount Lyell, large profits would be made, and there would
be no necessity to amalgamate. The ore in both mines has de-

clined in value at a .depth. That at the North Lyell is three times
as rich in copper as the Mount Lyell, but as it cannot be worked at

a profit, while the latter can, the balance is in favor of Mount

Lyell. On the same lines, a reef 10 feet wide, going loz. of gold

per ton, may be more profitable than a 1-inch reef going lOoz. per
ton. At present two per cent, ore can be mined and worked at a

profit at Mount Lyell, while it takes at least eight per cent, at pre-
sent to pay the cost of smelting and realisation at North Lyell ;

and even in a limited time, say, two years, the supply of this ore

would be exhausted arid not a farthing Avould be given back to share-

holders. It is evident, therefore, that the present smelting methods

must bo susperseded by something simpler. Assuming the North

Lyell goes in for pyritic smelting, then it would mean that from

two to three tens of South Lyell pyrites would have to be mixed

with one ton of North Lyell ore. But the South Lyell ore has to

be stoped and mined, and transported by rail. The total cost of

this would not be less than 18s. per ton, while its value in copper
would only be equal to the amount lost in the slags. The mining
and transport of North Lyell ore would not cost less than 18s. per

ton, so that the ore and pyritic flux delivered at the furnaces would

cost not less than 60s. per ton of North Lyell ore smelted. Assuming
that the work from this point can be carried on as cheaply as at

Mount Lyell at present, say, 15s. 6d. per ton, the cost would be

on the pyritic ore for comparison, say, 2 tons or about 40s. for

every ton of North Lyell ore. The bare costs would therefore be

100s. per ton. Now, with copper at 60 per ton, one per cent.,

or one unit, is worth j^y or 12s. Dividing this number into

100, the profitable percentage would be given as 8.3. The gold
and silver values are small, and are neglected in this calculation.

Before a plant capable of doing such work is erected the company
would have to find some hundreds of thousands of pounds, and even

then would be no better oft than at present. On the other hand,

assuming the ore is dealt with by the Mount Lyell smelters, and as-

suming that the Mount Lyell pyrites fed in will just clear all ex-

penses of mining and smelting this, by the way, can be done for a

great deal longer time than by working for profit, quarrying barren
fluxes and feeding those in then the only charge against the
North Lyell ore will be that of mining and transport. Assuming
this to be done for 15s. per ton, it is easy enough to see that profit

nay be made on any North Lyell ore carrying over H per cent, of

copper, or, allowing for losses and extra costs, two per cent. In
other words, were 5 per cent, ore sent down the profit made would be
86s. per ton, with copper at 60; 6 per cent, would give 48s. per
ton; and 10 per cent, would give 96s. per ton profit. This wonder-
ful result is due to the fact, readily enough seen by those who read
the preceding articles, that the siliceous ores in themselves form a

perfect fluxing mixture with the pyritic ores of Lyell. No expen-
sive carbonaceous fuel is required; no addition, except in very small

quantities, of any outside fluxes.

Since the foregoing was written, the two companies have amal-
gamated. The Crotty works have been dismantled, and the whole
of the work is carried on at Mt. Lyell, under the control of Mr.
Sticht.
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flount Bischoff.

There is no need to more than indicate the oft-told tale of the

discovery of "Mount Bischoff as a tin mine. Mr. James Smith,

better known as Philosopher Smith, prospecting alone in the heart

of the hills, discovered a black heavy mineral. This was tested by
Dr. Walker at Table Cape. The doctor smelted it in a crucible, a

shining while metal was obtained, but the sanguine expectations

of the onlookers were quenched on being told that the metal was

not silver. The smelter placed the button between his teeth, heard

the crack of the crystals across each other, and pronounced the

metal to be tin. This was on the 4th December, 1871, or over 30

years ago. Since that time the Philosopher saAv over 2,000,000

worth of tin extracted from the mine and over 1,000,000 paid in

dividends, yet by the irony of fate never received one. Mount
Bischoff itself was discovered before the Philosopher panned off

the tinstone, for the surveyors, more than a generation before, had

actually planted a trig, station there.

In 1872 the Philosopher and Mr. Crosby, who subsequently

became the first manager, with a party of workmen, opened up a

track to the mine, which is about 50 mile.s distant from Burnie,

and in December, 1872, mining was started. In 1873 the present

company was formed in 12,000 shares of 5 each, 1500, and 4400

paid-up shares going to the Philosopher for his two 80-acre sec-

tions. It may be said in passing that those two sections included

practically everything that was worth getting. One pound per
share was called up, it being considered that 15,000 would be

more than ample to open up the mine and put it on the dividend

list. Even after this lapse of time the balance-sheet of the com-

pany states : 12,500 shares at 5 per share less uncalled 7600 shares

at 4 per share, so that Philosopher Smith's shares are the only

paid-ups. The hopeful shareholders forgot about the troubles of

transport, the terrible roads, and the everlasting rains. Little

wonder was it that Mr. Crosby's health failed, and Mr. H. W.
Ferd. Kayser took his place on the 16th November, 1875. The
masterful methods of the new manager, his extensive grasp of the
whole situation, and the vigorous policy he recommended puzzled
seme and alarmed others. His work was severely and adversely
criticised, and it is said that at this darkest and most trying period
the Philosopher cut himself adrift from the company, and sacrificed
his scrip. Mr.' Kayser's work proved to be right; the mine de-

veloped in a most marvellous way, the situation was saved, and
Mr. Kayser's reputation in tin has even since been held by the
shareholders on a higher plane than Bischoff itself. It was not
until February, 1878, that the first dividend of 1 per share was
paid, while over 100,000 was spent before it could be declared.
The banks were evidently good in those davs.

The mount itself is 2598 feet in height, but is only a few hun-
dred feet above the table land at its south-eastern extremity, on
whicJi the township of Waratah is situated. The latter place is

connected with the Emu Bay railway, while the company's steam
tram line runs from the terminus of the line right up to the
mine. On the east, north and west sides of the mount the slope
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is steep. The workings are on the south-eastern slope of the

mount, and a few hundred feet below the summit. The mounc
itself is composed of porphyry, as are a number of dykes which
branch out from it, and which may be traced for considerable dis-

tances. Adjoining this rock are a series of sedimentary rocks, hav-

ing a general strike from N. 15 E. to N. 45 E. These slates are

much indurated and near the contact are transformed into por-
cellanite. The workings at Mount Bischoff include a series of open
cuts or quarries, extending for about half a mile in length, and
from five to ten chains in width. A vast amount of material has

been removed, and it is somewhat difficult to obtain a clear concep-
tion of the nature of the deposit. In the following notes, in addi-

tion to any observations made, information is embodied supplied

by the general manager, Mr. Kayser; Mr. Jones, the Government

Surveyor; Mr. Sheedy, the surface manager; and Mr. Bradford,
who is employed on the mine, and who has written a paper on the

mount for the Australian Institute of Mining Engineers.
The upper portion of the deposit was an alluvial one, and some

of the adjoining claims furnished rich tin ore from very shallow

ground. It is not easy to understand, with the present configura-
tion of the country, how a river or stream could have run over

Mount Bischoff, but when one considers that the basa.lt which
flowed in such extensive sheets over this part of Tasmania must
have filled up all the existing creeks and gullies, and made a table-

land of all the country it passed over, then it will be readily under-

stood that the Waratah River as such did not exist, but that it is

since those times that the present stream has carved out its chan-

nel. The river that ran even in those times must have passed the

mount, and its bed has been plugged up with basalt, so that there

should be a deep lead under this rock. This, up to the present,
has never been satisfactorily explored. Practically the whole

of the alluvial deposits have been removed from the mount. One
face now being worked at the northern end is about 50 yards long,

and has a face about 50 feet high. This, however, will soon cut

out as work is carried on towards the slope of the hill. The ma-
terial consists of boulders, clay and tin oxide, some of the lumps
of the latter being up to a hundredweight in weight. In most

cases the boulders forming the wash are stanniferous, and the whole

lot goes through the battery. A rather interesting feature of this

formation is a small patch of lignite, while just below it is a cor-

responding patch of pyrites, formed no doubt by the reducing action

of the organic matter on solutions of ferrous sulphate. The pyritic

matter is most carefully relegated to the dump. For seven years
from the starting of the mine only such alluvial deposits were

worked. The formations underlying the alluvial are of great in-

terest, and it is a matter of regret that they have not been worked

out in detail. Starting from the south end of the workings an

alluvial deposit, known as the White face, has been worked out

foi a distance of 300 yards across and 200 yards north and south.

On crossing a porphyritic dyke the Slaughter-yard face is reached,

then the Brown face. These two constituted the main sources

of supply for many years past. The workings show that this ore

body is funnel shaped, the funnel itself being surrounded by a dyke

which has emanated from the main mass of porphyry at the mount.

There is a layer of slate of varying thickness between the dyke

and the sides of the funne' Through the Brown face deposit
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1. White Face. ^j
2. Slaughter Yard'Face.

3. Brown Face. - ^3

xxxx
xxxx Porphyry Dykes
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run decomposing stanniferous dykes, which appear to be very basic.

These, no doubt, have been charged with pyrites. These basic dykes
do not seem to be connected with the main mass of porphyritic
material. If they are older then it would seem as if they came
from below highly charged with tin stone, while at a later period
the more acid and less stanniferous dykes were forced upwards.
The Brown face deposit measured about 700 feet by 400 feet, with

an angle slope of about 55 degrees. Besides the decomposed dykes

veins

Fig. 2. Section C.D.
f

already mentioned this funnel is filled with various minerals ar-

ranged in horizontal layers. These minerals are for the most

part loosely arranged, and may be dug out; in fact, the whole ap-

pears in section very must like a sandy drift arranged in layers.

On examination a layer of fine quartz crystals, no larger in dia-

meter than a pin, and each perfectly crystallised, may be seen
;

then layers of black and green tourmaline
;
in other places layerg

of talc, overlying layers of jet black crystallised cassiterite, in

some places so thick that they could be shovelled up almost pure.

Main Tunnel
Fig. 3. Section A.B.

The tin crystals in the whole mint, are usually small tetragonal

pyramids, about one-eighth of an inch in diameter. These are
sometimes isolated, but more commonly appear on the surface or

in cavities of nuggetty masses of oxide. Some pockets in this

drift-like material were extraordinarily rich, one of 150 cubic yards,

yielding 60,000 worth of tin, or at the rate of 400 per cubic

yard.
Just before leaving the mine I was shown a thin seam of

anthracitic looking coal on the hanging-wall of one of the basic
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dykes referred to. Extensive deposits of sulphur were also obtained
from the Slaughter-yard deposit. In addition to this most unique
deposit, which will be discussed later on, there are two well-defined
lodes on the property. The Queen lode lies to the north of the
Brown face

; has a course east and west and underlies flatly to the
south. This lode is a true fissure, having well-defined walls, and
cutting through both slate and porphyry. Its width varied from
one to two feet, and it was worked for a length of 700 feet for
15 to 20 per cent, of tin. In places there was a solid vein of cassi-

terite a foot in thickness. The dressed tin stone from this lode
is eminently adapted for beds for the jigging sieves, since it is

found to wear better than any other variety. Another lode on
the north, known as the North Valley lode, is from one to five

feet in width, and runs in a north-westerly direction, with an
underlie to the west. It traverses slate country. This lode is rich
in tin ore, but carries pyrrhotite, arsenical and iron pyrites. Owing
to this fact it is not at present being worked. On the west side
of the mount, near Tinstone Creek, where the Philosopher first

got his samples of tin, lies the West Bischoff lode. This has been
traced for n\ore than half a mile, running in a northerly direction,

Fig. 4. Seams of Cassiterite in Slate.

and underlying to the west. From the upper levels splendid

yields were obtained, but the presence of pyrites frightened people.
This lode is now being worked by the West Bischoff Tin Mining Co.

While it is not safe to speculate too much upon the origin of such

ores, yet if a correct explanation or true theory of their occurrence

is propounded, it may be of service in guiding working operations,
and be of importance when dealing with new deposits. In the

first place a coarse grained rock, such as Mount Bischoff is largely

composed of, is held to have been formed under great pressure, so

that there must have been hundreds of feet of overlying rocks, pro-

bably similar to the slates and sandstones that surround it now.

The various rock minerals crystallised out under great pressure
and at a very high temperature. The heat applied was not a

dry heat, but the material was mixed with vapors of metallic com-

pounds as well as water vapor. These vapors were prevented from

escaping by the enclosing magma, which in its turn was kept under

by the overlying rocks. In places the overlying strata gave way,
and sheets of igneous rock would protrude. Sometimes the sur-

face rock would fissure, and through this fissure would be forced in
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u. few moments the liquid rock from below. This material, in

cooling so rapidly, would differ from the main mass in that the

various crystals would not have time to separate out. It is pro-
bable that under conditions of high temperature and great pressure
the tin Avould exist as to fluoride, arid on a decrease of temperature
and pressure would react with water to form new compounds; in

other words, stannic oxyfluoride and water would produce stannic

oxide and hydrofluoric acid.

Sn 2 F 4 O 2 + 2H
?

= 2SnO a + 4HF.
The hydrofluoric acid thus liberated, in its turn might attack

silicates, converting orthoclase felspar, if iron were present, into

tourmaline
;

in the presence of lime it would form fluor spar ;

while any silicate of alumina, such as exists in clay or slates, would

be transformed into topaz. Another element which is invariably

associated with tin ore is boron. It is likely that it also plays
an important part in bringing about the solution and deposition
of stannic oxide. At Mount Bischoff there is abundance of the

green and black tourmaline, while beautiful radiating bunches of

topa,z crystals may be obtained from the southern end of the

workings. I was also shoAvn a sample of fluor spar.

It Avould thus appear that the present mountain 'was formed

under a mass of slate or some other overlying rock that it is

possible for sheets of intrusive rock, even at that time to have

reached the surface, but that a.ll the rock at present showing was

a great distance below it. It is plain even now that many of

those intrusive masses never reached a level as high as the present

surface, for dykes have been struck by a low level tunnel, which

do not appear on the surface at all. It also appears to me that

the ring-like dyke, enclosing the Brown face deposit, had reached

a point below the surface, which admitted of ready fracture, and

that the various tin laden vapors had free access to the bulk of the

material in the funnel-shaped opening through which they were

escaping. This material was to a great extent redissolved and

crystallised or altered and crystallised. On the eastern side of

the dyke, where a short tunnel has been put it, some very fine

seams of excellently-crystallised cassiterite stand out prominently.

These would represent the deposits left by the vapors or solutions

escaping readily through the slates. The fact that the Queen
lode cuts through both slate and porphyry makes it evident that

fissures formed subsequent to the main porphyritic intrusion were

filled in the same manner. In such a case as this the time that

elapsed between the first heating and the final cooling down may
have been equal to or greater than that which takes place even

now in our modern volcanoes. A few centuries is but a few days
for geologic action.

Subsequently the old fissured and cracked surface was the weak-

est and most easily worn surface. The very mountain top became

the bed of a stream in bygone years. As this wore its way down

in successive ages it actually flowed over almost the whole length

of the famous deposits, thus sluicing and wearing away the lighter

materials and allowing the heavier cassiterite to cfrop down. The

outlet of this stream has already been indicated. Thus it was that

the mine which was worked for seven years as an alluvial mine,

and from which masses of almost pure oxide, weighing as much as

a ton, were obtained, was situated right over the top of perhaps

the richest, and most easily won, lode ore in the world. The
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The White Face. Ore Shoots and Bins for Loading the Trucks.
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ground is opened up by stripping off the peaty surface. The
water-worn boulders which underlie this are usually stanniferous,

so they go to the battery ;
the clayey materia.1 is sluiced away, and

the semi-washed product sent to the mill. In cases it is sent

direct. The ground is then opened up on the benching system up
to the Avails, but as these have a slope steeper than the angle of

repose the ore is knocked down. To adopt the benching system
here would be like building a staircase without nailing it to any

supports. There would be a danger of the whole lot crumpling

up at any time. Bars are driven in above, ropes are hung over

to the men, so that in case of any slip in the ground they are always
available. Men pick down large quantities of the fairly loose

material, which runs down to the bottom of the bench. It is there

trucked, hauled up an incline, and sent down to the stonebreakers

should this be necessary. It is not apparent why the low tunnel

beneath this level should not have been made use of. In the

Brown face and the Slaughter-yard face the material is so soft

that almost the whole of it may be shovelled. The decomposed

gossany dykes are also soft, while the cassiterite i noarse, gritty

and crystalline. The hard white dykes enclosing the ground are

being worked at the southern and western extremities, but, judg-

ing from the comparatively small amount of material removed

from them as compared with the huge amounts taken from the

softer material, it is evident they were rather looked upon as dilut-

ing agencies. Prospecting tunnels have been put in. One has

been driven longitudinally under the main workings. This has

or.ly revealed small veins of pyritous tinstone. The western

crosscut, driven under the summit of the mount, revealed nothing
of importance, the porphyry, of which the mass of the mount is

made up, proving barren where cut through.
The Queen lode will soon produce pyritic materials with the

tinstone, while the North Valley lode is unworked because the

pyrites are there. From all this it is quite evident that so long

as the soft, easily-worked formations last, the yields can be equal-

ised, but when these are done, and that will not be very long, a

much more difficult problem will be presented, and one which is of

vast importance to the whole of Tasmania and of vital importanoe

to Mount BischofF. That is the treatment of hard rock carrying

only a small percentage of tin and a cheap, effective treatment

of tin stone carrying pyrites.

The diagrams given to illustrate this article are approximately

to scale.

No. 1 shows a plan of the Mount BischofF workings, the Queea
lode and the North Valley lode, as well as the West BischofF lode.

The tramway from the mine to the works is also shown.

Fig. 2 gives a longitudinal section through the main workings.

The whole of the ore towards the mount has been practically

removed, and it is only the lower portions of the deposits 2 and 3

which remain.

Fig. 3 gives a section from the mount across the Brown face.

The stoping sides of this appear much steeper than is shown in

the figure. The lowest excavation or bench marked Y is no great

distance above the main tunnel driven under the formations. The

soft, rich formation, dies away before this is reached, so that the

amount available is limited.
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Fig. 4 shows the small seams of cassiterite in porcellanite as

exposed in a small cut on the eastern side of the porphyry dyke.
Mt. Bischoff was worked for many years for alluvial tin. During

that time, as may readily be understood, many tons of tinstone

specimens were exposed. In December, 1876, a five head battery
was started, and during that month 187 tons of tin oxide were pro-
duced. This amount was increased to 250 tons in August, 1877.
With a mine developing so rapidly additional machinery became

The Brown Face. Trucking Ore.

necessary, and another 15-head was added in 1879, while in the

early eighties this was increased to 75-head. While there are

many points which critics have been severe upon with regard to this

plant, such criticisms have no weight when considered apart from
local conditions. The weight of the stamps and the fact that
there are plants of the same type as the main one, erected to

19
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deal with the sand which escapes from the first, do not seem to

accord with our modern notions. The explanation given by the

manager puts the matter in a very different light. The stampers

fully weighted are really 8cwt., and this was certainly a full weight

stamp twenty years ago. Owing to the shortness of water in

the summer half shoes only are cast, so that the whole plant can be

kept going. A great deal of the material is soft and is discharged

by mere agitation. With regard to retreatmeut, it is explained

that if the top sheds were doing all the work there would be no

necessity to retreat the tailings, but owing to the water becoming

thick, due to the presence of clayey matter and oxide of iron,

a portion of the finer tin ore would float away if such treatment

were repeated at the upper sheds. The water is used as
j>ften

as

possible, but it was not considered advisable to have finality of

treatment here, but deemed a better plan to allow this escaping

material to accumulate and re-treat it with clean water at the

lower sheds. The nature of the ore also has to be carefully con-

sidered probably the bulk of the material does not need much

crushing at all, as delivered in the trucks it is a clayey or sandy

material. A great deal of the gossany material from the Brown

face is semi-soft. Some hard material in the shape of stanniferous

boulders in the wash and from the Queen lode, and faces of hard

porphyry give enough rock to facilitate the escape of the clayey

material from the stamper boxes. The high duty per stamp, 4i

tons per 24 hours, is due to this, and also to the coarseness of the

screens, which are woven wire 14 mesh.

The row of waterwheels is not looked upon with favor by the

modern hydraulic engineer, but their existence is justified on the

ground of simplicity and suitability, the quantity of water avail-

able being large and the fall comparatively small. The waste

water from one wheel is made use of wherever possible to drive a

wheel below.

While it is an easy matter to criticise severely and adversely,

it is doubtful whether any other class of machinery would have

dealt so successfully with the large body of ore, over six million

tons, treated, and over sixty-one thousand tons of oxide won. Sa

far as x\ustralasian practice is concerned, there is no doubt that

the Bischoff mill was far in advance of anything of its kind' at the

time of its erection. Since that time minor details have been

perfected, and men who have grown up on the works have become

so accustomed to each machine that the best possible work is got

out of it.

So far as mere theoretical considerations go the winning of tin

stone or cassiterite from its gangue should not be a difficult one, but

even now, after centuries of experience, it is doubtful if as good
a percentage extraction is obtained as with most other metals. We
only know what is won

;
but what is lost is seldom if ever accurately

known though often put down, knowingly or unknowingly. Sup-

pose an ore runs 1 per cent, of oxide
;
this amounts to 22.41b. per

ton. A return, let us say, of 16.81b. is obtained, or 75 per cent.

This leaves 5.61b. in the tailings which is only one-

quarter, or .25 per cent. which appears low when ex-

pressed this way. Should this amount exist as specimen tin, i.e.,

grains of sand with visible adhering grains of oxide, then the

ordinary test of crushing and vanning will show a large proportion
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of it, but should it pass away as slime, then beyond a certain limit

no expert will save it on his shovel. He may consider that because

he gets exceedingly fine slime in a careful test that he can save any

tin oxide, no matter how fine
;
but this is utterly fallacious. Now

since no satisfactory method for assaying small quantities of tin in

large quantities of sandy material is adopted at dressing estab-

lishments, any positive statement as to losses is not to be relied

upon.
It is often stated that since the tailings from any particular

mill cannot be profitably worked that it shows there was no loss in

the original treatment. Of course it only shows that the method
of treatment adopted the second time, or the knowledge of the

user of it was not sufficient. Should a profitable return be ob-

tained with even cruder appliances than those used the first time

BATTERY 2ohead

. . T

TT
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Waste sand

SLIME TABLES

5 DRESSING TABLES
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it shows there is something radically wrong in the design or working
of the original plant.

Cassiterite, or tin stone, as is well known, has a formula SnO^,
and when pure contains 78.6 of tin and 21.4 of oxygen. If pure
it should be white or a light grey. The dark color of most of the

specimens is due to oxide of iron. From a great number of

assays quoted by the metallurgist for Mt. Bischoff it would

appear that the results run from 72 to 73 per cent, of metallic

tin what the metal admixed with the tin is is not stated. The
oxide has a high specific gravity, viz., 6.8 to 7.1, on account of

which it may be concentrated so readily, but on the other hand it

is as hard as quartz and much more brittle, so that in pulverising

it, much is reduced to an impalpable powder or slime. Were the
oxide disseminated in particles invisible to the naked eye through
a hard rock it would be a very difficult matter to save even as
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much as 50 per cent, of it. When it is in coarse lumps, if those

lumps can be freed from gangue without much pulverisation, most

machines can deal effectively with it. The finer it becomes the

more difficulty there is in saving it, so that a stage is at last reached

at which it would be about as easy to pan off gold leaf from grit as

tin slimes from sand. At Mt. Bischoff they have been fortunate in

being able to save the greater portion of the oxide in a coarse

state, and their efforts have been directed to saving as much as

possible in a coarse condition, only when compelled to, sliming the

sand to obtain the balance. One drawback to Bischoff dressing is

Kayser's Patent Ore Dresser. Plan Sheet II.

the large amount of clayey material which tends to remove by
mechanical action particles of even fine clean tin ore. As show-

ing the relative yields in coarse and fine the jigs save from 60 to

75 per cent, of the total, the buddies 4.75 per cent., and the slime

tables 15 to 20 per cent.

The ore as broken at the mine is roughly classified, all the coarse

material going to a couple of stone breakers on the mine itself. The
whole of the ore is transported in trucks along a steam tram to the

works. These are situated on what must have been at one time
-the base of a waterfall, the creek falling rapidly below them. The



AUSTRALIAN MINING AND METALLURGY. 197

high table land covered with basalt terminates abruptly on the

cliff high up above the works. Occasional boulders of basalt

become detached and threaten the works below. Beneath the

basalt is a yellow clay, and much difficulty was experienced in build-

ing huge retaining walls and making floors and buildings on a site

which must have been a tangled mass of great stones and scrub.

The result is that all materials flow by gravity, and there is no

Kayser's Patent Ore Dresser. Plan Sheet II.

re-elevation of anything except the final product the dressed oxide
of tin. The plant is divided into two sections, one of 15 and
die other of 60 head. The 15-head battery seemed to be made use
of for dealing with rich ore, the 60-head for the great bulk of the
material.

The boxes are of the ordinary Australian type, woven screens

having 14 holes per linear inch being used. The false bottoms.
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or dies, are almost on a level with the bottom of the screens, thus

giving a high discharge. The crushed material after leaving the

battery passed into 'a small Spitzlutten, having an upward flow to

wash out the fines. The coarser products were delivered at the

F,d

Kayser's Patent Ore Dresser. Plan Sheet III.

lower end of the box, the fine slimes overflowing to a slime settling
box. The coarser products were treated in a jig of the Hartz

type, the details of which are shown on Sheet 3. The coarse tin

saved from the first compartment was absolutely clean, assaying 73
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per cent, metallic tin. From the second compartment the coarser

grains, still containing oxide of tin as specimens, pass into ar

second jig, the tails from each passing on to a huddle.

The jigs are divided into four compartments, two for the

\

Kaysers Patent Ore Dresser. Plan Sheet III.

plungers, whose stroke is given by an eccentric, and two compart-
ments parallel to these, which are used for concentrating the ore.

The first plunger compartment ajid the first concentrating com-

partment are open to each other below, but the former is closed
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Horizontally above by the plunger and its compartment; the con-

icentrating compartment is divided off horizontally by a screen, on

which rests crushed tin ore of larger size than will go through the

-mesh. The whole vessel is filled with water, the crushed ore is

run over the bedding of tin oxide on the sieve, a rapid and short

throw is given by an eccentric to the plunger. This has the

effect of setting up a pulsating movement in the water, part

of it being forced up through the screen slight ly lifting the bed
;

che heavy crushed mineral finds its way between the particles of

oxide, while the lighter material is carried upwards and swept over

the second concentrating compartment of the jig. The heavy
material at the next stroke finds its way through the mesh of the

screen, and drops down into a hopper shaped rec5S below, from

which it may be drawn off by raising a plug. Mr. Kayser has

introduced a frame for stiffening the screen, and yet not constrictir.g

its area, which is a great improvement on the usual type.

The coarse waste tailings from the jigs pass on to a buddle. This

is shown in plan and section on sheet IV., and consists of a circular

concave table 18 feet in diameter. Pulp is delivered evenly on

to the outside edge of this, and runs towards the centre, where

the light worthless material escapes. The heavier material settles

on the surface of the buddle. In order to preserve an even sur-

face, and to assist in removing the worthless sand, a series of

scrapers are provided. These are suspended from eight radial

arms, which are attached near the centre of the buddle to carrying
arms by means of a hinged joint or piece of steel spring, and at

the other end are suspended from the arm by a screw fitted with a

hand wheel, so that they may be elevated or depressed. There

are a pair of scrapers placed close to each other on every arm.

These are all set with their forward edges projecting inwards, and
are arranged systematically from the outside on the first arm to

the inside on the last one, so that in a complete revolution of the

arms the whole surface of the sand is scraped. A vertical spindle,

resting in a footstep, carries the arms and tie rods for their support,
also the radial pipes spaced between these for supplying the budclie

with an even feed. The arms revolve about six times per minute.

The sand, according to its composition, accumulates on the sloping

surface, and the workman in charge gives a turn to each wheel a.s

it revolves slowly past him. This gives a higher surface for the

sand to concentrate upon, and the process is repeated until a layer
several inches in thickness is formed. The buddle is then stopped,
and the accumulated material dug out. A section of it is kept aa

a tell-tale, for he fineness of the laminations will at once show how
the raising wheel has been manipulated.
The coarse sand from the buddies is ground in a Chilian mill, or

practically reduced to slime. It then passes on to a slime table

shown on sheet V. On this the material is concentrated to a cer-

tain extent. The concentrates are further enriched by a repeti-

tion of the process on a similar machine. It then passes on to a

final machine of the same type known as the cleaning table. On
this only the heads are kept, the tails and middle products being

swept aAvay. The slime table consists of a convex table 16 feet

in diameter, having a fall of 1 inches per foot. The tables arc-

substantially built. The under part is a framing of sixteen

struts, joining below on a vertical spindle, and supporting at their
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other extremities the joists to which the flooring boards

of the buddle are attached. These flooring boards are put on

in sixteen sections, each board forming a tangent to the circle that

a series of them surround. A second flooring above breaks joint

with the under set, and gives a surface which may be planed off

very accurately. In order to give a more perfectly even surface,

the tables are now covered with a composition. A slow motion is

given to the table by means of a worm wheel. The diluted slimes

are fed on by a fixed pipe over one section of the table. If the

Kayser's Patent Ore Dresser. Plan Sheet IV.

table were at rest the waste material would simply run off below
the point it had reached the table, while the heavy slimes would
lie on the surface near where they entered. Now. if the table

slowly revolves the concentrates will be carried round beyond the
reach of the water, which, as before, would sweep the slimes away.
These would preserve a straight course down the surface of the

table, as if it were at rest, but at the same time would be carried
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round a distance equal to that which the table would revolve, while

the particle was moving from the inner to the outer circum-

ference. With reference to some fixed plane below, say, the

ground, the path of the light particle would have been a curve. The
heavier products still clinging to the surface of the table are

treated with an additional supply of clean water, which further

frees them from gangue, and finally concentrated material is all

swept off the surface of the buddle as it revolves around to meet a

Kayser's Patent Ore Dresser. Plan Sheet IV.

jet under high pressure. The concentrates so obtained are fed

on to a cleaning table, where much the same process is repeated.

However, in this case, after the concentrates are brought round

on the table, for a certain distance, a jet of water is so directed

on them that the middle product is swept away, and the rich tin

slime alone saved. It would seem as if there were some loss in
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this operation since it would be hard to cut out the whole of the

oxides of iron and pyrites, and leave the tin oxide.

The slimes from the battery and from all overflows where they

are not specially treated are run into spitzkasten, sheet II. The

nne material is thus sized, the coarse particles settling in box No.

1, where the stream is rapid. The coarse material is drawn off,

and run on to a slime table. The current, owing to the larger

area of cross section of No. 2 box, is much slower than in No. 1,

consequently a further settlement of slimes will take place. These

are drawn off, and treated on a separate slime table, similarly with

No. 3 and No. 4, while the issuing water flows away almost clear.

The method of classifying by size before classifying by weight is

very successful here, for tin slimes are saved which take hours to

settle in still water. But after all efforts to catch this floating

material there must be a considerable portion which eventually

^scapes. The dressed material is still not clean enough, and the

final operation of tossing has to be gone through. This is done in

the dolly tub, an ordinary strongly made tub. The ore is gradu-

ally fed in, water being present, and the whole is tossed or worked

round with a shovel after the manner of the alluvial miner, when

puddling. So long as the shovel is kept going, some hundred-

weights of oxide may be kept in suspension. Tossing is kept up
for some time, after which the grains are allowed to settle, this

being facilitated by tapping on the outside with a hammer, the

water being kept in a state of vibration. This operation at Bis-

choff is performed mechanically. The coarse and heavy ore settles

to the bottom, leaving sand of lower specific gravity above. The

water is drained off, the top layers scraped off, and saved for

redressing and the concentrated tin ore bagged up. A very in-

genious method of elevating the slimes and intermediate products

requiring redressing by means of a jet of water under considerable

pressure is made use of. This has the advantage of giving an

even feed at a trifling cost.

The upper portion of the Mount Bischoff plant may be said to

to consist of crushing appliances, jigs, buddies, Chilian mills, slime

tables, and dressing tables, with the tossing tub to give a finished

product. More than a mile further down the creek are the ring-

tail works, Mr. H. Fooks being in charge of these. The sand com-

ing down the creek is impounded in two dams, No. 1, the upper,
and No. 2, the lower. No. 1 is allowed to slowly fill. The sand

in this is run into No. 2, and No. 1 allowed to fill again. No. 2

affords a sufficient supply to last for some time. The material is

run on to the buddies described, there being six of these. Each
three supplies concentrates for a Chilian mill. The slimes from

the Chilian mill are gradually enriched by being passed successively

over fire dressing tables, the product from each one being lifted

automatically by a jet elevator on to the next. The product from

the last one goes to the cleaning table, thence to the dolly tub.

In spite of the large rainfall, owing to elevated position of the

works, the natural water supply is unreliable. A series of reser-

voirs has been built, guaranteeing a fairly constant supply. It

would seem as if more power would be available by making use of

the fall down the creek. It must be many hundreds of feet to

the mile. In that case any surplus of water must be relied upon
to shift the tailings fcc the ringtail works.
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Kayser's Patent Ore Dresser. Plan Sheet V.
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There is a well-equipped engineering shop in connection with

the works, also a foundry, so that all the work requisite can be

done at short notice. The whole of the extensive works are under

the charge of Mr. Quinton, the acting manager, and it was a plea-

sure to see such a large, almost automatic plant working so

smoothly. It is hardly necessary to say that the spirit of the

designer is still paramount.
An interesting comparison between the noted tin mine in Corn-

wall, the Dalcoath, and Mount Bischoff for 1901 may be made.
Both mines were producing about the same grade of ore, viz., 2 per
cent. Bischoff is now nearer 1 per cent. :

DALCOATH. MOUNT BISCHOFF.
Authorised capital .. ..350,000 .'- ..60,000
Paid up .. - ,,.

:>.. v. 303,6671811 .. .. 29,000

Balance from June 30th, 1901 750 12

Profit half-year, December 31st,

1901 16,273 18 8

..46,803 2

Interest

31,671

378

Total .. .. 17,024 10 8 ..78,852 1

Less written off as under :

Depreciation of machinery and

plant

Loose plant .. .. '';;.''

Development of mine

Difference .. '.'.
'

..

Less dividend 6d., 2 per cent.

Balance forward

2,333 13 2 Plant .. 3,585 9 1

445 2 9 Races and

dams . . 411 10 9

6,153 7 3 Horses, &c. 66 2 3

8,932 3 2

8,092 7 6

7,481 6 3

4,063 2 1

74,789 11 11

611 1 3

Do. Dividends.

6,000

6,000

6,000

6,000

4,500

4,500

No.

292

293

294

295

296

297

Black tin sold, 1033 tons 13

cwt., value h

Dividend = 114.14% 33,000

41,789 11 11

Income tax .. .. 1,650

40,139 11 11

July 1st to December 31st

632 tons 14cwt., valued

at 120 per ton for tin

71,133 14 1 55,800
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There is certainly a vast difference in the returns. Mount

Bisohoff made a profit of 31,670 on an output of 55,800, while

Dalcoath only made 16,270 on 71,133. The comparison is in-

teresting, so far as figures go, but the difference in cost of produc-

tion would be found in underground work and hauling, as against

surface quarrying. The hardness of the rock is also an important

factor in milling. The duty per stamp of the Bischoff plant would

only be a little more than half of what it is now were hard rock

alone being crushed. Independent of this the cost of production

is remarkably low, as is attested by the following figures:

s. d.

Mining, including new works and maintenance 28.221

Filling, hauling, and emptying trucks . . ..... . . 6.026

Crushing, dressing, and maintenance of plant . .

v

. . . . 9.600

Slimesheds
'

^. ,...-...;,-,... 01.228

Kingtail sheds ;*..,, ;,>. 02.072

Management and supervision .. .. ....... .. 6.370

Plant, including all machinery . . .._'.; 3.075

Development and progressive works . . . . . . 2.063

Waterworks -.0 .305

Ore bagging . . . . . . .374

Sundries .." -.0 .868

Stores.. .. .. ...
' V. /. 5.226

5 9.428

The plant diagram gives an approximate arrangement for each 20-

kead of stamps at Mount Bischoff. With the falling off in the

grade of the ore and the alteration in character, the relative num-

ber of concentrators need not be as great as indicated.

The Mt. Bischoff Company is the fortunate possessor of tin

smelting works which deal with the whole of the ore produced from

the mine and most of that produced in Tasmania. The works are

situated in Launceston because the only saving in freight effected

oy having the works on the mine would be 30 per cent, on the ore,

while the carriage of coal and materials Avould amount to more

than the total weight of the ore. At Launceston the works are

eentrally situated for the whole of the tin districts of Tasmania,
and the ores from the various mines may be economically smelted

oy judiciously blending them.

As pointed out in a former article, the tin smelter requires the

oxide of tin as pure as can be obtained. The great weight of the

oxide (sp. gr. 7) fortunately favors the tin dresser
; yet the weight

of the meta], only having a sp. gr. of 7.3, is against the metaf-

lurgiat who desires a, metal much heavier than his slag. The
oxide therefore is packed into proportionately less space than the

metal itself, and probably this is in some way connected with its

hardness. The metal melts at a very low temperature 230 C,

very much below contrary to generally received opinion the melt-

ing point of lead. When melted it is very fluid and Avill run like

water into any crevice. At a very high temperature it will boil

and take fire, the oxide forming passing away as a white powder.
It alloys with almost every other metal, and if only metal, sulphur,
or arsenic, is present when in the smelting furnace, the reduced
tin will take them nearly all up and be rendered impure. Not
only are foreign metals objectionable, but owing to the fact that
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oxide of tin acts both as an acid and a base, any silica present when
heated with it will form a silicate of tin, which on smelting with

charcoal or coal alone is not reduced to metal Similarly if a

base such as soda is present it will unite with it to form a stannate

which is also not reduced. A corresponding action is said to take

place with lime.

It will thus be seen that if silica is present it combines witn

part of the oxide of tin to form a slag. The problem at once arises

of what material should the furnace be constructed. If firebricks

are used there must be a loss through the oxide attacking them
;

if dolomite bricks were used they also would be attacked, and pro

bably would not be hard enough to stand the mechanical opera-
tions in the furnace. The use of a more neutral compound, such

as bauxite, naturally suggests itself. So far as I have been

able to learn this material has not yet been used, but fire bricks,

most of which go to form tin slags, are solely relied upon. I

am quite sure that at such progressive works as are at Lauuceston,
a trial would be made of these bricks if they were manufactured
from the vast deposits of bauxite in New South Wales. The tex-

ture, shape and edges of such bricks, would for mechanical reasons

Tiave to be perfect.

Given a fairly coarse pure oxide of tin the metallurgy of it is so

simple that even the Chinese are able to extract more than

90 per cent, of the metal with their crude furnaces. The Romans
also were able to recover a high percentage of metal by simply

making a small hole in the ground, filling this with charcoal, heat-

ing with the aid of a bellows, and then feeding in alternate layers
of tin ore and charcoal. The natural outcome of this was to build

a short shaft furnace, and these most primitive furnaces are in

use at the present day as they were in use in Cornwall three hun-
dred years ago. Even a century ago in Cornwall, these shaft

furnaces 6 feet high, 2 feet square at the top and fourteen inches

at the bottom, the bellows nozzle or tuyere being 10 inches from
the bottom turned out about a ton of tin in 24 hours. The
smelter even in those times had to return 70 per cent, of tin from
all the oxide brought to him. The Chinese also in the Malay
Peninsula are able to obtain high yields from stream tin by smelting
in small circular furnaces, made of clay held together by bamboo
staves and hoops in fact an ordinary barrel well lined with clay
and stood on a tripod, would serve well enough to smelt pure ores

in. The blowing is generally done by means of a crude force

pump, the barrel of which is made from a hollow bamboo stem. A
long piston, fitted with flap valves, worked by coolies supplies the

draught. This method of smelting gives a very pure tin, for the
stream tin as a rule is not contaminated with arsenic, sulphur, and
such noxious materials. The temperature attained is not so high
as to readily assist in the reduction of iron, while the charcoal
fuel used introduces but little impurity into the reduced tin, while
the metal, when once reduced, flows away rapidly. The lining of the
furnace does not seem to be attacked at the same rate that the
bottoms of the reverberatory furnaces are, consequently less slag is

formed.

Shaft furnaces could not be used on very fine ores or slimes on
account of the loss in dusting, so that as mining progresses and
alluvial mining gives way to lode mining and reduction of large
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quantities of hard rock for small quantities of tinstone the rever

beratory furnace must take the place of the simpler shaft furnace.

The reverberatory furnace for tin smelting originated in Cornwall,

and was much the same in construction as at the present. The

object of it was to have one compartment in which the tin oxide

and charcoal or coal were mixed, and another for burning fuel to

supply heat to the former. The furnaces used by the Mt. Bischoff

Oompany are of the Cornish type. There are six of these, each pair

being connected to one stack Mr. Latta would prefer a separate

stack for each furnace. The external measurements of the

hearth are 12 feet 9 inches by 15 feet, the fireplace projecting 6 feet

beyond this and being 6 feet 6 inches in external width. The
interior measurement of "the hearth, which is oval, is 13 feet 3

inches in length by 9 feet 8 inches in width, and of the fireplace

4 feet 6 inches in width and 4 feet along the length of the furnace.

The ash pit is open from the end, while the fuel is fed in from the

side. The fire bridge is 2 feet wide. There are tAvo feeding and

rabbling doors on one side, the discharge hole being on the opposite

side. The arch, which is only 18 inches above the floor, the fire-

place, and the side Avails, are built permanently, but the hearth

is built so that it may be replaced many times during the life of

the furnace. The whole of the parts in contact with the flame are

built of the very best English fire bricks, the outside being of

ordinary brick, the furnace being held together by means of the

usual iron rails and tie rods. For the bottoms of the furnace,

longitudinal girders are put in. On these rest a number of cross

girders, all being of railway rails packed close together. A thin

bedding is laid down, and on this the bottom, consisting of single

fire brick on edge, is packed in. The slightest crevice left would

allow the molten liquid tin to stream through, so that special pre-

cautions have to be taken to have all the joints tight ;
their faces

should fit like sheets of glass against each other. When they are

all laid down the surface should have an even slope with a 5-inch

fall towards the tap-hole. These bottoms only last three months.

About a couple of feet below the floor is an inverted brick arch

floor designed to catch any tin which may escape. The method
made use of at the Straits for catching the drip tin is a vault 8

feet deep under the hearth. This is filled with water so that metal

is granulated in dropping through. Escape pipes 18 inches in dia-

meter are provided for any sudden outburst of steam, but it is

stated explosions never occur if the vault is kept full of water. The
Avater is pumped out once per week and the granulated tin collected.

The products of combustion pass through a short lateral flue from
the end of the furnace into a stack 7 feet 6 inches square external

and 4 feet 6 inches square internal dimensions at tVip base.

The Mt. Bischoff ores contain notable quantities of oxide of iron,

and if smelted by themselves would produce a ferriferous tin. The
alluvial ores are somewhat silicious, and if these were smelted

alone Avould give a silicate of tin, but by a judicious blending of

the tAvo the silica and the oxide of iron combine, giving a high-class
tin and better yield than either AA*ould produce. The furnace is

first heated
;
then a mixture of SOcAvt. ore and lOcwt. small coal is

thrown in and the air excluded. The first reaction will consist in

the distillation of the coal, leaving the fixed carbon, since the tem-

perature AA'ill not be high enough for the reaction.
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Sn O 2 + C = Sn + CO,.

At a higher temperature this reaction is probably brought about in

two stages first the contact of the carbon and oxide of tin give

Sn0 2 + 2C = Sn + 2CO,

then
2CO + Sn 2

= Sn + 2C0 2 .

The mixture is rabbled several timesr and in about eight hours the

action is complete, the metal sinking and a slag rising to the

^urface. During that time the temperature is maintained by sup-

plying fuel to the fireplace. The total coal used is about equal

to the weight of ore for pure ores.

The melted charge is run into the well or float and allowed to

cool slightly ; the slags are skimmed off. The furnace is heated

strongly for another hour, and the slags still remaining there are

melted, run out, and reserved for further treatment. Another

charge is immediately fed in through the side rabbling doors, the

skimmings from the refining of the previous charge are thrown on

top, and the doors luted up with clay and the process repeated.

About 40 tons per week are put through each furnace.

The tin is ladled from the float after standing in it for about

an hour into the refining kettle. This is simply an iron pot about

5 feet in diameter, standing between a pair of furnaces, any un-

fused residue in the bottom of the float going back to the furnaces

with the next charge. As soon as the kettle is full, green billets

of wood attached to an iron frame known as a cage are lowered

into the molten tin. A heavy weight attached to the upright
arm of the cage causes the wood to sink when lowered with a

block and tackle. A vigorous boiling at once ensues, due to the

steam and gases evolved from the wood. When the action slackens,

fresh pieces of wood are lowered in and the process continued until

the tin is considered to be refined. The dross is skimmed off from

time to time. The time taken is from two to four hours.

What the action of these gases is has not been satisfactorily

proved. Most text books on the subject state that an oxidising

action goes on and that the various metals are oxidised and float to

the top. Mr. Latta, the metallurgist, holds that no oxidation

takes place, but that various impurities held by the tin are mechani-

cally removed by the vigorous churning action which goes on. It

certainly seems as if his opinion is the correct one, for at the

temperature of the molten tin it does not seem as if water vapor
could be decomposed. If it were decomposed the hydrogen and

oxygen liberated would be in a balanced condition, which is not

favorable at that temperature to either exerting any chemical ac-

tion on outside substances. In fact, with the distillation of the

Avood the action would appear to be more of a reducing than oxi-

dising one.

After refining the wood is withdrawn, the surface skimmed, and
the metal ladled out into moulds, each holding 751b., any residue

in the bottom of the kettle being put to one side for retreatment.

The tin so obtained is very pure, assaying 99.8 per cent, metallic

tin. The purity of the metal is tested not by analysis, but by

casting a bar 2 inches square and 6 inches long. This is nicked

across the centre, and the ends doubled round until they meet.
Should the metal be pure, the arched surface will show a smooth

silky lustre. If the grain is broken in the slightest, or if it is

20



210 AUSTRALIAN MINING AND METALLURGY.

The Ringtail Sheds, Mount Bischoff.
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at all rough and shows small pitted holes, the metal is not pure,

and would be condemned. It only requires a minute proportion

of impurities to spoil the best tin. For instance, l-10th per cent,

of lead, or 2^1b. per ton, would ruin tin for market purposes; also

a trace of arsenic. It is utterly absurd that the tin smelter

should have to waste his time in order to produce a pure metal

-hich is seldom used in a pure state. Nearly all the tin produced

goes to form alloys, or is used for the preparation of tin salts used

in dyeing. If used for tinning iron, there surely can be no objec-

tion to having a trace of iron there: if for bronze, a small amount

of copper would not hurt it, while if used for solder or making salts

the lead already present would not be objectionable in either case.

In the former it would only need a little less than usually required,

while in the latter it either would not dissolve or could be got rid

of readily. It would seem that any excuse is good enough for

the buyer to take a large slice off the legitimate price of the metal

and the remedy should lie in turning out a finished article instead

of sacrificing the raw material. Some elements such as sulphur

and arsenic are highly objectionable, and in the case of these

it is essential that they should be got rid of by some preliminary

process before the ore goes to the smelting furnace, for once they
enter the tin there is no process that, up to the present, has been

discovered to remove them.

The slags formed only bear a small proportion to the amount of

tin reduced, consist of silicate of tin, and contain numerous small

shots of tin and an alloy of iron and tin the bulk of the material

being locked up as silicate. This runs up to 20 per cent, of tin.

These are broken down to about 2 inch gauge, and a charge of about

25cwt. is mixed with about 5cwt. of small coal and Icwt of lime,

and if the slags do not contain oxide of iron either scrap iron or iron

ore is added. This is kept at a high temperature for about 10

hours. The slags formed are complex mixtures, but assuming the

bisilicate is present the action of the iron and lime might be re-

presented as follows :

Sn Si 3 + CaO = SnO + Ca Si Oa,
and Sn O + C = Sn + CO,
or Sn + Fe = Sn + FeO,
and FeO + Si O 2

= Fe Si O s .

Should there be an excess of iron, and this is usually the case, then
an alloy of tin and iron, known as hardhead, forms. With an
excess of lime there would be a danger of forming stannates, from
which the tin Avould not be reduced by charcoal alone. The slags

tapped from this operation run about 5 per cent, of tin, but it is

not profitable to work these over again, although they could be

reduced to 2 per cent. The metal that runs out is largely alloyed
with iron, and this is thrown on the ore charge, the iron being
oxidised and then removed by the silica present. The total loss

of tin in a 72 per cent, ore is from 1.6 to 2 per cent. The com-

pany buys large quantities of oxide, there being a deduction of 2

per cent, for loss on 72 per cent, ore and over, 3 per cent, on 65 pe:

cent., and so on, the percentage loss necessarily increasing with
the admixtures in ores a 45 per cent, ore having 7 per cent,

deducted. No base metal ores are taken, for the company has
had a high reputation for its tin, and obtains the highest market

price. The cost of treatment is slightly under 2 per ton.
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The methods of assay adopted are first to obtain an even sample

by running a sampling rod through each ore bag the total samples

being mixed and ground. An assay sample is taken, treated with

hydrochloric acid if it contains iron or oxides of iron, the residue is

then mixed with four to five times its weight of potassium cyanide

and run down in the usual way. Mr. Latta emphasises the fact

that pure potassium cyanide must be used the ordinary 100 per

cent, cyanide so commonly sold nowadays is made up of impure

potassium cyanide mixed with cyanide of sodium. The latter, on

account of the lower equivalent of the metal to cyanogen, serving

to make a material which contains as much cyanogen in 100 parts

as if it were pure potassium cyanide. This material often contains

finely divided iron, which, of course, enters the tin. Many pots

also are too porous for tin assays, and the highly fluid metal often

finds its way into the material of the bottom of the crucible. The

methods recommended by Hoffman, to heat the crucible until white

fumes just rise, is the only guide one can get with regard to tem-

perature. A very low temperature is as bad as a very high one.

Mt. Bischoff tin ore Alluvial tin ore

containing iron. Small coal, containing silica.

Even with a cyanide assay the percentage of tin present should be

high.

The method of assaying tin slags is to fuse the finely powdered

slag with caustic soda in a silver crucible. Dissolve in hydro-

chloric acid. Evaporate to dryness to render silica insoluble, the

tin being again dissolved in hydrochloric, the silica filtered off, and

the tin precipitated with sulphuretted hydrogen and converted into

stannic oxide and weighed as such. Mr. Latta states that the

tin does not volatilise under these circumstances as chloride, the

excess of salt formed preventing it.

It is not out of place to draw attention to the need there is for

some speedy wet way method for the determination of tin in ores.

The first trouble is to obtain a solution. The method with car-

bonate of coda and sulphur very seldom gives a complete solution

with one fusion. The same may be said about caustic soda, and

the fluorides the last compounds being objectionable in any
case. The reduction with hydrogen is never satisfactory, and in

that case it is better to mix the ore with an equal bulk of finely

divided charcoal. This gives a better chance for the hydrogen to
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ac:, but even this in the presence of much silica is not to be relied

on. Neither is the method of dropping the ore into fused potas-
sium cyanide, then decanting the clear solution off and dissolving

the reduced tin. I found the most speedy method of obtaining
a sohition \vas to take about three or four grammes of sodium

peroxide, place in a small nickel dish about 2 inches in diameter,
mix about half a gramme of finely powdered oxide of tin, by means
of a stout platinum wire. Seize the dish in an iron tongs and melt
at a dull red heat over a bunsen burner, giving a circular motion to

the dish to prevent settlement. Heat in this way for about five

minutes, then give a stronger heat dull red for about three min-
utes. Wash out with water, dissolve in HC1, taking precautions
to prevent spitting. It will be found a complete solution is

obtained. The stannic chloride was reduced with metallic iron,

any arsenic, antimony, or copper being precipitated, the solution

filtered and evaporated to dryness to remove silica, and the tin esti-

mated as before as oxide. A volumetric method is needed. Another
method of decomposition is to fuse some metallic sodium and drop
the ore containing oxide of tin into this. The tin is instantly

reduced, and alloys with excess of sodium, but the action is some-
what vigorous. Slags may be attacked by powdering them finely
and heating with strong hydrochloric acid in a sealed tube
heated up to 200deg. C. The tin as silicate or metal passes wholly
into solution. A plan of the plant operating at the Mt. Bischoff

Smelting Works, Launceston, is given with this paper.
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The Anchor Tin Mine.

As an example of a low grade tin proposition successfully worked
1 have selected the Anchor mine. This is situated at Lottah, one

of those picturesque spots on the East Coast, between St. Helens

and Scotsdale. Not far away are the well-known alluvial mines, the

Briseis, Brothers, Pioneer, all of which are producing large quan-
tities of tin. While in the same run of country as the Anchor
are the Australian, Liberator, and other low-grade propositions,

which will probably be worked for centuries. On perusing various

reports on the subject the origin of these stanniferous rocks is

differently accounted for by the various geologists for the depart-
ment and also Prof. Ulrich. The last-named pronounces it to be

a stockwork in the granitic mass, or mineralised zones or bodies

in the country rock which have no boundaries in depth and longi-

tudinal extent, and may have none laterally. In other words,
much the same as a blotch in the granite which carries tin, while

the surrounding granite is barren. Both Mr. Montgomery and the

late Mr. Thureau looked upon these formations as stanniferous

dykes, which burst through the granite, but while there is a

marked difference in their appearance to the surrounding rock, they
do not possess the characteristics of invading dykes. Mr. Twelve-

trees holds they are due to alteration in the original granite owing
to the ascent of vapors finding their way through certain fissured

portions of the granite. These vapors or solutions contained fluor-

ine, which has led to the alteration of so many of the original

granite minerals. The granite may be more silicified, secondary
talc abundant, chlorite also present, while fluor spar and even

fluor apatite is abundant in some places. The changes are made
evident by the more or less alteration of the original granite into

greisen, and it is noteworthy where this has taken place that

cassiterite is more abundant. As Mr. Twelvetrees points out, the

irregularity of the outline of the stanniferous rock and the pre-

sence of floors as well as the structure from side to side, is alto-

gether against the theory of a dyke formation. I am not, how-

ever, prepared to accept Mr. Twelvetrees' conclusions in full, for

it is hardly likely that such tin-bearing solutions ever got to the

surface that existed when such action was in progress. Conden-

sation and deposition would go on when temperature and pressure
were lessened. It is also just as likely that below a certain limit

no deposition ever went on to any great extent. In other words,

assuming that such emanations occurred from some saturated re-

gion below, and that solutions and vapors arose, they would only
do so through small fissures, but on rising to levels where the

pressure was less would force their way laterally into every open-

ing, altering the rock as they went. They need not necessarily

rise to the surface, nor need there be any great lateral extension

of their action below the particular level acted upon. In this way
stockworks could be accounted for, and it would appear that so far

as terms are concerned such a description fits these deposits better

than any other. Such speculations are of very little use except
a> guide to future operations. If these were to extend down in-
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definitely of the same richness as at the surface the engineer's task

would be a happy one, fpr he could frame his estimates with cer-

tainty. But it would be as well to remember that similar forma-

tions in other places have given way to barren granite at a depth,

and not build too much hope upon their probable vertical exten-

sion. In the case of the Blue Tier deposits, the difference of eleva-

tion between the various mines which are all working on the same

class of material is over 1000 feet, so that if the various levels

correspond to those which existed when the tin was deposited the

problem of working down to the bottom of the stockworks may be

left to future generations. There is such a large extent of country

here, and if it can be shown that such ore as exists can be worked

profitably, a large amount of capital will be available. So far as

surface work goes the field has been very well prospected. The

Anchor mine was worked for more than 20 years. Up to the end

of 1892. 30,734 tons were crushed for 288 tons of tin ore, or 0.937

per cent. For 21 months ending June, 1901, 111,167 tons were

crushed for 434 tons tin ore, or 0.39 per cent. Corresponding

amounts have been treated up to date, so that it will be seen

that a large amount of material must have been available.

The workings are on the side of a hill some 700 to 800 feet below

the roadway through Lottah township. The whole of the material

is quarried out in benches, and everything goes to the mill. The

lowest excavation starts from the working level, and is carried on

into the face of the hill for about 120 yards by about 40 yards in

width, the height being from 50 to 60 feet. The second face starts

immediately over this higher up the hill, and is about 40 yards by
50 yards by 50 feet high. The third face is over this again, and is

about 100 yards by 30 yards wide and runs up to the slope of

the hill at the surface. More faces may be got above this, so that

the amount of material available is colossal. During previous times

much of the stuff must have been picked, for bare boulders stick

out on part of the workings, while pot holes were put down and

patches rooted out of the working floors; but under the present

management, the evidences of erratic and unsystematic methods

of opening up are being quietly effaced, so that in a very short time

an even grade ore will be produced at a minimum of cost.

The whole of the material removed might be taken from a

granite quarry so far as appearances go. Hundreds of tons could

be looked over without seeing a specimen as good as some of the

poorest at Mount Bischoff. The rock is a little softer than granite,

but appears to hare gained in toughness what it lost in hardness.

It is porphyritic in appearance, quartz crystals through a felspathic

matrix, most of it stained a light green with chlorite or rendered

greasy looking by talc. White mica occurs in patches, the material

being greisenised. and here the best tin occurs. The oxide of tin

is present, as a rule, in fine crystals sparingly disseminated

through the rock. A trace of copper pyrites also is present, as

well as traces of phosphate of cerium and other elements of that

group.
The ordinary mining operations do not need much description.

The benches are continually being pushed backwards, each floor

maintaining its level. As each face becomes inconveniently high
another bench is opened up higher up the hill, and work pushed
on as before. Holes are jumped, charges put in, and the material
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Anchor Mine. Ore Dressing Sheds
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shot away from each face on to the floor below. Large stones

are popped, smaller ones broken with hammers, and the whole

of the material trucked away, rails being laid to any point of the

workings. All the men were well distributed, and there was no

wasted effort in unnecessarily handling materials; in fact, it was
a case of navvying rather than mining, and left little, if any. room
for lowering costs. The broken ore is trucked in a horse tram to

the breakers, of v. hich there are two No. 4 Gates. The material

drops into a hopper of small size above each crusher, is worked into

the breakers, and drops automatically into a hopper, thence to

trucks below. These are run down a tram line to the battery

hoppers.
The crushing plant consists of 100 head of stampers, in two

sections of 50 stamps each, both sets being in different sheds and
not in line. One plant was designed and sent out from England ;

the other, which is an exact copy of it, was built in Launceston

by W. H. Knight. Each five-head battery has the usual Victorian

style of box, the dies being about half an inch below the level of

the screens. The latter are punched, having 100 holes per square
inch. Each stamp, weighing 8cwt., is run at 96 blows per minute
with a 7-inch drop. These are fitted with a key and cotter

tappets. Each five head is belt-driven from a countershaft, which

runs the whole length of the building, so that it may be discon-

nected without interfering with the others. A Challenge feeder of

the ordinary type supplies each five-head with broken ore from
a 300-ton bin arranged behind the line of stampers. The feeders

require very little attention, and work in a satisfactory way.
Water is fed into the box, each stamp being supplied separately.

This arrangement is good, for it tends to give a more even distri-

bution of sand within the box. The issuing pulp is led away from
10-head by a launder to a hydraulic separator, the coarse sand

going to a pair of jigs, each having two compartments and run

at 170 strokes per minute, with a 3-16th inch throw. The finer

sands are led away from the bottom of another classifier to a pair
of jigs running 170 strokes per minute and having one-eighth inch

throw. The concentrates from these jigs and also from those from
each 25-head of stamps are run on to a Frue vaniier provided
with a corrugated belt. The heads from these go automatically
to a settler, the heavy portion going to a hydraulic separator, the
dressed tin oxide from this going to the ore bin. The tails from
the jigs pass on to a buddle, one for every 25 stamps. This huddle
is 16 feet in diameter, with a slope of 1 inch to the foot, and re-

volves five times per minute. The surface is stirred by a pair
of rakes and a pair of brushes made of native grass sweep round
after these. The whole framework may be raised or lowered by a

hand wheel working a screw which presses on one end of a lever, the
other being under the framework of the buddle. From this buddle
the tails run to waste. The tin oxide caught on these buddies
differs from that at Mount Bischoff in not being encased in grains
of sand, or specimen tin, as it is called. The heads from two of

these buddies go to a fine buddle; the heads and middles from
this go to a dressing vanner, the tails to waste.

The overflow from the classifiers above the jigs containing the
sand and slimes passes into a series of pointed boxes, which are

arranged parallel to the line of stampers from side to side of the
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building. There are sixteen of these boxes, each 25 head supplying

eight. The overflow from each end of the series is led into another

settling box, the overflow from this passing to waste, while the

settled slimes, together with those from the spitftnsten, are fed

on to seven Frue vanners. The vanners are supplied with plain

belts, and run at 160 shakes per minute. The tails from these

slime vaniiers pass on to seven vanners lower down, while the tails

from the latter go to waste. The heads from the vanners go to

a dressing vanner, where they are cleaned up, the tails pass over

a second dressing vanner, the heads from this pass over the slime

dressing vanner again, the tails going to waste. The coarse tin is

cleaned in a hydraulic separator, which is a simple, yet effective

contrivance. A circular tub 20 inches in diameter

and 26 inches high is partitioned off horizontally by
a diaphragm made of perforated plate with ^-inch

holes spaced Hnch apart. On this lies a brass screen, No. 12, and
over this a layer of hessian. The screen is 12 inches below the top
of the box

;
an overflow launder leads out some 4 inches below the

top. A pipe let in near the bottom of the tub supplies a stream

of water under a 12 feet head. The cleaner is filled with oxide,

water turned on, and any light material is carried away. The
cleaned tin oxide goes to the ore bin, the tails to a settler. From
this they go to the tossing tub, or, if not clean enough, to the

hand-buddle. The overflow from the settler goes to the tail race.

The slime concentrates from the dressing vanner go to the hand

buddle, which is a rectangular inclined plane ;
the concentrates

are fed in at the upper end, and swept down by an even stream

of clean water. These are continually brushed upwards with a

light broom; the heads settle near the top, and are cleaned in a

tossing tub. The tub in this case is placed at an angle against the

wall. The tin is fed in first, a hose is turned on, and it is puddled
with the shovel, then allowed to settle, the usual knocks being

given. The top is scraped off, and in course of time the pure tin

oxide obtained. About half a ton is dressed in two hours. The
middles and tails from both these appliances are settled, then re-

treated on the square buddle. Nothing is allowed to escape until

it is redressed.

The final product assays over 70 per cent, of tin. The plant
is driven automatically by two Pelton wheels 5 feet in diameter,
which drive each 50 head of stamps and two Pelton wheels 18 inches

in diameter, which drive the concentrating plant. The supply pipe
is 16 inches in diameter, the head of water being 382 feet, the

gauge pressure being 1601b. per square inch.

This mine and plant are exceedingly interesting, since about

the cheapest mining, milling, and concentration in Australia are

done on a fairly large scale. The tonnage for the fortnight pre-

ceding my visit was 5142, working six days per week. The amount
of oxide of tin won was 11 tons, or .21 per cent., a little more
than l-5th per cent., or 4.71b. of tin oxide per ton of ore, having
a net value of less than 3s. 6d. Yet this wonderfully low return

in terms of gold, about 20gr. p t showed a profit of more
than 100 per fortnight. The whole of the work was done tor less

than 2s. 9d. per ton. It must be remembered that although the rock

is quarried from open cut, it is a hard, tougli granite, and that

the stampers are not of such weight best capable of dealing with
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large quantites, and that Frue vanners are most delicate machines,

which can only be worked properly by those paying a lot of atten-

tion to them. All these drawbacks serve to make the work done

on this mine all the more creditable and noteworthy. Only five

men are employed per shift for the 100 head. These include one

shift boss, two vanner men, and two feeders. On the day shift

two dressers and five boys extra are employed.

fTf

General Arrangement of Plant. Anchor Mine, Tasmania.

The use of water as a motive power has helped considerably to

reduce costs, but with an adequate supply the possibilities of the

Blue Tier are enormous. The Mining Department is doing excellent

work in compiling accurate information concerning the rainfall and

water supply of the watershed in which these mines lie.

The manager of the mine is Mr. Lindesay C. Clark, formerly

manager at the Mount Lyell mine. The illustrations show the mine
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shortly after the 100 head of stampers was erected. The open
cuts are now where the logs may be seen lying above the sheds.

The plan of the general arrangement of the works is given for

each 50 head.

1. Stonebreaker.

2. Ore bins.

3. Challenge feeders.

4. 5-head stamps.
5. Hydraulic classifier.

6. Coarse jigs.

9. Fine jigs.

10. Spitzkasten.
11. Overflow settler from Spitzkasten.
12. Frue vanners for Spitzkasten slimes.

13. Frue vauners for jig concentrates.

14. Frue vanners for tails from 12.

14A. Frue vanrier for dressing heads from 12 and 14.

15. Coarse buddies.

16. Fine buddle.

17. Hydraulic cleaner.

18. Settlers.

19. Hand buddle.

20. Tossing tub.

21. Ore bin.
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The Cornwall " and * Hayne's
"

As typical of two types of tin ore bodies, the present article is

devoted to the property known as the Cornwall, and to that known
as Mayne's. They are both easily reached from Zeehan. being from

seven to eight miles distant. The former is on the Ring River,

a tributary of the Pieman. It may be readily reached by taking
the North-East Dundas tram for about eight miles and then strik-

ing across a high ridge the Commonwealth Hill for about a

couple of miles, the country crossed over being serpentine, granite,

and a much indurated slate
;
in the last the tin lodes occur. Stream

tin mining has been carried on for years in the river, and its

branching tributaries. It is somewhat surprising to see the small

prospect that is payable. The oxide is worth about 8d. per lb.,

so that a yield of lib. to the dish, which is not uncommon, means
an equivalent of 4gr. of gold. Were it not for lost time and the

discomforts of life in this rainy region, many of these creeks would

attract a great many more "tin scratchers," as they are locally

called. On the north-east coast of Tasmania, where tin is more

widely distributed, one regrets to see the industry mainly in the

hands of the Chinese. In prodigal times the dogs were allowed

to eat the crumbs that fell from the master's table, but in the

lean years any country that has not the leavings of more pros-

perous years to fall back upon, will need a workhouse or its

equivalent. It may be said there are no leavings when these

human scavengers get to work. The good and the bad fields are

despoiled not only the crumbs but the loaves themselves are

taken. A few local storekeepers benefit in the meantime, but

nil at the expense of posterity. To judge from the sleek appearance
of John on the East Coast, his endeavor to appeal' on equal t-erms

with those whom he lives amongst, his lines must have fallen in

pleasant places. It may be the remembrance of him in Victoria

which has led the Zeehan miners to politely request any Oriental

arrival to take his departure by the next tram and, marvellous

to relate, this people who are in this respect a law unto themselves,
have been obeyed. The result is that no Zeehan streams are

worked by Chinese, as they undoubtedly would otherwise be.

In the vicinity of the Cornwall mine many huge masses of oxide

of tin were found. Some of these are said to have weighed close

upon a, ton. Efforts were made to discover the matrix which

yielded such masses, and several lodes have been opened up.

Tiie most peculiar of these is the Cornwall. The outerop is near

the base of the Commonwealth Hill, which rises to a height of

over 1000 feet. The lode, for the various exposures, will probably
be found to be on the same ore body, shows out prominently in

section by a cutting across its outcrop ;
is between 20 and 30 feet

from wall to wall. This consists of a banded structure, the seams

of which stand out in ribbon-like structure. It is only oxidised

in part, the balance consisting mainly of pyrrhotite or magnetic
pyrites. A small vein, only 2 or 3 inches wide, of arsenical pyrites
of secondary origin, cuts through the centre of the lode. A tunnel
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has been driven on the hanging wall for about 40 feet. For about

20 feet it is in a gossan carrying oxide of tin, but beyond this

the sulphides make again. Some of the gossan is very rich, but

o! course no great quantity has been opened up.
A shaft seems to have been sunk near the open cut, but work

appears to have been discontinued there on account of the appear-

ance of dense sulphide ore. A short distance below the upper

level, between 20 and 30 feet, a lower prospecting tunnel has been

put in. This is shown approximately on the plan. After driving

40 feet a vein, said by Mr. Waller, the Assistant Government

Geologist, to consist of decomposed axinite, was cut. At 86 feet

a fault was met with. The course of the tunnel was then altered,

when it met the lode almost at its intersection with the axinite

vein. It was driven across at an angle for about 40 feet, being
in dense solid sulphides all the way. A small branch tunnel was

driven from the bend in the tunnel. This struck the lode at a dis-

tance of about 20 feet.

The axinite vein clearly represents a fault plane, which was sub-

sequent to the formation of the lode, for there has been a throw

towards the south, showing that the lode after its formation was

broken across and the southern portion has slid vertically down-

wards, thereby causing the lode to first appear in the hanging wall

of the fault and to continue on the footwall when driven through.
Mr. Waller, in his report, has put the main facts before the reader

very lucidly. He has also had the advantage of studying in detail

similar occurences in the district; but if his conclusions are correct,

then the owners of the mine must believe that the axiuite vein

bears much the same relation to their lode as the indicators do to

the gold reefs at Ballarat. In other words, Mr. W'aller believes

that the tin-bearing solutions with the pyrites came up through the

fissure now filled with axinite, and that such solutions spread out

wherever they could along the most porous and soluble

beds of shale, the lode itself being looked upon as being
formed through metasomatic replacement of a finely lami-

nated shale the laminations being due to the structure of the

original shale. Should this be correct, one could not hope for

any great lateral extension along the shales, and in all probability
the richest part of the lode Avould be that cut through. Further

prospecting should, according to this view, be rather along the

line of axinite itself than in the line of the ore bodies. The other

possibility, that the tin-bearing solutions ascended the channels

in which they subsequently solidified, appears to me to be a more
reasonable supposition, for it appeared to me that the fault plane

represented by the axinite vein was formed after both pyrites and

tin oxide were deposited. The banded structure is due to much
the same cause as the laminations in our reefs. A fissure may be

rapidly filled and the material which filled it will be uniform from
side to side. Should any further movement take place solutions

will be forced along the line of greatest weakness, which will be

one or other of the walls". These solutions in their turn deposit
their metals, which may be different from those originally de-

posited. Generally also a small amount of the wall of the first

filling will be included between that and the second
; similarly

another film of slate or graphitic material or fine pyrites between
the second and third, and so on until action ceases. It has always
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appeared to me that the presence of gold or other minerals in

one particular lamination could only thus be accounted for. Simi-

larly for this lode, it was not suddenly formed, but layer after

layer was filled up, each layer slightly different from its neighbor,

V
Plan of Cornwall Mine.

and the presence of the included indurated shale is due to its

laminations peeling off with each ascending solution like the leaves

of a book. Almost the whole of the 40 feet driven across, which

by the way, is at a considerable angle with the strike of the lode,

and therefore does- not represent its true thickness, is in dense
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pyrrhotite with the seams of black tin oxide showing from top to

bottom. Were the gangue quartz or some non-metallic mineral

it would be one of the richest tin lodes discovered, but the fact

of such heavy sulphides being associated with the oxide of tin

a' once pulls down the percentage, of metal by weight and makes
the treatment much more expensive. Picked samples could be

selected, which would give almost any return, and various esti-

mates have been given of the value. When the stone is exposed
to the weather for any time the surface is tarnished to a dull

copper color. This film effectively obscures the richness of the ore.

In order to get an approximate idea of the value of the stone

about three or four pounds of chips were collected all over the

heap. These were ground and assayed, and gave 2.03 per cent,

metallic tin. None of the oxide was visible in the stone that is,

none of the laminated seams apparent in the lode. So that the

result is probably below the true value. It certainly looks much
richer. An assay even if taken across the lode at present with the

greatest care would not do much to develop the mine. The lode

should be driven on into the hill, and since every foot of driving
would be adding to the backs, the value of the ore, the extent

of it, and the machinery required could be decided upon. It is

reasonable to suppose that near the upper levels a considerable

amount of gossan carrying cassiterite exists, but at present sur-

face prospecting is rendered difficult by the growth of timber and
scrub. While a certain portion will, no doubt, be oxidised, it is

worthy of note that this form of pyrites pyrrhotite is but very

slowly oxidised, and in many places throughout Australia I have
seen it unaltered even on the tops of hills, only a few feet below

the surface.

The treatment of such an ore as this may very glibly be got
over by those who have not tried it in actual practice. Crush it,

concentrate it, get the tin from the beads, roast the middles, and
let the tailings go is the general advice given. Such a method
would mean failure for this mine. Crush, roast and concentrate

would be nearer the mark where all the material is, practically

speaking, a concentrate extremely difficult to detach from the

oxide of tin. With most Cornish ores even when pyrites are

present the physical nature of the ore is widely different. Even
at Mount Bischoff the treatment of the sulphides is a much simpler
task than they would be on this mine, and so far, although an

elaborate plant costing some thousands was put up years ago, near

Mount Bischoff, this branch of the work is severely left alone. This

is only mentioned to indicate a very important piece of work
remains to be done in Tasmania, and if the Cornwall Company
successfully leads the way a new era will commence in tin mining.
There is no reason why it should not be done, and assuming certain

costs :

Per ton.

Mining and development 15/-

Breaking and pulverising 3/-

Boasting 8/-

Dressing 21-

Incidental expenses 2/-

1 101-
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With tin at 100 per ton, it would require 1.5 per cent, material

to pay expenses. So if this mine should open up even as well as

at present a handsome profit could be made with tin at its pre-

sent price. Of course, after a time working costs would decrease,

but it would not be safe to assume a lower estimate for a start

thaai that given and it would be still more unsafe to erect ma-

chinery before the mine is opened up.

The other mine referred to is of a widely different character.

A large extent of country, comprising Mount Agnew and Mount

Heemskirk, is composed of granite, and is tin-bearing throughout.
The country is covered with button grass to a great extent, and

the ground for the most part shallow. With the discovery of tin

many years ago many limited liability companies were floated, and

the results to the unfortunate shareholders were such that Heems-.
kirk got a name as unenviable as Chillagoe. In reality the field

never seems to have been properly tested; most of the money
seems to have gone in the erection of batteries and appliances
to save the tin which was not even prospected for. In one case the

battery site was actually on a stanniferous lode which was never

tested, while nearly a generation afterwards men were busy carry-

ing material from the opposite hillside not 200 yards away and

obtaining highly payable results of tin. About seven or eight
miles on the road from Zeehan to Trial Harbor lived Mr. John

Mayne, who was able by farming, dairying, combined with a little

tin scratching, to make a living for himself and family. He knew
what tin was, for he was surrounded by it, and had worked at

Mount Bischoff for some years. His boys wanted a holiday, so

he gave a provisional promise that if they could show him a claim

yielding a pound of tin to the dish, they should have it, as well

as a cash bonus. The boys never went more than 300 yards from
the house in which they had lived for years, got a prospect from
the base of an uprooted tree, and earned their reward. The father

and sons started to work, pegging out a comparatively small area,

for they then thought that in such a patchy place they would
soon work it out. As time went on discoveries were made which
caused the fortunate owner to form a different opinion. A small

pot hole on the side of the hill, only a short distance from his

back door, gave nearly 1000 worth of metal. A couple of men
could have easily taken all the stuff out in a day. Lode after lode

was opened, giving pounds weight of oxide to the dish, and with-

out having done as much sinking as a wombat would have gone
through in the time upwards of 30 tons of oxide were extracted

by the most primitive means. For this surface show the fortunate

owner wanted 10,000 cash and a large interest, and, according to

report, he has since got it. There are other blocks beside the 18

acres from which the tin was won, but those had not been pros-

pected to any extent at the date of my visit.

The area pegged out includes a section of Pykes Creek, and
the lodes in it are in an indurated slate from 10 to 20 chains from
the contact with the main granite mass forming Mount Agnew
and Mount Heemskirk. The slates are converted into porcellaiiite,
while dykes of green tourmaline run in a direction approximately
parallel to the line of contact. These dykes are more or less

stanniferous. The most extraordinary part about these deposits
lies in the appearance of the oxide. In no case ii* it black, but of

21
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a dirty grey color, resembling cement. On first looking at the

decomposed material forming the lode, even an experienced tin

miner would pronounce it barren, but Mr. Mayne, dish in hand,

most eager that no false impression should be created, advises you
to pan it off and "to look at the gravity of it." Sure enough there

seems to be as much oxide as dirt, and yet it is difficult to tell

Sketch Plan of Mayne's Mine.

which is which probably even the "gravity" will not prevent the

slimed oxide from floating away in large quantities.

So little work had been done on the property that it was not

safe to judge whether the extremely rich prospects obtained were

due to the material of the lode or decomposition and wearing down
of the surface; probably they are due to both. Neither was it

evident which way the lodes were running, except perhaps the

one marked No. 3 lode on Mr. Waller's plan. This appeared to

continue across the creek for a distance of about seven chains. There
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also appeared to be other lodes, one below and one above, parallel to

this, all trending in a westerly direction, with an underlie to the

north. The hole from which the rich samples were obtained yield-

ing many tons of oxide are marked A and B. The bearing of this

lode could not be stated with precision. If as given in the plan
it will cut the east and Avest lodes. Some of the oxide occurs in

nuggets up to 201b. in weight. These are also grey and most of

them have at least on one side a mammillary surface which appears
to have been superimposed in layers. The rncst important feature

in connection with such a deposit as this is that while for years
the granites themselves have, been prospected and worked, it is the

contact or rocks near the contact which have yielded the most

metal. Mount BischofF may be taken as an example, and here

r < ^anie holds. The indurated contact rocks containing such

material as tourmaline, topaz or flourine minerals in this extensive

area should be carefully prospected.

While at Zeehan Mr. H. Castle showed me some splendid

samples of rolled boulders containing 'oxide of tin and black tour-

maline which were put to one side when sluicing far tin on the

Stnnley River. Five hundred tons of this rich material are said

to be stacked. No doubt undiscovered lodes exist in that district

also. A considerable quantity of monazite or phosphate of cerium

is said to accompany the tin.

I desire, in concluding this article, to express my indebtedness

to Mr. F. Borley and others, who spared no pains to give me accu-

rate information, also to draw attention to the excellent reports
on the Heeniskirk tin ore deposits by Mr. Waller. There, will be

a great future tor this district when every man has the technical

knowledge necessary to enable him to deal with his own product.
Io is most regrettable that rich tin ores should be sacrificed because

they contain a little pyrites. The need of a School of Mines at

Zeehan on the lines previously suggested becomes more pronounced
than ever.

Since writing about the troubles connected with the treatment
of oxide of tin associated with sulphides of other metals, Mr. John
Ditchburn, the manager of the Mount Bischoff West Tin Mining
Company has supplied me with the following details: The ore

from the mine is crushed in a ball mill, the coarser materials pass-

ing to a coarse jig, thence to a dressing jig ; the finer material goes
to a fine jig. The overflow from the classifier passes to spitzkasten,
and thence on to a pair of Wilfley tables, followed by a settling

tank, the slime from which goes on to a Phoenix weir table. The
concentrates obtained are roasted at Merton's furnaces in Mel-

bourne, the product then being sold to the Smelting Works, Syd-
ney. The assay of the concentrates reaches 70 per cent, and over,

and what is more satisfactory still is that the deductions made
are very small indeed. For instance, with stream tin 70 per cent,

at 24s. 9d. per unit, the Mount Bischoff West Company was paid
for 68.6 per cent., only H per cent, being deducted, the rate being
24s. 6d. per unit, or a deduction of only 3d. per unit. The cost of

treatment also is put down at 1 per ton. It is further satisfac-

tory to note that the company is working at a profit, which is all

the more creditable after tackling and being successful with what
other companies have failed over. The directors of the company
are Messrs. A. T. Robl, H. Resales, T. D. Merton, W. R. Warren,
and Colonel Elliston.



228 AUSTRALIAN MINING AND METALLURGY.

The Tasmanian Smelting Company.

The Huntington-Heberlein Process.

The works of this company are situated in the centre of the rich

si'ver lead ores of Zeehan. The site was chosen about a mile from

the town and along the Zeehan to Strahan railway. The works

have branch sidings which connect with the main line. A quarry

with dark blue limestone and another alongside containing siliceous

flux serves further to explain the selection of the site, which from

these points of view is a most suitable one. A great outcrop of

manganic ironstone deposit, containing a little silver, is held by

the company under lease from the Government, and serves to supply

the necessary iron flux. From this deposit, also the ironstone for the

-Vorth Mount Lyell smelters was drawn.

The ore as delivered at these works, which ^ere erected for

the treatment of purchased ores, passes over a Howe's weighbridge,

which automatically records the weights; thence it passes to the

sampling works. Sulphide ores are crushed in a stonebreaker of

the Blake type, having jaws 15 inches by 9 inches. It then passes

through two sets of Reliance rolls, the crushed product passing

through screens. Two elevators carry it to the upper levels; one

portion is taken for sampling, the balance going by gravity into

the ore bins. The sample is taken so that l-32nd, l-64th, or l-126th

part of the stream passing may be deflected. This is discharged

in iron buckets and goes to a drying room. The whole of this is

ground still finer, and then quartered down in the usual way. For

the oxidised ores from l-5th to l-10th is taken for sampling after

the material has been crushed. This also is broken down fine and

quartered, the final sample for assay being chosen from this.

The next operation differs from that carried on in most smelting

works. Instead of picking out the sulphide ore and roasting it

separately, a mixture is fed into the roasting furnace, which

serves as a basic flux when the material has to be smelted. The

ore is not all in a line state of division, but most of the coarse

grains of galena decrepitate and become pow
rder on being subjected

to heat.

The roasting furnaces consist of two circular mechanical and two

hand reverberatories. The former have a circular bed 15 teei in

diameter, which revolves. The rabbling is done by two fixed arms

being provided with blades so placed as to deflect the ore towards

the circumference. A small strip on the outer edge is worked

off by the outer blade. This has been heated to Drigm, redness.

It falls down a chute into a vessel prepared to receive it. 1'rom

a roasting point of view, very little can be said in favor of these

furnaces the depth of the charge is too great and the rabbling is

insufficient to give anything approaching a good roast. Arsenic

and sulphide of arsenic distil off readily enough from arsenical

pyrites and sulphur from ordinary pyrites. The upper layers may
become partly roasted, but galena, blende, and such compounds
a:- are only roasted with difficulty cannot be roasted unless kept
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in a furnace such as this for a prohibitive time. Fortunately any

crude rough roast will do on account of the subsequent operation*.

Tne reverberatory furnaces are of the usual type seen at smelting

works. They have nothing to be said in their favor since they

are clumsy, cumbrous and ineffective, and there is little wonder

that the cost of obtaining a good roast is excessive. Where fur-

naces have to be hand-rabbled there is a limit to the width and

length over which effective work may be done. This is invariably

exceeded on smelting establishments, while the height from floor

to crown is ridiculously in excess of what it need bp. The amount

of sulphur which is left after a so-called roast in such furnaces is

often so great that the roasting need hardly have been done at all.

In cases where plenty of oxidised ores existed, the smelter was

not troubled to any great extent with his sulphide ores, but when

lead had to be produced from a galena intermixed with blende,

the roasting trouble cropped up, followed by others, such as an

excessive quantity of low grade matte, an almost infusible slag

and a pasty matte. In order to remove the objectionable sulphur,

better furnaces might be designed or advantage taken of certain

chemical reactions. Well-designed hand reverberatory furnaces do

not seem to exist outside the range of the metallurgy of gold. The

reaction mainly relied upon was due to the interaction between

sulphate of lead and silica at a high temperature, sulphur dioxide

and oxygen or sulphur trioxide being evolved, and silicate of lead

forming. This has also the advantage of fritting or sintering the

various materials in the furnace, and renders them suitable for

feeding into the blast furnace. Should reducing gases be present

the sulphate of lead is converted back again into sulphide, with

which silica will not react.

In the treatment of concentrates, such as are produced at Broken

Hill and also to a lesser extent in Tasmania, trouble has arisen

on account of the presence of blende. Roasting converts portion

of this into oxide, but a considerable quantity is oxidised to sul-

phate. Lead sulphate is also produced from galena to the extent

of 30 per cent. The result is that when these are fed into smelting
furnaces where reducing agents are in excess these sulphates are

converted back again into sulphides, the operation reminding one

of the gallant Duke of York, who marched his men right up to

rlie top of a hill to march them down again. When sintering with

silica is adopted the sulphur may be eliminated from the sulphate
of lead, but sulphate of zinc is not decomposed wholly at a white

heat, and even in the presence of silica will not behave like the lead.

This no doubt is largely due to the infusibility of the original pro-
ducts and also to the fact that silicate of zinc in itself is infusible.

When the sulphate is fed into the furnace it mainly becomes sul-

phide, and as such is highly objectionable. It passes partly into

the matte, and partly into the slag, rendering both less fusible

and more difficult to separate. As oxide of zinc it would be far

less objectionable, for in that case none will pass into the matte,
while it appears to take the place of some of the lime in a slag,

and a, suitably proportioned slag can absorb large quantities of it.

These points are mentioned as showing only a few of the troubles

which arise through not being able to eliminate almost the whole
of the sulphur preliminary to lead smelting.

It was reserved for Huntington and Heberlein to point out a
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new way to eliminate the sulphur and the importance of their

discovery cannot be overestimated. For some considerable time

it has been known that oxide of lead heated in the presence of

lime, soda or the oxides of any of the alkalies, or alkaline earths,

will absorb oxygen and combine with the more strongly ba. ic

materials forming a plumbate of the corresponding base.

CaO + O + PbO = CaPb0 3 .

The fact that galena in presence of salt in a reverberatory furnace

will also form a plumbate has also been known, one of the reactions

being
2NaCl + PbS + 50 = Na a Pb0 3 + SO, + 2C1.

But it was not known that galena, heated with lime, would, when
a current of air was passed through the heated mixture, be deprived
of practically the whole of the sulphur. It would appear that work
was first carried out in Italy, for in 1897 the process was patented.
Its adoption by large smelting works is only a question of time.

The discoverers of the process found that by mixing galena and
lime together, and heating to about TOOdeg. C., and then allowing
lo cool to a dull red heat that oxygen was given off. The oxygen
given off appears to attack the galena, and transform part of it into

oxide, sulphur dioxide being evolved at the same time, while a

considerable amount of heat is generated. At this point, if nil-

is forced through the mixture, the operation becomes continuous,

and the temperature is maintained at such a point that reaction

takes place between the sulphides and the sulphates, the oxygen

acting on the galena so long as any sulphur remains in the mix-

ture. Concentrated fumes of sulphur dioxide are evolved, the tem-

perature rises, and the mixture gradually fuses to a mass of lead

oxide in conjunction with the gangue of the ore treated. The pa-

tentees of the process believed the reactions which take place to

be according to the following equations, although they admitted

tnat this might not be the correct explanation :

At 700deg. C.

(1) CaO + - Ca0 2 .

At oOOdeg. C.

(2) 4Ca0 2 + PbS = PbS0 4 + 4 CaO.

Or combining (1) and (2)

4CaO + PbS + 40 = PbS0 4 + 4CaO.
In other words, they held that lime heated to about TOOdeg. C.

absorbs oxygen from the air, and becomes a dioxide, but that on

cooling this oxygen was evolved. If, however, sulphide of lead

were present, then as the mixture cooled down the oxygen evolved

from the dioxide converted the lead sulphide into lead sulphate,

the lime returning to its original state. After this change, it was

held that at fusing point

(3) PbS + PbS0 4 - 2PbO + 2SO 2 .

As written thus : (3) would be unmeaning, supplying oxygen to

the left-hand side would complete the equation.

PbS+ PbS0 4 + O a
= 2PbO + 2S0 2 .

In other words, sulphide of lead in the presence of sulphate and

oxygen Avould give oxide of lead, and sulphur dioxide would be

evolved. The reactions, as here given, do not give a satisfactory

explanation of this interesting process. In the first place, calcium

dioxide does not decompose in the manner stated
;
that is, it exists

at temperatures far below 400 C., and is decomposed on even gently
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heating it. Certainly it ^partakes of the properties of the alkalies

and alkaline earth metals to form a peroxides when heated in

dry air or oxygen. Lead oxide also possesses this property, and

as* is well known will form a higher oxide when heated in the air

at a temperature not exceeding 450deg. C. It is most probable

that both oxides when formed unite to form a plumbate. The third

reaction, as given, is also unlikely as causing the generation heat

and the evolution of sulphur dioxide. Unless the two compounds

were in molecular proportions, as indicated by the equation, a con-

siderable quantity of sulphate of lead should be left unchanged.

The formation of compounds of calcium, other than the peroxide,

have been ignored, and yet it is certain they play an important

part in the transformation. The reaction between lime, or even

calcium carbonate and sulphides, does not appear to have been

considered to any appreciable extent in dealing with smelting. A

simple experiment of heating lime and any sulphide in the air will

at once show that a sulphite of calcium at once forms, and in many
cases where there is an affinity between the oxide of the metal

and the alkaline earth, a compound will at once form. For in-

stance, if stibnito is mixed with lime and roasted, calcium antimo-

nite and calcium sulphite will form. On further roasting the higher

salts, calcium sulphate and calcium antimoniate, will be formed.

When galena is roasted with lime, one of the products formed is

calcium sulphate, and a small quantity of calcium plumbate.

The Carinichael-Bradford process, which was announced some

tew months ago. practically makes use of the same reactions as

mu>t occur, though not stated by them, in the Huntington-Heber-
lein process. The object of this process also was to get rid of the

sulphur from zinc, copper, iron or lead sulphides. The raw sulphides

are mixed with calcium sulphates, and introduced at about 400cleg.

C into a converter, and a current of air passed through. The

galena and calcium sulphate are said to react, giving calcium sul-

phide and lead sulphate.
CaSO 4 + *>\>s = CaS + PbS0 4 .

When air is passed through this mixture the calcium sulphide is

said to be oxidised, and this oxidation generates sufficient heat to

cinerate the ore. Another reaction also takes place, giving calcium

plumbate and oxides of the various other metals. This explanation

cannot be looked upon as final, but it is evident a link missed out

in the original explanation has been picked up, or the Huntington.
Heberlein process starts with raw limestone or lime, and obtains

a final product free from sulphur. The other starts with one of

the intermediate products, which undoubtedly form in the Hun-

tmgton-Heberlein process, but which was not indicated by them,

aim arrives at the same final stage. The original patentees found

that ferrous or manganous oxides may be used in place of lime or

earthy bases, but they never seemed to have recognised the full

importance of the method for sulphides other than galena. No
explanation was given why blende loses its sulphur completely, and
also becomes transformed into oxide of zinc, yet this result is even

more important than the change in pure galena. The fusing of the

product is also important, for fine ores may be changed into masses

-uitable for feeding into a blast furnace, and thus briquetting is

avoided. At Broken Hill, where the process was adopted after a

trial with 12,000 tons, it was found that better results were ob-
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tained than by the old method of roasting and briquetting. The

Tasmania Smelting Company was about the first in Australasia

that adopted the new process.

The vessel or converter in which the operation takes place is

simplicity itself. An inverted sheet iron inverted cone is sus-

pended on trunnions. A perforated plate or colander is placed as

a diaphragm across the apex end of the cone, which is about

5 feet 6 inches in diameter and 5 feet deep. The heated ore from

the roasters drops into the conical vessels, and when sufficient

has been introduced air is turned on underneath the perforated

plate, and blown at a pressure of about 17oz. through the mixture.

The temperature at once rises, and sulphur dioxide is given off in

great abundance, and carried off through a hood. The mixture

fuses in course of time, and is transformed into a solid seini-fusecl

mass, which may be tipped out of the converter. The whole opera-

tion lasts from two to four hours. Three hours may be taken as

the average time required for the conversion. The semi-roasted

material on entering the converter may be taken as containing

10 per cent, of sulphur, but the fused mass on leaving only contains

1 per cent.

There are 12 small converters for the two mechanical roasters,

and two large ones for the reverberatories. The size of these ves-

sels could no doubt be increased with advantage. The semi-fused

lumps from the converters are mixed with the requisite quantity
of silica or siliceous ores, and smelted in a blast furnace. There

are two of these for lead smelting, each capable of running down
80 tons of ore per day. They measure 2 inches by 120 inches

at the plane of the tuyeres, and are higher than most lead smelting

furnaces, being 25 feet, with a charge column of 21 feet high. They
are provided with double tuyeres, and supplied with air at a pres-

sure of 20oz. The lead and matte are tapped off in the usual

way, but the slags are granulated and swept away by a stream
of water. The molten slag on falling is struck by a horizontal jet

of water, and is at once chilled and broken up into small grains,
which are swept down to the slag dump. This innovation, which
shows that the managers, Messrs. Kapp and Kunze, have confidence

in their work and are certain of the poverty of their slags, also

means a great saving in labor. The lead bullion as tapped, also

the matte produced, is shipped away for softening and desilverisa-

tion or other treatment necessary. A small furnace for the smelt-

ing of copper ores was in course of erection at the date of my
visit.

A fine Reynolds-Corliss engine of 125 horse-power, another of

these being in reserve, serves to drive the two No. 7 Roots' im-

proved high-pressure blowers. These blowers furnish 87 cubic feet

of air at each revolution and are guaranteed to work up to olb

pressure. In spite of all one hears about the marvellous metallur-

gical work done in Germany, it is a pleasure to hear that the

ores dealt with at Zeehan can be treated more cheaply on the

spot than if shipped to Freiberg. Cheap labor in Europe tends to

lower costs, and permit of the handling of lower grade ore than can

be dealt with at present in Australasia. The detailed treatment
of metallurgical products can also be carried out to greater perfec-
tion where the supply is constant and the market for the finished
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article at cue's door. The absence of any detailed treatment means

a lot of waste on the West Coast. It is also noteworthy that in

al' the smelting plants very few of the original schemes for improve-
ment have come from Germany. Nearly all labor-saving appliances

and progressive schemes are due to Americans. The furnaces and

plant at these works are no exception to the rule.
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Zeehan = flontana fline and Plant.

There is no field in Australia more interesting from a geological

or mineralogical point of view than Zeehan. The geology of the

field has been well described in the reports of Messrs. Montgomery
and Twelvetrees, while careful detailed work is now being done

by Mr. G. A. Waller. On the whole the lodes may be said to be

v. orked for galena, but blende may largely predominate in one set

and carbonate of iron in others while such uncommon minerals as

stannite, with bismuthnite, are worked in the middle of the field.

The country in which the lodes lie may be said to consist of silurian

sandstones, quartzites, slates and limestones, and a melaphyre, lo-

cally termed white rock. This melaphyre or ancient basalt varies

in character from a hard and compact to a soft rock. Mr. Twelve-

trees holds that this is of the same age as the silurian rock, or, in

other words, that this material poured out and overflowed the hori-

zontal silurian strata of the time. Several flows appear to have

taken place, thus interbedding some of the sedimentary rock, after

the manner of our own basaltic flows which occurred in Tertiary
times. Subsequent to the outburst of the melaphyre the rocks

were subjected to a pressure from the N.E. and S.W., which re-

sulted in their being folded at right angles to this, or N.W. and
S.E. It is easy enough to understand that along a line" of contact

of two dissimilar rocks that fissures and faults would be of fre-

quent occurrence, and that along these fault planes, metalliferous

solutions would flow. The lodes occur in both silurian and mela-

phyre country, but so far there is not sufficient to warrant any
statement about variation in values when a lode passes from white to

black rock.

The time at my disposal did not permit of any exhaustive ex-

amination of the mines on this field, but from what was seen, it is

quite evident that most of the mines are only down to very shallow

depths; that for the most part the rich ore was rooted out regard-

less of development, or, in other words, the goose was killed that laid

the golden egg. The tendency has been of late to amalgamate the

smaller mines, and provide sufficient capital to systematically open

up and develop before troubling about dividends. The policy^ of

letting strips of the leases to tributors on favorable terms has also

led to important discoveries, Avhich have benefited both miner and

company. Taking all matters into consideration Zeehan has just com-
menced to be a mining field

;
the boom days are over, and whatever

money is earned must come out of the mines, which no doubt will

be worked in a more systematic and progressive way than during

the boom period. One is at a loss to understand a system of mining
followed at the Western, where No. 7 level is on:y down 430 feet.

No. 1 level was 45 feet; No. 2, 110 feet; No. 3, 170 feet; No. 4,

230 feet; No. 5, 290 feet; and No. 6, 360 feet. Were all these

levels on rich ore, very little might be said against them, but

when the plans are viewed it may be seen that miles of unproduc-
tive crosscuts were driven, and the tracks of lodes followed at such

short distances. It is not to be wondered at that this rich mine,
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which paid for a splendid plant and for all development and dis-

tributed very large sums in dividends should now be waiting for

capital to develop it.

One of the mines which did not adopt the hand to mouth style

oi working is the Zeehan-Mcntana. and its progress and develop-

ments has infused new life into some of the other properties. The

company started work in 1893, and gradually increased its holding

until now upwards of 300 acres are held. The lease includes both

slate and white rock, and the lodes are worked in both, though

mainly in slate. Through the courtesy of Mr. T. Craze, the man-

ager, I was enabled to inspect the deeper levels. No. 4 and 5. In

both those levels a number of lodes have been followed, some of

these in the volcanic rock, some in the sedimentary and some in

both. The strike varies to either the east or west of north that

is to say. the lodes as a rule are not parallel, bu; run in converging

directions. The underlie is nearly vertical. The lodes them-

selves are easily followed, for there is a distinct marking off from

the country on either side. In places they are filled for from a

few inches up to 3 feet with solid galena, but for the most part

they contain a gangue which mainly consists of carbonate of iron.

So far as I was able to see there was very little zinc blende or

pyrites in the material. The country is very much broken and

work rendered much more difficult by the presence of numerous

faults, which have shifted the lodes for considerable distances.

Prospecting is absolutely necessary even along the lines of lode, for

blanks may occur for long distances at one level, and yet the next

be very productive. Every galena leader must be followed up.

otherwise very important enlargements would be missed.

By keeping several levels going, Mr. Craze has been able to turn

out good ore all tiie time and keep his mine well opened up. The

utmost care is used from start to finish in keeping the ore clean,

and this largely accounts for the good work done at the mill. The

solid galena broken from below is carefully hand picked under-

ground, sent to the surface, broken into convenient sizes and

bagged. The poorer material containing galena is sent up for

concentration. The former amounts to about 125 tons per month,

which assays 63.5 lead and lOOoz. silver per ton : the latter amounts

to nearly 1400 tons, running 7.20 per cent, lead and 12.1oz. silver

per ton, and zinc 5 per cent. The lower grade ore is trucked

direct from the mine to ore bins holding 90 tons. Thence it

passes to a grizzley made of 3-8 inch by 2} inch bars, spaced 7-8 inch

apart. The bars are set at an angle of 50deg. The fines drop

through and fall into a chute, down which they are carried to No.

1 trommel by a small stream of water. The coarse material passes
into a stone breaker capable of crushing 7 tons per hour down to

1 inch gauge. The broken ore falls on a shaking table fitted with

a perforated plate having 7-8 inch holes. The fine ore drops

through this and falls into the same chute as the fines from the

grizzley. The coarse ore is delivered on to circular revolving pick-

ing table. This table slowly revolves, and the coarse product is

evenly delivered on to one portion of it and carried around any

pure pieces of galena are picked out and any pieces of worthless

gangue rejected. The material then passes automatically from

.the table to the coarse rolls. The rolh are 24 inches diameter
and 14 inches face. They revolve about 3 times per minute, and
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The Montana Mine.
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are tightened up in the usual way with set screws aud spiral spring.

They are set so as to crush the ore to 13 m.m. diameter, the pro-

duct from the rolls passing into the same chute as the fines from

the grizzley. Samples tor assay are taken at this point. The

whole of the material is now sized by means of trommels. There

are five of these. The first has steel punched plates, having holes

13m.m., the second 9m.m., the third om.m, the fourth 3m.m.. and

the fifth Hm.ni. The whole of the ore passes into No. 1 trommel,

and all pieces over 13 m.m in diameter are delivered out at one

end and pass to the roughing jig. This is after the style of the

Hartz jig, with side pockets. The bed of ore is kept 6 inches

deep. The plungers are run at 90 revolutions per minute, with 3

inch stroke. The galena works to the bottom of the bed, and

travels forward over the cast iron framework which supports the

plates until it reaches the side pocket, where it is delivered. Any
fine particles of ore which may have got on to this jig pass through

the jig plate, the screen having 3m.m. diameter perforated holes.

The tailings from the jig pass into an elevator, and are passed

back to the rolls where they are crushed still more finely and

pass through No. 1 trommel to be dealt with by other jigs. The

first jig products assay 66.5 per cent, lead and lOOoz. of silver per

ton. The material which passes through the mesh of No. 1 trom-

mel passes to trommel No. 2. The fines pass through the screen

as before, the coarse going to a 13m.m. jig. This jig has two

compartments, and makes two products, the first being clean ore

and the second being marketable both are bagged. The average

assay of this material is 65 per cent, lead and 80.8oz. silver per

ton. The tailings go back to a set of fine rolls, where they are

crushed and treated with finer jigs. The material which will not

go through No. 3 trommel is sent to the 9m.m. jig, which has

three compartments. The concentrates from the first compart-
ment assay 69.5 per cent, lead and run 84oz. of silver per ton. The

concentrates from tiie second and third compartments go to the

fine rolls for re-crushing.

The coarse material from the next trommel passes to the next

jig, whose first compartment product assays 84oz. silver and 66.5

per cent. lead. The second and third compartment materials are

returned to the fine rolls. The last trommel separates out ore

and gangue particles over l^m.m. in size. These pass on to the

3m.m. jig. The first concentrates assay 67.5 per cent, lead and

84.8oz. silver per ton, the second aud third products also being sent

to the finer rolls. The material which passes through the mesh
of the trommel, being less than lm.m. in diameter, is sent to a

V-shaped classifier. Water under pressure is let in tioua below:

the slimes are washed off, and the coarser particles fall to the

bottom and are carried away for treatment by a jig which returns

a product from the first compartment assaying 02.5 per cent, lead

and 70.4oz. silver per ton. The second and third compartment
material are re-crushed. The sand which is swept over with the

slimes from the hydraulic classifier is dealt with on the fine side of

the plant, the treatment of the coarser particles being now com-

plete.

The tails from the 13m.m. jig and the second and third products
from the next four jigs, consist of specimen galena and other mine-

rals, as blende. p3
rrites or carbonate of iron, whose size and weight
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gives them about the same resistance as the galena specimens. The

fine rolls used for recrushing this material are the ,same size as

those used for crushing the coarse stuff, only that they are set

closer and driven more slowly. The crushed material passes into

a trommel having 4m.m. holes, a second trommel 3m.m. holes, fol-

lowed by a third with Hm.m. holes. The coarser material from

the first trommel is carried back for re-crushing in the rolls. The

coarse material from the second trommel is delivered on to a

three compartment jig, the second and third products being re-

turned for recrushing. The assay of the concentrates from the

first compartment is 47.5 per cent, lead and 54.4oz. silver per to>n

the lower value being said to the presence of zinc blende and other

materials finding their way into the products on the fine side.

The material between 1 and 3m.m., wEich escapes from the third

trommel, is likewise treated, the product from the first compart-

MONTANA MINE

Lode

ARTSCH TABLE

Diagram of Plant.

ment assaying 52.5 per cent, lead and 58.4oz. silver per ton. The

material less than 1-^in.m. Avhich passes through No. 3 trommel

goes to a hydraulic classifier of the same type as that described. The

coarser particles go to a 4 compartment jig. The first compart-
ment assays 42 per cent, of lead and 46.4oz. of silver per ton. The

product from the other compartments pass along and meet the

slimes from the coarse side of the plant. The whole of these

flow into a common sump, and are then elevated into a series of
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spitzkasten. The spitzkastens are 3 feet, 4 feet 6 inches, and

6 feet deep respectively.
* The sands drawn off at the bottom of

the first go to a Wilfley table which is run at from 230 to 240 strokes

pei minute. The clean heads of galena are caught on one end of

the table, but the seconds are not returned by the elevator wheel

since Mr. Craze has found that better work could be done

by dealing with this product on a separate machine. The heads

from the Wilfley assay 51.50 per cent, of lead and 57.6oz. of

silver per ton. The pulp from the second and third spitzkastens

is drawn off and fed on to two Bartsch tables. These are circular

tables made of cast iron and are 13 feet in diameter. The tables

themselves are stationary except for a percussive blow which is

meant to settle the heavy material from the pulp on to the table.

This by the way seems to have been taken off all the tables at

Zeehan, for they are run like the ordinary dressing tables. The

novelty about this appliance is that the feed and water pipes, which

are curved, deliver the pulp on to the surface of the table while the

tail end of the curved water pipes sweeps the concentrates into

a launder, which revolves at the same rate. The seconds are

caught in another portion and the tails go to waste. Although
the iron surface when planed up gives a perfect means of retaining
fine heavy slimes, it is difficult to prevent it from rusting to a cer-

tain extent, or from being pitted by the acid waters and sharp sand

falling on and continually flowing over it, so that in course of time

it offers no advantage over some cheaper material, such as a tough
cement or even linoleum. The products from this machine assay
52.5 per cent, of lead and 54.12oz. silver per ton. Mr. Craze finds

that these tables are too expensive and slow to be worked on a

material which has only a low value when saved. Each machine

only treats from 4 to 5 tons of material in 8 hours. The cost also

of each machine is high, amounting to 350. The summarised
results as given in an excellent paper by Mr. Craze of the work
done by the various machines is as follows:

COARSE SIDE OF PLANT.

No. of
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about 32 tons per shift, is on the whole favorable for concentra-

tion, for the gangue is comparatively soft and the galena is not

intimately associated with blende, making it unnecessary to

go in for the finer crushing so essential at Broken Hill. Any car-

bonate of iron left in the galena concentrate is not viewed by the

smelter as blende and barite would be looked upon. Touching the

plant generally, it might be said that with regard to classification

by size if the numbers of the mesh of the trommels were closer

and corresponding jigs used that better work would be done, but

of course there is a limit to the profitableness of such work, de-

pending on the amount of material to be put through. The

same applies to the crushing of products and returning them to

the same trommels, but in this common business principles must

also be applied. The interest and upkeep of the extra plant

would amount to more than the saving effected. While the plant

is not so elaborate as many of those advocated by German authori-

ties, yet there is less of the small capacity machines, such as

I uhrig vanners and less slime making than occurs in most ore

dressing establishments. Taken altogether it may be said that

the scheme of working for this particular ore has been well thought

out, and that the results obtained amply justify the whole plant.

Several visits were made to the ore dressing sheds, and always with

the same result that every machine was seen to be performing its

work in a most satisfactory manner. In this case also the man
behind the machine is a more important factor than the machine

itself.
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Zeehan "lines.

The greatest puzzle on the West Coast is to find out why a

mine with the record of the Western Silver Mining Company shut

down. Through the courtesy of Mr. Aug. Simson I have been

enabled to see the accounts and reports from the starting of the

company up to tiie time it closed down. The inspection of the

plans also makes the problem all the more difficult to solve. The

galena lodes were discovered in 1888 by a prospecting party ;
share-

holders in the syndicate who sent the party out formed a company

witli 60,000 shares of five shillings each, and provided that one-

third interest, or 20,000 shares, should be sold at 5s. per share

on the formation of the company. Most of these shares were

subscribed for by the existing shareholders, and 4750 was placed

to the credit of the company. Work proceeded 'slowly, the direc-

tors preferring to wait the completion of the Zeehan-Strahan rail-

way. In 1893 a magnificent concentrating plant was erected by

the agents of the "Luhrig Ore Dressing Appliances, Ltd." This

plant could deal with 50 tons per shift. No call was ever made,

and dividends were paid almost immediately when progressive

work was started. Up to 1901 the mine paid 102.000 in divi-

dends, or 34s. per share on the whole of the 60,000 shares, and up

to that year had obtained 466,659 net for the ore sold. Four or

five sixpenny calls exhausted the belief of many shareholders in

this wonderful mine, and shares were being forfeited wholesale

.when calls had to be paid. The directors viewed this with alarm,

and fled to the Government for assistance unavailingly. The

result was that the mine was shut down, while the shareholders are

endeavoring to persuade outsiders that it still would give good re-

turns if capital were put into it. In a previous article reference

was made to levels put in, five of which only average 60 feet apart,

and there is no doubt that this class of work in prodigal times

left the mine undeveloped when the pinch came. It is admitted

that the lodes at Zeehan are somewhat patchy in their mineral

contents, and difficult to follow in faulted country, but these very

drawbacks should impress the management all the more forcibly

with the necessity of keeping development works well ahead. The

stopes of rich ore to-day may cut out to-morrow and vice versa.

The ground is for the most part most favorable for mining opera-

tions, but this is a lame excuse for having 13 miles of levels and

drives when half that number would have sufficed. It is quite
evident that money paid in calls would only h*\~e been fritted

away. It is rarely that a progressive policy is adopted when

monthly calls are on, so it would appear that the only chance of a

new life to this mine would be by providing sufficient capital to

put the mine in the position it should have been kept in when
active work was going on. The deepest level in the mine is

only (300 feet, while the most of the ore was obtained very near

the surface : and most of the driving and crosscutting was done at

such short intervals in the upper levels that the lower ones were

neglected when trouble loomed ahead.
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The plant at the Western is well designed from a Luhrig Com

pany poini of vie*', but other things being equal, I do not consider

it would do much closer work than the Montana. The same

system of sizing the coarse material by means of trommels is

adopted, but the Luhrig jigs have five compartments. The pro-

duct from the first as a rule is bagged ;
from the second repeated,

while that from the third was crushed at a battery, the fourth and

filth going to waste. On this class of ore the two last compart-

ments do not seem to have been necessary. The most radical

departure from the system adopted at the Montana mine is the

introduction of a 10-head battery with 2601b. weight stamps to crush

the middle products containing specimen galena. This certainly

is a great mistake from -a concentrating point of view; but the

introduction of a great number of Luhrig vanners seems to have

been the main reason for the production of a large quantity of

slime.

Some excellent returns are being obtained by tributers on various

parts of the field. One party on the Spray Hill, working a tribute

from the Argent, was bagging up an ironstone carrying over 1000

oz. of silver per ton. The metal was present as spongy native

silver, chloride, and also chloro-bromide. There was a small per-

centage of antimony oxide in the ironstone, but the seconds, which

were rejected, contained up to 15 per cent, of antimony as oxide,

and also carried silver. It seems surprising that material of this

grade is rejected at such a place.

Other parties lower down the hill were getting out galena and

dressing it up in hand jigs. They claimed that better results

could be obtained than by putting it through the elaborate ore dress-

ing plants on the field. The methods of operation were simple,

and yet in all the lead producing parts of Australia I have never

seen similar work done. On many fields producing rich patchy

galena on the surface much profitable work could be done. The

ore as broken down into small lumps was thrown up against a

screen made of ^Tnch bars spaced one inch apart and set at an angle

of SOdeg. The finer material passed through to be separately

dealt with, the coarser material was picked over and the clean

metal selected. Large enough specimens were broken and the

waste rock rejected. About 1 ton could be screened and picked in

a day. The fine material went to a hand jig. An outer box of

about 6 feet by 3 feet by 2 feet deep was supplied with clean water

at one corner, and provided with an overflow on the opposite end.

A box about 18 inches by 30 inches by 9 inches deep has a sieve on

the bottom which varies in size according to the material (either

| or 3-15th inch) dealt with. A bottom of coarse galena 3 inches

deep forms the becl. A row of holes is bored horizontally some
inches above this to facilitate the escape of light sand. The
box is hung by suspenders from each end on a horizontal bar. This

in its turn is rigidly attached to a long spring pole which acts as

lever for lifting the box. The fulcrum is supplied by a round axis

which turns, gallows fashion, in a pair of upright forked props. The

length of the pole to the free end from the fulcrum is about 12

feet. Beneath this end is a horizontal spring board on which the

operator stands. A few shovelfuls of the screenings are put in

the box; the operator, just able to reach the end of the spring
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pole, throws his weight upon it, and jerks it down the weight of

the box, the resilience of the spring board on which lie stands, and

the pole all tend to averse the stroke. The next downward

stroke is made so as to synchronise with the movement of the pole

and board, and the work thus rendered much easier than if rigid

materials were employed. With the downward stroke water

rushes through the screen at the bottom of the box, between the

bedding, and raises the ore fed in. On the return stroke the

heavier particles rapidly settle, leaving the lighter ones above. By

repeating the strokes a heavy concentrate lies on the bed, and a

worthless material above. The top layer is scraped off, and the

bottom bagged up. The overflow and fine material which passes

into the box below is dressed on a square buddle or inclined plane,

with a box at the upper end. The fine material is evenly distri-

buted over the head of the buddle, clear water allowed to flow over,

the material swept lightly upwards to allow any gangue that may
have settled to be brought under the action of the running water.

The heads from the buddle are bagged up from time to time. From

10 to 12 bags can be dressed per day with the hand jig and buddle.

It is somewhat surprising that sucli manual operations are relied upon

more than the ore dressing appliances to be found in Zeehan, which

by the way, for their particular class of ore are unequalled in Aus-

tralia. The presence of so many of these hand-jigs on such a field

as this must be taken as showing the advisability of pushing hand

picking or methods of simple selection as far as possible.

The complex ores around Zeehan afford a fin*- opportunity for

the future metallurgist to distinguish himself. The zinc ores at

the Comstock are fairly pure and blende is now hand picked and

exported at a profit; but at Mount Reid, where the Hercules and

Mount Rid mines exist side by side there are enormous quantities

of complex sulphides containing copper, lead, zinc, gold and silver,

whose market value in pure metals would run into millions of

pounds, but whose present value as ores is a negative quantity

in other words, it would cost more to extract the metals than they

are worth. The Mount Reid mine, on which work has been

stopped, has an open quarry on a body of ore lenticular in shape,

some 800 to 900 feet in length, and whose width at the widest

part is about 80 feet. For upwards of 30 feet across there is

a solid mass of compact sulphide minerals without one particle of

gangue. On the footwall side are layers of quartzite and gossan.

The work done on this mine has been to open up a quarry 80 feet

wide and 40 feet deep for a length of a few hundred feet. This is

said to have cost the company 60,000. One peculiarity of these

mixed ores is that the gold seems to be associated with blende, and

the silver mainly, as is usual, with galena. The Mount Reid and

Hercules ores, rich in zinc, will go to upwards of lOdwt. gold per

ton when taken in large quantities. I'he Hercules mine contains

enormous bodies of mixed sulphides, anch^kas been opened up by
means of tunnels, which may be put in for some hundreds of feet

below the lowest. The ore bodies in this are also lenticular in

shape, and are interbedded in an indurated slate. This, as well

as Mount Lyell, appears to be due to the action of hydrothermal
solutions widening existing fissures and removing minerals from

the original slates, replacing them with metallic sulphides.
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The sketch plan and sections, taken from Mr. Waller's report,

serve to show the size of the ore bodies and their variable nature.

No. 1 tunnel was driven to intersect an outcrop of gossan, called

the A lode. Further on the No. 1 lode was intersected. This was

exceedingly rich, for 9 tons of gossan gave an average of over

lOoz. gold and 212oz. silver per ton
;
and 62 tons of sulphide gave

2oz. gold and 68oz. silver per ton. Most of this rich material has

been removed. The A lode supplied rich gossan fnr 120 feet in

length by 10 feet in width. No. 2 tunnel was driver nearly 100

feet below No. 1 for some hundreds of feet, but no ore of value

was struck. No. 3 tunnel was then started some 250 feet further

south at about the same level as No. 1. This intersected a sul-

Crosscut No. 3 Level.

Scale of Feet across Lode.

Crosscut No. 4 Level.

Scale of Feet across Lode.
Basis of Calculation. Gold, 4s. per dwt.; silver, 2s. 6d. per oz.;

lead, 2s. 6d. per unit; zinc, 3s. 6d. per unit.

Lode Sections, Hercules Mine.

phide lode known as No. 3 flanked and capped with gossan. Fur-
ther east a solid lode of pyrites was struck called lode B. This

has a capping also of gossan. This was driven along for some dis-

tance in a northerly direction, then brought back westerly to inter-

sect No. 3 lode again. No. 4 tunnel is about 200 feet further south
than No. 3, and about 50 feet below it. This was driven to inter-

sect the south lode. This shoot is about 70 feet long, averaging
5 feet thick. The ore has a value of gold lOdwt., silver 33oz., zinc

19.8 per cent., copper 0.59 per cent. No. 5 tunnel is driven under
No. 3, and 125 feet below No. 4. This has been extended east be-

yond the others, except Xo. 2. Although driven right under the
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shoots of ore in No. 3, none of these were struck, but at a dis-

tance of 550 feet bands of copper pyrites commenced to appear,

and at 660 feet a copper lode about 40 feet in thickness was struck

and driven through. This will average 4.4 per cent, of copper.

A great deal of work has been done on this mine, partly prospect-

ing, partly developing and partly removing the gossan ore for the

local and Dapto Smelting Works. The results of sampling and

assaying at the mine are plotted graphically as the work proceeds,

so that the values for every foot driven along or across the lode may
be seen at a glance. I am indebted to Mr. Sawyer, the assistant

manager, for showing me over the mine and supplying informa-

tion.

The gold values in this mine and also Mount Reid are high, and

were the ores not of a refractory nature they might be treated with

profit for gold alone. Considerable denudation must have gone on,

for gold has been shed from these mines right down to the stream

nearly 2000 feet below, and the whole has been so rich as to be

stripped down to bed rock up to the outcrops of the mines them-

selves. In both mines also the amount of gossan below the sur-

face was comparatively small, the hard dense sulphide rock appear-

ing in places at the very outcrop. The question of treatment of

these complex sulphides is a highly important one. Trials by
concentration have been made at the Zeehan works, but only with

indifferent results. From the dense nature of the intermixed

galena and blende it is clear that if concentration is to be adopted
the whole of the ore must be finely ground, otherwise only a mix-

ture of galena and blende will pass out with the heads. This fine

grinding would mean sliming a large portion of the ore and great

losses could only be expected. In obtaining a 60 per cent, lead

concentrate I should not anticipate more than ji recovery of 40

per cer.t. of the lead, and probably not more cf the silver and gold

contents. Whether this would yield a profit depends on local con-

ditions. At Broken Hill, where very large losses occur, a profit

is made.

The discovery of a simpler method for the production of zinc

from such ores would be very important. Such a process must be

continuous, not intermittent, as most of the present ones are, and

capable of dealing with large quantities ; but assuming such a pro-

cess to be discovered the price of the metal would fall and there

are many places in the world with large deposits of blende, which

could be utilised without drawing on Zeehan supplies. The out-

look from this point of view is not encouraging. What is wanted
at present is a method for recovering a marketable product of lead,

silver and gold, leaving the zinc residues to be deak with at some
future time.

Both mines are nearly 2000 feet above the terminus of the

North-East Dundas Railway, and the horizontal distance is less than

a mile. The steepness of the pack track up to the mine may be im-

agined. In order to send ore down from the mine and haul tim-

ber and stores up a self-acting tramway was constructed. This is

said to be the longest and steepest in the world. The vertical

height from bot om to top of the line is 1642 feet, and the slope

length is 80.5 ch-iins. The track follows the surface of ground,

being graded to a slight extent. The gradients vary from 1 in
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li to 1 in 1\. Two feet gauge is used with rails 201b. per yard.

Special precautions have to be taken to prevent the slip of the

track down hill. At steep pinches the sleepers are bolted down

to the solid rock, and the rails made fast to the sleepers. An

endless steel rope passing round horizontal pulleys above and be-

low has attached to it at 350 feet intervals the trucks for ore

These trucks are either iron-skip trucks which carry about half a

\

Tram Track, Hercules Mine, Mount Reid, Tasmania.

ton of ore. or wooden trucks for timber and supplies. Owing
to the rises and falls in the grade the trucks are attached to the

rope by means of a chain. The grip attaching the chain to the

rope is shown in Fig. 4. To take up the slack of the rope and

to compensate for variation of length for variation of temperature
the total length of the rope being two and a quarter miles, the rope

at. the lower end of the track is made to pass round a 7 foot grooved
wheel lying on a carriage, which moves up or down an inclined
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plane. Weights are attached to the carriage to keep the rope
taut. At the upper end the working is controlled by a power-
ful brake, which consists of wooden brake blocks on a steel strap,

capable of being tightened around the pulleys by means of a com-

pound lever worked by a screw. It is hardly necessary to say that

this end of the tramway is cemented down to the solid rock. The
brake block is shown in Fig. 3, Plate 3. To lessen friction rollers

are used throughout, 8 inch wooden where the wear is not great,
and 9 inch iron ones at the bends. The rope itself is 3 inches in

circumference, is made of steel, and its tested breaking strain is 42
tons. Its total weight is 11 tons. The trouble of getting this to

the top of the hill was enormous, even though in three pieces,
which afterwards had to be spliced. It Avas hauled up, little by
little, by block and tackle until the top was reached. The num-
ber of trucks which pass up and down each way per shift of eight
hours is from 200 to 250

;
or about 100 tons of ore can be delivered

per shift. The cost in labor per ton of ore on this tram is 6d.. the
capita] cost of the tramway and plant being 8750. I am in-

debted to Mr. Sydney Thow, the general manager, for particulars
and drawings of this interesting tram line.
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The Blythe River Iron Deposits.

The gold produced per annum throughout the world is about

13 million ounces
;
the amount of iron produced per annum is about

40 million tons. In other words, the value of the crude iron pro-

duced per annum is more than double the value of the gold raised.

Australasia produces nearly one-third of the total gold raised, but.

although possessed of the finest ironstone deposits in the world,

does not produce iron from the raw ore. Several attempts have

been made in New South Wales to start iron smelting, and, curious

to relate, as far back as 1867, 90 tons of pig iron produced in New

South Wales were sold in San Francisco, and realised 6 per ton,

and afterwards some hundreds of tons were shipped and sold

for satisfactory prices. In New Zealand, in Tasmania and in Vic-

toria attempts were made to produce iron on a large scale years

ago, but the enthusiasm of the promoters of such enterprises was

in advance of the technical skill at their command. All these

efforts failed. Since that time Australia has become separated

from the mother country by a new generation, and the production

of iron is not viewed in the same way as it was years ago. Xow-

adays, it is comparatively easy to say, from the analyses of ore

and fuel what class of iron can be produced from a given ore, at

what cost it can be mined and smelted, and what the profit or

loss on the operation would be. The low freight of pig iron

from the old country, it being practically carried as ballast, the

cheap rate of production, and the fact that the various States ad-

mitted iron or steel required for the construction of railway lines

free of duty, have all precluded the idea of establishing ironworks to

produce iron in Australia. So long as we are content to go on in

this way our enormous iron deposits will stand out as monuments
to our lethargy and indifference. On the other hand, if iron-

works are to be started, it means that they must be such as to supply
all the States with pig iron and ordinary steel : it means that a

whole army of workmen must be trained to work entirely new
to them, and it means the expenditure of at least a million sover-

eigns before a ton of pig iron could be turned out. More than

this, it means that the States must be the largest customers to

such works, so that before such a sum of money is found for Aus-

tralia, investors want some guarantee that State custom will be

given to the works, and that some bonus should be given for es-

tablishing such an industry and taking the risk. It is natural

that some of the Representatives of the Commonwealth, seeing

that the States would be large customers, desire that such works

should be established under Government control. State manage-
ment would mean failure for an enterprise competing with the

keenest rivals in the world. Operations in this case could not

be reduced to the red tape routine
;
while the officials would not

dare to depart from old-time methods, and would thus be left

hopelessly in the rear, leaving the States to make up an ever-

increasing deficit. It is to be hoped for the sake of taxpayers that

such a scheme will never be advocated seriouslv.
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It is certain that in course of time Australia will be producing

iron, and there is no reason why a start should not be made at

once. The money can be found for starting the industry, per-

manent employment for thousands of people would be guaranteed,

and our deposits of coal and iron opened up and developed. The

high price of labor in our States as against that of European and

Asiatic countries will be more than compensated, as in America, by

the extensive use of labor-saving machinery and natural resources.

For instance, in America the cost of production per ton of iron is 1

12s. 6d., while in England it is 2 12s.

It was long held to be a sine qua non that iron ores and coal

should be in proximity for successful iron smelting. Modern me-

thods of transport have altered all this, and the result is tftat

almost all the iron ores are carried for great distances. The ores

from Lake Superior are carried 800 miles to Pitlsburg, while rich

Spanish and Swedish ores are conveyed over 1000 miles to Great

Britain. A distributing centre for the finished product is of im-

portance, as well as the sites of the ores and fuel. The amount

of fuel and fluxes required will vary with the weight of the ore.

Ores running 60 per cent, and over will take about half their

weight in coke and about three-eighths their weight in limestone,

so that the weight of coke and fluxes is about equal to the weight

of the iron ore. With low grade ores much more would be taken.

If coal is used in place of coke from 30 to 40 per cent, extra would

have to be added on the weight of fuel given. These considera-

tions show that it is desirable to establish central works near a

suitable harbor on some field which produces a first-class coal.

Nearly ten years ago samples of an exceedingly pure hematite

were sent over from Burnie, Tasmania, with a notification that they

came from the Blythe River. These consisted of ferric oxide with

traces of phosphoric acid, silver, copper and gold. Since that

time I have had many samples from the same place, but all analy-

sis showed that the ores were exceedingly pure. A syndicate was

formed to develop this property, and about 35,000 has been spent.

A gentleman of very high repute in England, Mr. Darby, was en-

gaged at a fee of 3000 and travelling expenses amounting to

nearly another 1000, to report on the proposed scheme. Mr.

Darby's report was very exhaustive, and included : (1) The deposit

of hematite iron on the Blythe river, (2) the site of the proposed

works, (3) the sources of fuel, (4) the manufacture of steel, (5)

estimates of the outlay. Although much of the information given

is the property of the syndicate, it is only necessary to indicate

that the report was wholly favorable. The site for the works was

fixed at Ryde, on the Paramatta River (N.S.W.) It was proposed
to have a fleet of ships from Tasmania to Sydney carrying ore to the

extent of nearly 1000 tons per day, while the works would turn

out 150,000 tons of steel per annum. The field which was to

supply this for 20 years at least was in Tasmania, and on the

Blythe River. The mine is situated on the north-west coast of

Tasmania, about six miles from the mouth of the Blythe River and
about 150 feet above the level of the sea. The picturesque town
of Burnie is about ten miles away. Through the courtesy of

Messrs. Wm. Jones and Son I was enabled to visit the mine and
obtain particulars of the work done. The country in the neigh-
borhood is hilly, the hills being covered with a decomposed basalt
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Elythe River.
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giving a rich chocolate soil. Near the river the basalt disappears,

and the country becomes more rugged. A gorge, some 500 feet

deep, has been cut by the Blythe River, and on both sides

massive monoliths of hematite rise from the river bed to the sum-

mit of the hill, showing where the deposit has been cut through by
the eroding stream. In the bed below great blocks of pure
hematite may be found a long way below the source of supply, and
il would appear as if thousands of tons could be picked up in the

bed of the stream. The outcrop runs N. 27deg. E., and may be

traced for a mile, while it continues both north and south for a

much greater distance. For about 20 chains on the north side

of the river a patch of basalt overlies the ironstone, but independent
of this there is a vast amount showing. The deposit is nearly ver-

tical and its outcrop rises some 600 feet above the bed of the river.

IT appears to be interbedded between the slates and sandstones.

The width at the surface has been approximately determined by
means of trenches and tunnels. On the south side, about 100 feet

above the river it measures, according to Mr. Twelvetrees, 147

feet, and consists of hard hematite ; higher up the hill it measures,

as exposed by a trench, 260 feet, but contains more silica. Near
the top of the hill is a huge isolated block of solid ore known
as the purple crag. The width is over 100 feet. At the river

level the ore is exposed for over 30 feet, and as the northern slope
is ascended the width increases to over 107 feet. Mr. Darby had
several tunnels driven in order to define the outcrop. The lower

tunnel is at the base of the northern bank of the stream. This

was driven along the deposit for 225 feet. Crosscuts into the
ore were driven at frequent intervals. The first, at 30 feet, was

put in for 12 feet, and last 6 feet being in pure hematite
;
the

second, at 45 feet, was driven 6 feet into ore; the third, at 66 feet,
was driven for 10 feet, part of the material being jasper; the fourth,
at 77 feet, for 17 feet, all in solid hematite; the fifth, at 142 feet,
cut into good ore

;
the sixth, at 199 feet, into ore

;
the seventh at

225 feet, into good 'ore for 13 feet. Analysis of specimens selected

by Mr. Twelvetrees and determined by Mr. Ward, the Government
Analyst :

Iron. Silica. Phosphor- Copper. Sulphur.
%

Nil.

Crosscu
66 fe

77
142
167

199
225
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so that a cubic foot weighs 2991b., and a cubic yard 3.6 tons. Tak-

ing the length of the deposit as 6000 feet and the depth from the

surface only to the level of the river assuming an average height
of 450 feet, with 100 feet, and length 6000 feet this would give
45T x 100 x 6000 cubic feet, or 270,000,000 cubic feet, or

10,000.000 cubic yards or 36,000,000 tons. Mr. Darby estimates

the available supply, after halving his estimates, at 24,500,000

'
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Plan of Blythe River Leases, Tasmania.

tons, or if 300,000 tons were smelted per annum this one mine would

only be worked down to the river level in 82 years. The iron

contained in this may be estimated at 14,000,000 tons, worth about

50 million pounds. The weight of iron used by Australia per an-

num as steel rails, sheets, girders, and wire is about 250,000 tons,

so that this one mine could supply the Commonwealth for half

a century.. The analysis of the ores as obtained by Mr. Darby I
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have been enabled to obtain through the courtesy of Mr. Win.

Jamieson, chairman of the Blythe River Iron Mines, Ltd. Mr. Darby
divides his samples into four parts. No. 1, taken from outcrop
north of basalt covering: Ferric oxide, 93.64 per cent.; iron, (>.". ,~>4

per cent.
; silica, 5.19 per cent. No. 2, taken over the slope to

river on N.E. side; Ferric oxide, 85.93 per cent.; iron, CO. 15 per
cent.

; silica, 12.41 per cent. No. 3, taken over the S.W. slope :

Ferric oxide, 85.38 per cent.; iron, 59.76 per cent.; silica, 11.09

per cent. No. 4, waterworn boulders in river and north of

deposit: Ferric oxide, 97.08 per cent; iron, 67.95 per cent.: silica,

1.13 per cent.

An average sample of the whole deposit gives the following

complete analysis:

Per cent.

Ferric oxide (Fe 2 3 )
.. .. 86.934) .

Ferrous oxide (FeO) . . . . 3.074 }

63<259 of iron

Silica(Si0 2 ) 7.312
Alumina (Al 2 0-3 ) 1.756

Lime (CaO) 0.068

Magnesia (MgO) 0.071

Sulphur trioxide (SO 3 )
.. .. 0.060 0.024 sulphur

Phos. pentoxide (P 26 5 )
.. .. 0.083 0.036 phosphorus

Titanic acid (Ti0 2 ) : . . . .

Copper . . . . . . . *

Arsenic . . . . . . . .

Manganese . . . . . . . .

Chromium . . . . . . . .

Combined water
Moisture .. ..

'

;.;'* ..

99.892

Mr. Darby also took a sample of the ores and reduced it with coke,

using lime for a flux, and obtained a cast-iron button. This on

analysis gave :

Per cent.

Carbon "... -,.. . ... :.. ," .. 1.800
Silicon . . . . . .

''
. . . . 0.032

Phosphorous.. .. .";
*'j .. .. 0.062

Sulphur .. .. .. .. .. 0.092

Manganese, chromium and titanium .. '.. Nil.

Since the coke ash used would give 0.5 per cent, of phosphorous,
and part of the sulphur was introduced from the burning of the

fuel, it is evident that by smelting with a good limestone that an
excellent hematite pig suitable for manufacturing a high class steel

could be produced. The yield obtained by fire assay Avas 66.5

per cent, of the ore used, and 12.5 per cent, of limestone was
added on the weight of the ore.

A railway could easily be constructed from Burnie to the mine.

Ocean-going steamers could be loaded direct from the trucks, so

that the freight from mine to vessel would not exceed 6d. per ton,
while the breaking of ore and loading of trucks would not be more
than 3s. per ton, or a total cost 3s. 6d. per ton. There are not
many places in Australia as favorably situated as this; but there
are many fine deposits in Victoria, Queensland and South Australia,
whose ores no doubt would be sought for the manufacture of special
classes of pig iron or steel. The deposits at Nowa-Nowa, at the
head of Lake Tyers, Gippsland, contain manganese ;

those at
Beaconsfield (T.) chromium : while fine deposits of magnetite occur
on the Fitzroy River, and near the coast in Central Queensland.



QUEENSLAND.

The area of this great State is 427,838,080 acres, while its popu-
lation is only a little more than half a million. A large portion of

it consists of extremely fertile soil, capable of producing any form
of tropical vegetation ; ordinary temperate climate crops are grown
over wide areas in the southern portion ;

while cattle and sheep
thrive from one end to the other. The climate of the southern

tableland is all that could be desired, l^e winter in the northern

areas is delightful, but the summer, as in all tropical countries, is

exceedingly trying to those not inured to it. It is, however, not

worse off in this respect than Western Australia. Many genera-
tions will elapse before Northern Queensland will be developed by
white labor alone. The mountain ranges running from the north

to the south, as well as a large tract of country inland from the

Gulf of Carpentaria, is rich in minerals of economic value. Silver,

copper, lead, tin, zinc, bismuth, antimony, wolfram, manganese,
chromite, molybdenite, as well as opals, sapphires, and other gem-
stones, are present in commercial quantities. Coal in immense

quantities is widely distributed; while the production of gold up
to date has only been surpassed by Victoria and New Zealand.
The auriferous deposits occur in rocks of various geological ages.
The veinstone, as in most other places, is usually quartz, more
or less impregnated with pyrites, galena, blende, and similar

minerals. In the Charters Towers, Etheridge, and Croydon dis-

tricts, the surrounding rock is granitic. The Mt. Morgan rock is

said to be of Permo Carboniferous age, as is that on the Gympie
field. In the former case, the rock worked is said to be a siliceous

sinter, in the latter case the quartz veins are auriferous when they
cross the black slates, which they do nearly s

*
right angles.
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Charters Towers.

In this series of articles, I desire in the first place to acknow-

ledge the courtesy and help received from the permanent heads

of the Mines Department, Queensland, also from the Wardens of

the various goldfields, and finally, almost without exception, from

the mining and metallurgical men throughout that great State.

It may be fairly assumed that there is little need to describe in

detail a centre which but lately prided itself on being the premier

goldfield of Australasia. The place is so well-known, and the

reefs so well mapped out, that an extended description would be

out of place. It is not, however, generally known that the reefs

are so flat over the field that one could walk up and down in them

in almost all places, the angle of dip from the horizontal being from

lOdeg. to 40deg. The underlie as measured from the vertical would

be from 50deg. to SOdeg. This, of course, has necessitated an alto-

gether different method of working from that practised in Victoria,

the shafts being invariably sunk on the underlie, or a vertical shaft

sunk to intersect the reef, which is then continued on the underlie

until the reef passes out of the property. The ordinary methou

of stoping and running the stone down passes cannot be so success-

fully carried out as in Victoria; partly owing to more handling,

hard country, and on the average smaller lodes, the cost of mining

is much higher.

Ventilation, a* might be expected, is a difficult problem. It

certainly must have been shamefully neglected, when small shafts,

blocked up most of their time with mining appliances, were deemed

sufficient. Fortunately, most of the workings are connected with

those of the adjoining mines, thus obviating the necessity for spe-

cial methods.

Water does not give trouble in most of the mines. Many of

those now working do not contain a drop, and one sinks ankle deep

along the levels in a fine, impalpable dust. The country is of a

granitic material, composed mainly of quartz, orthoclase, felspar,

and hornblende ; thus it would be ordinarily termed syenite.

Some of it contains triclinic felspars instead of orthoclase, and

resembles closely the quartz diorites of Swift Creek, Omeo (V.).

In many places it has undergone a great strain, and is loose and

jointed, and swells when exposed, requiring very careful timbering ;

in other places it is so hard and dense that it has to be cut away
with explosives.

The veinstone consists of quartz, carrying about 7 per cent, of

metallic minerals, consisting of iron pyrites, copper pyrites, galena,
blende, and very little arsenical pyrites. The reefs vary in thick-

ness from a thread to bulges of quartz 20 or 30 feet from wall to

wall, yet, on the average, a reef 3 feet wide would be considered a

good one. Good timber being scarce, and long timber expensive,
the pig-sty method has been adopted, and used with great success.

A sty is built up as a pillar, and filled with mullock until it reaches

the hanging-wall above. Many of the props and stulls have been
crushed and splintered by the swelling of the ground when opened
up. The stone, in many instances, is still carted in drays holding
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abouc two tons each; but in advance of Victorian methods actual

weights are given, and not the indefinable Bendigo load, nor the

number of cubic feet, which too often varies wich the yield.

Rock-breakers are almost universally used, and much ingenuity

is shown in their arrangement. The original sites chosen for

batteries being rather flat, a deep rectangular trench was made

parallel to the battery. This was bricked and cemented, and the

grizzly and rock-breakers placed in it; the drays or trucks tip their

material on to the grizzly, the coarse going to the breaker, which,

of course, is firmly fixed, and transmits no shocks and vibrations

to the rest of the machinery. The fines and crusned material are

then automatically picked up by buckets on an elevator chain belt,

and delivered either into trucks, or emptied into a hopper. Thence

it passes into an automatic feeder, which delivers it into the bat-

tery. Mercury is usually fed into the box. The pulp passes

through punched screens, passes over plates sometimes absurdly

short, then into an amalgamator. Leaving this, it goes to a

Brown and Stansfield concentrator, the sands and slimes passing

away to be cyanided, while the concentrates are ground in

Wheeler's or other pans running continuously. The ground mater-

ial is further treated by fine grinding in Berdan basins, into which

lime is fed. Two drags are used, and no ball. The pyritic slimes

or sludges are then run into pits and settled as far as possible.

These are then sold by tender to the cyanide firms.

At one of the show plants of the place, the Brilliant Blocks, they

have two stone-breakers down in the concrete trench, elevators for

the broken stone, the hoppers, and the automatic feeders. The

battery of 40 heads was running at the rate of 75 blows per minute.

The stamps weighed about 8cwt., while punched screens having 225

holes per square inch were used. The dies were level with the

bottom of the screen. The pulp passed over a short copper plate,

then into a patent amalgamator, thence on to the usual Brown
and Stansfield, the .sand and slimes going to the cyanide works, and

the concentrates to Wheeler's pans, thence to a settling pan. The
concentrates were ground as usual in the Berdans, revolving 16

times per minute, then sold by tender.

The various appliances consist of 2 grizzlys, 2 stone-breakers, 40

stamps in 8 boxes, 8 automatic feeders, 8 Brown and Stansfield con-

centrators, 12 Wlieeler pans, 8 settlers for these, 30 Berdan basins,

and 3 settlers for these.

Steam was generated in five large boilers at a pressure of lOOlb.

per square inch. A compound engine with 14 and 24-inch cylin-

ders, and 2 feet 6 inches stroke, supplied the motive power, which

was transmitted by hemp ropes for the whole plant. A surface

condenser was effectively used, and the heated water was used for

the battery and for the amalgamating pans. The temperature of

the water was over lOOdeg. F.

In addition to these the company has a large cyanide plant,
which was engaged m treating the accumulation of tailings from
former years. It consists of three cement lined vats, fitted with

Butters' automatic distributer, 14 vats, each holding 60 tons 01

sand, 4 sumps for receiving the solutions from the sand vats, and
two as reservoirs and settlers for the zinc boxes, of which there are

two of the usual type. Only a working strength solution of cyan-
ide is used. The zinc containing the precipitated bullion is

23
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screened through a sieve containing eight holes per running inch, is

placed o>n trays in a reverberatory furnace, and roasted to ash, after

which it is smelted to base bullion by the ordinary fluxes.

At another typical mill Craven's there is a, 10-head battery

with lOOOlb. stamps, and five Huntingdon mills, the latter being

preferred to the stamps. The uneven wear of the Huntingdon mill

has been successfully overcome by crossing the belt and reversing

their running from time to time. The ore is broken by a stone-

breaker, and fed into the mills through an automatic Challenge

feeder. The pulp passes over three shallow wells the first having

a baffle board and then over four copper plates of about 8 feet in

total length. After that comes the usual string of appliances men-

tioned before. Eight Watson and Denny pans and twenty-six

Berdan's do all the grinding. The tailings and slimes from the

grinding appliances are elevated by a large double tailings wheel

and removed for cyaniding.

During my visit to Charters Towers in 1901, the metallurgical

methods taken as a whole could not be viewed with anything but

disappointment. In some respects it compared favorably with

other Australian goldfields. The batteries were as a rule well con-

structed, and as heavy as usually made. The output per stamp was

not so' high as in other places, but even with the heavy stamps

running at 100 blows per minute and over, the same number of

tons will never be crushed as with ores, say, from Johannesburg,
the Boulder or Ballarat. The quartz at Charters Towers contains

up to 7 per cent, of heavy metallic minerals, and it is the discharge

of these through the screens that will always limit the output.

The old system was to roughly concentrate, grind the concentrates

in amalgamating pans, the residues from the pans being sold to

customs works. The sands and slimes were got rid of where pos-

sible. This system was persisted in until experts in cyaniding

proved that the sands could be treated at a profit, and the slime

residues from the pans at a greater one.

Through the courtesy of Mr. S. Horsley, Inspector of Mines, I

have been informed that progressive work has taken place in the

installation of new boilers, working up to 1201b. per square inch,

and of the transformation of the high pressure, non-condensing

engines into compound condensing engines. The want of capital

rather than conservativeness accounts for the retention of in-

ferior plant. Mr. W. A. MacLeod also states that the mill work is

gradually receiving more attention, and that concentration and

smelting are replacing, wholly or partly, the old grinding pro-

Unfortunately, the fields of Northern Queensland adopted the

Charters Towers methods of grinding and amalgamating in Berdans,
and there is no doubt this has led to the abandonment of mines

which would have proved profitable with more rational methods of

treatment. The ore at Charters Towers is not an exceptionally
difficult one to deal with, and there is no reason why the whole of

the gold, less a very small percentage, should not be got out on

the spot. It is further absolutely necessary for outlying fields to

adopt a system of treatment which will not be costly, but which
will give them over 90 per cent, of the gold.
The Defiance Plant Refining of Cyanide Bullion by Parting

from a Gold-Silver-Zinc Alloy. The Defiance plant at Charters
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Towers presents no new feature so far as crushing and amalgama-
tion go. The 30-head battery has its plates, its Brown and

Stansfield concentrators, and its long double row of 32 Berdans

spinning round. A couple of buddies do portion of the work that

is done by the Brown and Stansfield at other places. AS much
of the ground slimes as can be settled in pits are saved, and these

are sold by tender.

This company has an excellent manager in Mr. D. Mclntyre,
who came out many years ago to work the MacArthur-Forrest pro-

cess for the Australian Gold Recovery Company. In those days it

was generally stated that the process would be useless in Australia;

'now the pendulum has swung round to almost the opposite ex-

treme. The cyanide process has been made a success by trained

scientific men, and though the process is successfully worked in

many instances by men who know very little of the reactions in-

volved, yet if the conditions are varied the latter will fail when
the former succeed. This plant contains 12 sand vats 25 feet x

8 feet, six solution vats, three reservoirs for the solutions from

the sand vats. The reservoirs were at a higher level than any of

the vats, the gold solutions being pumped into them after leaving

the sand vats. From these the solut'ons passed through the zinc

boxes, of which there are three, of the ordinary type, 17

x 2 feet, thence to the solution sumps. Three vats are emptied
each day, and two on Saturdays, or 17 vats per week are treated.

The vats have the side-discharge doors, and suction is used to assist

filtration.

Only a working solution, 0.5 per cent., is used, and 80 gallons of

liquor to every ton of ore
;
lib. of lime per ton is mixed with the

sand, and the consumption of cyanide is about lib. per ton, while

lib. of zinc is used for each ounce of pure gold recovered. From
6dwt. sand, or over, 82 per cent. is

;
the usual extraction. The

sand, which for months of the year is almost dry, is run up an

inclined tram, mixed with the requisite quantity of lime, is drop-

ped into a hopper having a rapid shake, then on to an automatic

screen, the coarser particles going through a disintegrator, which

knocks them to dust. The whole is then elevated by a travelling

belt with buckets and conveyed to the sand vats. The sand is

mixed with the slimes from time to time. There, as elsewhere

on this field, a great inroad has been made on the tailings heaps,
and the amount of gold recovered from them is telling testimony
of the inefficient work done by the batteries and gold-saving ap-

pliances on the Towers.

Mr. Mclntyre adopts a plan for refining his bullion which might
well be copied on other goldfields. By sending away unrefined

cyanide bullion the aggregate bank and mint charges at so much
per ounce leaves only a profit of 6d. per ounce on the silver, where-
as by refining on the spot, and sending only refined gold away less

than half the expense is incurred, while the refined silver bullion

shipped to the old country fetches its full value, with only a de-

duction of fd.

The zinc precipitate is placed in a retort somewhat like the

D retorts of the gas works, and the mercury distilled out. It is

then roasted and smelted in the usual way, care being taken to

have the resulting base bullion carrying about 2 worth of gold

per ounce
;
in other words, a little less than half. The alloy is
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then granulated by pouring it into cold water, and the grains and

flakes attacked in cast iron enamelled dishes with nitric acid. The

zinc, lead, and silver rapidly dissolve, and after the brown fumes of

nitric peroxide cease to come off the solution is decanted into a tub

and well washed. The residual gold is dried and smelted into

bars, which assay 99 per cent., and fetch as high as 4 4s. 4d. per

ounce. The silver is precipitated in the tub with salt as silver

chloride. This is stirred round, and allowed to subside

for some hours. The process is repeated a couple of times with

clean water, after which zinc is introduced and the silver chloride

is rapidly decomposed metallic silver and zinc chloride forming

when the change is complete, which may be readily tested by tak-

ing some of the precipitate, washing it well with water, and then

treating with pure dilute nitric acid; if the silver is aU in the

metallic state it will all dissovle
;

if undecomposed chloride is

present it will not be attacked. The precipitated silver is dried

and smelted into bars, which are nearly pure.

This is in reality a revival of the old method of parting by

what used to be termed inquartation, in which 3 parts by weignt of

silver were taken- to 1 of gold ; later, in assaying process or parting,

2 of silver are deemed necessary for 1 part of gold, but lesser

quantities of silver will suffice, the minimum being about 2 parts to

i of gold. In an ordinary case, the metals present would be gold,

silver, lead, and, perhaps, a little copper, with the metallic zinc;

in other cases, antimony, arsenic, and 'larger amounts of coppei

would be present. The silver, lead, copper, and zinc and arsenic,

if in the right proportions to the gold, would dissolve in the acid,

while antimony would be transformed into an insoluble compound.
Mr. Mclntyre found that about li parts of the base metals were

sufficient for 1 part of gold. Probably the lower atomic weight of

zinc and copper accounts for the lesser quantity necessary. If

much lead is present, the action with dilute nitric acid should be

continued until brown fumes cease to come off; stronger acid can

then be put on. If chlorine is present in the acid, a little silver

nitrate can be added to it, and the chloride of silver allowed to

settle. If chlorine is present in the water, it may be removed
in the same way. In either case, a little chlorine will do no

harm. The gold may be washed with water, subsequently with

ammonia water to remove any silver chloride which may have been

present through using water or nitric acid with chlorine present.
The gold may then be smelted in a clay pot, with a small proportion
of nitre; borax may be added 011 top. The antimony will be

wholly removed. The silver chloride, which may contain lead

chloride also, from the solutions, should be dried
;

it may be then
melted in an old mercury bottle, with the head cut off, at a very
low temperature, poured out on an iron slab or into a mould.
The fused chloride can then be reduced by placing it in a vessel

with a little dilute sulphuric or hydrochloric acid, and adding some
wrought iron. When all is reduced the silver is washed with hot
water to remove the iron salts, and then smelted in a clay pot,
with a little nitre and borax.

The solutions, after the precipitation of the silver chloride, should
all be run into a tank or sump, containing scrap iron. Any gold,

any silver, and any copper which may have escaped will be pre-

cipitated. This latter percaution may not be deemed necessary
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by some, but I find that in all cases when cleaning this sump out

at the end of a year, there are appreciable quantities of gold,

silver, and copper. I have used this modification of Mr.

Mclntyre's method now for some time, and have always got excel-

lent results and almost pure gold and silver.

The Towers Chlorination Works. One of the most striking land-

marks at Charters Towers is a tall chimney stack standing on the

edge of a semi-circular ridge about a mile from the town. On en-

quiry amongst the cyanide men one learns that this is a monu-

ment erected to the failure of chlorination processes in North

Queensland.
In the days of prodigal returns, when rich pyrites were ground to

slimes, and when there was no gold for companies but that ob-

tained by primitive processes, the Towers Chlorination Works had

the happiest hunting grounds in Australia. With the advance of

cyanide treatment, the low cost of handling and treating sands and

slimes, and the utter simplicity of working methods adopted, the

chlorination works, once so prosperous, had to shut down, and the

works are now converted into a cyanide plant.

Since the chlorination plant erected possesses many novel, ori-

ginal, and instructive features, and since the failure of the chlori-

nation works as such may not be altogether due to failure in work-

ing the process, a description of the works will be given. More
has been learnt very often by failures than by successes, but unfor-

tunately the failures and their causes are always hushed up. Mr.

D. A. Brown installed the original works, and in the hey-day of

the company's prosperity, was sent to South Africa and England
to gather what information he could from both those countries

about modern methods of treatment. As might be expected, Mr.
Brown saw the processes applied in a far more elementary way
than adopted in Australia, but at the same time he was much im-

pressed with chemical and especially electrical work done in

England. On his return, he built his' patent "Hillside" furnace,
erected works, and in all spent about 60,000 on the new plant.

The furnace erected is wholly due to Mr. Brown, and, since its

principle has always been the dream of metallurgists, it may be

of interest to give its details. As is well known in roasting py-

rites, if heat is gradually applied the first atom of sulphur vola-

tilises, and if the temperature is high enough it will burn at a slight

distance above a layer of finely divided sulphides. The action at

this stage is a reducing one, since any oxides which may be present
will be acted upon by the sulphur vapor. If the material be

stirred portion will be brought in contact with the oxygen of the

air, and an oxidising action will be set up ;
if too much hot air is

admitted then the temperature may rise so high as to fuse into

large lumps the finely divided sulphides, especially if oxidisation is

not far advanced; or, again, since a single grain of pyrites contains

thousands of atoms, each of which must be individually acted upon
by the oxygen atoms of the air, if the temperature rises and melts

portion of this grain then gold is locked up in it until it is oxi-

dised again, or until it has been acted upon by solvents. A
trained man knows that the first changes which take place within

nis furnace practically govern the condition of the ore when it is

discharged. Almost the whole of the sulphur may be removed
in four hours from an ore properly handled at first, but to get rid
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of the last 1 per cent, gives more trouble than the ninety and

nine, and often takes longer. In this case ore is fed in at the

top of a hill, and allowed to flow through a reverberatory rurnace

to the bottom.

The ore is fed in from a hopper by an ingenious contrivance,

which regulates it to a nicety ;
it is then swept along on a hearth

10 feet wide for 33 feet by automatic rabbles. When it starts

in its sliding downward journey the angle of slope being 38

degrees it is pulled up at another short horizontal floor, at the

lower end of which there is a subsidiary fireplace; K is worked

along this floor by the automatic rabbles as before, when it starts

on its final descent, only to be pulled up at the last horizontal

hearth, along which it is worked by hand rabbles to the discharging
door. The main fire-box is at the end of this hearth. The total

time occupied in the descent is about three hours.

The furnace is surmounted by the monumental stack 167 fees

high and 17 feet 6 inches in diameter at the base on the outside.

The stack itself has absorbed 120,000 bricks.

Between the stack and the feed hopper are elaborate dust cham-
bersfour double and five single ones. These chambers have a V
shaped cross-section, and are 28 feet wide on top, have their sides

sloping at an angle of 45deg., and terminating in a trough at

the bottom. These chambers are built and buttressed in brick,
and must contain as many as the stack. The trough in the bottom
is fitted with automatic scrapers, which continually work the dust

accumulating in the chambers into the furnace again. The great
volume of these V shaped chambers serves to diminish the speed
of the flowing gas, and thereby allow the dust to setde; breaks in

order to further deposition of dust have been placed across the

chambers.

In order to economise the heat a coil of pipes has been inserted

in the upper portion of the furnace. These are then led below
the hearth right down to the bottom. By means of a Root's

"blower, air is forced into the coil, thence througi: the hot hearth
into the furnace above the fuel in the fireplace.

The fireplace is the full width of the hearth i.e., 10 feet and

may be opened from both sides. It is 3 feet in width, and the

bars are 3 feet below the bridge.

Near the lower end of the furnace is provision for what is known
as a chemical spray; in other words, instead of feeding in nitre or

salt, or both together, which I learnt was the practice here, a

solution is made,, and this is forced in in the form of ,spray. It

is claimed that by this means there 'is a better chance of chemical

contact between the various ingredients.

The furnace, instead of having a continuous arch from side to

side, has a number of arches which are parallel -ir'o the length of

"the furnace. Girders are run across at intervals from wall to

wall
;
skewbacks are carried o-n these, and the arch spans across

from girder to girder. The flame and heated air must be deflected

under every girder, which is about 9 inches above the floor, the

centre of the arch being about three feet. The total fall of the

furnace was 275 feet, the length of the hearth therefore being con-

siderably more than 300 feet. The total height from the furnace

door to the top of the stack was 442 feet ! There is little wonder
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that the automatic rabbles dragged 60 tons per week out of the

dust chambers.

The wood consumed by this furnace is said to average 4cwt. per

ton of ore roasted, while it was claimed that from 250 to 300 tons

of mixed concentrates and slimes were put through per week.

In addition to the furnace described, another Hillside furnace,

145 feet in length by 10 feet in width, had been in use at the

Towers Chlorination Works. Mr. Browne was so satisfied with

the work done by it that he used the design as the basis of the

Fig. I. Elevation of Lower End of Furnace.

: ^TT
Fig. II. Longitudinal Section Showing Arrangement of Arches

Fig. III. Cross Section.

Charters Towers Chlorination Furnace.

larger one. The total cost of roasting a pyritic ore containing

from 20 to 30 per cent, of S. is stated to be 8s. per ton.

The roasted ore was disintegrated, and all fine lumps of slimy,

caked material knocked into powder by a Carr's disintegrator,

after which it was conveyed to a cooling floor. The sand was then

damped, and automatically conveyed and discharged into wooden

vats, of which there were four, each vat being 22 feet in diameter

and 4 feet deep. These vats were made of tallow wood, and well

protected by asphaltum and pitch. The filter bottom consisted

of a false bottom of hardwood, bored with small augur holes. On
top of this was coarsely broken glass, then finer, the top finishing
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off with fine material. The glass was broken in a Carr's machine,
and afterwards screened.

After filling the vat with damped sand chlorine gas was passed

up through the sand, and when it reached the surface a solution of

chlorine water, containing 450 to 500 grains of chlorine to the

cubic foot, or about a 0.1 per cent, solution, was run on above.

This was allowed to remain on until the gold was dis-

solved. The liquor, instead of being run into the precipitating
vats straight away, \vas passed through the other sand vats, so as

to enrich it as far as possible in gold and chlorine. This solution

was then ran through a vertical column or tower, into which high

pressure steam was blown
;
the bulk of the chlorine was driven off,

and after passing through an exit pipe, was reabsorbed in a scrub-

ber
;
this solution was then stored in a reservoir, to be used on a

fresh lot of ore. The gold was precipitated from the solutions by
ferrous sulphate, a small amount of hydro-chloric acid also being
added in order to keep basic salts in solution. There were eight

precipitating vats, each 9 feet in diameter and 3 feet deep. In-

stead of collecting the ferrous sulphate precipitate, the solutions

containing the finely divided precipitated gold were run through
filter beds made up of sawdust and fine charcoal

;
this was taken

out from time to time and burnt in a reverberatory furnace, leaving
the ash and gold to be smelted, or sometimes the gold was re-

dissolved and re-precipitated, after which it was collected and

smelted. The charcoal and sawdust filters were cement boxes 4

feet square, with partitions arranged on the same principle as the

cyanide precipitating boxes. Chlorine was generated in a special

still made of iron, lined with porcelain tiles, the spaces between

the tiles being well jointed witli rubber. Manganese dioxide,

found near Rockhampton, sulphuric acid and salt were used for the

production of the gas. Since the stills were only heated by steam

only the bisulphate of sodium could be formed MnOs + 3H 2 S0 4

+ 2NaCl = MnSO+ + 2HNa S0 4 + 2H 2 + CU. The cost of

sulphuric acid was 10 per ton. The company has installed a

Very complete electrical transmission plant, and by means of motors
the ore is hoisted up an inclined tram to the top of the Hill

;
the

dust is dragged back from the chambers, the Roots' blower is

worked, the furnace is rabbled, and the ore conveyed from place
to place.

The whole plant has now been converted into a cyanide one
;

four more sand vats of similar dimensions to those in use for the

chlorination process have been added, and the red sand which had
been chlorinated was undergoing re-treatment by cyanide, as well

as a heap of finely-ground concentrates which had been purchased.
The only special feature in connection with this AVHS the large
amount of lead said to be precipitated on the zinc filaments. Mr.
Browne informed me that this amounted not to pounds, but hun-

dredweights, and that he had to refine this specially with chlorine

solutions.
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Mount riorgan.

We all remember the wonderful stories in the Arabian Nights
and kindred works, in which genii and other supernatural figures

poured out blessings, wealth, and prosperity on forcunate mortals;

but the plain unvarnished tale of Mt. Morgan rivals even those

stories, as truth surpasses fiction. In 1804 Donald Gordon took up
the two blocks of laud containing what proved to be the richest gold

mine in the world, but, after twelve years' struggle, abandoned his

grazing selection and trekked further north. His brother, Sandy

Gordon, one of those sanguine, restless men who are always on the

verge of discovering something big, was prospecting for Messrs.

Burns and Twigg, the well-known founders and engineers at Rock-

hampton. His stories as to the great lode on his brother's land

were heard as idle tales, and he was always sent prospecting in

other directions. His patrons, having special work to do on the

Fitzroy River, sent Sandy temporarily to the Morgan Brotners, who

employed him. His oft-repeated tale did not fall on deaf ears

in this case, for the Morgans, taking Sandy with them, started in

"July, 1882, on a prospecting tour. They first prospected what

Sandy termed a silver lode, and on returning further prospected
Gorden's property. Having noticed some ironstone boul-

ders, they broke portions off and afterwards crushed mem upon a

shovel and panned off, when they found so much gold that it made
them even doubt the metal itself. Not a word was said to Sandj
about the find. Interests were sold to T. S. Hall, manager of the

Q.N. Bank, D'Arcy, and Pattison, who went to see the mine, the

Morgans still retaining half. Messrs. Burns and Twigg again had

their chance, for they were offered a large share in the mine for a

10-head battery. They again missed it. The go*a won by the first

battery erected paid for the battery and gave back all the money to

those who bought in with the Morgans, and left a handsome profit

Ibesides. Sandy Gordon died no better off than he lived. Donald
Gordon sold his land to the lucky shareholders for 1 per acre, not

knowing what ,they had discovered, and the block which he rejected
has become the chief corner-stone of a great gold-mining State.

The phenomenal returns obtained, and the enormous amount
of material available, caused the original holders to water their scrip

to the extent of a million. Again the local people were offered those

shares at 1 apiece; again they refused. Shares went up stead-

ily until they were 8 in 1877, while in the following year they
mounted up to 17 los., when the inevitable collapse came. One
shareholder with 200,000 shares found for some time his scrip in-

creasing in value by 1 per day, so that his capital was increasing
at the fabulous rate of a million per week !

Mount Morgan means to most people a mountain charged* with

gold. Such is not the case. The original top of the mount was be-

tween 500 and 690 feet above. the level of tne Dee Rivea\ a stream
which runs round the base of the mount, and which supplies water
for the works. The crest of the hill was an ironstone cap, most
of which has been removed. Below this crest ^he present open-cut
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operations are in progress, and almost the whole of the material

now being removed is as white as chalk. The cut is dazzlingly

bright, with the sunlight reflected from every surface. The kaolin-

ised material and the silica, which form a large portion of the auri-

ferous ore treated, are as unlike the ordinary specimens shown in

museums from the mount as the kaolin of Broken Hill is unlike the

original ironstone outcrop. Below the kaolin and porous silica the

material becomes hard, dense, and compact, and consists largely of

quartzite, with occasional bands of quartz, in places fairly heavily

charged with pyrites. The adjoining rock is felsite, while the whole
hill has been penetrated by dolerite dykes, more or less decom-

posed.

The auriferous mass, so far as is proved, it lenticular in shape,
800 feet long, and from 500 to 600 feet in width. The gold present
is all in an extremely finely divided state, so that specimens are un-

known. In the upper levels the gold is all free, but in the lower

and pyritic ores there is good reason to believe it exists largely as

a telluride. Litte or no free gold may be obtained by panning off,

while samples may be very rich as tested by assay. Tellurium has

also been proved to be present.
The original cap was 90 feet above the present surface, and the

mount is being worked to a depth of 600 feet below this. The vari-

ous levels are worked as far as possible by tunnels, while the ore

is wholly removed and the square-set system of timbering adopted,
the sets being higher than those used at Broken Hill, and colonial

hardwood used instead of Oregon. The open-cut system is also

adopted, and by its means much valuable timber has been recovered,

to be re-used at the lower levels.

The ventilation of the mine is practically perfect. The mine is

cool, the air fresh, and it speaks volumes for the management when,
despite the millions of tons of ore removed, there has not been a

single fatal accident.

Concerning the origin of this great mass much has been written.

Dr. Jack's famous theory is still accepted by most authorities. It

has been attacked by many other scientists, including Mr. J.

Macdonald Cameron. Looking at the mine one sees the ironstone

crust on top, the sintery white mass below, and the unaltered mater-
ial below this. Judging from other deposits, it seems that while

acknowledging the whole mass to be originally due to hydro-thermal
action, yet it also appears that the upper portions are but altera-

tion products of a more heavily mineralised material. Pyrites have
oxidised and are still oxidising in the mine

;
free sulphuric acid

and basic ferric sulphate have formed and are now forming; layers
of gypsum indicate a change in the lime compounds. The iron

salts have crept upwards, as solutions will through blotting paper,

through the porous silica, and have in turn changed to hydrous
oxides. Mount Morgan is not alone in this respect, for in many
places in Eastern Gippsland the quartzitic masses in felsite have
their iron cap, a porous uncler-crust, though not so' light or sintery

looking as Mount Morgan, while the quartzites underneath are

bluish in color, and just as heavily charged with pyrites as Mount
Morgan unfortunately the gold in payable quantity is missing.
One premise nearly all these theories start from, and that is that
the gold was in the form of a chloride. Now, since nearly all the

deep-seated solutions are alkaline, this will not stand. Ferrous
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oxides or salts are mentioned invariably as the precipitating agencies

in the face of the fact that these are more common at deeper levels

than at the surface. Many facts point to alkaline solution of gold,

but the evidence against it being in solution as the ordinary chloride

is irresistible.

It has always been stated that Mount Morgan gold is the purest

"in the world. Since all the gold is now recovered chemically in

an almost pure state, it was not clear whether it was the gold won

or the gold as it existed in the mine which was so pure. Dr.

Lebius in 1884 stated that he examined 10,000oz. as received from

the mine retorted. This assayed 99.7 to 99.8 per cent, of gold, only

a trace of silver being present, copper and iron making up the

balance. At the present time appreciable quantities of silver are

to be found on assaying the pyritic portions. A sample of the

roasted sand when panned off showed a tail of gold, which did not

resemble gold of a high degree of purity.

This question is worth following up, since, if the gold in the

upper levels is not alloyed with silver, while that in the lower levels

is, it follows that there must have been a secondary solution of,

and re-precipitation of, the metal. In the upper levels of most

mines there is abundance of sulphuric acid, and this, with an oxi-

dising agent such as manganese dioxide and saline waters, gives all

the conditions for the solution of gold. No work, so far as I

know, has been done to show whether free chlorine exists in any

surface water it certainly could not exist at any depth. Some

years ago I was informed by Mr. A. W. Howitt that he knocked off

the points of many stalactites of limonite which had formed in an

old auriferous mine. These secondary products were assayed by
the late Cosmo Newbery, and gave a return so far as I remember

of about lodwt. per ton. It is therefore certain that, if this gold

were not previously in a. finely divided state, so fine as to be carried

along with the trickling water charged with iron salts, there must

have been a re-solution and a re-deposition. I cannot see that such

surface solution would tend to form nuggets or masses of gold, but

*t would tend to enrich masses of limonite which it would accompany
in this action, being different from a mere oxidisation and solution

of pyrites, the gold contained being unacted on, and consequently
left behind.

Everybody knows, or should know, the difficulty of amalgamating
and saving by ordinary processes such fine gold. The Mount Mor-

gan metallurgists learnt their lesson, and in return have given the

world an object lesson on the economical and effective treatment of

low-grade ore.

It would fill a volume to describe in detail the plant in connec-

tion with Mount Morgan. There are numerous departments, each

with its own skilled officer in charge, while the whole of these are

under the general metallurgical engineer, Captain G. A. Richard.

Looking over the side of the mount, a bird's-eye view is ob-

tained of buildings and sheds, scattered round the slope, covering

many acres in the aggregate. The foundry and engineering shops
at the base of the hill ; the electrical plant works : the sulphuric
acid works

;
the metallurgical furnaces and sheds, all tend to

impress one with the magnitude of the operations conducted. The
fine buildings for offices

;
the manager's and directors' houses : the

laboratory and officers' quarters, all indicate the wealth of this
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great mine. The electric trams, with overhead wire, conveying
the material all over the works

;
the ceaseless train of trucks carry-

ing material from the mine; the giant stone-breakers cracking; tne

mills pulverising ;
the furnaces roasting and reddening the sand

;

the final solutions and the exit of the sand from its receptacles to

the worthless tailings dump; the clouds of smoke by day from al-

most innumerable chimney stacks, and the brilliant glare of the

electric lights by night, all of these show never ending activity.

In spite of the name of Mount Morgan, in spite of the millions

of pounds worth of gold won and the royal dividends .paid, the

mine is now a low grade one, and it is only by a masterly know-

ledge of both principles and practice of scientific work, a clear-

sighted policy, and a most admirable system of organisation, that

the mine has been looked upon as an investment, and that a large

proportion of the ore can be handled at all. To give a single
'instance of economy. The motive-power some time ago was sup-

plied by compound engines, non-condensing, fed with steam from

Cornish boilers a method common enough in Victoria. The mod-
ern installation consists of triple expansion engines, Babcock and
Wilcox boilers, condensers of the ammonia type, and fuel econo-

misers. The combustion of fuel in these as compared with the

old plant is as Glb. is to 13|lb. for the same amount of work. Con-

sidering that 1500 horse-power at least is required for the various

appliances, the saving amounts to a very large figure, while of

course these savings mean dividends to shareholders. The same

spirit of calculated economy prevails throughout, and the result is

that ore containing only 7dwt. per ton is mined, crushed, roasted,
and treated by chlorination at a profit, a record that has never been

equalled for the same process for the world.

Mount Morgan affords a splendid example of the evolution of a

process, and of the survival of the fittest. Even as it may not be

with the happiest feelings that we look back the branches lopped
off in the process, of abnormal growths in some" directions, and of

the slow and tedious process of reaching the present stage of de-

velopment yet modern mines in many places may have the same

stages to go through as Mount Morgan, and the footprints in the

sand may enable the'm to reach their destination in shorter time.

While not stating that the methods adopted at the Mount would
suit every ore, yet their own problem has been successfully solved,
and there is not the slightest doubt that had the ore been different

in composition the necessary modification of the process would
have been determined. How often is it said : "The ore at Mount
Morgan is specially suited for chlorination"? a most absurd state-

ment, since thousands of difficulties had to be got over before the

process was reduced to its present simplicity. A study of some
of those difficulties, the failures of ordinary processes, may serve as

landmarks to present companies in evolving methods suitable for

their own ore, and perhaps save thousands of pounds of unneces-

sary expenditure.

As may be readily imagined, in the earliest history of the mine
all that the original shareholders troubled about was a battery, and
what need had they to worry when returns of 25oz. per ton were

reaui?y obtained with such primitive appliances. When the returns

dwindled down to 2oz. per ton they were troubled, and when they
found that even out of surface stone, without one solitary speck ot
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pyrites or refractory material of any description whatever, they
were only able to get one-third of the gold present, they were dumb-
founded. Parcels of ore were sent to Germany, to England, and to

America. The only advice tney got was valueless; while, though
smelting gave good returns, it was quite out of the question at

Mount Morgan ;
while the expense of shipment and smelting would

"have swallowed up the profit on high-grade ore and prevented any
low-grade ore from being touched. Concentration was advocated,
Taut the most sanguine inventor was discomfited when the value of

the tailings from his machine was placed before him. The same
old stamper method was continued, a 10-head battery being erected

in 1882, and this was followed by a 15-head four years later. And
for four years these stampers sent over their plates twice as much

gold as was caught. When the great loss was discovered dams
were made, and upwards of 20,000 tons of tailings caught. After-

wards the same old category of grinding and amalgamating appli-

ances followed Wheeler's pans, Watson and Denny pans, Berdan's

Chilian mills, Arrastras, and Huntingdon's amalgamator, and a host

of smaller fry. How much oftener will it have to be stated that

these methods will not give an adequate return when fine gold is to

be saved ? These methods failed at Mount Morgan, and have failed

everywhere else when a close extraction was aimed for.

Chlorination was then tried. Mr. Lymburner and Dr. Benson,
two experts from Gympie, entered into a contract to treat the

tailings by the Plattner method of chlorination. They were to

receive a percentage of the gold over 75 per cent. They failed,

very often not getting
1 50 per cent. In 1885 Newbery and Vautin

sought to introduce their process, the special feature of which was
that chlorine was to be used in a barrel, and that excess of pressure
was to be supplied by forcing air in.

Mear's process had some basis, since if chlorine is forced into a

closed vessel the pressure of the gas itself will cause it either to

liquefy or to be dissolved in the water present to a very large extent,

consequently any gold present will be subject to a fierce attack, and

the time of action should be much shortened. With the Newbery-
Vautin process the amount of chlorine to be used, as a rule, did

not generate pressure, so this was made up for by forcing air in
;
as

if the pressure of another gas or gases was sufficient to liquefy the

chlorine present. Surely the time-honored law of partial pressures
must have slipped out of the memory of the talented Cosmo New-

bery when he lent his name to such a patent. The patentees

designed ten barrels, holding one ton each. They were made of

cast-iron lined with lead, the latter being protected internally by
wooden staves. Newbery was amongst the first to suggest the

niethed which finally led to the success of the process. He no

doubt saw the difficulty in leaching ; he saw the fineness of the

gold and the comparative coarseness of the grains of sand and limon-

Ite encasing it. Now, by simply raising the mass to a red heat the.

"nydrated or chemically combined water is driven off, and all the

"fine clayey material loses its plasticity and becomes converted into

a sandy, porous material, which does not clog like clay. In fact,

there is the same relation between the clay from a pug mill and

"brick dust. Now, since the co-efficient of expansion of gold and

quartz is different, there is a tendency for the kernel of gold to crack

the case of quartz around it by its expansion when heated, and fur-
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ther, when the water chemically combined with various oxides is

driven off, the mass becomes more porous, and the gold is brought

into actual contact with the solvent solutions. The faulty fit lings

and awkward methods of handling led to the rejection of the system

in 1887.

The next step was in the replacement of iron barrels by wooden

ones, made of eucalyptus staves 3 inches thick, the end boards being

4 inches thick. Iron hoops were shrunk on, and these were made

thoroughly watertight. The barrels lasted about 10 months, but

Ihey often blew up, scattering and spattering everything with sand,

gold solution, and acid, and poisoning the air with chlorine. O'Dris-

coll, in a series of articles written some years ago in ''Engineering,"

described this method, and pointed out that anything going lOdwt.

per ton and under was sent over the mullock dump. Yet the pro-

cess was looked upon as perfect at the time. The barrel held a

ton, and to this was added 70 gallons of water, 251b to 301b. of

chloride of lime, and about the same quantity of chamber sulphuric

acid.

Captain Richard saw how he could economise and abolish the

barrel system entirely, substituting large rectangular open wooden

loadlined boxes, and running sulphuric acid and chloride of lime

in solution on at the same time a modification, in fact, of the

"Muncktell process. The absurd method of running the solution in

through the same pipe, as recommended by Muncktell, was not

adopted ; yet it is carried on in Victoria where the method is prac-

tised, with the extraordinary belief that nascent chlorine is being

generated ! As if chlorine was, not always nascent when freshly

liberated; yet, after having been liberated for some time before it

ever comes in contact with gold, to assume that it is then nascent

is palpably absurd. This was a great stride forward, and it has

now been further improved upon by running a solution of chlorin-

ated water, free from acids and salts, on the ore, while the wooden

hoxes have been replaced by 100-ton capacity cement tanks.

In the crushing of the ore a concurrent evolution went on. Wet
crushing was objectionable, since a large amount of wet slime

formed, and it was of no use amalgamating portion of the gold
'from material which had to be all chemically treated subsequently.

Dry crushing in the battery was next tried, but the process was so

slow, and the amount of dust formed so large, that it did not take

long to condemn it. The avoidable errors in mining methods are

appalling, and for a remedy we must look to a better system ot

scientific and technical instruction, better literature on modern

methods, and better opportunities for those engaged in the work
to become acquainted with what is done elsewhere.

The next dry crusher tried was the Bunche disintegrator. This

was a disc, carrying on its face short steel rods. The disc revolved

at the rate, of 200 revolutions per minute. The casing was also

supplied with projecting steel rods. The stone was dropped in

between the casing and the disc, and was knocked to dust by the
steel rods. This machine, or some form of it, perennially crops up
and was tried some years ago at Bendigo. The same result was
arrived at, the wear and tear being too great.
Then followed the Blake-Marsden stone-breaker and rolls. This

was successful. A further trial was made with rolls having their

faces spirally grooved, but these were almost useless. Dodge's dis~
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Integrator, as a forerunner of the ball mills, deserves mention. This

machine consisted of a cast-iron drum, containing loose iron discs;

the drum revolved ;
the ore was broken by the pressure of the disco

against the sides and each other. This machine also failed to

stand the test of practice. Next, Krom rolls were used, and,

though excellent work was done with them, these in their turn had

to make way for the Krupp mills, which are doing excellent work

at the present time. Jaques stone-breakers, made by Jaques

Brothers, of Richmond (V.), have stood their tests unaltered, and

serve now to crack the ore before it goes to the ball mills.

It was further found that in order to crush the ore so that it

would pass through the screens it must be absolutely dry. Even

chemically combined water has the effect of making finely crushed

ore choke the screens. The drying is effected by making it pass

through a heated revolving cylinder after it leaves the stone-

breakers.

Even in the furnaces themselves, the "rising unto higher things"

is as marked as with other appliances. The original type of rever-

Tberatories measured 11 feet by 10 feet by 6 feet
; they then grew to

22 feet by 10 feet by 6 feet, but were all workd by hand rabbling.

After these came the Ropp straight-line furnace. The experience
at Mount Morgan was in favor of hand rabbling as against this

mechanical furnace. The present plant has two furnaces, one a re-

volving cylinder, with many improvements on those commonly in

use
;
this is used for dehydrating and oxidising material containing

a small percentage of sulphides. The second furnace, as designed

by Captain Richards, is wholly original and is used for the pyrftic

ore. It is stated that this will roast for less than 5s. per ton.

Their experience in precipitation should also be of value on account

of the very large quantity of bullion handled.

Sulphate of iron was condemned because of the large amount of

room required for precipitating vats, and the contamination o-t the

liquors which may have to be used over again. Sulphur dioxide and

sulphuretted hydrogen were open to the same objections. Sulphide
of iron was tried, but since considerable quantities of sulphate were

formed this also was condemned. Sulphide of copper was tried.

This necessitated the recovery of the copper with scrap iron, anu

the consequent contamination of the liquor. Charcoal was found to

be an effective precipitant, and yet at the same time it did not con-

taminate the solutions, but rather tended to clarify them, BO that

the water from which the gold had been removed could be used again
for charging with chlorine.

Even in smelting of the gold a radical change has been effected.

The charcoal having been burnt off, and the ashes, impurities, and

gold left behind, these were collected, smelted with fluxes, and the

gold recovered. Most people who have had to melt such a mixture

know the trouble caused even with small parcels, but when the

amount runs into thousands of ounces what a task it must have been

for the smelters. The first advance was to amalgamate the burnt

residues and gold, retort, and then smelt the retorted gold a com-

paratively easy task. A further advance has been made. The
whole of the ash and gold from the charcoal furnaces is placed in a

reverberatory furnace,, after the style of a copper furnace, and there

it is melted with the necessary fluxes, the gold and slag being tapped
off from time to time.
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The mast modern portion of the works at Mt. Morgan for treating

"low-grade ore is known as the new West works. These were erected

at a cost of 113,000, and form a most instructive study. The ore

as delivered from the mine is discharged into the hopper marked A
in sectional plan; thence it passes automatically to one of the

stonebreakers (B.) Each stone-breaker is supplied
' through an

opening over which a slide is moved up or down by means of a long

lever, thus regulating the feed. Three of the stone-breakers are

known as Jaques rotary No. 2, made by Jaques Bros., Richmond,
Melbourne. The speed these machines are run at is 420 revolutions

per minute. The fourth machine is a Blake reciprocating stone-

breaker. The vibrations of the former are not so severe as in the

Sectional Elevation.

latter type, but the Blake shows a saving in wear and tear per ton

crushed. One the other hand, the Jaques is the cheaper machine.
"Each machine will easily crush 100 tons in 24 hours. The horse-

power required by the Jaques is six and by the Blake eight. The
crushed ore after leaving the stone-breaker slides down a shoot into

a revolving dryer (C.). The dryer is 30 feet in length, and 6 feet 8

inches internal diameter. The shell is made from -inch mild
steel plates, and is built in five sections, one being 10 feet in length
and the others five feet. The sections are united by cast iron

tyres rivetted to the shell. These tyres are flanged, and each rests

on a pair of friction rollers. The cylinder has a fall of f-inch per
foot; the tyres are tapered to a like extent. The rollers are also

tapered, so that tyre and roller represent frustra of cones, with the
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surfaces in contact horizontal. The cylinder rests on three pairs

of rollers, the base of the rollers being set at an angle of 30deg. with

the horizontal. The plates carrying the rollers rest on massive con-

crete pillars. These plates may be raised or lowered. The cylinder

is driven at the rate of one revolution per minute by a small cci

working into a circumferential spur wheel. The interior of the shell

"is lined with firebrick tiles 10 inches thick, and moulded radially.
?rhe ore travels slowly down the cylinder until it drops into an iron-

lined shoot below the fire-box. The heat is supplied by a furnace

(D) at the lower end of the cylinder, while at the other end is a

dust chamber, which also serves for the roasting furnace, both

being connected to the same stack. The amount of fuel used per
ton of ore dried was 751b. of wood and 301b. of coal. The firebrick

tiles were formerly obtained from Scotland at a cost of 2s. 3d. each,

but they are now made locally for about half that figure..

Since the fire-clay and the bricks made from it appeared to me to

be of a very high quality, and since it stood the ordinary tests as

well as the best English firebricks, I obtained an analysis of the

material, through the general manager, from the analyst to the

company, Mr. Henry H. Bruce Leipner. He also kindly forwarded

results 01 other analyses made of firebricks previously used.





AUSTRALIAN MINING AND METALLURGY. 275

The ore after leaving the dryer falls into a hopper, from whicii

it is conveyed by an elevator E into a hopper F, thence into fie

ball mills G. The elevators are Swarfs standard link chain, No.

85. A bucket is placed at every four links, and adjustable bearings
are provided to counteract the lengthening of the chain by wear.

The chain moves about five feet per second ; the ore arriving at

the top in buckets is emptied into the hopper almost continuously.
The hoppers F are square boxes, lined with T. and G. boards. The
ore is let into the ball mills through the shoots attached to the

bottom of the hopper. Three men look after the sixteen ball

LJ.
JN

S*ocf

/\

FRONT ELEVATION

mills, feeding them from time to time by moving a sliding door
across the shoot by a long lever. These men also change the

screens, oil the machinery. With wages at 8s. per shift the

expense amount* to 2.34d. per ton for this item. If an ore can
be treated successfully in bulk, and if it is required to comminute
it, then dry crushing is the most rational method to adopt. Yet
it would be rash to recommend this method for all classes of ores,
since many conditions may cause the final result to be far from
economical and profitable. The advantages are that the whole of

the ore may be treated without separation o^ slimes, which always
accompanies wet crushing. The pulverised particles are more even
in size than in wet crushing, while the proportion of fine* pro-
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ducecl is not sufficient to prevent percolation and leaching. If

water is scarce the cost of providing it is saved, and a continuous

system ma,y be introduced whereby the ore is not wetted to be

dug out of pits and re-dried, but instead passes at once from the

mine through the processes already indicated, and is in a fit

state for roasting. Krom rolls were successfully used at Mount

Morgan, but the material crushed was for the most part soft.

When hard material was struck in the lower levels the cost of

crushing went up. Krupp's ball mills were introduced, and in

a short time it was abundantly proved that they would actually

crush the hard rock cheaper than the Krom rolls would crush

the soft. The actual figures are as follow: Krupp mill, Is. 7d.

par ton
,
Krom rolls, 3s. 10.36d. per ton. The return for a Krupp

mill for a 12 months' average was 19 tons per daj7
, the indicated

horse-power being about 10. The screens through which the pul-

verised sand passed contained 1225 holes per square inch. It is

needless to say that in the new Western works 16 of these valuable

mills have been introduced, and that the Arom rolls have been

overshadowed by them.
The Krupp mill is so well known that a full description of it

would be redundant
; yet a short account of it is necessary. Itr

consists of a horizontal mild steel cylinder, having an axis through
the centre, with a continuous feed through an aperture in the

side near one of the bearings, and a continuous discharge through
screens at its circumference. Between the axis and the outer rim

are 10 curved cast steel plates, so arranged that their free edges
and all sections of the plate parallel to these are parallel to the

axis. The end edges abut against the vertical casing or sides of the

cylinder. There is a drop, always in the same order, between the

edge of one plate and the edge of the next. Cast steel liners

are also attached to the inner sides of the circles forming the sides

of the cylinder. A number of steel balls are placed in the cylinder,

the ore is fed in, and the whole mill caused to rotate so that the

ore and the balls are continually dropping from plate to plate.

When crushed, a portion drops through the perforated grinding

plate, and thence to a coarse screen made of punched steel plate;

the finer grains pass through this and meet a finer steel wire gauze,

through which only the finest material passes. The coarser material

is led back into the machine, and can only finally escape when fine

enough to go through the outer mesh. The whole mill is encased

in a steel casing, which prevents any escape of dust. Many im-

provements in these mills were suggested by the experience of the

officers at Mount Morgan, and these were carried out by the Krupp
firm. The steel balls for the mills are now obtained in England,
since it has been found that they can be made there just as well

as in Germany, and are much cheaper. The total cost of crushing,

allowing for running expenses per ton, and also maintenance, is as

follows: Stonebreakers, 4.671d.
; dryers and elevators, 11.153d.;

ball mills, 15.533d.
; engines, 2.923d.

;
boilers, 12.827d.

; total, 3s.

11.107d. per ton. The power necessary to drive the four stone-

breakers is 26 horse-power; for the 40 dryers and eleva-

tors, 24 horse-power ; for the 16 ball mills, 208 horse-power.
This power is obtained from a triple expansion horizontal steam

engine, with cylinders 15, 24, and 39 inches in diameter, and 24-

inch stroke. Five Babcock and Wilcox boilers of 120 horse-power
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each, working at a pressure of loOlb. per square inch, supply the

steam. The air pump and water-circulating pump are connected

with the tail rod of the lower pressure engine. The condenser

is the corrugated iron pipe atmospheric one of the ammonia type.
The speed of the engine is 96 revolutions per minute, and the

horse-power developed, as obtained from indicator diagrams, is 321.

The cost of crushing is exceedingly low, but this is achieved partly

by working on such an extensive scale. Independent of this, it

shows that the greatest care has been exercised in the design of

such a magnificent plant, and that every man employed over each

department has a thorough scientific training. In a paper by Mr.

N. F. White to the A.I.M.E., to which I am indebted for supple,

mentary information to that obtained from tne general manager
at uhe mine, the problem of. dry crushing is exhaustively dealt with.

The ore, having been dry crushed, drops into a close hopper, from

which no dust can escape, thence it passess automatically into a

cylindrical continuous roasting furnace. The continuous discharge

revolving furnace is a cylinder 46 feet long, 7 feet 6 inches in

diameter for 16 feet at the lower end, and 6 feet 9 inches in dia-

meter for the upper end. The cylinder is made of f-inoh steel

plate, stiffened by having the edges of the steel plates turned up,

and also by cast iron tyres. The inner lining consists of fireclay

tiles, set radially, the inner circle presenting a smooth surface of

fire tiles. The cylinders is supported on four pairs of friction

rollers, each of which bears on four massive concrete pillars. The
centre of the axis of the rollers, and the centre of the cylinder,

are equidistant, the angle formed joining these lines being 60 de-

grees. The same arrangement of surface of the roller and the

track on the cylinder is adopted as with the dryers. They are

both horizontal surfaces of contact of sections of cones rolling on

each other, the slope in this instance being -inch per foot. The

cylinder is driven by friction rollers going one revolution in 100

seconds. The ore is picked up by a pair of scoops on the end of

the revolving cylinder ; it passes into the furnace proper, travelling

slowly downward all the time until, when thoroughly roasted, it

drops into a hopper at the lower end of the furnace. Care is

taken, to admit no more cold air than is necessary, also to fit the

end of the cylinder near the fireplace with a section which can

be readily replaced. The general arrangements and construction

of the furnace may be readily seen from the plans and sections

shown. This furnace does a marvellous amount of work, roasting
Icwt. Iqr. per minute, while 3000 tons per month are put through.
It should be stated that the ore treated in this furnace is compara-
tively free from sulphur. The ore conveyor is worked off the same
shaft as the furnace. It consists of a revolving cylinder, with a

pair of scoops attached. Vertical sliding doors admit more or less

sand packed up on the other side of them, according to their

height above the ground. The sand flows in to maintain its angle
of slope ;

the scoops pick it up, pass it on the conveying cylinder ;

there it is partly cooled by a small pipe with a longitudinal slit,

attached to the length of cylinder emptying water on the outer

surface. When a revolution brings it above, the pipe descends into

a reservoir below at the downward revolution, is carried up again
full of water, and the process is repeated. The ore partly cooled

is conveyed to the cooling and storage floors, from which it finally
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passes into the vats. The upper floor, on which the stonebreakers

stand, is 136 feet above the top of the vats.

It was found that these furnaces were not fitted for roasting ores

containing a high percentage of sulphur, Captain Richard attacked

the problem in a systematic way, and has evolved a furnace which

lias certainly suited the Mount Morgan sulphides, and in which

:O O O O O..O O O O O O O O
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Shaft Furnace. Sheet No. I.

an enormous amount of stuff may be economically and thoroughly
roasted. Attacking the problem from a physical point of view, he
found the ordinary reverberatory furnace gave an efficiency of

about 5 per cent.
;
that is, on calculating the heat reactions 100

calories were produced in order to get five back again. In order

to oveicome that waste it might be proved that a furnace should

bo indefinitely long, yet on the other hand other conditions come
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in, such as leakage of air, more handling of material, and the

increased temperature required at the lower end of the furnace.

From a chemical point of view it is found that not only is heat

wasted by passing through the furnace, but that a very small pro-

portion of oxygen is used up within the furnace itself, so that

the main amount of fuel is burnt in heating inert nitrogen, water

vapor, and oxygen not used, and allowing them to escape up the

flues. Further, in roasting the heat reactions of the first atom of

sulphur expelled from pyrites, the heat reaction of the

sulphur burnt, and the iron oxidised at the same time show that

if a furnace is properly arranged very little external heat would

have to be supplied say with fuel. Of course, the heat lost by

warming inert material, such as sand and oxide of iron, should

be taken into account, but as the specific heat of such material is

low the loss in that respect is not great. These and other con-

siderations guided him in his choice, and led to the construction of

the shaft furnaces. This furnace, as shown in the illus-

tration, is 64 feet high, and stands on a base of 11

feet 8 inches by 29 feet 6 inches, and is terminated

b~ a reverberatory furnace 25 feet in length. The principle of

this furnace is oxidation of the pyrites, by causing them to fall

in a finely-divided stream through a current of heated air. Stete-

feldt attempted to do' the same in his furnace, but the time allowed

and the space passed through were altogether insufficient for per-

fect oxidation. In this furnace baffles, in the form of arches per-

forated on top, or having discharge holes at their base, prevent
the pyrites from flowing too freely.

r

i,-e heated air is led over the

hand-rabbled reverberatory portion up a short flue at the end or

the first arch, over the length of the second arch, up another flue,

and back over the next one, and so on. The sand in descending
has to pass over and through 11 of those archas, each 7 feet wide.

In some, as indicated in the drawings, it pass through the central

holes in the arch
;
in others it piles up against the walls, and in

flowing down through small openings near these, it is forced

over the next arch by a jet of compressed air. On coming to the

lowest floor it is worked along by hand and discharged.
The furnace is well braced with H irons. There are numerous

doors provided in case a blocking of passages with sand may take

place, and as the best proof of the care bestowed on their design,

eight of them have been erected with barely an alteration from
the original. The amount of ore carrying 10 per cent, of sulphur
which one of these will put through is 200 tons per week, while

the cost of roasting has been reduced to 5s. per ton. Crushing
and roasting of the sulphide ore may therefore be done for 2dwt.

per ton a result which may lead to the profitable working of

many large bodies of low-grade ore when mining managers take

advantage of the Mount Morgan lesson.

Tlie illustration herewith presented is that of the continuous

discharge revolving furnace. It is a cylinder 46 feet long,

7 feet 6 inches in diameter for 16 feet at the lower end,
and 6 feet 9 inches in diameter for the upper end. The cylinder is

made of f-inch steel plate, stiffened by having the edges of the

steel plates turned up, and also by cast-iron tyres. The inner lin-

ing consists of fireclay tiles, set radially, the inner circle presenting
a smooth surface of fire tiles. The cylinder is supported on four
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pairs of friction rollers, each of which bears on four massive con-

crete pillars. The centre of the axis of the rollers, and the centre

of the cylinder, are equidistant, the angle formed joining these

lines being 60deg. The same arrangement of surface of the roller

and the track on the cylinder is adopted as with the dryers. They
are both horizontal surfaces of contact of sections of cones rolling
on each other, the slope in this instance being -inch per foot. The
cylinder is driven by friction rollers, going one revolution in 100
seconds. The ore is picked up by a pair of scoops on the end of the

revolving cylinder; it passes into the furnace proper, travelling

olowly downward all the time until, when thoroughly roasted, it

drops into a hopper at the lower end of the furnace. Care is taken
to admit no more cold air than is necessary, also to fit the end of

Snle

Section O.

the cylinder near the fireplace with a section which can be readily

replaced. The general arrangements and construction of the fur-

nace may be readily seen from the plans and sections shown. This

furnace does a marvellous amount of work, roasting Icwt. Iqr. per
minute, while 3000 tons per month are put through. It should be
stated that the ore treated in this furnace is comparatively free

from sulphur.

Continuing the description of the works dealt with, in

which the ore was traced in its progress from the hoppers
to the stone-breakers, thence through the drying furnace, to be
elevated and fed into ball mills, to be delivered from these into

the roasting furnace, through the coolers to the cooling and storage
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floor. The next receptacle for the saiid ready for chemical treat-

ment is the vat. The construction of each of these at Mount

Morgan is absolutely original. At the mine the wooden lead

lined vats, the stoneware stills, and the expensive leaden vessels

of all descriptions, have had their day, and have had to give way to

the cheaper and more durable material, cement.

The vats at the west works have an internal capacity for ore

100 feet long, 12 feet 6 inches wide, and 3 feet 6 inches deep. A
fall of three inches is given to the bottom of the vat from end to

end. The vats are arranged in groups of four. Two side by

side, with a wall dividing them for their whole length, and two

end on to these. The gold solution and chlorine solution pipes

run between the ends of the vats. The walls are two feet, and the

floors 18 inches thick. The walls are first built of cement, six

to one, then the floors are filled in; the junction with the walls

being roughened so as to make a perfect joint. The final linings

are put on in the way a room is plastered, the old surface being

roughened while wet, then allowed to dry, and a new coat put on.

This layer is two to one, and is laid on for half-an-ineh in thick-

ness; the final layer is laid in neat cement. Many of the vats,

however, and all the lead work in contact with chlorine or chlorine

solutions are coated with a mixture of two parts of pitch and one

part tar, which has been boiled for two days and put on hot
;
this

gives a beautiful, even, hard enamel-like glaze to the surface. The
filter bottoms are laid on bearers of hardwood, 3 inches by 2

inches, which lie along the length of the vat
;
these are spaced 2

feet apart. A loose flooring of hardwood boards, 9 inches by 2

inches, covers the whole surface. A number of 1 inch holes are

bored through this flooring. The filter bed consists of gravel ol

diminishing dimensions from 1 inch to } inch, while over this is laid

a layer 9 inches thick of inch sand. The filter bed is about 18

inches above the bottom of the vat, so that the total depth is 5

feet at one end and 5 feet 3 inches at the other. A timber frame

spanning the width of the vat carries four trucks
;
these serve for

filling and discharging the vats. This carrier moves along on

wheels running on rails on the edges of the vats, and by its means
100 tons of wet sand can be discharged by six men in eight hours.

The solutions are led to each vat by a branch from a main which,
as stated before, passes between the ends of the vat. The branch

pipe has a length of rubber and a screw clip attached. The gold

liquor main, which runs under the solution main, has a branch pipe
from every vat, also a valve attached. This main may be connected
on to suction pumps, which are used to assist filtration. Provision

is also made for taking samples of liquor from the outlet pipe of

each vat. The suction pumps are made of type metal i.e., an

alloy of antimony and lead. The mains carrying chlorinated water
and solutions are made of ordinary drain pipes dipped in the boiling
tar composition mentioned. The joints are packed with tarred

oakum. This is a great improvement on the old system of lead

pipe and lead linings. Lead is rapidly eaten away by chlorine solu-

tions, especially if the liquors are warm.
Chlorine is generated in stills similar in type to those used in

the chlorine manufacture from hydrochloric acid. The stills are

octagonal in shape, 4 feet 8 inches in width, and 4 feet 6 inches
in height, and are built of imported Yorkshire flagstones. The
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stones are grooved along the edges, and in this groove is laid a

strip of round rubber, the whole being clamped together to form

a perfect joint. The discharge hole has a cover clamped on in the

usual way. Steam is admitted through ebonite taps at a pressure

of 1501b. per square inch. The outlet pipe for the chlorine is oi

earthenware, the joints being packed with the oakum and tar mix-

ture. Each of the stills made of imported material cost 98. It

was found necessary to patch these from time to time
;

this was

done with cement. The material stood so well that a still was

built of it
; this has answered almost as well as the flag, and the

cost was only 12. Manganese dioxide, salt, and sulpauric acid are

used to generate the chlorine. The mixture is made up according
to the following equation :

Mn0 2 + 2NaCl +3H 2 S0 4 = MnS0 4 + 2HNaS0 4 + 2H 2 + C1 2 ,

but 3 per cent, of MnO 2 in excess of the theoretical

Fig 1.
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Figs. a.

Scale, i inch = I foot.

Sectional Plan and
Elevation of Towers

Fig- 4.

Fig. 5.

1

Sectional Elevation of Vat.
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description, only that sulphur is burnt instead of pyrites. Chamber

acid having a specific gravity of 1.615 is produced at a cost of about

3 per ton, the amount used for the year being about 3500 tons.

The escaping chlorine is led away to towers, through which water

trickles over stones to absorb the gas. Since the chlorinated

water has to be kept at a constant strength, a ready quantitative

test has been supplied to the men in charge. The water supply to

the towers is thus made to vary with the amount of the chlorine

present, so that the solution is kept constant about 350gr. to the

cubic foot, or less than .1 per cent. The towers or scrubbers are

built of concrete, four of these being built in one nest. The in-

ternal dimensions of each are: Height, 20 feet; diameter, 2 feet

3 inches
;
the external measurements being 25 feet and diameter 5

feet. Each tower is packed with stones, old broken crucibles, and

glass bottles to within about 1 foot from the top. All these are

carefully arranged so as to secure an even downward flow of water.

The top of the tower is fitted with a leaden dish, through which

a number of open leaden pipes project upwards for one inch. Tnese

pipes are covered by inverted leaden cups. This arrangement forms

a water joint, and yet allows a stream of water fed in above to pass

down through the leaden pipes into the scrubber. The chlorine

gas is let in at the bottom, and in rising meets the descending

stream of water and is partly absorbed; the balance is led away
through a pipe from the top of the first tower into the bottom of a

second one, where the same process goes on. The chlorinated

water is led away to solution tanks. These are built of brickwork

lined with cement, and face coated with the mixture of tar and

pitch. Four of these are built in one nest, each one being 11 feet

4 inches in diameter and 40 feet in height, with a dome-shaped

top, fitted with a man-hole. An indicator is attached to show
the quantity of liquor used. The solution is allowed to pass out

through a valve at the bottom to the mains, and then enter the

sand vatv The vat having been filled with sand, the surface is

levelled off and that at the side& raked a few inches higher to

prevent solutions running down there. The chlorine water is then

run over a board on to the sand. When it is covered the outlet

valve is opened and the solution allowed to flow through the filters

until no chlorine water appears on the surface. The surface ia

then raked over to cover up any cracks or air blow-holes formed by
putting on the first liquor. Chlorine water is again run on continu-

ously until the escaping liquor is strongly charged with the gas.

When this has happened the liquor is allowed to rise 4 inches above
the surface of the sand, and is kept in contact until the chlorine acts

on the gold. In about 20 minutes the strength has been found
to become much less, so this solution is run off and more chlorine

liquor added. This process is continued until the gold is dis-

solved. It is sought to give a number of separate washings rather

than allow a single strong solution to act on the ore.

It takes about 2^ hours for the oxidised material from the upper
workings to become charged with chlorine, and four hours for the
roasted pyritic material. The chlorine appears to be used in

oxidising ferrous salts, and in rendering basic salts soluble before it

is free to attack the gold. Ferric sulphate Fe 2 (SO^ and sulphate
of aluminium Al** (SO^)j are abundant in the first liquor coming
from the vat, while little or no gold is dissolved. It is noticed



AUSTRALIAN MINING AND METALLURGY. 289

that if the escaping solutions from the first liquor are yellow 01

brown, then some difficult}' may be anticipated in subsequent treat-

ment
;

if the solutions come away clear, then gold will be readily

and rapidly dissolved.

With regard to the pyritic ore, it is found that a slow roast gives

a better result than one during which a high temperature is at-

tained. The generally accepted re-actions for the changes which

take place in roasting pyrites are not those which occur in practice.

Plattiier has stated, and his statement has been accepted by a num-

ber of other authorities, that in roasting pyrites the following

changes occur. First on heating sulphur is distilled off

3FeS 2
= Fe 3 S 4 + S 2 , 7FeS 2

= Fe 7S 8 + 3S 2 ,

the material remaining behind being magnetic sulphides. The sul-

phur vapor coming in contact with the oxygen of the air becomes

sulphur dioxide, while the intervening mass of porous brickwork

causes some of the dioxide to become trioxide, or

S 2 + 20 2
= 2S0 2 , and 2S0 3 + O 2 = 2S0 3 .

The next step given is not clear, for it is stated that the sul-

phides become slowly oxidised, and through the intervention of the

sulphur trioxide (S0 3 ) become converted into sulphates, which are

decomposed in turn to become oxides. Thus
2FeS0 4 = Fe 2O 3 + S0 2 + S0 3 .

Roberts-Austin states that probably by far the greater part of the

iron sulphide only becomes sulphate for a very brief period, being

decomposed into the oxides of iron, mainly ferric oxide, sulphur

passing off.

It seems marvellous that these re-actions should be accepted in

iace of the facts that in almost all roasting furnaces that while

the first change indicated is correct, the magnetic sulphides of iron

are converted into magnetic oxide by the heated air passing over the
surface. This in its turn is slowly converted into ferric oxide

(Fe 2 0j) on being brought slowly into a part of the furnace at a

higher temperature. Ferrous sulphate is not formed and decom-

posed as indicated, since it is only at the lower end of a furnace
that the dissociation temperature is reached.

It is found at Mount Morgan that a sulphating roast, or a roast

at a low temperature with a limited supply of air, which probably
is the only one the text-book authorities have ever considered,

places the roasted ore in better condition for chlorination than that

generally given in a reverberatory furnace. By roasting very
slowly a large amount of the sulphide of iron may be made to pas?*

through the sulphate stage, while the copper present is mainly con-

verted into sulphate. It must not be taken as a general statement,
that this method of roasting would be suitable for all ores. Mount
Morgan has solved its own problem, bub other details to suit vary-

ing conditions would have to be adopted. Copper exists in the
ore to a payable extent in the lower levels, and steps have been
taken to recover this metal from the solutions.

As soon as the gold is dissolved the chlorine liquors are run off

until the ore surface appears. Water is then run on and dr.uvn

off, this being repeated until there is no re-action for gold when
tested with ferrous sulphate. It is found that a much more sensi-

tive re-action may be obtained from ferrous sulphate made by dis-

solving cast iron than from purer material. Filtration is assisted



290 AUSTRALIAN MINING AND METALLURGY.

by vacuum pumps, which are made of type metal, are vertical, and

have two external valves. The plungers are 10 inches in diameter,

and the stroke is 16 inches. The solution is drawn from the vats

and discharged into a small well. Force pumps, fitted with harcl-

\vood plungers 9 inches in diameter with a stroke of 16 inches, force

the liquors from the well into the gold storage tanks. The solu-

tions are drawn off at an even rate and run through charcoal niters.

These are built of brickwork on a concrete foundation, the internal

surfaces being cemented and coated in the same manner as the

vats. Their internal dimensions are 10 feet by 12 feet by 4 feet 6

inches deep. They have a wooden filter bottom. Cheese cloth

is laid over this to prevent the fine charcoal from falling through.

The charcoal is broken into fragments in a disintegrator, then sieved

through screens having 20, 30, and 40 holes per linear inch. Grains

which remain on the largest sized sieve are re-crushed, those which

stop on the 30 sieve are termed coarse, and those that stop on the

40 are called fine, the dust passing through the 40 not being used.

The filter is packed by stamping the charcoal round the edges to

prevent free flow of the solutions down the sides. A. layer of 5

inches of coarse is laid on the cheese cloth, then a layer of 2 feet ot

fine
;
on this comes another layer of 5 inches coarse. The whoit

surface is then covered with a sheet of perforated lead. This pre-

vents the charcoal rising or becoming disturbed with the inflowing

solutions. The space above the charcoal serves as a reservoir. The

general arrangement of the filters may be seen from Fig. 5. The

gold solution flows downwards through the charcoal, passes up a

pipe from the bottom, and flows through the next filter. The bulk

of the gold is obtained from the upper layer of fine charcoal. The

charcoal when ground is stored in bags, each holding about ^cwt.,

and about two of fine are crushed for every one of coarse. Fifty

bags of the material will precipitate 2000oz. of gold. The char-

coal becomes exhausted or loses its power of precipitating gold in

about six months. .

The following list of analyses of the roasted ore from Mount

Morgan has been supplied by Mr. Henry H. Bruce Leipner, analyst
to the company :
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mass of silica became concentrated is, in the opinion of most people,

due to hydrothermal action, and the general manager, who has had

more opportunities of judging than casual observers, holds that

the upper portion was due to a thermal spring, thus upholding

Jack's original theory.

The solutions from the sand are highly charged with salts, con-

sisting of basic and other sulphates held in solution by chlorine,

some of which separates out as soon as the chlorine is destroyed.

If will be seen that if 100 tons of ore Be treated and 150oz. of gold

precipitated, then if only 5 per cent, of the salts in solution separate

out, about Icwt. of these will come down with the gold. It is in

dealing with problems of this sort that the young student trained

only in laboratory methods will be completely upset when put in

charge of works. His assays will turn out all right ;
he will inform

his directors that, based on the difference between the tailings and

sand assay, he will get a certain amount of gold. The bulk of his

precipitate will astonish him, and the results of his smelting will

astonish him still more. A tiny button of impure gold, masses of

slag, and the collection of the whole of his ashes, leave him in such

a fix that his last state is worse than his first. His lesson has been

learnt at the expense of the mine, and unfortunately sometimes at

that of his own reputation. It is astonishing to believe that there

are still experts who believe in training students to work with a

plant of diminutive dimensions, a plant in which many of the

actual operations which take place in practice are never seen or

considered. Students are taught assaying, chemistry, drawing,

surveying, and other subjects to a full scale, such as they will be

required to work afterwards, but metallurgy is taught to a scale of

an inch to the thousand feet, and a student is supposed to under-

stand a lot of facts, as well as principles, absorbed through his ears

alone, without actual contact with the apparatus he will have to

subsequently deal with. One might as well claim that mining
could be taught efficiently by a superficial study of the model mines

in museums, or that geology could be better taught by building mi-

croscopic sections of the various formations and teaching the

scudeuts from these models.

Practical men will know the meaning of keeping solutions clear,

and at Mount Morgan, before they had their reverberatory furnace,

they had sand filters or separators. These were round, lead-lined

vats, 3 feet 6 inches by 5 inches, having a false bottom of per-

forated wood, then 5 inches of coarse gravel graded, and finished off

by a layer of 8 to 9 inches of sand. The sand is tightly packed.
These filters catch the basic salts, and in course of time become
cemented together. They are then broken out, re-calcined, and

the gold removed. The solutions must flow very slowly through
the sand, or the basic salts will be carried on to the charcoal.

The solutions are then run down through the charceal. After

going through the first filter the solution rises through a pipe and

passes through the second
;
the water can then be run cii the ore as

a water wash, or can be used for recharging with chlorine, or run to

waste. It has been found that it is not advisable to pass chlorine

into water that is highly charged with salts. In the new West
works chlorine is not blown out of the solutions by means of steam.
If the solutions are 80 to 90deg. Fahr. in temperature the gold
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will readily precipitate on the charcoal. The chlorine is rapidly

destroyed in presence cf sunlight, so that the means usually taken

to get rid of it might be simplified. It is remarkable that the

cause of the precipitation of gold in charcoal has never been

satisfactorily explained. The charcoal is burnt in reverberatory

furnaces with dust chambers attached. The analysis of the ash

remaining was as follows, when the sand filters were used :

CaSO* ..

MgS0
K 2 S0 4 ,Na 2 S0 4

KC1, Nad ..

F 2 Oo ..

trace

1.777

trace

25.825
3.475

1751
1-018

-273

13.610)
1.903[
.9251

-570)
4 '..91 5

Soluble in water.

Soluble in hydrochloric
acid.Ca S0 4

CaO..
MgO
Si0 2 ..

A1 2 O 3 i-wjj |_ insoluble in acids.

M
a

g o" ; !

At present the gold from the charcoal ash runs from 20 to 40 per

cent. This is mixed with the requisite quantity of fluxes and

placed in a short reverberatory furnace, built after the style of

a copper-smelting furnace. The slag is tapped off periodically, and

the gold is run off and cast in ingots weighing about 300oz. each.

The assay of this is about 990 fine. The slags, which accumulate by

the ton, were sent to Aldershot Smelting Works. It has been

found that these can be treated more economically on the spot.

The chlorine solutions are tested with an indigo solution. Experi-

ence has shown it to be of greater service and mor^e easy applica-

tion than the ordinary re-agents used, such as arsenite of sodium,

ferrous ammonium sulphate, etc., and I obtained from the analyst

of the company the following details : "Three ounces of finely

ground Indigo is added slowly, in small portions at a time with

constant stirring, to 41b. of strong, pure sulphuric acid (H 2SO4 ).

(Not Nordhausen as recommended by most authorities for the solu-

tion of Indigo, as it was found that the final color re-action with

the chlorine water was not distinctly marked, and more especially

so at night when working with the aid of the electric light)."

Any great elevation of temperature is to be avoided, and it is

advisable to place the vessel preferably a porcelain evaporating
dish 10 inches or 12 inches in diameter in cold water. When the

whole of the indigo has been added to the acid, the vessel is

covered and allowed to remain for at least 48 hours, when the con-

tents are poured into about twelve times the quantity of water,

(any great rise in the temperature being avoided), the whole mixed

well, and filtered first through fine mill silk and then tKrough a

coarse folded filter. (See Fresenius, p. 76). The standard indigo
solution I have found to answer all requirements is one of such a

strength that 1 cc. is equivalent to 10 grains of chlorine per cubic

root of chlorine water, using, a miniature gallon, namely 70 cc.

of chlorine water used for each test. This standard indigo can be

made by taking a solution of chlorine water, estimating the amount
of chlo-rine in the same by a decinormal arsenious acid solution

N
1 cc As 2 = 0.0355gr. 01.

10
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Ore

Pyrittc 1
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And after having found the strength of your chlorine, titrating

with indigo solution and calculating the required amount of water

to be added, so that 1 cc will equal 10 grains of chlorine per cubic

foot, using 70 cc of chlorine water for a test,

70 cc chlorine water taken
N

X cc As 2 3 x 3.55gr. of 01 per gal.

10

//

X cc As 2 3
x 22.1gr. of Cl per gal.

-

The assaying department is under the charge ot Mr. JtL. bt. J.

Somerset, and from him I obtained much information as to methods

of assay, strength of solutions, and other details. The assay fluxes

are made up in bulk, and evenly mixed in the following quantities :

Ordinary ores. bmceous ores.

Litharge .. . .

'

.. 181b. i. 481b.

Sodium bicarbonate . . . . . . 541b. . . 571b.

Borax pulv... .. .. 91b.

Flour . . . . . . 26oz. . . 25oz.

For pyritic ore 400 grains is taken, and 1500 of flux
;
an iron spike

is introduced, and a lead button weighing 350gr. is obtained.

Mr. Somerset found that he could get exactly the same returns

trom pyritic ore, roasted or uuroasted, and consequently has dis-

pensed with this preliminary operation. Ores carrying from HOZ.

to 3ioz. per ton yieJd all their gold but 20gr. to 26gr. by chlorina-

tion. Assays are made on from 2000gr. to 3000gr. LoAA'-grade

ofres going about 12dwt. per ton yield from 93 to 94 per cent, ot

their gold to the chlorine. Roughly speaking, crushing and roast-

ing cost about 8s. per ton, chlorinating 6s. per ton, and mining
about 8s. per ton, so that for about 1 per ton the various opera-

tions necessary for the recovery of gold are conducted. About 2s.

6d. more per ton is required for general management and othei

expenses. The low-grade ore as treated in the works described can

be treated at a profit if it contains over 4dwt. per ton, the actual

returns obtained being slightly over 7dwt. per ton. Much of the

material which had previously gone over tue dump is now yielding
dividends. The average of all the ore treated is betAveen lldwt.

and 12dwt. per ton, and since the whole of this, amounting to

half a million tons per annum, has to be treated chemically the

results form an object lesson for the whole world as to the treat-

ment of low-grade ore The dividends paid during the last seven-

teen years amounted to 65 million pounds.
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The Queensland Smelting Company.

The works of the company are situated at Aider-shot, about six

miles from the port of Maryborough, and on. the main trunk line

from Gladstone to Brisbane. Coal from the Bun-urn coal field

may be obtained within a radius of a few miles from the works.

The company carries on the business of buyers, smelters, and re-

finers of gold, silver, lead and copper, whether in ores, concen-

trates, mattes, cyanide slags, or other furnace products. It is the

only Customs work of its kind in Queensland. Since lead is the

life-blood of such works, the company has always had a direct

interest in mines in various States, but at present their own mine

at Pinnacles, N.S.W., supplies all the necessary metal.

The ore, as delivered in railway trucks, is weighed, and the tare

of the trucks deducted. If the material is in lumps it is raised to

an upper floor. For elevation to the feed and upper floors, two

hydraulic lifts, each capable of raising one ton, or an inclined way,

along which a three-ton load may be hauled by a winding engine, i?

made use of. The lumps of coarse ore are broken in a Blake.

Marsden crusher, having jaws 9 by 15 inches. The fluxes are also

cracked up in this. The broken ore then goes through a Dodge
breaker, and then through rolls, which crush it down to three-

sixteenths of an inch. Since it is not desirable to have too much
fine ore for blast furnaces, the fine crushing is mainly done for

sampling purposes, so that unless the whole of the ore requires

roasting, only every second, third or fifth bag is chosen from a

parcel for the breakers and rolls. In order to make doubly sure

of accuracy of sampling, the work is done in five-ton lots; that is,

if 20 tons came in four lots would be made, and each lot sampled
down independently. This method appears to be better than work-

ing down a large parcel to a few ounces, and only checking the,

assays against each other. A system of checking the sampling
as well as the assaying is highly desirable.

The portion selected as a sample is run over a point in a steady
stream ; a small cone of sand forms. This continually receives con-

centric coats until the final conical heap is formed. The cone is

then spread out evenly by working its sides down with a shovel, and
becomes a low circular heap, whose centre is the point over which

the ore was run. The workman then divides this in two diameters

at right angles, and shovels away the opposite quarters. This is

again run down, another cone spread out, and again quartered,
iind the process repeated until a few pounds are left. This con-

stitutes the assay sample, which is ground down, sieved so as to

diminate the coarse gold. The coarse gold is estimated on this

sample. The fine material is further sampled down, and the gold
or other metals determined by assay, and from this the value

of the whole parcel is estimated. The sulphide ore is all crushed,

and this, with the concentrates, is roasted in reverberatory furnaces.

The object of these is twofold ; first, for the expulsion of the

arsenic and sulphur; and, second, for the sintering of the finely

divided material, making it more suitable for bins: furnace work.
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The reverberatory furnaces are hand rabbled, and are of the fol-

lowing dimensions: External width, 16 feet; length, 64 feet;

height of arch at spring, 18 inches; at crown, 30 inches above

hearth, the height diminishing away from the fireplace to the

extreme end. The fireplace is divided by a partition parallel to

the length of die furnace, each compartment being 5 feet by 2 feet.

There are six of these furnaces, each having a daily capacity of

seven tons. I ain not at all in accord with authorities who recom-

mend such designs. A simpler, more effective, and more suitable

roasting furnace would do more work at less cost.

There are two smelting furnaces, one 100 by 36 inches at the

tuyeres, of which there are six on each side, with wrought iron

jacket the full length of the furnace. This was made by Walkers,

Limited, Maryborough (Q.). This has a capacity of 80 tons per

day. The other furnace is circular, 36 inches internal diameter,

and has a capacity of 30 tons per day. About 30 per cent, of the

total tonnage is made up of fuel and fluxes. The blast is supplied

by two No. 5 Root's blowers, and the pressure used is 7-10 inches

of mercury.
As is well known to smelters, but not so well to the ordinary

gold milling man, the working of the furnaces used for smeicmg

lead ores depends on the following principles: First, that the whole

of the quartz or other siliceous material must be got rid of as a fus-

ible slag by causing it to combine with oxides of iron or manganese,

generally also with lime as well. Second, the lead compounds must

be reduced to the metallic state in the furnace, and dissolve the

whole of the gold and silver present. Third, that the sulphur p esent

in the ore should be just sufficient to collect all the copper and

a portion of the iron as a matte. The slag, the matte, and the

lead will not dissolve in each other or unite with each other to

any appreciable extent, and therefore may be separated in virtue

of their relative weights or density. While the ideal state of things

is simple enough, in practice a great many changes go on, which

lead to difficulties. For instance, part of the copper is reduced to

the metallic state, and this passes into the lead. Antimony, arsenic,

and tin also are reduced, and these pass into the lead, giving a

very impure metal. Part of them also pass into the matte, making
it a very complex substance. The zinc present in the ore gives

trouble, since it is partly reduced to metal, is volatilised in the

furnace, and is again oxidised. The oxide by itself being infusible

clings to the Avails, where it forms accretions. In other ways also

it is highly objectionable unless passed into the slag as a silicate.

If too high a temperature is attained, or if an excess or deficiency

of lime is used, metallic iron tends to separate out. This is ob-

jectionable in causing the formation of iron bears, or infusible

masses, low down in the furnace itself. It will be seen that the

successful working of these furnaces depends 0*11 the exact knowledge
of the composition of the material fed into the furnace, and a

proper mixing of the same, so as to produce the necessary quantity
of each ingrdient, the temperature attained, and the volume of air

blown in. At Aldershot, probably ^e movst complex ores in Aus-

tralia are dealt with successfully.

Part of the lead sulphide at Aldershot is converted into silicate

by feeding galena in with the ores requiring roasting, and then

fritting these before withdrawing from the reverberatories. This
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is reduced to metallic lead by the joint action of ferrous oxide and

carbon, or by ferrous silicate, lime and carbon. Of course, unless

the fluxes are properly adjusted silicate of lead may form part of

the slag itself. The aim of the metallurgist is to keep the amount
to less than 1 per cent. The slags produced at the time of my visit

were as follow :

Type. Good Zinc Slag.

Silica (Si0 2 )
30 to 35 ... 33 ... 27.7

Ferrous oxide (FeO) 33 to 36 3<3 39

Lime (CaO) 15 to 25 21

Zinc oxide (ZnO) 5 to 11

The lead bullion runs from 20 to 50oz. of gold, and from 20 to 150

oz. of silver per ton. The charge is 9.25cwt., coke Icwt. It is

arranged to cany from 10 to 14 per cent, of lead, and sulphur in

sufficient quantity to form a low-grade matte, the matte pro-
duced running about: Copper, 15 per cent.; lead, 25 per cent.;

iron, 31 per cent.
;
the balance being mainly sulphur.

The base lead bullion is tapped off periodically from the usual

syphon-connected well
;
the matte collects in a special pot, the slag

overflowing to another which is wheeled over the dump. The matte
is re-crushed, re-roasted, after which it is fluxed and run down in

the smaller blast furnace, the product i is ^me being hard lead

and a matte rich in copper. This matte used to be shipped away,
but designs are now being got out for installing converters so as to

produce blister copper on the spot. The hard lead obtained from
the last operation, as well as that from the larger furnace, passes
into the softening furnaces. It contains copper arsenic, antimony,

iron, bismuth, sulphur, and, in this case, tin as well as silver and

gold. All these elements, with the exception of gold, silver, bismuth
and copper, are more readily oxidised than lead when subjected to a

high temperature. Copper forms an alloy with lead when melted
at a low temperature, and floats on the bath of molten lead. By
mixing ashes with this alloy the whole of it may be removed as a

scum from the surface. An original plan was adopted at the works.

By mixing pure galena with the fluid hard lead the copper formed
a sulphide, and in that way was removed.

The softening furnace is a water-jacketed reverberatory, the pan
being 18 inches deep, and capable of holding 30 tons base bullion.

After the bulk of the copper has been removed air is allowed to play
over the heated lead, and tin is oxidised and removed as a scum.

Tin is a troublesome metal to get, for it robs the lead bullion of

part of its gold. Then arsenic and antimony become oxidised, and,

combining with the oxide of lead which also forms, are removed
as arseniate and antimoniate of lead respectively. The furnace is

allowed to cool slightly, so that these salts may be removed as

a semi-solid scum. Finally, only litharge forms on the surface

of the lead, and when this takes place only gold, silver, bismuth,
and a small amount of copper and other metals are present in

the lead. The molten metal is then run into zincing kettles. These

are large hemispherical cast iron pots, built in brickwork, and
heated from below. The size of those at Aldershot are 8 feet 10

inches on top, 3 feet 3 inches deep, and having a capacity of 30

tens. After the lead has become heated up sufficiently molten zinc

is poured in, and stirred round with a paddle. The bath is then

allowed to cool slowly, ancl the zinc containing silver, copper, and



AUSTRALIAN MINING AND METALLURGY. 299

gold collect and solidify on the surface. These are removed with

a perforated ladle. The amount of zinc added depends on the

assay value of the lead. The metals are removed fractionally: i.e.,

enough zinc is added the first time to remove the whole of the

gold, copper, and a portion of the silver. When tlie bath is cooled

down the zinc, with these metals alloyed, rise through the lead,

and float on the surface, where they solidify. They are removed

with the ladles, the liquid lead heing allowed to drain back. The

balance of the silver "is obtained after a second or even a tnird

zincing. By withdrawing samples and assaying them, the progress

of the work can be readily followed. Lead poor in silver takes

more zinc proportionately than rich, since it takes a certain

amount of zinc to saturate the lead, although the gold and copper

may be removed even before the lead is saturated. The rich

zinc-silver-gokl bullion is kept apart from the rich zinc-silver

bullion.

The lead, deprived of its gold and silver, is heated, and the

zinc oxide removed as well as some litharge, the pure lead going

to market.

The zinc bullion is introduced into Faber du Faur retorting fur-

naces, and the zinc distilled out to be used over again. Lead, with

silver and gold, is lef behind. These retorts have been described

in connection with the melting of large quantities of cyanide bullion

in Western Autsralia. It takes about from 1\ to 8 hours to distil

off about 3cwt. of zinc crust. After the zinc has ceased to come

off, the lead alloy is poured out by tilting the retort. This' is

then placed on the hearth of an English cupelling furnace. This

is simply a short reverberator? furnace with a movable hearth.

The test or frame of the movable hearth is made of iron. This

rests on a carriage, and may be run into place in a few minutes.

The test is filled with a mixture of cement, limestone and clay.

The bullion is placed upon it, and worked up to 50 per cent. The

litharge which forms is run into a separate receptacle. The 50

pef cent, bullion is finished off in another smaller cupel, and the

resulting dore bullion shipped away without further refining.

The plant is also fitted with a 5-foot Huntingdon mill, provided
with amalgamated copper plates, a Wilfley table, and two Frue

vaniiers, as well as a Berdan pan. A cyanide plant further enables

the company to test all classes of ore, and give advice as to

treatment.

The power is supplied by a Lancashire boiler, 26 feet by 7 feet

6 inches, working at 1501b. pressure per square inch. A semi-

portable 18 horse-powei boiler and engine and two vertical 8 horse-

power engines with 9-inch cylinders.
The installation of an electric lighting and power plant is being

proceeded with. There are well-equipped engineering and fitting

workshops, as well as assay offices, provided with all necessary

appliances. Fluxes are obtained near the mine.

The head offices of the company are ?* Dashwood House, New
Broad-street, London. Mr. Arthur Keft is managing director, and
the local management is in the hands of Mr. Eric E. Watson,
M. Inst. M.M., F.I.C.

Since my visit to these works Vezin automatic samplers have
been introduced, and the whole of the sampling is done automati-

cally, with the exception of wet slimes and cyanide slags.
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Qympie.

Gympie might be termed the Ballarat of Queensland, but as far

as regards natural scenery, the northern town has the advantage.
This goldfield differs from those visited in North Queensland, for

instead of the sparse and scattered stunted gums, one views a fine

forest on the hills along the line between Maryborough and Gympie.
It is almost needless to repeat the oft-told tale of the richness

of the Gympie reefs when they intersect the black slates, and their

poverty everywhere else
;
it is accepted as a general maxim on the

field, as are the indicators at Ballarat. The material crushed con-

sists largely of a black slate permeated by seams of white quartz,

very similar to the spurry country of Bendigo, except that the slate

is softer. The gold as a rule is in the quartz, and magnificent

specimens are often obtained. Mining at Gympie, on the whole,
is in a depressed condition, the Scottish Gympie and a few other

mines being notable exceptions. A deep sinking craze has come
over the mining community, and instead of letting one or two main
shafts go down to prove the lower slate formations, a number are at

work, and the result is that calls for this work amount to the same

figures a,s dividends from the productive mines. Fortunately for the

Gympie investor, the main trouble seems to be to find the gold in

payable quantities. The trouble of extracting it is reduced to a

simple mechanical problem only, so that a short description of the

methods in vogue at one of the most important mines on the field

will serve to show the simple nature of the ore. The Sco tish

vjrympie in 1901 was the leading mine in the place, and supplied

enough ore to keep 100-head of stampers at work continuously. The
formation is being worked for a width of 150 feet, and the acting

manager, Mr. Affleck, informed me that it had been proved ^for
more than three times that thickness. The ore is removed in part,
and pillars are left to support the workings. A system will have
to be devised so that ultimately the whole of the material may be
removed.

Water does not appear to be abundant, although in many
cases many of the mines on the field are inundated by floods, which
rise to a height which never would be seriously taken were not the

nigh water-mark left in a clear and unmistakable manner on the

chimney stacks. The ore is raised in a double-deck cage, two
trucks coming up each time, the load being 2 tons 12cwt., and the

speed 1500 feet per minute, the diameter of the rope being li
inches. The cage is known as Bush's patent, and, being a local in-

vention, a drawing of it is given. Walkers Limited, of Mary-
borough (Q.), hold the patent right, and, since it has been adopted
almost universally on this field, this is sufficient proof of the esteem
in which it is held by mining men. It has been claimed for it that
It will stand the most severe test, and will not slip and tear the
skids from top to bottom, as often happens with other safety cages
when they get sufficient momentum up to overcome the slight
resistance due to a superficial grip. The ore, after being raised to
the poppet head landing, is broken by two stone-breakers placed up



The Bush Patent Mining Cage Front Elevation.
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aloft; each of these breaks 30 tons per hour. The stone-breakers

were originally placed behind the stampers and over the feeding

hopper. This arrangement gave rise to a great deal of vibration,
and led to the removal of the breakers.

The broken ore is then trucked into hoppers, and it gravitates
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The Bush Patent Mining Cage.

thence into a feed box and falls into the stamper boxes. The feed
box is of the simplest kind : a sliding shutter at the upper end ad-
mits the ore in the desired quantity : it slides down an inclined rect.

angular shoot, open on top and having a dividing board across not

quite reaching to the bottom, near the lower end. Any run of
stone is checked by this lower baffle board, and the stone trickles
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under it, dropping down into the box, aided by gravity and the

vibration of the stampers alone. It is claimed that this arrange-

ment works perfectly. There is not much to be learnt about the

arrangement of the battery, which consists of 100 head of stamps
in five-head boxes. These are arranged in line. The cam shaft is

divided in the centre, and 50 heads work on the right and 50 on

the left of the dividing platform. An engine is coupled direct on

to crank attached to the end of the cam shaft, and the whole 50

head worked without intermediate gearing of any kind. ,TIie ar-

rangement does not seem to have much to recommend it, for the

thrust and vibration is transmitted direct to the engine without any

appliance to cushion it, and no set of stampers can be thrown out of

gear without lifting each stamp clear of the cam. Each stamper

weighs 9001b., and delivers 65 blows per minute. It was stated that

on running 70 blows per minute more amalgam got on to the plates

than with the lower rate of speed. Woven -screens were tried,

but discarded in favor of punched sheet iron, having 196 holes per

square inch. Mercury is fed into the boxes in the usual way. It

is somewhat surprising to see the divided screw discs or tappets on

a modern battery such as this. The pulp falls on to a copper apron,

passes through a shallow well, and then over amalgamated copper

plates. A Wilfley table was tried at the end of one of the boxes,

but although it did its work well the clean pyrites saved only assayed
about 13dwt. per ton

; these were practically valueless on the field.

The present method is to run the stream from fifty head down a

launder, 3500 feet in length, to the Mary River. Cleats of wood, 2

inches by 1 inch, are placed across the launders at the upper end
;

"these act as ripples. An amount about equal to 1 per cent, cf the

ore crushed is saved
;
this is sold for from 7s. to 10s. per ton. The

fa.ll in the launders is 1 in 60. The amount crushed per week is

1000 to 1100 tons. The stone raised averages 14dwt. per ton.

There could not be a simpler ore to deal with in the whole world

than at Gympie, since the tailings from the end of the amalgamated
plates will only yield Idwt. lOgr. per ton. Cyanide plants and
chlorination plants are said to be defunct on the field, and even
concentrators have had to go. Beyond mechanical devices, which

may be studied with more advantage in Charters Towers, and
methods of dealing with large bodies of ore, there is little to be
learnt at Gympie. They are indeed a fortunate people to have such
a field as this, which is even a simpler metallurgical proposition than
is to be found in the goldfields of Ballarat and Bendigo.
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Ravenswood and Donnybrook.

If there is one caudle which attracted the mining moth more

than any other in Queensland it is to be found in Raverswood.

This place is easily reached by a branch line from the Charters

Towers to Townsville railway. The main rock, as at the Towers,

is granite, which is penetrated by dykes of later age. The whole

of the surface soil is blackened by crystalline grains of magnetite,

no doubt derived from the later igneous rocks.

In the early days of Ravenswood many miners were attracted

thither from the southern States on account of the richness of the

alluvial diggings. Later on the outcrops of reefs almost innu-

merable were discovered, and these when worked gave very rich

returns. The stone was oxidised and porous, and highly charged
with iron cxides, and locally obtained the name "brown-stone."

Deeper down the unaltered mineralised veins were struck, and

each man with a process rushed to Ravenswood, only to fail as

others failed before. The remains of a matting furnace, and a

heap of slag with sows strewn over its surface, silently testifies

to the failure of that process.

Almost adjoining the old smelting works one sees the remains

of the antiquated Newbery-Vautin chlorinatiori barrels, and a

furnace, constructed at variance with all the principles of economic

and effective roasting. There is little wonder that the men who
were expected to work that process also failed.

With the spread of the pan system from Charters Towers over

Queensland, Ravenswood was taken under the wing of its over-

shadowing parent, and altogether ignoring the fact that there

was an additional element or two to deal with. The same disap-

pointing results were attained as with the smelting and chlorination

processes.

In conversation with a very intelligent battery manager, who
was working the battery, pan, and cyanide system, I was specially
cautioned against touching a certain area almost within the town
of Ravenswood itself, and this was simply because it contained

arsenic! What hope could there be for such a field, where arsenical

pyrites were looked upon as fatal to gold extraction ?

In happy contrast to the failures on this field, one sees at the

battery owned by Mr. A. Laurence Wilson, M.I.M.E., a method
which shows that he has weighed the methods adopted in this

State, and found them wanting. For present purposes he has

adopted a system which commends itself as being rational and
sound. The ores from the various mines contain more or less

quartz and free gold, but, in addition, a small quantity of metallic

bismuth and bismuthinjte ;
also a large quantity of galena, arseni-

cal pyrites, iron pyrites, copper pyrites, and zinc blende. The
stone containing these minerals is put through a Dodge stone-

breaker, 12-inch face, and is fed into a 10-head battery. No mer-

cury is used in the box, nor are amalgamated plates made use of.

The crushed material is fed on to two Wilfley tables, and these use-
ful machines show their streaks of concentrates as a Luhrig vanner

26
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do'es. At the back of the table there is a long streak of gold which

at once indicates the yield. Next to it is a glistening parallel band

of bismuth, then follows a wider band of galena, then cxseno-pyrite,

another of pyrite, a yellow band of chalco-pyrite, and a black band

of zinc blende, finishing up with a broad seam of waste sand almost

deprived of its metallic ingredients. A strip of about 3 inches in

width is caught on the golden side of the concentrates, and this

is ground specially in Berdan basins, the water in the Berdans not

being allowed to overflow. The amalgam obtained from the Sun-

set mine, the ore from which was being treated, retorted one-sixth,

but the retorted mass would have puzzled many a mining manager.

Analysis of a sample supplied showed it to contain from 91 per

cent, to 93 per cent, of bismuth, and from 7 per cent, to 9 per cent,

of gold and silver.

A cupel furnace for refining this bullion was erected at these

works. It was of the usual English type with a movable hearth,

consisting of a cast iron tray into which bone ash was packed. This

was heated up, and the bullion fed in with lead. As a general

rule lOOOoz. of bullion would produce 300oz. cupelled metal. The

concentrates obtained, independent of the -golden streak, were sold

to the smelting works, as were also the cupel bottoms. The tail-

ings sand was saved for cyaniding. While this system has proved

eminently successful in the hands of such a capabale man as Mr.

Wilson, the difficulty with regard to the treatment of ore far

removed from a railway cannot be said to have been overcome up to

the present. It may cost far more to send concentrates to smelt-

ing works than they are worth.



VICTORIA.

TREATMENT OF AURIFEROUS ORES.

Bethanga.

Bethanga is a small town fourteen miles to the east of Wodonga,
and but a short distance from the Bethanga-road railway station.

The country for some miles along the Murray is composed of rounded

hills of granite, giving a fair grazing soil and fine rolling country.

Near Bethanga several lodes have been opened up, which, like

most veins in granite, are small and heavily mineralised, but are

said to be persistent in strike for great lengths. The upper portion,

or oxidised stone, was treated in 1876 by several parties with ordi-

nary batteries, there being eight of these 011 the field. About 50

feet down the mineralised ores were struck, and the stone yielded

no gold to these; then concentration and amalgamation, somewhat

on similar lines to that practised now on Charters Towers, was in-

troduced, but the results were very bad. Then patent pans were

introduced for grinding the raw material and amalgamating it
;
these

gave the same poor extractions as they had given before or nave

given since. Then roasting, followed by grinding in pans; the

results were such that often the whole pan would be coated with

the copper precipitated from the solution, and the ultimate fate

of that process was sealed by the low extractions obtained. Samples
were sent all over the world for experimental treatment, but, al-

though a hundred schemes were suggested, they were either pal-

pably unsuitable or deficient in vital essentials. One method that

seemed to promise better than others was introduced by the Hon.

J. A. Wallace. This was the ordinary smelting for matte. The

analyses of the raw ore was as follows : Silica (SiO$), 30.4
;

alu-

mina (A1 2O 3), .8; iron (Fe), 27.4; copper (Cu), 1.85; antimony (Sb),

.25; zinc (Zn), .20; arsenic (As), 12.30; sulphur (S), 19.5; mag-
nesia (MgO), .2; oxygen and loss, 7.1. The average amount of sul-

phur is about 24 per cent., and of arsenic 7.5 per cent., while gold
runs at the rate of loz. 12dwt. per ton, the minerals present being

pyrite (FeSjj and pyrrhotite (Fe 7
S
g ) arsenopyrite (FeAsS), chal-

copyrite (FeaS^CuiS), and small quantities of blende (ZnS),

galena (PbS), and calcite (CaCO$), the gangue being quartz or

silica (SiO*). Galena and blende sometimes amount to several per
cent., but, as a rule, they are only present in small quantities or

iu blotches. The ore was roasted in tue usual way, and the roasteu

material suitably fluxed with limestone; the copper matte produced,

containing the bulk of the copper and almost the whole of the gold
and silver, was shipped to England. After this Mr. "W allace intro-

duced a blast furnace, which ran for three or four years. Hollo-

way's process was tried, but did not prove successful owing to the

wear and tear on the converters. Since the coke and limestone
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for smelting had to be brought from Melbourne, it could noo be

expected that this method of treatment would long survive. A
curious instance of the freedom allowed to the sanguine inventor

by Mr. Wallace, and one which indicated the dawn of a process

which is now eminently successful, is afforded by the work of the

late Dr. Wanderlich. This gentleman was so convinced that he

had discovered a perfect electrolytic process that he had the matte,

which had been sent to England, shipped back to Bethanga for

treatment. He gob it re-smelted into cakes about 2 inches tniok

and 20 inches square. These were placed in tanks in a solution of

sulphate of iron and a current of electricity passed. The solid

material remaining after the reaction was smelted in

ordinary crucibles. After spending about 2600 and working for

some time the final day of cleaning up arrived. The expectant

directors waited for their cake of gold for the matte used to run

51) per cent, of copper and 32oz. per ton of gold from this parcel.

The doctor came to his final smelt, poured his cake and turned it

over. His exclanimation, "Got dam," and his hurried departure

left the onlookers in no doubt as to this process, being before its

time.

During this period heap roasting followed by kiln roasting was

practised. From Mr. Martin, the works manager, who courteously

supplied me 'with all particulars, I learnt that heap or stall roasting,

followed by roasting in reverberatory furnaces, is no cheaper than

dealing with the crushed ore in the latter form of furnaces straight

away.

Owing to the expense in smelting, and the heavy charges against

the matte and its contained metals, another change of treatment

became necessary. The cyanide people and bromo cyanide experts

tackled the raw ore with their processes, only to meet with failure.

It would be waste of time to enumerate the processes tried in

contradiction to all physical and chemical principles. The marvel is

they were allowed on the works at all.

The first glimmer of hope of successful treatment was raised by
a system of chlorination introduced. The vats were connected in

series, with the idea of allowing the solutions to become enriched

in passing from one vat to the other. Probably the possibility

of having a badly roasted lot in one vat never was considered, for

only abo-ut 50 to 60 per cent, of me gold was extracted. Mr.

French, who came from Glasgow, then introduced fhe Plattner

system in small vats, and was fairJy successful. In 1888 Mr.
French went home to float a mint-, and during his absence Mr.
Thos. Martin, jun., looked after the works. By careful work he
found he could get very good extractions. During this time the

roasting furnaces were badly constructed Hke nearly all those used
on smelting works, where fuel seems to be 9 secondary object; the
firebars were set low, the distance between tnA floor and the crown
of the arch high, and the arch was sharply curved; all these led

to excessive consumption of firewood and barf roasting. This was

remedied, and now the company has typical farnaces for treatment

by hand rabbling of such complex ores. In 1895 Mr. W. S. Hazleton
had charge of the works, and was working the Plattner process

successfully, ^r. Martin tested the modified Munktell process
that is, a solution of chloride of lime am' dilute sulphuric acid
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in molecular proportions against the Plattner system. It was
found that the tailings from the Plattner process gave from 3dwt.

to 5dwt. per ton : those from the Muiicktel' process gave from

2dwt. t-o 4dwt. Mr. Hazleton left snortly alterwards, and since

then Mr. Martin has had full control.

The works are well equipped, being provided with Galloway tube

boilers working to lOOlb. pressure, a compound engine with 12

and 22 inch cylinders and 3 feet stroke, giving 10O a.p. ; one or

Parker's dynamos running 970 revs., and supplying SO incandescent

lamps and four arc lights. The ore as delivered at the works is

weighed, every 10 tons to within 71b.
;
a sample is taken out or

each truck and the moisture deducted and its assay value deter-

mined. Since no free gold can be seen in the stone, nor can any
be shown by panning off in a dish, it is probable that the gold is

excessively fine or that it exists in a combined state in the ore,

perhaps as a telluride. The stone is passed through a breaker with

a reciprocating jaw 14 inches wide, 30cwt. being crushed by this

down to small size in nine minutes. The small stone is then fed

into a Krupp mill, which crushes the stone to a fine size at the

rate of two tons per hour. This mill is No. 5, and cost 670 or

1000 erected. Ninety-five steel balls, weighing 20fb. each, are

fed in with the ore, and as they wear down they are replaced. The
wear is at the rate of fib. per ton of ore crushed. Repairs are

only required once in six months.

The crushed ore is fed direct into reverberatory furnaces, of which

there are six, placed side by side, all worked by hand labor. These

furnaces, or those which have been erected in other places on

similar lines to these, are about the only hand rabbling furnaces

worth describing, and they differ in a marked manner from the

cumbrous and clumsy ones seen on other fields.

The dimensions over all are 56 feet long by 10 feet wide. For
the first 16 feet at the firebox end the furnace is flat

;
for the next

27 feet there is a gentle rise to facilitate the working down of the

ore
;
while for the last 13 feet, where the ore has a tendency to run

when being rabbled, the floor is flat. The fireplace is 3 feet wide,
and extends to the arched roof above, the height of the firebars

being 3 feet above the ground and 16 inches below the bridge.
The bridge is about 2 feet wide, but is not raised above the level

of the hearth. A chamber. 3 feet deep and 1 foot 6 inches wide,
extends across the lower end of the hearth : this serves as a storage

place for hot ore before being withdrawn from the furnace. This

chamber is open on the opposite side to that used for introducing
fuel, and thus any ashes or charcoal from the ash pit does not get
into the ore. The arch has a slight downward sweep from over the

fireplace to tlie upper end of the ore chamber mentiond above, thus

causing the flame to be deflected when passing over that part. The
arch at is highest point at this place is only 10 inches above the

floor; this is continued until the upper flat end is reached, when a

rise of 15 inches is given. The internal width of the hearts is 7

feet 6 inches. The arch has a rise of 3 inches from the skewback
to the centre. The skewback consists of a railway rail with head
flush with the outside brickwork, and the bottom being set to spring
the bricks from. The arch is built on sand and is nine inches
thick, being made with bricks on end. breaking joint, the upper
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edges being filled with chips of stone and grouted well with a mix-

ture ox sand and clay. There are 12 strapping irons on each side,

and 10 rabelling doors placed alternately on each side. Four air-

holes 2 inches by 3 inches are placed at the end of the furnace, to

supply an additional quantity of air through the fireplace, if re-

quired : also two large doors 12 inches by 9 inches, which also sejrve

to admit a large volume of cold air, .should this be necessary. The

furnace is built with ordinary brick throughout, a well-tempered

mixture of clay and sand being used for setting all parts exposed

to heat. This form of furnace is cheap, durable, and is capable of

doing better work at lower cost than many more pretentious ones.

The small amount of iron used serves to keep it together without

pulling it to pieces, as is SO' often done in furnaces overloaded

with straps and stays. The rise at the end is an innovation which

will be appreciated by those roasting heavy sulphides, the trouble

being to keep the heat down at this end. In the ordinary furnace

this is almost impossible without cooling the lower part down also,

which is undesirable. The amount of dust formed is also reduced

since the volume of heated air, in arriving at this point, has a

greater sectional area to escape through, hence its velocity is

diminished and oxidation goes on at a reasonable rate.

The ore is roasted in the usual way, but when it gets to the

lower hearth it is tested in the manner recommended by Kustel.

A bright iron rod is taken
;
a sample of the ore is withdrawn and

placed in a stamped out sheet iron pan ; a spoonful of this is

emptied into an enamelled basin; this is stood on the hot iron,

when it will boil in a few minutes; the rod is introduced and kept
in for about a minute

;
if discoloration shows the ore is not suffi-

ciently roasted if the ore remains clean then the roasting is looked

upon as being perfectly done. The test, of course, though it may
serve for ores in which copper is a constituent, would not serve

on others where it was not, sulphate of iron and other substances

inimical co chlorine not responding to it. However, as soon as

this stage is reached, salt to the extent of 121b. to 4cwt. of ore

is fed into the furnace, mixed well with the ore, the whole lot

then worked into the receptacle for it at the lower end of the fur-

nace, and subsequently withdrawn. Mr. Martin considered the salt

necessary to chloridise the silver present and alloyed with the

gold; but I do not think this is the case, since the silver present
in gold could not be attacked in such a short time without the gold

being volatilised
;
and on testing ores after similar treatment with

hyposulphite of soda 110 silver was dissolved out. Probably the main
effect is oxidising some material unacted upon by the furnace gases
and chloridising portion of the copper. Chlorine and hydrochloric
acid are given off freely after a certain temperature is reached.

Mr. Martin does not consider that he loses any gold by volatilisation.

The ore after having been damped is fed into the sand vats, of

which there are four capable of holding 16 tons of roasted ore

each, five holding 7 tons, and two with a capacity of 12 tons 16cwt.

each. All these vats are shallow, only carrying 2 feet 10 inches of

ore down to the filter beds. There are four solution vats, two hold-

ing 700 gallons and two 1100 gallons each.

The solvent solution used successfully for several months is that

recommended by 13". Black, Professor of Chemistry at the Otago
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University (N.Z.), as a modification of the Etard process. The

solution for the 1100-gallon vats is made up with HOlb. suphuric

acid, 901b. salt, lllb. permanganate of potash; for the 700-gallon

vats, 701b. sulphuric acid, 601b. salt, and 71b. permanganate. This

solution does not smell of chlorine, and has the advantage that the

instant it is destroyed the operator can tell by the loss of the rich

red or pink color. I must confess that when it was first mentioned,

it appeared to offer no advantages over the ordinary methods oi

dilute chlorine solution, but here in actual operation it has been

tested against these solutions, and the verdict is unhesitatingly

given in its favor. Mr. Martin says it is easily made up, its re

actions are obvious, nothing objectionable is introduced into your

filter beds to clog up the filter bottoms like calcium sulphate will,

and, above all, it does not kill those having to work with it by its

smell. The time for extraction of the gold with Dr. Black's solution

has oeen found to be on an average 130 hours, but if the gold

is all fine then 50 hours are sufficient. Samples from the vats are

panned off from time to time to see it all the gold is dissolved, the

Avashings from the vats being tested with sulphate of iron to see

if gold is present in solution. The great stack of tailings are said

to be reduced to 3dwt. and less per ton, which is an excellent

result for this class of ore, more than 500 tons per monta. being
treated.

The solutions are led away into vats for precipitation, of which

there are 10, having a capacity of TOOgal. each. Sulphur dioxide

is generated in cast-iron retorts from sulphuric acid and charcoal.

The gases from the retort, consisting of carbon dioxide and sul-

phur dioxide, are passed into the precipitating vats through pipes

for an hour or more until all the go^a is thrown out of solution.

It is stated that if tne gas is passed too long the gold will pass right

through the series of filters and escape. The gold comes down in a,

very tine state of division, and no attempt is made to settle it;

on the other hand, as soon as it is found to be all in the metallic

state the liquor suspending it is allowed to flow through a series

of 24 jars, about 2 feet deep by 2 feet in diameter, filled with saw-

dust, thence through a series of 24 charcoal filters of the same
dimensions. Very little gold passes the first few sawdust filters.

The solution in which sulphate oij
lime is present, as in the Munk-

tell process, will be found to keep the lime in solution when 80% is

passed through it, whereas by other methods of precipitation a

considerable precipitation takes place. When the gold has been

caught by the sawdust filters the solution flows into a cemented
tank 36 feet in diameter by 5 feet 6 inches deep; the tank con-

tains some tons of scrap iron. Steam is blown in, which raises the

liquor to near boiling point, causes a circulation of liquor, and
assists materially in the precipitation of the copper. The solutions

leave the tanks in from 48 to 72 hours deprived of their copper.
The amount recovered in five months was 25 tons of precipitate,
Avhich would usually run l^oz. gold per ton, 55 per cent, of copper.
This was purchased on the ground by Messrs. Lempriere for 35

per ton.

The copper present in the roasted ore is about 1.7 to 1.8, and
in the residues 1.2 to .5 per cent. A large quantity of arsenic is

saved from the flues about 50 tons per month : this is sold on the
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spot for from 10s. to 12s. per ton. It generally runs about 7dwt.

gold per ton. A diagrammatic plan of the operations is given below.

Mr. Paul Martin, the assayer and chemist of the works, cour-

teously supplied me with all technical information sought. The

ore sample, after having been broken and crushed in one of Jaques

Bros, combined laboratory stone-breakers and rolls, is sampled

Diagram of Plant Arrangement.

down and assayed 500 grain samples are taken, roasted and fluxes

with 500 litharge, 70 argol, 350 pulverised borax, 600 bicarbonate

of soda. The buttons are cupelled straight away. Tailings assays

are made on 1000-graiii samples. Copper is estimated by the

cyanide process; arsenic and sulphur gravimetrically. Sulphuric

acid is estimated by a normal alkaline solution, and it is interesting

to note that the strength of the acid is reduced from 1.2 to 1.5 per
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cent, to .7 to .8 per cent, after percolating through the ore. The

cost of wood is 7s. 6d. per ton, or, since 2 tons 5cwt. make a cord,

about 17s. per cord. The roasting furnaces each consume 1601b.

of wood per hour, and put through 20 tons in 24 hours, or the

consumption of fuel is nearly equal to one-half the weight of the

ore roasted. The furnace-men are paid 7s. per shift, and each man

puts through his ton per shift. Thus the cost for those item>

amounts to about 11s. per ton, which is exceedingly good for hand-

labor reverberatories 011 this class of ores. The cost of chlorinating

amounts to about another lls. per ton, so that the problem of

treating the material may be said to be an event of the past.
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Cassilis District, Gippsland.

For more than a quarter of a century the reefs in the neighbor-

hood of Omeo have been worked in a more or less energetic manner,

and though they are for the most part small, yet they are so well-

defined and so rich as to give profitable employment to> a great

many miners. In the early history of the field batteries were put

up in what was regarded as the most suitable sites. These s..tes,

it is hardly necessary to state, were on running streams, so that the

tailings might be got rid of. The amount of gold which has gone
down those streams can only be conjectured.
In Cassilis, as in other places, the same evolution as regards

treatment of ores has been gone through, and the present method
as practised has led to a great many reefs being worked that would

otherwise have been abandoned, while dealing witu the upper
portion 'of the reefs the gold was free and present in what is known
as brown or oxidised ore. On the field itself the absurd name lava

has been given to it, probably from a fancied resemblance to the

decomposed dykes on the Bendigo goldfields. Some of this surface

ore was very rich, part of the enrichment being accounted for by
change of weight due to oxidation. The reefs themselves are very

nearly vertical, and exist either in a quartz diorite or schist, a reef

very often cutting through both classes of rock. The metallic

minerals present occur, according to quantity, in the fol-

lowing order: Arsenopyrite (FeAsS), pyrites (FeS 2/),_ blende

(ZnS), galena- (PbS), chalcopyrite (Cu aSF 2 S..;, small quanti-
ties of stibnite (Sb 2S 3 ), bismuthinite (Bi 2 &j). The gangue accom-

panying those minerals is mainly quartz. The reefs carry from
10 to 60 per cent, of these heavy sulphides and arsenides, and
are as complex in composition as any in Australia. \Vnen the gold
was free only the ordinary stamper battery was used, blanket tables

being sometimes added. These blanketings were then either fed

through the battery box again or rudely concentrated in tyes by
running them down a launder, with or without ripples on the

bottom, while a boy with a stiff broom kept sweeping the sand up
against the running stream a method similar to that practised by
the Chinese in the Straits Settlements when concentrating tin ore.

A rich product was obtained, which would sometimes go 25oz. per
ton, but at the same time about 50 per cent, of the gold was lost in

getting it.

The second stage of development was arrived at when grinding
and amalgamating pans were introduced. Whenever a public crush-

ing works was destitute of pans, then the owners of stone refused

to send them ore. As a result pans were introduced almost every-

where, and the increased yields were hailed with such satisfaction

that the millenium of treatment was considered to be readied. A
hundred ounces from the batteries and four hundred from the

pans was sufficient proof of the value of these appliances. Buyers
of ore from Germany and other places came along and paid over

6 per ton on the ground for all the sand left after the pans were
done with. This sand had to be bagged, carted for sixty miles
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over a rough road, shipped, and transhipped to Germany. Tailings

which had not gone down the -creek were assayed, and their value

was such that an attempt at what is now known as the Warden
Works was made to save this gold. Messrs. McCulloch and Eckberg

purchased the plant and tailings. They introduced a number of

Jfrue vanners to concentrate pyrites and gold. A reverberatory

furnace wa built on exactly similar lines to those in use at smelt-

ing works. A couple of barrels, holding about 2 tons each, were

made use of for chlorinating in
;

filter beds and charcoal precipita-

ting jars were introduced. After working for a short time and

treating only a small portion of the heap the whole plant was sold

to the Warden G.M. Co. Mr. Hazleton, who had been successful at

Bethanga, wa,s placed in charge. He found the plant so badly de-

signed that he pulled down the furnace, and erected one more

suitable for economic working, and, instead of the barrel system,

he introduced the modified Munktell process. Mr. Walter Rad-

ford was in charge of the works at the time of my visit, and he

supplied me with many details given in this article. The plant

consisted of a 10-head battery, 2 Halley tables, 6 Frue and Triumph
vanners, Berdan pan, roasting furnace, chlorination vats, and a 160-

ton cyanide plant. The stone as broken out of the mines is tipped

into a hopper in small pieces, whence it gravitates into a rather

crude looking automatic feeder, which, however, works well with

hard, evenly broken stone. It consists of a long shoot hung at an

angle of 35deg. to the horizontal. Its lower end is suspended from

two vertical rods, which pass through a beam about 3 feet above the

shoot. Over the ends of each of the suspending rods, which pro-

ject through the beam, a spiral spring a few inches long is slipped.

A nut is screwed on over the top of this, which rests on the top
of the spiral. The pitch of the shoot may thus be raised or lowered

by means of these nuts. A vortical rod attached to the end of the

shoot, kept in position by passing through a ring above, nas a

sliding piece of steel projecting under the tappet, which may be

adjusted on the rod at any desired height, so that before the

stamper is on the false bottom below it will be strucK by the de-

scending tappet. The blow is transmitted to the feeder, the jar

being absorbed by the spiral springs 011 wnicn it is hung, while the

stone is shaken into the box, and the beating of metal on metal

prevented.

The battery was run at 70 blows per minute or sometimes less,

since the amount of heavy metallic minerals was so great as to

require a large quantity of water to keep the plates clean. The

plates were arranged in the following order : No. 1 : 18 inches wide :

fall f inch to 1 foot. No. 2: 9 inches wide, with same fall as

^o. i. Nos. 3, 4, and 5: Each 3 feet, with a fall of 1 inches

per foot. Wells were placed between Nos. 1 and 2 plates and also

lotween Xos. 2 and 3, there being a drop of 7 inches into No. 1,

and 3 inches to No. 2 well. The wells were made semicircular in

faction, so as to avoid the collection of heavy sand in those having
a rectangular section. There was a drop from each plate to the

'succeeding ones.

The Halley tables had a fall of f-inch per foot. The blanket
tables were 13 feet long, made with five steps, each naving a fall

of H inch per foot, and a drop of 3 inches to the next step. It was
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round that the vanners gave such a poor product after the Hal ley

and blanket tables that they were seldom used. The battery was

used on all classes of ore, the main work being public crushing.

The average returns from surface ore would be about 50oz. amalgam
from the boxes, 40oz. from the plates, and lOoz. from the wells,

the amalgam retorting about 40 per cent. The mineralised ore

would give from a parcel of 100 tons the following yields: Boxes
no mercury being fed in looz. gold ; wells, lOaz. gold ;

amal-

gam from plates, lOOoz., giving 25 per cent, of gold ;
in all 50oz.

gold. The HaJley table concentrates would weigh 30 tons, giving
180oz. gold; the blankets 5 tons, giving lOoz. gold. The tailings

and slimes were saved for cyaniding ;
these would run from 4dwt.

to 5dwt. per ton. The ore was not crushed too finely, punched

gratings having 225 holes per square inch being used. The wells

were cleaned out every four hours, and the plates dressed. The

skimmings and other small quantities of rich amalgams Avere treated

in a Berdan pan, and the overflowing concentrates added to those

of the Halley for chlorination.

The furnace used by the company is of the same type as used

at Bethanga, and is 46 feet by 10 feet over all. The mineralised

sand is fed in at the top of the furnace, where the bulk of the

arsenic and sulphur is removed before it is worked over 15 feet of

the hearth. The remaining space is mainly us?ful for the ox dation

and conversion of magnetic oxide into the sesquioxide. The heavier

the concentrates the cheaper is the roasting, since the burning sul-

phur supplies a large portion of the heat required. On the last

floor a small quantity of salt is added, and the ore is withdrawn
a few minutes afterwards, the test applied being i.*e absence of

magnetic particles when the cooled sand is acted upon by a horse-

shoe magnetic. It has been found that in some instances this is

not infallible.

The ore is then cooked down and placed in the sand vats, 01

which there are three, with a capacity of 6 tons eacn. A water
w-ash is sometimes applied; at other times a sulphuric acid wash.

The chlorine solution is then run on. This is prepared by adding
chloride of lime to a small barrel placed on a horizontal axis

;
water

is run through, and the solution or rather milky liquor containing
the chloride of lime and other substances is run into a vat aolcting

3 tons of liquor. Sulphuric acid slightly in excess of the quantity

required to act on the chloride of lime is diluted in a correspond-

ing vat placed by the side of the other one. The two solutions

are at the same height. They are then allowed to flow through a

pipe which junctions before reaching the sand vat on the next

floor, and from the junction the liquors mix, giving chlorine in

solution and a precipitate of part of the sulphate of lime. This

arrangement was adopted by Munktell, it being considered that

the chlorine was nascent, but it is not necessary to' show this cannot
be the case

;
at the same time it affords a, good method for mixing

the solutions without an undue escape of chlorine. Strong solutions

are generally used, the amount being present from 0.15 to 0.3 per
cent, of chlorine. The time required for the solution of the gold
varies from four to ten days, almost wholly depending on tne

coarseness of that metal. The solutions from the sand vats are run

into a settling vat capable of holding four tons. The liquors are
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allowed to stand in this for about 24 hours, when the calcium sul-

phate and other salts and substances which have come out of the

sand vat will have subsided. The clear liquor is then drawn, oft

into a precipitating vat of the same dimensions as the last, and tlie

go-Id precipitated with an acid solution of sulphate of iron. The

sulphate of iron is made on the works by dissolving scrap iron in

dilute sulphuric acid. The precipitate is allowed to settle for 24

hours from solutions rich in gold, and for 36 hours at least for those

poor in gold. The precipitated gold is obtained by decanting the

clear solution on top and collecting the gold precipitated in a

smaller vessel, filtering, washing and drying in the usual way. The
dried precipitate runs from 50 to 80 per cent, gold, and the smelted

bars will assay from 97 to 99.5 per cent, gold, the impurities being

being mainly lead, antimony, arsenic and bismuth in small quan-
tities.

The cyanide plant at the works consists of two mixing and neu-

tralising vats, each 20 feet in diameter and 4 feet 6 inches deep,
rour sand vats 20 feet in diameter and 3 feet 6 inches deep, one

niter vat, two zinc boxes with 10 compartments, each 28 inches by
15 inches and 30 inches deep, two solution vats 20 feet in diameter

and 5 feet deep. The sand or tailings were screened and their acidity

determined. This amounted to a very high figure for such pyritic

material, as much a,s 351b. of lime being required in some instances

for one ton of tailings. The lime was slacked and the powder
added evenly with the tailings in the neutralising vats, it being
found more economical to do this than to wash the acid and acid

salts out first with water. Water washes were then run on, and

after some time the liquor came out with an alkaline reaction. After

that considerable quantities of sulphides of arsenio and antimony
still came through in the alkaline wash. As soon as these sub-

stances were removed the material was emptied into the sand vats
;

the air acting upon the ferrous and other compounds converted

them into more highly oxidised ores, and thus prevented the de-

struction of the cyanide. The cyanide solutions were then run

on. and about a fortnight was required for a 75 per cent, extraction

on 12dwt. sand, the consumption of cyanide amounting to Iflb. per

ton. The solutions were run through the filter vat on to the

zinc boxes. Almost the whole of the gold was precipitated in the

first three compartments of the zinc boxes. The zinc precipitates

gave on smelting from 50 to 60 per cent, bullion, of a value of

about 3 per ounce. The heap of tailings treated paid the share-

holders handsomely, but it is a matter to be regretted that richer

tailings, due to ineffective treatment, should have been sluiced

down almost every river and creek in Gippsland. Some hundreds

of tons of sand, which had previously been chlorinated, were also

treated by cyanide, and these gave excellent extractions with a

very small consumption of cyanide.

Messrs. Allsop's metallurgical works are situated at Tongio West,
about two miles from Cassilis, and c-.ese gentlemen have introduced

another method of treatment, which is of the utmost importance
in fields where the cost of carriage is high, and where >.ne ores are

as refractory as on the field. Since the owners have solved many
difficulties in the way of ore treatment, and have to compete
against, buyers from other places, the whole details of their processes
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cannot be published, but from an examination of their works and

from an inspection of their books, courteously granted by Mr. J. L.

Allsop, there is, not the slightest doubt about the success of their

methods, which are cheaper and give even better returns than

those hitherto described. The two brothers are young Victorians,

who gained their experience in Johannesburg. On returning to

Victoria they were in the employment of the Australian Gold

Recovery Co. An elaborate cyanide plant was erected at Tongio

West for treating raw tailings by cyanide. The Siemens-Halske

method of precipitation on lead foil used as cathodes, wnile iron

plates formed the anodes, was introduced. After having success-

fully treated the residue left by the floods of a heap of tailings, the

works were closed down, it being found that the cyanide solutions

would not give a high .extraction with the pyritic tailings from the

mine wu*i which they had to deal. Messrs. Allsop bought portion

of the plant and started work on their own account. A furnace

very similar to those used at Bethanga was erected, and ansenic

chambers and flues connected to their stack. The ore or concen-

trates saved are all roasted, and then treated with cyanide in the

ordinary way. The cost of roasting amounts to from 13s. to los.

per ton. A lower temperature is attained when roasting to that

given for roasting for chlorinating, and a large amount of sul-

phuric acid forms and is volatilised. This condenses to a large extent

with the arsenic, and causes the latter, when withdrawn from the

flues, to become as wet as mud by the absorption of moisture from

the air. The ore, after having been roasted, the magnet being used

for testing is withdrawn from the furnace and moistened
;

it is

then mixed with a small quantity of slaked lime and water-washed

until freely alkaline, after which the liquor is allowed to remain

in contact with it all night. Owing to the shrinkage of the sand

through being wetted a considerable space is left
;
this is filled up

with more roasted ore, and a weak caustic-soda solution run on and

all drained out. As is well known to cyanide men, lime gives a

clear solution, while the alkalies often give muddy ones. The cyanide
solutions are then run on, and the solutions are passed through
a filter box. This consists of a box, having a vertical partition

of filter cloth. The solutions run in on the top OD one side of the

partition drain through the filter, and are withdrawn through a pipe

at the bottom on the other side. This filter never clogs, and, as

the sediments which lie against it fall off as soon as the liquor

becomes low, it may be used for a long time. The solutions are

run through the zinc boxes in the usual way, the box having 16

sections. The zinc is moved up daily, and only a trace of gold in

solution leaves the final compartment. The zinc used amounts
to ^lb. per ton of ore. After considerable experience in the work-

ing of this process Mr. Allsop is confident that a fortnight would
be a sufficient time to dissolve gold out of any material after having
been roasted. Of course this method has the advantage of re-

covering silver as well as gold from an ore, and the bullion obtained

refined by Mr. Allsop at his laboratory in Armadale.
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Treatment of Cassilis Ore.

DESCRIPTION OF ORE. The ore, which is very refractory, con-

sists of arsenical pyrites, iron pyrites, zinc blende, galena, anti-

mony sulphide, magnesium and aluminium silicates, quartz, and

traces of copper. Some of the oxidised ore, of which there is

very little, has a very interesting composition; a specimen was

shown to me by Mr. F. B. Stephens, the general manager, who

stated that it consisted of hydrated arseniate of iron, orpiment.

pyromorphite, lead oxide, quartz, magnesium, and aluminium sili-

cates. Ore of this description assayed as high as 60oz. gold

per ton, and is found in a leader which runs parallel to the main

ore body, at intervals cutting through it.

REDUCTION AND TREATMENT OF ORE. The mine, which is situ-

ated about 1000 feet above the plant on a hill, whose grade is

about 1 in 2, is connected with the works by means of a double

road tram-line, the loaded trucks coming down serving to haul

the empty ones up, thus obviating the necessity of motive power
for haulage. From the trucks the ore is delivered on to a

grizzly, which separates the fine from the coarse, the former pass-

ing into a bin below, and the latter into a 9-inch by 16-inch

Jaques rockbreaker, capable of crushing 10 tons per hour. From
the breaker the crushed ore goes into the bin below, from which

it is fed with the fines into the mortars. The feeding is done

automatically by means of a hinged shoot, to which a shaking

motion is given by a tappet keyed to the centre stamp, and so

arranged that when the ore becomes too low in the mortar the

tappet strikes a projecting arm, attached to the shoot, thus

causing some of the ore to te shaken into the mortars. The

mortar and stamps are of the general Victorian type. The

stamps weigh 9501b., and are run at the rate of 90 drops per

minute, with a fall of 8 inches. The power for driving the battery

is transmitted from the engine by means of a pinion wheel con-

nected on to another pinion wheel at the end of a counter shaft,

which runs parallel to the cam shafts, for the whole length of

the mill. Each 10-head of stampers has a continuous cam shaft,

to one end of which is attached a pinion wheel, which is driven by
another pinion wheel connected on to the counter shaft. There

are 20 head of stamps divided equally between 4 mortars. The

motive power is supplied at present by a high-pressure non-con-

densing engine, the steam required being supplied by two one-

huiidred horse-power boilers, one of which is a Cornish boiler

and the other an underfired multitubular. The engine is to be

taken out and a new 80 I.H.P. compound vertical engine put in

its place. The screens used on the mortars are of 20 mesh
woven. Other sizes, both in punched and woven, have been

tried, but it was stated that the 20 mesh are the best and most

economical. From the mortars the pulp passes over amalgamated

copper plates, the dimensions of which are approximately 6 feet

wide by 10 feet long. There is one mercury well and 3 ripples.

The fall is from 1 inch to l-mch per foot. From the capper
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plates it passes on to the Wilfley concentrators, of which there

are four, running at the rate of 240 strokes per minute. The

galena is cut off almost free from the rest of the minerals at

the back of the table, and reconcentrated on a Wilfley table kept

solely for that purpose ;
when cleaned, they are wheeled to a small

room, where they are ground in Berdan pans with mercury, three

pans being used for this purpose. The amalgamating is done

in charges, with the water standing about two-thirds way up the

side of the pan. When the amalgamation is complete, the pans
are cleaned out into settling tubs, and the mercury recovered by

agitating and allowing the slimes to settle. The mercury is then

squeezed through chamois leather or calico, and the amalgam thus

got retorted and resultant gold bullion smelted. By this means

about 48oz. of gold per ton is recovered from the galena. The

slimes from grinding and the seconds from reconcentration are

bagged and sent to the Illawarra Smelting Works (N.S.W.), where

the gold and silver contents are paid for. The slimes average about

16oz. gold per ton, and 37 per cent. lead. The loss of mercury
in the amalgamating process is said to be about one pennyworth

per ton of ore crushed. The balance of the minerals are cut off

from the quartz and silicates of aluminium and magnesium,

bagged and trucked to the roasting sheds, where they are roasted

in two Edwards' Furnaces (mechanical), each capable of roasting

4 tons of the concentrates per day. The output per 24 hours is

small on account of the large percentage and nature of sulphides.

The speed at which the rabbles are driven is : No. 1 (or uie discharg-

ing rabble), 4 revolutions per minute
;
No. 2, two revolutions per

minute
;
and the remainder at the rate of one revolution, per min-

ute. The first five rabbles are water jacketed, the balance are

not. The power needed for driving the rabbles is supplied by
an eight by twelve inch steam engine, running 150 revolutions

per minute. This engine also drives the aynamo used for light-

ing the works, the lathe, sampling machine, cutting and punching

machine, in the blacksmith's shop, and the bucket and push con-

veyors. The roasted concentrates,* as discharged from the fur-

naces, are conveyed from these to the chain and bucket elevator by
means of a small push conveyor. The elevator raises the roasted

concentrates up into a bin about 50 feet above the floor of the

furnace shed. The slow passage of the roasted material through
the air gives it ample time to cool, thus making it unnecessary
to have a cooling floor. From the bin the roasted ore is trucked

and discharged into the chlorinating vats.

The chlorinating plant consists of seven treatment vats (cir-

cular wooden) each 12 feet in diameter by 3 feet 6 inches deep
(i.e., clear of the filter bed); four precipitating vats, each 8 feet

diameter by 4 feet deep ; and two storage vats, each 5 feet by 4

feet deep. This process used is a modification of MuncktelFs. In
this process the chlorine is generated by the action of dilute sul-

phuric acid on a solution of bleaching powder. The chlorine is

liberated according to the following chemical equation:

Ca (OCl) a CaClij + 2H 2 S0 4 =* 2CaS0 4 + 2C1 2 + 2H 2 0.

Two hundred and twenty Ibs. of bleaching powder are used per

*NoTE. About 1 per cent, of salt is thrown in on the last hearth.
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eight tons of water, and a one per cent, solution of sulphuric acid.

The two solutions are run on to the charge simultaneously, and in

the desired proportions by means of a Y pipe connecting the two

vats. The strength of the chlorine solution thus formed is about

0.15 per cent. The time required for treatment is about seven

days. The chlorine solutions, after passing through the ore, pass
into the two settling vats, from which the clear solution is drawn
off into the precipitating vats, and the gold precipitated by means
of an acid solution of ferrous sulphate (FeSO^ 1

), made by treating

scrap iron in a boiler with sulphuric acid. The ferrous sulphate
solution is added in bucketfulls until by testing with gold chloride

it is found to be in excess. The precipitated gold is allowed to

settle for about 48 hours. The clear liquor is then drawn off

from the precipitate by means of a rubber pipe, connected at one

end to a pipe passing through the vat at about 3 inches above the

bottom, and at the other end to a dish which floats on the surface

of the liquor. By this means the whole of the clear liquor can

be drawn off from the precipitate without disturbing it. The vat

is then tilted on one side and the balance of the liquor, with the

precipitate baled out by means of buckets into small tubs, where
it is again allowed to settle and the clear liquor siphoned off. The

precipitate is then treated with sulphuric acid, washed, thrown on

to a filter, allowed to drain, and then dried in an iron pot. When
dried the precipitate is heated to redness and nitre added. After

this treatment it is smelted with borax. The gold precipitates

contain from 70 to 80 per cent. gold. The purity of the bullion

is about 980 to 990 fine in gold. The extraction by chlorination is

from 85 to 87 per cent, of the assay value of the concentrates.

Mr. Stephens, in making some alterations and additions to the

plant, proposes to shift the concentrators to a floor lower down,
aud to place, in their present position, hydraulic classifiers of an

American type, which he has slightly modified. The sides of the

classifiers, which are cone shape, are made of quarter inch steel

plate fastened into cast iron at the apex. Drawings 3 and 4 show
the classifiers in section and plan. The water is admitted from

the top through a pipe leading down to within a few inches of

the bottom; as the water issues from the pipe under pressure it

strikes a baffle plate, fastened to a flange and about two inches

below the end of the pipe, which causes the water to be deflected

upwards. From the classifiers, of which there are to be four

set-, the classified material is to pass on to the Wilfley tables to

be further concentrated. The slimes overflow from the classifiers

is to be passed over canvas tables and then to the cyanide plant.

The cyanide plant is to have a capacity of 500 tons per wesk, con-

sisting of five treatment vats, each with a capacity of holding 500

tons tailings. The precipitation of gold from cyanide solution to

be effected by zinc turnings.

A heap of tailings stored below the plant, and containing about

16,000 tons, is to be retreated. The whole of the material is to

be hauled up to the works and passed over amalgamated copper

plate-, and then through classifiers capable of treating 40 tons

per day,, and then on to Wilfley tables, from which a strip is

saved. The balance of the material is then to be treated by the

cyanide process. An electro motor is to be used for hauling the

27
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tailings and driving the concentrators. The distribution of power
in present plant is approximately :

Rock Breaker, 12 Horse-power.
20-head Stamps, 35 Horse-power.
4 \Vilfleys, 5 Horse-power.
Edwards' Furnaces, Machine Tools, and Electric Lighting, 12

Horse-power.

SOME ANALYSES ON FURNACE PRODUCTS.

Raw Concentrates.

Arsenic 7.8 per cent.

Sulphur 25.5 per cent.

Iron 25.5 per cent.

Zinc 5.9 per cent.

Lead 1.88 per cent.

Copper 0.01 per cent.

Insoluble 33.4 per cent.

99.99 per cent.

Antimony ... .01 per cent.

100.00 per cent.

Furnace Products.

Number of Doors Numbered from the Discharge End 1 to 15.

Eaw. 14 12 11 9 75 4321
p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c.

Arsenic 7.8 1.5 .43 .304 .232 .293 a .387 a a .136

Zinc
'

5.9 7.9 5.95 5.17 3.96 3.7 3.7 3.71 3.5 3.5 3.5

Sulphur in form
of sulphate... a a .37.283.7281.386 1.21.3961.338 1.4 1.4

Sulphur in form
of sulphide... 25.5 11.67 4.04 1.96 a 1.731.52 a a 1.41 a

Lead in form of

sulphate ... .379 .52 .68 1.62 1.85 1.87 2.18 2.09 a a

Magnetics ... 52.7 74.1 80.2 62.8 15.2 7.5 6.6 1.6 1.4 .7

Analyses Magnetics.
14 12 11 9 7 543 21

p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c. p.c.

Insol 31.4 27.7 27.8 23.6 20.86 . a a 10.5 10.9 -

Sulphur 8.5 4.03 3.8 3.4 3.05 4.3 4.7 3.61 2.8

Iron in form of FeO 13.9 13.2 13. 2.9 1.1 a .9 .4 .4

Total iron 39.9 43.945.342.7 46.2 40.944.835.88 35.9

NOTE. a not estimated.
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flaude and Homeward Bound.

How many have a sad remembrance of Glen Wills ? Eleven years

ago expert after expert disappeared into the Mount Wills country,

and came back with such glowing reports that the surveyors'

straight lines were the only limits to the prospective wealth of the

fortunate leaseholders. Travelling over the same ground again one

may see everything but tin, yet if the samples which were being ob-

tained ten years ago were present in any abundance there are many
lodes which would have returned a profit to the small co-operative

party, provided there was a good central dressing plant. Just in

the same way every reef is not good enough to support its own

battery, yet will give good returns if the patches or shoots alone

are taken out and treated.

Leaving the Glen and going down the creek one comes upon the

remains of the Mount Wills South reducing and concentrating

plant, and many will remember the "soft lode" in connection with

this property. Only a short distance below cyanide works are

treating some auriferous tailings, while almost adjoining
the old Mount Wills South lode the lease of the Maude
and Homeward Bound is pegged out. The country coaisists of

schists penetrated by granitic intrusions, while dykes, probably

dioritic, run through both schists and granites. The reef in the

Maude and Homeward Bound has been traced alooig the surface

from the summit of a hill about 1000 feet above the level of the

creek. It was opened up by a tunnel, which lies

about 400 feet below the summit of the hill. A portion of the

ground has been stoped by the original holders, but the great bulk

of it over the level has not been prospected. The stone is a bluish

quartz, carrying arsenical pyrites, pyrite, a small quantity of sul-

phides of antimony, and also sulphide of silver in combination with

antimony. These minerals are crystallised in small particles in

the solid quartz, and this causes concentration to be difficult. The
color of the stone is also due to finely-divided sulphides. The

quartz itself is exceedingly tough, one might almost say leathery,
and difficult to break, and causes the battery to give such a

low o<utput. The metallic mineral contents of the stone would

probably be from 3 to 5 per cent.

SURFACE WORKS. The surface work are as follow : An ore hop-
per at the mouth of No. 2 tunnel takes all the ore. It is then trucked

400yds. on a horse tram
;
it is emptied into another hopper, and then

sent down a hill 500 to 600 feet high by an automatic tram until it

reaches the kick-up, when the truck discharges the stone into a

hopper. The journey occupies a minute. The empty truck is

then hauled up as another loaded one starts on its journey. The
ore from the battery hopper is led on to an automatic feed box
of Mr. Morgan's own device. It consists of a rectangular trough,
open at both ends, 8 feet long, 20 inches wide, and 8 inches deep,
made out of ordinary hardwood, and set at an angle of from 25deg.
to 30deg. The upper end is hinged, and receives the stone from
the hopper; the lower is suspended by an iron strap, which passes
round the end of the box. This is hung on an iron rod, the upper
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end of which passes through an ordinary sapling, where it is secured

by a thumb-screw, so that the angle of inclination may be raised

or lowered. The sapling is placed horizontally, and acts as a

spring. Another stout bar attached to the lower end of the

trough . is led upwards through a loose guide, and on it is the

usual sliding projection, which is set at the desired height under

the central tappet. The feed may be regulated to a nicety. The
merit this feeder possesses is simplicity, while its cost would not

exceed a few shillings for material. The battery of 15-head was
driven by a Pelton wheel.

A defect one continually sees in connection with these plants i&

that all the cams are placed on one side of the stems, leading, of

course, in such a case as this, to a considerable useless end thrust.

The speed was 66 drops per stamp per minute. The sand was

about coarse enough for an iron punched screen of 225 holes per

square inch; mercury was fed into the box. The pulp discharged
into a well, and then over 10 feet of copper plate, tnen on to a

short length of blanket table. After this it passed into a launder,

and thence into spitzkasten, the slimes going to a Frue vanner,

and the sand to 3 Halley tables. The overflow from the Halley's

was led on to 5 Luhrig vanners. The blanketings were ground in

a large Berdan pan with drags, mercury being added from time

to time
;
the residues from these passed into spitzkasten, thence on

to a Frue vanner. A fourth Halley was kept for cleaning up the

concentrates obtained from the others. The addition of a mercury
well at the lip of the box is not advisable. The amalgamator has

no clue to the state of his box. By having an amalgamated plate the

dryness or sloppiness of the amalgam at once shows the true state

of affairs with regard to the amount c. mercury fed in the quantity
can be regulated accordingly. The amalgam which can be caught
in a welJ ran be just as readily caught by a good plate. In almost
nil cases wells could be dispensed with altogether. If plate amalga-
mation is properly attended to the amount of gold caught in wells

is meagre, while the loss of mercury is great. With wells of ordi-

nary construction, even when the baffle boards are in, very little

of the sand comes in contact with the mercury at all. All the

devices which amateurs aim at in trying to bring gold in contact

with mercury by forcing the sand through a bath of the metal
are useless. A system adopted by Mr. D. White at Stawell is an
undoubted improvement. A round bar of pure copper floats in a

well, the stream of pulp flowing over it causes it to rotate, and

present a fresh surface for amalgamation as the sand flows past.
The yield per ton is from 18dwt to 19dwt. free gold. The con-

centrates are about 3 per cent, on the tonnage. The following
table will serve to show the work done by the various concentra-

"toi s :

In a 30 ton parcel Percentage Gold per Silver per
Saved. ton. ton.

oz. dwt. gr. oz. dwt. gr.
3 Halley tables 65 5 12 22 17

1 Frue vanner 20 800 28
5 Luhrig vanners 15 400 17

or, say, in a 100-ton parcel the three Halley concentrates would be
worth 1500, the Frue vanner concentrates 650, while the five

Luhrig vanners would be worth 250. This demonstratas the value
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of that crude but effective concentrator the Hal-ley, and though
the Luhrigs have to take out what the Halley loses, and they
were working well, it must be admitted that they are machines

of small capacity. The Frue vanner was doing good work, but it

was getting rich material. This vanner is an excellent one, but

is out of place on most mines, owing to lack of attention.

Unfortunately, battery boys are not to be trusted with such nicely

adjusted concentrators, and though good work may be got out of

them, the many oscillating parts, and, worst of all, the moving
Ibelt have relegated most of them to obscurity. Their successful

competitor, the Wilfley, will last longer, since the wear and tear

will be less, the capacity greater, and the adjustments simpler.

It must be remembered, in spite of what returns are, that gold
is a most difficult metal to concentrate. In the present instance

the pyrites are extracted almost perfectly, yet more gold is getting

away past the concentrators than is caught on them. For in-

stance, the stone yields from 18dwt. to 19dwt. per ton, which is

about equal to 15dwt. pure gold, so that taking a 100-ton crushing
the stone would yield 75oz. pure gold, the concentrates obtained

about 18oz., while the sand or tailings, assaying 6dwt., contains

30oz. of gold. It is obvious, however, that searching cyanide tests

should be made in order to minimise this loss. Since the foregoing
was written the sands have been successfully cyanided.
The following diagram will serve to show at a glance the methods

In use at the mine :

Automatic feeder

Quicksilver

Battery (l5head)

Wei'

- Amalgam

Tailings
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The South German, Maldon.

So far as experience teaches in Victoria it is undoubted that

reefs become poorer at a depth. Numerous and brilliant examples
to the contrary might be quoted, but these are only meteoric flashes

which enlighten the darkness. On the otner hand, one must bear

in mind that it is much easier to discover golden stone on ~ae

surface than to do the same underground. An acre of surface can

be tested almost as readily as a fathom at deep levels. If it were

possible to obtain the information it would be exceedingly interest-

ing to find what amount of gold was won in Victoria from each

hundred feet in depth. Maldon would serve as a most notable

example of extraordinary surface richness, and at the same time

show that payable gold was got at great depths. A hundred tons

for 90oz. to the ton was recorded many years ago for a trial crush-

ing of surface stone.

Maldon is also famous in possessing a mineral only found to

occur in that district, and called Maldonite. It has the formula

Au.fBi, and is therefore a native alloy of gold and bismuth. The

quartz from most of the mines has that peculiar glassy look so

ccmmoii when granite or a contact rock is the matrix. The per-

centage of sulphides and similar minerals is not high, but they
are so associated with the gold as to make a good extraction with

ordinary appliances impossible.

The best equipped plant in the district and one might say in

that part of Victoria, including Ballarat and Bendigo is to be

found at the South German mine. The Hon. W. B. Gray, who
is managing director, is not a man who will look on in contented

indifference if gold is getting away which he can save at a profit.

The works have grown around a battery erected many years ago,

and since the site cannot be said to be in many respects suitable,

except that it is near the shaft, much ingenuity has had to be

expended in the transference of material from one part of the works
to another. The material as delivered from the shaft is fed into

a battery of 30 head of stamps, each averaging 9001b. in weight,
with a drop of from 7 inches to 9 inches, and running 72 blows per
minute. No stonebreakers nor automatic feeders are employed.
The pulp is forced through punched sheet iron screens, having 225

holes to the square inch. It then passes through mercury wells,

then over copper plates the full width of the battery box. No mer-

cury is fed into the boxes, nor is inside amalgamation practised.
The sand then passes over the well-known Halley's percussion tables,
there being one for each box: after leaving the Halley it passes
over blanket tables the blanketings obtained being further con-

centrated by dressing them upon a Wilfley. The whole of tne con-

centrates are then chlorinated. The sand, deprived of its coarse

and part of the fine pyrites, is then elevated 30 feet by means of

a sand pump. This contrivance acts well, and is much simpler than
the elevator whee's and belts and buckets- used in other places.
After leaving the sand pump it passes into a spitzkasten, or pointed
box, in which the slimes are separated from the sand. The slimes
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go into a series of settling pits, four in number, 35 feet long, 10

feet wide, and 3 feet deep. The sand is led away to four vats, 27

feet in diameter and 7 feet deep, each fitted with Butters' auto-

matic distributor. These simply act as storage vats, it being found

to be better practice to deal with the sand in other vats.

The tailings are removed to four treatment vats, each having

a capacity of 65 tons. The solutions are supplied from three vats,

and one vat is kept for dissolving or making up the strong solu-

tions. The solutions are led into charcoal filters, of which there are

48. Half of these are cleaned up every month by burning in a

reverberatory furnace and smelting the ash. The slimes are treated

separately. They are dug out of the settling pits and emptied
into two of Deeble's patent agitating vats, which resemble the

settling pans used for amalgamating as regards action. Their dimen-

sions are 18 feet in diameter and 4 feet deep, and the agitating

paddle may be screwed up or down. The method of working these

is as follows : Cyanide solution from tne sump is run in for a depth
of 2 feet; the paddles are then set going, and the slimes tipped in

until the pulp is within 3 inches from the top. This corresponds to

about 15 tons. About 801b. of lime are then added, partly for

neutralising acid, but mainly for settling the slimes. Cyanide is

then added to bring the solution up to a strength of about 0.15

pei- cent., and agitation continued for about 30 hours. From a

number of tests made it was found that up to this time the solutions

were growing richer in gold, but after this no further solution took

place. The agitator is then screwed up and the slimes allowed

to settle. This takes from. 8 to 16 hours. The clear solution is

decanted, run through a filter vat to arrest any slimes which may
have been carried over

;
the clear solution is then pumped up to a

storage vat, from which it gravitates in an even stream to the

charcoal filters. The slimes still contain a considerable quantity
of solution and also gold. This is decreased by running on seme

more solution from the sump, and agitating and decanting the

second time; if necessary this process is repeated, and finally, a

water wash is run on, the quantity being gauged to keep the amount
of solution in circulation constant. A very high extraction is

claimed for this process, or 92.5 per cent, from 9dwt. material
;

which certainly leaves nothing to be desired in this respect.

Since precipitation of gold from cyanide solutions by charcoal is

very largely adopted in Victoria, and is almost unknown else-

where, it may be of interest to supply a few details. The charcoal

used is preferably a softer variety ;
this is crushed to about the

size of beans and washed with water, all dust and dirt being re-

moved. It is then placed in the precipitating tubs, which consist

of wooden buckets. Each holds about 5cwt. of charcoal. An earthen-

ware pipe takes the solution down through the centre of the char-

coal tub; it then rises evenly through the body of charcoal, which

is weighted down on the surface. The solution then flows through
four similar precipitating tubs. It was found that, with a flow of

200 gallons of liquor per hour, the amount of gold precipitated
in each tub was in the following proportion : No. 1, 45 per cent.

;

No. 2, 25 per cent.
;
No. 3, 15 per cent.

;
No. 4, 9 per cent.

;
No. 5,

5 per cent., making in all 99 per cent, of the gold in the solution,

which only contained 2gr. per ton after passing the last filter. It
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will be seen that the precipitation is practically perfect, but that

a very large amount of charcoal must be used, or 601b. of charcoal

to every ounce of gold. It is worthy of note that a partial precipi-

tation of the gold takes place, the first filters being as a rule rich

in gold, and the last- rich in silver. As I pointed out in previous

articles, this is also the case when zinc is used as a precipitating

agent. In any case the bullion from the charcoal is much purer

than that obtained from zinc. Mr. Gray holds that charcoal is

preferable to zinc as a precipitating and working material, and

that it is cheaper. It has been found that charcoal precipitates

every metal from solution with the exception of the alkalies and

alkaline earths, so that the cyanide solutions are kept beautifully

clean
;

it is further stated that charcoal contrary to current opin-

ion on other fields does not decompose cyanide of potassium in

solution. Even conceding all this, the space occupied by the

Diagrammatic Plan of Plant.

charcoal, the trouble in keeping it clean, the burning and smelting
constitute serious drawbacks, which will probably prevent its gene-
ral adoption.
The concentrates obtained from the Halley and Wilfley tables

are roasted in a furnace of the MacDougall type. Occasionally a

long-hearth hand-rabbled reverberatory is also used, but the me-
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chanical furnace has been found to give a perfect roast. The ore is

placed in vats, and MunktelPs process of chlorination that is,

with chloride of lime and sulphuric acid to generate chlorine is

carried out. The weak chlorine solutions are found to be effective,

and a high percentage extraction is obtained. The solution con-

taining the gold is heated by steam to expel the chlorine, and then
run through a series of charcoal jars, where the gold is rapidly

precipitated. The charcoal is burnt in reverberatory furnaces, and
the ash containing the gold smelted with suitable fluxes.
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Edwards' Pyrites Works, Ballarat.

The Edwards' Pyrites and Ore Reduction Co. has gold extraction

works situated at Bendigo, also at Sevastopol a desolate looking

suburb <*f Ballarat. The method used for gold recovery is by

roasting and chlorination. The ore arrives at the works either as

broken at the mine or as concentrates from stone which has been

treated by amalgamation. The coarse material is put through a

ball mill. The concentrates or pulverised material is then emptied
into bins., each bin receiving ore according to its composition, so

as to ensure suitable blending of minerals, which re-act on each

other when heated, so that no undue proportion of any refractory

substance be fed into the furnace. From the bins the ore is

trucked over a weighbridge; a sample is taken at the same time,

so that the actual weight, composition, and gold contents may be

determined. After weighing it is delivered into the feed hopper
of a mechanical furnace. On being discharged the roasted ore

is damped, and emptied into small closed vats
;
chlorine is forced

in, and after the gold has dissolved the soluble chloride is leached

out with water and pumped into vats. The solution is heated by
steam, and the warm liquor is run through charcoal filters, in

which the gold is precipitated. Special trial lots have the gold

precipitated with ferrous sulphate.

The novel features in connection with this plant are, first, the

Edwards' mechanical roasting furnace
; secondly, the vats

; and,

thirdly, the chlorine generator.

At Sebastopol, Mr. Edwards introduced a gas producer, so that

by means of pipes the gas could be burnt at any point within the

furnace, it being found with such ores as those received from the

Great Boulder that the heat did not pass from the fireplace to the

upper end of the furnace, on account of the sulphur contents being
so low. By supplying producer gas about midway along the

furnace the temperature necessary for roasting was attained and
all difficulties overcome. Independent of considerations such as

these, it can hardly be said that there is any advantage gained by

converting coal into a product which gives less heat than the coal

by means of which it was produced. In other words, if the heat

could be applied in the same Avay it would be cheaper to burn the

coal straight away for heating purposes rather than convert por-

tion of it into a gas which has a lower calorific value.

It is now generally accepted that when sulphur burns the tri-

oxide. not the dioxide, first forms, but since the heat generated is

so great
S + 3 = S0 3 + 91.8 cal.

that the temperature, due to the heat of formation and the

added heat of the furnace, is so high as to dissociate the SO$ into

SO$ and O. It is well known that when SOt2 is passed with air

over heated spongy platinum that SO S forms, and the probable ex-

planation is that the platinum, which condenses oxygen on its sur-

face when heated to about 250deg. C.. brings about an intimate

contact of the sulphur dioxide and oxygen, and SO-3 forms, which
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will not dissociate if the temperature during the time of contact is

not allowed to rise. Ferric oxide and other materials will bring

about the same action. On the other hand, sulphur if burnt in

quantity will produce SO
S

as well as SO 2 , and the white clouds

which arise from burning pyrites in a dry atmosphere are not S0 4 ,

but are mainly due to SO3 . In spite of all that has been done with

furnaces, it must be confessed, that on the whole very little atten-

tion has been paid to the conservation of heat. It is true that

many desirable re-actions have to be brought about at a fairly high

temperature, and if the temperature w.ere gradually raised unde-

sirable compounds would form
;
while this is true in certain cases,

yet in others, such as the roasting of almost pure pyrites, the tem-

perature should be raised gradually (this being the result of Cap-
tain Richard's experience), so as to cause the greater pnrc of the

pyrites to pass through the sulphate stage. This again points to

the principle applied by Hoffman and others in the construction of

their kilns, where waste hot gases are used to warm up the raw

material fed in. Again, if the ore to be roasted is brought to its

final temperature certainly, as a rule, not less than SOOdeg. C.

there is a waste of heat in allowing this to cool in the open air. The

specific heat of sand, viz., 0.1881, is not very high, but since the

weight discharged is great the heat units lost which may easily be

calculated will be found to represent a large amount of energy
which should have been conserved. The amount of air supplied
to roasting furnaces is an indefinite quantity, and if exact experi-

ments were carried out would be found to be largely in excess of

actual requirements. Thus fuel is burnt, and to a great extent

wasted, in warming air which escapes hot after doing no work, in

heating sand which is discharged hot from the furnace, and in

heating rabbling appliances; much heat is also lost by conduction

and radiation. The end of improvements in roasting-furnace de-

sign has not been arrived at, yet much has been done, and more
will be done by those who take into account both physical and

chemical factors.

The type of vat adopted by Mr. Edwards is practically that of

the Plattner type each holding less than two tons excess of

depth being given no doubt to save chlorine, which always fills the

vacant space below the filter bed. Tne vats are not lead-lined
;
the

cover has a lead coating on the under side
;
the rim of the vat has

a groove cut round it
;
in this is pressed a couple of strips of rubber,

side by side; these project about half an inch. The lid is lowered
on to these and a perfect joint is formed

; by means of bolts a

greater pressure may be brought to bear in fastening the cover

down. Chlorine is produced from manganese dioxide salt and

sulphuric acid. The manganese ore is ground in a ball mill, no
further trituration being considered necessary. The generator used

is one of Mr. Edwards' design; it consists of a steam-jacketed liemi-

cylindrical vessel, made of boiler-iron or steel, witli a thick internal

lead lining. The cover has openings for the introduction of the

chemicals
;
these openings may be readily closed by small lead lined

fids which may be screwed down tightly. The whole vessel is

supported on trunnions, and a rocking motion may be imparted
to it which serves to prevent the caking and packing of the ma-
terial. The gas is passed through a wash bottle securely fastened
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General View of Works.
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down. This simply indicates the rate of flow of the gas as it passes

inlo the vats, under a slight pressure. Solution of the gold takes

place rapidly. When dissolved a water wash is run on, and this

chlorinated water is allowed to stand in contact with the sand for

some time. The chlorine gas not absorbed by the descending water

is driven before it through an outlet pipe into the next vat. which

is then cut off from the first. Chlorine is then passed into the

second vat from the generator. The first vat is water-washed,

suction being used to assist filtration
; the gold solution is pumped

up into a sump ;
steam is passed in to displace the chlorine and

warm the liquor. The solutions are then run through charcoal

placed in earthenware jars, the charcoal being coarse (not like the

finely-graded material in use at Mount Morgan). The charcoal is

Imrnt from time to time in short reverberatory furnaces, and the

gold recovered from the ash by smelting in the ordinary way. The
whole proceeds as carried out appears, so far as outside indications

go, to be exceedingly simple, yet of all the firms in existence many
years ago in Victoria this is one of the few which lias been success-

ful. Altogether it may be taken as a modified Plattner process,
which has been adopted in place of the barrel and other systems.
A small smelter has been erected, but is rarely, or never, used.
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Jaques Bros., Richmond.

The ore treatment works of Jaques Bros, are situated at Coppin-

street, Richmond, Melbourne. This firm is well known for its

rockbreakers and various forms of mining machinery well adapted
to our local conditions. At their general manufacturing and engin-

eering works they have erected a neat testing plant, which should,

be capable of doing as good work as any of its kind in the State.

Their reduction plant comprises three head of stampers, each

stamper weighing about 3cwt., a set of rolls and stonebreaker com-

bined. The concentrating . plant consists of a 5-compartment

Luhrig jig and two Luhrig vaiiners. The roasting plant consists of

a patent automatic furnace, 30 feet in length by 4 feet 6 inches

wide, divided into three floors, with drops between each floor. The
rabbles are horizontal arms attached to vertical spindles, which

pass through the crown of the arch and are driven by gearing
above. Each set of rabbles works the ore on its own hearth, which

is circular, by simply cutting in under it and allowing the sand to

flow over the back of it, thus exposing it in a falling stream to the

oxidising action of the heated air passing over it and through it.

As soon as the ore is deemed sufficiently altered in the first com-

partment a sliding shutter is opened and the partly roasted sand

is worked 011 to the second hearth. There it is kept for some time,

and when deemed sufficiently roasted on that hearth, -t is worked
on to a third, nearest the fireplace, where it is finished off. The
rabbles on this hearth are water jacketed and may be driven by an

oil engine. Coal was used for roasting instead of wood, and heat

was conserved to a certain extent by keeping the crown of the

furnace 13 inches above the hearth. In passing it should be stated

that this furnace reminds one of the McDougall furnace. A form
of the latter as used in Victoria consists of a vertical cylinder hav-

ing a series of horizontal arches across it. A vertical shaft,

with horizontal arms attached, runs through the centre of

the cylinder. The ore is stirred by the revolving rakes on top
of each arch, and may be admitted to the next floor by the with-

drawal of a shutter, or by openings in alternate arches at the

centre or near the side. It was found that this led to dusting, so

McDougall constructed a furnace with a long hearth, with rabbles

working in circular tracks all the way down it, each rabble re-

volving in an opposite direction to the one on either side of it,

while the circles described by each rabble cut into that of tue

next. In this way the material was brought down from one end
of the furnace to the other, but since it is obvious that if each

rabble or rake brought down a fraction of the ore above it at every

revolution, then there would be a danger of portion of raw ore

handed in from first to last without having been oxidised. It

will be seen that Messrs. Jaques' furnace is somewhat on the same
lines as McDougall's vertical furnace, and yet has not the drop
which would lead to excessive dusting. The ore subsequent to

roasting is treated according to the Plattner process in small vats,

each holding about 1' tons. There are three of these vats. After
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roasting the sand is cooled and damped with a very small quantity

of water just enough, in fact, to- say it was damp. Some dry

sand is sieved into the bottom of the vat to absorb excess of mois-

ture in the filter bed. As soon as this ceases to absorb water from

below the damp sand is fed in, pressed around the sides, and chlor-

ine gas fed in through a pipe under the false bottom of the vat.

In a few hours the gas has reached the surface of the sand, and the

cover of the vat is screwed down, a seal being made by a couple of

projecting strips of rubber being let into the rim of the vat. These

are squeezed against the plane under surface of the lid. After

some time the gold will have dissolved. The time is seldom less

than 36 hours, but if not extracted in at least 72 hours then it is of

little service leaving it in longer, since the rate of solution is ex-

cessively slow for the last particles. This process, which was the

first one ever made use of practically by Plattner, has much in its

favor. First, since gas is passed through the damp and, the

water present is saturated with the gas, and the gold is much more

quickly dissolved in a saturated solution than in a dilute one. Fur-

ther, should there be an absorption of chlorine, this is quickly made

up for by the excess of ga> between the particles of sand. Tne

second point in its favor is that, being in a closed vessel, it is not

decomposed by the action of light as would be the case to a con-

siderable extent with open vats
;
while its third advantage is that

the absorption of chlorine is indicated by the time the gas takes to

reach the surface of the ore. In some cases as little as from 31b.

to 41b. of chlorine suffices lor a ton of ore, but these cases are ex-

ceptional. The disadvantages, and these- on a large scale outweigh
the points in favor of the system, are, first, the smallness of the

vats; secondly, the trouble of generating the ga,s and keeping it

going; thirdly, the trouble of giving a preliminary acid or water

wash to some ores; fourthly, the large quantity of gas absorbed by
lime and magnesia, too; and finally, the almost impossible task of

reducing operations to routine on a large scale where so many vital

points require attention during day and night.
There are six precipitating vats, 4 feet by 3 feet by 2 feet 6

inches. When the gold has been dissolved water is run into the

vats, and the soluble chloride of gold run into the precipitating
vats. It is there precipitated with a solution of sulphate of iron,

allowed to settle, the liquor drawn off from the gold sludge; the
latter is then run out, filtered, and the mud-like material dried and
smelted into bars of almost chemically pure gold.

Messrs. Jaques also have a small cyanide plant, consisting of

two one-ton vats, with solution vats, zinc boxes, and the necessary
other appliances. There i* an excellent chemical and assay labora-

tory attached to the works, all under expert supervision.



NEW SOUTH WALES.

BROKEN HILL.

I desire, in connection with the following Broken Hill chapters, to

acknowledge the assistance given by the managers of the mines and
their staffs, also the excellent reports published by the Mines De-
partment of New South Wales, notably the "Mineral Resources of

New South Wales.'' by Pittmau, and the "Geology of the Broken
Hill Lode," by Jaquet. Other references will be made in due
course.

Until the year 1844 the interior of Australia, except where rivers

ran, was practically unknown, but the explorer, Sturt, who in that

year started from the Darling River, passed the spot now known as
Broken Hill. This lies in New South Wales, about 120 miles north
of the Victorian border, and about 35 miles from the South Austra-
lian. For over 20 years after Sturt's expedition the Barrier Ranges,
at the southern extremity of which Broken Hill lies, were only
known to a few adventurous stock-owners, who pushed their way
further and further back. The discovery of gold in Victoria and
New South Wales unsettled men's minds, so that when, in 1867, it

was reported that gold had been found in the Barrier Ranges,
miners from Burra Burra, in South Australia, rushed off to the new
land of promise. The tale of the sufferings and privations of many
of these unfortunate men will never be told. In an arid, semi-tropi-

cal, and almost waterless country many perished, while the sur-

vivors found no gold, and returned with such harrowing descrip-
tions of the place that it was shunned as a land accursed

; yet had
some of these men possessed a knowledge of mineralogy they might
have amassed wealth surpassing that of any gold mine-owners.
Later on the pioneers with their flocks and herds settled on out-

lying districts. Salt bush grew luxuriantly, and in occasional sea-

sons a magnificent sward of grass turned the desert into a garden,
while water was conserved in dams. When the country had become

sparsely settled a discovery of argentiferous galena was made in

1876, at Thackeringa, which is about 20 miles south-west of Broken
Hill. Mr. P. Green, of Wilcannia, a place over 140 miles away to

the north-west, raised some 36 tons of ore, got it carted to Burra

Burra, and sent it to England. Unfortunately, it was jettisoned
on the voyage. The set-back caused by this loss was four years, for

it was not until 1880 that Green raised another lot of 100 tons.

This was sent to England, and two years afterwards the report came
out that it contained about 65 per cent, of lead, and 35oz. silver

per ton. About this time gold was discovered at Mt. Brown, about

150 miles to the north. This caused a rush, and during this time

the value of the Thackeringa mines becoming known, drew much
attention to the place. Shortly afterwards Umberumberka was dis-

covered, and, in 1883, Silverton, Apollyon Valley, and the Pinnacles

were found to contain rich argentiferous ore. Individual prospect-

8
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ing was stimulated by the finding of large masses of chlorobromide

of silver, and chloride of silver, iviany or these contained from oi.e

third to one-half their weight of silver. Tnese lumps were found

on or near the surface, and were locally termed slugs, in contra-

distinction to the nuggets of the gold miner. By a strange turn

the term has been applied to the surface gold in Western Australia.

It can scarcely be wondered at that the station lianas of the dis-

drict caught the mining fever. A boundary rider on the Mt. Gipps

Station, which included a large extent of Broken Hill country,

pegged out the biggest outcrop he could find. He considered he

had struck a great tin mine. It is somewhat remarkable that Mt.

Morgan was looked upon by Donald Gordon, its discoverer, as a

great silver mine. Philosopher Smith was disappointed when he

heard that Mt. Bischoff ore did not contain silver but tin. Mt.

Lyell was worked as a gold mine, while it is reported that the ore

which was discovered when the Great Boulder mine was floated

was almost worthless. Assays were made of the Broken Hill out-

crop for tin, but with negative results. Other prospectors had

climbed to the summit of the massive metallic-lou-king outcrop, hacT

napped off pieces only to look upoai them as worthless. After Rasp
had pegged out what is now known as Block 12, l.e took two con-

tractors on the station in with him. These were Messrs. Pcole and

James. The manager of the station, Mr. Geo. McCulloch, was i,nen

informed of the great tin deposit, and blocks 13, 14, and 15 were

pegged out, and subsequently 10 and 11 on the soutli end, and 16

on the north. Thus, with the exception of the Central and the

South and one or two minor mines on the north, the whole of the

valuable leases were included in the original pegging out. A small

syndicate was formed, consisting of station employes named

George McCulloch, George Urquhart, Charles Rasp, James Poole,

Philip Charley, David James, George M. Lind. Each member paid

in 70, and it was decided to sink a shaft. By some ili-chanoe the

shaft was put down on about the poorest part of the lode, and

only low grade carbonate of lead was discovered on the surface,

while the shaft material was unpayable. The money raised was

spent. Lind sold his interest to McCulloch and Rasp. Trquhart
next retired. It was decided to raise the number in the syndicate

to fourteen, in order to get some more money. Soon after this was

accomplished, towards the end of 1884, chlorides were discovered

in the shaft at 100 feet, and rich ore found in oMier parts of the

mine. Just before these discoveries the syndicate shares were at

a discount. The romantic tale is told of how McCulloch, finding three

syndicate shares too risky to hold, played euchre with Cox, at Mt.

Gipps Station, to see whether 100 or 150 should be paid for a

share. McCulloch won, and lost a share that six years afterwards

would have returned him nearly a million times as much. Another

well-known holder bought three shares for 320; he sold one for

what it cost him, another for 200, the third share he retained

each share was worth, with bonuses and dividends, 1,250,000 at

the end of six years. What must have been the chagrin of Lind*

and Urquhart, who each might have become multi-millionaires at

the rate of over 1100 per day by simply holding Iheir shares.

Mr. Wm. Jamieson was manager in those early days, and an

aboriginal, named Harry, employed on the mine, discovered chlo-

rides in the kaolin. In a short time 46 tons of kaolin were treated,
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and yielded a ton of silver,, This was exhibited in Melbourne. The
magnitude of the mine led to the subdivision of the shares, and on
the 10th August, 1885, the present Broken Hill Proprietary Co. was
floated. The company was to consist of 16..000 shares of 20 per
share, the fourteen shareholders were to receive 1000 shares, each

paid up to 19, while the 2000 shares were offered to the public
at 9 each, and considered to be paid up to 19. There was thus
a liability of 1 per share on the whole of the shares issued. Turee
thousand pounds uere to be paid to the original shareholders for

expenses previously incurred. Three and a half years later the im-
mense value of the property was becoming apparent, and the
shares in the company were increased from 16,000 to 160,000, each
20 share being subdivided into 10 shares of 2 each, and con-

sidered paid up to 1 18s.
; yet the rise in the value of shares

trithin another year caused the company to increase its scrip issue

from 100,000 to 800,000, and proportionally reduce their value to
8s. also to issue 160,000 new shares, all of which were paid up.

In 188C smelting operations were started, and at the end of that

year four 30-ton smelters were erected, and Mr. H. H. Schlapp,
from Colorado, was appointed metallurgist; Mr. S. R. Wilson being
mining manager. In 1887, Block 14 was sold. The new company
had 100,000 shares of 5 each. These were issued as paid up to
4 10s. The shareholders in the parent company were given 96,000

shares, and 4000 were subscribed for by the public to provide the

working capital.

During the same year Blocks 15 and 16 were sold to the British

Company. The shareholders of the parent company received shares

to the value of 400,000, and 576,000 in cash. In the following

year Block 10 was sold
;
of the 100,000 shares issued, the parent

company received 96,000 shares, valued at 10 each, and 4009 shares

were issued to the public to provide the working capital. These
shares were issued r.s paid up to 9 10s., the money actually con-

tributed only being equal to 3s. per share, or 15,000 in all.

The parent company thus held blocks 11, 12, and 13, or a dis-

tance of 60 chains along the line of lode, and 20 chains across it.

When the Silverton boom was at its height, the Government of

South Australia ran a railway line from Petersburg to the border,

and it was well that the Broken Hill lode turned out to be a big

producer, for Silverton and the adjoining fields are practically de-

serted. A line connecting the South Australian line with Broken

Hill, known as the Silverton Tramway, carries practically all the

material sent for some hundred miles along the South Australian

line.

It is very difficult to get all the figures relating to yields and
values from the various mines on the line of lode, but the following

have all paid dividends: Starting on the line of lode from the

south end, Blocks 5 and 6, or the South Blocks, 7 and 8 Broken

Hill South; 9, the Central, owned by the Sulphide Corporation;
Block 10; Blocks 11, 12. and 13 Proprietary: Block 14; Blocks 15

and 16, The British; 17, North Broken; 39, Junction; 40, Junction

North. These mines extend along the line of lode for" alxmt 2i

miles, and at some levels the lode has been worked for great dis-

tances across from one end to the other. This single line of lode

has, up to the present, produced 50,000,000 worth of gold, silver,

and lead mi amount nearly equal to a fifth of the value of the gold
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won 111 Victoria, nearly equal to that won in New Soudi Wales, or

Queensland, and greater tJian the total value of the gold won, up
to the present, in Western Australia. The dividends paid nave
amounted to more than 12,000,000, and yet, in the 20 years the
mines have been producing, no shaft is down 2000 feet, and the
workings producing ore in the parent mine are not below 850
feet, and still it produces one-twelfth of the lead obtained in the
world annually.
The height of Broken Hill above sea-level is between one and

two thousand feet, but this elevation seems to have but little
:n-

fluence on the climate. In summer the temperature rises to over
100 degrees in the shade for days together, Avhile, in winter, the
days are clear and the air dry. The objectionable element is dust.
Some times it is present in minute particles, sometimes the heavens
are darkened for hours, and even days together, but it is never
absent. On a fine, sunny day a dusky red horizon may be seen all

round. The hills are bare and warm-tinted, while well-known

objects have distance conferred on them by being viewed through
the fine Ved haae of desert dust. Only calm days can be enjoyed"
on this field

; when the wind blows, clouds of dust are swept across
the desert for hundreds of miles, coarse sand is driven with such
violence that all the polished glass one sees lying around the town
is frosted and fretted with sand and grit. Paper and light rubbish
is blown right o>ut of the town, and litters the country for miles
around. Before the prospector came, stunted mulga bushes covered
the slopes, and sage-green tufts of saltbush hid the red-brown soil.

Now not one shrub is to be seen for miles round the Hill, and tho

scattered tufts of saltbush left alone redeems the place from beiii

a. desert. Here and there, in the distance, one may see a winding
track of stunted gums, showing the dry bed of one of the reeks

where water sometimes runs. The rainfall of the place is exceed-

ingly variable
;
as much as 16 inches fell in 1889, but in the previous

year only 3 inches fell. Taken altogether, it is a dry place, for the

evaporation per annum would need to be expressed in feet, instead

of inches. Water has been conserved by building the Stephen's
Creek reservoir; but it is a pity, considering the necessity of i

plentiful supply of clear water, that the Darling River was not

tapped. Broken Hill is a fairly old town now, yet owing to the im-

minent danger of shortage of water, the trees and shrubs planted

years ago had to be neglected, and only the hardy pepper trees

have survived. Looking down on the town from the hill, one sees

fine buildings and streets, but the background of low hills and bare

ridges, almost destitute of vegetation, makes the place look desolate,

and the bright green of the umbrageous pepper tree is the only re-

lief the eye finds in all the landscape. To add to the drawbacks of

the place, mosquitoes have increased and multiplied, and are always

buzzing about at night in search of human blood, and summer flies

are ravenous. The bare houses, with their baked backyards, and

the hopeless attempts made to grow a few common flowers, make the

place a very unenviable one to live in, in spite of the brave fronts

of many of the buildings and shops. When mining is done, unless

some extensive irrigation and water conservation scheme is intro-

duced, the place will revert to desert. In no town in Australia

can one see so many men propped up against walls, or aimlessly

wandering about; the women rapidly age, and even the young
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children have old faces. Beyond a man's daily work the^e is nothing
for him to do, while families only exist in such a place as this. The

days of lead poisoning are practicallj7 over. When the smelters

were at work tons of metallic lead were daily discharged into the

air above, only to be precipitated as poisonous compounds on the

country around. Fowls, which picked up the surface soil, and cats,

who cleansed their fur, soon succumbed, while many children

were leaded in this unhealthy town. Miners, working amongst the

dust of carbonate ores, became leaded, and even now there are many
human wrecks left as relics of the boom days of Broken Hill. These

days are practically over
; leading, typhoid, and similar diseases have

not vanished, yet the mortality has been greatly reduced with

more perfect sanitary arrangements there is room for a stnl lessened

death rate; but on the whole, the town would be uninhabited were

it not for a strip of country a couple of miles long, by a few hundred

feet wide, which has produced more wealth for the depth worked

than any similar strip in Australia. Probably, in another genera

tion, the end of mining in the district will be as far off as it is at

present.
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Locality and Geologic Plan of Broken Hill.
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Geology of Broken Hill and Work Done.

After passing the border line between South Australia and New
South Wales, the tramway runs over the southern extremity of a

great level stretch of country, known as the Seventy-Mile Plain.

This averages about 20 miles wide and 120 miles in length. Thi;

plain is of comparatively modern origin, consisting, a.s it does, c;f

clays, gravels, and other rocks derived from the wearing down of

the underlying older rocks. It may coincide with some of the

Victorian gold leads. On the eastern side of this the older rocks

outcrop over a wedge-shaped area, the width of the b.'se extending
from Silverton, eastward, for about 30 miles, and the apex of the

wedge being about 80 miles to the north of this line. On the

eastern side of this again lies a wide area made up of the same ter-

tiary or pos: tertiary drifts and clays which make up the Seventy-
Mile Plain.

The older rocks, at the lower end of the wedge-shaped area, are

made up of crystalline schists, penetrated by diorite, and having
considerable outcrops of granite, while at the upper, slater, sand-

stones, and limestones, all very much altered, prevail. Near the

base line mentioned, some of the hollows between some of the

intervening ridges are filled with a nodular dolomitic limestone,

sometimes to the depth of several feet. The country for, at least,

30 miles wide by 40 miles in length, contains numerous lodes, carry-

ing lead, zinc, and silver, while at the northern extremity of the

schist couiitry, near Mt. Euriowie, stanniferous deposits occur. In

addition to these minerals, platinum has been found near Stephen's

Creek reservoir; bismuth, to the south of this, and numerous

copper lodes to the south of Broken Hill. The lodes first discovered

starting from Thackeringa, and going to Silverton, Umberumberka,

Apollyon Valley, and Purnamoota, follow a line a few points to the

east of north for nearly 40 miles. Broken Hill is about 15 miles to

the east of this line, but the general trend of the lodes is the same.

It is evident there is a large mineral field here, but an ordinary

lode is so puny against the massive lode at Broken Hill that it can

receive but scant attention. Broken Hill itself is a ridge about

two miles long and 200 feet in height ;
it dies away at both ends,

and has a plain on each side. The rocks, of which it is made up,

consist of highly altered slates and garnet sandstones. Gneiss and

micaceous schists also outcrop abundantly near the southern ex-

tremity. The strike of these rocks is parallel to the length of the

hill, and the hill itself is an anticline, the dip of the rocks prac-

tically following the sides of the hill. The lode follows the

crown of the hill. The surface consisted of a massive black outcrop

of manganic ironstone, which reached its greatest height over

Block 12. This varied in width from 20 to 100 feet. Almost the

whole of this was, more or less, impregnated with cerussite, embo-

lite and iodyrite. Beneath this iron cap occurred the oxidised ores,

which were known at the Hill as the carboaiate ores, dry, high and

low grade ores, respectively. The first always contained cerussite,

but included was a considerable portion of silicate of alumina, and
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also oxides of iron and manganese; the dry, low grade oie had

much the same composition, but less lead, and from 5 to 40oz. silver

per ton. The dry, high grade ore consisted of kaolin, conta ning

garnet and quartz, carrying native silver, chlorides, bromides, and

iodides, and running up to 300oz. silver per ton. Below this level"

came the friable sulphides. These consisted of somewhat loose ag-

gregates of galena, blende, and gangue, consisting of silica

and garnets. The composition of this was somewhat vari-

able, but, a-s a rule, the lead contents were in excess of the

Projection of the Lode in Block 10.

zinc. Below this came the compact sulphides, or an intimately mixed
mas* of galena and blende, with a gangue of quartz rhodonite and

garner. In the early days of the sulphides this Avas spoken of as a

25 per cent, proposition, or 25 per cent, lead, 25 per cent, zinc, and
25oz. silver per ton, but the grade of the ore has gone down until

now it is more nearly a 15 per cent, proposition.

It was found that, after sinking for a certain distance, the

massive lode at the outcrop bifurcated : men from the Bendigo CVic.)
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goldfield, and amongst them, Mr. Hebbard, the present manager of

the Central mine, pronounced the lode to be a saddle, similar lo

the saddle reefs at Bendigo. This idea was ridiculed by the meet of

the managers on the field, but on a geological survey being made

by Mr. J. B. Jaquet, Mr. Pittman, in April, 1892, pronounced ;

t,

on the evidence then available, to be a saddle lode, and his con-

tention is upheld by Mr. Jaquet. The latter's report is an exhaust-

ive ore on the work up to that date, but since it was published

nearly ten years ago, there is no doubt a great deal more informa-

tion could be included in an up-to-date report. The theory is com-

monly accepted now, but it is quite possible that, while the upper
portion of the lode agrees in many respects with a saddle reef,

when more work is done it may be found that the filling of a single

hollow in an anticline, by a lode, does not mean that this

lode will possess any other point in common with the

series of saddle reefs so well known at Beadigo. The

upper configuration has many points of resemblance with

saddle reefs. For instance, these widen out over the

arch to many times the thickness of the legs; in these caps or

crowns of the saddle the large deposits of ore occur. A longitu-
dinal section of the saddle follows the top of the anticline along the

strike in a wavy line, the wave extending over great distances.

This departure from the horizontal is known as the pitch of the

reef, and it would seem as if the Broken Hill lode had a pitch from
Block 14 both ways, that is the saddle falls northward, towards the

Junction mine, and to the south, towards Blocks 13, 12, 10, the

Central and the South mines.

From an inspection of the plans of the various mines I do
not consider that the Broken Hill lode is a true saddle, but that

it is a lode, the materials of which it is composed coming from
below and filling cavities which opened up at the time of its forma-

tion. The undoubted saddle, so well described by Mr. Jaquet, is

simply due to the cavity between the upper strata of the anticline

being filled laterally from a nearly vertical vein. When saddle

reefs, as ordinarily understood, occur, the space left between two
strata, at an anticline is filled with lode material, giving the cross

section a crescent-shaped appearance. Both legs thin out before

the syncline is reached, one leg generally descending to a greater

depth than the other. In no case do they pass through the strata

and descend as ordinary reefs
; and, although the cap may extend

upwards for some distance, yet it does not break through any ex-

tent of the upper strata. The saddle reefs are found one below
the other, yet wholly unconnected, as far as veins or lode matter

is concerned. Now, at Broken Hill, the so-called western leg of the

lode has usually abruptly terminated in a rounded stump, while the

eastern leg has persistently gone down almost vertically.
The

excellent diagrams of Block 10 mine, shown in a paper on ''Remi-

niscences of Broken Hill," by Captain Warren, abundantly prove
this. The shoots of ore at this mine pitch southwards, at an angle
whh the horizon of about 30 degrees.
As a consequence of the belief in a different type of lode, I clo not

agree with Mr. Jaquet that the formation of this lode was due to

any process of lateral secretion, except in a subsidiary way. The

present Broken Hill mine, at the time tlie ore was deposited in it,

was probably covered with some hundreds, if not thousands, of feet
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of rock. Mineral solutions,.at some period, circulated freely through
a large belt of country, some depositing their contents in suitable

receptacles. It is improbable that any reached the then existing

surface. This most probably occurred at the time of the alteration

of the sedimentary rocks into metamorphic ones. Assuming that

time to be about the Devonian, the amount of erosion wh:ch has

Cross Section of Lode in Block 10.

gone on in that part of Australia must have been excessive, for

it does not appear that any marine rock was deposited over tKese

since the Silurian was laid down. In Tertiary times, from eocene

onward, until comparatively recently, the coast line of Australia
must have been widely different. The sea extended a great way
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into South Australia. The north-west of Victoria, and a part of New
South Wales was also submerged, so that climatic condition* ac thy

Banier Ranges would have been widely different from those at

present, and the denudation much more pronounced. It is probable
tliat hundreds of feet have been removed from these ranges. Since

pliocene times, however, the conditions would have been similar to

those at present. There does not seem to be any reason for giving
a different origin to the cap of the lode than that required for most

other lodes of a similar nature. The composition of the ore below

gives the clue. The galena is almost pure sulphide of lead, but the

blende is comparatively low in zinc, and is an isomorphous com-

pound, consisting of sulphide of zinc, iron and manganese.

Now, assuming all these to oxidise the galena becomes carbonate,

sulphate, or oxide of lead, the zinc sulphide becomes sulphate or

carbonate, the iron becomes sulphate or oxide, the manganese
suffers a like change. As a rule, a certain amount of free sulphuric

acid is also formed, moisture is attracted, and the more soluble

salts creep towards the surface, as liquids will rise in blotting

paper. The evaporation, near the surface, causes the action to be

slowly continuous. Iron becomes converted to oxide : manganese to

a stable oxide. The amount of manganese and iron present would,

in some degree, measure the amount of decomposition. Once the

surface cap is formed the action will go on, but as the country wears
down the cap will become a mass of rugged, metallic, rock-like

masses. The iron, the manganese, the lead, and the silver will all

tend to remain, their compounds being fixed, but the zinc oxide

or carbonate, even when they do form, are extremely soluble in

acids, or decomposed by acid salts, so the tendency is for the bulk

of the zinc to remain in a soluble state, and hence to be washed away.
As bearing upon the rapid decomposition of sulphides exposed to

air-carrying solutions, and their solution, an analysis of water from

a shaft about five miles south-east from Broken Hill was made by
Mr. J. C. H. Mingaye, at the Government Laboratory of New
South Wales. The solution contained over a. pound weight of solid

substance per gallon, and contained iron, alumina, cadmium, lime,

magnesia, potash, soda, as well as zinc, cadmium, copper, cobalt,

nickel as sulphates and chlorides, as well as free sulphuric acid ; the

amount of the commercial metals present, in grains per gallon,

being: Copper, 8.40; zinc, 10.67; cobalt, 21.82: nickel, 6.71.

In a rainy district it would be easy to account for the loss of the

zinc, but even at Broken Hill the rainfall has been sufficient to

distribute soluble salts over wide areas. The kaolin, and its ores,

are secondary products, whose origin is similar to that for the

others.

The length of the outcrop was about a mile and a half. The

depth at which the legs of the saddle commence varies, but 111 .-ill

cases in the Proprietary mine, according to Mr. Jaquet's report, is

less than three hundred feet, but it pitches away rapidly in Bloclc

10 to nearly 600 feet at the boundary with the Central mine.

The depth to which the oxidised ore extended at Broken Hill

varied. In the Proprietary mine, it practically ended over the No.

3 level, from Block 14 boundary, over Block 13, and the greater part

of Block 12
;
on the south end of the latter block it extended, in

places, to No. 4 level, while, in Block 1,1, in one place it went

down to nearly No. 5 level. Owing mainly to the oxidation of the
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Longitudinal Section of Block 10.
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metallic contents, and the removal of the more soluble ones, a great
concentration of silver occurred in. places, while, in others, almost

pure carbonate of lead remained. The upper layer of sulphides also

were often exceedingly rich, but when the solid unaltered sulphides
were struck the values have decreased enormously, and, so far as

I can learn, there are no continuous rich veins of argentiferous
material. The whole lode is made up of platy galena and blende in a

gangue, consisting mainly of rhodonite, garnet, and quartz. In
some mines the rhodonite and garnet is almost absent

;
in others,

very little free quartz occurs, but in all cases the metallic minerals
and gangue are all admixed evenly together, and not in the banded
structures common on other fields. Gold, also, invariably occurs,
and in the case of the Proprietary mine, is profitably separated
from, the silver. On visiting the Hill, some years ago, I was shown,

by Mr. Stewart, a fine specimen of auriferous ironstone, showing
gold freely, which had just come out of the upper workings of the

Proprietary mine. The gold appeared to be exceedingly pure, and
free from silver.

WORK DONE.
With regard to the companies on the field, it is a somewhat

difficult matter to obtain information from their reports alone. The

only one which pretends to publish plans of their workings is the

Proprietary Company. In this a longitudinal section is given, which
looks very well with its greens and reds, but which is

about of as much use as the remains of the shafts marked on

top of it. A plan of the various levels is also given, but this gives
almost as little information as the section. It can be only inferred

that the cross sections, at various places, would not have looked so

well. From the plan it would appear that the oxidised ore has all

been removed, with the exception of a very small portion in Block'

11, and a small portion near Block 14, by the open-cut, from the

200 to the 300 feet level. The sulphides have been worked from end

to end at the 400 feet level, but a block of ore up to 200 feet wide,

and 900 feet in length, is now being broken out in Block 13. At

the 500 feet level sulphides have been worked from Block 10 boun-

dary to the middle of Block 13
;
a block of ore, 1000 feet in length,

40 feet in height, and about 40 feet wide, is being broken at this

level
;
at this level, also, an indeterminate quantity of ore is pen-

ned in by the barriers which bound the fire still smouldering. At
the 650 feet level ore has been proved to exist for 1600 feet from

Block 10 boundary. The ore has only been worked over a portion of

Block 11, the width being about 30 feet. At the 800 feet level a

drive of 1400 feet has been put in, and the sulphides are being
mined under the centre of Block 11. The lode here is also about

30 feet wide. Prospecting revealed a body of ore of considerable

width to the east of this. At 1000 feet" a level is being driven under

the ore bodies proved in the level above. If the prospecting done

is a guide to the presence or absence of ore bodies, then it is evi-

dent that the so-called leg of the saddle goes down narly vertically,

or with a slight underlay to the west, and that the western leg has

cut out. It is also evident that the pitch of the ore is carrying

it rapidly out of the company's ground into Block 10. The ore in

sight, as indicated by actual blocking out operations, is said to be

over 4 million tons, or sufficient to keep the present plant going

for another seven years. So far as quantity is concerned, there is a



The Sulphide Lines. Above, are the Oxidised Ores. Below the Black

Lines, the Sulphide



354 AUSTRALIAN MINING AND METALLURGY.

great probability of these ore reserves being materially increased,

but it must not be assumed that the quality is equal to the quantity.
At the present time, a very small fraction of the value of the ore is

profit, and it needs but a small diminution in the metal value to

make these vast bodies of ore unpayable, with present methods of

working. Were it not for the prospects of better metallurgical

work, the outlook would be a precarious one for shareholders. The
ore bodies, to the north of the big mine, have been worked with

good results in the upper levels, but the same cannot be said when
the low grade ores, at low levels, were struck

;
on the south are

mines which have worked for many years with success, notably the

Block 10, but absolutely no useful information can be gained from

the general manager's report. It can only be assumed that con-

siderable ore bodies exist to justify the erection of a concentration

plant, based on the old wasteful methods of working. The next

mine, the Central, contains immense bodies of sulphide ores; the

ore in sight is said to be sufficient to keep the present plant going
for 20 years. In this case the ore was covered with 300 feet of rock,

since it dipped rapidly through the Block 10 ground. The South

adjoins the Central, and, in this case, the ore reserves are more
than a million tons above the 800 feet level, or more than a ten

years' supply for the present plant. The mines to the north of the

parent one are first Block 14. It is shut down at present, and

is probably the one worked to the least depth on. the field. Judging
from an inspection of the company's plans, there is room for many
other ore bodies. Unfortunately, the grade of the ore is a shade

too low to be payable with present methods., so that the company
is doing the right thing in endeavoring to improve metallurgical

methods before rooting out ore, and losing half its value. The
British mine, Block 15 and 16, comes next. This is now being work-

ed at a slight profit, but judging from the banging and clanging of

its stone-breakers, they must be running empty half their time. This

ground, like Block 14, is only worked to about 600 feet. Extensive

low grade bodies of ore have been discovered, and prospecting opera-

tions, by means of shaft sinking and dimond drill boring, are now

going on. The ore treated at present is low grade, running about

16 per cent, of lead and zinc, and lloz. silver per ton. The North

Broken is also shut down, yet it has large ore bodies proved, and"

is supposed to have a quarter of a million tons of low grade ore 'n

sight, the proposition being about 15 to 20 for lead and zinc, and

lOoz. silver. There are two ore bodies, one with silica as gangue,
the other with rhodonite.

The Junction adjoins the Block 16 of the British on its north-

western boundary. This company, too, is marking time, but there

is a chance of discoveries of large ore bodies still. The mine is by
no means worked out. The ore at present in sight is mostly low

grade.

The Junction North joins the Junction on its north-western

boundary, and the North Broken on its north-eastern. Its shaft is

down over 1000 feet. A large body of ore, running up to 15 per

cent, lead, and up to 10 per cent, zinc, with lOoz. silver, remains

to be stoped out. The gangue is mainly rhodonite. The last mine

on the end of the field, practically at the north end of the ridge,

is the Victoria Broken Hill. So far. there has been nothing sensa-
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tional discovered, and it would seem as if the famous Broken Hill

lode either has thinned out or pitched beyond the depth at present

attained.
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Methods of Mining.

In the early days of Broken Hill, tne position was like that of

the coal fields of England when coal-mining started. The quantity
of coal was so great that galleries were cut through the beds and

pillars of solid coal left. It was considered that ihe,se would never
be needed. The "pillar and stall method," so started, has been con-

tinued, but the pillars are also taken out as well as the stalls.

Although, at Broken Hill, it was known that the bulk of the

standing ore would have to be removed, the question of systematic

mining was not seriously considered in the early days, and when, it

was it cannot be said to have been particularly creditable to most
of those concerned. The square set system was introduced from
America. Oregon logs were sawn down to a section 10 inches

square ;
and the long timbers sent up to the mine were then cut and"

notched into the sizes shown in the illustrations . The method ot

building this up from wall to wall, and to the stopes overhead, was

exceedingly simple. Passes, shoots, and gangways were easily con-

structed, and the whole of the freshly-timbered stope was as neat
a form of support as could be Avished. The accompanying illustra-

tion shows the various dimensions fo-r a comparatively wide lode.

It seems hard to believe that any faith should be put in the stability

of this system of timbering alone, for, with any diagonal pressure,
it is bound to collapse like a house of cards. Let a single set go, and
the whole structure crumples. When used over the wide lodes of

Broken Hill without any filling, disaster followed disaster, so that

it is now rarely used as a skeleton structure, but all the sets are

filled up solidly except those required for ventilation or passr.ge

ways for mullock, ore or men. It is surprising that Oregon should still

be so universally used at the mines on this field
;
forests of ft have

been already buried, and ship after ship arrives with it from the

States. The cost of it is about 16s. per 100 feet super. It certainly
has the advantage of being light, and very strong for compressive

strains; it is easily worked, and easily handled below. Probably,
these advantages have led some of the directors of the mines to state

that it is essential for the square set system of mining. This, now-

ever, is not so, for Australian hardwood was used more successful**?

at Mt. Morgan (Q.), for a great many years. The great disadvant-

ages of Oregon are, that it is exceedingly weak, as regards crushing
across the grain, and wr

ill crumple up like pulp when any great

iveight comes on it. In some of the mines, I saw it used for chock

and block supports, and as such, without filling, it is practically

useless. It will not bear any great bending strain, so tint when
used for drives and roadways, where there is apt to be a lateral

strain, the sets have to be strutted, after the manner shown in the

accompanying drawing, and even then, set after set may be seen

crushed in. Another serious drawback is the danger of fire. Already
two serious fires occurred in the Proprietary mine, and the danger
is never absent where large quantities of the timber is used. Its

life in a mine ought to be as long as that of the mine, if kept dry
and well ventilated, but in damp, ill-ventilated places it will perish
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like all soft wooded timbers. It is a great pity that more enterprise
is not shown by our own timber men

;
some of our hardwood

timbers in Victoria notably the Woolybutt are almost as light

as Oregon when dry, and of greater strength in compression ;
much

greater as regards crushing, and very much greater as regards

breaking strains.

SQUARE SET
SYSTEM OF TIMBERING

as adopted at Broken Hill.N.S.W.

The cost of timber swallowed up a large amount o-f profit in the

early days, when the ore was ten times as rich as ic is at present,
and Broken Hill would be a call-paying proposition if such methods
were persevered in. The first step in advance, as regards economic

mining, was the start of the open-cut along the line of lode. The
material token from this was either oxidised ore or mullock: the

latter went underground, and is now used as filling, whether the

square set or any other systems of timbering is adopted.
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The open-cut extends over tlie whole length of the Proprietary

mine, or for a distance of three-quarters of a mile. The width at

the surface varies from 100 to 350 feet, and the depth from 200 feet

over most of the workings, to 300 feet near the boundary of Block

10. Were it not for the relief of pressure afforded by taking away
this enormous amount of material, some of the ore near the surface?

would never have been won. Had it been made part of the original

SQUARE SET
SYSTEM OF TIMBERING
as adopted at the Silver Mines

BROKEN HILL, N.S.W

Showing sizes of timbers.

scheme of mining it enormous savings would have been effected,

and safer work done. As it was, the timber recovered from the old

workings was practically useless. This open-cut was not removed,

as at Mt. Lyell, which, by the way, is but a small affair compared
with this, but by keeping a batter depending upon the material

worked. Owing to the somewhat irregular slopes ana contour of

the quarry, the estimation of quantities removed is a somewhat

difficult problem. I was informed by Mr. Worsley, the surveyor
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Horizontal Section A B.

System of Timbering as adopted at Broken Hill, N.S.W.
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to the mine, that frequent sections are taken, carefully plotted, and
the areas determined with a planimeter.
The ore has been practically all removed from the open-cut, and

the mullock now obtained by increasing the batter is all sent down
below. Previously it was hauled up by means of an inclined tram,
the full truck being Hauled up as an einp.y went down the line.

Most of the material was raised with a "Flying Fox," a term applied
to a carriage which runs oil a fixed rope, and has attached 10 it a

skip, which may be raised or lowered as well as hauled along the

ropeway. It is generally made use of when ore has to be raised, and
then carried laterally. A fixed cable is passed over pillars, or posts,

and then securely anchored at both ends, after the manner of the

chains, or ropes, of a suspension bridge. In this case, however, the

ropeway between the posts is stretched taut, so as to be nearly
horizontal. A carriage, called a bicycle, runs on this ropeway.
Two grooved pulleys of this run on the rope, and two lower

ones are attached to the framework below. A rope is attached

to a movable pulley-block, then passes up, and over, one of the fixeoT

lower pulleys on the bicycle, down, and round, the movable pulley,
and up over the other lower pulley of the bicycle, thence back to a

fixed pulley. On unwinding this, assuming the bicycle is on any part
of its track, the skip, which is attached to the movable pulley by a

hook, descends
;
while on hauling this rope, the skip is raised ver-

tically. As soon as it is raised, the same rope draws the bicycle

along the fixed cable, and when it is drawn to its discharging place,

a self-acting catch steadies it, and the skip is lowered and discharg-

ed. It is then hoisted, run back again and lowered, and another

skip, which in the meantime has been filled with material, attached

in its place. The engine used for hauling works a winch, having a

loose drum
;

it is provided with reversing gear. These appliances
are made the most use of at the Port Pirie Smelting Works, and a

complete journey, and return, from the H.H. plant, with a full load

of two tons, including hooking on, hoisting, hauling to the smelters,

lowering, discharging, hoisting, returning, and lowering, and un-

hooking, only took 11 minutes.

Underground, the solid sulphide ore is much more compact
than was the ore in the upper levels, and great flat roofs are left with

little or no support, certainly much le.ss timber is used than one sees

almost everywhere else. There are several systems for removing

it; the first being called, by Mr. Beaumont, from whom I have

borrowed the excellent diagrams accompanying this, the under-

ground open-cut system. Drives are put along the foot and harg-

ing walls : these are connected by crosscuts. Winzes are sunk from

upper levels and connected with these drives. From the

bottom of the winzes a face is started in the ore. When
the ore is removed from around it a do-uble compartment
timbered-frame is built up near the initial drive. Ono compartment
serves to send ore down, the other is for men. and provided with a

ladder-way. As the ore is removed and sent down the newly-form-

ed pass (the first strip, of course, being broken OU L and trucked

away), mullock is sent down the winze and distributed over" the

floc-r. The drive or drives are thus wholly surrounded by mullock,

the double compartment frame rising as the ore is seeped, and

mullock take- its place. The whole weight of the mullock thus

thus comes on the drive timbers, which are made speciallv strong:
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especially over-head, to receive it. The ore is then stoped over
a wide face, and bulk-head supports, or Oregon beams, laid, as shown
in the figure, are built up from floor to root, in places where the

rock is deemed loose. These timbers are recovered as the stone is

removed. Drills are kept going in the sto-pes, and huge blocks are

broken down
;
these sometimes amount to many tons weight. They

are then drilled by hand, and popped into blocks of a convenient

size to handle. At the Proprietary mine they have introduced a

f 6

pneumatic hand-drill, or a popper. It is on the same principle as

the cauJking hammer. The whole machine only weighs lOlb.
;

it is

connected with the air-pressure pipe in the same way as the larger

drills, it works with the same clatter as an ordinary drill, and in

Broken Hill ores, a man will drill about 18 inches per hour. Such
a drill Arould be eminently adapted for small lodes. I WPS informed,

by Mr. Slee, of the Proprietary mine, that a ma,n can hold it easily,

the jar being more apparent than real.

At the Proprietary mine, a modification of the last method des-
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cribed, and known as the sloping slope system, is also used. In this

the drives are put in as before, the winze is sunk through the oie,

and stoping commenced. The ore is removed in sucu a way that a

section is an arch, and then an isosoles triangle, having the winze

at its apex, and the sill floor for base. Mullock is sent down the

winze as before, and filling proceeds as the ore is removed the ore

itself, however, in falling from the stopes, slides down the inclined

wooden surface placed over the mullocked up floor into the shoots.

The stope is always worked from the winze downwards, so that very
little space need be left between the filling and the roof. The floor-

ing boards can be raised, more mullock sent down, the boards re-

placed, and stoping again started. The length of the stope will

depend on the stability of the ground. The next block is stopod"

out in a similar manner, but in order to prevent the filling of mul-

lock from running into this a timber partition is built up of vertical

pieces, five feet apart, with laths placed horizontally. These are

recovered as the work in the second stope proceeds. A combination

of this method with square sets is also in use. Some of the square
sets may be used for shoots, while the rest are mullocked up. The
sets are put in to correspond with the angles of the stope. Still

another system has been introduced by Mr. Delprat, the object be-

ing, in all cases, to have a minimum of open space left in the mine.

In this case a drive is put through the centre of the lode parallel

to the walls, then a crosscut is put in from the centre of the block

to the walls. This is enlarged to a 7 feet by 7 feet opening, and the

ore taken out
;
another parallel strip is then taken out, and the last

one filled with mullock, and so on until the whole bottom strip is

taken off. After this an upper strip is taken off in a similar manner,
and the process repeated until all the ore between the levels is won.

By this system the Avorking gallery is the only open place in the

Avorklngs, and if any settlement takes place the filling soon takes

the pressure up. The large stope at the 650 feet level, which has

always been difficult to work, owing to* the presence of floors and

head, is now being worked on this principle.
The Centra] mine possesses immense bodies of oie. It is stated

there are at least six million tons down to the 800 feet level, or more
than 20 years' work at the present rate o-f progress, that is, nearly
a quaTter of a million tons per annum. Since theve was no outcrop
at the surface of the Central, and there is about 300 fe?t of barren
mullock down to the 300 feet level, the size of the <v-e bodies on this

small lease may be imagined. The lode is from 300 feet to 400 feet

in width, and the problem of removing it is a difficult one. Owing
to the great amount of overburden theopen-cut method is looked

upon as being out of the question. Whether this is so or not, the
immediate needs of the company necessitate a, more direct method.
Mr. C. F. Courtney, the general manager, decided to remove the
ore in vertical strips, 50 feet in width, leaving pillars of the same
width of solid ore standing. The vacant spaces will be mullocked

up as ore is being extracted, and the solid pillars will then be re-

moved. Mr. Hebbard, the mine manager, estimates by this means
that the whole of the ore may be safely removed a result, up to the

present, not achieved by any company working large bodies. Mr.
Beaumont names this the "block system." The illustrations given
make this clear. A main drive for traffic is driven in country on

the hanging-wall side of the lode. Crosscuts are put in every 100
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Section of Stope on the Square Set System.

Sketch Showing Various Methods of Stoping and Underground Timbering
as Adopted by the Broken Hill Proprietary Company.
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feet to meet the foot-wall. A main drive is put in along the contour
of the foot-wall. The lode is then marked off into 50 teet blocks

each block having 10 sets of 5 feet wide. The whole stope is then
out from foot to hanging wall, and the whole space of the fust strip
removed filled with square sets, leaving a gangway on either side,

and where necessary across the block. The other spaces are filled

with mullock. A run of square sets is placed on each side as the

stope rises, while the central strip is filled with mullcck. Laths

prevent the mullock running into the open sets at the side which
form ladder-ways and gangways. Winzes for sending down mullcck
are placed at the side of each alternate strip, half in the solid pillar,

and half in that removed. This winze will, therefore, serve when
the other portion has to be removed. The position of the winzes

(W), gangways and stopes may be clearly followed from the illus-

trations. It will be seen that, while one half of the ore may be

easily recovered, the balance will not be won so readily. Much will

depend on the shrinkage of the mullock, and on any movement in

the walls. It will scarcely be possible to remove the second set of

pillars by means of open stopes. The pillars left in the first case

support the stopes, but as soon as the first cut is made under the

second set of pillars, the whole weight will come on the sets. The

strips must, therefore, be taken across the pillar. The lateral ad-

hesion to the mullocked pillars will be small. If it were possible
to remove the first strip with a decided upward batter, leaving the

solid pillar with a section like a wedge, there would be a greater
chance of removing the second pillars by stoping. In such a matter
as this nothing should be left to chance. The bad work done on

Broken Hill has been mainly due to the policy of mining for the

present, leaving the future to look after itself.

The Avork done by Mr. Samson, at the British mine, deserves more
than passing mention. A drive is carried through the lode. This

is timbered, and stringers are run longitudinally over the tops of

the legs. On these laths are laid transversely ; by this means the

cap pieces have no weight on them at all, and simply act as spacing
timbers. The usual shoots and passes are put up from this drive,

and stopes are taken out and filled up with mullock, as in the other

cases, bulk-heads being used to support any unsafe looking ground.
When the next stope is taken off, these bulk-heads are recovered,

to be used over again. By this means the stopes are ultimately

filled with mullock, and no timber is used, except that for the

necessary shoots and passes. It is found that the drives remain in

perfect order after being left for years.
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Ore Treatment.

Smelting the oxidised ores constituted the main metallurgical

practice at Broken Hill in its boom days. Very few concerned

in the management of the mines on the Hill appear to have

mapped out any systematic policy either with regard to future

mining or treatment. As an instance of gross recklessness, no-

thing could be more glaring than the position of most of the

metallurgical plants ;
in some cases they were placed right on

the lode, while in others plants were put over the position of the

lode at lower levels. It was well known that the lode was of

immense size, and that its underlay was to the west. The
smelters at the Proprietary mine were so placed, while on Block

10 endless trouble has been caused through the settlement of

country over the lode interfering with the machinery. The same
reckless disregard for the future was shown in smelting operations.

"Eat, drink, and be merry, for to-morrow you die" was accepted

evidently as the best maxim from day to day until the fatal hour
almost came, and would certainly have come had it not been for

the few who faced the problem and partly solved it. When on a

visit to Broken Hill some years ago, dry ores were treated not

only by smelting, but also by amalgamation processes, and also by
lixiviation by hyposulphite solutions. The system of amalgama-
tion was crushing in a fifty-head stamp battery, having two pans
to each five-head for grinding and amalgamating, followed by a

settler for each two amalgamating pans. The whole plant worked

continuously, but I should not judge that extractions could have
been very good.
The lixiviation plant at the Proprietary mine also dealt with

a very large quantity of dry ore, and even now the huge black

dump of manganic ironstone remains. The system as introduced

by Von Patera depends upon the fact that chloride of silver is

soluble in solutions of hyposulphite, or more strictly, thiosulphate
of sodium. Unfortunately the bulk of the silver halogen com-

pounds were iodides and bromides, or admixtures of compounds
of these with chlorides. It was also found that such compounds
did not dissolve as readily as the chlorides. It became necessary
to convert these compounds into chlorides by roasting with salt.

The cost of treatment was thereby increased from 6s. Id. per ton

to 19s. 8d., but a much better extraction was obtained. I was
informed at the time the plant was working, by Mr. G. M. Roberts,
that considerable losses took place in roasting during the transition

of the iodide to chloride. The amount of salt used varied from
5.5 to 6.6 per cent, of the weight of the ore. The ore was
crushed through a slotted screen i inch wide and inch long. The

dry material was fed automatically into a White-Howell revolving
furnace, and discharged at the hot end. The chloridised ore was
then transferred into 50 ton vats and washed. The ore carried

about 4 per cent, of lead; this was in the form of chloride and

sulphate. Part of the chloride dissolved, and this was passed over

scrap iron, which precipitated the lead and the silver it contained.

The lead precipitate ran about 60 per cent. lead, and carried SOOoz.
30
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silver per ton. It was found impracticable to wash the whole of

the lead chloride out with cold water, so after two hours' washing
the ore was treated with a one per cent, solution of hyposulphite.
It was found to be almost impossible at first to obtain good extrac-

tions, the filter beds clogged, and there was a limit to the extrac-

tion no matter what strength of solutions were used. The cause

of the trouble was ascertained, after a great deal of work, to be

due to the formation of crystalline hyposulphite of lead. This

material coated the silver compounds and prevented further at-

tack, as well as choked up the solution channels. To overcome

this, after the ore had been ten hours under treatment with hypo.,
carbonate of soda was spread over the surface of the ore. The
solutions run on dissolved this, and carried it through the ore,

where it reacted with the lead compound
PbS^0 3 + Na 2C0 3

= PbC0 3 + Na 2 S 2 8 .

In this way sodium thiosulphate was formed and
"

carbonate of

lead the latter as a pulpy product. The reason given for adding
the soda at this stage is that it is held that there are a number
of molecules of hypo liberated at the very places where their action

was before retarded. The solutions containing lead, gold, which

becomes soluble owing to the chlorine generated from the salt in

roasting, silver and copper were run into a large vat. Lead was

precipitated with carbonate of sodium
;
after the lead had subsided

the clear solutions were run into a second vat, where sulphide of

sodium was added. This precipitated the gold, silver, copper, and

the remaining lead.

The chemistry of the process is briefly as follows :

Roasting PbCO 3 + 2NaCl + 2AgI + 0;, = Na 2 PbO 3 + 2AgCl +
C0 2 +I 2 .

Other reactions also bring about the liberation of chlorine

Solution AgCl + NaaSoO^ = AgNaS 2 3 + NaCl.

Precipitation 2AgNaS 2 3 + Na 2 S = Ag 2 S + 2Na 2 8 3 O 3 .

While the chemistry of the process appears simple enough, there

are many details which require close attention
;
for instance, if in

precipitation more than the requisite quantity of sodium sulphide
is added, then instead only of having hyposulphite in the liquid,

which of course is used over again, a certain amount of sulphide is

present, which would react at once with any chloride in the next

vat, and prevent solution. This actually happened during the

absence of the superintendent of these works when I was at the

Hill some years ago, and much trouble was caused before the

solutions were rectified. The carbonate of lead precipitate was

fed into the smelters, while the sulphide slimes were roasted and

sent to the refinery. The product contained about the following

percentages of metals : Lead, 6.5
; copper, 26.0

; silver, 22.0
; gold

5.5oz. per ton. The dry ore treated ran about 12oz. silver per

ton, and the average extraction was about 78 per cent. The

amount of chemicals used per ton of ore were Hypo., 3.81b.
;

caustic soda, 2.251b.
; sulphur, 1.51b; soda carbonate, 211b.

Many smelters were at work on the Hill when the oxidised ores

were being treated
;
ironstone was abundant, limestone wa- first

obtained from the secondary deposits around the flanks of the neigh-

boring hills
; subsequently a line was run to Tarrawingee, where a

metamorphic limestone was quarried ;
coke was obtained from Eng-

land. When the sulphide problem had to be tackled, the values
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would not admit of the extravagant treatment of the early days,

so that the smelters were all removed to near the coast. There

would have been but little sense in running fuel and fluxes for

miles to the smelters and carrying away the bullion, whose weight

averaged 60 per cent, of that of the concentrates treated. As

previously stated, the sulphide ore consists of an even admixture
of crystallised galena and platy zinc blende, with a gangue of

quartz, sometimes crystallised, sometimes opaline, garnets and
rhodonite. Where the ore occurs in large bodies, it has a com-

pact granular structure. Its sub-division in crushing appliances
is thus rendered comparatively easy, also admitting of a fairly

perfect separation of the various mineral ingredients.

An analysis of a sample from Block 10 is, according to Mr.
J. C. H. Mingaye, as follows:

Moisture 2.065

Iron "... 5.675

Lead 18.755

Copper 244

Arsenic 057

Antimony Trace

Cadmium Strong lYace

Bismuth Nil

Sulphur 20.426

Alumina 2.161

Lime Nil

Magnesia : 2.339

Carbon dioxide .350

Gangue 18.500

Silver 30oz. 4dwt. 8gr. per ton

Gold 3d\vt. 6gr. per ton.

It was currently stated that it would not be possible to treat the

sulphide ores by concentration
;

it was held that a large pro-

portion of the zinc-lead sulphides were not admixtures, but iso-

morphous sulphides, and that no process of mechanical separation
could effect a separation of this so-called compound. It is

well known now that such is not the case, and as a matter of fact

many of the grains of blende and galena are coarse, certainly

up to one-eighth of an inch in diameter. Smelting with high

proportions of zinc was not looked upon as possible. Amongst
the foremost to dispel these illusions were Captain John Warren,
of Block 10 mine, and Mr. J. S. Greenway, metallurgist to the

Junction, and subsequently to other mines. Concentrating mills

were erected to deal with the sulphide ores from one end of the

field to the other. The upper sulphides were partly oxidised,

friable in character, and as a rule richer in lead and silver, and

poorer in zinc, than the compact ones down below. While these

were being treated Broken Hill had a big revival, and in a single

year turned out minerals or products sold for more than the gold
raised in any State of Australia for the same year. When these

sulphides were exhausted, and the mines produced lower grade ma-

terial, the fall in the metal market was sufficient to practically

shut down most of the mines. Others struggled on and made a

small profit by dealing with immense quantities, but it must now
be seen that ordinary concentration alone must only form one part
of even fairly successful treatment. With regard to smelting,
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any appreciable quantity of zinc was looked upon as fatal to econo-

mical work, and slags up to 20 per cent, was looked upon as im-

possible. Mr. Greenway was able to show that he could produce
these and smelt them profitably. The concentrates actually

treated contained about 40 per cent, of lead, and 20 per cent, of

zinc. This was roasted at a low temperature, no effort being made
to expel the whole of the sulphur, nor to sinter the product. The

sulphur remaining after roasting amounted to about 8 per cent.

Curiously enough, the sulphur was eliminated in smelting. The

slags produced were highly basic, running as a rule as follows :

Silica (SiOJ 24.8

Ferrous oxide (FeO) 28.7

Zinc oxide (Zn O) 15.9

Manganese oxide (MnO) 4.4

Lime (CaO) 14.1

Alumina (AL,O 3.0

Lead oxide (PbO) 3.3

Undetermined 5.8

100.0

It is probable, in view of the discoveries leading to the use of the

Huntington-Heberlein process, that some of the reactions of the

H.H. converters went on in this, but that the fuel also brought
about the reduction of the lead.

While both concentration and smelting methods then adopted
served to prolong the lives of some of the mines, yet both in them-

selves were wrong, and the further they were persisted in the worse

has become the position of the mines.

Dr. Schnabel, in his elaborate report, recommended nothing new,
but the essence of his report was that the zinc product was to

be separated from the lead. The method recommended by him
for doing this, namely, the roasting of the sulphide ore and extrac-

tion of the zinc as sulphate, was impracticable. The companies
thus were no better off. Concentration methods give frightfully

wasteful results. The smelting with high zinc contents make the

work difficult, and destroys for ever the chance of obtaining a

valuable metal zinc. It may be said that apparently the whole

of the chemical possibilities for the separation of these metals had
been exhausted

;
some had been commercial failures

; others, such as

the Ashcroft process, were almost successful, and still others, now*

before the public, will probably never be tried at all. The me-
thods which have been undoubtedly successful in dealing with the

ore are the magnetic processes, and that depending on the action

of slightly acidulated solutions, now commonly known as the Potter

process, and salt-cake process respectively.
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Concentration at Broken Hill Proprietary Mine.

The work as carried out on the large mine is typical of that

done on the field. Variations may be found in other mills, but the

general practice is the same. A somewhat detailed description
of this plant will stand for most of the mines.

The ore, which is broken below by contract, is selected as far

as possible, worthless gangue going for filling. It is further

inspected at the brace for mullock, any valueless material being
sent below. Trucks are weighed periodically. Each has a capa-

city of about a ton. The ore is raised and run along an elevated

tramway into a tumbler. This consists of a framework for holding
each truck

;
at each end of the frame, and at right-angles to the

length of the truck are circular bands of steel resting on friction

rollers. By seizing the frame on one side the tumbler containing
the truck is inverted, and the contents fall on to a grizzly. The

empty truck is pushed out and another takes its place. This de-

vice, which is commonly used on the field, allows of a truck being
made without opening doors, or provisions for kick-ups. The

grizzlys are made of bars about 12 feet long, J inch wide above and

J inch below, spaced about an inch apart by means of circular

washers. The angle of inclination is about 50 degrees, and the

total width about 6 feet. The fines pass into a bin below the

grizzly, the coarse passes on to four stone-breakers of the Gates

type, No. 4. These break the material down to 1^ inch gauge.
The product from the breakers goes into the same bin as the fines

from the grizzly. The crushed material is sub-divided between

the two large concentrating plants ;
the former, which has a mill

of the gradual reduction type, does better work than that in which

the ore is returned to the same rolls until fine enough for treat-

ment. It will therefore only be necessary to describe the former.

The amount Avhich goes to each plant is about equal or about 1000

tons per day, or in all, from 12,000 to 13,000 tons per week. From
the bin the material is trucked and passes on to a hydraulic lift

;

it is then re-elevated on to the original level and tipped into a

hopper which supplies the rolls. The ore is evenly distributed from
this hopper to rolls Nos. 1, 2 and 3 by means of automatic feeders.

These consist of a roller feeder at the lower end of the hopper, the

roller being about 10 inches in diameter, with a 15-inch face, and

rotating about one revolution in 1| minutes. This gives a very
even feed. By raising or lowering a slide over the roller a greater
or lesser amount may be fed in. At this point a jet of water

strikes the ore, and as wetted it is fed into the rolls. The rolls

have a diameter of 2 feet 6 inches, with a 15-inch face, and are

set | inch apart, and run at the rate of 37 revolutions per minute.

The product from these rolls passes into corresponding trommels,

which are conical in shape, resting on horizontal axes. They are

made of sheet iron, with holes of 3-32nd of an inch. All material

of this size and finer are led away for classification and concentra-

tion. The coarse material from the trommels 1, 2 and 3, falls on

to a belt conveyor, which carries it to the boot of a bucket belt
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elevator. It is raised by this to the top level again, and falls

over a perforated screen into a hopper below. From this hopper it

is delivered by a roller feeder into No. 4 roll, which has the same

dimensions as the others, but runs at the rate of 45 revolutions

per minute, with rolls 5-16th inch apart. Since No. 4 rolls have

all the coarse products from Nos. 1, 2, and 3, the perforated launder

May Patent Compound Jig. Plan.

on the upper floor removes some of the finer material, which passes
to a hopper supplying Nos. 5, 6, and 7 rolls.

The product from No. 4 rolls passes into a trommel. The finer

material passes to the classifiers and concentrators as before, the

coarse being re-elevated to the upper floor. From thence it passes

into a hopper, Avhich supplies Nos. 5, 6 and 7 rolls. These are of

the same type as before, but run 80 revolutions per minute, and

are set l-16th inch apart. The products from these pass into cor-

responding trommels, the fine material going to classifiers and
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concentrators, the coarse material from 5 and 6 are returned and

sent through the same rolls, the coarse from No. 7 trommel goes to

a hopper, whence it passes into Nos. 8 and 9 rolls, running 80 revo-

lutions per minute, and set in contact also to a No. 5 ball mill run-

ning 25 revolutions, and crushing to 3-32nd inch. The products
from 8 and 9 rolls pass through corresponding trommels, the coarse

from these being re-elevated and returned until all passes through.
So far it Avill be seen that this system is one of gradual reduction of

the material, so that the largest grain does not exceed 3-32nd of

an inch in diameter.

Corresponding to the rolls are the coarse jigs. There are nine

of these to take the product from the rolls. At the head of each

is a hydraulic classifier, which washes all the fine sand and slime

out, all of which are further classified in spitzkasten ; the coarse

material passes into a double <May jig having 5 compartments
on each side; the products from the first and second hutohes are

concentrates, which go to the smelters, those from the third and
fourth hutches of the jigs are reground and rejigged in fine jigs,

while the product from the fifth compartment goes to the dump.
The hydraulic classifier at the head of the

jigs
is a small conical

box 2 feet diameter and 2 feet 6 inches deep. A
jet

of water

under pressure washes the slimes into an overflow launder, while

the coarse sands pass through into the jigs. The May jig is widely

adopted by the plants on this field, and has proved very successful.

Each double jig, as before stated, has 10 compartments, five on

each side, the fifth in each case being for tailings. Each hutch
is 3 feet 6 inches by 2 feet 6 inches, and has a woven wire bottom 6

inches below the water level, having 6 meshes to the inch, stiffened

by cross-bars below and grids above.

Each compartment is a pointed, or inverted pyramidal box, the

base of which is 3 feet 6 inches along the jig and 4 feet across it.

The angle of slope of the sides is 50deg. from the horizontal across

the box and 57deg. along it. The sides of the jig are extended

vertically for about 18 inches above the tops of the pointed boxes.

A longitudinal partition divides the five boxes on one side from
those on the other up to this level. Longitudinal partitions

placed on either side of this central line, and at a distance of about
15 inches from it extend to the same depth as the sides. of the

jig. These serve as the plunger compartments. Each plunger
extends the whole length of the box, or 3 feet 6 inches, and is

14 inches wide. The plungers have clack openings 2 feet 6 inches

long by 6 inches wide. This is to give a quick upward motion to

the material on the screen, but to allow of a slower return, the

heavy minerals finding their way through the sieve bed into the

compartment below, the lighter materials passing on to the next
screen. The clack consists of a board, loosely bolted to the bot-

tom of the plunger, the clearance being about f inch. The plun-
gers of the coarse jigs are run at the rate of 165 revolutions per
minute, with a J inch maximum throw. At the Proprietary mine
the size of the material dealt with is 3-32nd inch. The throw

given to the plunger is accomplished by means of the eccentric mo-
tion of the driving shaft being transmitted through a lever having
as a fulcrum a longitudinal axis. Each lever drives a plunger on
either side of the central axis : the throw of the plunger may be
increased or diminished by moving the head of the plunger rod
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May Jig.- Side Elevation.

May Jig End Sectional View.
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further away from or nearer to the axis. Each jig requires about

2 horse-power, and will treat as much as from 6 to 7 tons per hour.

The fine jigs are of the same type as the coarse, but are driven

at a higher rate of speed, and deal with material crushed down to

l-32nd inch.

The products from the third and fourth compartments of all the

jigs go to 5 elevators, thence to 19 Heberle grinders ;
the products

then pass to o hydraulic classifiers, the overflow going to spitz-

kasten, the coarse material on to 5 May jigs.
The product from

the first two hutches of the
jigs

are concentrates, the last tails,

while the middles pass to 3 elevators having spitzkasten at the

boots of each, the product from these flowing away for future treat-

ment, the coarse middle product being elevated and sent to 3 No.

4 ball mills, having slot screens l-32nd inch wide. The products

go to o elevators, and are returned to the same jigs.

The Heberle grinders are mainly used for crushing jig middlings.

The machine consists of two vertical revolving discs placed slightly

eccentric to each other. The sand is ground between the ver-

tical faces. In order to feed the machine one axis is made hol-

low, and the ore is fed through this, and escapes between the discs.

These are pressed up towards each other so that a product of

almost any degree of fineness may escape at the periphery. The

object of these machines is to crack up and detach mixed products
such as galena and gangue without unnecessary pulverisation. It

seems doubtful whether this is the most economical means of doing
the work.

The elevators, which are widely used, are of the belt and bucket

type. The belt has buckets attached to it about every 15 inches,

the buckets being so arranged that their surface is horizontal when
the belt is inclined, the angle of inclination of the latter being
about 80 degrees. Flanged drums about 2 feet in diameter are

placed at the top and bottom for the belt to travel over, the top
drum being driven so that the belt travels about 250 feet per min-

ute. Near the boot of each box, from which the buckets pick up
their material, is a separating box arranged so that only sand or

thick pulp passes through for the buckets to elevate
;
the water

separated at the top of the box containing slimes is pumped to

other settling boxes. The elevator is enclosed in a framework
covered with galvanised iron; thus leakage or splash is avoided.

In the first stage of treatment the products from the rolls were
treated and passed through the coarse jigs ;

in the second stage
the products from the third and fourth hutches from these jigs

were recrushed and sent through the fine jigs. The next stage
of treatment consists in treating the sand and slimes from all

the jigs, classifiers, and spitzkasten. This material is led by
launders into spitzkasten classifiers. These are made in one box,

widening and deepening at the overflow ends. The bottom is

.sub-divided into five pyramidal compartments, each having a

spigot. Any coarse material from the first compartment goes
back to the fine jigs ;

the intermediate sized material goes to

seven Wilfleys, and the fine sand to 28 Luhrigs. The heads from
the Wilfleys and Luhrigs go to the smelters, the tails to waste, and
the middles to a classifier on the lowest floor. The material from
the first spigot goes to four Wilfleys, and the fines to eight Luhrig



378 AUSTRALIAN MINING AND METALLURGY.

vanners. At this stage only heads and tails are made, the

middlings being returned.

The overflow from the classifiers containing the true slimes passes

into a large spitzkasten for further settling slimes, the overflow

water from this serving for the whole of the Luhrigs and the

Wilfleys; any overflow from this passes into a tank, from which

Arrangement of Elevators. Side Elevation.

clear water may be drawn for supplying wash water for vanners.

The slimes are run out through spigots into settling tanks, from

which they are trucked, and emptied along the railway line. Here
the slime is subdivided into sods with spades, allowed to dry, and
the sun dried bricks are trucked down to the sintering works.

It may be said that true slime treatment is not attempted at

these works; the products treated on the Wilfleys and Luhrigs
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are only coarse or fine sands
;
the dividing line between heads and

tails, or rather heads and middles, is not easy to determine, and

the final product in all cases contains a considerable amount of

lead. The amount of this metal, as well as silver and zinc, will be

dealt with in a future article. The concentrates are got rid of i*>

all cases by being run down launders into large bins, whence they

may be at once run into trucks. The tails or middlings are got
rid of by being dumped direct into trucks, and are carried to the

tailings heaps.

The capacity of the various machines may be put down as

Each May jig is capable of dealing with 1000 tons per week, each

Wilfley 16 tons per 24 hours and up to one ton per hour, each

Luhrig about 6 tons per 24 hours. The Luhrigs are fitted with

Balata belting, which has been found to be much better than that

Arrangement of Elevators. Front Elevation.

previously in use. It is interesting also to note that these and
the Wilfleys are run at a lower rate of speed than is usual in other

places the Wilfley at 216, and the Luhrig at 150. Mr. Hilden,
the superintendent of the mill, informed me that by running at

higher rates of speed the return stroke does not synchronise with

that of the spring, consequently there is a jar, which impedes con-

centration, and leads to excessive wear and tear.

The products from the mill have the following values:

From the first compartment of the coarse jigs ... Lead 70 per cent.

,, ,, Second ,, ,, ,, ,, ...
,,

56 ,, ,,

Fine jigs ... ,, 40 ,,

., ,, Wilfleys and Luhrigs ,, 50 ,, ,,

Average assay of all products ,, 55 ,, ,,
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Block 10 Company.

Block 10 was one of the few mines which never went in for

elaborate smelting plants. The rich ores in the upper levels

were sold, and when the sulphide problem appeared to be almost in-

soluble Captain John Warren perfected his ore dressing plant and

paid dividends when other mines shut down their smelters and
even ceased producing. Unfortunately the remarks made about

placing machinery on the line of lode apply in this case. The
concentration plant now running, according to Mr. Stanley Low,
the general manager, is causing endless trouble through bearings

getting out of line, due to the surface creeps. A new plant, capable
of treating 3600 tons per week, has been erected at a cost of over

50,000, which will do but little better work than the one now

being relegated to the scrap heap. A description of the old mill

would be superfluous. The new mill is admirably placed on a rocky
knoll about a quarter of a mile from the mine. Material will be

transported to this by means of an aerial ropeway similar to that

used on the Lyell field. The ore as raised from the mine will

be dumped into a bin, and, after passing over a grizzly, will be

sub-divided, the screenings going to a bin below and the coarse

material going through two gyratory rock breakers supplied by
the Austin Manufacturing Company of Chicago. These

are placed near the base of the poppet head on an independent
foundation. A great deal of experience has been gained at Broken
Hill concerning these machines. When the jaw breakers were

commonly used, some very hard material would lead to their

bursting 'so often that these breakages were taken as a matter of

course. When they did break they were useless. To minimise

this evil an excellent plan is adopted at the Central mine; the

body of the breaker is made in two parts and held together by an
iron or steel band or strap. This is of such size that all ordinary
rock may be crushed

;
but if a hammer-head or piece of unbreak-

able metal gets in the strap will burst. The broken ore is trans-

ferred into bins placed at the head of the new plant. The mill

is divided into sections, so that should any part break down the

other machinery can run on uninterruptedly. There are four auto-

matic feed rolls, each 10 inches in diameter, with an 18-inch face

running at the rate of 4 revolutions per minute. Each one delivers

the material into a conical trommel 5 feet 9 inches long, 2 feet

3 inches at the smaller, and 4 feet 6 inches diameter at the larger
end. This runs at the rate of 12 revolutions per minute. The
trommel is covered writh 14 gauge iron, punched with round holes

i inch in diameter. The coarse material passes along the trom-
mel to the rolls, the fines passing to classifiers, thence to the jigs.

There are 4 feed rolls of the Cornish type. These are used on many
of the mines at the hill. The main difference from other rolls is

that one roll is provided with flanges, the other fits into these, thus

preventing any lateral escape of material. Each roll has a dia-

meter of 2 feet 6 inches, with a 15-inch face on the plain, and a 15f-

inch on the flanged, the width of each flange being 1$ inch. On
another mine I saw the rolls 2 feet 6 inches diameter
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for the flanged, and 2 feet for the plain. Each roll is made in

several pieces. The shell or tyre of the plain roll is cylindrical

externally, but tapers from the centre towards the outside, the

angle of taper from the cylindrical form being about 8deg. The
core pieces are of different construction from the usual type of

Krom rolls for one core piece is 1 foot 9 inches in diameter at the

axis, to which it is attached, and is 1 foot 2| inches in diameter

over more than half its total length, and 20 inches at its widest

end. This then tapers at the same rate as the interior of the

*-

;

Cornish Rolls Elevation.

shell for six inches along it. The other core piece is in three

pieces, each one-third of a disc 6 inches wide, with a taper on the

outside to fit the shell, and having a cylindrical bored surface in-

side of the same diameter as the smaller turned outside portion
of the first core. The inner core is first placed on the shaft, which
is 7 3-16 inches diameter. The steel shell is placed loosely over

this, and the sectional core pieces put in and brought up by means
of two bolts in each piece. At another place I noticed the shells

keyed on to the cores with wedges of solid jarrah timber. On
this mill the rolls are driven by gear wheels at the rate of 15 revo-
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L.-L

Cornish Rolls Plan.
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lutions per minute. After passing through these rolls the crushed

material from each pair of rolls enters two cylindrical trommels set

at a slope of 1 inch to 1 foot. Each trommel is 6 feet in length,

and 22 inches diameter, and revolves 20 times per minute. The

screens on the trommel are punched with 2A in.m. holes. The fines

passing through unite with those from the first conical trommel

and flow together to the classifier at the head of the jig. The

coarse material is returned with a raff wheel to the same set of

rolls. This style of treatment is adopted at several places. The

raff wheel is a large wheel about 14 feet in diameter, and one foot

wide. On the inner circumference of this are a number of com-

partments made by flanging the inner rim on both sides for about

a foot and putting divisions across, these last being so arranged
that they will lift the stuff up near the top and drop it into a hop-

per above the rolls.

It is somewhat remarkable that this system is persevered in with

such a costly plant. The returns from the trommels will include

some of the hardest material ; this will be in size much smaller

than the ore being fed in, so that it is not possible to do the best

work by this system of total reduction in one machine. The

gradual reduction process, as used in the new mill at the Proprie-

tary mine, is a great improvement on this irrational method of ore

reduction. The whole of the material passing through the rolls

ultimately goes to the classifiers, which are small conical boxes hav-

ing an upward jet; the fines overflow and are carried down a

launder to a slime separator. The coarse passes into one of

May's jigs of the same type as that described in a previous article.

The products from the first and second hutch are marketable, from

the fifth are tailings, while those from the third and fourth will

be retreated. The plungers of coarse jigs here are arranged to

run 180 strokes per minute. The products from the third and

fourth hutches are run from launders into the boot of a bucket and

belt elevator, which travels at the rate of 250 feet per minute.

The material raised is discharged into a No. 4 ball mill, running
at 50 revolutions per minute, arranged for wet crushing. This

material is crushed down to 25 mesh. The product from the

mill passes to a slime separator, thence to the fine jigs. These

are of the same type as the coarse, only they are run at 200 revolu-

tions per minute. Concentrates are obtained from hutches 1 and

2, tailings containing blende go from No. 5, while the products
from 3 and 3 are retreated by sending them back to the ball mill,

and again dealing with them in the same jig. The fine material

from all slime separators or spitz! utten are run into spitzkasten ;

the coarser material is run on to Wilfley or Krupp tables, having

percussive strokes of from 210 to 220 per minute. A series of

slime thickening boxes runs right across the whole building. In

addition to these, there are a number of four-compartment spitz-

kasten, having a width at the delivery end of 2 feet 6 inches,
and at the discharge end of 6 feet 9 inches, and a length of 15 feet

6 inches on top and 10 feet at the bottom, the first box being 5

feet, the second 3 feet 6 inches, the third and fourth about 3 feet.

From each one of these compartments the thickened plup is led

on to a separate Luhrig or Warren vanner. The Warren van-

ner possesses the good points of a Luhrig and Triumph vanner.

It is like the Luhrig because the slope of the belt is lateral, and
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Cornish Rolls Section.

/

Cornish Rolls.
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the travel is from the head to the tail of the machine. It is like

the Triumph in that the end shake is given by an eccentric motion
and beautifully balanced by discs on the shaft. The travel of the

belt is also capable of being regulated by means of a lateral fric-

tion pulley after the manner of a Triumph. The feed is delivered

near the head of the machine
;
a water trough delivers clean water

along the length of the higher side of the vanner. The clear

water running down the belt sweeps the light material off into

the tailings compartment, the coarser and heavier material is car-

ried along further as the belt moves towards the tail of the ma-
chine

;
but the percussive shake agitates the coarse material and

allows the fine heavy material to get down to the surface of the

belt, where each particle clings. The coarser material is washed
off at the middle of the table, the fine rich concentrates travel down

r-^r*- I

further, and are swept off by a jet of water into a compartment for

the heads. At the present mill the system is to treat the ma-
terial which first goes on to the vanners as heads, middles and

tails; the heads are saved, the tails go to waste, and the middles

are sent on to another set of vanners, where heads and tails alone

are made. All tails are trucked away to the dump ;
the concen-

trates are sent to bins, and discharged wet into trucks. I learnt

that the jigs, of which there are four in the present plant, each

gave 6J tons per shift of concentrates, or 25 tons in all. The War-
ren vanners, of which there were 18, gave 16 tons, while the re-

treatment vanners, of which there were 12, gave an additional

4i tons. The tailings going to waste are said to average from 6

to 16 per cent. lead. The average grade of ore treated at the

mine for the last six months, according to the last report, was
13.8oz. silver, 15.2 per cent, lead, and 17.4 per cent. zinc. The
recoveries were, on nearly 70,000 tons, 65 per cent, lead, 36.83

silver, and no zinc. In fact the zinc was recovered with lead con-

centrates, where it is not only waste, but actually detrimental to

smelting. Mr. V. F. Stanley Low thus classifies the work:
31
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Assay
Silver. Lead. Zinc.

Tons Oz. % %.
Concentrates 10,930 32.5 63.4 8.6

Vanner middlings 850 12.2 8.5 23.8

Slimes 4,198 18.1 16.3 19.7

Jig Tailings 12,567 8.3 4.7 18.8

Jig Middlings 33,583 10.0 7.1 21.4

Vanner and overflow tailings ... 5,881 9.7 6.4 19.6

Vanner extension tailings 1,663 10.0 6.6 19.7

The milling costs are given as 4s. 9.48d. per ton, and ore raising

as 11s. 3.21d. per ton.

Mr. Stanley Low, the general manager of the mines, states tjiat

he expects a plant practically identical with the new plant at

Block 10 to give 20 per cent, concentrates per ton of crude ore.

20 per cent, jig tailings, 7 per cent, slimes, 7 per cent, vanner

tailings, and 45 per cent, zinc middlings. Unless the values of

the products are also given the statement has little meaning. He
also estimates the horse-power of such a mill as that described,

laid out in four independent sections, as follows:

Total

H.P.

2 Gates breakers 40 H.P. each 80

4 Feed rolls \

4 Cornish rolls
'

4 Trommels C 30 H.P. 120

8 Parallel trommels J
4 Coarse jigs 2 H.P. each 8

4 Fine jigs H H.P. ,, 6

4 Wilfley tables J H.P. ,, 3

4 Ball mills 10 H.P. 40

2 Krupp tables and )

24 Warren vanners
j

4 Elevators 5 H.P. each 20

5 Slime pumps ..' 2 H.P. ,, 10

1 Circulating water pump 25

1 10

1 10

338

The >vnole of the machinery will be driven by motors, each section

of the plant having its own group of motors. In this way the

network of shafting and belting will be avoided.
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Concentration by Gravity Processes.

Ordinary concentration is a difficult operation at Broken Hill,

the minerals occurring in the lode being galena sp. gr., 7.5;

sphalerite, or zinc blende, sp. gr., 4; rhodonite, sp. gr., 3.03; garnet

(almandite), sp. gr., 4; quartz, sp. gr., 2.65. Assuming all the mine-

rals were in separate grains of appreciable size, and all grains were
of the same diameters, then the first, or galena, and the last,

quartz, could be wholly separated by efficient concentrators. It

would not be possible to separate the blende from the garnet, or

even perfectly from the rhodonite. The problem gains is complexi y
when the intimate mixture of the minerals is considered; it is not

possible to wholly separate the admixed minerals by crushing down
to 3-32 of an inch, although a large proportion of the galena is

separated in comparatively coarse grains, and recovered in the firs:

hutch of the jigs in an almost pure state. The rest of the

material is either crushed much more finely or is still a coarse ad-

mixed product, Avliile with every crushing operation some of the

material is reduced to an impalpable powder, which remains sus-

pended for a long time in water.

The hardness, brittleness, and cleavages of the minerals are all

of importance. Galena is the softest, H. 2.5, and is easily pulverised

by attrition, or broken into minute grains owing to its perfect cubi-

cal cleavage. Blende has a hardness of 3.5 to 4, and is also cleav-

able, although hardly so easily triturated as galena. Rhodonite has

a hardness of 6.6, and is readily cleavable, but it triturates much
less readily than the softer sulphides. The hardness of garnet is

over 7, and it does not usually break along cleavage planes ;
it is

harder than the hardest steel used in rolls, and is broken with

difficulty. Quartz has a hardness of 7, and possesses no cleavage

planes, so that the fracturing of it is due to great pressure or per-

cussive action.

After the material has gone through the coarse rolls, and the

finer grains have been tromelled out, then the rational treatment

is to gradually reduce these in size by treatment in separate rolls,

as at the Proprietary mine. The coarse product gives a good con-

centrate. The middle products from the jigs consis; of admixed

grains of sulphides, or of silicates and sulphides, and smaller grains
of galena. When these are all brought down to the size de,sired they

pass through jigs or concentrators capable of giving a clean pro-

duct, fairly clean tails, and a middle product. The sudden steps

in reduction of minerals at the Hill to practically three or four

sizes cannot possibly give good extractions
; yet, on the other

hand, since the practice is so commonly adopted, the number adopt-

ed must be considered to be the economic limit. Lead concentrates

are sought ;
the zinc and balance of the silver and lead have re-

mained for others to deal with. After the reduction of the mid-

dlings from the fine jigs the coarse sands are treated on the Wil-

fley< ;
the fine sands on Luhrigs. The heads, middles and tails are
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made with the first lot of these, but in many cases the middles are

returned to the same machine. Now, if the machine is doing its

work properly these middles should be caught the second time, as

they are the first, and in fact they should accumulate until they
overload the machine. This actually takes place to a greater or

less extent in some mills, but never appears to be recognised.

By following out a system of regrindiug the middlings every time

a much better recovery could be made, but towards the finish the

slime separators would not pay for the outlay on them and their

upkeep. It J.s to be noted that buddies have been discarded on the

field. There is not the same scope for hand picking as in most other

fields; at the same time there is too little of it done on the Hill.

Much of the material put through the mills only serves to dilute

the better class of ore, and give unnecessary work to the various

machines. The work cione on the whole has served to sho-w that

ores above a certain grade in values can be treated at a .small profit,

but is not at all creditable to Australian metallurgy. The recog-

nised losses have been, and are now, enormous, and very little if

any effort has been made to materially reduce them. Mines which

have produced millions of pounds worth of metals have gone on

with the old wasteful methods while means of doing much be ter

work have been within their reach. Instead of leading they have

been following. It is to be hoped that healthy rivalry on new lines

of work will be started before long, and the policy of never doing

to-day what you can put off till to-morrow, will soon be a reproach
of the past.

Taking the published figures of the various companies, the con-

centration losses will be seen to indicate very imperfect metallurgi-

cal work :

Concentrates Value

Ore Value Per Cent. Per Cent. Eecovery Per Cent.

Name of
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their value is lest. One notable classification of their dump heaps
get over a lot of odium. These dumps, containing more than half

the value of the ore, are called "middlings," and these have accumu-
lated to the extent of several millions of tons. The directors of

the mines possessing these are always congratulating themselves

in their reports as to the asset these are, apparently neglecting the

fact that the sooner they are realised on the better will be the pro-
fits. They should not be allowed to accumulate, for double handling
means more expense^ and when all the companies get to work they
will glut the market with the class of product they can turn out.

The foregoing remarks are not mecrt to disparage the work done
with present appliances. The managers of the mines and works do

their utmost to get the last economic particle of ore, and in this

they are most ably assisted by the employes. As an instance of this,

Mr. Delprat has notices posted up throughout the concentrating
mill "Look around and see if you can save money ; your sugges-
tions and name, if put into this box, will be taken direct to the

general manager." On the other mines, likewise, the same enthu-

siasm prevails. The position, however, is not that the best work
is not done Avith the present machinery, but that the machinery

employed is wofully incomplete, while the means of improving
methods have been within the reach of those companies, which

have done nothing more than concentrate by wet method; for

years.

REPORTS AND BALANCE-SHEETS.

Another matter which needs calling attention to is the meagre
information supplied to shareholders in the reports and balance-

sheets of some of the companies on the Hill. From those companies
Avhica are marking time but little can be expected, but from those

which are in active work shareholders should be in a position to

judge for themselves the state of the mine in which they have in-

vested their capital. The information volunteered generally runs

in the following lines ''Heavy rain has fallen, and the threatened

water famine is averted." 'The development work of the mine has

been of a satisfactory character
;
an ore body of considerable extent

lias been disclosed, proving larger than was anticipated." "The ore

found is of the average lead and silver contents." "The stopes

have maintained their good quality," and many more platitudes of

this useless and indefinite sort. With the exception of the Pro-

prietary, plans are not published with the reports, and even in this

case the plans are useless to any shareholders who desire to in-

vestigate the value of the property.

The balance-sheets are also as wonderfully vague, and the facts

and figures put down give no more clue to the real position of any

property than the general statements in the reports.

The work done on the mines and plant is no doubt as accurately

recorded
;
the values are as well known : the cost sheets are as care-

fully drawn up as at any other place, so that the method of supply-

ing information to shareholders through the reports is not credit-

able to some companies. The general managers and directors must

know the real position of affairs, but the great body of shareholders

must be as lethargic as Chinese to receive such documents un-

complainingly.
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Why should not these companies state what their reserves are,

and their values if these are known? Why should not the costs per

ton for mining and development, the cost for concentration, reali-

sation, or smelting be made known? Shareholders would then see

what ore could be worked at a profit, and be in the same position

as those who have access to all the figures of the company. As it

is, the unfortunate outsider who puts his money into Broken Hill

may fa.re as badly as others have fared before, through trusting

to nebulous reports as to quantities, reserves, and costs. The

cautiously guarded statements which are worthless are in marked

contrast to the clear, incisive remarks in the reports of mines

managed by competent mining engineers who have control of other

properties in Australia. One can only hope that these objectless

padded reports will shortly be replaced by those which are of some

use. The only way to rapidly improve matters at the Hill is to

generate a healthy rivalry in mining and milling not a milk and

water rivalry, giving rise to a mutual admiration society but such

a rivalry as pushed Kalgoorlie to the front, even at the expense
of many reputations.
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The Sintering of Slimes.

It has previously been stated that no attempt is made at Broken
Hill Proprietary mine to concentrate the slimes. The sc-called

slime treatment only deals with sand
;
the fine grains suspended in

water flow away, and are allowed to settle in large vats. These

slimes contain all the minerals which are to be found in the ore,

but in the state of very fine division and most intimately mixed. A
general analysis would be as follows:

Galena, Pb S . . . . 24.00

Blende, Zn S 29.40

Pyrite, Fe S 2 3.38

Ferric oxide, Fe 2 3 4.17

Ferrous oxide, FeO 1.03 ) Contained in rhodonite

Oxide of manganese, MnO . . . . . . (5.66 ) and garnet.

Alumina, A1 2 3 .. .. .. .. 5.40 In garnet and kaolin.

Lime, CaO . . . . . . . . . . 3.40 In garnet and rhodonite.

Silica 22.90

Silver 06

A later general assay of the lead, zinc, silver and sulphur con-

tents was kindly supplied by Mr. Bradford, the chemist of the com-

pany :

Before Sintering. After Sintering.

Lead 18.83 .. 16.5

Zinc 16.50 .. -120 A loss in weight of about

Sulphur . . . . . . 13.uO . . 7.3 5 per cent, takes place

Sulphur as sulphide . . . . . . 2.9 }
in the operation.

Sulphur as sulphate .. .. .. 5.43

Silver, per ton . . . . 18.83 . . 17.4

The galena, as indicated in a previous article, on account of its

softness is the most finely divided of all the products; in fact, the

slimes are usually higher in that metal than is the original ore,

and it is the last mineral to settle, even in still water.

The slimes which float away in the manner suggested amount to

about 1200 tons weekly, or over 10 per cent, of the weight of the

ore dealt with, and containing over 11 per cent, of the lead con-

tents. O?i the other mines similar losses must take place. It is

not necessary to indicate the difficulties of dealing with such

material by ordinary roasting operations, followed by briquetting
and smelting; such methods mean costly and not always efficient

work.

The officials at the Proprietary mine have simplified and im-

proved on old methods by adopting a form of heap roasting, which

i-> one of the most interesting and instructive of the metallurgical

processes at the Hill. The slimes are now run into trucks as a thick

liquid, and are then run along a branch line and run out on to the

ground. In the course of a very short time they become partly

dried, and are split up with shovels into rough mud bricks. The

bricks so made are about 9 inches square, with a maximum thick-

ness of 5 inches. Each man splits from 20 to 30 tons per day. In

a few days the bricks become baked by the sun, and probably
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cemented to a certain extent by the evaporation of water from
some of the contained soluble salts. These are then reloaded as

sun-dried bricks into the trucks, and are run out to the sintering
works. The white cloud arising indicates the position of these

works. Through the courtesy of Mr. Delprat, I was permitted to

go through these works, and obtained the following details from
the superintendent, Mr. L. F. Hayward.

The site selected is on the main tram-line, about 6 miles from
the mine. The ground is almost level, and is flanked by a low hill

on each side. The heaps for the operation carried out is a form
of heap roasting are ranged in line. Between the first and second
there are two working roads for the trucks carrying in the raw and

taking out fche finished products; similarly, between the third and
fourth are two tram-lines, while outside this is another road for

bringing material to and from the pug mill. The length of these

roads is about 1500 feet, with a grade of about 1 in 100. These

sidings between the heaps are practically on ground level, the

trucks have side doors, and all the bricks are discharged by hand.

The heaps are rectangular in shape, 220 feet in length, 20 feet

wide, and 7 feet 6 inches high; they may be longer or .shorter, but

the o:her dimensions are adhered to. The batter of the sides and
ends between to 1 and 1 to 1. The ground is first marked off with

a number of strips of free-burning wood, on which the lumps of

slime are ranged so as to form small flues. The main flue runs

along the centre of the heap, terminating five feet from the end : a

diagonal flue starting from near one corner of the heap joins the

end of the main flue. The next flue on this side is 10 feet from the

end, and runts at right angles to the central flue
;
other flues along

the side are similarly spaced. On the opposite side the first flue

starts at five feet from the end, and junctions with the extremity
of the central flue

;
other flues along this side are spaced 10 feet

apart, and thus alternate with those of the other side. The accom-

panying illustration (Fig. 1) gives the position of these flues. The

heaps are built up as shown in Fig. 2. First, the wall furthest from

the railway track is built up. Building proceeds along the length

of the heap, until this side is 7 feet 6 inches high ; the rest of the

heap is then built towards the side nearest to the truck. Owing
to the fragile nature of the slime lumps they have to be handled

with much care
; they are thrown by hand to an intermediate man,

who catches and throws them on to another, who hands them to the

builder. No great care is taken in laying them, so long as a f?irly

solid heap is built up with large blocks
; subsequent operations are

not interfered with. There are always enough open spaces to act

as channels between the blocks. In transferring the material from

the trucks a certain amount of fines are produced these amount
from 15cwt. to a ton for a seven ton truck, or from 10 to 15

per cent. The rough material from this is forked up and thrown

over the top, the dust is made into a paste Avith water put through
a pug mill, and the sides and ends of the heap are plastered over

with this, every crack being filled, and the surface trowelled off.

When the heap is burnt the outside crust for about a foot is not

sintered, but converted into a yellow coherent material, which is

full of sulphates. This would probably amount to about 10 per

cent, of the whole heap. Such half-burnt material goes into the
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next heap. The dried lumps of slime do not contain much more

than one per cent, of water. After a heap is built, it is ready for

burning. This is effected by lighting the fuel in the side flues. The

heaps run slightly to the west of north, and as the prevailing winds

blow across this direction, the products of combustion are carried

across the heaps. The first flues set going are those on the leeward

side, which may be started in the morning ;
at 4 p.m. the windward

side flues may be lit, and the heap allowed to burn until the fol-

lowing morning. Firing is kept up by inserting firewood into those

small flues until the material round the fire holes clinker.

Loose bricks are then inserted into the flues on the wind-

ward side, in order to exclude as much air as possible. The air is

also partly excluded from the leeward side by loose bricks. The

Fig. 1.

first stage oi the operation is sweating; in other words, the heat

from the burning fuel and pyritic material causes the moisture,

which is contained in the slimes, to be driven out; afterwards sul-

phur is distilled out, and as the temperature rises a white crust of

various salts may be seen coating the outside of the heap. The

time taken for the charges varies, but in a good kiln the fire

reaches the top at the sides in 16 hours, and at the centre in two

dny<. After the action has become well started no further atten-

tion, beyond that regulating the air supply through the fines, is

necessary. The fuel consumed at first amounte:! to as much as

five per cent., but has now been reduced to less than 1 per cent.

In eight days the heap has burnt itself out. In burning the heap
contracts and sinks irregularly, the settlement being from 2 feet to

2 feet 6 inches in a 7 feet high kiln. The products appear to sink

in places, leaving irregular cavitiesS on the surface : from these issue

sulphur dioxide, a small amount of sulphur trioxice, and certain

volatile salts, formed during the reactions. The temper iture, even

at the surface in these cavities, is from oOOdeg. to 700deg. C.,

while in the interior of the heap it is much higher. A cu'icus sub-

limate is formed in nil the surface cavities, and ercmsts the

plaster of slime on the sides of the heap. Owing to its yellow

color, and the fact that sulphur dioxide was escaping, the workmen
considered it to be sulphur, but as a matter of fact, it is a basic
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sulphate of zinc, which, like nearly all zinc compounds, is yellow

while hot, and white when cold.

As soon as the heap has cooled down sufficiently, the sides are

stripped. These are a brownish yellow color for about a foot in

depth. This is known as the sulphatised material. Solid lumps

may be selected from this, but if kept for a few days will split and

crumble to powder like quicklime. This is due to the absorption

of water by dehydrated salts. The interior of the heap consists of

lumps usually weighing many hundredweights, but often tons, of a

black fused or sintered product. Much of this has the appear-

ance of a fused basic slag, separated from other pieces by a sin-

tered product. There was practically no dust rtr very fine

material left. Trucks were brought up alongside, the siding

sprayed to harden the surface, this doing away with the necessity

for flat sheets, the sides of the solid and sintered heap broken down
into sizes fit for handling in the trucks, into which it was at once

thrown, and sent down to the smelters at Port Pirie. E ch heap
holds about 1000 tons, and three are always being dealt with. More
than a dozen are built

;
some waiting for firing, some being fired,

others fired and cooling On account of the judicious arrangement

Fig. 2.

of these heaps, work ha.s only been blocked for two hours in the

eighteen months of work. About 275 tens are sent away daily,
or 1500 tons per week. The number of men employed was 90, and
since the only cost, beyond that of cutting up and carriage of the

slimes, is in building and pulling down the heaps, the cost per ten
for labor alone cannot exceed one-third of a man's wages per day.
The advantages over roasting these slimes mechanically and then

briquetting them is that there is no loss of dust, the sulphur is

reduced tc the same extent, a splendid furnace product is made,
and the cost is 3s. per ton less. Against this there is a consider-

able volatilisation of lead, zinc, and silver in heap roasting. The
work could probably be cheapened sofmewhat by mechanically

handling the sintered material, and adopting any safe device for

lessening the handling of the slime blocks. As before stated,

about 5 per cent, loss in weight takes place in sintering. Part o-f

this is due to the exchange of sulphur for oxygen, but on the other

hand there is a gain when sulphides become sulphates. From 50

to 60 per cent, of the sulphur is volatilised, part as the element it-

self, but mainly as sulphur dioxide, with traces of the triox'de.

According to the analysis given, raw slimes, carrying 16.5 per cent,

of zinc, are reduced 5 per cent, in weight, and then carry only
12 per cent, of zinc. The loss of this metal in that grade of ore
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is therefore over 5 per cent,, or nearly one-third of the total zinc

present. The loss of lead is three per cent, on 18.5 per cent, slimes,

or about 17 per cent, of the total lead. The loss in silver is 2.3

per cent, on 18.8oz. ore, or about 12 per cent, of the metal ori-

ginally present.

The chemistry of heap roasting of slimes is not fully enough un-

derstood to write positively about it. In view of the late interest-

ing discoveries in the Huntington-Heberlein process, and the corol-

Fig. 3.

lary to it, the Carmichael-Bradford process, Mr. Carmichael, of the

Proprietary mine, proposes the following reactions as most prob-

able :

At a dull red hear, rhodonite is converted into manganous oxide

and silica. Probably Mr. Carmichael means that at a dull red

heat, in presence of oxygen, rhodonite loses some of its manganese,
which becomes oxidised, a higher silicate forming. Certainly heat

alone would not decompose silicate of manganese into the oxides

mentioned. Many of the blendes of Broken Hill contain man-

ganese sulphide, so that if manganese were required to explain the

reactions given, this source of the metal would suffice. The man-

Fig. 4.

gauous oxide, if at first formed, becomes oxidised to the more stable

oxide

6MnO + O.^ = 2Mn^O4

Any calcite present in this ore, or even some lime compounds in

easily decomposed silicates, become converted into sulphates by the

joint action of sulphur dioxide and oxygen. Mr. Carmichael holds

that given these compounds, the following reactions will occur:

PbS + 4Mn 3 4 = PbS0 4 + 12MnO
PbS + CaSO 4

= PbSO 4 + CaS
The MnO and CaS are then regenerated into the higher oxide and

sulphate respectively, and thus act as oxygen carriers to the sul-

phides of the heavy metals. Further, given sulphate and sulphide
of lead, metallic lead will be produced

PbS + PbS0 4 == 2Pb + 2SO,
The lead at once oxidises and the oxide of lead reacts with more

galena, giving rise to the same products as in the last equation

2PbO -f PbS - 3Pb + SO 2
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With excess of lead sulphate, the following reactions are given :

PbS + 2PbSO 4 - -2PbO 7f Pb -j- 3SO 2

PbS + 3PbSO4 = 4PbO + 4SO 2

Whether these last reactions take place is doubtful. It is more

probable that the molecule of sulphide would react with the mole-

cule of sulphate in contact with it, giving rise to metallic lead and

sulphur dioxide, and that excess of sulphate would not change.
Of course, in an atmosphere of S0<j che reverse actions would go on.

While the explanations given would account for the desulphurisa-
tion of the lead, they do not account for that of the zinc. The

zinc, on slow oxidation which goes on in the heap, becomes sulphate
of zinc, which as the temperature rises becomes converted into basic

sulphates, sulphur trioxide escaping to attack some unoxidised

material. The sulphate and sulphide of zinc react on enc-i other

readily enough to produce zinc oxide, with the evolution of sul-

phur dioxide

ZnS + ZnSO 4 = 2ZnO + 2SO.2

The silver present is probably converted into sulphate after the

manner of kernel roasting. The partial desulphurisation may be

accounted for on general lines as due to the oxidation of the sul-

phides; probably the lime and manganese oxides play a small part
in the process, but it is just as likely that this material would behave

in the same way if they were not there. The very easy fusibility

of garnet and rhodonite, which constitute the bulk of thy gangue,

coupled with the fact that oxide of lead is readily dissolved by these

fused silicates, is sufficient to account for the sintering at a com-

paratively low temperature ; and, finally, sulphate of lead, and
even sulphate of zinc, in presence of these fused materials, will be

split up into their oxides, sulphur dioxide and oxygen escaping.
TVie comparatively large losses of the three metals has not been

satisfactorily explained. Metallic zinc and metallic lead are easily

volatile, but no satisfactory proof of the formation of the former

lias been adduced, although the latter may be readily enough found

in roasted products. The explanation based on the volatility of

some of the compounds in gases produced is not wholly satisfac-

tory. There is always in this case excess of inert nitrogen ; the

volatility of silver also needs explanation. If the water used in

milling contains appreciable quantities of chlorine, then it is ensy

to understand a considerable loss, for by evaporation of the slime

product the salt would be concentrated and most evenly mixed

throughout the material.
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Broken Hill Ore Treatment.

The Potter Process.

In 1901 Mr. C. V. Potter took out a patent for the recovery of

sulphides from their ores by means of a separation effected by
dilute acids. Mr. Potter found that certain sulphides, when
treated with highly dilute acids and warmed to near boiling point,

rose from the rest of the ore, and could be either skimmed off or

floated away. Almost every assayer, in dealing with acids, especi-

ally nitric, must have seen the separation of sulphur and a portion
of sulphide, which obstinately floats on top; yet when this very

process was seriously put before some of our most brilliant metal-

lurgists, the scheme was looked upon as too chimerical for ordi-

nary practice. The explanation of the process is that, if there

are mixed sulphides in an ore, on warming with dilute acid gaseous
bubbles will be generated and attach themselves to certain par-

ticles, and in course of time so increase in size as to carry or balloon

them to the surface. In some cases these bubbles are generated
from the minerals raised

;
in other instances, they are generated

from admixed products, but the result is the same, the bubbles be-

come attached, and if the particles are small enough they are car-

ried to the surface. Some work has been accomplished, but much
remains to be done in working out the details of this most simple

and yet original method. After the discovery, Block 10 appears to

have experimented with it, but were evidently unsuccessful, since

they dropped it. It was not until Mr. G. A. Goyder, formerly analyst

to the South Australian Mines Department, observing when heating
some Broken Hill sulphides in a test tube filled with dilute sul-

phuric acid, that the bubbles, with their sulphide load travelled to

the surface of the liquor, broke, and then fell back again, by in-

clining the tube as in Fig. 2, the sulphides rose, but travelled up the

smooth side of the tube until they met the surface, when, as be-

fore, the granule of sulphide fell off ; but this time it fell vertically

until it met the side of the tube, down which it glided. The

inference was that if there was a pocket in the under-side of the

sloping test tube that the sulphides should gather in the pocket.

Mr. Goyder had a tube made of this description, and it answered

admirably. The next step was to devise a machine based on

this principle It was easy enough to effect a separation in any
vessel, but it was not as easy to make the process continuous.

After numerous experiments with Mr. E. Liughton, the managing
director of Block 14, a machine was devised. It was first made of

copper, but the acid, in conjunction with the oxygen of the air,

acted on it so rapidly that it was destroyed within a fortnight.

Lead was tried, but it buckled. Other metals were more or less

unsuitable, until at last a well-known acid-resisting alloy of anti-

mony and lead was found to be eminently successful. The con-

struction of the machine may be readily followed from the diagrams.

Fig. 1 is a longitudinal elevation of tne vessel nso'l. It ^s a rec-

tangular, punt-shaped, shallow box, v.-ith n bottom curved upwards
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at the feed end, and sloping at the discharge end. This vessel

holds the dilute sulphuric acid. Three sets of bearings, one at

each end, and the third where the upward slope of the vessel com-

mences, carry shafting. On this is fixed polygonal-faced wheels,

three large on each bearing. Over each of those wheels, in the

same place, passes an endless link chain. The three chains are

connected horizontally by means of circular rods. This system of

wheels and chains is really to carry the horizontal rods, wiiich pass

along under the first wheel, thence under the second, scraping ore

and gangue along the bottom of the vessel. The rise in the bot-

tom of the tail end of the box enables the scraper to remove the

sand from the liquid and discharge it over the edge. The scraper

returns around the end wheel over the vessel, and enters it as be-

fore. The arrangement for catching the sulphides is based on the

test tube experiment. The cross section of the box is shown on

Pig. 2. The thick line on the bottom and sides denotes the out-

line of the box. The inclined divisions are so placed that any
particle of sulphide rising from the bottom will glide upwards along
the underside of these inclined boards, which are all immersed in

the liquid, pass through a small opening left, and drop down into

the V-shaped launder. They are removed from these by V-shaped
scrapers, Avhich are attached to a smaller wheel on the same shaft-

ing as the larger. The chain which passes over the three smaller

wheels in this case is not connected to the chain passing over the
either three. Each has its own set of scrapers, shown by the up-
ward lines o<n the lower chain, Figs. 1 and 3. These V launders
follow the slope of the bottom of the vessel, but they project beyond
it, consequently the sulphides are carried further along and dropped
into a separate receptable. The V launders and the deflecting

plates are made of wood, and are all in one piece, which fits the box
from end to end, but allows sufficient space below for th-j scrapers.
The drawings explain themselves. In Fig. 1, the upper dotted line

indicates the endless chain carrying the scrapers for gangue ;
these

are indicated by the black circular dots. Fig. 3 shows a section of

the same. The upper dotted line, with the circular dots, is as be-

fore
;
the lower dotted line, with the upright pieces shown above,
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is the chain carrying the scrapers for the sulphides separated. The

trough in which the sulphides collect is indicated by the second

thick line, the lowest thick line being the bottom of the machine.

The two sets of wheels are also shown in this, as well as in Fig. 2,

where the second and fourth wheels are shown, and the V-shaped

scrapers on the chains above and below.

The machine is worked as follows : It is filled within an inch or

two of the sides, with dilute sulphuric acid, generally from 2 to

3 per cent. The solution is heated by a fire underneath, and as soon

a* the temperature approaches 190deg. F., an even stream of pul-

verised ore is fed in. Certain sulphides at once are superficially

attacked, and rise and get into the V-shaped launder. They are

scraped out of these, while the ore is also carried forward, so that

by the time it has reached a few feet the sulphides are all separated.

The gangue is carried by the schaper up the inclined end of the

table ; a fine spray of water washes any adherent acid off. Simil-

arly the sulphides are washed, the wash water running back to the

bath to make up for that lost by evaporation. At the same time,

an amount of sulphuric acid, equivalent to that used up by the ore,

is allowed to fall in at the head of the vessel, so that in this wa>
the strength of the solution is kept constant. The strength of the

sulphuric acid used is from 3 to 3.5 per cent. The amount con-

TijZ

Burned varies with the ore and gangue, but it would appear that

from 401b. to 501b. of sulphuric acid is used per ton of ore treated.

Mr. Potter discovered that all the acids he tried were effective in

causing a separation, and claims them in his specification, but of

course chose sulphuric as being the cheapest available. From a

commercial point of view, the composition of the gases evolved is a

matter of little importance. The action will take place if only

sulphuretted hydrogen is evolved, but even when carbon dioxide is

evolved it appears to be of service in attaching itself to certain

sulphides, and raising these to the surface. The same volume oT
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carbon dioxide or sulphuretted hydrogen, or any similar gases,

will require exactly the same weight of sulphuric acid to produce it,

so that a small quantity of calcite, such as exists in most tailings

heaps, may be of positive advantage. On theoretical grounds, we
can find out the amount of acid required for the work. Assuming
that zinc blende is the sulphide to be recovered, and that H 2S is

the gas which is generated and lifts the sulphide,

H-2SO 4 + FeS = FeSO 4 + H.,S,

Ninety-eight grammes of sulphuric acid will produce 22.3 litres of

sulphuretted hydrogen at Ocleg. C. and 760 m.m. press. Taking the

sp. gr. of blende as 4, 4grms. of blende displace Ic.c of water, so that

to float this 3c.c of gas are necessary neglecting the weight of the

gas so that 22.3 litres will float 29,760 grammes of blende, or,

practically speaking, 300 times the weight of the acid decomposed ;

or about 7.51b. of sulphuric acid should generate enough gas to float

a ton of blende. By heating the solution to near boiling point, on

account of the expansion of the gaseous bubbles, a smaller quantity
of gas is required, and therefore a lesser amount of acid. In fact,

about o-2 lb. should do the work. It will be seen that if gas is pro-
duced by the decomposition of the acid, that future working will

show a greatly diminished consumption.
That this process has passed the experimental stage may be seen

from the work carried on at Block 14. I was courteously given all

details by Messrs. Winter and Laver, who were working this most

original and interesting process. Expeiiment after experiment
was carried out, advances being made each time, so that the suc-

cessful working cf the process is in a large measure due to them.

Over 2000 tons of tailings had been treated at the date of my visit,

and a clean zinc concentrate obtained, while the small amount re-

maining in the tails was due to coarseness of materials. It would

appear, with the pla.nt described, that the mast suitable size is from
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a 35-mesh downwards. The finest slimes will rise most readily, but

there is trouble owing to the muddiness of such mixtures, so that

a certain proportion of fine gangue is also brought over. At Broken

Hill, most of the true slimes have been eliminated in the previous

ore-dressing treatment, so that the heaps contain a large propor-

tion of residues from the jigs and sands from the buddies. At pre-

sent, the latter are being screened through a 35-mesh, and the fines

are pu& through the machines. Some simple crusher will have to

be devoted to the coarse material to reduce it to the size required.

Probably some disintegrator, which would pulverise the easily cleav-

able blende, and leave the garnets and silica coarse, would be the

most suitable appliance.

The weak parts of the Goyder-Laughton are the chains, which are

immersed and have to travel through hot acid solutions. These

gave considerable trouble at first
;
bronze and other alloys were

tried, then wood, but the eyelet holes in these elongated into ovals

in a short time, so the lead-antimony alloy was made, which ap-

pears to answer well. The capacity of a machine, such as the

one described, is about one ton per hour. In other words, each

unit of this plant is of greater capacity, is less complicated, and re-

quires as little attention as a vanner, so that from this point of

view, even small machines are a commercial success if they can be

run without stoppages. Mr. Berry, of Melbourne, invented a

machine, which does away with all chains and pulleys immersed in

liquids. This consists of a shallow cylindrical vessel, having a

trough around its circumference. The inner edge of the trough is

formed by the outside of the cylindrical vessel, and the outside edge

of the trough is at a higher level than the inside. An inverted

cone is placed in the liquid, thus serving as a deflecting surface.

Attached to this cone are scrapers, which move the sand around

in the inner vessel also, which move material forward in the trough.

By feeding in ore at one part of the circumference of the inner

vessel, and heating the liquid contained in it, the sulphides rise up
the deflecting cone, and overflow into the circular launder or trough,
the level of the liquid being over the rim of the inner vessel. As
the sulphides pass over, they are swept round by the scraper, and
are dropped through a slot into a receptacle, whence they are dis-

charged through a spigot. Similarly the gangue moves round until

near the point of feed on the circumference, whence it also is dis-

charged. One result brought about by this machine is that a dif-

ferential separation is brought about. The pure blende comes up
at once, and is carried over; further on it contains more lead, and
at the discharge more still. From assays by myself, made on the

p
1 oducts of this machine, the blende from the first compartment

runs 51 per cent, zinc, down to 47 per cent, from the last; the lead

contents of the first go 2 per cent., and from the last 7 per cent.

Other machines have also been devised, and while in all cases as

much clean zinc concentrates may be obtained as it is possible to

get by any process, yet the machine of the future will have very
few parts which are liable to get out of order, and which will make
use of flowing solutions to effect a separation.
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The Delprat Process. Sulphuric Acid Manufacture.- The
Carmichael- Bradford Process.

The year after Mr. C. V. Potter took out his pitent for the re-

covery of sulphides from their ores, by means of dilute acidulated

solutions, Mr. G. D. Delprat applied for a patent for a process to

effect the same purpose. Mr. Delprat claimed the use of salt cake,

or a by-product in the manufacture of hydrochloric acid. Salt

cake is the commercial name for this crude sulphate of sodium. Ic

is made by treating common salt with sulphuric acid. If less sul-

phuric acid is added than is required to decompose the whole of

the salt, then sodium chloride and sulphate of sodium will be the

main products; but if excess of sulphuric acid is used, then bi-

sulphate of sodium or acid sulpha e of sodium and the normal sul-

phate will be the mam products. In practice the salt cake obtained

contains from 95 to 96 per cent, of sodium sulphate, and the re-

maining 4 to 5 per cent, is mainly sodium hydrogen sulphate ;

traces of undecomposed salt and other materials remain. In some

specifications Mr. Delprat adds sulphuric acid to this solution
;
in

others he claims sodium bi-sulphate as the active ingredient. The
crude sodium sulphate is added to the solution until the sp. gr. is

stated to be approximately 1.4; in other words, the solution must
be practically saturated. Mr. Delprat's solution, therefore, is

made up with two objects in view, the first being to raise the

particles of sulphides by the attachment of gaseous bubbles, and

the second to densify the solution so as to enable each bubble to

support a greater load.

A large experimental plant, said to be capable of dealing with

1000 tons per week, has been erected, and work is going on with

what are said to be highly satisfactory results. Owing to litigation

now going on betwen Potter and the Proprietary Company, Potter

stating that the so-called salt cake process is an infringement, I

cannot say anything about the working of the latter process on the

Proprietary mine. From specifications, also from a small plant used

on another mine, enough may be said to indicate the process. The
solution of the substances before mentioned is heated to near boil-

ing point, as in the Potter process, and the pulverised sulph des

are fed into an inclined launder. The gangue at one? slides down
to the bottom, and is removed through a spigot. The zinc sulphide

is superficially attacked, and floats. The flowing stream of liquid

carries the sulphides over inclined plates in the launder, whence

they are separated from the gangue and may be removed.

One strange feature about the "salt cake" process as carried on

at the Proprietary mine, is that a large sulphuric acid plant has

been erected to supply the necessary acid for working it. The sul-

phur dioxide is produced by the Carmichael-Bradford process ; and

from this sulphuric acid is made in the ordinary way. Gypsum and

sulphides of lead and zinc, with a small amount of siliceous ma-

terial, is made into small balls, placed in a converter and heated ;

afterAvards a current of air is blown through, when sulphur dioxide

is given off, and the action continues as long as excess of sulphur
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is present. The gypsum required for the process is obtained within

five miles from the Hill. It consists, as is well known, of hydrated

sulphate of lime, having the formula CaSO^H^O. On being

heated to a temperature from 120deg. to 130deg. C. it is converted

into Plaster of Paris.

2CaS04 2H2 O = 2CaS04 H-2 O + 3H> 0.

On raising the temperature to 200deg. C. the anhydrous sulphate

is formed. This product, from which nearly 21 per cent, of water

is driven, when moistened with water sets slowly and returns to

the original state. After dehydrating, the powdered sulphate of

lime is mixed in the following proportions with slimes and con-

centrates : Slimes, 3 parts by weight, concentrates 1, and gypsum 1,

or 60 per cent slimes, 20 per cent, concentrates, and 20 per cent,

gypsum, the last becoming 16 or 17 parts when heated, owing to

loss of water.

The average composition 'of these would be

Galena . ...
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sulphur dioxide require one volume of oxygen in order to produce
the trioxide. Air contains about 21 per cent, of oxygen, so that if

two-thirds of this were consumed in burning sulphur to the dioxide

only one-third would remain for the conversion into trioxide. In

other words, the reaction would be a quantitative one, and no

oxygen would be left over. This would mean that towards the

finish of the conversion the reactions would proceed so slowly that

gases would be discharged from the chamber uncombined
;
further

although this would not apply to the Broken Hill plant that there

would be no oxygen for the nitric oxide to combine with, a con-

dition necessary for its absorption by strong sulphuric acid. When
sulphur alone is burnt the amount of sulphuric dioxide generally
allowed is about 11 per cent., but in the case of pyrites or other

sulphides a portion of the oxygen admitted is used up in oxidising
the metal. For example, assuming galena to be oxidised to lead

oxide, and sulphur dioxide to be given off, then for every volume of

sulphur dioxide produced, or for every volume of oxygen used up in

producing it, one-half that volume of oxygen is fixed by the lead,
so that with even 10 per cent, of sulphur dioxide escaping there

would be about two per cent, of oxygen left over at the finish ;
as-

suming, as is the case, that all the air required is passed through
the converter. By having three converters the action is fairly

uniform, and may be made continuous. Owing to the absence of

Gay, Lussac, and Glover towers, there will be a large consumption
of nitric acid in the manufacture, but these desirable adjuncts are

to be added in the near future. The acid produced is chamber

acid, or of about G8 per cent, in strength. It is of no use concen-

trating it, since it is only used in a highly diluted condition. The

highest credit should be given to Messrs. Carmichael and Brad-

ford, both employes of the Proprietary Company, for having worked
out 'this most interesting and novel process, and having applied it

so successfully to the manufacture of sulphuric acid. As I have

already stated, in first dealing with the Huntington-Herberlein pro-

cess, the reactions which take place in roasting sulphides with

limestone is that sulphites, then sulphates, of lime forms. This

material, when placed in a converter with semi-desulphurised ore

and air blown through, gives rise to plumbate of calcium, with

the evolution of sulphur dioxide. What Messrs. Carmichael and
Bradford have shown is that, by taking sulphate of lime and mixing
it with the same class of material as is used in the Huntington-
Herberlein process, the preliminary roast may be dispensed with.

The reactions said to take place are those previously given in con-

nection with the Huntington-Herberlein process as used in Tas-

mania, Cockle Creek, and Port Pirie. The discovery is a valuable

one, even for the application of producing sulphur dioxide in a

concentrated form. There is little doubt but that the intimate

mixture of materials in this case leads to good results. There is

said to be no dust produced, while, what is more interesting still,

no volatilisation of metals takes place. The sulphur which

remains in the residual product is slightly less than originally in-

troduced with the gypsum. The converter is emptied by hoisting

the cover, inverting the converter on its trunnions, when the sin-

tered or semi-fused product falls out. This, like the Huntington-
Heberlein material, goes to the smelters.

The success of the "salt cake" process, and also the manufacture
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of sulphuric acid, has opened up great possibilities for the Broken
Hill mines. Mr. Delprat ^recently stated that the mines of Broken
Hill turned out ore annually which contained 200,000 tons of zinc,

or more than one-third of the total zinc annually produced. Six

hundred tons of zinc concentrates obtained by the salt cake process
had already been shipped away, and regular shipments would con-

tinue. The success of this process largely depended upon the cheap

production of sulphuric acid. This could only be carried on locally

with the material at hand. The present sulphuric acid plant,

which is capable of turning out 35 tons of chamber acid per week,
would be added to so as to give a production of 70 tons per week.

In addition to this, sulphuric acid works will be erected at Port

Pirie, which will give a weekly production of over 200 tons o|

chamber acid. This will be used in the manufacture of superphos-

phates from the phosphate beds of York*: Peninsula (S.A.).

It is to be hoped that this sanguine forecast will be realised.

In Mr. Delprat this company is fortunate in having a scientific man

at the head of affairs, if science means organised common sense.

The apparently simple discovery by Mr. Potter in 1901 has had

far-reaching effects; the wonder is that it was not pushed forward

long ago, as it should have been by some of those companies so

vitally interested.
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Magnetic Concentration.

The modern science student is apt to seek for commercial results.

To him all scientific work should be capable of being applied. While

teaching in technical schools and schools of mines should be so

directed that -the student will not waste his time over subjects which
have only a remote bearing on the work he will have to do subse-

quently, yet it is essential that science, for science sake, should

be investigated in all its branches. This function, as matters now

stand, belongs to a university. The technical student must rely

oa the specialist in pure science. The pure science of to-day be-

comes the practice of to-morrow. No matter how capable the

practical man is in doubt or difficulty, he appeals to the literature

of the specialist. The work done in pure science is the only safe

bed-rock for the applied science to be built upon. That a par-
ticular mineral had magnetic properties was known as far back as

literature goes, but the lodestone was only a term, and magnetism
was only this name a curious property possessed by certain sub-

stances until the genius of Faraday laid the foundation for the

modern science. The properties of an ordinary magnet are so well

known that it is only necessary to say that, if a bar of hard steel be

r.i gnetised, it will maintain this property for a long time. If

cipped in iron filings it will be found they cluster at the ends and
do not adhere at the middle. If a sheet of paper be placed over the

magnet, and some soft iron filings be sprinkled on it, and then

tapped, the filings will arrange themselves in curved lines. The
amount of filings and their direction give an indication of the

direction and the intensity of the force produced by the magnet
at the various points around it, so far as this plane is concerned.

By having a square or rectangular ended bar, the filings will cluster

round the edges; by having a pointed end, the filings follow the

external shape of the magnet. Next, if a piece of soft iron, which
cannot be magnetised permanently like steel, is brought into con-

tact with a magnet, or even close to it. the soft iron becomes a mag-
net while in this position. If the iron is removed, it is no longer
a magnet. If, while the iron is still near the magnet, or is still

a magnet by induction, some iron filings be dropped close to the

end of the iron, they will strongly adhere, but fall off the instant

the soft iron is removed
;
this principle is made use of in magnetic

concentrators.

Owing to familiarity with magnets and with iron, a one-sided

view of what magnetism really is is often gained. Iron, nickel and
cobalt are said to be magnetic; other substances non-magnetic.

Faraday long ago showed that nearly all substances were capable
of being acted upon by a powerful electro-magnet. Such sub tnnces

as iron, which are attracted by either pole of a magnet, Avcre c illed

para-magnetic, whereas a metal like bismuth is repelled by either

pole of a magnet, and hence is called dia-magnetic. This does not

only hold for solids, but also for liquids and gases. Fo<r iirs'ance,

oxygen is para-magnetic like iron, while nitrogen is almost reutr; 1 ;

the air, therefore, is para-magnetic. Water, on the other hand,
is dia-magnetic. Not only are iron, nickel and cobaft para-nwg-
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netic, but also manganese, titanium, platinum, and o.her metals,

and many of their compounds, while bismuth, antimony, lead, gold,

silver and copper, quartz, and many other substances, are dia-

magnetic, or repelled by either pole of a magnet. Not only metals,
but other substances, are ac.ed upon one way or another, and iu

the case of crystalline minerals, Tyndall discovered that they are

.susceptible of magnetic induction to different degrees in different

directions. While it is true that there is an attraction by a power-
ful electro-magnet for all para-magnetic substances, yet the amount
varies enormously. If steel be taken as 100,000, then magnetite
v.-ould be 65,000, siderite or carbonate of iron 120, hematite 65, and
limonite about 50. In other words, an electro-magnet would have
to be 1000 times as powerful to attract hematite asS one which would
attract the same weight of magnetite. Not only are these

minerals attracted, but also garnet, the variety at Broken Hill con-

taining a large quantity of ferrous oxide, with some ferric oxide:

also rhodonite, which is mainly a silicate of manganese, and blende,
which contains a small amount of sulphide of manganese, as well

r.s sulphide of iron. By having a electro-magnet whose intensity
can be varied at will, it is possible not only to separate para-mag-
netic substances from dia-magnetic, but to separate the various

para-magnetic substances from each other. This is actually done
at Broken Hill, and it opens up a new field in metallurgical con-

centration which will enable ores not separable by gravity pro-
cesses to be dealt with. The first types of machines were only used

to separate strongly para-magnetic substances, such as magnetite,
from gangue. By giving a rapid roast to many sulphides, or sulph.
arsenides, of iron, they are converted into magnetic sulphides or

magnetic oxides. By heating carbonate of iron, or giving a re-

ducing rcast to hematite, these substances become magnetic oxide,
and are much more powerfully attracted than the original minerals.

One simple machine for dealing with such material consisted of a

brass drum, with horizontal projections on it. Inside the drum,
but in a fixed position, were placed a number of electro-magnets,

having their poles under the surface of the brass shell cf the drum.
The ore was fed on to the drum, as water is on to a breast water
wheel. The magnetic minerals at once were brought under the in-

fluence of the magnets, and these adhered to the surface of the drum
and were carried upwards as the drum rotated, while the gangue
dropped into a bin below. The magnetic minerals were carrietl

round beyond the range of the magnets, which only extended over

about l-6th of the circumference of the drum, near the feed, and
carried on the horizontal projections over to the other side, and

dropped into a bin. Another appliance, by Edison, was to place

powerful electro-magnets so that the magnetic particles in a fall-

i'i< stream of fine ere would be deflected towards the magnets. A
partition may be fixed below, so that the deflected material lies on

one side, and the gangue, which has dropped straight down, lies en

the other.

Xc-ie of these machines were of the intense tvpe, necessary for

the -eparation cf faintly magnetic substance?. In order to secure

a strong magnetic field, it is necessary to concentrate the lines of

force. This is done by making the magnet wedge-shaped, and

placing the thinned edges face to 'face, with a small air space be-

tween. Faraday, in testing the magnetic properties cf various



408 AUSTRALIAN MINING AND METALLURGY.

substances, did practically the same thing. He tapered off his

electro-magnets into conical points, and brought these poles close

up to each other. Wetherill was the first to turn this to practical

account. He invented three classes of machines, known a* the

parallel, horizontal, and inclined separator respectively. The first

machine consisted of two powerful electro-magnets of horseshoe

pattern, with their poles downwards. An endless rubber belt runs

horizontally, and the poles of the magnet are almost in contact with

this. Below this runs a corresponding belt in the same direction,

but a little slower
;
the belt is narrower than the upper one. Dry

pulverised ore is fed on to the lower belt, and is carried along
until it reaches the magnets; the magnetic particles are carried on
to the upper belt, and travel diagonally along the pole, which is

set at an angle of 40deg. with the belt, until they reach the edge,
when they pass out of the influence of the magnet and drop off past
the edge of the lower belt into a bin below.

The second machine had two broad wedge-shaped magnets, placed

horizontally, with their ends less than an inch apart, thus giving
a very intense field. A horizontal belt, driven by a pulley, tra-

velled round the polished wedge-shaped end of the magnet. Ore

was evenly fed on to this belt
;
as soon as the weakly magnetic par-

ticles reached the edge of the magnet they clung to the belt, while

the gangue dropped straight through. The magnetic particles
were carried round for a fractional space, and fell on one side of an
adjustable shutter, thus being divided from the tailings.
The final type of machine of this description was made in Ger-

many by the owners of the Wetherill patents. A diagram of the
machine is given. An intense magnetic field is given by the cen-
tral pole (N), and two lateral poles (S). The lines of force are con-
centrated across the plane of the belt (B a ). Material is fed in from
a hopper on to an endless belt (B), which carries the material up to
a point where the belt passes over a small wooden pulley. The
magnetic material here enters an intense field, and leaves the belt

(B) and clings on to the lower surface of the belt (B^, which is tra-

velling in the direction indicated by the arrow. The more per-
meable material is carried over into a field of lesser intensity, and
drops into a bin; an intermediate product drops into a middlings
compartment, while the tails simply fall over the end of the small
wooden roller.

Another belt separator, designed by Mr. Odling, for the treat-

ment of ore at the Pinnacles mine, near Broken Hill, consisted of

an endless belt, on to which ore was fed. Another belt, moving
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slightly above this, and at right angles to it, had powerful electro-

magnets over its upper surface. As the material on belt No. 1

came under belt No. 2, the magnetic portion of the ore, consisting

mainly of argentiferous pyrrhotine, sprang up towards the magnet,

and adhered to the undei-side of the cross belt until carried over

the edge, the garnets and quartz, as gangue, passing over the end.

A further example of this type of machine in America, greatly

improved, known as the Rowand machine, which has displaced the

Wetherill, may be given. A horizontal endless belt is fed evenly;
the material passes into an intense magnetic field across the belt, by
the action of blunt poles (N), under the belt, and pointed poles ar-

ranged across it above, as shown in the figure. The wedge-shaped
end of these poles is turned round slightly towards the discharge,
so as to cause the intensity of the field to diminish gradually ;

the

magnetic product this falls off easily when it passes the projecting
end. The magnetic minerals are carried laterally across, after the

manner with Odling's machine, and dropped into bins at the side.

With this system, it is possible to arrange a number of poles one

after the other, each being more powerfully excited than the other.

By this means, minerals of different permeability may be removed

one after the other. This machine is used for separating titanic
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iron-sand from gold, wolfram from tinstone, monazite from quartz.

They are also used at tho Kimberley diamond field* for separating
magnetic substances from diamonds. All these belt machines
have at least one drawback the material has to be lifted as well a,s

shifted laterally. Any faintly magnetic material might easily be
deflected when falling, yet it might be impossible to lift it by the
same magnetic force. Mainly for this reason the later types of

machines have done away with belts, and depend upon the deflection

given to the minerals affected.

The latest forms of magnetic concentrators of the intense 1ype are
constructed without belts. The principle of these may be readily
understood from the following figures. A roller rotates between
the poles of two electro-magnets (N and S). One of these poles is

made wedge-shaped, so that the lines of force are focussed on to the

roller, passing through it to the recessed end of the other pole (S).

To still further condense the lines of force, the roller is made by

placing alternate rings of iron and zinc on a cylinder. The lines

of force are thus collected on the iron discs, especially near the

edges. The poles induced in the roller should be normal to the

roller, and at right angles to this there should be a neutral plane,

having no magnetic attraction or repulsion. Each disc of iron

'has become a magnet, with its poles in line between the magnets.
These discs are rotating so that the poles are continuously changing,
and the magnetic field is lengthened out by hysteresis, or extends

from the pole to near the neutral zone. Any magnetic material

will therefore adhere to the surface of the iron disc until the field

is too weak to keep it attached to the disc, when it flies off in the

direction in which it was travelling at that instant, and falls into

a separate shoot.
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One of the first milling companies to keep pace with the times

was the Sulphide Corporation, and it is a credit to the maungement
that it adopted what appeared to be the best of the methods then

offering for the treatment of the residual products left after con-

centration. The milling plant itself does not differ greatly from

the type used on the field. The ore is raised in cages carrying two

trucks, each holding about a ton. Every truck is weighed at the

brace, and samples taken. The trucks are tipped from the brace

on to a 2^-inch grizzly. The coarse goes to two Gates' breakers,

Xo. 4. made by Jaques Bros.. Richmond (V.), where it is broken

down to from one inch to -inch gauge. It then passes on to the

hopper with the fines from the grizzly, and from this drops on to a

Robir.s' belt conveyor, which delivers it into bins, from which rail-
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way trucks are automatically filled. Each truck when filled passes
over a weighbridge; thus the weight is checked. From the trucks

it goes to< the mill bins. The steam for motive power is generated
in Babcock and Wilcox boilers

;
these are supplied with a mechanical

feed. This consists of a firegrate composed of a number of links

side by side. The whole set of links forms an endless band, which is

driven forward slowly. A feed hopper, filled with small coal, dis-

charges this slowly on to the front end of the bars, and by the time
the bars which received this feed have reached the other end of

the boiler, the coal is burnt out, and the empty bars return under-

neath, where they are cooled by the draught passing through. This

form of mechanical feed acts well, and enables small coal to be
burnt. They are being introduced on to nearly all the mines.

The system of ore dressing comprises breaking the ore from the

mill bins down to Hnch gauge. There are four jaw breakers em-

ployed for this in each of the two sections of the plant. The
crushed material goes on to a shaking launder, where it is wetted.

It then passes into Cornish rolls, and what does not pass through a

trommel is returned to the rolls by a raff wheel. The coarse

material is treated with four coarse jigs, the product from the

third and fourth hutches being reground and treated with four fine

jigs. The coarse material treated passes through holes |-inch in

diameter. For treating coarse sands and fine material, Wilfley
tables are used. The slimes are got lid of by running them into

pits, water from these being returned to the mill. Taking this

part of the plant, it is no better than the concentrating mills on
other mines

;
no serious attempt is made to cut the work to a fine

point. Big losses of silver, lead and zinc occur, but the cream of

the ore the lead concentrates are looked upon as sufficient to pay
working expenses .

One of the most pleasing features on the Hill lies in the treatment
of the tailings and middling* which have accumulated at this mine

by the Mechernich magnetic process. The management of this

mine did not wait until processes were perfected before starting to

work, Many of tlie mines which have adopted this lame policy

put one in mind of the man who was supposed to be learning French

for some years, and who gave as an excuse for his silence that he

was never going to speak one word before he was master

of the language. Already a great inroad has been made on

the heap, and the management is so satisfied with results that the

present plant is to be duplicated. The tailings are loaded on

trucks, and hauled up an inclined tram. They are then delivered

on to a Robins' belt conveyor, and fed into a drier. This consists

of a hollow conical drum rotating on a horizontal axis. The ore

passes from the large end through a tube placed inside the drum,
which is fed from the open end of this cylinder at its apex. As
the drier revolves, the sand travels slowly towards the larger end,

whence it passes out and in conveyed to the trommels or shaking
sieves. The drier is kept hot by means of the gases from a fire-

grate traversing the same course as the ore. The drying is only
sufficint to dissipate surface moisture, the sand being just about

hot enough to be inconvenient to handle. The sieves for screen-

ing the dried sand start at about 3m.m. (millimetres), the coarse

going to rolls and being again returned. That which passes

through this sieve goes on to a 1m.m., and the fines on to a |-m.m.
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There are thus three products from 3m.m. to 1m.m., from 1m.m.

to -m.m., and from -m.m. to the finest size. Dust is withdrawn

from every machine and appliance by means of a strong draught,

induced by fans The sized products go to 5 double machines,

which put through 1000 tons per week. The principle of the

Mechernich machines may be understood from the accompanying

illustrations. The first shows the two bar electro-magnets mounted

Upperpole

Lowerpole

parallel, the upper one cylindrical, and capable of rotation, the lower

one semi-cylindrical, and fixed. The dotted lines indicate the mag-
netic field, Avhich has its greatest intensity where the poles are

close, and gradually decreasing as the distance increases. The

crushed and dried ore is fed in between these poles by means of

an inclined shoct, slightly pressed by a spring against the upper

cylinder, as shown in the illustration. The quantity of ore fed in

depends on the pitch of the shoot and the velocity of rotation. All

para-magnetic minerals cling to the under surface of the upper

pole, while the dia-niagnetic substances fall over the lower into a

receptacle (I) placed below. The faintly para-magnetic minerals

eoon drop from the cylinder, and are then carried down a lower

shoot (IB. The more highly para-magnetic particles cling to the
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surface, until the conjoint action of gravity and centrifugal force

is greater than the magnetic attraction
; they then drop ott into an

upper shoot, marked (ill).

The minerals which are most hightly magnetic at Broken Hill

are garnet and rhodonite. Their specific gravity are such, as

pointed out before, that wet gravity methods of concentration are

not possible. In this case, however, they are easily removed in a

clean state, and are aevcid of blende and galena. They are sent

below for filling. By having a system of double magnets, the

strength of current may be adjusted on the first magnets to re-

move the rhodonite and garnets, and on the second to remove the

blende, which is faintly magnetic. Or the blende and the garnets

may be removed in the one operation by the means previously indi-

cated. At the Central, the machines turn out three products,

namely, clean rhodonite and garnet, clean blende, and the remain-

ing product consists of galena, blende and quartz. This material

is then concentrated in the wet way by means of jigs, the escaping

product from the jigs passing on to three Wilfley tables. The re-

mainder of the lead is obtained here, also portion of the blende, con-

taining some quartz, the remainder of the quartz being eliminated.

The Avork done may be gauged by the fact that from middlings

running about 9o*z. silver, 8 per cent, lead, and 27 per cent, zinc,

concentrates carrying 39 per cent, zinc, 12 per cent, lead, and 13.4

oz. silver were obtained. These amounts are for 21,000 tons, the

const of production being about 6s. 9d. per ton of middlings. The
trouble with regard to this work is dust. The management have

done all that is possible in the way of protecting their workmen and

minimising the evil, but yet the objectionable material is ever pre-

sent. The workmen employed wear respirators, and Mr. Hebbard

changes them about, so as to reduce the danger to any man of

being leaded. While dry crushing and treatment processes are

invariably objectionable, if it can be proved that there is no dan-

ger of lead poisoning assuming ordinary precautions be taken by
the workmen then the operation is certainly no< Avorse than the

work done on a large scale at Mt. Morgan (Q.) and Kalgoorlie

(W.A.).

Through the courtesy of Mr. George Ullrich, manager of the Aus-

tralian Metal Company's works at Broken Hill, I was enabled to see

the magnetic separators invented by Mr. Ullrich at Avork. This

company did a vast amount of useful Avork in introducing magnetic

separators, and in. showing that the AA-aste heaps of Broken Hill

could be profitably dealt AAdth. They purchased 66,000 tons of

tailings from the Central, and 100,000 from Block 10, paying 5s.

per ton to the latter company. Already they have dealt Avith

130,000 tons, and could have treated the AA'hole of the material in a

single year if necessary. The first machines made use of Avere the

Wetherley, but these have been discarded, and Mr. Ullrich's mach-
ines installed. The tailings are trucked into a hopper, which de-

liver* an even feed on to> a Robins' belt conveyor. TTiey are ele-

vated, and pass into a revolving drier running on friction rolls.

This is after the same type as used on the Central mine. The
heat is just sufficient to dissipate the moisture, of Avhich there is

rrom 2 to 3 per cent.

From the driers it passes on to a shaking screen, a hood being

placed above the screen to draw off any dust. The material AA'hich
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does not pass through tire coarse screen, which is only about "2 per
cent, of the total, passes to rolls, where it is ciusned. Ine
screened material goes to the boot of an elevator, and is carried to

the top of the building. It is then distributed between two double

trommels, with screens giving three products 2, 3, and 4 No. 1

being reduced.

No. 1. Retained on a sieve having 9 holes per linear inch.

No. 2. Passes through No. 1, but regained on a 20 mesh.

No. 3. Passes through No. 2, but retained on a 40 niesh.

No. -4. Passes through the 40 mesh.

The last product inductee everything below 40, but dust, which is

drawn away through steeply sloping pipes, connected with a fan,

and sent to a dust chamber. The fines are treated by four Ullrich

machines; the coarse by four of the same type. These machines

consist essentially of powerful electro-magnets of wedge-shaped sec-

tion. A pair of these are set up with the edge of the wedge hori-

zontal, and a roller between. The roller is a hollow brass cylinder,

capable of rotation on horizontal bearings, and driven at the rate

of about 50 revolutions per minute, the rate of speed depending on

the material dealt with. On this roller are placed alternately rings
of iron, each ring having a rectangular section, and brass or zinc,

or some non-magnetic material. These are clamped up together by
means of a brass nut, and so form an external cylinder about 3 feet

long, composed of alternate washers of zinc and iron, each being
about one-fourth of an inch wide. This arrangement" as already

pointed out, gives a very intense field near the edges of the rings.

Each machine contains two sets of rolls above and below
;
that is,

each frame contains four rollers, two above on the same axis, but

divided by a central bearing, and two below similarly separated.
Steel bushes are used for the bearings.

The ore is fed in a steady stream through a hopper having a dis-

tributing arrangement caused by having an inclined plate, with

zig-zag channels cast in it. The mixed material falls on the roll.

The current is so adjusted on the upper roll that only garnets and
rhodonites are removed and fall over a deflecting board. The bal-

ance of the ore drops on to the next roll, and a stronger current is

passed through ;
the zinc blende is then romoved in a practically

pure state.

The final products which come out are gar;iet and rhodonite, and

garnet on the upper and blende on the lower ; while the non-

magnetic material escaping mainly consists of galena and quartz

carrying a small amount of blende. There are eight machines on the

top floor, four for dealing with the coarse, and four for the fine,

grains. The blende still remaining in the galena is removed by
passing the escaping tail product from the upper machines over two
half machines on a lower floor. The tails from this machine con-

sist almost entirely of galena and quartz. This goes to an ordi-

nary wet dressing plant, where the coarse grains are separated with

jigs, the fine on Wilfley tables.

At present. 200 tons are treated per day, and about 100 tons of

zinc concentrates are recovered, while from 50 to 60 tons of lead

concentrates are recovered per fortnight.

From 75 to 80 horse-power is reouired to work the plant. Each
machine requires only H M. and E.H.P. The dynamo at present

is much beyond actual requirements ;
it is also used for light-



416 AUSTRALIAN MINING AND METALLURGY.

ing the works. The current indicators showed 120 amperes, at a

pressure of 110 volts. Steam is generated in two multitubular

boilers, at 1201b. per square inch, and supplies a compound engine;
the power is about double that necessary.

The zinc concentrates from the fines go 46 per cent.

The zinc concentrates from the coarse go 41 per cent.

The zinc concentrates from the mixed go 43 per cent.

The recovery of zinc from the first machines is from 82 to 86 per
cent.

The lead concentrates run 45 to 47 per cent, for the fine.

The lead concentrates run 42.5 to 44.8 per cent, for the medium.
The lead concentrates run 40 to 42 per cent, for the very coarse.

The recovery of lead is 80 per cent. The lead concentrates are

rich in silver
;
the zinc concentrates run from 15 to 18oz. per ton.

As showing the relative quantities of minerals in some of the

mines on the Hill, the following is the result of the treatment of

some hundreds of tons of material :

Block 10. Junction North.

Garnet and rhodonite 30 66

Quartz 20

Lead 5 20

Zinc 20 10

Mr. Ullrich is to be congratulated on showing the Broken Hill

people how to deal economically with the vast heaps of tailings

which have accumulated. Only 10 men per shift are required, and
the work they have to do is of the simplest character, for the vari-

ous machines are practically automatic. The dust problem is a

serious one, but every effort has been made to minimise the evil, by
providing powerful fans with exhaust pipes to withdraw the dust

horn every appliance. This is finally collected in a chamber, the

amount being about 2| per cent, of the ore treated, wetted, and sold

as slimes. Mr. Ullrich considers that his machines could deal with

raw ores, and give a better return than that given in the wet dress-

ing plant. It is also evident that much better extractions could be

obtained by separating out a good lead product from the wet con-

centrating plants, and a poor tail, consisting mainly of quartz, leav-

ing an intermediate product rich in lead, zinc, and containing rho-

donite and garnet, to be dealt with by magnetic concentrators. It

is gratifying to note that the Junction North Company is about to

adopt this process for treating raw ore. The work will be in-

tensely interesting, but only what should have been done years ago

T>y the wealthier companies.
Mr. Ullrich estimates the cost of a plant capable of treating 1000

tons per week to be o-nly 6000, so that the experiment would have

been less expensive, and a step in advance of what those companies
are now attempting to do.
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Broken Hill Proprietary Company, Limited.

Smelting and Refining Works at Port Pirie.

The Broken Hill Proprietary Company selected Port Pirie as the

site for its smelting operations. The choice was an excellent one

in many respects. \ essels of 5000 tons, drawing up to 23 feet,

may be brought almost up to the works. Limestone is delivered

by boat from the adjacent shores, and iron flux from the Ironstone

Knob. Coke comes from the company's works at Bellambi, where

100 ovens are employed producing it, as much as 18,000 tons being
delivered in six months. Timber for the mine, Oregon from

America, stores of all kinds from oversea, are despatched to the

mine from this centre, while market lead, silver and other pro-

ducts are shipped direct from the works.

The smelting and refining works, probably the largest of their

kind in the world, are now wholly employed in dealing with the

products from the Broken Hill Proprietary mine. These consist

of argentiferous lead concentrates and slimes. The former are

conveyed to the roasters; the latter, which arrive as a sintered

product, go direct to the smelters. The roasted concentrates go
to the Huntington-Heberlein pots, where they are partly desul-

phurised and semi-fused. This material then goes to the smelting

floor, where it is mixed with the slime product and the necessary

quantity of ironstone and limestone.

The concentrates, as a rule, run from 50 to 55 per cent, lead, 10

per cent, zinc, and 26oz. silver per ton. These are mixed with a

certain amount of ironstone finely ground, the ordinary hematite

being used, first being crushed with 2 Gates' breakers, and then

passed through rolls
;
limestone in a pulverulent condition, and also

sand, are added, the proportion of the ironstone, limestone, and
gand being such as to give an easily melted slag, low in silica. These
are all fed into a Ropp furnace automatically, by passing over a

fluted roller feed, being driven proportionately to the speed of the-

rabbles. Challenge feeders were formerly in use, but have been
discarded in favor of the simple fluted roll placed at the discharge
end of a hopper.

In previous articles, a description has been given of the Ropp
furnaces, and it is only necessary to state that they are long hearth

reverberatories, closed by double sets of hanging flap doors at either

end. A slot runs along the centre of the floor from end to end, and
widens out to a tunnel below, after the same manner in the cable

tram system. A cable runs in this slot
;
on to this is attached a

carriage, having a vertical arm, which passes through the slot into

the furnace
;
on to this a horizontal arm having a number of blades

arranged, which enter the ore on the floor and turn it over in a

series of parallel ridges. The next row of blades cuts these ridges
in the centre, and throws the ore over in the opposite way. The

rabbles, after passing through the furnace, pass into the air, and
return on a "track and re-enter the furnace again. The ore is

dragged slightly forward at the same time as it is turned over by
33
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each rabble, and thus passes from the cooler to the hottest part of

the furnace before being discharged. Heating is done by having
four fireplaces on one side of the furnace

; the flame is distributed by

making the arch high at these places. Five of these Ropp roasters

deal with the whole of the concentrates produced at the mine.

About 100 tons of the mixture of concentrates, sand, limestone and

ironstone are put through each roaster per 24 hours, and about

one-half of the sulphur is eliminated. The calcium carbonate is

decomposed into lime, but practically all of this is converted into

sulphate of calcium by the joint action of the sulphur dioxide

evolved on roasting, and the oxygen of the air. Probably, also,

calcium sulphate forms from the inter-reaction of the oxide with

lead sulphate. The material discharged from these roasters is in a

mealy condition
;
this is essential for successful work in the subse-

quent operation. While still hot, it is fed into the Huntington-
Heberlein pots. There are very much larger than these used in

other places. There the 17 pots in one horizontal row, each hold-

ing an 8-ton charge. If filled with pure concentrates, they would

hold 10 tons. Each pot is the segment of a sphere, the diameter

being about 8 feet and the depth 6 feet ; an annular punched plate
lies on the bottom. On the open circle left by this annular plate
lies a short frustrum of a cone, also punched with holes. The top
of the conical piece is closed by a circular plate, also punched witk

a few holes. The top plate is about 2 feet above the bottom of the

pot. Air is admitted below the chamber so formed, which is prac-

tically a wind-box, allowing of a fairly even distribution of air cur-

rent through the material placed above it. The pots themselves are

made of cast iron, and hung on trunnions. A conical cover, or

hood, which may be raised or lowered, has a flanged lower edge
resting on the corresponding upper edge of the converter, thereby

giving a fairly close joint. The hood is provided with a number
of small doors, through which the charge may be inspected or bars

introduced for turning over portions of the charge while the opera-
tion is proceeding. A pipe attached to the top of the conical cover

carries away the gaseous products, due to the reactions of the inter-

mixed materials, to a flue common to all, leading to the main roaster

stack. This pipe is telescopic, so as to admit of raising or lowering
the hood.

After the charge is fed in, a steady blast of cold air is turned on,
the mass starts to warm up, as ignited coke before a bellows, and
in course of time the whole mass becomes red hot, and the produces
resemble a glowing coke fire. When the reaction is complete, the
whole mass becomes fritted or sintered into honey-combed lumps.
These are tipped out of the converter by inverting it. The blast is

increased up to 24oz. pressure, and the pressure in he pots will

depend on the interstices between the ore particles. The physical
state of the ore mixture is all important ;

it must be granular or io

an evenly porous condition, otherwise a patchy product will be
turned out of the converter. The time taken is no longer than
with smaller pots used in other places; in general, it amounts to
about four hours. The reactions which probably take place in this

process have already been discussed. It is found that a certain

proportion of sulphates, as well as sulphides, are necessary for the
reactions. These sulphates are formed in the preliminary roast.
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The zinc appears to be desulphurised through the inter-reaction of

the sulphide and sulphate
ZuS + SZnSO* = 4ZnO + 4S02.

The amount of sulphur still retained amounts to about 3 per cent.

Practically no lead is volatilised in the process, and very little zinc.

As might be expected, there always remains a small amount of un-

burnt charge on the top of the converter
;
this goes into the next.

A small amount of dust is blown out
;
this is caught in pyramidal

boxes in the common flue from all the pots. The red hot fused and
semi-fused material, on being tipped out of the converter, has a

jet of cold water turned on it
;
a portion of the sulphur still remain-

ing is eliminated as sulphuretted hydrogen. It is then broken up
with hammers, loaded into buckets, hoisted and carried by means
of a Flying Fox to the smelting floor. Very few breakages of pots

occur, only two breaking in eighteen months. Some crack, but

are patched up with a plate of iron and a few rivets, and are as

good as ever. A great saving has been effected by the adoption of

this system. Better work is now done with eight and a-half fur-

naces than was previously done with thirteen.

The sintered slimes come in trucks from Broken Hill. These are

run up alongside the smelter floors, and unloaded direct into the

charge barrows, any excess going to storage bins. There are no

bins for bed ores, nearly everything being delivered with as little

handling as possible on to the smelter floors, the excess bins only

being used as a stand-by. Limestone, ironstone and coke are de-

livered from the vessels, slag from the dump by Flying Foxes into

bins on the feed floors and charge barrows loaded direct from thepo

bins. Wherever ore has to be harrowed, the floors are laid with

iron plate. The barrows are so made as to be balanced over the

wheels, as well as provided with roller bearings. Each weighs 700

lb., and a man can wheel as much as a ton over the floors. Th

discharge of material from them is effected by means of a lever con-

nected with the handle opening a door forming the front part of

the barrow. The feed floor of the furnaces is quite clear of any
hoods, the ore being delivered into the partly-closed top, all gases
and fumes being drawn off at the down-take flue. The furnaces are

arranged in one continuous row, with their longer axis in line.

The products fed into the furnaces are all weighed, as is also the

output, with the exception of slag, which is closely estimated. A
daily tally is kept, ending at 8 a.m.

The material fed in consists of sintered slimes. These assay

about 16.5 per cent, lead, 12 per cent, zinc, 7 per cent, sulpnur.

and 17oz. silver per ton. The balance is made up of silicates o&

manganese and iron and alumina derived from the quartz, rhodon-

ite and garnet of the ore.

The Huntington-Heberlein (H.H.) product consists of silicates of

lime and iron and oxides of lead and zinc. The sintered slimrs

contain the most of the silica; that in the H.H. material was only

added to make a low silica slag with iron oxide, lime and zinc.

The limestone used for the H.H. plant is a soft yellow tertiary

variety, full of fossil casts. It is very pure, containing only from

2 to 3 per cent of insoluble matter. A dense limestone, equallj

pure, is used for the smelters. Old slags from the centre of the

slag dump are also added. The ironstone is a dense pure hematite.

The sintered slimes and H.H. product are fed in in blocks up to a
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General View.
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foot in diameter the limestone and ironstone in blocks up to 9

inches through. The whole charge weighs 56001b. From 1700 to

2000 tons of ore, fuel and fluxes are fed into the furnaces per day,
or the average capacity of each furnace is 240 tons of ore, fuel and
fluxes. The output of the furnaces of slag is about 1000 tons per

day. There are ten (10) large furnaces and two (2) smaller ones,
as well as a Piltz. The eight large ones and one small were in blast

at the date of my visit, the Peltz not being used at all. The small

furnaces are 60 inches by 112 inches at the tuyere level
;
the large

measure 62 by 212 inches. The height from this level to the bot-

tom of the down-take is 17 feet 6 inches, the down-take being 2

feet 6 inches high. The large smelters are provided with 20 three

and a-half inch tuyeres, 10 on either side. The noses of these pro-

ject some distance into the furnace. The smaller smelters have an
.end tuyere also.

The lead well is built up solidly. A single tier of cast iron

jackets, 4 feet in height, rests on this. There are eleven on each

side, and three at the ends, or 28 in all. The jackets are cooled by
passing sea water through them. The total quantity of sea water
used in all departments of the works amounts to 5 million gallons,
or 25,000 short tons, per 24 hours. The blast is supplied at a pres-
sure of from 28 to 36oz., from 11 to 12 million cubic feet being used

per furnace per 24 hours, or about 8000 cubic feet per minute. The

slag is drawn off at each end of the furnace
;
it flows direct into slag

pots, of which there are two on each carriage, each holding 18cwt-

These are drawn by horses on a track laid down round the edge ol

the dump. The slag is tipped out, and the pots are returned to

the smelters, the whole distance travelled being about f mile. It

would seem as if this work could be done more cheaply by granulat-

ing the slag, and delivering it to the dump through centrifugal

pumps, as at Mt. Lyell, but perhaps the comparatively low rates

paid at Port Pirie for horses and drays is a sufficient answer to this.

The lead is tapped out from two openings at one side of the fur-

nace, the first lying between the first and second tuyeres, and the

second between the ninth and tenth. It is run direct into a series

of moulds, each holding 801b., placed on a carriage set on rails. As
one fills up, the carriage is moved forward and another fills.

Some of these furnaces have run for a long time without stop-

ping; the record is of one which was in continuous blast for four

vears and ten months, or 1760 days.
The slags as a general rule run as follows:

Silica (SiO,), 2526
Ferrous oxide (FeO\ 31

Manganese oxide (MnO), 5 5.5

Lime (CaO), 15.517
Zinc oxide (ZnO), 13.0

Alumina (A1 2 O$), 6.5

Sulphur (S), 3 4 (5 per cent, abnormal)
Lead as determined by wet assay, 1.2 1.5

Silver, .7oz. per ton.

In spite of the amount of sulphur present, no matte is formed :

the sulphur is dissolved in the slag. There is practically no copper
in the ore. The blast for the smelters is supplied by seven (7)

Green blowers, No. 8, each of which delivers 112 cubic feet of air

per 'revolution. Blowers run 100 revolutions per minute. Eight
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hundred horse-power is expended in driving the blowers. Boilers

have Green's economiser for feed water and steam superheaters
attached. Seven Lancashire boilers, working at a pressure of 120

Ib. per square inch, supply the steam for this section of the plant.

Centrifugal pumps are used for the circulation of water in the

jacket, these being favored before the steam-driven pumps. Each

pump can raise 8 million gallons per 24 hours. This part of the

plant is in duplicate. Dynamos for supplying the light for the

plant are also in this section of the buildings. High tension cur-

rents of 2000 volts are transformed into those suitable for the arc

light.

The bullion produced at the smelters is transported to the re-

finery, and goes into four softening furnaces, each holding 45 tons.

These are of the usual type, jacketed near the top. The lead is

heated to just above its melting point, when any dross and also

traces of copper are removed by skimming. The liquid lead still

containing antimony is run into similar furnaces, of which there

are five (5), called the antimony softeners. A higher temperature
is employed, and the antimony oxidises and combines with the lead

oxide simultaneously produced, forming antimoniate of lead. In

order to extract the silver still contained in this, it is mixed with

just sufficient coke to reduce part of the lead
; the silver is thus

transferred to the lead, and the balance, consisting of oxide of lead

with antimoniate of lead dissolved in it/ is run down periodically in

a blast furnace, an alloy of from 20 to 25 per cent, antimony being

produced. The softened lead, containing the gold and silver, is

then run into the zincing kettles, of which there are ten, each hold-

ing 42 tons when filled. The bullion contains under Idwt. of gold

per ton. This is removed by fractional separation with zinc. It

is noteworthy that a lesser amount of zinc is required to remove this

gold along with some silver than is ordinarily sufficient to saturate

the lead. A second zincing removes the bulk of the silver, which

runs from 80 to lOOoz. per ton, and a third reduces the contents to

from 2 to 3dwt. per ton. The skimmings from the last zincing,

containing, as they do, only a very small portion of the silver, are

used as the second zincing for the next pot.

The mixing of the lead and zinc is done by a Howard stirring

machine, instead of by steam or hand paddles. The stirrer con-

sists essentially of a horizontal paddle, having four inclined blades.

This is attached to a vertical shaft, which is driven by a small en-

gine. A conical cover, with an inner flange, is so arranged that

when lowered on to the kettle the edge rests on the rim of the

kettle, and the flange dips into the lead, thereby forming a seal, and

preventing contact with the air, except for the small portion en-

closed. The whole apparatus is hung up on a traveller, and may
be run over each pot in succession. The motive power for stirrer

is supplied by a small engine, which drives a line of shafting run-

ning parallel with the zincing pots. The power is transmitted from

the shafting to the stirrer by means of a rope. The paddle is

driven at the rate of about 100 revolutions per minute, and the

mixing is complete in about 15 minutes.

The zinc crusts are removed and liquated 'in one operation by
means of the Howard press. This consists of a cylinder about 9

.

feet in diameter, with a perforated hinged bottom. A piston is

driven by air pressure into the cylinder. The whole is suspender!
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on a traveller, and may be moved over any kettle. It may be

raised or lowered by means of a pneumatic lift or cylinder. Com-

pressed air for working the press and lift is supplied from a main

by means of a flexible hose. The zinc is removed by lowering the

press into the molten metal. As soon as it is as hot as the

metal, it is slightly raised, so that the upper open end of the

cylinder is just below the surface. The piston is raised out of the

cylinder to admit of this. The zinc crust is then worked into the

cylinder. This is then raised, and any lea**d allowed to drain out.

The air is then turned on, and the piston descends, driving the crust

before it, and expressing"
1

the liquid lead, which runs back into the

kettle. The press is now pulled to one side, and the solid cylinder
of pressed zinc, silver, lead alloy, allowed to drop out, and ia

broken into small pieces. The molten lead, still containing about

0.75 per cent, of zinc dissolved, is siphoned hito the refining fur-

naces, which are ordinary reverberatories. A current of hot air

oxidises the zinc, which is removed with some litharge. A small

sample of the lead is removed from time to time, and tested by
pouring into a mould. If large, bright, platy crystals appear on

the horizontal surface of the bar, the lead is refined, but if patchy

crystals, with a white streak along the centre, occurs, the lead is

impure, and needs further oxidation. The refined metal is cast

into pigs weighing either one or two hundredweight. The large

bars go to China, where the tariff is said to be per pig of lead. It

is also said that, since it takes two coolies to carry each pig, the

larger size* is a suitable load. It is worthy of note that the lead,

from the time it reaches the refinery, is transferred in a molten

state from one appliance to another, until it is solidified as re-

fined lead
;
that the expensive zincing kettles are not used for the

somewhat destructive work of refining the lead
;
that the softening

furnaces and antimony softeners, requiring different temperatures,
are separate furnaces

;
that the zinc, silver, lead alloy is turned

out of the lead in solid blocks (broken while hot into small pieces
for charging into the retorts), carrying the gold and silver bullion,

and .that the litharge carrying the zinc oxide from the lead refining

furnace is a solid fused product, a.nd not the powdery, friable

material obtained by oxidation by means of steam. The zinc crusts

carry from 2500 to SOOOoz. silver per ton, and from 12 to 14 per
cent, of zinc, the remainder being lead. This alloy is placed in

pots, each holding 12cwt., in a regenerative furnace, and the zinc

distilled out. This alloy is placed in pots in a furnace regenera-

tively heated, and the zinc distilled out. The furnace has a small

gas producer at one end. The heating chamber is divided

longitudinally by a wall, thus making two furnaces of it.

Two retort pots are placed in each
;
these project through the walls,

and on to the mouths of these a receiver is fitted to hold the

condensed zinc. The high temperature requisite is attained by
allowing the gas from the producer to mix with the air in the com-

bustion chamber. The products of combustiooi are then led away
through checkered brickwork, which becomes heated up to the

temperature of the escaping gases. When this occurs, the valves

are turned, and the products of combustion are cut off from the

first, at the same time entering another chamber Avith bricks loo-sely

packed, which becomes heated up. At the same time air is admit-

ted through the first chamber, and by doing so it absorbs the heat
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from the bricks, becoming .red hot itself. This hot air then enters

and burns with the producer gas. The latter is not regeneratively

heated, since the producer is close to the combustion chamber,
and the gas is already hot. As soon a,s the entering air

cools down the brickwork, the valves are turned, and the tempera-
ture maintained. It is found that this is best done every half

hour. The adoption of this type of furnace has effected a saving of

75 per cent, of the fuel used in those types where solid fuel is burnt.

About 10 hours are required to work off a charge. Of the zinc

used, about 66 per cent, is recovered and used over again. Most
of the metal lost is dissolved in the lead, and is converted into

oxide. On refining the latter, as already pointed out, a certain

proportion is lost as powder, owing to the chilling of the zinc

vapor into a finely divided solid. The pots used stand about 70

charges, some as many as 100.

The silver-lead alloy is ladled into moulds, and transferred to

the concentrating furnaces, of which there are five. Each of these

has an oval test, about 5 feet by 4 feet by 6 inches deep. This is

cooled by a water coil at the rim, and at the litharge channel. The

cupel test bottom is made from a mixture of limestone, fireclay and
cement. The test on a carriage forms the hearth of a short rever-

beratory furnace. This is heated up, and as soon as hot enough an
air jet plays over the surface of the molten lead, which becomes
oxidised and melts, draining away through a channel at one side.

Additions of silver-lead are made to this, until a convenient quan-
tity has accumulated. The whole is worked down until it con-

tains from 50 to 60 per cent, silver. This rich alloy is then run
into finishing cupels, of which there are three. The temperature
for finishing is higher than that used in the others. By this means,
the last of the lead is oxidised and got rid of. The silver so ob-

tained is nearly pure, but every trace of oxidisable metal is got rid

of by re-melting it at a high temperature on a fresh hearth. It ia

then tapped out and run into octagonal moulds, the blocks being of

a suitable -size for introduction into crucibles. Practically pure
silver is produced by this treatment, but since the silver is sold as

996 to 998 fine, a small amount of copper is added to give the ad-

ditional weight, and the standard brought down to 996 or 998. The
metal is then melted in crucibles. Some pieces of charcoal are

added to prevent absorption of oxygen and subsequent spitting on

pouring, due to the evolution of that gas. The metal is poured
into moulds holding about lOoOoz. The bars of pure silver are

trimmed up, and weighed exactly, any fractional part of half an
ounce being cut off. On each bar is stamped the company's mark,

fineness, and weight.

PARTING DORE BULLION. The amount of gold in the Broken Hill

ores is small, yet the aggregate amounts to about 10,000 per an-

num. The first zinc crust from the kettles containing the gold is

treated in the same way as those containing the silver. The
amount of gold to silver present in the dore bullion is about 1 is to

25, whereas if both gold and silver were separated together the

amount vrould be in the proportion of 1 of gold to 1600 of silver.

Bars of dore bullion are allowed to accumulate until there is suf-

ficient material for a run, this happening twice a year.
There are three cast-iron kettles in line, each heated below. The

two outside ones are for the solution of silver, the central one for
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dealing with the gold residue left in the other two. Bars of silver

axe introduced into pots 1 and 3, and strong sulphuric acid, or

mother liquor, from one of the subsequent processes introduced.

A hood is lowered to carry away any noxious gases liberated. As
is well known, silver dissolves in strong sulphuric acid

2Ag + 2H2 S04 = Ag2 S04 + SO2 + 2H2 0.

The silver sulphate thus formed dissolves in excess

of the acid, one part of the hot acid dissolv-

ing four parts by weight of the silver sulphate ; whereas, only one

part of the salt will dissolve in 200 parts of cold water. Further,
if silver sulphate is dissolved in less than three parts of hot, strong

sulphuric acid, the bisulphate will crystallise out on cooling. It

will thus be seen that by keeping the acid in excess, hot and con-

centrated, that a large quantity of silver may be taken into solu-

tion. After the silver has dissolved, the gold is allowed to settle,

and the solution of sulphate of silver in sulphuric acid decanted by a

siphon into cast iron vats. Here it is diluted by means of steam,
and allowed to cool, when hard yellow crystals of silver sulphate

separate out. The silver sulphate is thrown on to filters, and
washed with cold water to wash out the free acid. These washings
are run through boxes holding copper plates ;

the silver is pre-

cipitated, and the copper goes into solution as sulphate. This,

in its turn, is precipitated on scrap iron. The precipitated copper
is sold as such.

The mother liquor from which the silver sulphate was recovered

is evaporated down to strong acid, and used over again, so that the

only acid lost is that used in the solution of the silver and the

small amount adhering to the sulphate crystals.

The crystals of sulphate of silver are dried in a furnace, and are

then introduced into a cupelling furnace, with about 4 or 5 per cent,

of crushed coke. Sulphate of silver is split up into silver, sulphur
dioxide and oxygen, the last of which combines with the carbon

added.

Ag2 S04 + C = 2Ag + S02 + C02.
The metallic silver melts down, and is poured into bars.

The gold left after siphoning the bulk of the silver sulphate from
the pots No. 1 and 3 is ladled into No 2. It is here boiled with

more sulphuric acid, and then ladled out into a lead-lined vessel,

and washed with boiling water, to remove the silver salts. It is

further boiled with hydrochloric acid, to remove the iron and lead

salts
; again filtered and washed, and then smelted into bars, which

are almost chemically pure.
THE SAMPLING MILL. This is a separate building. The upper

floor, which is on the same level as the smelter floors, contains two
small breakers, one for the samples which require to be crushed

finely, the other for those that do not. After passing through the

breakers, the crushed material goes through rolls, and after this, in

the second case, the pulverised stuff is coned and quartered on a

sampling floor, and the final sample selected. In the other case,

where the sample has to be reduced to a fine state of division, it is

fed into a pipe sampler, so arranged that when the ore drops down
the cylinder that a certain portion is deflected and thrown out by
inclined plates let into the pipe. These plates are arranged at dif-

ferent heigHts, and the openings for allowing the ore to escape are

at right angles to each other. Above each deflecting plate the in-
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terior of the pipe is narrowed, so that the descending stream passes

through a narrow funnel-shaped opening. The ore passing out

goes to the ore bin, and that which passes down the pipe, being
about l-64th of the total sample, is taken as the assay sample. This

portion is then further triturated by grinding in a mill of the coffee

mill type, which will crush the material fine enough to go through
a 100-mesh sieve. The final sample is selected from this. There

is also a third sampling provided for slags and material devoid of

silver. This is provided with a breaker, rolls, and an iron covered

floor for coning and quartering. As much as from four to five tons

are taken as a starting sample from materials of variable composi-

tion, such as H.H. products and sintered slimes.

The assay offices are well equipped, and the work is continuous

over three shifts. Silver bullion is assayed by the sulpho-cyanide
method. It is found that a small percentage of copper does not

interfere with the accuracy of the method. The special feature

about this work is that a carboy, holding several litres of the

KCyS solution, are permanently connected with a pipette by means
of a T-piece fused into the latter below its gradiated stem. The

pipette can be filled by opening a pinch clip on the rubber connect-

ing these. The pipette holds 99c.c. between a mark on the upper

part of its stem, and on the lower the last c.c. is divided on the

narrow stem into 100 divisions. The amount of silver weighed out

is such that the finishing point will be somewhere on this last divi

sion. In order to run the solution cut in m nute quantities, a piece

of glass bulb is inserted in the rubber connecting the end of the

pipette with the delivery pipe. By pinching the rubber laterally,

a small channel is made, which allows the fraction of a drop to run

out. Absolutely clear glass flasks, having a capacity of about a

litre, are used. The final volume of liquor is about <500c.c., and
iron alum is used as an indicator. The strength of the KCyS solu-

tion is such that Ic.c. = O.OlOgrm. silver. The work is always
checked with pure silver, or silver of known purity. The results

are ns accurate as those by Gay, Lussac's method.
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The Sulphide Corporation, Cockle Creek, Newcastle.

After the mad inflation of Broken Hill stocks by those who rushed

the rich and easily treated carbonates and oxides through the fur-

naces, carne the day of reckoning, when silver-lead-zinc sulphides

had to be treated. Smelting under conditions then existing was

not possible. The intimate admixture of the zinc-lead ores indi-

cated trouble with concentration, and altogether the outlook was

almost as gloomy as if the mines were exhausted. At this time,
a process was put forward by Mr. E. A. Ashcroft, which promised
to revolutionise the treatment of such complex compounds as ex-

isted, not only at Broken Hill, but in many other places in vast

quantities. Briefly, it was proposed to roast the ore. The zinc

was then to be dissolved out, and deposited from its solutions elec-

trolytically, while the lead and silver remaining would be smelted in

the ordinary way. After roasting the ore, the zinc was oxidised

fco oxide and sulphate. The sulphate could be washed out with

water, while the oxide was soluble in a solution of ferric chloride,

feme hydroxide being simultaneously precipitated.

2FeCls + 3ZnO = 3ZnCl* + 2Fe(OH)3

In practice, it was found that not only did the zinc dissolve when
treated in this manner, but also manganese, silver and lead. Fur-

ther, the ferric chloride was not wholly precipitated, as indicated

by the above reaction, but partly reduced to ferrous chloride, pro-

bably by the action of unaltered sulphides.

2FeCU + ZnS = ZnCl> + 2FeCK + S
Sodium sulphate had to be added to precipitate the lead, while ex-

cess of ierric chloride was precipitated with zinc oxide
;
no method

was hit upon for removing the manganese. The precipitates irom
the solutions were obtained by filter-pressing, and the cakes sent

to the smelters. The clarified solutions were then treated with
zinc dust to throw down the silver, lead, antimony or arsenic still

in solution. After these had separated, the solutions carrying zinc,

manganese and ferrous salts were circulated through electrolysing

vats, and the zinc deposited on thin sheets of rolled zinc. Carbon
was first used for anodes, but these disintegrated so rapidly that

sheet iron was used, except in certain vats, in which carbon was
still retained. Zinc was deposited, and an equivalent weight of iron

passed into solution as ferrous chloride. This was converted into

ferric chloride in the carbon anode vats. The ferric chloride thus

produced was used on a fresh lot of ore.

After an extensive trial of the process in England, and after favor,

able report, from the well-known metallurgist, Dr. Carl Schnabel,
who had previously reported exhaustively on the ores, but failed to

find a practicable method for treating them, very extensive works
were erected at Cockle Creek, near Newcastle, New South Wales.
The site was no doubt chosen on account of the proximity to an
excellent harbor, and in the very midst of the northern coal mines.
When work was started on a large scale, it was soon found that
ferric chloride solutions were most difficult to work with. They
were therefore abandoned, and dilute sulphuric acid useoi as a sol-
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rent, lead plates being substituted for the carbon ones. The pro-

cess, however, could not be successfully carried on, the roasting was

imperfect, trouble was caused in filtering owing to the separation

of silicic acid, manganese accumulated in the solutions to suon an

extent that they had to be run to waste periodically, while great

trouble was occasioned by maintaining the electrolyte in such, a

condition as to give a tsolid coherent deposit.

The Sulphide Corporation now owns what is left of these once

extensive works, but has gradually eliminated most of the old plant,

and substituted a fine smelting plant, and also the only zinc-pro-

ducing works in the Southern Hemisphere. Constant and large

supplies of ore are drawn from its own mine, the Central, at Broken

Hill, as well as from other fields in Australasia. Ores are pur-

chased according to tariff. It has been a difficult and somewhat

unsatisfactory task for the management to remodel a plant for ore

to be worked on entirely different lines. At the present time, tho

work of demolition and reconstruction is going on, so tnat in a very
short time great improvements will be effected.

There are two distinct operations carried on at the works, the first

being the smelting of lead concentrates and other auriferous and

argentiferous ores, the second being the production of zinc. Aiie

bulk of the ores for both processes come from the Central mine.

This mine turns out about iti,^u tons per month, averaging 12.5oz.

silver, 18 per cent, lead, and 19 per cent. zinc. This material is

crushed and dressed, the concentrates, amounting to about 20

per cent, of the ore treated, running 60 per cent, lead, 10 per cent,

zinc, and 30oz. silver per ton. The recovery of silver thus being
only 48 per cent., and of the lead 66 per cent., while the zinc present
is not wanted at all. The slimes, amounting to about 8.5 per
cent., contain silver, lead and zinc in almost the same proportions
as the original ore. The great bulk of the material discarded is

known as middlings and tailings; these amount to 71 per cent, or tho

total ore, and carry values in silver equal to 7oz. per ton, lead 5.7

per cent., and zinc 21 per cent. This material thus carries nearly
40 per cent, of the total silver, 22 per cent, of the lead, and 80 per
cent, of the zinc. There is little wonder that the metallurgists at

Broken Hill and elsewhere looked upon this loss as appalling, and
searched after every method which promised to give a better re-

covery. The only two processes which appear to have any chance
of being successful are magnetic separation processes, and the
process discovered by Mr. C. V. Potter, and named after him.
The Mechernich system of magnetic concentration has been adopted
at the Central Mine. By this system, the ore is delivered in an
even stream between two magnetic poles, the upper one of which
rotates. As the ore reaches the magnetic field, the particles cap-
able of being attracted attach themselves to the rotating pole, and
are carried round into a diminishing magnetic field. The rotating
pole here throws them off the surface on to an inclined chute. The
non-magnetic particles foil into a different receptacle. Since blende
or zinc sulphide invariably carries a trace of sulphide of iron, by
using a machine of an intense type, it is possible to make use of :ts

magnetic properties to separate it from non-magnetic materials.
Usually the material is given a slight preliminary roast in order to
convert the sulphide of i-on present into magnetic sulphide or
oxide, which is much more powerfully attracted. As much as 3000
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General View Sulphide Corporation Ltd. Works, Cockle Creek,
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tons per month of this material are treated, assaying 9oz. silver,

8.3 per cent, lead, and 27.2 per cent. zinc. From this is obtained

a concentrate running 13.4oz. silver, 12.2 per cent, of lead, and 38.9

per cent, of zinc, the recoveries being 73.7 per cent, or silver, 74.1

of lead, and 72 of zinc. These concentrates also carry about 20'

per cent, of silica. The gangue consists of rhodonite, garnet and

silica. Potter's process depends on the fact that when acidulated

solutions are in contact with certain sulphides, that certain gases

will be evolved and attach themselves to the sulphides and remove

them from the gangue. Taking a cheap commercial acid, such as

sulphuric, he recommends in this case to take from a 1 to a 10 per

cent, solution, and to heat it to near boiling point, when it will

be found that if pulverised Broken Hill sulphides are under treat-

ment, that bubbles of gas are evolved, which attach themselves

mainly to the zinc sulphide, and carry it to the surface of the liquor.

On a small scale, the recovery of zinc is perfect, and even on a

working scale as much as 90 per cent, of the zinc sulphide may be

recovered. For instance, taking an ore running 7oz. silver,

7.5 per cent, lead, and 18.5 per cent, zinc, the concen-

trates obtained in Potter's machine was silver lloz., zinc

49.07 per cent., lead 7.3 per cent., which is 10 per cent, higher ;w

zinc, and much lower in lead, than that obtained by magnetic
concentration. The tailings also are almost free from zinc. A
modification of this process, known as Delprat's, or the Salt Cake

process, has been experimentally used at the Proprietary mine.

In this, Potter's solution of sulphuric acid is densified with salt

cake, which is the commercial name for crude sulphate of sodium.

It if claimed that less waste gas escapes with this, and that the solu-

tion being denser requires less gas to lift the sulphide particle.

The concentrates containing the zinc obtained by the Mecherniek

magnetic process are roasted in hand-rabbled reverberatory furnaces

These roasters, of which there are seven, were erected for dealing
with ores by the Ashcroft process, and have hearths b2 feet long

by 12 feet wide. They have nothing to recommend them, and the

wonder is that cheap work can be done at all. The price of coal

is low, but this is not justification for such cumbrous and ineffective

types of roasters. The present management is not in tavor of such

furnaces, but they are some of the last relics or the Ashcroft piant.
It need only be said if the rest of the appliances for an intricate

chemical process were no better than these, there is little wonder
it failed. In roasting zinc-lead sulphides, a great deal of trouble

is experienced, even with .^e best furnaces. In the subsequent
process of reduction and distillation, it is essential that sulphur bd
removed from the zinc. If finely powdered zinc sulphide is rapidly
heated n. a current of air, it is mainly converted into oxide.

2ZnS + 30 a = 2ZnO + 2S0 2

With a limited supply of air, and a low temperature, a large amount
of zinc sulphate forms.

ZnS -f 20* - ZnSO-4
On heating zinc sulphate to bright redness, it is partly decom-

posed, fc .sic zinc sulphate forming, and sulphur dioxide and trioxide

being given off. It requires a white heat to decompose the whole
of the sulphate into oxide. If zinc sulphate is not decomposed,
then, if it is placed in a closed vessel with carbon, it will be re-

duced to zinc sulphide again, so that there is no gain in roasting it
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to sulphate unless the sulphate is split up and the sulphur elimin-

ated. As a rule, zinc sulphide is associated with lead sulphide, or

galena, so that roasting of the associated minerals must be con-

sidered. In the presence of zinc sulphide, the tendency of the lead

is to become sulphate. The sulphate of lead on the outside of a

particle of galena may react with the sulphide in the interior, and

produce metallic lead, if the temperature is high. Any silver ad-

joining the lead will be absorbed, and with a high temperature, oxi-

dation of the lead may be accompanied by a certain amount of

rolatilisation of both lead and silver. The lead ultimately oxidises,

and if silica is present will unite with it and form a silicate. Th

sulphate of lead, though not decomposed at a white heat into lead

oxide, and sulphur trioxide, will at a bright red heat react with

ilica, giving silicate of lead and sulphur trioxide. Both silicat*

and oxide of lead are apt to form a glaze over the surrace of other

materials, thus preventing direct contact witn the oxygen of the

air.

If an oxidising flame alone plays on the surface of the ore, a slight

.amount of lead and silver may be volatilised, but no zinc should

(cape, since the sulphide, the sulphate and the oxide are non-

volatile. If a reducing flame acts near the fireplace, the oxide rt

rjnc may be reduced to metallic zinc, and as this is highly volatilo

there may be loss.

In thpi ordinary process of zinc distillation, the oxide is heated

with carbon in a closed fire-clay vessel, and the reduced zinc distil*

ever and is collected in a receiver. When oxide of lead is present,
M considerable portion of this also is carried over, while some of the

oxide of lead combines with tne silica of the vessel and rapidly cor-

rodes it. The problem of obtaining zinc is further complicated by
the fact that at a red heat the me al decomposes water vapjr,

liberating hydrogen, and forming zinc oxide. Under the same Con-

ditions, it will decompose carbon dioxide, liberating carbon mon-
oxide.

Zn + H 4
= ZnO + H*

Zn + COj = ZnO + CO

These reactions only take place when the gases mentioned are ia

excess. If hydrogen or carbon monoxide is in excess, tne reverse

reactions take place. The temperature required for the reduction

is always so high that the metal is volatilised at the instant it is

produced. It boils about 900deg. C., and melts at 432deg. C., or, ''t

a mass of zinc is heated in a vessel with only a narrow outlet, it

will first melt at 432deg. C.
;
on continuing to heat, the metal will

boil about OOOdeg. C., and if heating is continued, the whole
of the metal will evaporate away or volatilise. If the vapor is

suddenly chilled to below its melting point, or, say, 400deg. C., th*

vapor will instantly turn to a finely divided solid, as water vapor
may be condensed to fine particles of ice by being chilled below the

melting point of ice. Now, when zinc comes down in this state, it is

almost useless. The finely-divided zinc dust is not wanted. Again, if

the zinc vapor is mixed even with inert gases, the partial pressure
it exercises will only be due to the amount of its own vapor present.
If the other gases are in considerable excess, then it is not possible
for the zinc to condense as a liquid, even if the temperature is high

enough. For this reason, it is not possible to obtain liquid zinc by



AUSTRALIAN MINING AND METALLURGY. 433

condensation from reverberatory or blast furnaces. It is essential,

then, for a good recovery of zinc, that the reduced and vaporised

metal should be cooled to a temperature between 420deg. and

ooOdeg. C., so that the vapor may be transformed to the liquid

state, that no gases capable of reacting with the oxide be pro-

duced save in small quantities, and that the zinc vapor should

exercise the greatest partial pressure possible. In other words, it

must be diluted as little as possible with other gases. As previously

Ore Receiving Trucks and Floors Over Ore Bins.

pointed out, if the ore contains sulphur, then an equivalent of zinc

is locked up. If it contains lead, iron or manganese as oxides,

then these eat into and corrode the vessels, and also form a fusible

slag, and seal up considerable quantities of zinc oxide. For these

reasons, the metallurgy of zinc must be looked upon as offering

more difficulties than any common metal, and the high price of the

metal, in spite of the vast supplies of ore, is mainly due to metallur-

gical difficulties. It would seem as if the metal wouiu have to be

produced by new and simpler methods before its price comes down.
The zinc ore treated at Cockle Creek comes from the Central mine

at Broken Hill, and is the product from the middlings by magnevc
34
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concentration. It runs about 40 per cent, of zinc, 12 per cent, of

lead, and 13oz. silver per ton. The balance is made up mainly of

sulphur, iron and silica. The material, the bulk of which would

go through a 20, but stop on a 60, mesh sieve, is roasted in long

reverberator? furnaces, originally erected for the Ashcroft process.

A considerable volatilisation of zinc is said to take place in the

operation. The roasted product runs about 36 per cent, of zinc

and 20 per cent, of silica. It is not exactly clear why zinc should

in some circumstances be volatilised during an oxidising roast.

Neither zinc sulphide, nor oxide, nor sulphate, are volatile. It

is possible that with such large roasters, a great deal of coal must

be used to maintain the requisite temperature, and that especiaPy

near the hearth the flame may be occasionally reducing, and thus

reduce some oxide to metallic zinc, which is highly volatile. A

remedy for this would be a different type of furnace, or the use of

gaseous instead of solid fuel. It is possible that the sulphide and

oxide react at high temperatures, as suggested by Percy, and pro-

duce metallic zinc, or that some intermediate product is formed

which is volatile. Apparently the escaping product is held in solu-

tion by some escaping gas. It is certainly impossible to wholly

desulphurise a refractory mixture of sulphides in such a furnace

as this imless at a very high cost.

The product from the roasters is mixed evenly with from 30 to

40 per cent, of a mixture of crushed coking coal and coke, and is

fed into fire-clay vessels and strongly heated. The coal present
cakes and cements the whole mass together. Volatile hydrocarbons
are givea off, and subsequently at a higher temperature the zinc

distils over, leaving the lead and silver disseminated evenly through
the remaining coke. ,

The retorts or pots used are made at the works from local clay.

The clay is worked up to a uniform plastic state by the action of a

pug mill. It is then allowed to mellow. What happens in tnis

ope: ation is not yet definitely known, but certain changes take placo
wl ich are essential for the construction of the finished article. The
action has lately been stated to be due to the presence of certain

bacteria. The mellowed clay is then raised and mechanically com-

pressed into blocks, each one being sufficient to make a pot ;
this is

placed in a press, and subjected to a pressure of 5 tons per square
inch, the clay being forced round a mandril, the projecting end is

cut off with a piece of wire, and the raw pot withdrawn. The pots
so made are stacked in an upper drying room. After the outside
moisture has evaporated, they are shifted to the next room, wnere
they ara heated to about 90deg. F., and after some days are trans-
ferred to the lowest drying room, where they lose the remainder of

tho water mechanically held. They are then baked in an oven.

The receivers, into which the zinc condenses, are moulded on a

cone by hand, dried and burned. They are much softer and more
porous, and much more fragile than the pots. Each pot lasts from
30 to 77 days, each charge taking 24 hours. The size of the pots
are aboui, five feet long, 12 inches high, and 9 inches wide exter-

nally, the clay being 1 inches thick at the top and bottom, and 1
inch at the sides. Each pot holds a Icwt. charge.
The furnace for heating the retorts is of the regenerative type.

The fuel is placed in a gas producer, and the gas is led away into
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the furnace through a mass of checkered brickwork ; air Is similarly

led through parallel chambers, and meets the gas in the furnace.

The product of combustion, instead of being sent to the stack, is

passed through chambers filled witn checkered brickwork, which be-

omes heated up to the temperature of the waste products. As

aoon as this takes place, valves are turned, and the gas and air are

led in through the heated brickwork, and consequently when they

burn in the furnace raise the temperature proportional to their

initial temperature, as well as to that due to their combustion. The

hew .biast .Furnace aud Building
- Old Furnace on Left.

products of combustion escape through the first-mentioned masses of

brickwork, heating it up. After a time, the valves are reversed,

and the incoming gases are heated to a higher temperature than in

the previous case. Each time the valves are turned, the tem-

perature of the incoming gases are raised, ana the temperature of

t ho furnace is raised, and also the temperature of the heating cham-

bers. It would be passible to have such a cumulative heating action

go on until the brickwork would soften, or until the temperature of

dissociation had been reached. In practice, it is found that while

the temperature, owing to cumulative action, rises rapidly at first,

a limit is approached, when the temperature rises much more slowly.
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Such furnaces are now commonly used in metallurgical work, wkcio

nigh temperatures are desired. They are open to one objection in

heating zinc retorts. If any zinc vapor should escape frcm cracks,

or due to the breakage of retorts, the zinc would escape, and

oxidise, ultimately choking up the flues. In spite of t..w drawback,

they are invariably" used in Belgium, the home of the zinc distilling

industry. The furnace, or heating compartment, is a long, redan-

gular chamber, having an arched top. The walls on each side nave

three rows of openings, each row having thirty-three, or 198 in all.

Provision is made for the suppor. of the pots, which are inserted

nearly horizontally through the openings, the forward, or open end,

inclining slightly downwards. The adapters of fire-clay are fitted

into the mouths of the retorts, and project beyond the walls of the

furnace. Each pot is supported at back and front, but is sur-

rounded by flame as in the same way as a muffle.

The process used cannot be said to be new. Crushed coke and

pitch had been used in other places with the same objects in view,

namely, the distillation of the zinc, and the recovery of the lead, in

a form suitable for feeding into the blast furnaces. At Cockle

Creek, the local coals are very gassy, often giving no more than 5U

per cent, coke, so that these have the same action as pitch. The
ore at present being treated runs about 36 per cent, of zinc, 12 per

cent, of lead, and 20 per cent, of silica, and from 12 to- 14oz. silver

per ton. After being roasted, the finely-divided material is uni-

formly mixed with from 30 to 40 per cent, of its weight of crushed

coal and coke. About one cwc. of the mixture is fed into the re-

tort. The temperature is high enough to decompose the coal at

once. At a dull red heat, the hydro-carbons are driven out. As

ths temperature rises, the zinc oxide is reduced by carbon, and the

zinc vapor escapes and liquefies in the condensers. A portion of the

zinc passes from the state of vapor to that of blue powder, em.-er

through being chilled too rapidly, or through being diluted Avith too

much gas. This material, which forms at tlic beginning and end of

the operation, consists of zi::c, containing zinc oxide. The liquid

metallic zinc, known as spelter, is run into moulds, and sent to the

market. There is practically no cadmium in the ore now being
treated. Curio'iisly enough, more of it may be found in the slimes

than coarse concentrates. Arsenic, which is present in the ore,

does not pass into the zinc at all
;
while the amount of lead present

does not exceed from one-half to one per cent. The silver, gold and
balance of the lead remain with the coke.

I Avas not able to learn what the recovery of zinc or other metals

Avere, but from operations with similar processes elsewhere, the

recovery is stated to be about 70 per cent.

The material left in the retorts consis s of a coked mass, contain-

ing practically all the lead. Part of thi> is in the form of metal,

very finely divided, part in the form of sulphide. Tine remainder
has united Avith silica, and occasions much trouble by corroding and

eating through the retorts. Part of the zinc remains in tne retorts,

mainly in the form of sulphide ;
some penetrates the clay of the re-

tort, and some unites Avith the clay itself. About 20 per cent, of

the original zinc values remain behind. These residues, consisting
of coke lead, silver and a small portion of zinc, are suitable for

treatment in blast furnaces.

The metallurgical plant ior the recovery of zinc, although highly
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interesting, and the only .one in Australasia, is but a small section

of the Sulphide Corporation's plant. Lead concentrates from the

Central mine, which assays lead 60 per cent., zinc 10 per cent., and*

silver 30oz. per ton, as well as purchased ores, containing uiese

metals and gold, are reduced on an extensive scale. The ores to the

works are conveyed by rail from Newcastle to the company's siding,

where extensive bins are erected. The sampling mill has a capacity

Spelter Furnaces for Treatment of Broken Hill Ores.

of 200 tons per day. The final sampling is done by coning and

quartering.
The sulphide ores are crushed in a No. 5 ball mill, and roasted.

There are seven -hand-roasters of the type described. These are

mainly used 011 the zinc ores. Several more ot these have been dis-

mantled to make room for mechanical roastei-s. Provision is made
for eight of these. The type is somewhat the same as used by the

Tasmania Smelting Co., Zeehan, but substantial improvements
have been made here. Each roaster consists essentially of a low

dome-shaped roof, on a circular wall. At a short distance below
the roof is a hearth, capable of revolving on a vertical axis. i'his

pan, or hearth, is built up of sectors of cast iron, bolted together ;
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is 21 feet in diameter
;
it is filled with about six inches of brickwork

and tamping. It is supported on rollers, and driven from below.

The ore is fed through the centre of the dome of the furnace. A
fixed rod passes from the circumference to the centre of the furnace.

On this are arranged a number of blades equally spaced, capable ot

adjustment at an angle to the axis of the rod. As the hearth

rotates, the ore, which is fed in at the centre by means of Challenge

feeders, is deflected by one of these blades towards the circumfer-

ence. After passing the fixed rod, the particle of ore is not dis-

turbed until it again reaches the arm. The second blade throws it

outward, where it lies until it is carried round again; and so on

until it has undergone as many revolutions as there are blades, when
it is delivered at the circumference. By placing these blades a

right angles to the arm, the ore would not move forward at all
; by

giving them a slight inclination towards the approaching ore, a

small portion would be deflected; with a greater angle, more would

be thrown over, so that the time of discharge will depend on the

angle of the blades and the speed of the hearth. The fireplace is

built outside the furnace, and near the discharging rabble. Th

dome-shaped roof has projecting pieces, which causes the heated

gases to pass over the ore which has been in the furnace some time,
thence over the raw ore before they escape. There is no doubt that

this type of furnace as improved at these works has many a.dvar -

tages; but perhaps the main one is the simplicity of the rabbling ap-

paratus, and the small amount of wear and tear as compared with

most other mechanical furnaces. The ore after roasting contains

from 6 to 8 per cent, of sulphur. In order to eliminate this, it is

treated by the Huntington-Heberlein process. The semi-desul-

phurised ore from the roasters is in a fine state of division, the

original ore having passed through a 0.5 m.m. screen. This is

mixed with limestone, which has passed through a 10 to 15 mesh
sieve. In each case, at least 60 per cent, of the material is finer

than the particles, which just pass through the screen. The lime-

stone may be added before or after roasting, but the proportions arc

so arranged that it carries from 6 to 9 per cent, of lime and from 25
to 50 pe- cent, of lead. If silica is not present, it is also added. Tho
amount of silica, as slag making material, may be as low as 20 per
cent., excluding the lead contents, but such slags are not economical,
since they require a high temperature, and chill at once witnout

going through a viscous state. Manganous and ferrous oxides are
also present in proportions to form a good slag. If too much lime
is present, the resultant material is useless, for it will crumble. It

is found that a uniform and intimate blending is necessary for good
work, otherwise blotches of unacted-on ingredients will remain in the
final product, and the pots will A-olcano, or the heated gases will

spurt through orifices instead of bubbling through the mass in the
converters.

The next stage of the operations is carrying out the essential part
of the Huntington-Heberlein process. It is remarkable that at
Port Pirie, at Fremantle, and at Zeehan the process may be seen
in active operation, yet here the owners of the patent rights hare

stipulated that no outsider shall be admitted. Since the process
was familiar to me, having witnessed all the operations elsewhere,
the restriction was a somewhat narrow one. A description ot tho

converting vessels used has already been given in a series of ar-
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tides on Tasmania. Briefly, a small inverted cone of sheet iron is

hung on trunnions
;
the diameter and depth are abofut 4 feet 6

inches. Larger vessels nave been installed elsewhere with ad-

vantage. A perforated plate, or colander, is placed horizontally

about 9 inches from the apex of the cone. An air pipe is connected

with the space thus formed. The ore from the roasters, mixed in

the proportions indicated, or mixed so that excluding the lead, the

*>ilica and bases present will form a good slag, is fed in hot to the

converter until it is filled ;
a gentle stream of air is admitted, the

Large Slag Car Lately Adopted.

mixture warms up, the blast is increased, until towards the finish of

the operation it reaches 20oz. The temperature increases, the
material softens, frits and finally melts down, into a compact stony-

looking mass. The time taken is about 5 hours. The fused or

sintered slag-like material is tipped out of the converter by invert-

ing it. The material is broken up, and is ready for the blast fur-

nace. It is found that if a little hot ore is placed on the bottom of

the converter, and a cold mixture on top, that the whole mass will

warm up when the air blast is turned on.

The chemistry of the process has not been definitely worked out.

The inventors believed that calcium dioxide played an important
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part in the actions, but many other reactions go on
;
for instance,

if hot lead sulphide and lime are mixed, calcium sulphide and lead

oxide will form.

CaO + PbS = PbO + CaS

Other changes take place as well when heated air is present, cal-

cium sulphite and ultimately calcium sulphate forming. Lead

sulphate also forms by the action of oxygen on lead sulphide ; lith-

arge or lead oxide at a comparatively low temperature becomes red

lead, 3PbO + O = Pb^O 4 . The peroxide of lead in this is n-

stantly acted upon by any escaping sulphur dioxide, lead sulphate

forming with a great rise of temperature.
Pb 3Oi + SO, = PbSO, + 2rhO

Calcium sulphate galena and oxygen give calcium plumbate, with

the evolution of sulphur dioxide.

CaSO 4 -f-
PbS + 3O = Ca PbG 3 + SO 2

An*? lead sulphate and lime give the same products.
CaO + PbS0 4 = Ca Pb0 3 + SO.

O^er bases as well as lime will give much the same action. The

main reactions, which go on, must be strongly exothermic, for the

temperature rises to at least lOOOdeg. C. Metallic lead is also found

in the fused mass, no doubt from the well-known inter-actions be-

tween the sulphide and oxide, and between the sulphate and sul-

phide.
2PbO -f PbS = 3Pb + 2SO,
PbSO + PbS = 2Pb + 2SO 2

In all these cases, sulphur is eliminated. The main object of the

patentees seems to have been the elimination of sulphur irom

galena, but the most valuable paa-t of the process seems to be the

desulphurisation of refractory minerals, like blende, and therefore

transform one of the most troublesome metallurgical compounds
into a comparatively harmless one. This action is probably brought
about by the oxidising current passed through at such a high tem-

perature ;
zinc sulphide is oxidised to oxide or sulphate, while the

latter is split up into oxide, sulphur dioxide and oxygen being elimi-

nated. In the final product, there is only one per cent., or even

less, of sulphur; the material is in an excellent condition for smelt-

ing, while all trouble as to briquetting the fines has been got over,

and the final output is increased by more than 100 per cent.

The product from the converters is elevated to the smelter-

floor; here it is mixed with other ores, fuel and fluxes, and smelted.

Limestone comes from Portland, the ironstone from the Blythe
Rher, Tasmania; the coke is made locally in Beehive ovens.

The furnaces, of which there are three, have been, or are being,
remodelled on other designs. They are 144 inches by 60 inches at

the tuyere level, and are provided with two rows of cast-iron sestional

water jackets for a height of 3 feet 10 inches. They are provided
with six three-inch tuyeres on each side, there being no end ones.

The height of the feed-floor above this level is 21 feet. The throat
of the furnace is partly closed by a cast-iron hood, of the shape of an
inverted pyramid, without an apex, dipping into it, leaving a space
at the top of about 18 inches between the wall of the furnace and
the hood. Into this space the charge is tipped; the escaping gases
and fume pass out through the central hood. By this arrangement,
the finer particles of ore drop down the sides, the coarse running to
the centre of the charge. Blast pressures up to 50oz. are used.
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Such high pressures, combined with tall furnaces, are in accord with

the best modern practice. Upwards of 5000 cubic feet of air are

forced through the tuyers of each furnace per minute. The bunion

is tapped out into pots, and placed in a dressing furnace, from waich

the clean bullion is run out into moulds arranged on a circular ro-

tating table. A fluid sample is taken on every 25 bars, and as-

sayed. It is found the distribution of precious metals is too un-

even to take chip or drilling samples. The bullion is shipped to

England.

The slags are run through a water-cooled slag spout into a tore-

hearth at the end of the furnace, the overflowing slags going into

pots. These are emptied over the dump, the shells going back again
to the furnace. The slags made are of the usual type, but slags

down to 19 per cent, of silica have been made, or silica (SiO^) 19
;

ferrous oxide (FeO) 32 : lime (CaO) 18
;
zinc oxide (ZnO) 20. Such

slags, however, are not desirable. Excess of zinc oxicle tends to

make a slag mushy; the addition of more lime makes a slag freer

from led, because there* is less enclosed matte. There should not
be less than 10 per cent, of lead in the charge.

Air is supplied for the smelters and H.H. convertors by four Xo.
5 Baker blowers. In order to get the high pressures required for

the former, provision is made for coupling the two pipes leading
from the blowers together, or forcing the larger volume through a

smaller pipe. Owing to slip and leakage, this is not regarded with

favor, end a blowing engine will shortly be installed. Steam is

generated in 4 Babcock and Wilcox boilers; all the coal fed into

these is weighed, and automatically delivered. The works are

fitted up with engines, dynamos, motors, and all subsidiary plant,
which would take too long to describe in detail.
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Smelting; & Refining Co. of Australia (i9oi) Ltd., Dapto.

The smelting works established at Dapto, N.S.W., are, perhaps,
the largest Customs works in Australia. Lead ores, as well as

auriferous and argentiferous ores of all descriptions, are purchased
011 their assay values, and refined lead, gold and silver bullion pro-

duced. In addition to this, the treatment of the famous New
Caledonian nickel ores is about to be undertaken on a large scale.

The works are situated on a knoll overlooking Lake Illawarra; a

strip of fertile country lies between the coast and the range or

precipitous hills in the background. The trip from Sydney, either

by road or rail, gives one glimpses of some of the best Australian

scenery. Mountain cliffs and rugged gorges lie on one side, and

the ocean, sometimes hundreds of f "set belew, may be overlooked on

the other. The native forest is rich in semi-tropical vegetation,

while patches of lower lying land are exceedingly prolific. Gold

and grass, as a rule, do not go together, but the coal-bearing

measures of this area, which originally furnished forests now con-

verted into coal, furnish a soil which supplies all the elements

necessary for plant life. The towns on the road must date from
the early history of Australia; the quaint two-storied, gable ended

buildings, the utilisation of roof space, the churchyards, and other

signs of old England, are not known in new Australia. The famous
mines about Wollongong, Bulli, Mount Kembla, and the coke works

along the line, are signs of the mineral wealth of the district. No
doubt the proximity of such an excellent coking coal was the main
factor in establishing the site of the works on the south coast

;
but

at the same time the cost of carrying from Sydney is a big tax
on the income of the company. Lake Illawarra is closed by a

sand bar
;
the lake itself, even on the removal of this, would only

be navigable to vessels of moderate draught. The ores coming to

Dapto are shipped to Sydney, and then entrained and delivered at
the works. Each parcel is weighed, the moisture estimated, and

sampled every second, fifth, or tentn bag, in accordance with
the size of the parcel, its richness and the variability of its mineral
contents. If the ore is coarse it is put through the rock breakers,
thence it goes to the sampling floor. It is here piled into a cone,
which is flattened out by working the sides down until a flat, low,
circular heap is left. This is divided by two diameters at right
angles to each other, and the opposite quarters are taken. Half the

sample thus chosen is crushed finer if necessary, and this is coned
and quartered as before. This operation is carried on until only a
few pounds are left. This sample goes to the assay office, where
it is crushed down, and passed through an 100 sieve. Any metallic

particles or scales, called metallics, which are too coarse
to pass through the sieve are collected into one button,
and the value of the parcel for metallics deter-
mined. The fine material is quartered, and the assay quantity
selected. This is assayed, and the value determined. This value,
added on to that due to the metallics, is the total value of the
ore. Samples of fine ore or concentrates are coned and quartered
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until the final sample sent to the assay office is taken. Mr. Hoyt
has also made assurance doubly sure by taking the second half erf

the parcel, and sampling it down independently of the first, there

being thus two samples taken, which, if the sampling is correct, will

ciieck each other. When the final assay samples are prepared, par-

eels of three are made up. One is held by the company, one goes

to the owner, and if there is a difference between these values as

determined by assay, a third goes to an umpire assayer. If his

assay agrees with either the buyer's or seller's, then the loser pays

all expenses. The owner of the ore may watch the whole proceed-

ing of sampling through a windowed room. This precaution has

been found necessary to prevent the possibility of owners salting

worthless ore. With regard to certain ores from Victoria sent to

the works I may state, from personal knowledge, that the company's

assays invariably turned out a shade better than those done at

the works; in this case also there was no representative present.

The great majority of the parcels are in small lots, and the sampling,

assaying, and smelting of these throws a lot of work on the staff,

Avhich is unknown on any big mine having its own smelters.

After sampling, ores containing sulphur and arsenic are sent to

the lond hearth hand-rabbled roasters. There are 10 of these,

each with a hearth area of 33 feet by 15 feet, and internal height
of 2 feet 6 inches, and one with an area of 62 feet by 15 feet. These

are -not viewed with favor by the management, modern mechanical

furnaces being preferred. Samples are taken each shift from each

furnace, and are estimated accurately for sulphur. When working
on the same charge the samples are generally bulked in pairs for

assay. As most of the roasted ore is sent at once to the bed floor

to smelt in with the bed ore, the gold, silver, copper, lead, iron,

silica, and sulphur are all determined.

The sulphide ores for roasting go to storage bins, arranged on an

upper floor. The bed ores are placed in bins on a lower floor, 'ine

quantity of the bed ores is always large, and their composition is

accurately known
;
other ores are worked in with these, so as to

produce a bullion of desired value in gold, silver, and lead, ana to
reduce the quantity of barren fluxes required to a minimum. As
examples of bed ore analyses the following will serve:
Lot SiOj Pb. S. Fe. CaO. Alj Os Zn. Cu. Sb
1. 33.4

2. 33.4

3. 39.4 13.4 9.6 14.0 3.0 6.0 3.8 .6 4.1

4. 69.6

5. 26.3

6. 27.0

7. 49.0

There are three large 120-ton smelters for running on ores, and a
small one for running down antimoniate of lead. The ore smelters
are 42 inches by 140 inches at the tuyeres, and have a height of 20
feet above the tuyere level. The crucible is a rectangular iron box,

supported on a brick foundation. This of necessity is strongly built,
and strongly braced and lined with firebrick a-nd the necessary
brusque, and provided with the Aarents syphon tap. The crucible
holds 20 tons of lead. The lower portion of the smeiter is water
jacketed; the jackets are made in sections of cast-iron bolted to-

gether. The corners are rounded off, thus giving an oval section.

Pb.

28.2
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There are eight 3-inch tuyeres on each side. The usual removable

mica cover for the peep hole has been replaced by a plug of wood

driven in. This may be easily removed if it is necessary to rod the

tuyeres. At the same time the Avood acts as an indicator, for

should slag overflow into the tuyeres the wood will shrink, and at

once be blown out. The upper portion of the furnace above tlie

jackets are built up of brickwork in the usual way, and supported

independently on cast-iron pillars. One furnace is fed through

hoppers at the side
;
the others through charging doors on each

side in the usual way. A blast pressure of 40oz. is used. The slags

flow into a fire-hearth, thence into slag pots, which are sent over

the dump. Each pot holds IScwt. of slag. Two are arranged on

a carriage, which is drawn by a horse to the edge of Die slag dump.
The shells are returned to the furnace. The lead flows into the

moulds from the smelter. A number of parallel moulds are placed
on a carriage, which travels on rails parallel to the length of the

furnace. As soon as the end mould is filled the next is moved up,
and so on, until they are all filled. The slags are sampled periodi-

cally. An iron rod is dipped in the slag, then chilled at once by

immersing in water. In this way it is much more easily decomposed.
The following analysis give types of slags produced at the works:

Si02 FeO CaO Al> Oa ZnO. MnO.
34.4 33.7 11.2 7.3 7.4 2.1

31.4 34.4 13.6 9.5 8.0 1.7

28.6 31.6 17.2 6.4 10.6 2.1

The lead may run from 0.5 to 1 per cent.

Copper ores are also run down in these furnaces for matte with-

out running the lead out of the crucible. After the copper ores

are run through, lead ores are charged in again, thus obviating the

blowing out of a furnace. It might be thought that the matte
so produced would be deprived of its precious metnls, but such is

not the case, probably owing to the short time of contact with the

molten lead. The copper matte produced is concentrated up to 50

per cent., and shipped away. The lead bullion, containing practi-

cally all the gold and silver from the ores and fluxes, sent into the

furnace, also contains many other metals. Antimony, tin, arsenic,

copper, bismuth, sulphur, zinc, and other elements are usually

present. The values for silver and gold are accurately determined

"by sampling every 150 bars of lead bullion
;
in addition to this, dip

samples are taken every morning and evening, and assayed for gold
and silver. Before the lead can be desilverised it is necessary to

remove the copper, arsenic, antimony, and tin. This is done in a

water-jacketed reverberatory furnace. There are two^, each capable
of holding 15 tons of lead bullion. The lead is just melted ; the

copper present forms an alloy with some of the lead. This alloy
has a higher melting point than lead, consequently it rises as a solid.

The surface of the lead bath is covered with ashes. The copper dross
is intermingled with these, and scraped off the surface. Practically
the whole of the copper is removed in this wr

ay. On raising the

temperature, tin, when present, becomes oxidised. This unites with

part of lead oxide produced, and gives a powdery stannate of lead.

This is also scraped off. Next arsenic and antimony are successively
removed as arseniate and antimoniate of lead respectively, the
former being brown and the latter darker. After the antimony has
all oxidised the lead oxidises, and forms litharge, the scum lorming
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becoming more fluid as the operation proceeds. The lead now con-

tains only gold and silver, and slight traces of other metals. It is

then run into a zincing kettle or pot, there being three of these.

These pots are made of cast-iron, and are segments of a sphere.

They are about 6 feet in diameter and 3 feet deep, and are heated

by a fireplace below. Zinc is fed into the molten lead. The amount

of zinc required varies with the grade of the bullion. In all cases

the lead must be saturated with zinc. Then the excess of zinc will

separate out, taking the gold and silver with it. If equal quantities

of lead and zinc are melted together, then at about 700deg 0. the

two metals will apparently separate, but the zinc will dissolve 1.5

of lead, and the lead 1.3 of zinc, so that, as a general rule, some-

thing over 1.3 per cent, of zinc requires to be added even for low-

grade bullion. Plattner gives 1.34 for 30oz. bullion, and 1.84 for

120oz. bullion, and 2.45 per cent, zinc for 250oz. bullion
;
so that

while it takes 1.34 per cent, to get the first 30oz. only, .5 per cent,

extra will take out three times as much extra. It is usual when

gold and silver are both present, and the silver in very large excess,

to fractionally remove part of the silver and all the gold with the

first addition, and the balance of the silver by a second or even

third addition. In this case the bullion is so rich in gold that a

separation is not attempted. The lead in the kettle is heated to

the kindling point of wood. The zinc is added and worked in by
means of paddles or spadelles, which the men, by a levering com-

bined with a twisting action, the lead is set rotating in the kettle,

and at the time swirled from outside to inside. This is carried on

for from 30 to 40 minutes to work the zinc in. When this is done

the bath is allowed to cool down, the excess of zinc carrying with

it the gold, silver, and copper, rises to the surface. After a time

the zinc crust attaches itself to the sides of the pot. It is broken
off and fished out with a perforated skimmer. These skimmings are

then liquated, the lead draining out being very poor in silver. After

skimming a dip sample is taken and assayed for gold and silver.

The necessary amount of zinc is then added until the pan is clean.

The zinc skimmed off the second time is kept for adding to the

next kettle, so that practically only one lot of zinc has to be treated
for bullion. The lead must now be freed from the balance of the
zinc dissolved in it. This is done by blowing in steam. A hood is

lowered, steam is blown in, and the agitation brings about contact
with the air. The zinc becomes oxidised, the lead cools down, and
the zinc oxide crust is removed. The process is repeated the second

time, after which the lead will be rendered almost absolutely pure.
It is cast into bars, and sent to market. A great deal goes to
China. The zinc crusts, -even after liquation, still containing more
than half their weight of lead, are fed in charges ot from 1250
to ISOOlb. into Faber du Faur distilling furnaces. These are simply
large bottle-shaped pots, enclosed diagonally in a cubical furnace

suspended on trunnions. Fire-bars are placed across the bottom of

the furnace, coke is fed in on top, the mouth of the pot projects
from near the top of the front side, and the flue is opposite this
at the back. The advantage of this furnace is that it may be tilted

by hand-wheel, with worm-gearing working into a pinion on one
tunnion or by a lover only. The temperature is raised, and the
zinc distills off, and is caught in a condenser. From 60 to 65 per
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cent, is recovered as molten metal
;
the balance is in the form of

The lead, containing the gold and silver, is poured out

by tilting the retort. This is then cupelled. There are

at Dapto two large cupelling plants, said to be

largest in Australia. Each holds about 45001b. of lead.

These are of the English type a short reverberator^ fur-

nace with a movable hearth. The term cupellation is somewhat

misleading for this operation, for, although oxide of lead is formed,

it is not absorbed as in the case of assay work for this operation,

but is drained away as fast as produced. The cupel, or, as it is

called, test, is composed of various materials tamped into an iron

framework. Formerly bone ash was used, then marl, but the uni-

versal practice now is to use cement with clay or other material.

Mr. Hoyt uses only five of cement to one of sand, and finds it

wholly satisfactory. Since molten litharge has a most corrosive

action on almost every material, such a test would rapidly lose its

boundary, for the litharge is always thrown off from the centre to

the outside of the lead button; the molten stream of litharge

flowing away from the test also corrodes it greatly. To overcome

this water-cooled rings or jackets have been let into the test, so

as to chill the litharge in contact, and thus prevent corrosion. This

was partly successful, but the iron was attacked after a time. Mr.

Weinberg, the former manager of the works, substituted an oval

copper ring 7 feet 6 inches by 5 feet 5 inches, inside measurement,

and provided a small water-cooled breast jacket made of brass.

This has proved successful. On account of the cooling of the test

the lead is only partly oxidised or enriched in silver in this cupel.

Lead is fed in, heated up, a blast of air turned on, and the litharge

driven out at a notch in the test. By feeding lead in the level is

maintained. The lead becomes enriched in proportion to the bullion

fed in. The rich lead is removed to a smaller cupel, not provided

with water-cooled rings, and finished off at a high temperature.

The resulting alloy, consisting only of gold and silver, is known as

dore bullion. This is shipped home for refining.

The antimoniate of lead produced in the softening furnace is run

down into an antimony lead alloy. The flue dust is fed into one of"

the roasters, where it is gritted. It is then in a fit state to send

to the smelters. It is found that practically all the losses in fur-

nace work, so far as gold and silver are concerned, is due to dusting.

The dust contains gold and silver in the same proportion as the ore.

Further along the flue, where no dust has reached, there are only

traces of gold and silver in the fume, resulting from the volatilisa-

tion of the lead. This fume consists mainly of lead sulphate.

The cupel furnaces -are made use of occasionally ror treating

cyanide and other rich slags. These are floated on a bath of lead,

the gold and silver present passing into the bullion. The air is

supplied to all the furnaces by three blowers, two cycloidal running
from 60 to 70 revolutions per minute and delivering 100 cubic feet

per revolution, and one Baker No. 5. The plant is equipped with

all the necessary motive power, but in this progressive age great
alterations are being made to bring the whole of t^e plant in line

with modern requirements. A fine dore bullion refining plant was

erected, but is not used, nor is a magnificent sulphuric acfd plant.
The company has lately erected a large plant for running down the
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nickel ores from New Caledonia into matte. New Caledonia possesses

large supplies of low grade nickel ore, too poor to ship to Europe.

The island itself does not contain the requisite fuel or fluxes for

dealing with it on the spot, so the Consol Nickel mines, holding

large interests, have decided to have the ore dealt witn at Dapto.

Australia will thus be fortunate in having types of almost every

metallurgical process; probably, even iron smelting will shortly be

reintroduced. Nickel is a valuable metal, the market price even

for large quantities being nearly 2s. per lb., or over 200 per ton.

Owing to the extraordinary hardness and toughness it confers on

steel, when alloyed with it, even in small proportions, there is no

aoubt that it will be extensively used in the near future. Its in-

creasing use for plating iron will also cause large quantities to be

absorbed. The metal is generally found combined with either

arsenic or sulphur, and for a long time attempts to win the metal

from its ores ended in failure. In fact, its very name is derived

from these failures. The compound of arsenic and nickel has a

copper red color, and attempts were made to get the copper out of

it that was supposed to be there, but in vain
;
the German miners,

therefore, christened this ore "nickel," which, in South Gorman,
is an abusive term applied to an obstinate person, and connected

with old "Nick." The allied metal, cobalt, was also christened on

account of the refractoriness of its ores from Kobold an evil spirit

or goblin, which was believed to have entered into the ore. It was

subsequently found in time that both metals could be won from,

their ores, but their melting points were very high. The usual

method of obtaining nickel is to collect it in a matte if sulphur is

present, or a speise if arsenic is present ;
to roast the sulphide

of iron present to an oxide; to slag the iron off until a pure nickel

matte remains'. This is then roasted to oxide, and reduced to me-
tallic nickel.

The melting point of nickel is from 1400deg. to IGOOdeg. C., so

that it cannot be reduced in an ordinary smelter to the metallic

state, and caused to flow like copper or even cast-iron. The ore

from New Caledonia is garnierite, or a hydrated nickel magnesium
silicate. The usual composition is

9 17 per cent. NiO.
4146 per cent. SiOr2 .

5 14 per cent. Fe^O?.
17 percent. A1 2O 3 .

69 percent. MgO.
8 16 per cent. H,0.

Attempts were made in Noumea to smelt this ore in a blast furnace
and produce a nickel iron alloy. This was shipped home, but was
a very difficult alloy to purify, so this method had to be abandoned.
The usual process is to add some sulphur-bearing flux, and so form
a matte containing nickel and iron, the other ingredients being
slagged off. It is proposed to follow this method out at Dapto.
Gypsum will be brought from the dry lake beds of South Australia,
where there are unlimited supplies. This, on being heated with
carbon, becomes calcium sulphide, which, in its turn, reacts with
iron and nickel oxides, producing sulphides of nickel and iron. The
lime liberated at once unites with silica present, forming a slag.
The bulk of the ore, which will be sent to Dapto, will contain less

nickel and more iron than that indicated in the above analysis,
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Bfi

Sulphuric Acid Plant.
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BO that on properly adjusting the supply of gypsum a nickeliferous

matte of any grade may be produced, the balance of the iron pass-

ing into the slag. The metallurgy of the metal is in this respect

analogous to that of copper. The matte, having excess of iron, en-

sures the slag being free from copper or nickel as the case may be.

The matte may be enriched in the same manner as the low grade

copper matte, by first roasting and leaving enough sulphur to com-

bine with the nickel
;
the iron may be slagged off with silica. The

usual method nowadays is to run the matte containing iron and

nickel into a converter with sufficient sand to slag off the iron oxide.

Nickel sulphide differs from copper sulphide in that it is not pos-

sible to produce metallic nickel in a converter, because oxide and

sulphide of the metal do not react like the oxide and sulphide of

copper. If air is blown through after the iron has oxidised the

nickel will also oxidise and form a slag. The operation is stopped
as soon as the iron has disappeared ; the sulphide is poured out and

pulverised and roasted to oxide. The oxide is reduced with charcoal

in a regenerative furnace.

In the metallurgy of the metal at Dapto it may prove more eco-

nomical to pass the sulphur dioxide escaping from the roasters over

lime and form calcium sulphite rather than import gypsum. The
smelters in course of erection at the date of my visit were similar

to those used for copper ores. I am indebted to Mr. Hoyt and Mr.

Rogers for the many details kindly supplied in connection with the

works. The following details on assaying were courteously supplied
on a former occasion by Mr. W. E. Thomas, chemist in charge:
SMELTER SLAGS FOB SILICA. Weigh out O.ogrm. of the finely

powdered slag; transfer to a small evaporating dish; moisten with
water

;
add 15 to "20 drops strong HC1, and stir with a glass rod until

gelatinous. Dry for a few minutes
;
add a few drops of strong nitric

acid
; evaporate to dryness. Heat to llOdeg. C. to render silica in-

soluble. Cool; take up with dilute HC1. Filter; wash residue free

from HC1; dry, ignite, and weigh as Si0 2 .

LIME. Take filtrate from Si0 2 estimation, and heat to boiling.
Add NH4OH until alkaline. Boil and add hot oxalic acid solution

until all the lime is precipitated as oxalate. Allow to stand for

a few minutes, and decant through a filter. Wash precipitate on
filter with hot water to remove all oxalic acid. Dissolve precipitate
in dilute H 2SO3 ;

dilute slightly ;
heat nearly to boiling, and then

titrate with standard KMnO^.
IRON. Treat .5grm. of slag in same way as for SiO 2 . Evaporate off

nitric; add HOI. Reduce with SnCU, and estimate with standard

MANGANESE. Treat .ogrm. of slag as before with HC1 and
HNO 3 . Drive off excess of acid. Add H 2 SO4, and heat until

white fumes appear. Dilute; add an emulsion of ZnO to precipitate
the iron. Titrate with KMnO4 until the MnO* is precipitated, and
the solution remains pink.
ALUMINA. Treat .5grm. of slag as for SiO 2 . After taking up

with HC1, take 5grm. NH 4C1, and boil. Add excess of NH4OH and
boil. Decant, and wash by decantation then on filter. Dissolve

precipitate in HC1, and reprecipitate with NH4OH in excess. Dry,
ignite, and weigh the mixed oxides Fe 2 5 and A1 2 0^. Deduct the
Fe*O-3 found; the difference is A1 2 3 .

ZINC. Weigh Igrm. slag finely ground in a large evaporating dish.
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Stir well until gelatinous. Add a few drops of strong HNO 5 with

KC1O-3 dissolved, and dry, but avoid baking. Cool; add ogrm.

NH-4 C1 15c.c. NH 4OH and 20c.c. H 2 0. Boil for a few minutes;

filter
;
make filtrate faintly acid with HC1. Place strip of lead foil

in solution, and boil for some time to precipitate copper. Estimate

Zn with a standard solution of K^Cy^, using uranium nitrate as

indicator.

LEAD. Take Igrm. of sample. Treat as in previous case with

sulphuric acid. Cool : dilute with water in the dish. Wash twice

with dilute H 2S04 ;
then twice with water, keeping toSO4 in the

dish. Add 30 per cent, solution of CH^COONH* to PbSO4 ;
warm ;

pour through the filter paper used for decanting through. Wash

well with hot water. Add a few drops of CH^COOH. Teat nearly

to boiling. Titrate with standard solution of (NH^MoO*, using

tannic acid as indication.

DORE BULLIQ'N. Dip samples are taken of every two bars, and

assayed for gold and silver, the gold assay being made as an ordi-

nary parting assay, the silver by Volhard's ammonium sulpho>-

cyanide method. Assay of copper precipitate, bullion, matte, etc.

The scorification assay is used for silver and gold, and a combined

method in the case of mattes.

SCOKIFICATION ASSAY. The sample is scorified down with a large

excess of lead in 10 lots of 1/10 A.T., each collecting buttons in

pairs, and assaying separately the buttons and slags from each pair.

The first ocorifioation is conducted at a high temperature. This

method gives the best result for gold only.

WET METHOD FOB GOLD AND SILVER. Take 1 A.T. (assay ton) of

copper precipitate. Dissolve in strong HNOj free from Cl. Evapor-

ate and expel all free acid. Dilute to a litre. Add 20c.c. of a

saturated solution of lead acitate ; then Igrm. of KBr or KI, dis-

solved in H 2 O. Stir; add 5gnn. of sodium sulphate, dissolved in

water. Mix well ; allow to stand for 12 hours. Decant
;
clear liquid

filter. Wash with hot water. Mix with soda, litharge, and reducing

agent. Melt in pot with a nail. Scorify and cupel lead button

obtained. Run down slags from scorifier, and hard part of cupel, and

add these on.

NICKEL ASSAY. Messrs. Thomas, the chemist at the works, and

Derrick, chief assayer, tried many processes for a speedy and reli-

able nickel assay. Gravimetric processes took too much time; elec-

trolytic methods were unsuitable, so a process based on Moore's

volumetric estimation has been adopted. This depends on the fact

that if an ammoniacal solution of nickel is treated with a solution

of potassium cyanide, then a double cyanide of nickel and potassium
will form. As an indicator a minute quantity of silver iodide is sus-

pended in the solution. Silver iodide is insoluble in ammonia, and

only dissolves in potassium cyanide solutions when the
double nickel potassium cyanide has formed, so that

the clearing of the solution indicates the end of

the reaction. The amount of potassium cyanide necessary
for clearing the solution may be exactly estimated by adding a

standard solution of silver nitrate from another burette until the
solution is turbid again. The process may be simplified by adding
a small quantity of silver cyanide to the potassium cyanide solution
and running this into an ammoniacal solution of nickel containing
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potassium, iodide. The solution becomes more and more turbid until

the potassium nickel cyanide is all lormed, after which it gradually
clarifies. By standardising with a pure nickel salt and with pure
silver nitrate the value of the cyanide solution, as compared with

nickel, may be accurately obtained. The method has proved satis-

factory on New Caledonian ores, except when a large amount of iron

is present. Of course, with copper, zinc, manganese, or sucfi metals
as behave similarly to nickel in ammoniacal solutions the method
would be useless.
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English and Australian Copper Co.

The English and Australian Copper Company was formed in 1851

to take over the business of the Patent Copper Company. Smelt-

ing works were erected at Burra, South Australia, and ores from the

BuiTa Burra mine were treated. In those days railways were not

Bought of, and all stores and fuel had to be conveyed by teams.

As much as 7000 per annum was paid for fodder alone. The

cartage at first was nearly all one way ;
in order to equalise matters,

additional smelters were erected at Port Adelaide, and some of the

ore was sent down as back loading. In 1888, the supply of copper

ores falling low, silver and lead furnaces were erected, and busi-

ness was continued in these lines until 1894. The values of lead and

silver having fallen considerably about this time, and the rapidity

with which new smelting methods were introduced, caused the com-

pany to again revert to the smelting and refining of copper ores

only. Copper smelting works were erected at Waratah, Newcastle,

New South Wales, in 1871, and since that time these have been

continuously in operation. From 1877 to 1884, large quantities of

copper ore from New Caledonia were treated.

These works are interesting in that the ore is dealt with by the

old process of smelting in reverberatory furnaces, and that almost

absolutely pure copper is turned out. At one time copper ores

containing gold and silver were dealt in, but now only the purest
ores of copper are purchased. It is found tiiat ores containing

antimony and arsenic are not only difficult to refine, but owing to

fouling the furnaces they spoil subsequent charges of ores fed in.

The ingots turned out assay from 99.8 to 99.9 pure copper. This

is purchased by the British Government. The bulk of the ores come
from Wallaroo, South Australia, but New South Wales and Queens-
land furnish good supplies. The ore arrives at the works in

lumps, and consists of sulphides, oxides, and carbonates, mixed with

the usual siliceous or basic gangue. Parcels are sampled by con-

ing and quartering, and the final assay samples obtained in the
usual way. Three samples are taken one to be retained by the

vendor, one by the company, and the third sealed and kept as a

reference sample. The company pays for the copper in the ore as

indicated by fire assay. Oxidised ores are run down with soda,
borax and some reducing agent, such as argol ;

the slags are cleaned,
and any copper they contain added to that first produced. The
whole of the copper is then melted into one button, covered witb

refining flux and poured. Pyritic ores are fluxed, and fused for

regulus, or double sulphide of iron and copper. The slag is de-

tached, and the regulus roasted. The roasted material is fluxed,
the copper reduced as from an oxidised ore. The copper buttons
obtained in either case are flattened, and then beaten out until as
thin as an ordinary visiting card. If the slightest crack should
show at the edge, the copper is not pure, and the ore is, as a rule,

rejected. It is mainly due to the information thus obtained that
the dry method of assaying is adopted. There is always a loss of

copper in the operation, so that when a wet method is used bv the
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vendor, one per cent, is deducted from a 12 per cent, ore or under,

one and a-quarter per cent, from ores running from 12 to 20 per

cent., and one and a-half per cent, from ores running from 20 to

35 per cent. In case of dispute, the reference sample is submit-

ted to an independent assayer, a.nd payment is made on the middle

assay of the three. The price fixed for copper ore is one shilling

per unit less than the latest telegraphed price for standard copper
in London. When the ore does not contain arsenic, antimony, bis-

muth, and other impurities, and the company considers the copper
contents of sufficiently good quality to bem- their PCC brand, a

special allowance of 6d. per unit (2 10s. per ton of copper) will be

made.

The charge made for smelting varies, but does not exceed 40s. per

ton of 21cwt. in any case. 'lae ores are blended for the preliminary

treatment, which consists of melting the mixed ores in a revei-

beratory furnace, so as to produce a matte and a siliceous slag. The

charge of mixed ores and slag weighs about 3 tons, and carries about

23 per cent, of copper. The furnace has a sectional area of 17 feet

by 11 feet, the height being 2 feet 6 inches. The fireplace, in

which coal is burnt, is 6 feet square. As soon as all has melted

down, the slag is run off or raked off, leaving the coarse metal be-

low. The oxide of iron present combines with silica, while the

sulphur unites with the copper, any excess of sulphur uniting with

iron. The tap hole for slag is at the end of the furnace opposite
the fireplace. The slag, when tapped, runs into gutters made in

the sand, falling a few inches each time. Any matte or prills col-

lect in the upper gutters. The heat is maintained by a few shovel-

fulls of slack coal being thrown in prior to tapping. As soon as

the slag is withdrawn, a second charge is fed in, and the matte is

not withdrawn until after the second lot of slag has been run off.

The slags are all examined, and as a rule the upper lots are re-

turned to the furnace. The matte as tapped out runs 45 per cent,

of copper, or has been doubled in value by this system of concen-

tration. The advantage of this method is that slags may be formed

having free silica present. These slags contain about 44 per cent,

of combined silica, the balance being mainly oxide of iron and a

small quantity of alumina. Practically no limestone is added, the
total quantity used only amounting to 20 tons per annum. The
matte produced is run in hot to the second furnace., which is similar

in type to the first. Here the balance of the iron is slagged off

with the silica, which is still present. This is skimmed off periodi-
cally, and returned to the first furnace. The copper sulphide pre-
sent then oxidises, and the instant it does so the oxide reacts with
seme unaltered sulphide, producing metallic copper, with the evo-
lution of sulphur dioxide. The reactions occurring might be repre-
sented thus :

Roasting and Slagging
Fe S + Si02 + 30 = Fe Si0 3 + SO2

Roasting of Copper Sulphide
Cu2 S + 30 = Cu2 O + SO-2

Cu2 S + 2O2 = 2 CuO + SO2

Reduction of Copper
Cu2 S + 2 CuO = 4 Cu + S02
Cu2 S + 2 Cu2 O = 6 Cu -f SO2
Cu2 S + Cu S04 = 3 Cu + 2 S02
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In all cases, the oxide and sulphide react at a high temperature,

giving metallic copper.

These actions are allowed to go on for 24 hours, during which time

upwards of 5 tons of matte will have been treated. The slags are

continuously drawn off, air is admitted, and me heat applied. The

product as tapped from this furnace runs 92 per cent, of copper,

the balance being mainly unaltered sulphides of copper and a little

iron. The sulphur amounts to from H to 2 per cent.

The impure copper produced goes to the refinery, or a furnace

of somewhat the same type as the others, but having a capacity of

10 tons. Here the crude metal is melted slowly, and an oxidising

flame kept over the surface for from 6 to 7 hours. 'The whole of

the sulphur is got rid of, and the iron and part of the copper oxi-

dise a.nd form a slag. This is raked off and sent back to the second

furnace. The copper is tested periodically, and when the sulphur

is eliminated it is poled. The base metals appear to be oxidised

first, the slag being formed at the expense of the lining. As soon

as the slag ceases to form, the sulphide and oxide react on each

other, with an evolution of sulphur dioxide, which throws up a

shower of copper globules ; frothing and foaming also go on, due to

the same cause. If the top becomes pasty before the bottom, the

sulphur dioxide will cause the mass to swell up. Similarly if

poured into a mould, a ridge will form along the bar. The copper

still contains sulphur dioxide, as well as cuprous oxide, dissolved

in it. In order to eliminate these, the bath of copper is paled, or a

green pole is plunged into the molten metal. Gases, consisting

of steam, hydrogen, carbon monoxide, and hydrocarbons are given

off freely. These sweep out whatever sulphur dioxide still re-

mains dissolved, in the same way as one gas will expel another .rom

a solution. As soon as such gases are expelled, the sample, on

being poured out, will have a level, smooth surface after solidifying.

Poling is carried on until the cuprous oxide is reduced. In this

c.ise, the operation proceeds until a sample of the copper, weighing
about a pound, is cast into a shallow cylindrical mould, about 3

inches in diameter, a flat lip being left on one side. This is ham-
mered out into a sheet about a foot in diameter. If it shows the

slightest cracks on the edges, the reTfining is not complete. If

poling is kept up too long, the copper is spoilt, for on being poured
into a mould a depression will form along the centre of the surface

of the bar on cooling. Such copper is brittle, and must be oxidised

ngain to bring it to the right pitch. This action is said to be due
to the reduction of certain salts in the copper. The salts them-

selves, such as antimoniate and arseniate of bismuth or lead, -ave
no injurious effect on the copper, but the elements of which they
.ire composed have.

There are two furnaces used for calcining or roasting. These
re of the same type as the others; 8 reducing and roasting furnaces

and 2 refineries. Copper, to the amount of 1150 tons per annum,
is produced, while 1000 tons of coal per month are burnt, the cost
of the coal being 7s. 6d. per ton. It is obvious that this method
of smelting copper ores can only be carried on successfully where the
ores are fairly rich, where fuel is cheap, and where there is careful

management. The first condition is fixed by only purchasing rich
;;nd pure ores, the second by being in the midst of a rich coal-

producing district, and the third by having at the head of affairs
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a manager whose connection with the company dates back to 1851.

Mr. F, W. Cast, the local manager, has thus been 53 years assist-

ant and manager, so that he has a thorough grasp of all the details

of this branch of the work. Mr. F. Cast, jun., his son, is assistant

manager, and I am indebted to him for his courtesy in showing me
over the works, and supplying the information necessary for this

article.
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SPECIAL _FEATURES.
Choice of Gold Mining Machinery.

When a mine has been prospected sufficiently to warrant the

erection of machinery, the question as to what class of machinery
is most suitable should be considered. A great deal of experience
is needed to determine this in some cases. If the ore is free mill-

ing and the percentage of concentrates low, then adopt the simplest
methods in this case wet crushing and amalgamation. Many ex-

periments have been tried with various wet crushers, bu!: so far there

is no all-round machine which will equal the ordinary stamper bat-

tery. It is a mistake to get light stamps. Let them be lOOOlb.

or over, and all parts proportionately heavy. The argument in

favor of light machinery for carting should not be made too much
of. The carting may cost a few pounds extra, but the saving on

the first month's run will more than make this up. When away
from a town or facilities for obtaining skilled labor, everything
should be of the simplest and strongest. For instance, where mine
or any hard water has to be used do not get multitubular boilers,

for the extra consumption of fuel will cost less than stoppages and

repairs for tubes. For similar reasons get belt-driven in preference
to spur-gearing.

Assuming there is about 2 or 3 per cent, of concentrates in the

ore, it will generally be advisable to have a concentrator, preferably
one of the Wilfley type. There are others as good as this, but as a

rule they are more delicate in construction, and require much more
care. The Wilfley will remove most of the coarse concentrates, any
free coarse gold or amalgam that may have escaped. The sands,

as a rule, are very poor after passing over the Wilfley, but the

slimes, which will amount to from 40 to 50 per cent, of the total

material, may carry high values. Very little gold or mineral

from these is recovered on such a concentrator as the Wilfley.
The sizing of such slimes by spitzkasten and their subsequent con-

centration is not advisable. Some of their values might be ob-

tained by simply running them over long, slightly inclined canvas
strakes. In all oases, it is inadvisable to run either sand or slimes

to waste, for although they may be unprofitable to-day, to-morrow

they may be a valuable asset.

If the gold is coarse and easily amalgamated, it is better to pay

special attention to this branch of work rather than go in for

cyaniding. In many cases, if amalgamation methods are properly
carried out, the tailings are too poor to cyanide, while if the former

operation is carelessly done, then the tailings may be rich enouga
to cyanide, but nothing like the same profit can be made. When
the gold is fine, it is not possible to get the whole of it by amal-

gamation. Even when in quartz it is not uncommon to have tail-

ings running up to an ounce per ton after passing over concen-

trators. The gold in this case is encased by the grains of sand.

This may be readily proved by first panning off a sample, then grind-

ing finely, and panning off again. When clear quartz runs up to
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per ton, and carries fine gold, the tails should always be kept

separate. By putting on finer screens, matters are not improved,
for beyond a certain limit as much is transferred to the slimes a

is liberated from the sand. Even by pan amalgamation with fine

grinding, only a comparatively low extraction can be obtained.

By grinding and chlorinating or cyaniding an almost perfect solution

of gold may be effected.

One of the most troublesome materials to win gold from by ordi-

nary amalgamation is ironstone. This is specially true when the

gold is fine and the gangue is clayey. In most instances from GJ

to 40 per cent, of the gold may be amalgamated ; very little is

caught on the concentrators, but a large portion passes into the

sands and slimes. This material is best treated by calcining it;

then cyaniding or chlorinating. There is a common belief that by
slow running more go.ld may be obtained by amalgama ion. By
testing many parcels of ore with a 5-head battery, and making regu-
lar assays of the tails, the results always came out very r, early

the same, generally slightly in favor of fast running. The ore above

water level is generally called free milling, one of those misleading
terms based on the assumption that because the ore is oxidised, the

gold may be readily extracted by amalgamation, while .ae ore con-

taining sulphides and other unoxidised minerals is placed in another

class. As a matter of fact, a great many sulphide-bearing aurifer-

ous ores will yield their gold more readily to amalgamation pro-
cesses than will some of the so-called free milling. In most C-isea

the gold present is in quartz or in small pieces mixed with metallic

minerals. On crushing, the gold, if freed and not too fine, will

amalgamate. That which escapes is free gold, and will be c:iught
on concentrators Avitii a large amount of barren pyrites. The py-
rites may be altogether free from gold, and yet

1 the m'xture may
assay 3 or 4oz. of gold per ton. In this case good extractions may
be obtained by simply cyaniding the material. Pyrites, arsenical

pyrites, blende and galena may sometimes in this way be treated,

and excellent returns obtained at a low cost. Experiments should

always be made to test this before expensive works are erected.

In many cases, the gold in pyritic ore is very fine, and evenly dis-

seminated through certain minerals. For instance, ^ pyrites are

present only, all the gold may be in or on the surface of these, and

none in the stone
;

if arsenical pyrites are present there will gener-

ally be more in the arsenical
;
while if blende or zinc sulphide oc-

curs, the gold clings to it by some process of natural selection, the

silver going to the galena. In this case, the simplest method is to

grind the materials finely, thereby liberating the enclosed gold ;

then treat with cyanide. Unless compounds of gold, such as tellu-

rides, are present, extractions may be obtained which are in propor-

tion to the fineness of grinding. The trouble, as a rule, with this

method is not to get the gold into solution, but to separate the

whole of the solution from the slimes. Even after very fine grind-

ing a large proportion of such concentrates may be treated in vats,

for the product, though fine, is still leachable, but the true floating

slimes from the battery, and those from the overflow of the grinders
used for the concentrates, are impenetrable. It may be indicated

at this stage that such slimes may be treated by first roasting
them raw with cyanide solutions, and filter pressing, or by agitating
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them with dilute cyanide solutions, and then decanting them. In

all cases if slimes are worth treating provision should be made
for so doing when the crushing plant is erected. When a reef car-

ries a high percentage of pyrites rich in gold, it may be more econo-

mical to concentrate the pyritic material, roast it, and then treat

the roasted stuff with either chlorine or cyanide solutions. It may
prove just as cheap to roast some pyrites as to grind them suffi-

ciently fine for a good extraction. The subsequent cost is less on

account of the possibility of direct treatment in vats. The objec-

tions to roasting certain classes of ore is that if not properly per-

formed a large amount of chlorine or cyanide is used up, and bad

extractions obtained, while even in some cases if the roasting has

been carried on perfectly, reactions or changes cccur whereby some

of the gold becomes locked up, and no solvent, such as chlorine or

cyanide, will remove it. Curiously enough, even after finely grind-

ing the roasted material and agitating it with cyanide or chlorine

solutions, such gold from a particular mine would not dissolve. Yet
if the original ore were slimed and cyanided almost xhe whole

of the gold could be removed. No hard and fast rule can be laid

down
;
each case must be decided after careful experimental work.

When the metallic mineral contents of a lode amounts to 30 per

cent, or more, and the gold is associated with this mineral, then

bulk treatment is advisable. The slimes produced, amounting as a

rule to more than 40 per cent, of the material, would have the

same or higher values than the original ore. The concentrates wouiu

need dilution with sand for an effective roast, while the small quan-

tity of sand discarded would also carry a percentage of gold
which would be lost, or additional expense incurred by cyaniding
it separately. If ore is to be treated in bulk it should be dry
crushed. Wet crushing is slightly cheaper, but a separation of sand,

slimes and mineral is always effected. With dry crushing all ma-
terials are evenly mixed, which leads to uniform work in roasting,
and also in the even percolation of solutions when the roasted ma-
terial is placed in vats. By such a method of treatment the whole
of the fine gold can be dissolved out, and it is questionable whether
such material, after all the fine gold has been removed, could not

be more effectively treated by amalgamation over copper plates,

thence over concentrators to remove any coarse gold, than by re-

moving the coarse gold first, and dealing with the slimes af .erwards.

The slime trouble would certainly not exist, while any coarse sanda

could be saved by classifiers if gold was still locked up, and any
fused particles or specks of coarse gold would be caught on the

concentrators or amalgamated. In case an ore, even when neavily

mineralised, contains a notable percentage ot galena, it may not be

advisable to dry crush and roast the whole of the material. In

this case, it will be better to crush through coarse screens in an

ordinary stamper battery, and remove the strip of galena carrying

gold, which appears on tne edge of the Wilfley. A wider strip

than necessary may be taken off at firsfr, since the galena band
moves laterally as the contents fed on to the table vary. By placing
a dividing line so that galena always is caught a good deal of other

concentrated minerals come over also. This material should be re-

dressed by feeding it on to a separate Wilfley evenly. In this way,
a clean strip of galena may be taken off, which contains a large
amount of free gold. This may be ground in Berdan pans, and the
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overflow, still containing high values in gold, sold to the smelters.

The lead present will usually defray all costs, the gold and silver

being profit. In any mine where galena is abundant this method
of treatment commends itself. The slimes resulting from the- wet

crushing should be cyanided at the same lime as produced. This

may easily be done by first thickening the pulp in spitzkasten, agi-

tating and cyaniding. If poor, they should be treated by decanta-

tion; if rich, by filter pressing.

In connection with this matter it should be remarked that the

Wilfley table, the Luhrig vanner, and such machines which separate

minerals into bands or strips in accordance with their specific

gravities, are open to objection when such material requires to be

roasted. For instance, bands of galena, arsenical pyrites,

pyrites and zinc blende form on the table or vanner, and drop into

boxes as separate products. These never become properly mixed,

and the particles often become lumped together. Galena, as a rule,

accompanies the gold, and hence is the richest of the concentrates.

When roasted a portion of the lead sulphide becomes lead sulphate,

and also lead oxide. These react with the core of unaltered galena,

producing some metallic lead.

PbS + PbSO 4 = 2Pb + 2SO;2 ,

andPbS + 2PbO = 3Pb + SO.,.

The lead so produced gathers up adjoining particles of gold. When
this passes through the furnace it may come out as metallic lead,

in which case the gold it contains cannot be dissolved either by

cyanide solutions or even with chlorine. If the roasting is pro-

longed the lead oxidises, and the oxide of lead fuses and coats

adjoining particles, leaving a minute sphere of gold or silver covered

with a glaze. This material also is no: attacked appreciably by
solutions. The tendency for this effect is greatest when the gold
and lead are close. If the small amount of galena present were

distributed through the concentrates, and if finely ground, the

effec; is much less. Again, arsenic compounds lose their arsenic,

and antimony compounds their antimony, and these become oxi-

dised much more readily when sulphur is present in excess. The

tendency of sulphur is to form volatile compounds witi, both 01 the

elements mentioned. These compounds become oxidised immedia-

tely they reach the hot air, and are either swept awry or ren-

dered harmless. When pyrites in excess are thoroughly mixed with

arsenical pyrites or arsenical compounds, the latter are amongst
the easiest ores to roast. Zinc sulphide also is converted into sul-

phate much more easily in contact with pyrites than when separate.

An ore running a few pennyweights per ton, with a small per-

centage of pyrites, the bulk of the gold being in the pyrites is

naturally one suited for concentration. If the concentrates pro-

duced amount to about 18 to 20 tons per week, it would be as

well to treat them on the spot, provided conditions are favorable.

If they amount to a much larger quantity, then, unless very near

customs works, it should pay to treat them at the mine. If this

quantity of pyrites is produced, and it is desired to sell to the smel-

ters, it is better to erect a furnace and rapidly roast the concen-

trates. The whole of the arsenic may be expelled, and the sulphur

brought down to a very lo>w amount for a few shillings per ton.

As much as 25 per cent, saving on freight and more than that on
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the charges per ton for smelting may be effected. There is really

no reason, except in a fSw instances, why gold should not be pro-
duced from such material by chlorination or cyaniding at as low a

cost as smelting. The main trouble is to secure men who are com-

petent to carry on this branch of the work.

The following furnishes approximate prices for the cost of a mill

for any out-of-the-way mine on the lines previously suggested :

20 N.H.P. Cornish flue boiler for lOOlb. working pressure... 200

30 N.H.P. Cornish flue boiler for lOOlb. working pressure ... 275

20 N.H.P. horizontal side valve engine, with governor 275

Compound engine, with governor complete 350

10-head iron-framed battery, llOOlb. stamps, 5-head belt driven

from underneath counter shaft, with cross-keyed tappets,

etc., complete 600

Copper plate tables, with 20 feet copper for each 5-head 40

30-inch Berdaii pan and framing complete 20

Concentrating table, complete 125

Grinding pan, 4 feet 6 inches diameter 50

The cost of a suitable s'tonebreaker would amount to from 50

to 70.

An automatic ore feeder could be made for ,10 complete.
In addition to this, shafting, belting, and pulleys would absorb

about 120. The cost of carriage, sheds, and foundations, and
erection would cost from half to as much as the plant. Roughly
speaking, a 10-head battery, with appliances indicated, would cost

from 1000 to 1500.

Ordinary battery practice does not need much discussion. The

work is for the most part simple and mechanical. In Victoria,

especially at Bendigo, crushing is cheaply done, but costs would be
a good deal less than they are if stonebreakers, feeders, and more
modern types of batteries were erected. For small mills it is of no
use procuring extra machinery where the same number of men are

employed with or without it, unless the extra machinery means a
reasonable reduction of costs per ton.

No 10-head or larger battery, crushing regularly, should

be without a stonebreaker, grizzly and automatic feeders. The

stamps, as before indicated, should not be less than lOOOlb. in

weight. Whether inside amalgamation by means of copper plates is

practised in the box or not is largely a matter of taste. In general
it is advisable to feed mercury into the box except with heavily

mineralised ores. The amount fed in should be 2J times the weight
of gold liberated. That is, if stone is crushing 2oz. per ton, and
a ton is crushed in a 5-head battery in an hour, then 2 x 2, or

5oz., of mercury should be fed in per hour. If the stone runs

one ounce per ton, then 5oz. mercury in two hours will suffice.

An even, regular feed along the length of the box should be sup-

plied. The state of the outside plate will generally indicate the

proper amount to feed in
;

if this plate is sloppy, too much is

passing in to the box
;

if dry, too little. Very little care is usually
oxercised in packing a box; in many cases the rubbish from the

last clean up is shovelled back again, making the box foul from
the start. Clean, angular pieces should be wedged between the

dies, leaving room for any amalgam or gold to lodge. Amalgam
will always get into every crevice in a rich crushing, and the pro-
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vision made by some makers in having liners with ripples ca/st in

them appears to be good, although I never had any experience witn

them. From 3 to 5 gallons of water per stamper per minute are

used in ordinary practice; in this matter it is better to use about

two-thirds of the total amount by supplying each stamp evenly

and to apply the remainder or one-third after the sand has left

the first copper plate. The pulp will not be thinned too much in the

box; most of the amalgam passing through the screens will be

caught on the top plate, the overflow from the box serving to carry

it this far in a series of pulsations. The water to prevent the lodg-

ment of sand on the remaining plates can be evenly supplied across

the table. If plates are properly laid, well amalgamated, and

attended to, wells are unnecessary.

All that need be said about concentration of gold ores is that

concantra.ors which are well adapted for saving minerals of high

specific gravity will not do corresponding work on gold ores. For

instance, if the gold is all in or attached to pyrites, then the saving
of the pyrites is what should be aimed at

;
but where the gold is

excessively fine, especially when associated with clays, slates, the

graphite pug so common in reefs, or even with limonites, then

concentration will never give results that should be obtained by
other means. The losses in the slimes are particularly heavy, and

saving of gold means practically the saving of the whole of the

slimes. Fortunately the modern doctrine "slime everything and

extract the metals chemically" has transformed the old-time trouble

into a positive advantage.

Any well designed plant of any magnitude should have provision

made for slime treatment from the outset. A hydraulic separator
could be used to wash the slimes from the sand

;
the slimes should

then be thickened up in a short series of spitzkasten ;
the pulp

drawn off at the spitzkasten will contain 45 per cent, of solid

matter. This should be run into an agitator, dilute solutions of

cyanide added, and stirred or agitated with air until the gold is

dissolved. A small amount of lime should be fed in with the

ore at the battery; this will facilitate settlement in the spitz-

kasten. For ordinary low-grade slimes agitation followed by de-

cantation, after the manner practised at the South German mine,

Maldon, or preferably after the manner suggested by Mr. Frank

Moss, of the Kalgurli mine, would be economical and effective.

The overflow from the spitzkasten, containing a very small quantity
of slimes, should be returned to the battery. In most cases with
our ores, if the slimes are well separated from the sands, the latter

are too poor to treat. In certain rare cases, where the coarse

material which escapes is as rich as the fines, then as a rule a

preliminary grinding must be applied before the sands are cyauided ;

otherwise the extractions may be very poor. If a small quantity
of rich slimes requires treatment, the simplest plan is to first

dehydrate them by a rapid roast, put a layer of coarse sand in

the bottom of a vat, a layer of about two feet of the slimes

above it, and then a foot of coarse sand over this. Solutions may
ba passed upwards which will come through the upper layor of

sand absolutely clear, not clogging it in the slightest. Even sun-

baked slimes may be treated very often in this way, whereas they
would be absolutely impervious if dumped into vats in the ordinary

way. As a rule, the amount of true slimes from pan grinding is
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Email
;
the bulk of the ground material may be treated by perco-

lation.

In case pyrites require to be roasted and treated by cyanide or

chlorination, the form of furnace selected is important. For

small mines roasting from one to two tons per shift, the furnace

made by Jaques Bros., Richmond (\
7
.) is simple and effective. It

may be driven by an oil engine, and requires but little attention.

Sometimes the cost of any mechanical furnace is too great; in thac

case a simple hand-rabbled reverberatory is sufficient
;
there are

many types of these, mostly bad. The furnace described in the article

on Bethanga is the best for the class of work in Australia. Through
the courtesy of Mr. A. H. Merrin, Queen-street, Melbourne, the

following particulars of the reverbera t ories designed by him for the

Cassilis G.M. Co., Gippsland (V.), were obtained: Outside width,

10 feet ; width of hearth, 7 feet 9 inches
; spring in arch, 2 inches

;

height of arch at centre, 10 inches; pitch of first hearth, 3 feet

in 26 feet; pitch of top hearth, 1 foot 9 inches in 26 feet; width

of discharge hopper, 10 inches. These dimensions, together with

the notes on the Bethanga furnaces, will give the essential details

for the construction of such a furnace. Vnere bricks can be made
on the ground, the total cost, independent of the stack and flues,

amounts to only about 120. If the ore contains pyrites running
about 20 per cent, of sulphur, about a ton per shift can be thoroughly
roasted. If very heavily mineralised, about two-thirds of a ton per
shift. More than double that quantity could be put through it

a roast free from magnetics were not required, the ore being
freed from its sulphur in less than half the time it takes to roast it

thoroughly. The furnace is just as large as can be managed by a

single workman. The lowness and flatness of the arch is in marked
contrast to most furnaces in operation, but experience proves that

it is quite high enough, and a great economy of fuel is effected.

To work a furnace such as this, it should be fired slowly for a day
before roasting begins. The pyrites, preferably dry and free from

lumps, should be fed in at the top until about four inches deep.

The temperature should be barely sufficient to distil the sulphur off.

As they are moved down by rabbling, the sulphur given off will

commence to burn, and while this action is going on rabbling
should be carried on vigorously. The ore is shifted to the next

rabbling door, a fresh lot being run on to the first nearth. After

all energetic action is over, it will be found that almost the whole
of the material is magnetic, partly magnetic sulphide, but mainly

magnetic oxide; this material may be brought down, a door at a

time, a fresh charge going in as soon as the top one is moved
down. Fuel should only be put on when the" material has been

discharged from the last hearth. As soon as the smoky flame

has ceased the sand may be brought on to the last hearth, and each
lot brought down one door, the greatest time being spent near .^e

top in simply stirring the almost raw pyrites. The sparking to-

wards the lower doors when the ore is turned over or allowed to

run from the spadelle through hot air will indicate the progress
of roasting, but a simple horseshoe magnet, as recommended by me
many years ago, and now extensively used, supplies the best guide
to the s'rate of the roast. The tempeiature should always be high
enough to decompose any sulphate of iron, but in most cases only
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traces of this are to be found at any part of the furnace. Sulphate

of zino and sulphate of copper form readily, but they have practi-

cally no deleterious effect on chlorine solutions, and may be dis-

regarded. If the ore has been roasted at a low temperature, to

start with and a full red, but not high enough to melt gold, at

the finish, and if a few odd specks on^y adhere to a magnet when
tested on a sample of the cooled sand, the ore is roasted. Very
oiten salt is used, in mo-st cases uselessly, for just as good an ex-

traction may be got without using it at an. There is also danger
of some volatilisation of gold, but in most cases statements made
on this score are exaggerated. Probably when lead or copper is

present these may be ohloridised to a certain extent by the salt

crudely fed in. The salt should only be added at the -owcst

door a few minutes prior to discharging.

After roasting, the ore may be treated either by chlorine or

cyanide. If there are no compounds capable of destroying cyanide
or .unduly using it up, then it should be used in preference to

chlorine. Gold will be dissolved almost as speedily by dilute solu-

tions of cyanide as by chlorine solutions of equivalent strength.

If much lime or magnesia, oxide of zinc, or even finely divided

clayey material of slimes be present, an inordinate amount of

chlorine would be used up. In this case either a cheap acid wash,

such as with sulphuric, should be given to neutralise these com-

pounds, and then the chlorine solutions or gas may be applied.

However, it is simpler to run on cyanide solutions. As to which

is the best way of applying chlorine, it may be stated that if

the gas is applied as recommended by Plattner, that is, passed

through the slightly moistened ore, then if the gas passes perfectly

through the ore, the gold will be dissolved in 48 hours. The time

generally recommended 24 hours is too snort, and if all the gold

does not dissolve in 48 hours, then it is of no use applying chlorine

for a longer time. If pressure is used by forcing in an extra amount
of gas then a more speedy solution may be obtained, but at the

expense of more chlorine. After seeing various forms of barrels

at work, including Mears, Newberry-Vauun, and Rothwell's, the

author can positively say that no more gold is dissolved by these

processes that can be extracted by the Plattner system. By only

slightly damping the sand a saturated solution of chlorine is always

kept in contact with the gold. The closed vat system is, on the

other hand, troublesome. Gaseous chlorine has to generated and

kept going. Solutions are highly charged with the gas, and give
it off freely; a leak in a generator, pipe or vessel is always a

great source of trouble.

It is also difficult to reduce the work to routine. The open
vat system or modified MunktelPs, is more easily managed, while

much larger quantities of ore may be handled. In this, chloride

of lime and sulphuric acid are mixed, so as to liberate about 4oz.

of chlorine to the cubic foot of solution. The sulphate of lime should

be allowed to settle. The plan of running the two so as to mix

the two in the stem of a Y pipe, under the belief that chlorine

under those conditions is nascent, is absurd. These solutions may
take as much as from 10 days to a fortnight to dissolve the gold ;

in some cases it comes away in from three to four days; further,

the top of the ore will often lose nearly all its gold when the
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bottom is untouched, and finally if such solutions are run through

for any length of time channels tend to form, giving unequal

extractions. Sulphate of lime also tends to clog up tne filter-bed,

which should be carefully looked to from time to time. Chlorinated

water, as used at Mount Morgan, is preferable to the mixture usexi

in the Munktell process, but it would not pay a small company
to erect a plant on the same lines. In .~e case of c~e open vat

system, a large amount of chlorine invariably escapes, the light

destroys a great deal more, and usually a great deal in excess

is run through the ore and wasted when the gold is precipitated.

The Black permanganate process has the advantage of being a

clean process, absolutely free from escaping chlorine, and show's

at once by the fine red color of the solutions when the ore has

ceased to destroy it. There may be a claim in this case to nascent

action, for the permanganic acid, as long as it is present, shows

a gorgeous color; chlorine is liberated from the salt, but as soon

as used up in dissolving gold a fresh portion appears to be liberated,

lu other words, chlorine is not instantly set free from the materials

present, but in the same way as from aqua regia. From experi-

ments on a considerable scale, I can say that if it is applied pro-

perly, just as much gold will be dissolved in the same time as

with any chlorine solution process. It has the advantage also of

being much cheaper than any. If an ore contains copper, gold,

and silver, it may be roasted, then treated with dilute sulphuric

acid, or by the permanganate process. Tne gold and almost the

whole of the copper may be dissolved
;
the gold can be precipitated

either on charcoal, with sulphur dioxide, or by fractional precipi-

tation with sulphuretted hydrogen, and the copper precipitated on

scrap iron. All acids should then be washed out, an alkaline solu-

tion run on, and the silver and a small quantity of tne remaining
gold extracted by cyanide solutions. This method was adopted suc-

cessfully years ago at our school works on ten ton parcels. With
other metals present other methods would be adopted; but it can-

not be said that many ores are absolutely refractory. Pyrites,

arseno-pyrites, and zinc blende, give no trouble worth mentioning ;

pyrrhotite or magnetic pyrites, copper ores, and galena are more
, difficult to roast, the last especially causing trouble in some in-

stances. Antimony in small quantities, either by itself as sulphide,
or with other metals, such as copper and lead, in fahl ore and

bourmonite, the last a rather common mineral accompanying gold,
and often mistaken for galena, does not make an ore impossible
to treat; but if the percentage of stibnite or such minerals is high

ordinary methods fail. By mixing a small amount of stibnite with
a large amount of pyrites, the gold from botn may be extracted

;

but a simple method for recovering both antimony and gold remains
to be discovered. Probably some of the electroly ic methods pa-
tented will be yet simplified sufficiently for ordinary practice.

In concluding these somewhat scrappy articles, attention should

be drawn to tailings assays. The young metallurgist who s arts so

often hears that the gold from various classes of ore has bee i

extracted down to a pennyweight, or even n few gra n
,
or o ten only

r. trace. He finds that he cannot do such close work, and knows
that he dare not confess it; in consequence of this, he is placed

very often in a false position. In travelling round the jroldfields

P6
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of Australia I had excellent opportunities of taking samples of

tailings from all places, and although not one assay of these has

been disclosed, it may be positively stated that the only cases in

which traces of gold were left in were those ores which originally

carried very few pennyweights per ton. Next it may be said that

many believed their tailings to be barren, and did not hesitate to

say so; yet they were never tested by any proper assay; others

who assayed deluded themselves by taking such small quantities

that their balances faithfully recorded a trace, whereas if reasonable

quantities had been taken pennyweights per ton snould have been

put down. In fact, with regard to this matter, a clean sweep of

most statements can be made. Up to 90 per cent, may be extracted

by amalgamation processes from suitable ores. Concentrates,

whether lOoz. to the ton or 5oz. to the ton, should be brought
down to less than 4dwt. per ton by chlorination

;
but it "will be found

almost impossible to bring them to less than from 2 to 2^dwt. per
ton. They may be reduced to the same values with cyanide solu-

tions. If they are finely ground or are slimes, they may come
down to slightly below one pennyweight per ton, but this is one

of the rare extractions. Any tailings left with 5 pennyweights to

the ton or more may be looked upon as the residues of bad metallur-

gical work. Of course from the best mills bau batches will occasion-

ally be turned out, but there is something radically wrong when

high tails are turned out repeatedly without the slighest effort to

check the waste
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Assaying and Gold Refining-.

The following notes are written for a large body of enquirers
who have appealed to me for some simple information on the

ordinary work connected with assaying and dealing with special
auriferous material.

In the first place a furnace is needed. The ordinary forge would
do for a good deal of work, but it is objectionable, because it needs

constant attention to the bellows, w^ich supplies the draught, the

crucibles are heated mainly on one side, and in case of graphite or

plumbago crucibles are readily burnt through. Plumbago crucibles,

it must be remembered, are made of about equal parts of fireclay

and plumbago, and plumbago consists of exactly the same
element as coke or charcoal, only it will burn much more slowly.

Yet in course of time it may be wholly burnt away. Another objec-
tion to the forge fire is that the blast causes pieces of charcoal to

blow about, and if these get into the pots where assaying is being

done, they are highly objectionable. Gasoline furnaces and others

are on the market now, and, although these are clean and useful,

there is no reason why a simple assay, melting and muffle furnace

should not be built in any place. The requirements of an assay-
furnace are that it should have an even draught from below, and
that a temperature sufficient to melt cast iron should be attainable.

.V simple form is shown in the section Fig. 1. This is a small

furnace, only suitable for one pot. Since our bricks are 9 inches

by 9 inches, it would be advisable to make one like this 9 inches

square and 16 inches deep from the top down to the top of the

firebars. The bricks in contact with the fire should be good dense

firebricks; the others may be ordinary common bricks. Instead of

having the frame door (A) down below, a couple of cast-iron bars

will bridge the opening to the a-sh pit. Any piece of sheet iron

will do to close this up, and if an adjustable opening is made will

answer just as well. The firebars (F) rest on small cast-iron baas

about 1 inch square (K) built into the furnace. The firebars may
be about 1 inch wide on top and spaced about half an inch apart.

Generally speaking, they may be lifted or pulled out and cleaned

from clinker or slag. In case there may be delay or trouble in

getting such bars, about f-inch cast-iron bars may be built in
; they

should be placed on the angle and spaced about an inch apart.

The flue for the escaping gases should be as near the top of the

furnace as possible, and should be about 3 inches wide by 4-|- inches

high. This should lead into a chimney at least 20 feet in height.

A damper should be* put in this such as is shown in Fig. 2 (G). A
cast-iron cover should be provided with an opening the size of the

furnace. A slab of firebrick bound round with hoop iron forms an

excellent cover.

A furnace lor holding at least four H pots may be constructed

O'ii the same principle. This should be abouc 18 inches deep and

15 inches square. An escape flue of 6 inches wide by 4 inches high

will be sufficient for this.

The muffle furnace should take a muffle about 6 inches wide

and 12 inches long. A section of this is shown in Fig. 2. A is the
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muffle, B is the furnace space around it, E is the escape flue

into the stack, G is the damper, C is the ash pit, D is the ash pit

door. It will be found convenient to have a good space for char-

ootal below the muffle. The clear space of the furnace, including
the muffle, should be about 12 inches by 12 inches, and the muffle

should be 4 inches above the bars. It is also a better plan to

make the ash pit door so high that the firebars may be stirred, and
the spaces between them readily cleared. A well fitting door should

be provided.
In all cases all bends should be converted into curves, so that

the escaping gas shall not have to pass round sharp angles. Trie

flues should be so arranged to the chimney that the gases do not

flow against each other. It is also very important that all the

gases which go into the chimney should be sucked through the

fire that is, there should be no other opening but that from the

furnaces. The draught mainly depends upon the heat of the gases

in the chimney, and if cold air is sucked in the flow through the

fire is at o>nce checked. The only firebricks used are the few in

contact with the flame; these should be set in fireclay, the remain-

bricks should be set in a mixture of equal parts of welLpuddled
clay and sand. Mortar is of no use, as it will not set. Cement
should be used for facing the ash pit of the melting furnace. It

vould be as well to encase the brickwork with liglu sheet iron,

held in place by rods through the brickwork.

The selection of the sample for assay need not be dilated upon.
Select a sample which will represent the bulk parcel. This is mot

an easy thing to do Avith many ores, but if you take precautions,

you need not go w.rong. The method of sampling sand, whether
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in heaps or vats, with a sampling-rod like a cheese-tester, gives

bad results. The top layers are pushed down and give proportion-

ately more upper than lower stuff. For instance, when once

sampling a vat containing a two feet layer of red sand and a 2

feet layer of white sand below, the rod brought up nearly three

parts of red and only a little more than one part of white sand.

You can easily test your own sampling by going over your work

twice, and taking a second sample. Instead of doing

duplicate assays of the one sample, sample down

twice, and make one assay of each sample; this Avill check

both sampling and assaying. If you have a heap of tailings to

sample, map it out into squares. Take a sample of each square,

from top to bottom, and assay eacii one separately. Do not

trust to a few samples in this case. Sampling a heap of quartz

is a more difficult matter. If it has to be accurately valued the

Fig. 2.

best plan would be to cut a couple of trenches right through

it, and take all the material to a battery. From this the values

of gold could be readily determined. If no battery is available,

cut the trenches through as before, break down the stone selected

to small size, cone and quarter down to a few pounds. In this case

also one sample should be taken from the opposite sides of the cone.

and another from the quarters at right angles to this. This to

some extent checks the sampling. In any case, it means a lot of

careful work. Selecting a few samples is worse than useless.

Mine sampling is a large subject, and cannot be adequately dealt

with in an article of this character.

Assuming a sample of quarte is to be assayed. It may weigh
from 2 to 201b. In the latter case it is broken down to a small size,

say, about the size of split peas, 1'nis is quartered, the two oppo-
site quarters taken and kept separate from uie other two. Each
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two quarters or one-half is again quartered, and half select ed as

before. This process is again repeated after crushing the selected

portion more finely, if there is coarse gold present. The next sub-

division gives a sample from each lot, weighing about 2lb. -.his

is weighed. These are kept separate, and each crushed down until

it will nearly all go through an 80 mesh sieve. The coarse gold
will not pass through. This coarse residue is carefully shaken out
0*1 to a large sheet of glazed paper, and the gold present estimated
on the sample so taken. For instance, if the weight of the sample
taken is 2.241b. avoirdupois, and the weight of gold is one-tenth
of a grain (O.lOgr.) then, since 2.241bs. give 0.1 grain, a thousand
times the weight of the sample, or 22401bs., should give a thousand
times the weight of the gold, or 100 grains, or a ton, would give
4dwt. 4gr. This, of course, is independent of any fine gold

present.

The method of getting this coarse gold will be described later

on.

The next operation is to sample down the fine sand which passed

through the sieve. This might be done by spreading the sample
over a sheet of glazed paper, marking it roughly into square*

Fig. 3.

and taking a pinch out of each square with a small scoop. As a

rule the gold is very fine, and tends to run through the grains of

sand on to the paper below, so a better plan is to make use of the

split sampler. To make such a sampler, take six strips of tinned

sheet iron, about 12 inches long and l-- inches wide. Bend them
into square troughs half-an-inch deep and half-an-inch wide. Space
these half-an-inch apart by soldering them to a strip at each end,

which closes the troughs. These strips may be 6 inches long and

the same depth as the troughs. This arrangement would give six

troughs and five open spaces of the same size as the troughs. If

another strip is put on the outside the numbers will be equal, and

if this sampler is laid on a flat sheet of paper or sheet zinc and

the powdered ore emptied on to it as much will fall into the

troughs as between them. By smoothing the layers lying above the

troughs down and lifting the sampler, as much will be taken by
the troughs as is left on the paper. By repeating the process a

small enough sample will be got for assay. Either the sample on

the paper or that in the troughs may be selected.

Crushing a sample for assay in an ordinary mortar fine enough
for assay is very tedious. The ordinary mortars and pestles sold

by dealers are very unsuitable. A semi-circular bowl of cast-iron,

close grained, and thick enough to stand the roughest usage is
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more suitable. A pestle provided with a long wooden handle

is vastly superior to the articles generally sold. For fine grinding
a. slab of cast-iron about 18 inches by 24 inches and 1 inch thick, with

a true surface, is almost indispensable. The grinder is a piece

of cast-iron about 6 inches long, 4 inches wide, and 1$ inches deep
ab the middle, and curved to the ends, where it is 7-8 inches deep.

The plate may have turned-up edges and end to prevent the

material going over.

The next consideration is the size of the sample to be taken for

assay. This will depend on the balance used and other considera-

tions. Supposing it is gold which is being determined then it is.

necessary to take a large sample when the amount of gold is small.

Oertling's assay balances are guaranteed to weigh to 1-lOOOths of

a grain, or O.OOlgr., and weighing may be done with them to

.OOOogr. with care. Some of Ainsworth's (American) balances weigh

to one-tenth of this amount. Oertling's balances are commonly

used, or others of like sensitiveness. In order to see what relation

there is between the sample taken and ihe weighing done, suppose

l,000gr. sample is taken, and suppose the gold obtained is just

weighable on the balance or O.OOlgr. By simple proportion we can

find the value of the ore.

As lOOOgr. is to O.OOlgr. ,
so is one ton in grains to the number

of grains per ton, or shortly

1,000 : .001 :: 2,240 x 7,000 : ans.

1,000 : .011 :: 15,680,000 : ans.

There are, therefore, 15.68gr. in a ton of such material as this.

Now, assuming the balance reads to .OOlgr., it follows that if no

perceptible difference is noticed when the gold is put on the pan
that the amount of gold is greater than nothing, but less than

lo.68gr. per ton. This amount is recorded by an assayer, who takes

such a sample with such a balance as a trace. What its true value

is can only be determined by baring a more sensitive balance, or

taking a larger sample. Next, suppose the weight is .002gr. on,

the same size sample, then the value per ton will be put down
as 2 x 15.68 or 31.36gr. per ton. In other words, it is greater than

lo.68gr. per ton, but it less than 3 x 15.68 or 47.04gr. per ton.

Its value is put down as 31.36gr. per ton, but obviously it will lie

anywhere between the indications .001 and .003gr., or between
1-5.68 and 47.04gr., being of course nearer to the central than to

the lower or higher values. If oOOgr. samples are taken then

anything less than the lowest readings would be called a trace.

This would amount to 31.36gr. per ton, and each reading would
indicate a step of 31.36gr. If only lOOgr. samples are taken
then anything under 156.8gr. per ton, or 6dwt., may be looked upon
as a trace. If, on the other hand, 2.OOOgr. are taken, then one-

half of 15.68, or 7.84gr., will be indicated. If 3,000gr. are taken,
then one-third of 15.68gr., or 5.23gr.. or less, are indicated. Or if

10, OOOgr. are taken, then only one grain per ton would be looked

upon as a trace. Now, unfortunately, it is a common practice

throughout Australia to quote very low returns of tailings on very
small assay samples taken, and it is very unsafe to rely upon values

which are published. Any case where it is stated that high gold
values are reduced to traces by certain treatment needs most care-

ful investigation, for in many cases misleading infonnation is cir-

culated.
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For poor cyanide sands it is not advisable to take less than

in each .sample, the buttons obtained may be weighed separately,

and then together. For very poor cyanide tailings after treatment

as much as 10,000gr. may be taken by running down four assays of

2500gr. each. For such very poor material, however, assuming

many assays were to be done, it would be better to obtain a more

sensitive balance, and to take lesser quantities. For concentrates

and richer material easily dealt with, it is not advisable to take less

than lOOOgr. The errors of sampling are minimised, the values

obtained will be closer to the truth than if a small sample is taken.

I am, of course, referring to such ores as may be easily dealt with

by assay, and that the ordinary assay balance is used. The calcula-

tion of results is a very easy matter, and may be stated in simple

proportion. The only thing to remember is that the grain weight
is the same for all English systems ;

that is, a grain weight avoir-

dupois, troy, or apothecaries weight is the same. There are

7000gr. in one pound avoirdupois, so that there are 7000 x 2240 or

15,680,000gr. in one ton. If lOOOgr. are taken and a thousandth

of a grain of gold are obtained, or O.OOlgr., then this means one

grain in a million, or 15.68gr. in a ton. If the balance reading

is 0.030, this is 30 times as great as 0.001, or 30 x 15.68 will be the

amount of gold per ton, or 470gr. This is very nearly an ounce

troy, so that a number like this is useful to know what the reading

on a balance indicates approximately. If SOOgr. be taken every

thousandths of a grain in the balance must be multiplied by 2 x

15.68, or 31.36 to give the grains per ton. If ISOOgr., then the

multiplier is 10.45. By working out the value for different weights
on the balance and posting it up behind the balance, the yield per

ton can be put down as soon as the butt-on is weighed. There is a

simpler system which avoids nearly all calculation, in which a

weight of a certain size is chosen, so that the reading on uie balance

of 0.010 indicates loz. per ton. This is commonly used by a.s-

sayers, but as this is only written for beginners, there is no occa-

sion to introduce any more than is necessary.

In the case of silver ores, when the values are much higher than

gold, it is not necessary to take such large samples. If logr. in-

dicates the closeness to which the gold assay is taken per ton, then

loz. per ton of silver has about the same value. A sample of

lOOgr. would give results to within 156gr. per ton, and one of 50gr.
to within less than loz. per ton. The same difficulty does not

occur with this metal as with gold. The scales used for weighing
out the ore need not be very sensitive if larger quantities are taken.

For instance, if they are wrong to the extent of lOgr. in 1000, w.-.ch

would be a great deal, the error will only be one per cent, in the

final assay.

DRYING THE SAMPLE. Samples may contain moisture, and since

an assay is always made on dry material, it is necessary to dry the

material chosen. It is also essential that only adhering water be

expelled. If heated on a steam bath, only this water will be

<1 riven off; if heated to redness, water chemically combined and
other constituents may be given off. By having a hot plate, or

making some sand red hot, allowing the surface to cool, the sample
placed in any convenient dish and stood on it, may be dried quickly
It may then be bottled, and the assay quantity selected from it.

AMALGAMATION ASSAY. Assuming that free gold Is present, an
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amalgamation assay can be readily made. For this, take 2400

grains of the finely pulverised material from which the coarse gold

or metallics has been removed by sieving, place this in a large

wedgwood or porcelain mortar, from 9 to 12 inches in diameter, add

a globule of mercury about as large as a French bean, carefully add

just as much water as will make a thick paste, and about 2 drop*

of nitric acid. Work the sample round witn a pestle until the-

mercury is in the finest state of division through the thick mud.

If too much water is added, the mercury cannot be sub-divided suf-

ficiently. By grinding lightly with the pestle for about 10 or 15

minutes, the mercury will be evenly disseminated uirough the

pulp. Then dilute slowly with water, stirring all the time. When
in a thin paste, the mercury will run together, taking the gold with

it. The slight acidulation with nitric acid causes it to amalgamate
much better, and also to gather rapidly into one globule when
diluted with water. When the mercury is all collected, the bulk

of the pulp may be quietly floated off over the rim of the mortal 1

.

Run a gentle stream from the tap down one side of the mortar, and

the sand will float over in some heavy particles, such as metallic iron

from the grinding plate or mortar; minerals such as galena and

pyrites hang to the mortar. After getting rid of the bulk of the

light sand, the most of the water may be carefully poured off.

Then add a few more drops of nitric acid, and grind again. Dilute

once more, and the minerals will nearly all float out. If some still re-

main, extract the iron with a magnet, grind again, and float off :

practically only tne mercury will remain. This can then be run

into a porcelain crucible, about H inches in diameter, t*ie bulk of

the water poured out, and the remainder sucked up by clean

blotting paper. Fill with distilled water, pour off again, and absorb

superfluous moisture with blotting paper. The washing is to get
rid of any compounds, such as salt, which contain chlorine. Take
one part of pure nitric acid, and two parts of distilled water by
volume, add this to tne globule, place it to one side. The mercury
will rapidly dissolve and leave the gold, containing some silver, in

small brown, spongy lumps; sometimes, if there is much gold, small

ci-ystals of gold will be left. Allow all these to settle, and pour
the liquid off into a bottle this liquid can be kept for purifying

mercury; next add some distilled water, containing some nitric

acid, and pour off again. Then pour some pure nitric on tne lump>
or crystals, and warm up to boiling point. Do not let it bump,
otherwise some may bump out. Pour off carefully; wash with

water twice. In all these operations, it is essential t>hat not one

dark speck goes over with the liquid. This may be easily done by
careful handling, and always pouring the liquid down a clear glass

rod, held in the left hand, against the rim of the crucible, which
is held with the right. When nearly all the liquid is out, the gold

may be tapped down to one side of the crucible, the remaining
liquid lying over it. By rolling up a bit of clean blotting paper,
and cautiously touching the liquid, it may be drawn off almost

wholly, the greatest care being taken not to touch any of the gold
specks. Let the remaining liquid evaporate off quietly by placing;
the crucible in a warm place. When perfectly dry, the gold will

not stick to the surface. Finally heat up to redness, and weigh
the bullion obtained. As a rule the gold got by this method is of

the same standard as that in the ore from which it was extracted.
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To get the pure gold, it is necessary to dissolve the small quantity
of silver still in it. This operation will be described later on.

This method of getting the gold is preferable to taking the mercury
globule and heating it, for there is a great tendency to overheat

the globule, causing it to explode and scatter the gold all over the

place. The practice of volatilising mercury is also a highly dan-

gerous one, and should be avoided whenever possible. The amount
of gold got in this way from most ores will agree almost exactly with

that obtained by assay; but it is specially suitable for ordinary

quartz with but little mineral, where the gold may be all liberated

from the grains of sand. It will also work well with pyrites after

roasting, but is not universally applicable. It will give in all

cases a higher return than can ever be obtained by amalgamation
processes on a large scale. By taking 2400 grains, each grain of

gold obtained means lib. avoirdupois, or 7000 grains troy per ton.

Suppose the bullion obtained weighed 0.524 grains, then the yield

per ton in grains would be 0.524 x 7000, or 3668 grains, or working
out to ounces, pennyweights, and grains.

(6 I 3668
24

-{

(
4

| 611.2]
>-20gr.

20
|

152.3 j

7oz. 12dwt. 20gr per ton.

METALLICS AND SCOKIFICATION. The method of dealing with the

metallics or the coarse gold, which did not go through the sieve, is to

shake it out carefully on to a sheet of glazed paper. Rub the back
of the sieve carefully Avith a hare's foot, so as to work back any bits

of gold caught between the meshes, take a 2-inch scorifier, and warm
it. in the muffle

;
if this precaution is neglected, they will sometimes

burnt if heated too suddenly, through the water they have absorbed

not getting away as fast as it is turned into steam. Run the

metallics carefully into the scorifier, pour in 100 grains of granu-
lated lead, mix by stirring with a glass rod sealed at one end, pour
in another 100 grains of granulated lead. Place the scorifier in

a hot part of the muffle. The lead will melt and absorb the gold
and silver present. Next a portion of the lead will oxidise, and
the oxide will melt and form a ring round the button. This will

go on until the button becomes covered, or only shows a small eye.

If now about 5 grains of powdered charcoal, wrapped in tissue

paper, is dropped on the fluid mass, it will froth up and some lead

be reduced again from the slag. This will carry down to the main
button any gold or silver which may have passed into the slag.

The amount carried down by this means is very small, since the

lead itself contains the bulk of the precious metals, but it is a pre-

caution generally advisable. As soon as the frothing has ceased,

the contents are poured into a mould. When cold the button is

freed from slag and placed in a cupel.
CUPELLATION. The cupels are made by slightly moistening bone

a.sl>, and placing it in a mould. The top layer should be very
fine ; uie bone ash is compressed by means of a piston, struck with a

mallet. The small bone ash dish or cupel is carefully and slowly

dried. Sometimes a trace of carbonate of potash is added to the

water used for moistening the cupel, but this is not necessary.

Cupels may be also made of dry bone ash by compressing them a

little tighter. They are then ready for uso after being warmed
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for a short time. If made too loosely, they will allow gold, lead,
and silver to filter into them

;
if too firmly, they will not let litharge

flow freely enough through them. Cupellation depends mainly on
the fact that when oxide of lead melts, it is more fluid than lead,
and consequently is able to penetrate a porous material like bone
ash. Metallic lead, gold, and silver do not soak in to any ap-
preciable extent. When a lead button containing gold is placed
in a cupel, and sufficiently heated, the lead will melt; then the

oxygen of the air will attack it. Oxide of lead forms and is ap-
parent by the greasy looking spots which run off from the surface
of the button and soak into the hot cupel. The cupel itself be-
comes stained. The gold stops with the still liquid lead. In
course of time, there is more gold than metallic lead left, and the
button becomes brilliantly colored by the films of oxide of lead

running over the surface of the molten gold and disappearing in the

cupel, as before. After this play of colors, all action seems to

cease. The button becomes tranquil, but after a time will brighten
or "blick," and solidify. The lead will be found to have practically
all disappeared, and only gold will be left. ii silver is present, it

will behave in the same way as the gold. If both are present, an

alloy of gold and silver will be left. The temperature required
for cupellation can only be learned by experience. The muffle must
be hot enough to melt the button, and keep oxidation going. If

the button freezes, the muffle is too cold. If too high a temperature
is attained, the lead may boil and spit or volatilise in copious fumes,

carrying some gold and silver with it. The button obtained from
the metallics should be weighed, and since it will contain silver as

well as gold, the former metal must be got rid of.

PARTING. If the button is yellow, put about three times its

weight or six times its bulk of pure silver with it. Wrap both in

a bit of lead foil, and place in a hot cupel. A button of gold and

silver will be left. After a little practice with the blowpipe, the

gold and silver may be melted direct on a piece of clean charcoal,

or in a cupel. It is necessary to melt tnem for some time, other-

wise the gold may be only partly dissolved in the silver. The cupel

method recommended is safer for beginners. By having about 2i

parts or more of silver by weight to one of gold, practically all the

silver may be dissolved out with nitric acid. If there is only one

of silver to one of gold, the acid will only superficially attack the

button ; if too much silver is present, the gold will be left so finely

divided when the acid has dissolved the silver out that there is

danger of losing some when the liquids are poured out. Strong
nitric acid, as ordinarily sold, contains 68 per cent, of pure nitric

and 32 per cent, water. Its specific gravity is 1.414. This acid

acts too energetically on a silver-gold button. By mixing two
volumes of distilled water with one volume of this acid, the

strength will be about 28 per cent., and the specific gravity of the

diluted acid about 1.17. This is strong enougn to attack the bead
if more than 2i times the weight of silver to gold is present. After

weighing the button, it should be put in a small, perfectly clean

porcelain crucible, about half an inch in diameter, some distilled

water poured over it, and then decanted off again down a glass

rod. The dilute nitric acid then poured on it. The button will at

once be attacked. Place the crucible on a hot iron plate, or on an

asbestos mat, and heat nearly to boiling. In two or three minutes,
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the liquid will lose its brown color, and most of the silver will be

dissolved. If any white flakes show through the liquid, or if it

turns cloudy, either the acid or the water is impure, and the results

will be bad. The flakes or cloudiness is due to chloride of silver,

which should never form. Even rain water in most districts will not

be pure enough. Next pour out the liquid without losing a trace of

the gold, then add stronger acid made by taking two volumes of

acid and on^ volume water. This acid will be about 50 per cent,

pure nitric, and have a specific gravity of 1.32. The liquid is raised

to near its boiling point: allow to stand at the temperature for

about five minutes, care being taken that it does not bump. The
solution may then be decanted off

; the crucible filled with hot dis-

tilled water three times, and the liquid poured off each time. It is

finally filled with distilled water, allowed to stand on a hot plate
for a few minutes and then poured off. The drop of water re-

maining may be quietly evaporated off, or partly removed by care-

ful treatment with blotting paper. When the brown powder or

spongy mass of gold is dry, it may be shaken to one spot in the

crucible, and then heated to redness over a clear flame. If the

washing has been properly done, there will be no dark stain round

the gold ;
and the gold will be quite loose in the crucible. The

heating can be done by placing the crucible in a pipeclay triangle,

resting on a tripod. A gas or spirit lamp flame is used. If the

sample is not rich in gold, and if more than three times the omount
of silver was present, then treatment with an acid of the strength
first-mentioned is sufficient. If pure distilled water cannot be

readily obtained, then the gold must be washed with dilute am-
monia water to dissolve out any chloride of silver. This, however,
is not advisable. If the nitric acid on hand contains chlorine, then

a few drops of a solution of silver nitrate should be added to it to

precipitate the chlorine as silver chloride. This should settle to

the bottom of the bottle after vigorously shaking it, and the clear

acid, containing a trace of silver in solution, employed for parting.

This operation is one of the simplest and yet one of the most im-

portant in assaying, and the beginner should take smaller and
smaller weights of pure gold, fuse silver with each lot, and then part

to see whether he can recover the whole of tae gold. With a iictle

care and practice, very accurate work may be done.

CRUCIBLE ASSAY. The next operation, and if there were no me-
tallics present, the previously described work would not be neces-

sary, is to collect the gold in the material which has passed through
the sieve. The object of this assay is to melt down the whole of

the materials added, and to cause the gold and silver present to

unite with lead. Suppose almost clean quartz sand is being de-alt

with, it has been dried and passed through an 80 sieve, and the

motallics dealt with separately. By mixing sufficient carbonate of

soda with sand and applying heat, the mixture will fuse. About
one and a-half parts of carbonate of soda are required for a fusible

slag in an ordinary assay furnace. - ere is often confusion as to

Avhich form of soda to use, the crystallised variety, tne powdered
form, or the bicarbonate. As a matter of fact, these all become
the same substance when heated to redness. The crystal variety,

or washing soda, is unsuitable, on account of the large amount of

water it contains. This causes the substance to melt readily, and
boil over, if heated suddenly. It may, however, be used if it is
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heated first, and the dry powder taken. The anhydrous carbonale

of soda, or "soda ash," is the best substance to use. The onl.y

trouble with it is that it is very often lumpy, and requires pul-

verisation. The commonest material, bicarbonate of soda, or

baking soda, is generally fairly pure, and in the form of a dry pow-

der, so that it is often used in place of the carbonate. On heating

it gives off water and carbonic acid, and becomes ordinary anhy-

drous carbonate of soda, or soda ash. The main objection to this

material is that it gives off nearly 40 per cent, of its weight as ga*,

and the outrush of this gas carries away some of the fine powder
from the crucible before melting starts at all. If bicarbonate of

soda is used instead of carbonate, 60 per cent, has to be added on.

so as to get the same flux. For instance, if 1000 grains of carbonate

of soda are required, then 1600 grains of the bicarbonate will be

necessary. Metallic lead is not put in the crucible to collect the

gold, because it would melt too soon, and run to the bottom; it

would also be difficult to get it fine enough. A compound sucii as

oxide of lead is more suitable. Either red lead or litharge will do

equally well. The litharge should be powdered. Litharge or oxide

of lead will melt freely, and in presence of silica or quartz, will at

once attack it and form a fluid silicate or slag. If, however, were
is charcoal present, the charcoal will combine with the oxygen in

the lead oxide, and allow the lead to go free. By experiment, it is

found that one part by weight of ordinary wood charcoal will reduce

about 24 times its weight of lead. It does not matter how much
litharge is present ;

when the charcoal is all used up, no more lead

will separate from the li charge. A button of lead of any size may,

therefore, be obtained by remembering that 4 grains of charco il

will give 100 grains of lead
;

if a button weighing 400 grains is de-

sired, then 16 grains of charcoal must be added. As soon as the

lead is liberated by the action of the charcoal in the hot pot, it

seizes upon the fine particles of gold and alloys with them
;
the

lead particles run together into globules, and if the slag is made
fluid enough, the lead will sink to one button at the bottom of the

pot. In order to get good results, the charcoal litharge and sand

should be rubbed together and mixed well in a wedgewood mortar

from 9 to 12 inches in diameter. The charge can be 1000 graiius

sand, 500 grains litharge, and 20 grains charcoal. These are in-

timately mixed, all being in the finest state of division. Then 1200

grains of soda may be stirred in, and mixed, and the whole lot

emptied on a sheet of glazed paper, and run into a G fireclay cru-

cible. The mortar may be rinsed out with 300 grains more sodn.

and this may be placed on top. A covering of ground salt, one

quarter of an inch thick, or a layer of borax, may be placed on top.
Neither of the last two materials are necessary in this case. The
crucible may now be placed in the fire. If charcoal fuel is used,

the pot should be put on a piece of brick to prevent it sinking down
to the firebars, when the charcoal burns down

;
if coke is used, it

may be placed in the fire so that its base is about 3 inches from the

tap of the bars. The fuel should now be built round it in small

pieces, care being taken to let none drop into the pot, until the

layer at the sides is well above the top of the pot. As the fire

warms up the soda and sand unite, and frit together, and carbonic

acid is given off quietly. If heated too suddenly, the outside melt
and encloses a ball of powder on the inside, with the result large
bubbles carry the material to the top, and sometimes over the top-
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ot the pot. While the sand is dissolving in the soda, bubbles are

given off, but as soon as action ceases, ^ae mass settles down into

tranquil fusion. The pot at this stage saould be very hot, so

that the slag will not adhere to the side, and so that the molten

mass may be in active circulation, and transfer any gold it still con-

tains to the lead button below. A strip of hoop iron or iron wire

may be added, so as to reduce any lead held chemically by the slag.

In about half an hour from the time of placing it in the fire, the

mass should be in perfect fusion.
rlae iron may be taken out, a

circular motion may be given to the pot to shake down any lead

globules from the side, and the whole lot poured steadily and evenly
into a conical mould. When cool the lead button may be broken

off from the slag. It should weigh from 350 to 400 grains. It

is cleansed from slag, and put in a cupel, whose weight should be

considerably greater than that of the button. A small button ot

gold and silver will remain after cupellation. This button is dealt

with as before, and the pure gold recovered.

THE ASSAY OF MATEBIALS OTHER THAN QUARTZ. The commonest
material in auriferous rock apart from quartz is ironstone. It

this is fairly pure, it will not melt with soda, as both these sub-

stances are of the same nature, or they both at high temperature
will form a slag with quartz. If about two parts by weight of iron-

stone and some charcoal are mixed with one part of quartz and

heated, a heavy fluid slag will form. It is not advisable to form

such a heavy slag in assaying, so it is thinned down by adding
borax glass instead of quartz sand, or borax glass and ordinary

glass. The fusion is also helped by adding some carbonate of soda.

As a rule, there is silica or quartz mixed with the oxides or iron,

so that, remembering that if there is much more quartz than oxide

of iron, soda itself will do for fluxing, say, about a weight equal to

the ore taken, while if there is much more oxide of iron than quartz
oi' silica, take a weight of dry borax equal to the ore, and half the

weight of soda. Limestone, barium sulphate, or clayey material

is treated in much the same way, all requiring borax or glass to

make them fluid. Fortunately, the slags formed will at once show
if they have been fluxed proper {". For instance, a good slag should

pour well, and look like a very fluid glass. It should be capable of

being drawn out in long threads, which have no lumps in them ;

if the slag is like glass, but thick and sticky, there is not enough
soda present. On the other hand, if the slag is stony-looking, there

is too> little quartz or borax present. Such slags do not look glassy

when broken, and do not draw out into threads well. Sometimes
if limestone or allied substances is present in large quantities, these

materials will rise in lumps in a soda slag. This at once shows that

siliceous material or borax should have been added. It is as well

1 o remember that borax will dissolve both quartz and oxides of the

metals, so that a fluid slag can always be got with it. It is also

advisable to remember that no more materials than are necessary
should be added to any assay, and that the bulk should be kept as

small as possible.

CHARCOAL NECESSARY. When oxide of iron or oxide of manganese
is present, it is necessary to add more charcoal, otherwise no lead

button at all may be obtained. For instance, 320gr. of oxide of

iron will consume about 15gr. of charcoal before the oxide can unite

with the quartz to form a slag. If lOOOgr. of pure ironstone, wore
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taken for assay, then about 50gr. of charcoal would be required to

reduce it to the state in which it enters into combination with

quartz, and another 15gr. or 20gr. to reduce the necessary lead but-

ton from the litharge. This quantity, however, is largely in excess

of what is ordinarily required, and it will be found that about 30gr.
will generally reduce the oxides and give a sufficiently large lead

button unless in very exceptional cases. Too much charcoal should

not be added, for it interferes with the fusibility of a slag, and en-

tangles lead buttons. Other reducing agents, such as flour, may be

used instead of charcoal, but these offer no advantages, and most
of them on decomposing give off gases Avhich tend to carry finely-

powdered ores out of the pot.

A trial flux for ordinary clayey or ironstone ores might be for

two cases:

Containing over 50 per cent. Containing much less than 50 per
iron oxide. cent, iron oxide.

Ore, 100 gr. Ore, lOOOgr.
Soda, 500gr. Soda, lOOOgr.
Glass or fused borax, SOOgr. Glass or fused borax, SOOgr.
Charcoal, 35gr. Charcoal, 25gr.

Litharge, SOOgr. Litharge, SOOgr.
Pulverised borax, cover. Pulverised borax, cover.

The borax cover, about half an inch deep, serves to minimise loss

through the gases evolved carrying away some of the finely-divided

ore. The ore, charcoal, and litharge, should be intimately ground
together in a large mortar, the glass, soda, or borax glass then

stirred in, and the whole emptied into the pot. The pulverised

borax, which need not be fused, is then used to rinse the mart.ii-

out and placed on top. The pot is placed in the fire, as previously

indicated, a piece of hoop iron or wire put in, and ae mass fritted,

then fused. In about 30 minutes the wire may be taken out, and
if in tranquil fusion the button may be poured. There is no danger
in getting the pot too hot in the assay furnace described; the

trouble sometimes is to get them hot enough in the time specified.

It is nob advisable to leave pots too long in tne fire, for the best

slag will thicken and become pasty.
PYRITIC AND OTHEE MATERIAL. If material rich in pyrites has to

be dealt with it may be assayed in two ways the former method is

to oxidise the pyrities in the pot with nitre
;
the second to oxidise

the pyritic material in a roasting dish, and then treat it in the

same way as for oxides of iron. In this case the sample where pos-

sible should be sifted to eliminate coarse gold, but as a rule such

material is obtained from concentrators, and has passed over amal-

gamating tables, so that a portion of the gold is amalgamated. Some
of this may amalgamate with the brass mesn sieves commonly em-

ployed, so that it is as well to bear .is in mind. Further, if such

material is very finely ground, there is danger of loss through oust.

ing when being stirred in the roasting operation. It is preferable
to take two large samples of the moderately fine concentrates and

check the resul s against each other rather than check assays on

the same finely-ground sample. There is no trouble about assay-

ing, but there is about sampling, and the check would be on the

sampling, even more than upon the assaying. The method of oxi-

dising with nitre in a pot is not suitable for beginners, while that of

roasting is.

ROASTING THE SULPHIDE SAMPLE. Take a sample of about 1000
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grains, pub it in a roasting dish 6 inches in diameter. Take about a

yard of iron wire, bend about 2 inches at right angles. This will

do as a stirring rod. Rub a little chalk or whiting over the rout-

ing dish, and wipe it out before the pyrites are put in. Spread the

pyrites over the surface. Warm gently by putting the dish in* the

assay furnace o>n top of a cold fire, with the ash pit door closed.

As it warms up sulphide of arsenic, metallic arsenic and sulphur
will sublime. These are yellow or red compounds ;

afterwards the

surface will start to burn. The ore must now be carefully stirred,

and stirring continued until burning ceases. If the disn rises above

it, dull red heat, there is a danger of the mass sintering together
and sticking to the dish

;
if it tends to get too hot lift it out and

stir it in the cold air. This operation is continued until there is

no smell of sulphur fumes given off. Then place the dish back on

the fire, which may now be allowed to burn up, and heat the ma-
terial to full redness, stirring it occasionally. The whole operation
need not take more than 30 minutes. Take it out of the fire and

empty it on to the cold grinding plate. The black powder on

grinding becomes a rich red. Sweep it off carefully with a hare's

foot and weigh it will be found to weigh much less perhaps, as

little as 750gr. It has lost practically all its arsenic and most of

its sulphur, and has taken up oxygen from the air. This material

can now be fluxed like the ironstone samples. Very good returns

may also be got with the amalgamation assay previously described.

If the ore contains much antimony, tin or copper, these metals cause

some trouble; but if the beginner deals with the simple cases given

satisfactorily, he can easily understand the methods given in many
of the excellent text books on assaying.

If the lead button obtained is too large for the cupel, or if it is

hard, due to containing antimony, tin, arsenic, or other metals,

then it is necessary to scorify it before cupellation. It is placed in

a 2-inch scorifier and placed in the muffle. A pinch of bo-rax it>

placed on top, and the action allowed to go on until the button

is covered. Put in about 5gr. of charcoal wrapped in ti&sue paper,
wait until tranquil again, and pour. Break off the slag and cupel

the clean button. The color of the slags, the stain on the scorifier

and cupels indicates to an experienced assayer what metals are

present. The button is weighed, parted as before, and the result-

ing gold weighed, the silver being obtained by difference. When
the amount of silver in the ore is not wanted, the silver necessary
for parting may be added to the crucible, the scorifier or cupel, and

the button parted for gold straight away. In the case of very

poor ores, it is also advisable to add the silver
;
this will serve to

collect the minute quantity of gold wh'ch might otherwise sink into

the cupel and escape observation.

All litharge contains silver, some contains very little, but it i*>

necessary to determine the exact amount. This may be done

under the same conditions as the assay is done, that is, take lOOOgr.
of barren quartz, flux it as before, and take to the finish ng point :

a minute bead of silver will be the result. This may be too small

for determination, but if lOOOgr. of barren quartz, 16gr. of charcoal,

and SOOOgr. of litharge are intimately mixed and smelted, a button

carrying all the silver may be obtained. The amount of silver

in the SOOOgr. of litharge can thus be determined.

The whole process may be followed from the study of the sub-

joined specimen page, from an assay ictes book :
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SILVER A2TO GOLD CRUCIBLE ASSAY.

No. I.

Ore marked: C 21. Bullumwaal. Mineral character: Quartz
sand. Reducing power : Not determined. Charge : W eight before

roasting, ; weight after roasting, .

No. II.

Ore marked : B 84. Glen Wills. Mineral character : Quartz con-

taining iron and arsenical pyrites. Reducing power : Not deter-

mined. Charge: Weight before roasting, lOOOgr. ; weight after

roasting, 720gr.

CBDCIBLE CHARGE. No. I. No. II.

Ore l.OOOgr 720gr.
Garb, of soda . . . . l,500gr SOOgr.

Litharge SOOgr SOOgr.
Charcoal 20gr. ..

Borax . . . . . .

Glass

Argol
Nitre

Fluor spar . . . . . .

Salt Cover

Iron Hoop at finish

In fire 32min.

To fusion . . . . . . 15min.

After fusion . . . . 17min.

Slag color . . . . . . Clear green

Appearance . . . . . . Glassy
Lead button

Weight 415

Character .. .. .. Soft

Scorification . . . . . .

Weight and time

After 1st scorification . . 15min. 128

After 2nd scorification ..

After 3rd scorification

Cupellation

Silver and gold

Silver in litharge

Gold and silver in ore

Gold in ore

Silver in ore

Gold per ton

Silver per ton

Cover

200

Hoop iron near finish

30min.

lOmin.

20min.

Manganese indicated

Dark glassy

430

Hard

12min. 240

(Antimony indicated)

1.220gr.

.OOlgr.

1.219gr.

.296gr.

.923gr.

9oz. 13dwt. 9gr.

30oz. 3dwt.

. .067gr. . .

. .OClgr. . .

. .063gr. . .

. .063gr. . .

. .003gr. . .

. 2oz. Idwt. 3gr.

. 2dwt. 14gr.

SCORIFICATION ASSAYS. Another method of assay is somewhat
shorter than the crucible assay, but very much smaller amounts of

material must be taken. It is only suitable for gold ores where an

extremely sensitive balance is available, or when the material dealt

with is rich, and a result to within a few pennyweights per ton is

required. In this case, the ore is placed in a scorifier and mixed
with granulated lead, a small amount of borax glass is placed on

top, and the scorifier put in a hot muffle. The lead oxidises, and the

oxide of lead either combines with the ore or dissolves it, the gold
and silver present remaining in the unoxidised lead. The scorifier

is heated until the lead is covered, about 5 grains of charcoal pow-
der are dropped in, and the button and slag poured when the bubbl-

ing has ceased. The slag is detached from the lead. The same
37
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scorifier is put back again, and the lead button returned to it until

sufficiently small for the cupel. This method is applicable to

almost any ore, and is specially suited for silver assays.

QUARTZ SCORIFICATION ASSAY. Take 100 grains of quartz, stir

this with 500 grains granulated lead, mix well together by stirring

with a dry sealed glass rod, spread another 500 grains of granulated
lead on top, place in a hot muffle. In a few minutes, the lead will

oxidise, the oxide of lead combine with the silica and form a fluid

ring around the button. When this ring has closed over, add the

pulverised charcoal as before, and after action ceases pour. Repeat
the operation until the button is small enough. If oxide of iron

forms the gangue, go through exactly the same operation, only add

from 10 to 15 grains of fused borax on the top of the charge. It

pyrites or arsenical ores, they will take from 15 to 16 times their

weight of granulated lead, that is, 100 grains would require from

1500 to 1600 grains of lead, and from 40 to 50 grains of borax glass.

Antimonial ores may require more lead and more borax glass. In

ail cases, a perfectly fluid slag must form before the buttons are

poured the first time. If it is lumpy, the assay is no good, and
more lead, more borax glass, or a higher temperature must be ap-

plied. Some assays, especially those containing antimony, show a

tendency to bump, particles may spit out into other assays, and

spoil them. Ore containing tellurides or amalgam may behave in

the same way, and particles of telluride of gold or amalgam may be

projected from the scorifier. As a rule, this may be corrected by

heating very slowly at first, and placing some pulverised borax

not fused on top of the assay. The borax will spread out. and to

a certain extent cover the assay.

PYRITES. When pyrites are taken, or material of a similar de-

scription, provided no loss of gold takes place in roasting and as a

rule, none does take place except by loss of fine dust the pj'rites

may be placed in the scorifier to be used, then roasted gently in the

muffle, stirring carefully with a piece of bent iron wire. The
semi-roasted material may be then treated witli a very much lesser

quantity of -lead, and the work shortened materially. By com-

bining several buttons, of course larger samples may be dealt with
;

but from the remarks already made, the results are not close enough
in a gold assay for modern requirements where an ordinary assay
balance be used.

GRANULATED LEAD. It is necessary now to indicate how granu-
lated lead may be prepared. Get a stout close-fitting tobacco-box ;

melt some soft lead, say, about 121b.
;
do not heat it much above

its melting point ; pour it into the centre of the wooden box, not

letting it touch the edges, or it will stick to them. When it just-

commences to siolidify, seize the box and shake it to and from you
rapidly, throwing the lead against one side, then against the other.

Keep this up until no more grains break up. If successful, the

greater part of the lead will be found to be in fine grains. Sieve

these through a 20-sieve, put the coarse back into the pot, and melt
down again, and repeat until the desired quantity Is obtained.

Sample the whole of this down, take 2000 grains, and determine the
amount -of silver present. Subtract the amount present in the
lead from the silver and gold in the ore, as in the crucible assay.
The details of the scorification assay may be followed from the

form attached.
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GOLD AND SILVER SCOBIFICATION ASSAY.

Ore marked 66A 86A
Mineral Character Quartz. Pyrites.

No. 1, No. 2.

Charge ore lOOgr. lOOgr.

Test lead l,000gr. l,500gr.

Borax glass 15gr.

Litharge ... ...

Scorifiers marked IV. V.

Remarks Fused readily. Fused readily.

Slag color ... ... ... Yellow. Dark brown.

Appearance ... ... Glassy. Dull.

Button character Soft. Hard.

Time and weight of pourings
Time. Weight. Time. Weight.
Min. Grs. Min. Grs.

1 ... 15 500 20 480

2 ... 10 300 10 285

3 ... 10 150 10 130

No. of grains of charcoal added before each pour

lOgr. (1), 5gr. (2 and 3).

Cupellation Grains. Grains.

Gold and silver 064 .086

Silver in test lead 006 .009

Gold and silver in 01 e 058 .077

Gold in ore 012 .024

Silver in ore 046 .053

Assay Report Contained in a ton of 2,2401b.

Gold per ton. Gold per ton.

3oz. 18dwt. 8gr. 7oz. 16dwt. Iggr.

Silver per ton. Silver per ton.

looz. 17oz. 6dwt.

To ASSAY A BAR OF GOLD BULLION ASSAY. The methods of assay

given in books on the cyanide process, such as Park's,

Bosqui's, Turman's, and others are so simple, pro-
vided the preceding work has been done, that it

would be redundant to repeat them. The method of assay-

ing gold bullion in order to find its value is not so generally known,
and therefore needs a little explanation. Assuming that a bar has

been melted down, and that it contains practically only gold and

silver, and that the silver is present in small proportion only, then

there is very little difficulty in taking an assay sample. If the gold
is very impure, there is danger of some parts of the bar being richer

or poorer than, others, but with ordinary gold of fair purity this does

not occur. By means of a pair of cutting pliers, take a clip of

about lOgr. from diagonally opposite corners of the bar, one above

and one below. If the bar is too hard, then use a small sharp cold

chisel, aiid obtain a sample. Next weigh out roughly about lOgr.,

taking good weight. Place this on the assay scales, and if near the

weight rub down with a stroke or two across a fine file
;
when very

near the weight, finish off on a smooth stone. With a little prac-

tice, the weight may be got exactly in less than five minutes. Do
the same with the other sample chipped off.

Take one sample, wrap it in from 80 to 120gr. of sheet lead, and

put it in a hot cupel, and when finished take it out and weigh again.
The button left may be put on the left pan of the balance, the ten-

grain weight left on the right, and the loss of weight made up by
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adding weights to the button, or moving the left rider until equili-

brium is restored. The weights so added indicate the oxidisable

metals removed by cupellation. These may be copper, iron, lead,

bismuth, or any base metals. What is left in the button is only

gold and silver. The other sample should have from 24 to 2ogr.
of pure silver added

; also, assuming no copper is present, a very
small piece of copper, say, O.lOgr. The whole should be wrapped
in 120gr. sheet lead, and placed in a -ot cupel and cupelled. The
buttons are left in the muffle some time after the colored films of

lead have disappeared, say, 10 minutes, in order that the whole of

the oxide of lead may separate. The buttons are taken out and
allowed to cool

; they should be well rounded, and have a slight de-

pression on top. They should not be loose in the cupel, nor should

they stick so firmly that a lump of bone-ash breaks away with them.
If the button spits on cooling, there is either too much silver pre-

sent for the gold, or the button has been cooled too quickly. A
button which spits should be rejected, for some loss is almost sure to

have occurred. The pinch of copper added to a great extent pre-
vents spitting, and leaves the resulting button more malleable. The
button slio-uld be seized with the pliers, and gently squeezed. It

will leave the cupel ;
some bone-ash and litharge adheres. Squeeze

it laterally with the pliers, and brush this off. It should then

be hammered with a clean hammer on a clean anvil, and rolled into

a strip 2 inches long. Since many works are not possessed of

rolls, it may be wrapped in several folds of clean paper, and beaten
with a hammer a few times, it would then be the size of a sixpence.
It should then be annealed, likewise the rolled strip, by heating to

dull redness. The strip should be rolled up, keeping the underside

out. This is then ready for parting. Professor Mica Smith has

shown that it is not absolutely necessary either to hammer out or

to roll the button, for taking it as it comes from the cupel it may
be parted and almost exact returns obtained.

PARTING. Take the button, the annealed flattened piece, or the

cornet, and place in a parting flask, conical shape with flat bottom,

of a 3oz. to 4oz. capacity, pour in some hot distilled water, and

pour out again ;
this is to get rid of any trace of chlorides which may

be on the button. Next pour about 2oz. of dilute nitric acid, two

of water to one by measure of strong acid, and boil for about 20

minutes, or for ten minutes after brown fumes have ceased to come

off. Pour the solution off carefully into a vessel and keep it. Wash
the bulk of the silver nitrate out by pouring in some distilled water

and emptying the flask again, carefully keeping the gold in. Next

take about an ounce of nitric acid, made up by taking two parts by
measure of strong nitric acid and one of water. This is boiled for

not less than ten minutes
;
violent boiling is not needed in either

case, and in this case with strong acid is highly undesirable, since

it may lead to bumping and projecting both acid and gold from the

parting flask. Some flasks are more prone to bump when strong

acids are boiled in them than others. This may be prevented by

taking a small clean glass tube open at both ends and standing it in

the flask.

After it has boiled the proper time the acid is poured out, and

the gold left washed by adding hot distilled water and decanting it

out again. When this has been done three times the flask is half-

filled with distilled water, and the water boiled. This is emptied

out. If the gold is in one piece, it may be slid out of the flask
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into a clean porcelain crucible
;

if any fragments have detached

themselves, then fill up the flask carefully with distilled water, put
a porcelain crucible over the mouth of the flask, and tip the flask

upside down. The gold will all drop clown into the crucible. Keep
the crucible in the left hand, the flask upside down, but still full of

water in the right, raise the flask carefully and gradually until its

mouth is level with the rim of the crucible. Then, keeping the

crucible steady., move the flask horizontally, and almost at the same
time bringing it into its normal position again. It will be found

t-hat after a little practice not a drop of water will overflow from
the crucible, and none need be spilt from the flask. It is advisable

to try this first with any small fragment of gold, for unless the

hands become trained they are apt to both move together. Very
fine specks of gold may be got out of a test tube in the same way.

After pouring off the water from tae crucible, the balance of it

may be absorbed on clean blotting paper, and the gold dried, then

strongly heated. The button or cornet will be found to shrink and

assume a pure yellow color. If osmiridium was present, the bot-

tom of the button or outside of the cornet would show black specks.
If platinum were present the button would not flash on cupelling,

and the nitric acid solution, instead of being colorless, would remain

yellow. If a check assay is made from the same bar the buttons

will agree exactly, provided ordinary precautions are taken. An

assay made carefully by this method would not be out by as much
as one part in a thousand, or one penny per ounce. When closer

results than this are needed, all that is necessary to do is to add a

piece of pure gold weighing as nearly as possible the same as the

gqld in the sample, alloy it with the same quantity of silver and

copper, cupel it side by side with the other, part it under the same
conditions, and weigh the gold obtained. It will either have

gained or lost in weight ;
a proportionate loss or gain must be added

or subtracted from the sample. The loss may be due to the 'ab-

sorption of some gold by the cupel, the volatilisation of some gold, or

the solution to a slight extent in the nitric acid
;
the gain is due to

the presence of a small quantity of silver still left in the parted
gold. An example will illustrate:

Weight of gold taken 10.000 grains.

Weight after cupellation 9.964= weight of gold & silver.

Loss 0.036= oxidisable metals.

Weight of gold ... 9.632

.-. Weight of silver 332

If a check piece of pure gold were put in, and if this weighed
9.600gr., and 9.603 after parting, then the gain of weight = 0.003;
this additional weight per 1000 parts is known as the surcharge, and

practically the same weight requires to be subtracted from the

weight of gold obtained. The assay thus corrected would be in

percentage :

Gold 96.29

Silver 3.35

Oxidisable metals 0.36

100.00

The silver and oxidisable metals are only approximate values.

In places where chlorine or hydrochloric acid is present in the

air, care has to be taken to exclude them while the assay is in pro-
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gress. If this is not possible, the chloride of silver must be dis-

solved out in ammonia. It is also necessary to have nitric acid. free

from chlorine, bromine, or iodine; the last element is often present.
All these had better be got rid of by adding to the nitric acid used

a small quantity, say, abou: 5gr., of nitrate of silver to the bottle

of parting acid used to allow any precipitate to settle, and to keep
this acid for parting alone.

When the bullion is lower in gold, but silver is the main alloy-

ing metal, the method of assay is much the same. In this case

enough pure silver is added to bring t.*e proportion to one part of

gold to 2^ parts of silver. For instance, if on cupellation a button

weighs 9.600 and the color is rich yellow, 2-J- x 9.6gr. should be

added. If the button is nearly white between 50 and (30 per cent,

of gold is present, and in this case, suppose 60 per cent, is near the

correct amount, then the amount of silver present in the bead will

be 9.6 6, nearly, or 3.6 grains. The amount of silver which

should be present is 6 x 2 = 15, but there are already 3.6 grains

present, so 15 3.6, or 11.4, should be added. Experience will

soon enable the beginner to add almost the proper quantity by mere

inspection of the cupelled button. Fortunately a little more or

even a little less than the- 2- parts mentioned will not interfere

materially. If much more is added, the cornet may go to pieces,

while if less than two parts of silver to one of gold be present, the

button will not pa.rt. After the gold has been weighed, the amount
of silver which should have been added will at once be evident.

For instance, if to a gold and silver button weighing 9.500 grains, 12

grains of silver were added, and the gold obtained after parting

weighed 8 grains, then, according to this assay, the original 9.5

grain button only contained 1.5 grains silver; this, added to the

amount of silver put in, or 12 grains, only makes 13.5 grains of

silver, or the amount of gold to that of silver is as 8 is to 13.5, an

amount not sufficient for parting. It would be found that the 8

grains which was weighed as gold really contained a considerable

amount of silver. Where very base bullion, such as that obtained

from cyanide plants, or even from complex ores or pan grindings
has to be assayed, holes should be drilled through the bar and check

assays made. If tin, antimony, arsenic, or much zinc be present,

the alloy may require to be scorified first
;
the button may be then

cupelled with addition of the requisite quantity of silver. In some
cases the drillings may be treated direct with nitric acid in a dish

and parted like an ordinary gold assay. The brown powder, or

spongy lumps resulting from the treatment should be dried, then

wrapped in sheet lead and cupelled. Traces of material other than

gold insoluble in nitric acid will thus be got rid of. The only way
of getting a reliable assay from base bullion is by taking a dip

sample, that is, after the gold has been cleaned from slag it should

be re-melted, and while at a high temperature well above melting

point, a small blacklead or fireclay ladle, or a, small crucible at-

tached to a handle, should be made hot, dipped into the fluid mass,
which has been well stirred. This may then be poured at once,

with a circular motion, into a clean enamelled bucket or similar

vessel full of cold water. The grains at once chilled are solidified

solutions, and have the same composition as the liquid metals from

which they were dipped. These can then be assayed in the ordi-

nary way.
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Assuming the assuyhas been completed and the gold weighs 8.000

or 80 per cent. The value of pure gold is 4 4s. lld. per ounce, or

almost 85s. per ounce, 80 per cent, of this would be T
8
^- x 85, or

68s. per ounce. The old system of quoting in carats is obsolete.

In this the bullion was assumed to be divided into 24 parts. If

pure gold, it was called 24 carat
;
if 23 parts gold and one part alloy-

ing metal, it was 23 carats. Standard gold, or the gold from which

our sovereigns are made, is 22 carat, or 22 parts gold and two parts

copper. The percentage of gold is
||.

x 100, or 91.66, and the

value per ounce is 3 17s. lOid. Although gold is woith 4 4s.

ll^d. pen- ounce on the basis of the sovereign being worth 3 17s.

lO^d. per ounce, yet certain charges must be made for coinage,

even if the gold is absolutely pure. These may amount from Id

to 2d. per ounce. Again, if the gold is alloyed with base metals,

these must be extracted, and the value is only the nighest amoi.ul.

which can be obtained for it : in other words, the cost of removing
the base metals must be deducted.

RECOVERY OF SILVEE FROM SOLUTIONS. The liquid at first poured
off on decanting from the gold contains the silver. This should be

recovered. Add a solution of salt or hydrochloric acid, and shake

or stir. When the liquid becomes clear again, add some more salt.

If no precipitate forms, then the silver has been all thrown down,

and rendered insoluble. When the top liquor has become perfectly

clear again it may be poured off. This precipitate may be added

to until sufficient accumulates to run down.

THE RECOVERY OF SILVER FROM SILVER CE LORIDE. - - The silver

chloride, as obtained by dissolving silver in citric acid and precipita.

ting the metal as chloride, is not absolutely pure. It contains

traces of gold, copper, lead, and other metals. To get rid of these,

after washing by decantation with hot Tater several times, the

chloride should be thrown on to a large glass funnel stopped up at

the bottom with some asbestos, which will act as a filter. Hot
water should be poured on and allow to drain off until the washings
are no longer acid. The chloride should then be allowed to dry.

A French clay crucible should be taken and borax fused in it for

some time so as to fill up the pores of the pot. If this were not

done, silver chloride would rapidly soak into it. When mefted,
take the pot out of the fire, and when cold add the dry silver

chloride and put back in the fire. The chloride will melt. Heat
it up until dull red and throw a small quantity of sodium bicar-

bonate on top ;
when all action has ceased, throw some more on, and

repeat this until about half an ounce is added for every 10 ounces

of silver chloride present. The addition of sodium carbonate is

for the purpose of throwing down a shower of metallic silver

globules Any gold or platinum present will unite with these, and
when the crucible is heated to redness, will form a button of metal-

lie silver alloyed with practically all the gold and platinum. The
molten mixture in the pot is then poured out into a mould, which
has been lightly black-leaded and warmed. The mass is emptied
when cold and boiled with water. The lump of fused chloride of

silver, with the silver button still adhering, is placed in a clean glass
or porcelain vessel, some pure iron, such as charcoal iron, placed in

contact, and the whole moistened with 1 in 10 sulphuric or hydro-
chloric acid. In the course of a few days the whole of the chloride

will have become metallic silver. By breaking a lump, it will be
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found to be white and fibrous where reduction has gone on, and still

waxy where it is not altered. The button of silver which was

poured out of the pot at the same time as the chloride may now be

detached, and kept separate. If the chloride has not all been re-

duced, pour some boiling water over the mass and pour off again
several times. Acfd some more acid and allow the iron to remain
in contact until the silver has all been reduced. If not sure about

the reduction, take a small quantity, out, boil it with water several

times, decanting or pouring off the water each time
;
then treat

with dilute nitric acid. If it is chloride it will not dissolve; if it is

silver it will all dissolve. After washing with hot water the re-

duced silver should be boiled with dilute hydrochloric acid one

part of acid to 10 parts of water and 'then washed again until all

the acid has been removed. If now dried and heated to dull red-

ness, the silver may be kept in this state and used for parting

assays. It is tough enough to hold together, and yet may be de-

tached into pieces of suitable size and pressed together.

It may be melted down. To do this, get a clay pot of suitable

size. French clays are the best. Introduce the silver, and about

half its bulk of nitre, and fuse together. As soon as the mass is in

tranquil fusion, add some borax glass, and when the whole lot has

melted down pour into a clean mould. If nitre alone is used, tho

molten silver is full of oxygen, which it gives off violently after

being poured, making the bar rough and hollow on top, and pro-

jecting silver globules all over the place. When the bar has partly
cooled down, the slag may be nearly all detached by plunging it in

cold water and withdrawing before it has cooled. The small

adhering layers may be chipped off, or the silver may be heated

to redness several times and plunged under water. The simplest

way, however, is to soak in dilute hydrochloric or sulphuric (1 in

20) acids, and leave for some hours. The surface of the bar may
be then scrubbed, and will be made perfectly clean. The bar may
then be rolled out and stamped out into discs or wads of a suitable

size for bullioin assays, or cut into squares with a pair of shears.

Silver prepared in this way will be pure enough for all mine assay re-

quirements. If still purer silver is required, the melted bar may
be treated with dilute nitric acid, until only a small quantity re-

mains undissolved. Pour off the clean liquid through a filter, add

hydrochloric acid until all the silver is precipitated, boil the silver

chloride with water, and decant until the washings are no longer
acid. Then add a strong caustic potash and glucose and boil with

constant stirring until the chloride is all converted into metallic

silver. Wash first by decantation, and then by filtration, until

the washings are no longer alkaline. Dry the powder, whicii is

metallic silver, add a small quantity of nitre and some fused borax,

and smelt down in a clay pot. The silver will be almost absolutely

pure. In preparing pure silver, it is not wise to start with less

than about six ounces. There will be practically the same trouble

purifying one ounce as the larger quantity. Small quantities of

silver are usually difficult to procure except in the form of foil,

which is sold at high prices. There is no reason why dealers

should not supply bar silver in small lots at little more than the

market rate. Do not start to purify standard silver or old jewel-

lery in order to get your pure silver, but with the purest sample

you can buy. Some impurities are most difficult to get rid of.
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THE PREPARATION OF PURE GOLD AS CHECKS IN ASSAYING. To pre-

pare pure gold, which is used as a check on bullion assays, it is ad-

visable to take about half an ounce at least of cornet gold, or gold
which has been parted in the ordinary way of assays. The cornets

selected should have come from fairly pure gold, preferably alluvial

or clean quartz bullion. Such cornets may be obtained from al-

most any bullion assayer at little more than the value of the gold
in them. The cornets should be dissolved in aqua regia, made

by mixing t-nree parts of strong hydrochloric acid and one part nitric

acid. Do not add too much, but add it little by little, and just

cover the gold. When they have a.
1
! dissolved in the porcelain

evaporating dish in which they were placed, evaporate most of the

liquid off. Allow the dish to cool and add distilled water and pour

through a double filter into a Winchester quart bottle, and if about

an ounce of gold is present, half fill the bottle; add about 2 grains
of potassium iodide, shake up, and allow to stand for about two

days. The silver which separated on dilution will have fallen to

the bottom. The top liquor is carefully siphoned or poured out,

the greatest care being taken to keep the silver sediment at the

bottom of the bottle. The liquid containing the gold is run

through a filter paper so as to separate the chloride or iodide of

silver out. Heat the liquid nearly to boiling, and add a saturated

solution of oxalic acid. The whole of the gold will be precipitated ;

allow it to settle, and pour a litre of hot distilled water on it and
decant off. Repeat this four times. Then pour on about 100 cubic

centimetres of ammonia water and shake round
;
add about half a

litre of water, allow to settle and pour out, wash with distilled water
once. Then add lOOcc. of pure hydrochloric acid and heat almost

to boiling ; fill up with fresh water, allow to settle. Repeat the

washings with hot distilled water until they are no longer acid.

Then empty the gold precipitate on to a funnel fitted with a filter

paper. Dry and add tlie dried gold, about half its own bulk of nitre

to a French clay pot ;
cover with a layer of powdered salt and fuse.

Pour out the gold into a well-oiled, dry iron mould. The slag will

easily wash out with water, leaving a brilliant gold bar.

To PURIFY MERCURY. For an amalgamation assay it is necessary

to have pure mercury: a similar we'ght to that taken for assay

should be dissolved in nitric acid to see if any gold is left
; mercury,

even after having been retorted, often carries small quantities of

gold. To purify large quantities, such as are used in gold amalga-

mation, the mercury should be put in an enamelled bucket and the

dross which rises to the top removed with a piece of sponge until,

after stirring, the surface appears bright ;
it should then be

squeezed through chamois leather. This will deprive it of all

materials except those dissolved. The methods given in most works

is to allow the mercury to flow in a thin stream into very dilute

nitric acid, to sub-divide it so that the base metals present may
become oxidised in contact with tae air, to place pieces of iron on it

and retort it. None of these are satisfactory when arsenic and an-

timony are dissolved. A simpler method is to place the mercury
in a dry retort, dry the surface, free it from all charcoal and add

the residue obtained by evaporating the solutions containing the

mercury in the amalgamation assay. This consists of basic nitrate

of mercury mainly; on heating it will be decomposed into mercury
and oxidising gases. In addition to this material a layer of
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about a quarter of an inch of nitrate of soda or nitre should be

sprinkled on the mercury. A better material still is sodium per-

oxide, of which a much lesser quantity is needed. The retort

should be closed and the mercury slowly distilled out. The ar-

senic, antimony, and like impurities are oxidised by the compounds

added, and then combine with what is left, so that instead of dis-

tilling over with the mercury as they ordinarily do, they are left

behind in the retort. Very impure mercury may be readily purified

in this way. It need hardly be stated that the addition of metallic

sodium or sodium amalgam does not purify mercury ;
in fact, it

only enables it to take up more impurities than the quicksilver it-

self co'uld.

ERRORS IN RETORTING. The method of retorting is so well known
that it should not be necessary to write anything about it, but in

this case, as Avell as others, some blunders are unwittingly made.

The cover of the retort is generally planed up to fit almost ac-

curately, and then clamped and tightened by means of wedges.
The expansion of the different parts on heating prevents the close

fit it has when cold, consequently luting is added. This is gene-

rally a plastic clay. Now, while this material is excellent when

wet, and even when dry, yet when it is heated it is as porous as a

flower pot, and mercury vapor will pass through it with the greatest

ease. In fact, the water it contains is actually driven out of it,

so that it becomes porous above the boiling point of water. A great
deal of mercury is lost in Australia through ignoring this simple

matter ; cases could be quoted where large losses took place mainly

owing to the selection of such a poor lute. A better one can be

made by taking some finely ground material which will not alter on

heating, and moistening it with a strong solution of silicate of soda.

This will form an absolutely gas-proof joint, but there is some

trouble in getting it free from the retort; to overcome this diffi-

culty an equal bulk of pulverised common salt may be added.

Probably other mixtures would do as well or better, but the almost

universal practice of luting with clay has little or nothing to re-

commend it. The slightest back pressure, such as may be caused

by dipping the mouth of the condenser pipe under water, will

always lead to a large leakage through the so-called clay lute.

Sometimes to counteract this the pipe is not dipped into water at

all, but left exposed to the air
;
this practice is a dangerous one, and

should not be tolerated. Those who believe that because they see

liquid mercury running from the pipe to the bucket below there is

no escape of mercury, need only get a piece of clean gold or a

sovereign, and hold it in the air a few inches away from the mouth
of the pipe to be disillusioned. A better plan is to get a piece of

blanket, tie it round the end of the pipe so that an open end of

blanket projects a couple of inches, have this nearly level with the
surface of the water in the bucket below; the blanket allows the

mercury and gases to freely pass out of the retort, but acts as a flap

valve, and prevents any rush of gas or air back into the retort. An
experienced millman will at once know if his quicksilver is boiling
too hard; in that case, there would be danger of portion of it

boiling over after the manner of water from a superheated kettle.

The slower the retorting is carried on the purer will be the mer-

cury. When only a small quantity of mercury is required, it may
be distilled from a hard glass tube. The addition of a small quan-

tity of sodium peroxide will serve to free it from most metals.
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When mercury has ceased to come from a retort, it must be re-

membered that the body of the retort is still full of c^e vapor ot

mercury. If gold is present, it will re-unite with this on cooling ;

if no gold is present, it may condense on the surface of the retort

when cold
;
as a rule, retorts are opened while still hot, and there is

a danger of mercurial vapors escaping, so that great care should be

taken by those exposing themselves to such poisonous gases. Mer-

cury should always be carefully weighed both before and after re-

torting as a check against loss.

SMELTING AND REFINING OF GOLD. In places where the gold is

fairly pure, there is little trouble in cleaning amalgam ; by grinding

in an iron mortar or vessel that acts for a similar purpose, the

gold amalgam may be freed from pyrites, pieces of copper and

other metals, for these impurities will mainly float in a bath of

mercury while the amalgam sinks. It is the custom at some small

mills to add all this rubbish to the retorted gold. This should not

be done, for it only tends to make the gold impure. The material

can be easily dealt with by itself, and there is no reason for adding

it to the amalgam. It is a pleasure to see some of the mill

managers and amalgamators prepare retorted gold. A few points

concerning the method of retorting have already been dealt with.

When amalgam is retorted, the same precautions as to heating
must be followed as in retorting of mercury. There is one draw-

back concerning large cakes of retorted gold, and that is that

they must be cut up into pieces before they are smelted. Although
this operation may be conducted without appreciable loss, yet there

is always a danger of small pieces of gold becoming detached, while

the dividing of the retorted cake always occasions unnecessary
trouble to the smelter. If hard squeezed amalgam Is tied up in a

cloth and quietly retorted, it will maintain its shape without

going to pieces ;
if made up into balls suitable for a, crucible, each

one may be kept separate from the other by simply putting layers

of paper between or wrapping in cloth. The amalgam should be

slowly heated, but the temperature at the finish should be full

red. There is always a small quantity of mercury retained. If the

temperature of retorting has not been high enough, the retorted

gold will be brittle instead of tough, and the cake will break

with a crystalline instead of a hackly fracture. When impure gold
is being dealt with the amalgam is much more difficult to clean.

The amalgam, with gold-silver compounds, is so light that it floats

on mercury, and consequently impurities cannot be skimmed off as

with heavy amalgam. In this case, by grinding repeatedly and work-

ing extraneous matter out, a fairly pure amalgam may be obtained.

A vmall quantity of some oxidising material, such as nitre, may
be placed in the retort with the amalgam ;

in this case, however,

paper or rags, or other organic matter should be excluded, and the

balls of amalgam separated by small sectional compartments made
from thin sheet iron. A little nitre, bichromate of potash, or other

oxidising agent may be added to a slight depression made on the
surface of each ball of amalgam. After the amalgam has been

retorted, cooled and weighed (it may be cooled by placing it on a
cold iron plate, never by wetting it), the cake should be smelted

straight away. No mine should send away retorted gold, there is

always danger of loss, and there is never any definiteness about
the value or the weight.
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SMELTING RETORTED GOLD. If the retorted gold is fairly pure,

use a black lead pot; a little experience will soon indicate the

proper size. At first too large a pot is usually selected. Anneal

the pot by wanning it gradually by placing it ups'de down on top
of the fuel in a cold fire as the fuel burns the pot will gradually
warm. Morgan's Battersea crucibles are very reliable, very seldom

bursting even when heated suddenly. As soon as they are dull

red they are safe. Next put about an ounce of borax in the

bottom of the pot, and when melted swill it round so as to glaze

the sides. Take the pot and place it on some dry surface, and
add all the loose pieces of gold, reserving the solid lumps. The

pot may be filled with pieces of retorted gold almost to the top.
Add some borax, put back in the fire, and heat

;
the retorted gold

will continually shrink; as it does keep adding the lumps
with a light tongs until all the gold is in. It will be found in all

cases that mercury is given off; by holding some clean gold over

the top of the pot before very strongly heated, the surface at once

is amalgamated by the mercurial vapors. For this reason the

escaping gases should never flow into the room or be breathed

by the smelter. Borax may be added in suitable quantities. Nitre,

carbonate of soda, salt, or sand should not be added; there is

no necessity for them, and the first two attack the crucible, causing
it to corrode in a very short time, while the last only makes the

slag infusible. There is no necessity to skim off the slag, as is

sometimes done. The mould into which the gold is to be poured
should be heated strongly, and then alloAved to cool down not pu -

ting it in water, but by standing it on a cold iron plate until it

is hot enough to be uncomfortable to handle. If it is too hot, the

gold will not chill at once, and blowholes will form on the under

surface of the bar. The mould should be clean and wiped out

with a little clean oil. In pouring large pots asbestos suits and

gloves are sometimes worn. Woollen gloves, however, will protect

the hands and arms. It is a good plan when large amounts of

gold have to be poured for the melter to wet his hands and face

just prior to pouring. He will be able to stand a temperature
for a feAv moments that would otherwise be unbearable. The slag

runs out first; the gold should be quietly and steadily poured until

the pot is empty. If the temperature was high enough the whole

of the gold will have run out and the slag will have no shots of

gold in it. The slags, however, should be saved. By partly cooling

the bar under Avater and then withdrawing it Avhile still hot the

bulk of the slag AA'ill crack off. The rest may be chipped off, or

AA-holly removed by making the bar red hot and placing it in highly

dilute 1 in 20 nitric acid. If necessary, the bar may be remelted

in a clean pot without any flux, and when very hot and fluid

poured into a clean mould. In this case there will be no trouble

about cleaning, and there is practically no loss on remelting clean

gold. A very clean bar may be made by pouring the metal without

any slag over it into a layer of about naif an inch of Avhale or

other animal oil. The heat given off from the burning oil is, with

large melts, very trying. The grease on the bar may be burnt off

or cleaned off Avith a little soda.

When impuro gold is melted, it is practically impossible to purify
it by mere melting, even Avith the addition of fluxes. It is certain

that in a blacklead or plumbago crucible the main effect of fluxes
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added is to eat away the crucible. Nitre, carbonate of soda, salt,

and such materials only attack the impurities in the gold to the

slightest extent, while the crucible is attacked violently. When
retorted gold is dirty-looking or discolored, it should be melted in

a clay pot. As there is a danger of these cracking, one should be

procured which is dense in grain and which will ring well, showing
absence from hidden cracks. To minimise danger of loss

through breakage, the pot should be stood inside the bottom of a

larger blacklead one, so that should gold run out it will not get to

the ashes. The spongy retorted gold, if not very dirty, may be

fed into the pot with some nitre ; a layer of salt should also be

added. Coarse salt will crack and fly all over the place when
heated, but this will not occur if it is ground finely first. The
salt itself has practically no action on the gold or impurities, but

as it becomes very fluid when molten it prevents slags from froth-

ing over. Nitre should be added from time to time, and the tem-

perature kept low. The base metals will be turned into oxides, and

when the gold melts it will separate from them. By prolonging

the heating before melting a greater amount is separated tiian

if suddenly melted, for once gold has melted fluxes have bub little

action on it. As soon as the nitre ceases to attack the base metals,

the temperature is raised, the whole lot melted and poured. The

slag in this case consists of salt, which is fluid, and stops on top of

the mould and oxide of potash containing oxides of the baser metals.

The slag will easily wash off with water, leaving a very clean gold.

When the retorted gold is very dirty it should be melted down in a

clay pot as before, but when it is necessary to raise the temperature
borax instead of salt should be added. The borax dissolves the

oxides of the metals which have separated out, and makes a fluid

slag, allowing the gold shots to sink into the main mass. Sometimes
if borax is not added lumps of oxide of copper or other oxides wm
form a crust on top and prevent all the gold being poured out.

By taking care, the most impure bullion may be purified to such an

extent that it contains no base metals
;
that is, only goid and silver

will remain. It is quite a mistake to think that base bullion can

be purified to any extent by fluxing alone after it has once been

melted. If air is blown through the molten gold covered with

borax some metals may be removed, but there is danger of loss

through spitting : there is also some difficulty in arranging for a con-

stant stream of air. Compressed oxygen would be better, but
there should be no necessity for the use of such methods of purifica-

tion. Chlorine will also remove both base metals and silver, but
ite application needs skill, or large losses may take place.
Blaeklead pots will do for melting in as many as nity times.

Clay pots should only be used once for smelting. The whole of the

pots and slags should be saved; if care has been taken they only
contain a very small quantity of gold ;

but in some cases they may,
with improper fluxing, be rich. The coarse gold present may be

got. from them by amalgamating in a berdan basin, the overflow
should be saved and sold to the smelters. In some cases the
bulk of the gold may be extracted from these overflow residues by
oyaniding them.

PURIFICATION or SKIMMINGS. Skimmings may consist of amalgam
containing gold, silver, copper, lead, sulphur, arsenic, antimony and
otlter metals. These should be retorted by themselves. The black
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mass can then be put in a clay pot and heated. Sulphur in lumps

should be added; the sulphur will combine with the base metals,

and gald will sink to the bottom. As soon as all the infusible

lumps are gone, and the whole of the metals are in tranquil fusion,

the contents may be poured into a deep conical mould. The gold

will run to the bottom, and the sulphides will form a layer above it.

These sulphides should be saved to see if there is still gold in them.

This may be done by melting them down again, and when molten,

stirring round with an iron rod; the iron will partly dissolve and

displace some copper, which will carry down the gold and silver.

The slags will then, as a rule, carry only a small quantity of gold

and silver. They should, however, be saved, and, if rich enough,

may be sold to the smelter.

GOLD IRON COMPOUNDS. If gold is -alloyed with iron, as is often

the case when too much sodium amalgam is used, the alloy should

be melted with galena or sulphide of lead. The iron will form a

sulphide, while the lead will be reduced and absorb the gold. The

gold may be subsequently got from the lead in a manner described

later on.

GOLD FROM MAGNETINGS. To get gold from magnetings, place

them in a tub which has a drain tap from it
;
add about 10 per cent,

sulphuric acid, allowing it to slowly drain through the iron
;
the

cementing rust will rapidly disappear, and the outside of the iron

will be dissolved off, thus loosening the amalgam. Catch the

liquor that drains through, and pour it back as soon as the tub be-

comes empty ; repeat this for three or four days, then wash the

iron with water to displace the sulphuric acid and sulphate of iron
;

place the magnetings on a bath of mercury and work them in con-

tact with it: the amalgam will readily pass into the mercury and

the clean particles of iron may be skimmed off or withdrawn by a

magnet. Squeeze the mercury through a close piece of calico or

chamois leather, and retort the amalgam.
Skimmings may also be treated by first boiling them with strong

caustic soda and then adding mercury to the bath a cast iron pot
would do. Stirring round well, the bulk of the amalgam will pass
into the mercury.
GOLD FROM BLACK OR GREY SAND. Gold may be got from black

or grey sand by stirring round well with mercury in a large mortar
or basin. The gold readily amalgamates. On introducing a pipe
with a nozzle in it, so that water may be delivered under pressure,
the volume of water may be adjusted so that the sand will just
flow over the edge of the basin and the mercury remain behind.

A larger vessel, such as a panning off dish, may be placed so as to

hold the basin and catch the first overflow and a tub to hold the tin

dish to catch the second. If any mercury was swept over, the

process may be repeated, and the whole of the gold recovered.

"Where larger quantities of tinstone and black sand have to- be

treated, it is advisable to first sluice them evenly over an amal-

gamated copper plate having a fall of about 2 inches to the foot.

The residue may then be placed in a vat, provided no pyrites are

present, and treated by chlorine solutions, and the gold dissolved

out. The method of applying chlorine solutions has been de-

scribed elsewhere.

THE CLEAN-UP OF GOLD FROM CYANIDE SOLUTIONS. It has fallen

to my lot on several occasions to recover bullion from material
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obtained at chlorination and cyanide works. One of the greatest

troubles to beginners in these operations is caused by the impurities

in their precipitates, and a few precautions taken at tae outset will

render their work a pleasure instead, as it often is, a source of

worry, trouble, and annoyance. The first rule which must be ab-

solutely adhered to is to have perfectly clear solutions to precipi-

tate from. Do not neglect any precautions to carry this into

effect. Always have settling vats and filter vats arranged so that

if any muddy or milky liquor runs from the sand vats, it will be

all clarified before it gets to the precipitating boxes. The amount

of slime may appear small, but it is always largely in excess of the

gold present, and it may be found at the clean-up that there is a

pound of material for every ounce of gold, and to get rid of this,

perhaps as much as two pounds of flux must be added. There is

little chance of recovering all the gold, when it is lost in such large

quantities of unnecessary slag. Assuming that cyanide solutions

are to be precipitated, I would advise the beginner never to use

charcoal unless he can get it properly prepared; it takes such a

large amount of charcoal to precipitate such a small amount of gold

that unless the charcoal has been freed from all dust and dirt the

material left on burning will be so greatly in excess of the gold

as to cause trouble and loss in smelting. This objection does not

apply to the same extent in large works where properly prepared
charcoal is in use : but in any case it is doubtful if charcoal precipi-

tation can compete with zinc. Another trouble with charcoal is due

to the fact that it is such excellent filtering material that all the

dirt in the solutions is deposited on it.

PREPARATION OF CHARCOAL FOB PRECIPITATION. Assuming charcoal

is used, some soft variety should be chosen
;

it should be broken

into very small pieces and then sifted through a fine sieve
;
the bulk

of the dirt and earthy matters will go through. The coarser

grains should be evenly packed, so that clear solutions only flow

through. On cleaning up the cyanide solutions should be drained

out and a water wash put on to displace any soluble salts. The
washed charcoal should be burnt to ash, not one speck of charcoal

itself being left.

SMELTING THE PRECIPITATE. The ash may be smelted down with

borax alone; if sand is present the addition of some carbonate of

soda will help. In case soda and such fluxes have to be used, it LS

better to use a fireclay crucible. Borax is about the only flux

which will not attack a blacklead pot. In case clayey and other

materials have got into the charcoal, it is almost impossible to

smelt it. It does not pay to smelt in crucibles material which
will only run three or four per cent, of gold. The gold from such

material is also exceedingly difficult to amalgamate; it may be

ground for hours with mercury, and only a small percentage will

be recovered. Those who feed it into the battery in the fond

hope that the gold will be caught there are simply deluding them-
selves. When once gold has got into such material, it is better to
sell it straight out to the smelters.

CLARIFYING SOLUTIONS. When zinc is used for the precipitation of

gold from cyanide solutions, only clear solutions should be allowed
to pass in. The solutions should always pass through a clarifying
vat before entering the zinc boxes. One plan for making this is

to have a tall vat and divide it by a horizontal filter. The filter
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may be tacked on to a wooden hoop or piece of wood bent round

to fit the interior of the vat
;
hessian may be used for filter cloth,

and some packing inserted between the hoop and sides of the vat
;

by having the filter within a foot or eighteen inches from the top
of the vat, and the inlet pipe just below the filter, a slight upwaru
pressure may be arranged for; this has the effect of keeping the

solution flowing evenly through. The sediment will all fall and

remain at the bottom of the vat. Another simple plan is to place
the partition vertically in the vat, so that tne solution in travelling

from one side to the other of the vat has to pass through a vertical

hessian screen. The muddy material in this case also falls on the

feed side of the screen
;
the outlet and inlet in this case also had

better be near the top. The vat thus acting as in the previous
case mainly serves for settlement of fine material carried over. In

some cases it may be desirable to have a charcoal niter at the

head of the zinc boxes. This will serve to remove the rest of in-

soluble material, and the small amount of charcoal required preci-

pitates very little gold.

To CLEAN-UP CYANIDE SOLUTIONS. The clean-up from cyanide
solutions is a simple matter if only gold is present ;

but in many
cases where lime is used for neutralising and clarifying solutions a

copious deposit of calcium carbonate takes place below the zinc and

even on the zinc in the boxes. On the zinc itself arsenic and an-

timony will be precipitated from alkaline solutions, and copper
oomes down readily. Certain solutions also carry a large quantity
of lead, which is precipitated with the gold. A considerable amount
of .lead is usually contained in the zinc; this will remain when the

zinc dissolves. The clean-up is effected in the usual manner by
starting at the top compartment of the zinc box. The whole of

the zinc is put on a coarse, strong 8 or 10 meshes to the inch sieve,

and the material teased out in a tub of water. By agitation the

fines and small zinc, the crusts on the zinc, are all carried through.
All cemented lumpy pieces are broken up. The material on the

sieve, mainly consisting of broken zinc, is put back into the first

compartment. The milky liquid which remains in the box after

the zinc has been removed is run out or scooped out and placed in a
second tub. All the white, milky-looking liquids go into the

second, and all the black or dark slimes into the first tub. The
material from the second compartment is similarly treated, and
the shortage in the first compartment made up from the second.

The whole of the boxes should be gone through, for although very
little gold will be got after the second or third box, the teasing
out of the zinc and rubbing the incrustations from its surface are

necessary for effective action. After the material and slimes in

the tubs have subsided, the clear liquid should be drawn off with
an indiarubber siphon. This liquid and all others in subsequent
operations should be run into a sump. Next half fill each tub with
clean water. Take lOlb. strong sulphuric acid and pour a small

quantity, say, one pound, into the tub
;
a violent effervescence

takes place. The gases given off are very often deadly poisonous
very often arseniuretted hydrogen, phosphoretted hydrogen, and

hydrocyanic acid are present. It is due to the inhalation of these

gases, even in small quantities, that people at cyanide works have
lost their lives: even if no" almost immediately fatal, the effect on
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the system is lowering and depressing. Treatment with acid should

be carried on out in the open air or in a hooded vessel. In case of

solutions boiling over, it would be as well, at first at any rate, to

place the tub over a larger one to catch any overflow. The acid

should be added little by little. After some time the operator
will be able to tell almost exactly how much may be safely put in.

When quite tranquil, the mass may be occasionally stirred, so as

to bring zinc enveloped by sediment within reach of the acid.

If no action goes on, and the wooden stirring rod shows a lot of

pieces of zinc still undissolved, then more acid must be added. It

is better, before adding acid the second time, to lead a steam pipe

preferably of lead into the tub and boil up with steam, and
to allow the tub to become nearly full of hot water. In case

steam is not available, add hot water and stir. Allow the sediment
to settle and decant the clear liquor into another tub. This will

serve to settle any fine gold which has passed over. The liquor

from this may be run into the sump or vat mentioned before. The

tub is half filled with clean water as before, more acid is added

until no zinc shows, steam is passed in or hot water added, and the

clear liquor decanted into the settling tub, thence into the sump.

By this treatment, all the zinc should have been dissolved, but

there will still remain all the lead, copper, arsenic, antimony,
which were precipitated, also a good deal of zinc sulphate which

has not been washed out. This should be got rid of, otherwise it

will give trouble in smelting. By filling the tub up with hot

water at least three times and decanting the clear liquor each

time, always passing it through the settling tub, then to the

sump, practically all the zinc may be removed. If it is considered

desirable to remove the other metals as well, then the tub should

be about quarter filled with water and nitric acid added in small

quantities. The lead and copper and arsenic will readily pass into

solution: the antimony will be rendered insoluble. As a rule,

very little silver dissolves, while none of the gold does as long as

base metals are present. The tub is filled up with water as be-

fore, and the liquid decanted off and run into the sump. The
liquid still with the gold should now be got rid f>f. This may be
done by filtering. A filter can be readily constructed by taking four

laths each about 3 feet long, and nailing them at the corners.

Tack on to this a yard and a quarter of unbleached calico
; lay on top

of this without folding a sheet of filter paper, which will just cover

the cloth. Allow this to rest over a tub. Bring the gold preci-

pitate over near it and transfer it with an enamelled dish to the

filter paper. Wash everything out of the tub with water
;
add it

to the filter paper, taking care not to break the paper. When all

the water has drained out, pour over the precipitate boiling water

from a bottle, taking care not to crack the filter paper. Allow all

the water to drain through. Repeat this washing twice. All the

soluble salts will now be washed out. Next make a strong solution

of nitre. Pour this solution over the precipitate. It

will soak the whole lot of it, and enable you to burn

your filter paper and the organic matter in the precipitate. After

this has drained, the filter should be put in a warm place and
allowed to dry. All the drips and drainings, and all the washings
should be added to the sump. When dry. the precipitate may be
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detached in cakes or dried chips from the paper. In some cases

this operation may be hastened by getting an old panning off dish

or camp oven and inverting the dish over the precipitate, then

tilting the whole lot upside down; the wet precipitate will fall into

the dish, and the filter paper will now be on top. The filter cloth

may be removed, washed, and made use of repeatedly.

DRYING THE PRECIPITATE. The filter paper should be peeled off

from the precipitate and dried in a separate vessel. The paper

should be burnt by itself. If it is properly dry, there is no trouble

about this, for the nitre has converted in into touch paper. The

precipitate may be transferred partly by tipping out and partly by

a pliable knife or spatula into a cast-iron vessel such as a camp
oven. It may be rapidly dried in this. Borax may be fed in

and the whole lot stirred round and dried. If mercury is present,

as it invariably is when tailings are being treated, the heating

should not be carried too far or mercurial vapors will escape. If

present in quantity the mercury should be saved by putting the

precipitate in a cast-iron retort and distilling off the mercury. In

this case no borax should be added
;
the small amount of nitre pre-

sent will be beneficial. The dried precipitate is taken and smelted,

preferably in a clay pot, standing in. the bottom of a blacklead one,

the latter serving as a guard. The gold obtained in this way is as

pure or purer than that obtained from the battery. With careful

manipulation, there is no loss, and there is none of the fearful slag

and smelting troubles such as exist when the zinc gold precipitate

is roasted and then smelted in bulk.

The milky precipitate in the second vat, consisting as it often does

of carbonate of lime, is treated with hydrochloric acid. If sul-

phuric acid is used, insoluble sulphate of lime forms; this gives
much trouble in smelting. The material left in this tub is treated

in the same way as in the other, the excess of wash waters and
solutions going to the sump. The precipitate is thrown on to the
same form of filter as before and washed. After thorough washing,
a saturated solution of nitre is allowed to soak through it. The
filter paper is burnt separately, and the precipitate may be added
to the other.

SMELTING THE PRECIPITATE. In smelting these precipitates, the
whole lot should be allowed to shrink in the melting pot before a
fresh quantity of material is added. On no account should the
mass be allowed to melt, otherwise the material is almost sure to
overflow. The precipitate may be added to the pot while still in

the fire, by placing an iron pipe wide enough to fit into the mouth
of the crucible and pouring the precipitate down this. A little pul-
verised borax should be put on top at each addition. This spreads
over the charge and prevents dusting. Should there be a ten-

dency to boil up at any time, the addition of pulverised salt will

generally prevent any overflow. It is not desirable to fill the pot
too full, nor to leave it in the fire too long. When all frothing
has ceased, make the fire up and heat very strongly for about half
an hour. This will cause the slag to become more fluid and allow
all shot* of gold to settle. While still hot pour into a deep mould
so that the gold may all run to the bottom. It does not matter
if the slag overflows so long as pouring is continued into the centre
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of the mould. All slags and crucibles from these operations should
bo saved.

The liquid in the sump may not have any gold worth troubling

over, yet since many cases where heavy losses have taken place are

known to me, and since this is an operation where about the only
chance of loss comes in, it is well to err on the safe siae, and to be

absolutely sure that no unaccounted for material has escaped.
The sump may contain old scrap iron. The whole of the gold,

silver, lead and copper are precipitated on the iron, which in its

turn is slowly dissolved away.

I will now deal with the purification of cyanide bullion, the

smelting of chlorination precipitates, and the scaling of copper
plates.

When silver is present in large quantities in cyanide bullion, it

may be easily separated, and the gold obtained in a pure state.

In this case, assuming there is much copper in the bullion, it need

not be removed by preliminary treatment with nitric acid
;
the pre-

cipitate may be washed free from sulphuric acid, and then dried

and smelted. The base bullion should then be assayed, and if it

contains 40 per cent, of gold or less it should be granulated straight

away; if it contains much more than 40 per cent, of gold, some

zinc cyanide gold, or ordinary chips and scraps of gold zinc from

the precipitation boxes, should be melted down to a small bar

with borax, and poured. The bullion rich in zinc should be added

to that rich in gold, and the percentage of gold brought down to

about 40. Should any lumps of zinc be to hand, it is simpler and
answers just as well to add the requisite quantity as soon as the

gold bullion has melted. To granulate the bullion, get a large

enamelled bucket, fill with cold water. Place a dish or enamelled

basin at the bottom of the bucket. Pour the bullion from a

height of a few feet in a thin stream into the water, giving the

crucible a circular motion all the time so that the drops do not fall

in the same place. The whole mass should be broken into flat discs

and hollow grains, thereby exposing a large surface for the acid

to attack. If the layer of water is too shallow the shots may not

be broken up sufficiently and may fuse into a pyramidal heap down
below. If room enough is available the bullion may be poured
on to the edge of an inclined plate; it is thus scattered and falls

in flakes into water below. The bullion is then treated by wash-

ing it with water, then place it in a large porcelain crucible, add

three parts by volume of water for every part of nitric acid
;
stand

it on a sand bath made by making some sand red hot and pouring
it into a sheet iron vessel. A violent action soon goes on and the

zinc, silver and copper are dissolved out. When brown fumes
cease to come off after warming, pour off the clear liquid and wash

by decantation with hot water three times. By this treatment

most of the lead is got rid of which would not be attacked by a

strong acid. Next, pour one part of water and two parts of nitric

acid on the brown lumps of gold and heat to boiling for about half

an hour. The balance of the silver will be dissolved. The strong
nitric acid solution, as a rule, dissolves but little silver, and it hact

better be kept for treatment of the next lot of granulations. The

spongy gold should be washed about four times with distilled

water, and then with some warm dilute ammonia to dissolve any
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silver chloride out. These washings can be added to the first

solution obtained. Some dry powdered nitre may now be sprinkled

on the gold; it will be absorbed. The gold may be dried in the

dish. When dry put in a pot which has been glazed by borax ;
cover

with a layer of salt and melt down. Gold of 99.6 purity may be

obtained, or gold worth over 4 4s. per ounce.

To the silver solution which is now dilute a small amount (about

10 cubic centimetres) of sulphuric acid should be added
;
this preci-

pitates the lead and also carries down any fine specks of gold which

may have washed over. The milky solution is stirred and allowed

to settle
;
when the top liquor is clear it is poured off into another

vessel, and the precipitate remaining is thrown on a funnel and

washed two or three times with water. It can be put to one side,

and when sufficient quantity of these has accumulated, ma.y be

soaked in nitre, dried, and smelted with its weight in soda and

some borax and a rod of iron for lead containing gold.

To the clear solution containing the silver salt is added. The
silver is thrown down as a curdy precipitate. Stir this, allow to

settle, add some more of a solution of salt
;

if no more cloudiness

occurs the silver has all been thrown down. Allow to settle. Pour

the clear liquid into the residue sump. Wash the chloride of silver

by stirring up with fresh water, allowing to settle and pouring off

the clear water. Then take the washed silver chloriHe and melt

it in a mercury bottle with the top cut off.* Pour it out, place
it with scrap iron in an acidulated solution. When reduced, wash
with water soveraJ times, then boil with dilute hydrochloric acid.

Smelt with nitre and borax in a clay pot, pour into a clean mould
;

the silver will be over 99 per cent, in purity. Personally I pre-
fer the second method of dealing with auriferous bullion, since

most of the material we have to deal with contains from thirty to

forty per cent, of silver. Probably strong sulphuric acid could

be used, and would be used on a large scale, instead 01 nitric acid.

On a small scale the amount of acid used is so small in compari-
son with the value of the metals recovered, and the process so

speedy, that dirty zinc bullion should be only produced by those

ignorant of the rudiments of such technical work. The advantages
of this method of treatment are that the minimum charge is made
at the mints for the treatment of such gold, as against a special
treatment charge on the number of gross ounces made for base
bullion on poor lots. The silver may be sold at highest market
price with no deductions, whereas if left in the gold the mints
will not allow anything like its market value. Lastly, if sent

through the post office the charge of 2d. per ounce will only be paid
on the gold, instead of on perhaps three times the quantity of base
bullion.

In dealing with auriferous material by chlorine solutions the
same scrupulous care must be taken to keep the solutions clean. In
the case of the use of the gas by Plattner's method, no impurities
are added with the chlorine, and whatever comes through is usually
in solution; sometimes the sand filter becomes disturbed and fine

sand runs through. This should be caught in a small intermediate

* I am indebted to Mr. Alsop for this hint. In fact, most of the informa-
tion given has been acquired through sheer necessity, since the literature on
the subject is wanting in necessary detail.
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jar or sump. If any quantity is discovered in the precipitating vat

mixed with the gold, do not attempt to smelt it. A better plan

is to take the mixed sand and precipitated gold and pan it off. In

this case, it is the gold which passes over, the sand being lefc be-

hind. There may be a little gold still with the sand
;

if so, place it

where the chlorine solutions will flow over it as they run from the

sand vat. The gold will soon dissolve and be carried away with

the other gold in solution. It is well to have an intermediate set-

tling vat in all cases. This allows sediments and precipitates of all

kinds to subside. Instead of this a vat or large jar provided with

a carefully graded sand filter may be used
;

it must be watched to

see that it does not clog, and great care against overflows should be

taken. The solution should have sulphuric acid added to it if none

were present before it enters the settling vat or sand filter. This

is added to precipitate the lead and lime as sulphates, otherwise

they would come down when sulphate of iron is added to precipitate

the gold. The clear solution in the precipitating vat should have

no precipitating agent added which will throw down more than the

gold. Copper is often present in solution, but this is not precipi-

tated by sulphate of iron. After the gold has settled siphon or

drain the clear liquor off from the top ;
let it run through a saw-

dust filter before it escapes. Sluice tne gold sludge out into a tub.

Allow the gold to settle, decant the clear liquor off, add a few

pounds of 1 in 10 sulphuric acid, stir round
;
allow to settle. See

that no gold has gone into solution. This very often takes place

owing to the precipitation of manganese oxides with tne gold ;
this

in saline solutions will liberate chlorine and cause the re-solution

of some of the precipitated gold. Such aii action invariably oc-

curs when the permanganate method is used. Add some clear

water to the tub, allow the gold to settle again, decant the clear

liquor off. The washings from the tub can be added to the pre-

cipitating vat, and any small quantity of gold caught in the next

clean-up. Transfer the precipitate to a filter made in the same

way as recommended for cyanide precipitates. Wash by pouring

boiling water from a kettle over the gold and allowing each lot to

drain through before adding the next. After the third washing,

pour a concentrated solution of nitre over tue mass, allow to drain
;

partly dry the precipitate and filter paper, detach the cakes of

slime gold. Diy the paper; when perfectly dry ignite, and it will

burn away completely, leaving only a film of golden ash. Add this

to a French clay pot, then some borax, then the precipitate, which

should be dry; cover with powdered borax and smelt. The nitre

prevents dusting, and will oxidise any impurity. The borax dis-

solves any intermingled material. A guard pot should be used as

before recommended. If there is any tendency for the material to

froth over, add powdered salt. ue gold so prepared is almost

pure, and often realises 4 4s. 9d. per ounce. Charcoal should be

used, whenever possible, for the precipitation of gold from chlorine

solutions. In this case a very large amount of gold may be pre-

cipitated on a comparatively small amount of charcoal. In burning
the charcoal the smallest amount of fuel is necessary, also a limited

draught.

If the charcoal was washed practically free from chlorine and
soluble salts, there is little trouble in burning, and the amount
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of gold left after burning will run as high as 80 per cent. There is

no trouble in melting this residue. Borax is the only flux needed.

The slags and pots should be saved
; these can be treated by amalga-

mation in a Berden pan, and the overflowing slimes settled, bagged,
and sold to the smelters.

If a parcel of slag is too small to send to the smelter it may be

melted down with about 10 per cent, of its weight of litharge in a

large crucible. When thoroughly melted, stir well with an iron

rod and allow the iron to stand in the pot. Metallic lead will be
reduced. This will alloy with the silver and gold, carrying them to

the bottom. Remove the iron and heat very strongly for about

half an hour. Pour into a mould, allowing the slag to overflow,

until the whole lot is poured. Allow the mould and contents to

cool. Break the slag off. There will be found a hard lead bar or

button, and on top of this a hard brittle metallic layer. This is

sulphide of iron, and as a rule is almost valueless. The lead con-

tains the gold and silver. Make a large cupel by stamping bone
ash into a jam tin or similar vessel. Stand this on a roasting dish

in a hot furnace half filled with glowing coal. When the cupel is

very hot, place the lead bullion on it. It should melt straight

away ;
shift the cover of the furnace so that air plays over the sur-

face. The lead may be wholly oxidised and removed as in an assay.
In such lead bullion obtained in this way or by other methods tnere

may be arsenic or antimony. It is easier to cut the lead bullion into

pieces and scorify it in large scorifiers until it is reduced in bulk
and has a high lustre, and is hard and brittle. In this case it is

rich in gold. The smaller bulk may then be cupelled in a large
cupel placed in the muffle.

COPPEK PLATES. The bulk of the amalgam may be removed from

copper plates by covering them with bags, and blowing in steam
between the plate and the bags. After an hour or two the amal-

gam will soften and may be scraped off with a soft iron scraper.
The plates are not injured by this treatment, and only a film of

amalgam need be left on. When it is desired to remove the whole
of the gold the plates are scaled. If the coating of amalgam is

thick, there is little trouble in removing the gold. The plates only

require to be gently heated, the mercury volatilises, and the gold

may be peeled off in strips. A thin layer is difficult to remove.
In this case, the plate should be slowly heated until the mercury is

driven off
; overheating is bad. Next wet the plate wifh strong hy-

drochloric acid and cover it over and leave for about 2- hours. Then
add evenly over the plate a mixture of equal parts of powdered
ammonium chloride and nitre. Place the plate over a fire and heat

gently. The compounds melt, find their way under the surface
of the layer of gold, and cause it to blister. As soon as the plate
is red hot, it is removed and allowed to cool. The gold can then be

scraped off; it may be scrubbed off with water into a tub. Many
other compounds will serve the same purpose. As a rule, patches
or gold, especially when not much amalgam was present, will re-

main. These may be retreated. Or if the plates are not wanted
again, the simplest method of removing the gold is to make the
plate red hot and sprinkle sulphur over it. The gold will rapidly
blister up and may be readily removed.
When the plates are to be re-amalgamated., the surface should
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be cleaned with dilute nitric acid. This should be washed off, and

the surface scoured with a bath brick and some caustic soda. Mer-

cury should then be ground up with dry sugar and a minute quan-

tity of potassium cyanide. This can be rubbed over the plate, when
it will at once amalgamate. The amalgamated surface can be

sprinkled over with sugar and left all night. It will remain

bright. Next day all the coppery amalgam should be rubbed off

and some silver amalgam and sugar rubbed on. The silver amalgam

may be made by grinding some of the pure reduced (not melted)

silver with mercury. The silver amalgam is rubbed on daily the

old material always being removed for about 5 days. If the cop-

per were of good quality, the plates will remain bright and will not

discolor. If the plates have been properly scaled, there is prac-

tically no gold left in them
;

it is quite a mistake to believe that

they absorb more than traces of gold. Sometimes mercury con-

taining amalgam leaks round to the underside of 'a platte and coats

it as well as the copper ;
this may always be seen when the plate is

first heated.
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Mining and Metallurgic Costs.

A tabulated sheet of costs for mining, milling, cyaniding, and

other operations cannot be taken as a truly comparative one.

Conditions are so varied in mining centres that such comparisons,

without a statement of corresponding circumstances, would be mis-

leading. For instance, take a simple case where open-cut methods

are adopted. The material shifted may be massive, dense pyrites

or rocky overburden, as at Mt. Lyell ;
it may be a granitic rock of

uniform composition as at the Anchor Tin Mine (Tas.) ;
or it may

be easily mined stuff such as occurs at Mt. Bischoff, part of Mt.

Morgan, and many alluvial mines. Not only is the nature of the

material different, but climatic conditions, rates" of wages, and

conditions for the removal of the broken material all influence the

total cost for this one item mining. With regard to underground

mining also, costs are only comparable on each field for similar

mines. "Wages, timber, explosives, fuel and machinery should all

be taken into account. The adoption of the short ton also by
sonfe mines may also unintentionally mislead. Even in taking all

ordinary expenses into account, it does not always follow that those

mines showing the lowest costs are always the best managed. A
Victorian mining manager many years ago paid 30,000 in divi-

dends from a mine which yielded only 3dwt. 15gr. per ton
;
he

regarded that as an achievement. Years afterwards one of his

men told me that this was possible because he regarded men as

cheaper than timber.

Taking milling, it would be absolutely absurd to assume that

because a large tonnage is crushed that a mill is doing good work,
~"d vice versa. Where shovelled material is fed into a battery
as at Mt. Bischoff, a tonnage is put through with tiny stampers

equal to that with the heaviest stamps working on hard ore. Even
when the materials are hard, the toughness, specific gravity, mesh

aperture, and depth of discharge, and the quantity of water used

have an influence which greatly modifies the output. Mills of

the same type running on stone from Ballarat, and the heavily
mineralised ore at Charters Towers, will give a widely different

output. Where about 20 per cent, of heavy metallic minerals is

present, a battery will seldom crush more than 60 per cent, of

the tonnage it would put through in the same time if the material

were clean quartz.
The comparison of roasting costs would also be highly misleading

unless the physical and chemical nature of the minerals fed in

and the products turned out are simultaneously considered. The
amount of sulphur present is but a poor guide as to the work done

by a furnace, unless the other materials present are of the same
nature. Roasting for smelting and even for cyaniding is a dif-

ferent operation from that required for chlorinating. Bearing
these facts in mind, the costs given are of much value in showing
what can be done on the various fields in Australia. Up to a very
recent date, this branch of the work was almost ignored except

by very few mining companies. Mining was looked upon, not

as a business, but as speculative venture, in which luck played the
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most prominent part. The tendency now is to proceed on strict-

ly business lines, and the
xman who has no business capacity, has

no right to have control of shareholders' money, while the man who
has will always try to outrival his neighbor in increasing his

extractions and lowering his costs. The adoption of some uni-

form system for mining costs is a matter which mining engineers
and managers should agree upon. At present the greatest diver-

sity prevails, and in the case of most mines the most meagre infor-

mation is afforded in reports and balance-sheets. The engineers
of Western Australia have set a good example, but uniformity has

not yet been arrived at.

Mining differs mainly from other business ventures in that the

life of a mine is comparatively short and, in general, more uncer-

tain, while, when the mine is worked out the stock and plant on

hand only possesses a fractional value of its cost price. It is the

custom on some works to write off this cost at once, on others to

distribute it over some years, while many write off something
annually for depreciation and wear and tear. The somewhat

extraordinary method of ignoring capital originally or afterwards

provided, in writing up costs-sheets, is not sound. Costs per ton

may readily be reduced if the capital provided for machinery or

other appliances is ignored, but in all these cases there is an

economic limit beyond which any further capital expenditure is

waste. It is the duty of the manager or engineer to determine

what this limit should be, and in all cases his mine should be so

opened up or tested that a few years' supply of ore is in sight. In

all cases, capital, mining, development, treatment, management
and general expenses should be considered. The omission of any
of these gives returns which cannot be properly compared. The

following tables were obtained from official reports, or through the

courtesy of the manager in charge :

LAKE VIEW CONSOLS.

ORE EXTRACTION FOR YEAR ENDING JUNE, 1903.

Costs per Ton of 22401b. Tons Extracted, 81,785.

Labor s. d.

Miners, truckers and mullockers, proportion of

firemen, bracemen, etc 7 0.174

Supplies

Explosives, timber, steel, candles 1 3,916

Assaying 2.977

Power 2 1.442

Repairs 6.110

Total 11 0.564

Milling-
Tons crushed, 81,785.
50 stamps running 344.65 days.

Stamp duty, 4.745 tons per 24 hours.
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s. d.

Salaries 0.189

Labor 6.743
Saltwater 1.636

Supplies 1.946

Repairs 10.085

Power 2 2.100

Assaying 0.220

Ore transport Labor 5.597

Supplies 0.748

Total 4 5.264

Concentrating
Tons concentrated, 81,667.

s. d.

Salaries 0.112

Labor 5.076

Supplies 0.149

Saltwater 1.666

Repairs 1.958

Power 3.368

Assaying 0.202

Total 1 0.531

Bromo-cyaniding
Tons treated, 77.260.

s. d.

Salaries 0.216

Labor 2 4.278

Lime 1.297

Zinc shavings 0.771

Potassium cyanide 2 5.399

Cyanogen bromide 2 1.815

Sulphuric acid 0.333

Saltwater 1.745

Supplies 4.147

Repairs 10.221

Power 3 7.765

Assaying 2.381

Royalty 9.856

Total 13 2.224

Treatment of Concentrates. Tons Treated, 4147.

Roasting s. d. s. d.

Salaries 1.358

Labor 4 1.218

Fuel 2 8.927

Supplies 1.487

Ore transport 1 11.419

Repairs 7.023

Power 1 9.776

Assaying 5.642

11 10.850
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Cyaniding s. d. s. d.

Labor 2 9.430

Lime 1.129

Zinc Shavings 2.008

Potassium cyanide 3 9.910

Sulphuric acid 1.280

Saltwater 4.292

Supplies 10.692

Repairs 1 3.277

Power 3 10.172

Assaying ... 8.437

14 0.627

Total 25 11.447

Summary of Expenses for 81,785 tons. Fine gold won, 63,215oz.
s. d.

Ore extraction per ton 11 0.564

Ore reduction J 19 5.631

General working expenses 3 5.369

Management and General Expenses 1 2.936

Total 1 15 2*

The percentage of gold extracted was 88.55 per cent. The resi-

dues average 2dwt. per ton. The concentrates produced amounted
to 5.07 per cent. The ratio of gold in concentrates to that in

slimes is not shown.

The costs for treatment at the Perseverance mine for November,
1903, where the whole of the ore is slimed, roasted, filter-pressed
and cyanided, amounted to 17s. lid.

GREAT FINGALL CONSOLIDATED.

COSTS FOR JULY, 1903. 8270 TONS TREATED.

s. d. s. d.

R ock-breaking
Power 1.45

Labor 1.00

Repairs 1.58

Supplies 0.12

4.15

Transport to Mills

Power 0.35

Labor 2.33

Repairs 0.17

Supplies 0.20

3.05

Milling
Power 1 3.36

Labor 1 0.71

Repairs 6.33

Supplies 8.81

Mercury 0.31

3 7.52
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Concentrating s. d. s. d. s. d.

Power 2.09

Labor 0.25

Repairs 0.74

3.08

Roasting 1.45 1.45

Grinding 2.25 2.25

Agitating and cyaniding

Power 1.08

Labor 9.34

Repairs 1.17

Supplies 1.01

Cyanide 7.79

Acid 0.61

Lime 1.45

1 10.45

Filling, Drying and Emptying Presses

Power 0.99

Labor : 3.16

Supplies 0.01

4.16

Disposal of residues

Power 0.71

Labor 11.60

Repairs 0.43

Supplies 0.26

1 1.00

Precipitating and Smelting

Power 0.33

Labor 0.27

Repairs 2.62

3.22

Assaying and sampling

Power 0.06

Labor and salaries 0.83

Repairs 0.12

Supplies 0.63

1.64

8 5.97

Stoping

Power 7.97

Pumping 2.45

Labor and salaries 5 7.35

Repairs 2.33

Supplies 1 8.49

Assaying and sampling 0.34

8 4.93

Management and general expenses... 3 1.47 3 1.47

Total 1 0.37
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Summary of Great Fingail Costs for July, 1903.

s. d. s. d.

Reduction

Power 1 10.10

Labor and salaries 3 5.55

Repairs 10.83

Supplies 2 3.49

8 5.97

Mine Development

Power 446 11

Labor and Salaries 1972 9

Repairs 240 7 5

Supplies 386 12 4

Proportion of assaying and

sampling 54 12 11

3100 2 7

Plant

Labor and Salaries 598 8 9

Supplies and Sundries 792

1390 8 9

KALGTTRLI GOLD MINES, LTD.

AVERAGE COST PER TON UP TO OCTOBER FOR YEAR 1903.

Ore treated, 12,317 tons.

s. d.

Rockbreaker Driving and feeding 8.26

Aerial tram 3.99

j.ower Enginedrivers, firewood, water, etc.... 2 11.59

Balls mills and crushed ore conveyor 10.91

Furnaces, firing, firewood and water 4 4.98

Conveyors and elevators 6.97

Separation and amalgamation 8.45

Cyaniding Cyanide and caustic soda 2 5.23

., Fresh water 8.30

Agitating and filter pressing (air) 3 3.76

Oiling and attendance 3.88

Precipitation 6.81

Smelting 2.88

Assaying, Sampling, etc 2.98

Superintendence 7.18

Electric lighting 2.49

General Treatment . 3.85

Total 19 6.51

Proportion administration expenses 11.75

1 6.26
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HAINAULT GOLD MINES, LTD.

ORE RAISED FOR THE YEAR TO OCTOBER, 1903: 10,318 TONS.

Costs per Ton.

s. d. s. d.

Labor 2 6.39

Loading and trucking 2 1.58

Filling stopes 8.03

Repairing and sharpening tools ..' 4.09

Superintendence 4.88

Sundries 1 5.20

Total 6 2.48

Stores

Tools 0.91

Candles 1.59

Explosives 6.37

Timber 2.87

Repairs and renewals 1.56

Electric Lighting 0.19

Assaying 1.07

Sundries 0.18

Total 1 2.54

Haulage

Enginedrivers, stores, repairs, and fuel... 2 4.30

Total cost of ore at pit mouth 9 9.32

Proportion of administration 1.90

9 11.22

Treatment Charges per ton for 10,318 tons at Hainault Mine.

s. d. s. d. s. d.

Superintendence 3.88

Feeders 3.12

Picking ore 0.29

Amalgamating tables 8.10

Concentrating Tables 3.52

Separation 2.47

Repairs and renewals, tailings dam ... 5.34

Sundries ... ..- 1.89

Total 2 9.10

Stores

Repairs and renewals 5.22

Tools and oils 0.37

Screens 0.45

Mercury 0.49

Assaying 0.39

Electric Lighting 1.71

Water 11.51

Sundries 1.19

Compressed air 2.21

1 11.54
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8. d. S. d.

Electric Power 4 1.93

Realisation of concentrates 3.35

Cost of raw ore from mine 9 1.92

Administration expenses X.4A

Total milling per ton of ore 9 4.36

Cyaniding Costs

Filling vats and mixing solutions... 1 5.62

Belt conveyor 0.93

Emptying vats 4.29

Repairs and renewals 0.43

Trucking from vats 1.01

Sundries 1.10

2 1.44

Stores

Cyanide and caustic soda 1 1.26

Zinc shavings 0.80

Power for pumps 1.56

Repairs and renewals 0.47

Assaying 1.37

Sundries 0.47

1 5.93

Total per ton 3 7.3'

WORKING COSTS, MT. MORGAN.

Ore treated, 262,919 tons; average value, 11.69dwt. per ton.

This was composed of 51.84 per cent, sulphide or mundic ore.

22.59 high-grade oxidised ore.

25.57 low-grade oxidised ore.

Average value of mundic ore, 10.62dwt.

Average value of oxidised ore, 12.52dwt.

Cost of Mining. Cost of Treatment. Total.

s. s. s.

Oxidised ore 3.03 11.69 14.72

Mundic ore 11.74 15.18 26.92

Average 7.51 13.51 21.02

Copper recovered per annum, about 100 tons.

Average amount of chlorine per ton of ore, 4.541b.

Average amount of chlorine per ton of sulphide ore, 5.41b.

Or nearly lOlb. per ounce of gold.

Mundic Works. 2.59cwt. of wood burnt per ton roasted. Cost

of wood, Is. 5.81d. Ore mined, 233,568 tons. Average value,
46.51s. per ton. Ore chlorinated to May 31st, 1903, 1,986,249 tons

for 2,621. 318oz. ; value, 10,653,432.

*

Dividends, 6,229,166, or

6 4s. 7d. per share.
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COSTS FOR ROASTING AND CHLORINATING ORE AT THE CHANCE MINE,

CASSILIS (V.)

Composition of ore

Silica and insoluble 5.5

Iron (Fe) 41.0

Sulphur (S) 33.0

Arsenic (As) 8.7

Zinc (Zn) 4.3

Copper (Cu) trace

Lead (Pb) 1.6

Calcite (CaCOa ) 1.4

Sulphur contents after roasting in Edwards' Furnace

Sulphur soluble in water as SO* 0.12

Sulphur in lead sulphate 0.32

Sulphur in sulphides 0.12

Cost of chemicals delivered on the mine

Sulphuric acid 1.35d. per Ib.

Salt 0.705

Potassium permanganate 8.000 ,, ,.

Charge for 10-ton vat

s. d.

Sulphuric acid, 3001b. at 1.35d 34

Salt, 2401b. at 0.705d 14

Potassium permanganate, 281b. at 8d 19 6

Total 67 G

Cost per ton of roasted ore, 6s. 9d.

Capacity of one Edwards Furnace, 35 tons per week.

s. d.

Roasting costs 18 6 per ton.

Handling ore 16,, ,,

Total 20

s. d.

Fuel used in roasting per week, 20 cords at 12s 12

Fuel used in generating power to work furnace, 5 cords

at 12s 300
Wages

3 men at 2 18s. 4d 8 15

Emptying and filling, 1 5s 150
Proportion of drivers' wages, 1 10s 1 10
Half metallurgist's salary, 4 5s 4 5

30 15

Total costs for roasting ores and treatment by the permanganate
process

s. d.

Roasting 18 6

Chemicals 5 4

Handling ore, etc 1 6

Total . 25 4
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COST SHEET, ANCHOR TIN MINE, LTD., LOTTAH, TASMANIA.

March 1st to March 28th, 1903.
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Roasting of Concentrates

Tons roasted, 54. Two Edwards' furnaces.

s. d.

Wages 10 33

Fuel 12

Upkeep 090
General charges 506

Cost per ton roasted, 10s. 4.9d.

Chlorination

Tons treated, 54.

s. d.

Wages 7 10

Chemicals 13 2

Smelting, stores 4 6

General charges 4 2 6

Cost per ton chlorinated, 9s. 3. Id.

Summary.
s. d.

Milling and concentrating 4 10.8 per ton crushed.

Roasting 2 1.0

Chlorinating 1 10.2 ,,

Total 8 10.0

General charges include proportion of assaying, clerical charges,
and management.
The concentrates saved, according to this sheet, amounted to 20

per cent, of the ore crushed. The tailings and slimes were saved
for cyaniding. The residues from the chlorination vats still con-

tained from 7 to 14 dwt. of gold per ton, so that the method of

treatment adopted cannot be looked upon as satisfactory.
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Conclusion.

The mining and metallurgical progress in Australia has been so

rapid that a portion of the descriptions given are no longer appli-

cable. These alterations will be referred to shortly in this

article. My visits to the centres mentioned were made during

vacations, and it was not possible to visit every mining and metal-

lurgical district
;
for this reason mainly only those fields presenting

typical or novel methods were dealt with, it being unnecessary to

include those having simple milling or mining methods. At the

same time several phases of mining and metallurgy have had to

be omitted, for instance, the important deep leads of Victoria,

dredging for gold, the Wallaroo and Moonta mines, and others.

I also desire to mention that the article on the treatment of

Cassilis ore was written by Mr. W. Alpin, and that pp. 97-140.

which give a great deal of statistical information on West Australia,

were written in the office. In all other cases, the mines and

works described were visited and the iniormation given was ob-

tained on the spot. It is necessary to state that valuable infor-

mation was obtained from gentlemen whose names are inadver-

tently omitted from these pages.
A few notes on alterations in treatment methods in Western

Australia will serve to show the latest developments. Messrs.

Bewick, Moreing and Co. have obtained the management of seve-

ral important mines, and the de-jire of their managers to show

decreasing cost-sheets has led to several alterations in methods

and details
;

for instance, in the Diehl process, as carried on by
them in the Lake View Consols, the roavted concentrates are not

mixed up with the other ore and treated by the expensive bromo-

cyanide solutions, but after reduction to slime in the lube mill,

are agitated in the ordinary way with potassium cyanide and filter

pressed. It is also noteworthy that ihe Ropp furnaces have been

replaced by Meiton's furnaces at the Associated.

Generally speaking, it would seem as if the commonly accepted
method of treatment of the sulpho-telluride ores of Kalgoorlie
is by dry crushing and roasting in bulk, grinding and amalgamating
in bulk, agitating the slimes with dilute cyanide solutions, and

filter-pressing. Mr. Hawitson, whose opinion was given in favor

of wet crushing, has altered his views on the matter now that

sulpho-tellurides have become so universal at the deeoer levels.

The Diehl process does not seem to have been adopted anywhere
else than on the mines previously indicated.

Concerning machinery, the Gates crusher holds its own, but it

would seem as if the Griffin mills will have to make way for the

Krupp mill
;
the former being more expensive as regards wear and

tear. The tube mill is an excellent triturating machine, but the

simpler grinding and amalgamating pans, in which two operations
instead of one are carried on, are more suitable for the work done
at present.
Furnaces are a highly debatable subject, but for this cla*& of

ore Edwards' and Morton's hold their own against the American
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types; it would seem as if Morton's furnace is more economical

as regards fuel than Edwards', but with regard to roasting, they

are both capable of giving excellent results.

Three-throw pumps have been used successfully for filling filter-

presses. They give good results and are more economical than

the compressed air montejus.

Agitation by compressed air is still used at the Kalgurli mine,

but open steel cylinders are used, these being 12 feet 6 inches deep
and 6 feet in diameter. The presses are filled by drawing the

pulp from the bottom and forcing it into the press by means of

Pearn's belt-driven three-throw pump. It is probable also that

instead of the double treatment of sands by percolation in vats,

the whole will be reduced to slimes and filter-pressed. This

is mainly due to the reduction in the cost of filter-pressing. The
total costs at this mine, including London expenses, have been

reduced to 40s. 6cl. per ton.

.At the Associated the ore is broken with 2 No. 5 Gates Breakers

and 2 Comet Crushers. Robin's belt-conveyors distribute this be-

tween 12 Ball mills, where it is crushed and passed through 900

mesh screens
;

it passes to 14 Merton Furnaces, thence to 20 pans ;

about one-third of the gold contents are amalgamated. The pulp

passes over six Wilfley tables. The pulp is passed through 24

spitzkasten, 13 agitators, and six filter-presses, the treatment be-

ing the same as described. A 20 head stamp mill and concentra-

tors have been erected for dealing with large bodies of low-grade
ore.

The most notable Tasmanian alteration is the abolition of the
hot blast at Mt. Lyell ;

the stoves have been dismantled, and the
work is carried on as successfully as ever. The matte fed into

the converters is also of much lower grade (about 35 per cent.)
than at the date of my visit to the mine. The amalgamation of

the Mt. Lyell and North Mt. Lyell companies has led to the use
of the bulk of the Mt. Lyell ore as fuel and flux, but unfortunately
the grade of ore available in the North mine was much lower than
that previously removed. The Mt. Lyell Company is about to

undertake the manufacture of sulphuric acid in Melbourne from its

low-grade pyrites, and also to manufacture superphosphates.
The most notable alteration in Queensland is the gradual transi-

tion of the Mt. Morgan gold mine into a low-grade gold and copper
one. Different methods of treatment will be adopted, but the
processes described in detail are still carried on successfully.
The articles on New South Wales are the latest, but there will be

notable changes in ore treatment at Broken Hill within a short
time. A summary of the output of Broken Hill and the divi-
dends paid will emphasise the richness of this unique metalliferous
lode.

According to Coghlan, the quantity of silver and silver-lead
produced in New South Wales to 1902 was

Silver, ll,088,554oz., valued at 1,718,345
Silver-lead (ore), 3,374,369 tons lOcwt,, (metal) 444,379 tons

lOcwt., value 32,063,411.
Total value, 33,781,756.

The aggregate output of the mines in the Barrier country to
the end of 1902 was valued at 30,945,073, thus leaving 2,836,683
the value of the output of the other mines in the State.
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The Broken Hill Proprietary from the commencement of mining

operations in 1885 to the end of May, 1903, treated 6,544,468 tons

of silver and silver lead ores, producing 119,564,327oz. of silver

and 598,835 tons of lead, valued on the London market at

25,688,000. Dividends and bonuses to the amount of 7,592,000

have been paid, besides 2,320,000, the nominal value of the shares

from the several blocks. To these figures may be added the out-

put and bonuses for the past half-year to the end of December.

British Broken Hill. Dividends to 1900, 127,500. The ac-

counts to the 31st December, 1901, showed a loss of 11,270 on

the half-year, reducing the former credit to 12,474. Mill shut

down since July, 1901, owing to the low price of the metals. At

June 30th, 1902, the credit balance was reduced to 4705

Broken Hill Junction M. Co. Second reconstruction of the

Broken Hill Junction Silver M. Co. Dividends and bonuses (3d.)

paid by the former company, 17s. 3d., representing 86,250.

This was on a capital of 100,000 in 100,000 shares. The present

capital is 100,000 in 200,000 of 10s. each.

Broken Hill Proprietary Block 10 Co., Ltd. Capital,

1,000,000 in 100,000 of 10 each. Dividends and bonuses to

May, 1901, 9 4s. per share, amounting to 920,000. No dividends

declared since. Reserve fund to September, 1902, 40,000. Credit

balance to same date, 17,809.

Broken Hill Proprietary Block 14. Dividends to March. 1901.

3 6s. per share, amounting to 330.000.

North Broken Hill, 17,500.

Broken Hill Junction North, old company. Dividends, 4s.. re-

presenting 26.000 ; present company, no dividends.

New Australian Broken Hill Consols, Ltd. Dividends, 2s. per

share, amounting to 59,640 paid in 1891 by the old company.
Broken Hill South Silver Mining Co. Dividends to May, 1904,

21s. 6d. per share, amounting to 260,000.

SUMMARY OF DIVIDENDS AND BONUSES.

B.H. Proprietary 7.592,000

B.H. Blocks shares 2,320,000

B.H. Prop. Block 10 920,000
B.H. Prop. Block 14 330,000
B.H. South 260,000
British B.H 127,500
B.H. Junction 85,000
New Australian B.H. Consols 59,640
B.H. Junction North 26,000
North B.H 17,500

11,737,640

The opportunity may be here taken to make the following cor-

rection ; : On page 12 there is a reference to the Sullivan Dia-

mond Drilling Company. This should read the Goldfields Diamond

Drilling Co., agents for the Sullivan drills. On page 63, the

cost of roasting is given as from 7s. to 9d. per ton. instead of 7s.

to 9s. per ton. On page 416, lead in Block 10 tailings 5. not .5

per cent. On page 423 the dimensions given of the Broken Hill

Proprietary Co.'s smelting works stack at Port Pirie should be
21 feet inside diameter, not 41 feet.
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Refining Copper 455

Explosions in Griffin Mills 19

Exports W.A 102
Extractions 37. 177

Bad 25

F.

Faber du Faur Smelting 52

Fans Sturtevant 47

'Feeders, Challenge 78

Filter-Press 29, 32. 33. 34. 49. 52, 95
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Filtering Gold Slimes 497

Fine Crushing 19, 95
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Assay 467
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Edwards 54, 57, 61, 66, 320, 330
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Godfrey 438
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Reverberatory For Copper Smelting 454

Richards 54, 279

Ropps 66, 73, 417
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Gates Breaker 17

Geology of Anchor Tin Mine 215

Broken Hill 346

Queensland 255
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At Mt. Reid, From Magnetings and Black Sand 494

From Bismuth 306
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In Sand Grains 458

Ores 294

Precipitates 497, 498

Precipitation 39, 271, 290, 292, 311, 317, 321, 328
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Refining 499

Re Precipitation in Cyanide Solutions 28

Retorted 492

Slags 502

Smelting 271, 491, 495, 501

Solutions Clarifying 495

Goldfields Diamond Drilling Co 10

Godyer-Laughton Sulphide Separator 397
Goldfields Water Supply 112

Coolgardie Scheme 113. 116

Graphite 138
Great Boulder .. 9
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Griffin Mill 17, 45, 81

Grinding 258
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Gympie 300

.Bush's Cage , 300

Feed for Sampers 303

Ore Amalgamated Only 304

Gypsum 7, 41, 42, 403, 488
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Halley Tables 315, 325, 327
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Heap Roasting 152, 394

Heberle Grinders 377

Hercules 244

Hollo-way's Process 153
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H.H. Converters 417

Huntington Heberlein Process 228, 395, 403, 417, 438
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I
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Ironstone Assay of 252
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Jigs ." 217, 445
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Luhrig 242, 335, 379
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Wilfley 379
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Kalgurli 509
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Details of Treatment 57
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Key and Cotter Tappet 78

Krupp Ball Mill 57, 71, 73, 271, 27G, 309, 437

Cost of 309

Elevator 66, 91

L
Lake View Consols 65

The Brown Furnace 66

Tube Mill .. 67
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Luhrig Ore Dressing Co 241

Luhrig Vanner 325, 335, 377, 387
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Composition of Lode 324
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Value of Product from Various Machines 324
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Maynes Tin Mine 221

Mclntyres Refining Process 259
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Metallic* 474
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Dressing Tables 202
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Composition of Bricks and Clays at Mt. Morgan 273
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Boaster Revolving 277
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Construction of Vats and Connections 285
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Open Cut 358
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Potter Process .- 429
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Public Batteries in W.A 86

Push Conveyors 26
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Smelting Co 295

Roasters 290

Smelters 29G
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Wilson's Method of Treatment 305
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Sintering Slimes 391
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Diagram of Treatment 329
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Austin Rotary Rock=

Breakers
Are STRONGER, MORE DURABLE, have greater

CAPACITY, and far more CONVENIENT ADJUST-

MENTS than all other Rock- Breakers. Specially

fitted with an AUTOMATIC OIL PUMP.

A layman can immediately see the advantages of

these Machines, and also of the

A. S. CAMERON PUMPS,

STEAM OR AIR,
As they are the Simplest, Surest and Strongest.

No Outside Valve Gear to Become Deranged, Broken or

Oiled. No Dead=Centre. Fewest Working Parts. All

Pumps Guaranteed and Supplied with Removable

BRONZE WATER CYLINDERS if required.

Best Adapted for all Classes of MINING REQUIREMENTS,
BOILER=FEEDING and IRRIGATION.

Special Constructions for CYANIDE and CHEMICAL

WORKS.

VERTICAL SINKING PUMPS A SPECIALTY.

For Particulars apply to the Sole Agents ...

H w. & J. LEMPRIERE,
506 Little Collins St., Melbourne,

Or their Branch Houses in the Different States.
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THE LUHRIG VANNER
AND

THE BUSS CONCENTRATING

TABLE . . .

Are the Best Machines for the successful treat-

ment of Low Grade Ores. Universally adopted in

preference to all other forms of concentrators.

The Only Machines for BEST
PAYABLE RESULTS are the

BUSS TABLES and LUHRIG VANNERS

on all classes of Dressable

Ores Fines or 5limes.

PROVED BEYOND DOUBT.

Sole Agents In Australasia:

W. & J. LEMPRIERE,
506 Little Collins Street,

MELBOURNE.

Apply Direct for particulars, or to their Branch Houses
in the different States.
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Cbe mestingbouse Patent Automatic

PUMPS.

COMPRESSORS
Of Small Capacity for Hig'K or

Low Pressures, driven by

STEAM, BELT or
ELECTRICITY.

Boiler Feed Pumps
. . and . .

Water Pumps
UMP For GENERAL PURPOSES.

The Most Compact of all Pumps, and More Efficient
than any other Pump of same size in use.

Over.

70,000

in

Use.

TYPE OF ELECTRIC MOTOR COMPRESSOR.
SIZES i to 15 H.P.

'Write for Prices and Particulars to

THE WESTINGHOUSE BRAKE COY., LIMITED,
mutual Eife Buildings, martin Place, Sydney, n.S.t

W. H. NISBET, MX Mech. E., Australasian Representative.
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Lohmann & Qo.9

: 9 Castlereagh Street, Sydney.

Telephone 2821. ^^ G.P.O. Box 526.

Sole Agents for the...

HUA\BOLDT - -

Epgipeeripg WorKs Co.,
Manufacturers of All Kinds of

Mining Machinery
As

Ore Dressing,

Magnetic

Separation,

Ore Reducing,

Gold Ore

Dressing,

Coal Washing', Briquette MaKing'.

STEAM BOILERS,

STEAM ENGINES,
WATER PURIFIERS,

&.C., &.C., &LC.

Catalogues and Prices Forwarded on Application.

LIII.



AUSTRALIAN MINING AND METALLURGY.

INDEX TO ADVERTISEMENTS. CONTINUED.

I

India Rubber G.P. and T.W. Co Ixxii.

Ivanhoe Gold Corporation, Ltd vii.

J

Johnson, Clapham and Morris ... Ixviii.

K
Kalgurli G.M., Ltd xxxv.

Kelly and Lewis, Geo. W Ixxviii.

Knox, Sohlapp and Co., Pty., Ltd xxviii., xxix.

L
Lake View Consols, Ltd ii.

Lempriere, W., and J xlix., 1.

Lohmann and Co liii.

London and Western Australian Exploration Co., Ltd. ... xxxiii.

Ludowici and Co., J. C., Ixv.

Lysaght's Iron Ixxx.

M
Martin and Co., Ltd., Jas., Gawler, S.A xix.

McArthur and Co., Ltd., W. and A Ivi., Ivii.

Merton's Reward G.M. Co., Ltd xxxix.

Merton, T. D Ixxix.

Mines Department, Maps, Plans, Reports (V.) Ixxiii.

Millars' Karri and Jarrah Co. (1902), Ltd x.

Mining Machinery, Duty on .-. xxiii., xxxiv., xxv.

Morton, B. K., and Co xxxii.

Mount Lyell Railway and Mining Co., Ltd xxi.

N
Nobel-Glasgow Explosives Ixiv.

Noyes Bros., Fried Krupp xviii.

O
Oroya-Brownhill Co., Ltd xvi.

P
Paringa Mines, Ltd.. xxxviii.

Potter's Sulphide Ore Treatment, Ltd xxii.

R
Red Hill Westralia G.M., Ltd xi.

S

Sandover, Wm., and Co xlviii.

Scientific and Technical Writers xxxvii.
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ELECTRICAL ENGINEERS

...AND CONTRACTORS.

Agents for Telpher System of Overhead

Conveyance.

AUTOMATIC TELPHER, WITH BUCKET CARRYING ORE.

Continuous and Rotary Current Plants

for Traction, Lighting and Mining.

16 O'CONNELL ST., SYDNEY.

29 WILLIAM ST., MELBOURNE.
Works :

WOOLWICH and STAFFORD, England.
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ROCK AND

OREHADFIELD'S
BREAKER,

The Only Perfect Gyratory

- - CRUSHER, - -
HAS THE FOLLOWING ADVANTAGES:

Main Shaft is hollow, and is therefore able to withstand the

repeated bending strains.

Main Shaft is suspended from the upper end, where motion
and friction are absolutely nil.

Lubrication is automatic and free from dust, reducing wear
and saving oil.

All Steel except Bottom Shell. "Wearing Parts of Manganese Steel.

Simple Adjustment. Facilities for Renewing Wearing Parts. The
Cost of Maintenance is Much Reduced.

Agents :

W. & A. MeArthur, Ltd.
15 MACQUAR1E PLACE, SYDNEY.
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ALL STEEL

HADFIELD & JACK'S
PATENT

Stone Breaker & Ore Crusher
Being made of steel throughout is compared with others

lighter and stronger, without increase of cost.

MANGANESE STEEL
JAWS, ROLL SHELLS,

And other Wearing Parts for Ball Mills, Batteries, and
Every Description of

GRINDING AND CRUSHING MACHINERY.

Mining Truck Wheels in Manganese Steel and Ordinary
Cast Steel.

GLAHOLM & ROBSON, Ltd
STE:EL WIRE ROPES

Of Every Description in Stock.

CLAYTON & SHUTTLEWORTH.
PORTABLE ENGINES - -

TRACTION ENGINES - -

j>

PORTABLE OIL ENGINES \

Agents :

W. & ft. McArthur, Ltd.,
15 MACQUARIE PLACE, SYDNEY.
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ElderSmith & Co.,
LIMITED.

CAPITAL, - - <'1,OOO,OOO.

Head Office: ADELAIDE, South Australia.

London Office : Portland House, Basinghall
Street, E.G.

Branches at Port Adelaide, Port Augusta, Port Pirie, Kingston, James-
town, Gladstone, Burra, Kapunda, Strathalbyn, Balaklava, Snow-

town, Mount Gambier, Bordertown and Millicent. And at Broken

Hill, N.S.W.

General Merchants, Bankers and Financial Agents,

Wool, Grain and Produce Brokers.

Live Stock Salesmen and Station Agents.

Importers and Exporters.

Buyers of Metals and Ores.

Shipping and Insurance Agents.

Agents for

Peninsular and Oriental Steam Navigation Company.
British and Colonial Line of Steamers.

Federal-Houlder-Shire Lines of Steamers.

Shaw, Savill & Albion Co., Limited. Elder Line of Sailers.

The American & Australian S.S. Line.

United States and Australasia S.S. Co.

Sole Freight Brokers in Australasia for

Millars' Karri and Jarrah Company (1902), Limited.

Nobel's Explosives Company, Limited, Glasgow.
The Chilworth Gunpowder Company, Limited, London.

Cammell, Laird & Co., Limited, Sheffield.

Orenstein & Koppel, Limited, Berlin.

The Stirling Boiler Co.. Limited, Edinburgh.
Lysaght Bros. & Co, Limited, Sydney. Vivian & Sons, London.

British Anti-Fouling Composition and Paint Co., Limited.

Lawes' Chemical Manure Company, Limited, London.
W. Baird & Co., Limited. Glasgow. R. Millar & Sons, Montrose.
R. W. Cameron & Co., New York. H. E. Reynell & Co., Hiogo, Japan.
Haig & Haig, Limited, London. Mitchell Bros

, Glasgow.
James Stewart & Sons, Paisley. C. Mackinlay & Co., Leith.

METALS AND ORES :

Beer, Sondheimer & Co., Frankfurt-on-Main.

Electro-Magnetische Gesellschaft, Frankfurt-on-Main.

Lloyd's Agents for South Australia.
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MECHERNICH
Magnetic Process.

For the CONCENTRATION of all Kinds

of Silver-Lead, Zinc, Tin, Copper and

Other Ores.

PLANTS AT
CENTRAL MINE, BroKen Hill.

Neerpelt, Belgium.

ClaustHal, Lipine, MecHernicH,

Germany.

Further Particulars on Application to

ELECTRO-MAGNETISCHE GESELLSCHAFT M.B.H.,

FRANKFURT oMAlN, GERMANY,

Or to

ELDER SMITH & CO., Ltd.,

ADELAIDE.

FRANCIS H. SNOW,

ADELAIDE.

Joint Agents for Australasia.
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THE

Stirling Company
53 Deansgate Arcade,

Manchester.

The "STIRLING"
WATER TUBE BOILER.

For Economical Steam Raising*

Upwards of 1,400,000 h.p. of these Boilers in operation.

R. 21. HERVEY,
Corner Clarence and King Sts., Sydney,
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- THE - -

Gamborne, Gornwall, England.

AIR COMPRESSORS & ROOK DRILLS

...All Latest Improvements...

Four Drills on Portable Column. When in Position the Body of
Truck is Jacked, up the same as an Ordinary Column Block.

jR. A. HERVEY,
Corner Clarence and King Streets, Sydney.

Agent for X.S.W., Vic., S.A., Tas., N.Z., Pacific Islands.

Webster & Co., Ld.. Brisbane, Agents for Queensland.

Denny Bros., Perth, Agents for West Australia.
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THE BRUSH ELECTRICAL

ENGINEERING COY., LTD.

Works: LOUGHBOROUGH, LEICESTERSHIRE.

AUSTRALASIAN BRANCH

Manufacture Electrical Machinery
OF EVERY DESCRIPTION.

500 Kilowatt Steam Dynamo, made entirely in our own works.

Steam Dynamos and Alternators.

Motors Direct and Alternating Current.

Tramway Plant. Electric Locomotives.

Steam Locomotives.

W. T. GLOVER 4 Coy., Ltd., Cable Manufacturers.

Specialties: FIRE=RESISTINQ CABLES.
ARMOURED Cables for MINING WORK.

GWYNNE'S, Ltd. CENTRIfUG/VL PIMPS
FOR ALL PURPOSES.

OSWALD HAES,
56 MARGARET STREET,

SYDNEY.
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FOR ... 71 Clarence St., SYDNEY.

486 Collins Street,

MELBOURNE.

Cuba Street Extension,
WELLINGTON.

We employ a Qualified Civil and Mining Engineer, whose Advice is at
the Service of our Clients.

SOLE AGENTS for

RAND DRILL Co., New York.
RocK Drills and Air Compressors.

See results of recent Drill Tests in South Africa, in which " SLUGGER "

and " LITTLE GIAXT " Rand Drills easily heat all other Competing
Machines. IMPERIAL PNEUMATIC TOOLS.

fpuisometer engineering 6*U
(line etm & ironworu*. Reading

Pumps for Every Use* Large Service Filters and Water

Softening Plants for Boilers*

The CARD CONCENTRATOR
Has Improved Movement and Ore-Dressing Surface* Also

an Auxiliary Table for Treating the Middlings, which

Combination gives Larger Capacity than other Tables.

NEW EXPLOSIVE Co., Ltd., London.
" Stowmarket "

Gelignite, Gelatine, Dynamite,
Blasting Gelatine, Detonators, &c.

Manufacturers of "
Rackarock,"

" Rendrock " and " Guthite
" NEVERMISS " BLUE FUSE.

HENRY ROSSELL & Co., Ltd., Sheffield.
" Ivanhoe "

Octagon Mining Steel.

Cister Electric manufacturing Co., England.
High=CIass Dynamos and Motors.

Etc., E.tc.

Write for Catalogues, Quotations, Etc.
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AUSTRALIAN MINING AND METALLURGY.

PIONEERS AND LEADERS.

J. C. LUDOIVICI & SON,
LIMITED,

Leatber WorKs,
117 YORK STREET, SYDNEY, N.S.W.

MAKERS OF

Leather, Raw Hide, and Patent Link

Belting.

PIONEER
!

LEATHER
(^^^^^i

LTI

Raw Hide Belt Laces,

Mechanical Leathers K,

E

n

v

d

c

.

ry

Raw Hide Noiseless Gears.

AGENTS, Holding Stocks-

W.A.H. Summers, 9 Howard St., Perth

Q'LAND. P. Frankel & Co., Edward St., Brisbane.

TAS. H. K. Fysh & Co., Collins St., Hobart.
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AUSTRALIAN MINING AND METALLURGY.

THE

Atlas Company of Engineers.

SCOTT & YOUNG, MELBOURNE.

Manufacturers of

Complete DIAMOND and CALYX DRILL-
ING PLANTS and Appliances.

Tiffin and Pole Well Boring Machinery.

Hand Boring Tools and Appliances.

WATER EVAPORATING PLANTS,
ingle or Multiple Effect Systems, for the Supply of Pure \

for Domestic, Factory, or Boiler Use.

MODERN REFRIGERATING MACHINERY.

Cold Storage Plants Designed on Most Up-to-date Systems. Write
for Descriptive Catalogue.

Small Self-Contained Machines a Specialty ; Shipped Complete, Ready
for Working.

STEAM ENGINES FOR ALL PURPOSES.

For Particulars Apply to

DAVIS, HANKINSON & CO., Perth,

Sole Agents for West Australia.
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ALEX. FRASER,
METAL BROKER,

39 Queen St., Melbourne.

METALS, ORES, MATTES, BULLION,
Purchased or Realised for Clients*

Best Brands of SOFT PIG LEAD,

INGOT COPPER, ANTIMONY, TINPLATES,
INGOT TIN.

Purchaser of TIN ORE, WOLFRAM ORE,
ANTIMONY ORE, &c.

INGOT TIN and STAR ANTIMONY Kept
in Stock.

Agent for

Join A. Roebling's Sons Co.,

Of NEW YORK.

High Quality Flexible Iron and Steel Wire Ropes

For MINES, HAULAGE, ELEVATORS, &c.

Stocks on Hand. Any Length Cut.

ELECTRICAL COPPER WIRE and CABLES.

COPPER TELEPHONE WIRE.

IRON TELEGRAPH WIRE.

Copper Tapes and Binders.

Underground and Aerial Telephone Cable.

Copper Strand, &c., &c.
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JOHNSON'S
PATENT

"DEFLECTOR" LAMPS.
To Light Electrically, with Patent

Wick-Raising Gear and Side filler.

This Lamp is recognised by

Colliery Managers as the most

perfect Miner's Lamp yet pro-

duced. They have the highest

illuminating power, and, as all the

parts are interchangeable, they

save a great amount of labour

and time in the Lamp room.

The DEFLECTOR Lamp
has been tested in a current of

explosive gaseous mixture, travel-

ling at a velocity of 40 feet per

second,

WITHOUT BEING
EXPLODED.

We make every description of MINERS'
LAMPS, and carry large stocks of

Lamps, Parts and Tools for locking,
etc.

Catalogues on application to

R. Johnson, Clapham & Morris, Ltd,

78 PITT STREET, SYDNEY.
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THE

EDISON & SWAN
United Electric

Light Co., Ltd.

By Royal Warrants Electric Lamp Makers to H.M.
the King, and to H.R.H. the Prince of Wales.

The Royal "EDISWAN"
Incandescent Electric Lamp.

Used by the Admiralty, War Office, Colonial Governments, Foreign
Navies, Principal Steamship and Railway Companies, Municipalities,
and Chief Electric Light Stations.

Manufacturers of Everything Connected
with Electric Lighting.

AUSTRALASIAN BRANCH :

16 Carrington-st., Sydney,
N.S.W.

TELEPHONE 1879.

QUEENSLAND DEPOT :

COMMONWEALTH BUILDINGS, Adelaide Street,
Brisbane. TeL 749.

WEST AUSTRALIAN AGENCY :

HORACE SUMMERS, 9 Howard Street, Perth.

NEW ZEALAND AGENCY :

MESSRS. TURNBULL & JONES, LTD., Wellington,
Christchurch and Dunedin.
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SONS,
ENGINEERS,

IRON & BRASS FOUNDERS, BOILERMAKERS.

Write for Quotations, or Call and Inspect Plans oi

Stamper Batteries.

Cornish Pumps.

Concentrating Machinery,

BOILERS of all Descriptions, MINING TRUCKS,
KIBBLES, &c., &c.

Largest Assortment of Gear Wheel Patterns,

Pulleys, Plummer Blocks, &c., in the

Commonwealth.

JEFFCOTT ST., W. MELBOURNE,

LINCOLN ST., RICHMOND, VIC,
1
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Australian Metal Co. L
td

113 William St., Melbourne.

BUYERS of All Kinds of ORES and METALS,

Importers of Cyanide of Potassium and Sodium.

SOLE AGENTS for Australasia for:

BROWN, BOVERI & CCX, LTD., Baden,

Switzerland,
ELECTRICAL ENGINEERS,

Contractors for the Broken Hill Prop. Block JO Co. and the Mount
Lyell Mining & Railway Co/s New Electric Power Plants.

COLORADO IRON WORKS CO.. Denver.

Mining, Smelting and Concentrating Machinery.

SAMUELSQN & CO.t LTD.. Banbury, England.
Roots' Blowers and Engines, used by most Smelting Works in Australia.

HOLMAN BROS,, Camborne, England.
ROCK DRILLS, the Most Efficient and Economical Drill on the market.

HERRESHOFF ROASTING FURNACE,
Used by the Mount Lyell M. & R. Co. for the Manufacture of

Sulphuric Acid.

REMINGTON ICE AND REFRIGERATING
MACHINERY,

Steei Rails, Portable Tramways, Tip Trucks, Locomotives

Large Stocks on Hand.

For full particulars and prices, apply

AUSTRALIAN METAL CO., LTD.
(Machinery Department),

113 WILLIAM ST, MELBOURNE.

NOTE. We are prepared to indent through our English. American and
Continental Offices, any kind of Machinery and Appliances for

Mining and other Industrial purposes, at Lowest Rates
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We can give you the BEST VALUE in

Rubber Belting

Goliath Belting

Rubber Valves

Engine Packings

Rubber Sheet & Insertion

Rock Drill Hose

Rubber Hose, all kinds

ELECTRIC LIGHT WIRES, CABLES
and FITTINGS.

ypl r pUfllilFC
We offer the only complete

I LLLl IIUIlLOi and satisfactory system, as

approved by Victorian Gov-

ernment Mine Inspectors.

See Annual Mining Report.

THE INDIA-RUBBER, GUTTA PERCHA

and TELEGRAPH WORKS Co, Lid.

PERTH: MELBOURNE: SYDNEY:
131 Queen's 274 Hinders 279 George
Buildings. Street. Street.
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GEOLOGICAL AND OTHER MAPS AND REPORTS
For Sale at the Mines Department, Public Offices, Melbourne.

s. d.

Geological Map of Australia price 3 10

Geological Map of Victoria
,
330

Geological Map of Ararat and Stawell Gold-fields
each 076

Geological Map of Oreswick, Glimes, Chiltern and
Rutherglen Gold-fields each ,, 050

Geological Map of Beechworth, Glenmaggie, Mitchell

River, Dargo High Plains each ,, 030
Geological Map of Cape Patterson Coal-fields 3

Geological Map of Russell's Creek ,, 026
Geological Map of South-west Gippsland ,, 12 6

Geological Map of Learmonth ,, 056
Geological Map of Cape Otway District 5

Geological Map of Berlin Gold-fields 2 6

Geological Map of Malmsbury and Lauriston Gold-
fields 060

Geological Map of Dargo and Bogong ,, 016
Geological Map of Buln Buln Coal-field ,, 2 6

Special Survey Maps of Parishes each ,, 010
Quarter Sheets each ,, 030
Plan showing surface extensions of quartz reefs

northward from Eaglehawk ,, 026
Plan showing surface extension New Chum line of

reef south ,, 5
Plan showing Sebastopol Drainage Area ,, 5
Plan showing Mt. Wills Tin-field, leases of ,, 2 6
Plan showing Sleiglitz Gold-field leases of ,, 6
Plan showing Forest Trees of Victoria ,, 1 1

Underground Survey Maps of Ballarat, Bendigo,
and other mines, 2s. to 9s. each

Geological Progress Reports, 2 to 11 inclusive, 2s.

to 5s. each.

Monthly Progress Reports, 1899-1900 each ,, 020
Murray's Geology of Victoria ,,

i

Records of Geological Survey, 1 and 2 each ,, 026
Memoirs (1 and 2, Chiltern and Castlemaine) each ., 050
Bulletins, Nos. 1, 13, 3d. to Is. 6d. each.

Palaeontology. Decade VII ,, 026
Vegetable Fossils, I. and II each 026
Pyrites' Board Report ,, 040
Ventilation of Mines ,, 020
Sludge of Mines 020
Noxious Fumes ,, 020
Quarterly Reports to 1891 each 020
Mineral Statistics, to 1888 each 020
Annual Report ,

050
Safety Cages ,

03
Mining Manager's Certificate ,, 4 3

Royal Commission on Gold Mining, 1896 1 2

Royal Commission on Coal, 1891 ,, 10
Coal Test ,,020
Neglected Gold-fields ,, 006
Ballarat East Gold-fields ,, 020
Coal Fields each 020
Maldon, Ballarat West, St. Arnaud Gold-fields each ,, 026
Steiglitz Gold-field 020
Walhalla ,,050
Little Bendigo ... 020
Etc., etc., etc.
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STREL1TZ BROS.,

INDENT >\ERCH/VNT5

SHIPPING AGENTS.

Contractors to
West Australian

Government

for Explosives. Fuse,
Coke, Boiler Fluid,

etc.

HEAD OFFICE :

MOUATT ST., FREMANTLE.
BRANCH OFFICES : Kalgoorlie, Perth, Coolgardie, Mt.

Morgans, Menzies, Cue and Norseman.

Importers of All Glasses of Mining Machinery.

SOLE AGENTS FOR
GEO. CRADOCK & CO., Wakefieid, England, Wire Rope Manufacturers.
ORENSTEIN & KOPPEL, LTD., Manufacturers of Portable Railways,

Cyanide and Mining Trucks, Locomotives, &c.
Star Crucibles

;
Hercules and Horseshoe Cement

; Westphalian Coke, &c.
C. TENNANT, SON & CO., London, Cyanide of Potassium, Cyanide

of Sodium.
C. HARZER & CO., London, Manufacturers of " Dehne "

Filter Presses
HELIOS ELECTRICAL CONSTRUCTION CO., LTD., Cologne.
ATLAS BOILER PRESERVATIVE.

Complete Stocks Kept in Kalgoorlie and fremantle.

General Electric Engineering
CO. 3 LTD. 3

Murray Street, Perth, W.A.

ELECTRICAL BRANCH ,

Dynamos, Motors, Plants of Every Des-
cription.

Central Stations and Tramways.
Electrical Winding' Plants.
Electrical Lifts.

Electrical Fittings of Every Description.

MECHANICAL BRANCH:
Boilers, Steam and Oil Engines, Wind-

mills, Central Condensing Plants.

Pximps, Ball Mills, Ore BreaKers, Stamps.
Tool Machines of Every Description.
Weighing' and Printing' MacKines.
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AUSTRALIAN MINING AND METALLURGY.

Blake Mining Pumps,
Suitable for all Pumping Purposes, and of

any capacity, no matter how large or small.

Full particulars, with prices, sent on r-pplication to

H. P. GREGORY & CO.,
74 CLARENCE STREET, SYDNEY,

Sole Agents for Australasia.

Also by the following firms :

SMITH & COOKE, Melbourne, V.

J. BARRE JOHNSTON & CO., Perth, W.A.

WALTON & CO., Charters Towers, Q.

LARGE STOCKS
of Blake Single and

Duplex Direct-acting

Steam Pumps
kept by the above
firms in Australia

ready for delivery.
'

The Working Men's College,
MELBOURNE.

SCHOOL OF MINES AND TECHNICAL COLLEGE
For the Metropolitan District.

FULL DAY COURSES for Diploma of Associateship
in Metallurgy, Applied Chemistry, Mining Engineering,

Mechanical, Electrical, Marine and Municipal Engi-

neering. Fee, ;$ per term.

COMPLETE EYENING COURSES for Assayers,

Metallurgists, Geologists, Mining Engineers, etc.

Metallurgical Laboratories, complete and up-to-date.
Experimental Chlorination and Cyanide Plant.
Wind and Muffle, Gas and Gasoline Furnaces.

DAY and EVENING GLASSES in Science and Art Subjects.

Illustrated Prospectus, id.

Terms start February, April, July and September .

F. A. CAMPBELL, Director.
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JOHN SHAW, Ltd.,
SHEFFIELD, ENGLAND,

Manufacturers of

THE HIGHEST CLASS OF

Steel Wire IVopes.

All Steel Wire Tested and

Quality Guaranteed for

WINDING, HAULAGE,
AERIAL TRAMS,

SUSPENSION BRIDGES.

Black & Galvanised Flexible

Steel Ropes for all purposes.

OUR ROPES
Are used on all the Mining

fields in Australasia.

For 50 years Shaw's Ropes
have been known as the

"Standard" for quality.

References given to all the principal
mines in each State.

Large StocKs
CARRIED BY

G. P. HARRIS, SCARFE & Co., Ltd., Adelaide,
Fremantle, Kalgoorlie.

WELCH, PERRIN & CO., Melbourne,
ENGINEERING SUPPLY CO., Ltd., Brisbane,

And at Our Own Stores.

425 KENT ST., SYDNEY.

H. WHARTON SHAW,
AUSTRALASIAN MANAGER, MELBOURNE,
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GEO. W. KELLY & LEWIS,
Works: Little Bourke St., Melbourne.

LXXVIII.
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MERTON
Patent

Ore Roasting Furnace
IS THE BEST IN THE WORLD

For Boasting

GOLD ORES and CONCENTRATES, COPPER

ORES and MATTES, SILVER-LEAD ORES,

ZINC-LEAD ORES, TIN OBES, ARSENICAL

ORES, ANTIMONY ORES, BISMUTH ORES and

PYRITES FOR SULPHURIC ACID MANUFAC-

TURE.

Adopted by the principal mines at Kalgoorlie, W.A ,
for which

38 have been ordered. Furnaces are being erected in Cali-

fornia, Mexico, Great Britain, (Swansea in Wales), and other

parts.

Illustrated Pamphlet and other particulars sent on application

to

HEAD OFFICE,

Lombard Buildings, 17 Queen St.,

MELBOURNE.

London -56 NEW BROAD 5TREET.

U.S.A. UNION IRON WORKS, SAN FRANCISCO.
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THIS BOOK IS DUE ON THE LAST DATE
STAMPED BELOW

AN INITIAL FINE OF 25 CENTS
WILL BE ASSESSED FOR FAILURE TO RETURN
THIS BOOK ON THE DATE DUE. THE PENALTY
WILL INCREASE TO SO CENTS ON THE FOURTH
DAY AND TO $1.OO ON THE SEVENTH DAY
OVERDUE.

OCT 18 1932

MAY 31 1937

LD 21-50m-8.-32

HEAD

inently

half a

i such

, could

jfacture

4TEREST,
DTS when

TRADE MARK.

StocKed by Leading

HARDWARE AND
TIMBER MERCHANTS

tKrovig'Koxit

AUSTRALASIA
and

NEW ZEALAND.
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AUSTRALIAN TUNING AXD METALLURGY.

THe Goldfields

Diamond Drilling^S^**^^ " "W^^^*^^^*^^^- W"N *~*>S - '_^'"u S .1 "*. n ~'*._ i '><% ii
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Boulder P/;
C7

l5anK CHamber, Collins

BTxirne, Vic.

Come ri^Ht Here ; -we are experts, and -will save your
capital. Don't experiment ; it is too costly.

T-wenty-tHree Miles of Core Successfully Bored in Australasia

during' 19O3.




