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August 5th, 1899.
Mr. WILLIAM ARMSTRONG, President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the
proceedings of the Council at their meetings on June 17th, July 22nd and that day.
ELECTION OF OFFICERS, 1899-1900.
The President (Mr. W. Armstrong) appointed Messrs. L. Austin, Henry Lawrence, T.
Lowden and C. H. Steavenson as scrutineers of the balloting-papers for the election
of officers for the year 1899-1900. The scrutineers afterwards reported the result of
the ballot as follows :—
President.
Mr. W. Armstrong.
Vice-Presidents.
Mr. T. Forster Brown.
Mr. J. L. Hedley.
Mr. J. H. Merivale

Mr. M. W. Parrington
Mr. J. G. Weeks.
Mr W. O. Wood.

[2]
Council.
Mr. H. Armstrong.
Mr. H. Ayton.
Mr. R. Donald Bain.
Mr. G. F. Bell.
Mr. C. Berkley.
Mr. T. E. Forster.
Mr. T. E. Jobling.
Mr. A. C. Kayll.
Mr. Philip Kirkup.

Mr. H. Lawrence.
Prof. H. Louis.
Mr. J. Morison.
Mr. R. E. Ornsby.
Mr. H. Palmer.
Mr. J. A. Ramsay.
Mr. R. A. S. Redmayne.
Mr. F. R. Simpson.
Mr. J. Simpson.

Mr. T. Lowden moved a vote of thanks to the President, Vice-Presidents and
Councillors for their services during the past year, and the resolution was cordially
adopted.
Mr. J. K. Guthrie moved that a vote of thanks be accorded to the scrutineers for their
services, and it was unanimously approved.
The Annual Report of the Council was read as follows :—
ANNUAL REPORT OF THE COUNCIL, 1898-99.
The following table shows the progress of the membership during the past three
years :—
Year ending August 1st.

1897.

1898.

1899.

Honorary Members.
Members
Associate Members
Associates
Students

29
829
98
91
45

30
859
115
103
51

29
870
126
109
62

Subscribers
Totals

23
---------1,115

22
---------1,180

23
---------1,219

The members are to be congratulated on the continuing increase of their numbers,
which indicates the advancing prosperity of the Institute ; 97 names have been added
to the register during the past year, and, after allowing for losses by death,
resignations, etc., the net increase is 39.
The members have to regret the deaths of Mr. Jeremiah Head, Mr. W. H. Hedley,
and Mr. A. M. Potter, who were for many years actively connected with the Institute,
and had served on the Council.
The alterations and additions to the Wood Memorial Hall have been completed for
about £2,200, a sum somewhat in excess of the estimated cost. The improvement in
the lighting, warming and decoration have rendered the hall very convenient, and it
now forms a handsome reading-and reception-room for the use of the members.
[3]
The portraits in the hall have been increased by those of the late Mr. Nicholas Wood,
the late Mr. George Stephenson and Sir Lindsay Wood, Bart.
The portrait of the
late Sir George Elliot, presented by his grandson, Sir George Elliot, has been placed
in the entrance-hall.
The additions to the Library by donation, exchange and purchase
have been :—
Bound volumes
Pamphlets, reports, etc.
A total of

260
250
510 titles.

And the Library now contains about 7,999 volumes, and 2,000 unbound pamphlets.
Some of the files of publications have been permanently injured by the neglect of
members to return borrowed numbers, but it is hoped that it may be possible to
replace them. In consequence, the Council has been reluctantly compelled to decide
that unbound Transactions and Journals shall be withdrawn from circulation.
The Library is becoming very valuable, as it contains books, pamphlets and maps,
which could only be replaced at great cost. It has been largely formed by donations
from members and exchanges with other societies; and the Council suggests that
members can further increase its value by presentations of books, which they may be
able to spare from their own libraries. Members would also afford considerable
service to the profession by bequeathing their books, reports, plans, etc., to the
Institute, who would place them in the Library for reference, and thus maintain the
name of the donor in lasting remembrance.
The arrangement is still in force with the Literary and Philosophical Society of
Newcastle-upon-Tyne (whose premises are connected with the Library of the
Institute), by which members of either Institution are permitted to refer to the books in
the library of the other.
The complete publications of the Eleventh Census (1890) of the United States of
America have been presented to the Institute, and have been placed in the Library.
The Library also contains the complete publications (maps, memoirs, sections, etc.)
of the Geological Survey of Great Britain. They are available for reference by
members, but may not be removed.
At the suggestion of the Council, the Durham College of Science has arranged a
course of lectures, commencing in October next, for colliery-engineers (i.e., the men
in charge of the mechanical plant) similar to that now being given to student colliery-

managers. The lectures will be delivered on Saturday afternoons, and the three
years' course will lie as follows :—
[4]
First Year.— First Term, (1) Metallurgy of Iron and Steel, and (2) Pumping
and Ventilation. Second Term, (3) Transmission of Power, and (4) Mining Machinery
(chiefly used underground).
Second Year.—First Term, (5) Chemistry of Fuel, and (6) Strength of
Materials, with experimental illustrations. Second Term, (7) Mensuration, and (8)
Experimental Mechanics.
Third Year.—First Term, (9) Theoretical Electricity, and (10) Haulage and
Winding. Second Term, (11) The Steam-engine and Boilers, and (12) Electrical
Engineering.
The course of lectures will be delivered in cycles of 3 years, like the present mining
course, and the fee is 80s. per annum. Several colliery-owners have undertaken to
pay the fees and railway-expenses of the pupils attending the classes from their
respective collieries.
The annual subscription of Associates and Students having proved inadequate to
pay working expenses, it has been increased to £1 5s. The increased charge was
adopted, together with verbal amendments to Bye-laws Nos. 8, 9, 10, 11, 12, 14, 15,
21 and 29, at the Annual General Meeting of the members, held on August 6th, 1898,
and the changes were approved by the Secretary of State for the Home Department
on September 23rd, 1898. Bye-law No. 16 now reads as follows:—
The annual subscription of each Member and Associate Member shall be £2 2s., of
each Associate and Student £1 5s., payable in advance, and shall be considered due
on election, end afterwards on the first Saturday in August of each year.
The adoption of a composition, varying with age, payable in lieu of future
subscriptions, has been generally approved, as evidenced by the number of
members who have so compounded. The scale of rates is :— Under 30 years of age,
£31 ; over 30 years. £27 ; over 40 years, £24 ; over 50 years, £21 ; and over 60
years, £17.
The Council has arranged with Messrs. Lambton & Company for the collection of
subscriptions, which must in future be paid to them at their bank in Newcastle-uponTyne, or at any of their branch banks.
The plant employed by the Explosives Committee in their extensive series of
experiments upon explosives used in coal-mines, has been presented, together with
surplus furniture, to the Durham College of Science.
Owing to the withdrawal of one of the mining institutes, who assisted in the carrying
out of the experiments upon mechanical mine-ventilators, it has been arranged, with
the consent of the Midland Institute of Mining, Civil and Mechanical Engineers, that
the report of the Committee shall be published in the Transactions of The Institution
of Mining Engineers.
[5]
"An Account of the Strata of Northumberland and Durham as proved by Borings and
Sinkings" has been published in six volumes, and copies may be purchased from the
Secretary. Members are desired to send copies of any unpublished sections of strata
in these counties, or their section-books on loan, with the view of their being
published in a supplementary volume.

A General Index to vols. i. to xxxviii. of the Transactions is in the printers' hands, and
the Council trusts that it will be received with approval by the members.
The prices of the Transactions (vols. i. to xxxviii.) have been reduced, and members
are recommended to complete their sets before the stock is exhausted (vols, iii., iv.,
v., vi. and xxi. are now out of print).
The Council suggests that Indian and Colonial members should establish meetings
for the reading and discussion of papers of local or general interest.
Mr. T. Forster Brown represented the Institute at the Conference of Corresponding
Societies of the British Association for the Advancement of Science held in Bristol in
September, 1898 ; and Mr. J. H. Merivale will represent the Institute at the
conference to be held at Dover in September, 1899. Mr. Henry Davey and Mr. C. L.
Simpson will represent the Institute at the meetings of the Sanitary Institute of Great
Britain to be held in Southampton in August next; and Mr. John Gerrard and Mr.
Jacob Higson at the congress of the Royal Institute of Public Health to be held at
Blackpool in September next. Mr. John Daglish acts on behalf of the Institute as a
member of the council of the Durham College of Science. Mr. W. Cochrane is the
representative of the Institute on the Science and Art Committee, and Mr. Henry
Ayton on the Scholarships Committee of the Northumberland County Council.
The Council congratulates the members on the success of the general meeting held
recently in the iron-ore mining districts of Furness and East Cumberland, and
consider that the thanks of the Institute are due to the committee, who made the very
excellent arrangements, and to the writers of papers. The thanks of the Institute are
also due to the Barrow Haematite Steel Company, Limited ; the Hodbarrow Mining
Company, Limited; Messrs. Kennedy Brothers ; and the Millom and Askam
Haematite Iron Company, Limited, for allowing the members to visit their works and
mines ; to the Furness Railway Company for travelling facilities ; and to all persons
who by their services aided in the holding of that meeting.
[6]
Prizes of books have been awarded to the writers of the following papers
communicated to the members during the year 1897-98 : —
"Pyritic Smelting." By Mr. Wm. Lawrence Austin.
"Experiments with the Shaw Gas-tester." By Dr. P. Phillips Bedson and Mr. J.
Cooper,
"Notes on Rearer Workings." By Mr. John Cadman.
"Occurrences and Mining of Manjak in Barbados, West Indies." By Mr. Walter
Merivale.
"The Siliceous Iron-ores of Northern Norway." By Mr. H. T. Newbigin.
''The Gold Regions of Alabama, U.S.A." By Mr. Wm. B. Phillips.
"Hydrothermal Gold-deposits at Peak Hill, Western Australia." By Mr. Frank Reed.
The papers contributed during the year are as follow :—
"Presidential Address." By Mr. William Armstrong.
"The Western Interior Coal-Field of America." By Mr. H. Foster Bain.
"The Nullagine District, Pilbarra Gold-field, Western Australia."
By Mr. S. J.
Becher.
"Results of the Analysis of Samples of New Zealand Coal and Ambrite, and of
Barbados Manjak." By Dr. P. Phillips Bedson.
"Report of Delegate at the Conference of Delegates of Corresponding Societies of
the British Association for the Advancement of Science, Bristol, 1898."
By Mr. T.
Forster Brown.
"Davey-Bickford-Smith Safety Shot-igniter." By Mr. G. Chesneau.
"Description of the Pumping-plant at the Stank and Yarlside Mines in the
Furness District of North Lancashire." By Mr. Jas. Davison.

"Notes on the Glacial Deposit or 'Wash' of the Dearness Valley." By Mr. T. L. Elwen.
"Fire-damp in the Iron-ore Mines of Cumberland and Furness."
By Messrs.
John L. Hedley and William Leek, H.M. Inspectors of Mines.
"Description of the Machinery and Process of Iron-ore Washing at the Park Mines in
the Furness District of North Lancashire." By Mr. William Kellett.
"The Murgue Recording Volumetric Anemometer." By Mr. D. Murgue.
"Transvaal Coal-field." By Mr. William Peile.
"The Geology of Furness." By Mr. C. E. de Rance.
"The Felling of a Chimney." By Mr. Frank Reid.
"The Ore-deposits of the Silver Spur Mine and Neighbourhood, Texas, Queensland."
By Mr. H. G. Stokes.
The Council has pleasure in congratulating the members upon the number and
varied nature of the papers printed in the Transactions, and trusts that similar
excellent communications will be forwarded as liberally in the future.
The Institution of Mining Engineers has completed its first decade. During the past
year, meetings have been held in Birmingham on September 13th, 11th and 15th,
1898: in North Staffordshire on February 22nd and 23rd, 1899 ; and in London and
Peterborough on May 20th, 26th and 27th, 1899.
In concluding their 17th annual report, the Council asks the members to use their
endeavours to increase the membership, as the further
[7]
success of the Institute will depend upon its being able to find funds for the expenses
of Committees appointed to make investigations on subjects of interest to mining or
mechanical engineers, and to meet the increased expenses ensuing from its
connexion with The Institution of Mining Engineers.
The President moved the adoption of the report.
Mr. T. W. Benson seconded the resolution, which was unanimously agreed to.
The Treasurer (Mr. Reginald Guthrie) read the Report of the Pittance Committee as
follows :—
REPORT OF THE FINANCE COMMITTEE.
The Finance Committee submit herewith a statement of accounts for the twelve
mouths ending June 30th, 1899. The accounts up to the same date in the preceding
year only covered a period of eleven months, owing to the change in the date to
which the accounts were to be made up in each year, which was then adopted by the
Council. It is consequently still impossible to make a proper comparison between the
two periods. This difficulty will be removed in the year 1899-1900.
The total receipts were, from July 1st, 1898, to June 30th, 1899, £3,943 8s. 2d. Of
this amount £128 2s. was paid as life-compositions in lieu of annual subscriptions,
£86 2s. 0d. represented subscriptions paid in advance, and the sum of £1,150 was
withdrawn from deposit account with Messrs. Lambton & Co., bankers, leaving the
sum of £2,579 4s. 2d. as the ordinary income of the year.
The ordinary expenditure amounted to £2,210 16s. 7d., leaving a balance of ordinary
receipts over ordinary expenditure of .£368 7s. 7d. There was also paid on account
of the alterations to the Wood Memorial Hall, £1,900 12s. 6d., the total payments
thus amounting to £4,114 9s. 1d.
During the year the sum of £35 14s. has been written off the list of subscriptions and
arrears as irrecoverable.

The balance-sheet shows the capital of the Institute at June 30th, 1899, to be £8,145
15s. 10d., but this does not include either the original value of the Wood Memorial
Hall or the amount recently expended in its alteration.
Mr. J. G. Weeks moved the adoption of the report.
The PRESIDENT (Mr. W. Armstrong) seconded the motion, which was unanimously
adopted.
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ACCOUNTS
Dr.
The Treasurer in Account with The North of England Institute of Mining and Mechanical Engineers
For the year ending June 30th, 1899.
June 30th. 1898.
To Balance at Bankers
"
in Treasurer's hands
" Outstanding Amounts due for Authors' Excerpts
June 30th, 1899
To Dividend of 7i per cent. on 146 Shares of £20 each in the Institute
and Coal Trade Chambers Co., Ltd., for year ending June 30th. 1899
"
Interest on Mortgage of £1,400 with Institute and Coal Trade
Chambers Company, Ltd.
" Interest on Deposit Account

£
s.
d.
674 2 5
66 17 0
2
5 3
-----------------219 0 0
73 10

30 7 4
------------------

TO SUBSCRIPTIONS FOR 1898-99 AS FOLLOWS : —
£ s.
d.
1,453 4 0
2 2 0
-----------@ £2 2s.
@ £1 1s.
@£1 1s
@ £2 2s.
@ £2 2s.
@ £1 1s.
@ £1 Is.

@ £2 2s.
@ £1 1s.

80 Associate Members
86 Associates
41 Students
46 New Members
26 New Associate Members
15 New Associates
13 New Students
Subscribing Firms
New Subscribing Firm
To Life Compositions :—
3 Members
1 New Member
1 New Associate Member

£77 2 0
24 0 0
27 0 0
-------------

Less—Subscriptions for current year paid in advance at the
end of last year.
Add—Arrears received
Add—Subscriptions

paid

in

advance

during

the

743

s.

d.

4

8

322 17
93 3

1
10

0

" Sale of Transactions

692 Members
2
"

£

1,455 6 0
168 0 0
90 6 0
46 4 0
96 12 0
54 12 0
15 15 0
13 13 0
-------------1,940 8 0
90 6 0
6 6 0
-------------2,037 0 0

128 2 0
-------------2,165 2 0
75 12 0
------------2,089 10 0
201 15 0
--------------2,291 5 0
86 2 0

current year
------------" Amount withdrawn from Deposit Account

2,377 7 0
1,150 0 0
--------------£4.686 12 10

[9]
Cr.
June 30th. 1899.
By Printing and Stationery.
" Books for Library.
„ Prizes for Papers
" Incidental Expenses and Sundry Accounts
" Postages, Telephones and Telegrams
" Travelling Expenses
„ Salaries and Wages
" Reporting
" Rent and Taxes
" Insurance
„ Furnishing and Repairs
„ Coals, Gas, Water and Electric Light
„ Expenses of Meetings

£ s. d.
204 12 7
31 12 2
9 9 0
54 11 10
77 8 0
1 2 6
409 17 10
12 12 0
45 16 6
8 4 11
132 17 1
34 8 4
5 18 0
------------1,184 17 0
2 11 2
----------------

The Institution of Mining Engineers
Less—Amounts paid by Authors for Excerpts

„ Wood Memorial Hall: Alterations
By Balance at Bankers
"
"
in Treasurer's hands
" Outstanding Amounts due for Authors' Excerpts

527 18 9
17 0 8
0 4 4
----------------

£

s. d.

1,028 10 9
1,182 5 10
--------------2,210 16 7
1,900 12 6
---------------4,111 9 1

575 3 9
--------------£4,686 12 10

We have examined the above account with the books and vouchers relating thereto, and certify that, in
our opinion, it is correct.
JOHN G. BENSON AND SON.
Chartered Accountants.
Newcastle-upon-Tyne,
July 28th, 1899.
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Dr.

The Treasurer in Account with subscriptions, 1898-99
£

To 859 Members.
1
„
not on printed list.
860
43 of whom are Life Members.
817
@ £2 2s
To 115 Associate Members.
8 of whom are Life Members.
107
@ £2 2s
To 103 Associates
@ £1 1s
To 51 Students
@ £1 1s
To 22 Subscribing Firms
To 46 New Members
@ £2 2s
To
3 Members, paid Life Composition
To 1 New Member, paid Life Composition

s. d.

£

s. d.

1,715 14
224 14
108 3
53 11
90 6
96 12
77 2
24 0

0
0
0
0
0
0
0
0

To
To
To
To
To

26 New Associate Members @ £2 2s.
1 New Associate Member, paid Life Composition
15 New Associates
@ £1 1s.
13 New Students
@ £1 1s
1 New Subscribing1 Firm

54 12 0
27 0 0
15 15 0
13 13 0
6 6 0
--------------2,507 8 0

To Arrears, as per Balance Sheet 1897-98
Add—Fines.
Add—Arrears considered irrecoverable, but since paid

£393 15 0
1 4 0
6 6 0
-----------------

Less—Struck off as irrecoverable—Arrears.
"
"
Current year

401 5 0
2,908 13 0

2 2 0
33 12 0
----------------

35 14 0
---------------2,872 19 0
86 2 0
-------------£2,959 1 0

To Subscriptions Paid in Advance
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Cr.
By 692 Members, paid
By
2
"
By 119
" unpaid
By 4
„
dead
-----------817
By 80 Associate Members, paid
By 26
"
"
unpaid
By
1
„
„
dead
------107
By 86 Associates, paid
By 17
„
unpaid
------103
By 44 Students, paid
By 7
„
unpaid
------51
By 22 Subscribing Firms, paid
By 46 New Members, paid
By 3 Members, paid Life Composition
By 1 New Member, paid Life Composition
By 26 New Associate Members, paid
By 1 New Associate Member, paid Life Composition
By 15 New Associates, paid
By 13 New Students, paid
By 1 New Subscribing Firm, paid

@£2 2s.
@ £1 1s.
@£2 2s.
@£2 2s.

PAID.
£
s.
d.
1,153 4 0
2 2 0

@ £2 2s.
@ £2 2s.

168

@ £1 1s.
@ £1 1s.

90

@ £1 1s.
@ £1 1s.

46 4 0

@ £2 2s.
@ £2 2s
@ £1 1s.
@ £1 1s.

0

UNPAID.
s. d.

2 2 0
249 18 0
8 8 0

0
54 12 0
2 2 0

6

0

90 6 0
96 12 0
77 2 0
24 0 0
54 12 0
27 0 0
15 15 0
13 13 0
6 6 0
---------------2,165 2 0

Less - Struck off as irrecoverable
By Arrears
By Subscriptions paid in advance

£

201 15 0
86 2 0
--------------2,452 19 0

17 17

0

7

0

7

---------------342 6 0
33 12 0
------------308 14 0
197 8 0
--------------506 2 0
2,452 19 0
---------------£2,959 1 0
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GENERAL STATEMENT, JUNE 30TH, 1899.
LIABILITIES
£
s.
d.
86 2 0
60 5 0
8,145 15 10
----------------£8,292 2 10

Subscriptions paid in advance during the year
The Institution of Mining Engineers
Capital

ASSETS.
Balance of Account at Bankers
" InTreasurers hands
Outstanding amounts due for Authors' Excerpts
Arrears of Subscriptions
146 Shares in the Institute and Coal Trade Chambers Co., Ltd.
(at cost)
Investment, with the Institute and Coal Trade Chambers Co.,
Ltd. (Mortgage)

£
s. d.
527 18 9
47
0 8
0
4 4
----------------

s.

d.

575
506

3
2

9
0

4,530 0

0

3,130 0 0
1,400 0 0
---------------

(Of the above amount, £350 is due to Life Subscriptions
Account, leaving £451 14s. not invested.)
Value of Transactions and other Publications, as per Stock
Account
Office Furniture and Fittings
Books and Maps in Library

£

480 17 1
450 0 0
1,750 0 0
--------------

2,200 0 0
----------------£8,292 2 10

We have examined the above account with the books.
vouchers and securities relating thereto, and certify
that, in our opinion, it is correct. We have accepted
the "Transactions and other Publications" as valued
by your Officials.
JOHN G. BENSON AND SON,
CHARTERED ACCOUNTANTS.
Newcastle-upon- Tyne,
July 28th. 1899.
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REPRESENTATIVES ON THE COUNCIL OF THE
INSTITUTION OF MINING ENGINEERS.
The President (Mr. W. Armstrong) moved, and Mr. J. K. Guthrie seconded, a
resolution that the following gentlemen be elected as the representatives of the
Institute; on the Council of The Institution of Mining Engineers:—
Mr. Henry Armstrong.
Mr. Reginald Guthrie.
Mr. William Armstrong.
Mr. A. L. Hedley.
Mr. J. Batey.
Mr. T. E. Jobling
Mr. W. C. Blackett.
Mr. A. C. Kayll.
Mr. Bennett H. Brough.
Mr. C. C. Leach.

Mr. T. Forster Brown.
Mr. A. G. Charleton.
Mr. William Cochrane.
Mr. Benjamin Dodd.
Mr. G. B. Forster.
Mr. T. E. Forster.
Mr. John Gerhard.
The following gentlemen

Prof. Henry Louis.
Mr. J. Morison.
Mr. Henry Palmer.
Mr. T. O. Robson.
Mr. F. R. Simpson.
Mr. A. L. Steavenson.
Mr. J. G. Weeks.
were elected, having been previously nominated:—

Members—
Mr. Ernest Akerman, Mining Engineer and Mine Manager, Minas de Cala pro
Sta Olalla, Huelva, Spain.
Mr. Clarence R. Claghorn, Mining Engineer and Colliery Manager,
Vintondale, Cambria County, Pennsylvania, U.S.A.
Mr. Joseph Crankshaw, Mining Engineer, Montcliffe, Horwich, near Bolton.
Mr. William Henry Cutten, Consulting Engineer, Dunedin, New Zealand.
Mr. Thomas George Davies, Mine Manager, Barrytown, New Zealand.
Mr. Ferdinand Dietzsch, Mining Engineer, 13, Austin Friars, London, E.C.
Mr. Leonard Ralph Fletcher, Colliery Proprietor, The Hindles, Atherton, Manchester.
Mr. John James Muir, Civil and Mining Engineer, and Authorized Mining Surveyor,
North Mount Lyell Consolidated Mine, Tasmania.
Mr. Aitaro Nomi, Mining Engineer, Ikuno. Tazima, Japan.
Mr. Francis Arthur Rich, Mining Engineer and Manager, Woodstock Gold Mining
Company, Limited, Karangahake, Auckland, New-Zealand.
Mr. Joseph Fleetwood Wells, Mining Engineer, Kamloops, British Columbia.
Associate Members —
Mr. Alfred G. Hailes, Sejooah Colliery, Katras Post Office, District
Manbhoom, Bengal, India.
Mr. John Henry Scott, 1157, Burnaby Street, Vancouver, British Columbia.
[14]
Associates— Mr. John Dunn Barker, Deputy Overman, John Street, Meadowfield,
Durham.
Mr. John Dakers. Under Manager, 32, South Street, Brandon Colliery,
Durham.
Mr. Christopher Kearton, Deputy Overman and Mining Student, Rose Cottage,
Keekle, Hensingham, Whitehaven.
Mr. John Haw, Miner, Hunwick, Willington.
DISCUSSION OF MR. T. L. ELWEN'S "NOTES ON THE GLACIAL DEPOSIT OR
'WASH' OF THE DEARNESS VALLEY."*
Mr. Philip Kirkup (Cornsay) wrote that Mr. Elwen spoke of the Dearness valley being
situated in the "Upper Coal-measures," with which opinion he did not agree. The
Permian, where existing in the county of Durham, rests unconformably upon the
Coal-measures ; in fact, the Upper Coal-measures have for the most part been
denuded prior to the deposition of the yellow sand of the Permian, and the Brockwell
coal-seam in this part of the county forms probably the base of the Middle Coalmeasures. The strata between the Brockwell coal-seam and the Fell Top limestone,
consisting for the most part of sandstone and shales with small seams of coal, are
probably representative of the Lower Coal-measures.
It is difficult to sub-divide the Coal-measures in the North of England into Upper,
Middle and Lower. The Geological Survey attempts to define Upper as comprizing all

coal-seams above the High Main coal seam ; Middle being those lying between the
High Main and the Brockwell coal-seam ; and the Lower as those lying between the
Brockwell coal-seam and the uppermost bed of the Carboniferous Limestone. Prof.
Lebour† did not agree with this classification, but favoured the whole of the strata
containing workable seams of coal being called "Coal-measures," without subdivision.
Mr. Robert Peel (New Brancepeth Colliery) wrote that Prof. G. A. Lebour stated that
the Brockwell seam "has been looked upon usually as the base of the Coalmeasures, but has been taken by the Government Geological Survey as the
boundary line between the Middle and Lower Coal-measures or Ganister Beds." ‡
* Trans. Inst. M.E., vol. xvii , page 226.
† Outlines of the Geology of Northumberland and Durham, page 51; and Trans.
N.E. Inst., vol. xxv., page 225.
‡ Outlines of the Geology of Northumberland and Durham, pages 39 and 51.
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The maximum thickness of the deposit was said to be 100 feet in the Dearness
Valley, but the writer had proved a thickness of 120 feet by means of a bore-hole
near Ushaw Moor railway-station. The statements that "the effect of this Glacial Drift,
primarily, in cutting out large areas of workable seams . . . . [and that] a considerable
thickness of strata with the enclosed coal-seams must have been scooped out of the
valley by ice,"* hardly appear to be borne out by the geological evidences in the
Valley, it seems more probable that most of the strata, and the coal-seams ranging
from the Five-Quarter down to the Hutton seam, have been removed by the action of
the ancient river and ordinary denuding agents, and that the Boulder Clay and Drift
sands-and-gravels are to a certain extent filling up of the old river-valley.
In sinking and in other cuttings through the deposit, many of the boulders found
belong to rocks which are foreign to the district. One boulder consisted of brecciated
conglomerate, and the writer sends a piece for the examination of the members.
Mr. T. L. Elwen said that he had always assumed that the Lower Coal-measures
were those lying below the Mountain Limestone and that those above them were the
Upper or true Coal-measures.
The President said that was Prof. D. Page's theory, and was generally accepted as
the proper method of division.
Mr. T. L. Elwen, with reference to the surface, said that he was of opinion that the ice
had removed a much larger proportion than mentioned by Mr. Peel. The wash was
1/2 mile wide and 100 feet deep. All glacial drift would be due to the action of ice.
DISCUSSION ON DR. JOHN S. HALDANE AND MR. F. G. MEACHEM'S
"OBSERVATIONS ON THE RELATION OF UNDERGROUND TEMPERATURE AND
SPONTANEOUS FIRESIN THE COAL TO OXIDATION," ETC.†
The Secretary (Mr. M. Walton Brown) said the interesting part of this paper was that
Dr. Haldane showed conclusively in his opinion, that the spontaneous heating of coal
was probably entirely due to the oxidation of iron-pyrites, and thus controverted the
theory that the heating was due to the oxidation of the coal or other carbonaceous
matter.
* Trans. Inst. M.E., vol. xvii., page 228.
† Ibid., vol. xvi, pages 457 and 495.
[16]

The President (Mr. W. Armstrong) stated that iron-pyrites was abundant in the FiveQuarter seam at Wingate Grange Colliery, and a spontaneous fire had occurred, on
one occasion, in a place where a heavy fall of stone had taken place, accompanied
by a small feeder of water.
Mr. J. G. Weeks remarked that the oxidation of iron-pyrites was possibly only one of
the sources of ignition of spontaneous fires in coalmines : and that there were
probably other causes and circumstances not yet ascertained.
The President suggested that damp air in the presence of iron-pyrites probably would
be sufficient to cause spontaneous heating.
Mr. M. Walton Brown said that the coal of the Harvey seam occasionally took fire in
the entire absence of water. At one colliery, if a jud was shot down and left overnight
it was usually found on fire the next morning. Such fires were, however, readily
extinguished by erecting a stopping in most cases.
DISCUSSION OF MR. A. RATEAU'S "EXPERIMENTAL INVESTIGATIONS UPON
THE THEORY OF THE PITOT TUBE AND THE WOLTMANN MILL."*
Mr. Bryan Donkin (London) had read Mr. Rateau's paper with interest and pleasure,
as he had made many experiments with both of these instruments for measuring the
velocity of air. He quite agreed with the conclusions of Mr. Rateau that both
instruments when well made and properly used would give reliable and trustworthy
results. The anemometers should be tested in a straight path, or in straight currents
of air of known velocity, as in the Breslau experiments. These were made from a gasholder charged with air.
Before any new experiments with mining-fans are made, the two instruments
intended to be used should be calibrated and made to agree, so as to show the
velocity of air discharged from a given pipe put up for this purpose. A centrifugal fan
could be fixed in such a way as to discharge into the atmosphere through a long
straight pipe 18 inches or 2 feet in diameter, fitted with several baffles of woven wire
* Trans. Inst. M.E., vol. xvii., page 124.
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or perforated zinc. One of the instruments should be held at the end of this pipe and
a mean of several observations taken. To obtain the mean velocity the anemometer
may be moved about by hand across the discharge section of the pipe, and the same
series of operations afterwards should be repeated with the Pitot tube, keeping all the
conditions constant. It is well to note that the air-discharge in such a pipe is at its
maximum velocity in the centre, its minimum at the circumference, and its mean at
two-thirds of the radius from the centre. The results of the experiments at the centre
and two-thirds of the radius should be compared in both instruments, all conditions of
speed of fan, etc., remaining constant.
From his experience, he (Mr. Donkin) put more confidence in the Pitot tube than in
anemometers, because the former is much smaller in diameter, say, 1/4 inch. With
anemometers there is always some friction, and the moving parts and vanes should
be very carefully made, as Mr. Rateau points out. In addition to this there is the
inertia of the revolving blades to be considered.
Air can also be very accurately measured by means of orifices, as proved in the
Breslau trials. In experiments with large and small fans, and in mines, the two
methods of air-measurement above described are more easily applied.
Anemometers, as usually tested in a circular path, give too high results, and should
be used with much caution. An ordinary U water-gauge is often not sensitive enough,
and a gauge multiplying the results 10 to 1 is better. With such an instrument a
millimetre of water reads as a centimetre, so that 0.1 millimetre can be seen with
ease.

Prof. Henry Stroud (Newcastle-upon-Tyne) wrote that Mr. Rateau's paper is valuable
in pointing out the errors that may arise in the use of the Pitot tube and the ordinary
anemometer, and the experimental results are also of great interest.
With regard to the author's remarks on the Pitot tube, it is -pointed out* that the Pitot
tube measures the mean of the squares of the velocities, and not the mean velocity,
yet, in the lower table† the calculation of the mean velocity is given, and a coefficient
of correction is determined. The experiments show, as was to be expected, that this
coefficient is by no means constant.
He thought that it would be interesting to put the table into another form, using the
author's data, as follows :—
* Trans Inst. M.E., vol. xvii., page 132.
† Ibid., page 131.
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[Table omitted]
It will be noted how very clearly the experiments show that, as theory indicates, the
Pitot tube measures the square of the velocity. In fact the agreement between v (the
apparent velocity indicated by the Pitot tube oscillating between the two currents) and
√(v12 + v22)/2
where v1 and v2 are the velocities of the two currents, is remarkably exact, there
being practically no difference for any one of the experiments.
Since in Prof. Rateau's experiments v1 and v2 are unequal ; and v (the velocity given
by the Pitot tube) is equal to
√(v12 + v22)/2,
v cannot be equal to (v1 + v2)/2, the mean velocity for the experiments,
but is always greater than the mean velocity.
To attempt to calculate
(v1 + v2)/2 from

√(v12 + v22)/2, when the ratio v1/v2

is quite unknown, appeared to him (Prof. Stroud) to be by no means satisfactory.
Instead of the author's conclusion,* he thought that it wouldbe preferable to state at
once that, since the Pitot tube determines the square root of the time-mean of the
squares of the velocities, it cannot measure the mean velocity of irregular currents,
and that it is inadvisable to introduce a coefficient whose value cannot be determined
unless the way in which the velocity changes be known.
With regard to the latter portion of the paper, in his opinion, the ordinary anemometer
is certainly unsuitable for measuring very small air-velocities, especially if they are
irregular, and he doubted very much the justification of using any formula for such a
case with the ordinary form of instrument.
Mr. Charles Chree (Kew Observatory) wrote that he had read the interesting paper
by Prof. A. Rateau, entitled "Experimental Investigations upon the Theory of the
Pitot Tube and the Woltmann
* Trans. Inst. M.E., vol. xvii., page 161.
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Mill." ln the limited time at his disposal he had principally given his attention to Prof.
Rateau's treatment of anemometers, especially to the mathematical analysis.*
He was surprised to find that Prof. Rateau had been considering the problem of an
anemometer exposed alternately for equal times to currents of different constant
velocities. He had treated the same problem, but in a more general form, in a paper
entitled " Contribution to the Theory of the Robinson Cup-Anemometer."† In his (Mr.
Chree's) notation V represented the wind velocity, v the mean velocity of the
Robinson cups in a revolution, and the equation of motion which he had solved
was

[Equation omitted]

(1)

where a0, a1 are constants for a particular instrument.
The corresponding equation (15)‡ given by Prof. Rateau would be in
his (Mr. Chree's) notation
[Equation omitted]
(2)
It is derivable from (1) by putting 2b2 = c2 and taking all the other constants as zero.
All the results at which Prof. Rateau arrived in the special problem § could have been
obtained at once by making these simplifications in his (Mr. Chree's) formulae. For
instance, Prof. Rateau's solutions (16) and (20) were really special cases of his (27)
and (60).
The notation in the two papers was so different that the identity in the steps was not
at once obvious. For instance, in the special problem presented by alternate currents
of different constant velocities we have :—
Rateau
Chree

[Formulae omitted]
[Formulae omitted]

On Prof. Rateau's hypothesis that 2b2 = c2, we have by (2) in the steady state when
dv/dt vanishes, or in his (Mr. Chree's) own (60),
[Equations omitted]
In his treatment of the two-current problem, he did not assume the durations T1 and
T2 to be equal; he was thus able to trace the influence of the relative durations of the
faster and slower air-gusts. He made use of his solution of this problem and
analogous ones of somewhat
*Trans. Inst. M.E., 1899, vol. xvii., pages 139 to 152.
† The London, Edinburgh and Dublin Philosophical Magazine, 1895, vol. xl., pages
63 to 90.
‡ Trans. Inst. M.E., vol. xvii., 141.
§ Ibid., vol. xvii., pages 141 to 143.
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greater complexity in establishing the very result reached by Prof. Rateau, namely,
that an anemometer gives in general too high a value for the mean velocity when the
wind is variable.* This conclusion, he might add in passing, had been put forward by
some authorities without proof, as a self-evident consequence of the inertia
possessed by all anemometers. These authorities had, it seemed to him, overlooked
the fact that while inertia tends to keep an anemometer in motion after a gust has
ceased it has a compensating tendency while the wind is rising. In reality, a great
deal depends on the way in which the wind-velocity alters, and much might doubtless
be learned from experiments such as those of Prof. Rateau.

The general equation (29 or 30) proposed by Prof. Rateau for the relation between a
steady wind-velocity v, and n the number of divisions traversed by the index of the
anemometer in unit time, is
otherwise

v = a + bn + c/v
c + av + bnv -- v2 = 0

(3)

Here n is proportional to the velocity of the moving part of the anemometer, i.e., to v
in his (Mr. Chree's) notation.
His (Mr. Chree's) corresponding equation—numbered (18)—is
[Equation omitted]

(4)

where V, as before, denotes wind-velocity, and a0, b1.are constants. This equation
reduces to Prof. Rateau's form if we assume
a1 = a2 = 0.
As pointed out in his (Mr. Chree's) paper, Prof. Sir G. Stokes has advanced
arguments in favour of the conclusion that, in a Robinson cup-anemometer, a2 is
small if not negligible. He would prefer, however, not to assume a2 or a1 equal to zero
until experiment justified the assumption for the particular anemometer under
consideration.
Mr. Baurngarten's formula (Prof. Rateau's (25)) is of the type in his notation: —
[Equation omitted]
i.e., it assumes a1 and b1 to be zero, but retains a2. Prof. Rateau's objection to† Mr.
Baumgarten's formula, namely, that the centre of the hyperbola, which it represents
when v and V are taken as coordinates, lies at the origin, does not, of course, apply
to his more general form (4).
He did not see any explanation by Prof. Rateau as to why he employs an equation of
type (2) for variable motion while approving one of type
* The London, Edinburgh and Dublin Philosophical Magazine, 1895, vol. xl., page 87,
and conclusion 5 on page 90.
† Trans. Inst, M.E., vol. xvii., pages 151 to 152,
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(3) for steady motion.
The two equations ought, he thought, to mergeinto one
another like his (1) and (4) above, when
dv/dt = 0.
A number of points to which Prof. Rateau refers will also be found discussed in his
(Mr. Chree's) paper, to which he must refer the members for details.
At Kew Observatory, his experience is chiefly of small Robinson cup-anemometers.
These are exposed to the natural wind at the same height as the large standard
Robinson anemometer. In their case, it is found that the record in very light winds
depends so much on the lubrication of the instrument, that it is doubtful how long the
data obtained will apply in practice. A great deal must depend on the purity of the
atmosphere where the instrument works, and on the attention that it receives.
Besides Robinson cup-anemometers, the Kew officials have tested a moderate
number of fan-anemometers—or "air-meters"—used for recording ventilation,
These are compared on a whirling-machine.
Some experiments have been made at Kew Observatory on the effects of altering the
distance of the air-meter from the axis of the whirler— i.e., altering the "centrifugal
force "—for a given velocity at the air-meter. When, however, such experiments are
made—as these have been—in a room of only moderate dimensions, there are

various sources of uncertainty, and he (Mr. Chree) was not prepared meantime to
say anything definite on this point. If the question is of sufficient practical importance
to engineers it might well be brought under the notice of the authorities of the
proposed National Physical Laboratory.
In the early part of Prof. Rateau's paper dealing with the Pitot tube, he (Mr. Chree)
thought that some reference to the mathematical theory laid down in the text-books*
would be useful.
Many mathematicians, he was sure, would be glad to know what
view engineers take of the formulas in the text-books which they are accustomed to
use. One final word on the terminology. He did not know whether engineers are
accustomed to apply the term "hydrometer" to an instrument intended to measure
current-velocities. Such a usage seemed to him regrettable, in view of the long and
general application of the term to instruments employed in measuring the density of
fluids.
Mr. W. H. Dines (Oxshott, Leatherhead) wrote that he was much interested in Prof.
Rateau' s paper, and could not help noticing how in many respects he has reached
the same conclusions as he had done,
*Mr. Lamb's Hydrodynamics, pages 26 to 28.
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although it was quite plain that He had not seen the account of his (Mr. Dines's)
experiments on the same subject. Thus the statements about the Pitot tube* are very
similar to those published in the Quarterly Journal of the Royal Meteorological
Society.† His experiments, however, were made in an entirely different manner,
namely, by moving the instrument in a circle of 28 feet radius at speeds up to 70
miles an hour. Also a very similar suggestion with regard to the Dubuat paradox ‡
would be found in the Report of the Chicago Meteorological Congress. §
There can be very little doubt that the irregularity of the air-current caused an
exaggeration of the mean velocity recorded, but he thought that in the case of the
natural wind (and it is to this case only that his experience applies) the error seldom
exceeds 10 per cent., and never greatly exceeds 20 per cent. : also, he was of
opinion that the error is much greater in the case of the tube-anemometer, of
whatever form, than in the windmill style of instrument. The Pitot tube measures the
mean increase of pressure caused by the current, and although this may be
translated into velocity on the scale, yet it is the velocity corresponding to the mean
pressure that is given, and this must inevitably be above the true mean velocity, save
in the one case of perfectly uniform motion. In using any form of tube-anemometer
it is most important to measure the difference of pressure between two openings
exposed to the same current, but the form shown in the diagram ‖ seemed very
unsuitable, because it is practically impossible to keep the guard-plate exactly
parallel to the current.
In an arrangement dependent on one opening there is no
security that the pressure at the mouth of the tube is measured against the standard
barometric pressure then prevailing, and in consequence a large error in the
recorded velocity may occur.
In Prof. Rateau's experiments with¶ the anemometer swinging on a pendulum it
appeared to him that the motion due to the pendulum may possibly introduce a
disturbing effect. Unless this motion be very small when compared with v1 or v2, the
air-currents are not relatively parallel to the axis of rotation of the sails, and although
the component of the velocity parallel to this axis is unaltered, yet the registration
may be effected, for he had found by experiment that an anemometer of the windmill
type does not show the proper component when its axis of rotation is inclined to the
wind.
*Trans. Inst. M.E., vol. xvii., page 128.
† October, 1890, page 208.

‡ Trans. Inst. M.E., vol. xvii., page 132.
§ Page 701.
|| Trans. Inst. M.E. vol. xvii., page 128.
¶ Ibid., vol. xvii., page 132.
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He could not agree with Prof. Rateau's statement.* Tie had constructed a whirlingapparatus with a very thin arm (3/8 inch by 7 inches with the edges sharp, the arm
being 8 feet long and stayed by fine wire), but this did not do away with the necessity
of the correction. This was shown by the fact that the reading of an anemometer
corresponding to one single turn was different if the turn were taken when the
apparatus had been some time at rest, and if it were taken immediately after it had
been some time in use. To estimate the amount of the correction he used a very thin
sheet of mica hung like an inn sign-board, and placed just outside the path of the
anemometer: the deflexion of the mica being noted just before the instrument passed
the spot. He had no hesitation in saying that this correction cannot be assumed to be
a simple percentage of the velocity, and that its correct estimation is a matter of great
difficulty.
The following paper by Mr. John J. Sandeman on "The Mineral Resources of
Tasmania" was taken as read : —
* Trans. Inst. M.E vol. xvii., top of page 161.
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THE MINERAL RESOURCES OF TASMANIA.
By JOHN J. SANDEMAN.
Introduction
Tasmania being an island, and separated from Victoria by the Bass Strait is much
cooler than the other Australian Colonies. The rainfall is plentiful, hence the growth of
underbrush forms a dense and almost
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Fig. 1.—View of Forests from the Curtin-Davis Proprietary Mine, looking Northwestward.
impenetrable jungle (Fig. 1). Notwithstanding the numerous streams and humidity of
the atmosphere, this thick undergrowth with its overhanging forests of great trees will
burn with great fury ; therefore precautions to provide against fire in the vicinity of the
mines are absolute and expensive necessities ; on one occasion, it was only by such
precautions that the writer saved the works and buildings of a company for whom he
was acting as general superintendent.
[25]
The prospector deserves admiration and respect in most parts of the world, but
especially so in the bush of Tasmania. No pack-animals can penetrate the tangled
vegetation, and the explorer has to carry his tools and kit on his back, while axe in
hand he hews his way, or on hands and knees crawls along the bed of creeks and
streams. When a mine is found, the fine timber covering the country is of course a

great help ; but to build roads through such a country is an extremely difficult and
expensive business. - Of late years, tramways have been found both more
expeditious and useful modes of carriage. From practical experience, the writer has
ascertained that the most economical way of building a temporary tramway in the
Tasmanian bush is to form a bed of the cleared brushwood, and to lay logs
longitudinally along the proposed route to support the sleepers and rails. This sounds
like a rough-and-ready contrivance, yet in boggy ground it will be found quite suitable
for bringing in supplies, or even machinery ; in very soft places it will sometimes sink,
but, in such a case, the original supporting material will form an excellent bed for a
similar support.
The mineral wealth of Tasmania is so great and varied that it is somewhat difficult to
know where to begin. Gold, silver, tin, copper, lead, nickel, bismuth, iron, asbestos
and coal are the principal minerals. The colony is not only rich in metalliferous
minerals, but also yields a fair proportion of gems.
Practical interest has been
principally devoted to zircons.
Gold.
The gold-production of Tasmania has varied considerably during the last 17 years ;
but the variation can be explained by the fact that the Tasmanian mine has been by
far the largest producer, and that the tremendous rushes of water to which that mine
has been subjected from time to time have temporarily compelled the cessation of
work.
The maximum production was in 1896, when it reached 62,591 ounces,
worth £237,574 ; the minimum in 1890, 20,510 ounces, value £79,888 ; for the first
half-year of 1898, 29,599 ounces and £114,175, of which the whole yield from the
principal gold-field for the first quarter comes from the Tasmanian mine, where the
pumps proved unequal to the water-inflow.
As the writer has visited many mines in various parts of the Australian colonies since
leaving Tasmania, he is somewhat chary of trusting his memory for the particulars of
the geological formation. He will, therefore, take the liberty to copy the following
particulars from the Australian Mining Standard:—
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In its geological structure, the Beaconsfield gold-field [in which the Tasmanian
mine is situated] shows much more variety than we usually find in country
carrying auriferous lodes. The crown of the Cabbage-tree Hill [site of the
Tasmanian mine] is composed of conglomerates and grits, which lie upon
slates and sandstones seen farther to the west. On the eastern side of the hill
we find well stratified beds of sandstone, very hard and much jointed, which
become finer in grain as we go eastward and pass into laminated slates.
These, again, are succeeded by a huge bed of blue [grey] crystalline
limestone, some 200 to 300 feet in thickness, and this, again, by a succession
of slate, schist and limestone strata. The whole formation forms a
conformable series, striking from north 42 degrees west to north 56 degrees
west, and dipping to the north-east at an angle of about 65 degrees. In the
crown of the ridge, the strata shows subsidiary anticlinal and synclinal folds,
but on the whole the general dip is as stated. In some of the sandstone-beds
a few fossils occur, from which the age of the strata has been determined to
lie early in the Lower Silurian period. Towards the Tamar [river], the Silurian
strata are overlain by horizontally-bedded sandstones and mudstones of the
Permo -Carboniferous system, but these, which, doubtless, once covered the
whole of the countryside, have been quite removed by denudation from the
slopes of the Cabbage-tree Hill.*

Tasmanian Mine.—Up to January 31st, 1898, this mine yielded 350,625 tons of
stone, working at the rate of 1 oz. 3 dwts. 21 grains per ton, worth £1,517,314.
Dividends were paid to the amount of £667,161. The company was formed in 1877,
with a capital of £300,000 divided into 60,000 shares of £5 each, of which 3,000 are
fully paid, 57,000 paid to £2 8s. each, and 1,785 paid to £2 8s. are held in trust by the
company. A very large amount of work had been done on this mine, and from the
400 feet level the ground had practically been stoped for 1,400 feet. The lode is from
2 to 30 feet wide ; at the lower level (717 feet) it averages about 7 feet. In the wider
and poorer parts of the lode, it runs only to 16 dwts. 17 grains to the ton, but this is
without the pyrites, which may safely be allowed to bring the yield to over 1 oz. per
ton.
There are six shafts on the property, two of these are not now used, while a third is
kept for sending down timber, etc. These three shafts originally had pumps in them,
the largest shaft (12 feet by 6 feet), however, proved sufficiently large to raise the
water ; though a new shaft (18 feet by 9 feet) has now been sunk 837 feet, with
levels at 59, 494, 600 and 717 feet. As the water comes in at the rate of over 2,000
gallons per minute, powerful pumps are required.
In the main shaft, there are two wrought-iron columns 24 inches in diameter and
three sets of plungers, the bottom lift being plunger. The engine has two tandem
horizontal cylinders : the high-pressure cylinder
*Tasmania and Its Mineral Wealth," special issue. July 1st, 1898, page 49.
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being 46 inches in diameter, and the low-pressure 72 inches. There are 4 Galloway
boilers, 27 feet long by 7 1/2 feet in diameter. The engine works at 7 strokes per
minute with a stroke of 9 feet. The inflow of water is tremendous, the western end of
the 717 feet level having to be faced with boards, backed by loads of rock, over
which the water issues like a roaring torrent ; in the eastern end it spouts from a
crevice in the hanging-wall, with a jet 7 or 8 inches in diameter.
Although this enormous flow of water has been a great expense to the company, it is
utilized to a considerable extent—supplying the battery, and feeding impact watermotors which drive the vanners and the electric-light installation. The train-motor to
and from the battery is a Siemens electric motor.
The crushing-plant is divided into three systems of 20, 20 and 25 heads, with three
Gates rock-breakers and an automatic feeder to each five heads of stamps, the feedopening of the latter extending the whole length of the box. The bottom of the quartzbin, into which the trucks are tipped, consists of a moving perforated tray, which
automatically passes the quartz to the rock-breakers, at the same time sieving the
material and thus reducing the work of the breakers. The battery screen-area is
larger than that of most of the Australian mills, but to the author's mind a still larger
area and greater inclination of the screens would be found advantageous. After the
amalgamation-plates, there are two classifiers to each system, the finest pulp and
slime passing from them over an inverted pyramidal box of the spiizkasten type. No
blanket-sluices are used, the concentrations, passing over vanners, ranged two and
two and back to back, the vanners working in one direction, thus necessitating only
one direct shoot for each product.
The discovery of this mine was made by a man named Dally, near the top of an
elevation known as Cabbage-tree Hill, from which it was traced to the north-east into
the flat below. The strike of the reef is about north 47 degrees east, underlying a little
less than 1 in 3. Mr. Montgomery, the Government Geologist, designates it as a faultfissure displacing the beds of the country, at an angle of 76 degrees, and dipping
north-east; the intersection of each bed with the plane of the reef pitching to the east,
and the shoots of gold follow the same direction. The reef is broken by several faults,

the largest of which heaves it 230 feet to the north ; the next largest fault heaves the
lode 40 feet at a short distance from the surface, 62 feet at the 59 feet level, and 101
feet at the 717 feet level. On the western side, the reef appears to change its course
to a north-westerly one. Mr. Montgomery, however ,
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is of opinion that the reef has not yet been found on the western side, that supposed
to be such being a cross-reef. Whatever may be the correct explanation, so little gold
has been found west of this fault that the mine practically terminates there. The two
main faults converge and join to the south of the lode ; between them are several
small reversed faults, and it seems as though the great wedge between the crosscourses had been thrust northward. This faulting is worth studying, for though
unusual, it is not exceptional, a similar case having come under the writer's
observation, on a small scale, in California.
Mathinna stands second as a gold-producing district, and like that of Beaconsfield, it
owes a great part of its prosperity to the New Golden Gate mine. Although the writer
had been through this country on several occasions, he had always been on his way
elsewhere, and in a hurry ; he would, therefore, treat of it briefly. The geological
formation is red clay-slate. The lodes run north and south, dipping to the east, and
are generally most productive when the course is a little east of north. In depth, the
clay-slates give place to hard blue slate, where the lodes are most productive.
The New Golden Gate shaft is now sunk down to a depth of 1,330 feet. The lode
averages about 3 feet in width, and some parts of the quartz pays over 10 ounces to
the ton. All stone crushed has averaged 18 dwts. 16 grains per ton. The mine is
practically dry, and easily kept free from water without the aid of pumps. The windingmachinery is capable of hoisting from a depth of 3,000 feet. Rock-drills driven by
compressed air are used. Lathe, drilling, punching and planing machines are used,
also a saw-mill, the latter close to the shaft. The motive power for this work is a
Westinghouse engine, which also drives 12 frue-vanners and a Denny-and-Watson
pan, a battery of 40 stamp-heads, which, with the frue-vanners and classifiers, form a
plant resembling that of the Tasmanian mine. The concentrations run about 7 ounces
to the ton, and are shipped to New South Wales for sale. A small copper-plate on the
distributing vanner-boxes is found to be advantageous. The cost of raising, crushing,
repairs, renewals and all other incidental expenses, including management, was at
the rate of £1 11s. 8d. per ton. This company have lately added a complete
potassium-cyanide plant to the equipment.
Lefroy.—The writer will now describe a gold-field with which he is well acquainted.
He will, however, dispense with an account of the
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various mines and plants, none of which prove of more than ordinary interest, while
some of them show an extraordinary amount of ignorance and want of ability in
development. The blame does not all lie on the mine-managers, some of whom are
good practical miners ; but before trying to place it he will give two instances of what
can be done. One mine with a called up capital of £480 raised 45,000 tons of quartz,
from which £124,179 was extracted, and £70,500 paid in dividends. The other one
subscribed a capital of £2,300, raised 10,486 tons of quartz, giving 27,700 ounces of
gold, valued at £109,000, and paid £60,600 in dividends. In both cases these returns
were made in 3 years. One great stumbling-block in the way of mine developments is
[Photograph]

Fig. 2.—View of Lefroy.
the procedure usually followed by the directors of the mining companies. When the
mine is producing well, all income is spent in dividends ; when dead-work has to be
done, these gentlemen give the mine-manager the benefit of their great experience
as to what should be done, with the result that the manager leaves, if he knows his
business, or else he becomes a foreman under the direction of those who are far
better qualified to distribute gold than to mine it.
Lefroy is a rolling country, no hill in that mineral-belt being high enough for
advantageous tunnelling (Fig. 2). There is not too much timber and very little
undergrowth ; but the newcomer finds it difficult to prospect, for the regular formation
is in places covered with from 10 to 30 feet of quartz-gravel. The formation is
Silurian—slate and
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sandstone—the former carrying most of the sixteen lodes with which it is intersected.
The lodes themselves are fault lodes, running east-and-west at various angles, the
dips being equally irregular. The quartz carries much iron, copper and arsenical
pyrites and some sulphide of antimony, the latter being rich in gold in the favoured
parts of the lode.
One peculiarity of this district, for which no geologist has yet accounted, is the giving
out of the gold at depths varing [sic] between 400 and 450 feet. Frequently, the lode
continues strong, carrying the pyrites and is apparently the same in all particulars,
except the gold. No apparent change in the surrounding formation accounts for this
depletion. The writer visited a number of mines, and made most careful examination
of the lodes and enclosing strata. It is true that in some cases he observed faults in
the formation, which, however, showed no signs of having disturbed the lode. Some
of the old miners and local experts attribute the depletion to the volcanic rising of the
land above sea-level, maintaining that some liquid, which sought a certain level, had
extracted the gold. Mr. Montgomery silenced this theory by asserting that the present
level of the country had at one time been below sea-level, and also pointed out that
the difference of elevation of the various mines made no difference to the fatal depth
of about 450 feet. With all due respect to Mr. Montgomery's undoubted ability as a
geologist, the writer begs, however, to suggest that to upheaval may be attributed the
different levels of the mines, an upheaval which has probably taken place in
comparatively recent times. Mr. Montgomery says also that "the principal cause of
the gold giving-out in depth seems to be the disrupting of the stone by faulting
movements of the walls." This explanation may apply to a few mines, such as the
Volunteer mine, but certainly not to the Chums and the majority of the mines. From
mining reports, kindly furnished him by the Agent-General of Tasmania, the writer
learns that the New Pinafore mine has struck gold at a depth of 800 feet in the lode,
and again at a depth of 1,250 feet in pockets.
East and west of the profitable mineral belt, a ridge of hard slate conformable to the
strata, (which runs north-west and south-east) forms natural boundaries. As the lodes
approach or run into the hard country they become small and finally pinch out.
Between these ridges the country is comparatively soft, and the lodes nearest to the
centre are the richest in free-milling gold.
From the self evident facts and the scientific inductions of the late
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Government geologist (Mr. Montgomery), it is plain that large areas of gold-bearing
gravels are buried in the Lefroy district. Diamond-drills have brought up gold from

these gravels, but so far the necessary capital for further and surer information has
been wanting. There is one thing-certain : the gravels of the district carry more or
less gold on the surface, and where the gravels are capped with basalt they have
proved rich in coarse gold and sometimes in nuggets. The course of the main deeplead is known approximately, and some day it will be opened up and cause a boom,
for should Mr. Montgomery's theory prove correct, the gold would be plentiful.
Silver.
Zeehan—On the West Coast, the Zeehan field is rapidly proving that the writer's
impressions of it were correct. This country would have been well known to the public
long ago, but it laboured under an epidemic of Australian Broken Hill miners, who
brought local prejudice with them, and seemed to imagine that gossan was a sure
sign of wealth. Large sums of money were expended on gossan outcrops, while the
galena-lodes, from which they were faulted, lay in sight untouched. The advent of
men of wider experience and larger scientific knowledge changed the mode of
working, and as soon as attention was turned to the galena outcrops, the whole
district advanced with rapid strides. The introduction of British capital stimulated
business, and although some of that capital has been wasted and misapplied, it has
brought with it a soberer and more intelligent class of mine managers. The generally
accepted assertion that shafts could not be put down over 20 feet without pumping
machinery has proved a fallacy, and the founding of a well conducted school of
mines will soon widen the views of some of the "old timers."
The geological formations are principally a dark blue slate and a brown sandstone.
The writer was extremely lucky in discovering lodes in this district; his success,
however, he owes to a fact not generally recognized—the presence of very small
rhombic prisms of a white colour distributed through the soil in the vicinity of silverlead outcrops. These are soft and brittle, having an astringent, metallic taste. The
crystals are probably the result of the decomposition of pyrite, and although not found
adjacent to all the Zeehan lodes, yet he never found this white substance without, on
further research, finding galena.
The Dundas Silver District--The writer has not visited this district since the 2 feet
gauge railway has been built and the mines have been
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partly opened up ; yet the impressions left on his mind were vivid enough to remain.
All the lodes that he visited were true fissures, and one of them was a contact-vein.
The very large quantity of chromate-of-lead crystals on the capping of the lodes is
certainly unusual. In Arizona and some parts of Brazil these crystals are found
sparsely distributed on a few lodes, and when found are considered excellent
indications of richness. The geological formation of Dundas needs careful study: it
includes slate, sandstone, and a peculiar fine-grained rock that appears to be about
half way between basalt and serpentine. The lodes in the latter formation seem to
carry the most lead-chromate crystals ; but, from a careful examination of the small
cross-cuts at that time, he inferred that this lead chromate will not be found to
accompany the lodes downwards. In one place, the writer picked out of the Davis
lode a small copper-coloured crystal, which the owner maintained was native copper.
Upon testing this crystal subsequently, he found that it was sulphide of cobalt.
The rugged and precipitous character of the Dundas field renders it very difficult of
approach, yet, this is more than compensated by the ease with which the mines can
be explored by adit-levels. Some of the lodes could be easily intersected at a depth
of 800 or 1,000 feet by a cross-cut at the cost of a few hundred pounds. The galena
in the lodes is patchy, the principal matrix being carbonate of iron, and judging the

lodes by his practical experience in Arizona, he anticipated that sulphide of silver
would be found in depth. The writer learns that of late both tin and bismuth have
been found in this locality, though he would imagine that the presence of the former
metal was very unlikely in any part of the Dundas field
that he visited.
Notwithstanding the adverse opinions expressed by experts, both before and since
he examined the Dundas field, he believed that it has a splendid future, and that the
lodes will be worked profitably long after the neighbouring country of Zeehan has
been exhausted.
Australian and Tasmanian engineers are too much inclined to
take Broken Hill and a few other rich mineral centres as a pattern on which the
success of all other fields depend ; and should the latter prove different in
appearance they at once condemn them, thus preventing the advent of capital, and
sometimes damaging their own credit as professional men.
Tin.
The tin-production of Tasmania holds, the writer believes, the first place among the
Australian Colonies. Up to the end of 1897, this little island had produced 80,000
tons of tin, valued at £6,500,000. Of this, one
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mine, the Mount Bischoff contributed about £2,700,000. This mine is situated on an
elevation known as Mount Bischoff, which is practically a mountain of tin-ore. On the
south or working side, the ground rises with a gentle slope to the summit, whence it
falls steeply into the valley of the Arthur river. The mine is worked in three open faces
or quarries :—The Brown Face, the Slaughter Face, and the White Face.
The Brown Face (Fig. 3) forms a semicircular quarry over 700 feet in length from end
to end; at its western end a wall of slate supports it, but
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Fig. 3. —View of the Brown Face Workings of the Mount Bischoff Tin-mine.
elsewhere the whole length of the huge deposit is dressed off at an angle that
enables men to work with safety, while the dislodged ore runs easily down to the
ground-level, where it is loaded into trucks drawn by a locomotive. The ore consists
of brown oxide of iron, gossan, easy to pick down, and carrying nearly 3 per cent. of
black tin ; it is at present 110 feet deep, and has been further proved to a depth of
260 feet. Below the present working-floor, thin veins of cassiterite and masses of tinand iron-pyrites take the place of the gossan found on the surface.
The Slaughter Face is of similar character, but the gossan is a little harder and more
compact1; its full length is 1,000 feet, and it is opened
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for about half that distance and about 150 feet in depth. This deposit is 230 feet wide,
and the quality of ore still to be taken out represents over a million pounds.
The White Face is an alluvial deposit, 1,500 feet in length from east to west, and 400
feet from north to south. It averages at present about 30 feet deep, sloping upwards
from a few inches to 70 feet, and carries 2 3/4 per cent. of black tin -- all parts of the
face equalling from 2 to 3 per cent. The floor consists of boulders of carbonate of
iron, magnetic pyrites, blende and clay ; but, however, it carries little or practically no
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Fig. 4. —View of the Lower Workings of the Mount Bischoff Tin-mine.
tin, though it has been sunk to a depth of nearly 100 feet, without any change. The
same, or very similar, materials are found at the eastern and western extremities of
the other faces.
A drift has been driven completely through the mountain ; it passes under the Brown
Face at a depth of 260 feet, where a level has been driven 700 feet on a lode 5 feet
wide, and carrying 17 per cent. of tin.
Mount Bischoff may be described roughly as a mountain of slate and sandstone
intersected by a great dyke of quartz-porphyry running north[35]
eastward with numerous branching dykes. In some places the main dyke consists of
topaz-porphyry ; it carries most of the tin, the branching dykes being barren.
Less than 1/2 per cent. of tin is lost in the tailings. Yet, with a comparatively small
capital, Mr. H. W. F. Kayser, the able manager, has overcome enormous difficulties
so as to supply the mill and other machinery with sufficient motive power ; all the
available streams in the vicinity have been compelled to contribute their part ; 7 miles
of water-races have been constructed and 11 dams of 800,000,000 gallons total
storage-capacity (Fig. 5). This work has been accomplished under
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Fig. 5. - View of the Dams from the Brown Face Workings of the Mount Bischoff Tinmine.
great difficulties, for the mine is elevated above most of the surrounding country. To
make the most of the available supply, 7 overshot water-wheels, averaging 30 feet in
diameter, have been constructed, one below the other, so that the same water may
drive them all. Seventy-five heads of stamps are used, the product is classified into
sand and slime, the latter being elevated by hydraulic jets, and the former passes
into 30 double-compartment Hartz jigs. The slimes are further treated on 39 convex
rotating-tables from 10 to 15 feet in diameter ; each table takes 8 cwts. of slime per
hour, and requires 1/8 horsepower to drive it. The sand
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from the jigs passes into 15 concave buddles (20 feet in diameter). The jigs save 75
per cent., the concave buddles 4 3/4 per cent. and the slime tables 15 to 20 per cent.
of the tin. The dressed ore is cleaned in dressing-tubs and sent by rail to the nearest
sea-port, whence it is shipped to Launceston and treated in small reverberatory
furnaces, the total loss in smelting being 4 1/2 per cent. It is estimated that the Mount
Bischoff mine has enough ore in sight to run for 10 years without the necessity of
touching the exposed pyritous products, and that it will continue to occupy the same
position in the tin world that Mount Morgan occupies as a gold-producer.
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Fig. 6. -View of the Dressing-sheds of the Mount Bischoff Tin-mine.
The Blue Tier District is a part of Tasmania that requires more careful attention, and
more experienced miners than it has yet received. Prof. Ulrich speaks of the Blue
Tier mines as stockworks, and Mr. Montgomery describes them as intrusive dykes of
stanniferous granite. As far as the writer's experience goes, Prof. Ulrich is most

certainly wrong, and Mr. Montgomery as surely correct. The Anchor tin-mine may be
a stockwork (he had not been to it), but if it is a stockwork, it differs materially from all
others.
[37]
For 30 years the Blue Tier mine has been famous for its great stanniferous dykes.
The debris from these ore-bodies was worked successfully for many years by local
companies and prospectors. The question naturally arises, "How can so rich a
country have remained practically unworked for so long a time ?" Many ill-managed
companies have started work, yet, even when successful for a time, a sudden
change of managers would again throw them back, or justly frighten the shareholders
and entirely break up the company.
The writer estimates that 3/4 per cent. of tin per ton would more than pay for mining
and reduction-expenses ; and as few of the reefs will return less than 1 per cent.
there is a good margin for profit. Of course water-power must be utilized, and the
shafts should not be sunk (as has been done) in places that necessitate raising the
ore 25 or 30 feet above the landing platform ; and batteries of established utility must
be erected. With modern appliances, a free-milling stanniferous dyke is not
expensive to work, provided that the manager is a mining engineer in the true sense
of the word. The New Moon, Old Macgough and other properties have been stopped
through bank failures and the want of high-class machinery ; yet the development of
the Anchor, Liberator and Australia mines will surely bring these and other properties
to the position that they should have occupied several years ago. The Blue Tier mine
occupies the summit of a steep mountain-range, and therefore the lodes could be
tapped by a tunnel at almost any practical depth. To accomplish a task of this
character, the properties should be amalgamated (an almost impossible task under
local companies) or the mining laws receive an additional law regarding tunnel
rights—that of the United States dealing with the subject is excellent.
The entire mining code of Tasmania needs careful revision, and no better proof of
this fact can be offered than the fact that its provisions are constantly evaded by
speculators. The writer once made a similar remark to a Commissioner of Mines, to
which he replied indignantly that "the Mining Act and regulations were the
prospectors' Bible."
Copper.
With regard to the rapidly increasing copper-production of Tasmania, the writer draws
the following information from reports of the Mount Lyell Mining Company.
The Mount Lyell is not only one of the greatest mines in the southern hemisphere,
but it may be said that, judged by its prospects, it occupies a foremost place among
the foremost mines in the world. This
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district and the rest of Tasmania is a country of magnificent possibilities, which
require only capital and energy to become probabilities. Her coal-production is limited
by the local demand, and is capable of large development. With plenty of coal,
timber, and water she must certainly advance rapidly, especially as the climate is free
from extremes of heat or cold. After all the boasts and promises of companypromoters it has been reserved for the Mount Lyell Company to convert promises
into performances, redeem the credit of the colony, and lift it into prominent position
as a field of remunerative enterprise.
This company, like most of those in Tasmania, is a no-liability company—a form of
commercial enterprise of small risk and large prospective profit.

The following extract* from Mr. Peters' report may prove interesting:
From the northern slopes of Mount Owen, extending. some 30 miles
northwesterly, a wide band of hydro-mica schist stretches through the
country, interspersed with bands of conglomerate and quartzite, and
containing numerous intercalated layers of pyrites, mostly of small size. In
most places the pyrites is simply disseminated in bands through the countryrock, and, so far as I have determined, it carries copper, gold and silver, in
about the same proportions as does the great mass of the Mount Lyell mine,
thus differing from the latter only in size. The rapid decay of the soft schist
has set free the pyrites contained in it, which in its turn has quickly decayed,
the sulphide of iron and copper dissolving in the water, together with most of
the silver, whilst the gold, being almost insoluble, has collected in the gravel
in the valley below, thus forming the alluvial deposits of the Linda valley. The
above explanation is of considerable importance, for the occurrence of a
moderately rich alluvial deposit in the valley immediately below the mine, and
from which it was evidently in part derived, has originated the mistaken idea
that wherever in this belt alluvial gold is found, a great deposit of pyrites may
be expected in the hills above it.
This is true in a certain sense, but practically it is misleading, for although the
gold is no doubt derived from the decomposition of the pyrites, yet the pyrites
that furnished it need not necessarily be in a concentrated and workable form.
On the contrary, it is much more likely to come from the thin layers
disseminated through the great band of schist referred to, and the existence
of an enormous mass of pyrites, as at Mount Lyell, might simply make the
alluvial ground below it somewhat richer than usual. And, indeed, this is just
what we find in practice, the only profitable alluvial grounds hereabouts being
immediately below your great ore-body ; whilst every gully that heads in this
belt of schist carries the same fine particles of gold, but not in sufficient
abundance to pay for working it with the limited water [-supply] hitherto
available.
Yet this argument does not in the least forbid the occurrence of similar great
bodies of pyrites. Indeed, experience has taught us that the conditions that
cause the formation of these enormous deposits are extensive and farreaching, and that two or three such bodies are likely to be found in close
proximity, either longitudinally or vertically.
* "Tasmania and Its Mineral Wealth," special issue of The Australian Mining
Standard, July 1st. 1898, page 10.
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I dislike exceedingly to indulge in any theorizing as to the formative causes of
mines in a business report : but in reality the following remarks pertaining to
the manner in which such beds of pyrites as that under examination are
deposited, are actually as practical and important as most any portion of my
report, as unless one has a clear idea of how these great bodies of the
valuable metals in combination with sulphur are originated, one cannot
understand either how to work them to the best advantage or to prospect with
the best hopes of success for other similar deposits. Hence the necessity for
the following brief account of their probable origin, based entirely upon the
observation of practical men, and demonstrated to be true of bodies of similar
sulphides that may be watched forming at the present day in various
countries, though with such slowness that only careful observation, at long
intervals, shows the steady growth in them that is taking place constantly. . .

The only thing unique about .
. [this property, however], is its high
percentage of copper, gold and silver in connexion with its great size . . . but
as large deposits that are also as rich are not known. These deposits . .
have probably been formed before the period of mountain-building began in
this country ; and when the layers of schist, that are now nearly vertical, were
in the same horizontal position [as that] in which they were originally laid
down. They, or neighbouring rocks, contain particles of iron-pyrites carrying
the valuable metals, as is exceedingly common with all varieties of
sedimentary rocks. The waters flowing through the gradually decayed and
dissolved pyrites, as one can see it doing to-day in most . . districts, and the
streams flowing into some lagoon or bog-hole, came in contact with the
peaty, organic acids that are always found in the waters of swamps, and that
have the peculiarity of throwing down the metals out of their solutions. These
metals were thus precipitated in the same state that they were originally in the
rock, but in a massive concentrated form, instead of being disseminated in
minute particles throughout the rocks. In time, the slowly-growing mass of
pyrites tilled the swamp-hole, or more probably, a chain of holes of great
horizontal extent in comparison with the depth ; the country was [then] slowly
covered with the pebbles that now form the conglomerates, or the mud that
we now see in the shape of slates or schists ; and the pyrites-beds were
buried hundreds of feet under these newer rocks. When the mountains were
elevated, these layers of rocks were tilted into their present highly sloping
position, and if the upturned edges happened to break across one of these
hidden deposits of pyrites, it was brought to the light of day.
Remembering, therefore, that its present so-called width . . . was its former
depth when in its original position, we may see what an enormous depth we
may look for. For what we call depth now was, of course, originally its lateral
or longitudinal extent. And we all know that the surface-extent of an ordinary
pool is . . . usually many scores of times greater than its depth. As the
present thickness (former depth) is over 300 feet, we may reasonably expect
its extent into the earth (former surface) will be far deeper than we can follow
it [with modern appliances].
The mine is worked in a series of benches extending from top to bottom of the
pyrites-deposit. The ore is quarried, broken to convenient sizes for handling, and
passed through furnaces without further disintegration. To every 10,000 tons from the
open faces, 800 tons are added from a tunnel of high-class ore. So far the
development is in its infancy, and fresh reserves of good ore are constantly exposed
as the work proceeds.
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The haulage to the smelters is effected by an overhead tram, and also on the
ground-level by trucks.
Recent workings have been as follows :—
[Table of costs omitted]
Great inconvenience is caused by the absence of proper roads, the scarcity of firstclass miners, and the disinclination of workmen to face wet and stormy weather in
the open, where the usual rainfall amounts to from 90 to 140 inches per annum ; and
such conditions necessarily raise the cost of development. The company, although of
comparatively recent formation, now possess their own railway, extensive repairing
and other workshops, brickmaking plant, lime-kilns, saw-mills, smithies and carpentry
shops, and a large foundry is in contemplation. The railway was constructed under

great difficulties, the supplies having to be packed on men's backs from depot to
depot, and special arrangements made to surmount steep gradients. Many bridges,
amounting to 5 per cent. of the distance, and extensive earthworks had to be erected
during continuous storms of rain, which threatened the new culverts with destruction ;
one of the bridges is 800 feet in length, and several of the foundation-piles had to be
driven to a depth of 60 feet so as to secure suitable foundations ; 450,000 cubic
yards were excavated in blasting ground, and the deepest cutting had a vertical
height of 70 feet. Extensive landslips interfered with the work. The gauge is 45
inches, the locomotives weigh 24 tons each, and the length of the line is 10 miles ;
yet, with all these difficulties the line has stood a severe test— running 18 months
without an accident—although some of the grades are 1 in 3. The first furnace was
started on June 25th, 1896, the output has been increased with the erection of other
furnaces, five of which are now completed and a sixth being finished ; and five
furnaces of 1 1/2 times the present capacity of present plant are now being added.
The yield from June, 1896, to November, 1897, was :—Total quantity of ore treated
102,175 tons, and the average assay value is 4.724 per cent of copper, 3.839
ounces of silver, and 0.1853 ounces of gold per ton.
The following figures will give some idea of the skill displayed in the smelting
operations :—
Copper.
Silver.
Gold.
Per Cent.
Ounces per Ton.
Ounces per Ton.
Average assay
4.699
4.09
0.1904
Extraction.
4.314
3.95
0.1912
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During the quarter ending September 30th, 1898, about 47,750 tons of ore,
containing 1,300 tons of copper, 203,908 ounces of silver and 6,938 ounces of gold,
of a gross value of £116,079, was produced. The matte treated weighed 6,922 tons,
3,507 tons of blister copper being produced (of an average assay of 98.83 per cent.
of copper), 90,378 ounces of silver and 4,393 ounces of gold.
The President moved a vote of thanks to Mr. John J. Sandernan for his valuable
paper, and the motion was cordially adopted.
The late Mr. S. J. Becher's paper on "The Kalgoorlie Gold-field" was read as follows
:—
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THE KALGOORLIE GOLD-FIELD.
By S. J. BECHER.
In the year 1893, a party of prospectors were pushing their way through the bush
eastward from Coolgardie to a reported rush some 50 miles out. Amongst them were
three men named Hannan, Shea and Flannigan, one of whom whilst the party were
camped en route in the vicinity of the present city of Kalgoorlie, then of course
uncleared bush, went in search of water, and after the manner of all prospectors kept
his eyes open the while for likely alluvial or reefing country. He "specked," i.e., picked
up on the surface several pieces of ironstone and quartz carrying gold, around a low
ironstone hill. He and his mates, so tradition says, kept the find dark, and made some
excuse to remain behind when the rest of the party proceeded on their way. Then
these three searched about again, and finding sufficient evidence of the value of their
find they accordingly pegged out their ground, and Hannan returned 25 miles to
Coolgardie to register their application for a reward claim. Little did they dream then

of what future importance to the world at large was their find. When a man makes a
good find of gold, especially if there is promise of more to come, his thoughts run
rampant, and castles in the air are quickly built, but never could their wildest dreams
have forecast the present greatness, and perhaps possible future enhanced
greatness, of the Kalgoorlie field. When they pegged out their ground it was amidst
the dense silent bush, not a living soul abode within many miles of them ; and now,
after less than five years, a population of 20,000 people finds employment and
occupation within a radius of 5 miles of the same spot.
There, luckily, fell just then some heavy rain, and fresh water lay temporarily in the
bed of what is now called Hannan's Lake, situated about 6 miles south of the spot
where gold was found. This lake is one of the characteristic "dry lakes" of Western
Australia.
The intelligence of the new find quickly spread, and the usual scene of feverish
excitement ensued upon the arrival of hundreds of men. The previously silent bush
rang with the sound of tree-felling, and the voices of men, and the swish of gravel
and sand being shaken about in dishes and shakers.
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Alluvial work was primarily confined to the dry beds of small watercourses and
gullies, but it was soon found that the auriferous drift extended out over the flats
surrounding the low hills. The locus of the first extensive workings was immediately
east of the present city of Kalgoorlie, and around the hills now known as Hannan's
Hill, where Hannan"s Reward claim was located, and where the Hannan's Reward
Gold Mining-Company's leases now exist, and also around Mount Charlotte
and Maritana Hill.
In the early days, the settlement was known as Hannan's, and
is even now locally so called by many men.
Following upon the discovery of the alluvial, which proved to be abundant and often
very rich, came finds of gold in outcropping quartz-reefs, supposed to be the
parent reefs from which the alluvial gold had been shed in times past. Gold
was also found in ironstone-beds capping the low hills.
Consequently, goldmining leases were
[Photograph: Fig. 1.--- Panoramic view from the southern end of Lake View Mine]
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applied for, and a considerable amount of ground was taken up.
the field became of sufficient importance to be declared

In course of time

[Photograph: Fig.2.--- View of the potassium cyanide plant and the Australia mine.]
a gold-field, under the title of the "East Coolgardie Gold-field," and a warden was
appointed.
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However, as regards mining proper, the field did not go ahead as fast as had been
expected. The quartz-reefs proved disappointing, and the following year things were
quiet there. Only the quartz-reefs were then, according to old-fashioned precedent,
being worked. No one dreamed of "lode-formations."
Then came a very depressed state of affairs in mining matters generally for Western
Australia, The boom was over, and the reaction had set in. The glories of the
phenomenally rich bunches and pockets in the reefs at Coolgardie had waned, and
the "wild-cat" business had nigh brought ruin upon the land.

Just when matters were in a very critical state, good tidings came from Kalgoorlie. At
the Great Boulder mine, situated about 3 miles from the settlement, it was found, that
gold existed throughout an ore-body or lode-formation which had no outcrop. Similar
conditions were found
[Photograph: Fig.3.--- View from the Great Boulder Hillside of the Ivanhoe Mine.]
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to exist on neighbouring properties, such as the Hannan's Brown Hill, Lake View and
Ivanhoe. Hope was revived, and a new era dawned. The batteries began to yield
steady returns, and old-time miners had their eyes opened, and their established
notions of what was ore considerably upset. Mining in this district began to assume
importance as the output of gold steadily increased, and consequently a revival set in
throughout the colony.
[Photograph: Fig. 4.— View of Poppet-legs,
View Consols Mine.]

etc

at

Main Shaft of

the Lake

Then, as time went on, in the early part of 1896, another trumpet blast went forth to
the world which heralded another era in local mining. Again the old quartz-miners
had their notions upset. Certain stone was being thrown away as mullock which
scientific mining engineers proved to be valuable ore, an ore of rare occurrence,
hitherto only found in payable quantities in America and Transylvania. This was ore
carrying telluride of gold. Would it be proved to exist in payable quantity or only as a
deterrent associated mineral ? The mineral was
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first noted as occurring, associated with calcite, at the Block 45 mine, situated near
the Hannan's Brown Hill mine. Subsequently it was found in other mines of the
district, either disseminated finely through what was apparently country-rock, quite
apart from the quartz-veins or reefs, or occurring in small splashes and veins in the
stone. It was generally associated with iron-pyrites, and sometimes free gold was
visible.
This occurrence, upon the proof of its prevalence in some of the adjacent mines, at
once gave a certain distinction to the locality, and brought to it from afar, with special
interest, many of the recognized world's authorities on scientific mining. Rapid
developments ensued, and the gold output continued to increase.
[Photograph: Fig. 5.—View of Main Shaft and Tailings-dam of the Great Boulder
Proprietary Mine.]
The township of Kalgoorlie soon became a city, and the huts of employees on the
mines, together with those trading with them, multiplied so enormously on the leases,
that a new township was laid out nearer the mines, now known as Great Boulder
City. The railway was carried forward from Coolgardie, and it was evident that the
good times had "come to stay."
The marvellous changes that have taken place in the district since then can hardly be
realized by anyone who has not visited it. The accompanying views, however, will
give evidence to strangers of what
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has been done on the surface. As regards the actual work of mining, when the fact is
taken into consideration that hundreds of shafts have been sunk to depths varying
from 50 to 500 feet, and that many miles of driving and cross-cutting have been done
therefrom, and, in the case of the bigger mines, immense bodies of ground have
been stoped out ; and when again the very potent fact is taken into consideration that
the output of gold from this district alone is now over 30,000 ounces per month, even
a total stranger can grasp some notion of the great progress that has been made.
Probably by the end of the current year (1898) this monthly output will be increased
to 50,000 ounces. Without taking into account alluvial gold, of which very many
thousands of ounces have been won, but of which no register can be made, the total
output from Kalgoorlie, up to March, 1898, has been 519,786 ounces. In the year
1891, the total output of gold for the colony, for the year, was somewhat less than the
present output from Kalgoorlie alone for one month.
The bulk of the above-mentioned gold (of this district) has been won from free-milling
ores, that is to say, ores wherein the gold is not combined with refractory minerals,
but is free to amalgamate with quicksilver, or submit to the solvent properties of
cyanide solutions as the case may be.
Refractory ores have up to the present time been all sent away to other colonies or to
Great Britain or Europe for treatment, and have in many cases yielded high returns.
Now, however, both at the Lake View Consols and the Australia mines (Associated
Gold-mines of Western Australian Limited), extensive plants are in course of erection
for the treatment of these ores, which prevail at the deeper levels now being attained.
Other mines will, no doubt, follow suit.
At the Lake View Consols mine the tailings are profitably treated by cyanidation. The
plant is a very extensive and well arranged one. At the Ivanhoe mine, a fine cyanide
plant has been erected for a similar purpose (Fig. 3). While, at the Great Boulder
mine, the treatment of an accumulation of some 50,000 tons of tailings will shortly
commence (Fig. 5).
At the Australia and Hannan's Brown Hill mines, the ore is crushed dry in ball-mills
and cyanided, and both plants have lately been much increased in capacity.
These measures, it may readily be perceived, will probably add considerably to the
present output. Of the mines, the Great Boulder is probably best known to the
general public. It at present holds pride of
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place as regards output, but a keen spirit of emulation is abroad, and it is possible
that within another year there may be a neck-and-neck contest between three or four
of the first-class mines for leading figures in actual monthly output: though with its
present good lead it will be some time before the Great Boulder mine can be
surpassed in total output.
Up to March, 1898, the following figures are representative of the
total outputs of the respective mines :—
Mines.
1. Great Boulder Proprietary
2. Lake View Consols
3. Ivanhoe
4. Australia
5. Hannan's Brown Hill
6. Great Boulder Perseverance

Gold in
Ounces.
185,452
117,786
51,743
40,953
36,254
30,519

While Coolgardie can rightly claim to have afforded the motive power requisite for the
colony's leap from obscurity, as regards gold-mining, to a sphere of prosperity, it is to

Kalgoorlie that the credit is due of bringing her into the first rank with the goldproducers of Australasia. Indeed, Queensland will have to look to her laurels before
long. *
Technically speaking, Kalgoorlie is at present the only district of its kind in Western
Australia, but already it is rumoured that rivals are to appear. Kalgoorlie itself is as
yet in its infancy. Who can say what the future may bring forth ?
* This prophesy has already come true ; in 1898, the gold-production of Western
Australia was 45 per cent. greater than that of Queensland, in spite of the fact that
the production of the latter colony in that year showed a substantial increase over the
preceding year.
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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial, Hall, Newcastle-upon-Tyne,
October 14th, 1899.
Mr. WILLIAM ARMSTRONG, President, in the Chair.
The Secretary read the minutes of the last General Meeting, and reported the
proceedings of the Council at their meeting's on September 30th and that day, and of
the Council of The Institution of Mining Engineers.
The following gentlemen were elected, having been previously nominated :—
Honorary Member -Mr. George Clementson Greenwell. Mining Engineer, Duffield, Derby.
Members -Mr. Irving Argus Bachman, Consulting Chemical and Mechanical Engineer, Nazareth,
Northampton County, Pennsylvania, United States of America.
Mr. John Baker, Mining Engineer, 165, Penchurch Street, London, E.C.
Mr. William John Bawden, General Manager, New Bultfontein Diamond Mining
Company, Limited, Beaconsfield, South Africa.
Mr. Thomas Wilson Bracken, Civil and Mining Engineer, Lagos Government
Railway, Lagos, West Africa.
Mr. Arthur Thornton Champneys, Mining Engineer and Mine-manager, Natal Spruit
Gold-Extraction Works, Transvaal, South Africa.
Mr. Charles Herbert Crone, Mining Engineer, Killingworth, near Newcastle-uponTyne.
Mr. Julian R. Delmas, Mechanical Engineer, Success Villa, Assensole, Bengal, India.
Mr. James Douglas, Metallurgist, 99, John Street, New York City, United States of
America.
Mr. Martln Fishback, Mine Superintendent, Ward, Boulder County, Colorado,
United States of America.
Mr. Robert Hann, Jun., Mine-manager, San Domingos Mines, Mertola, Portugal.
Mr. James Spencer Hollings, Coke-oven and Bye-Product Recovery Engineer,
Brymbo, near Wrexham.
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Mr. Frederick J. Horswill, Mining Superintendent, 1218, Chestnut Street,
Oakland, California, United States of America.
Mr. John William Hutchinson, Mining Engineer, Willow Lodge, Abram, near Wigan,
Lancashire.
Mr.
George Macfarlane, Mining Engineer, Charters Towers, Queensland,
Australia.
Dr. Gustaaf Adolf Frederik Molengraaff, State Geologist, P.O. Box 436, Pretoria,
Transvaal, South .Africa.
Mr. J. L. C. Rae, Manager, Sydney Harbour Collieries, Balmain, Sydney, New
South Wales.
Mr. Aubrey Percy Wilson-Moore, Civil and Mining Engineer, c/o Sheba Queen Gold
and Exploration Company, Limited, 33, Old Broad Street, London, E.C.
Mr. Wilson Worsdell, Chief Mechanical Engineer, North Eastern Railway Company,
Gateshead-upon-Tyne.
Associate Members—
Mr. Philippe Davidson Ahier, Idaho Mines, Three Forks, British Columbia.
Mr. William Scott Barrett, Abbotsgate, Huyton, Liverpool.
Mr. Denis Ripley Broadbent, 26, Great Russell Street, Russell Square, London,
W.C. ; and Royal Societies' Club, London, S.W.
Mr. Louis Davidson, Engineer, 8, Burdon Terrace, Newcastle-upon-Tyne.
Students—
Mr. James Malcolm MacGregor, Mining Student, Cowpen Colliery Office, Blyth.
Mr. John Etherington Milburne, Mining Student, Collingwood Street, Coundon,
Bishop Auckland.
The following paper by Mr. R. Harle on an "Automatic Sprayer for Preventing
Accumulations of Dust in Mines " was read as follows :—
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AUTOMATIC SPRAYER FOR PREVENTING ACCUMULATIONS OF DUST
IN MINES.
By R. HARLE.
The appalling results of explosions and the dangers of dust in mines and other
places being recognized, and extended knowledge having been gained by recent
experiments and observations, the highest importance must be attached to the
prevention of accumulation and methods devised for decreasing the danger. It is
admitted and proved beyond doubt, where explosions have taken place, that the
explosive force and flame is most destructive in the main galleries, where the newlymade dust is being continually carried; and the destructive violence of the explosion
over long lengths of haulage-roads delays the progress of restoring the ventilation
and of introducing fresh air into the mine.
The results of experiments carried out by different committees also prove that serious
explosions may take place from dust alone: and that we must treat the mines where
this element is found or carried with as much care as a powder-magazine. Apparently
reliable tests show that dust-explosions and flame have travelled over intervening
places of the roadway, which have been watered and damped. This proves how
sensitive coal-dust is to explosion, and how desirable it is that we should provide for
its removal before it is carried along the roadways.
Many attempts have been made to water or damp the dust lying on the roads, walls
and timbers in coal-mines, but, on the principle that "prevention is better than cure," it
is now proposed to avoid the necessity of watering the roadways or other parts of the

galleries, by preventing any accumulations. (This, of course, will not avoid the
damping of dry places when a shot is to be fired, as required by the Coal-mines
Regulation Act.)
An arrangement has been perfected for slightly wetting the coal and dust on the top
of each tub as it leaves the siding in mines, where the engine-setts run at a high
speed against strong currents of air, and the same arrangement can be applied to
dust at the screens and coal-stores, and to pulverized coal to be sent to coke-ovens,
where explosions and accidents have taken place from dusty coal.
[54]
The newly-devised method for obviating and diminishing risk to life from coal-dust
explosions consists of a system of watering so as to moisten dusty coal on the tops
of tubs, after being filled, and before it is carried to the main haulage-roads in mines,
and there exposed to the air-currents in its transit to the shaft. The arrangement
consists of a means of automatically damping each tub, so as to prevent the escape
of dust, and to moisten it to the same extent as in damp mines. In such mines no
trace of dust can be found, and few explosions (if any), either from shot-firing or dust,
have taken place, and this safety, under such conditions, confirms the theory that
damping is effectual in mitigating the effect of coal-dust explosions.
The apparatus (Figs. 1, 2, 3, 4 and 5, Plate IV) should be fixed at the outer-end of
the siding, or at any point in-bye, preferably at the flats or landings, where the tubs
are arranged to start on their journey to the shaft. It consists of a perforated pipe or
sprayer, F, a valve, E, and an automatic arrangement, A, which opens the valve, E,
and allows water to spray over the area of each tub, I, as they pass under the
apparatus. A small tank or cistern, G, which can be filled, from any natural supply of
water, or by means of a hand-pump, is placed at such a level that the water will run
from it through the pipe, H, to the sprayer, F. The valve, E, of the sprayer is actuated
preferably by the tub-wheels passing over a projection, A, in the rails of the haulageroad, or by some other part of the tub. The tappet, A, is placed between the ends of
two adjacent rails, a and b (Figs. 3, 4 and 5, Plate IV.), and between the fish-plates,
c. When the tub passes this point, the wheel presses down the tappet, A, thereby
working the levers, B, G and D), which open the valve, E, thus allowing the water to
pass through the sprayer, E, and upon the coal in the tub, I.
It has been found in practice that about 1 pint of water, sprayed over each tub, is
sufficient to moisten the dust, and prevent it from rising, so that a tank containing
about 70 gallons is sufficient to moisten an output of about 150 tons per day.
The method of applying the automatic water-sprayer in a coal-drawing shaft is shown
in Figs. 6 and 7 (Plate IV.). The tappet, A, is pressed inward, when the cage is
passing the apparatus (Fig. 6), and actuates the levers, B, which close the valve, E,
and so prevent water from falling upon the cage. When the cage passes above the
tappet, A, it falls back to its former position, opens the valve, K, and allows the water
to pass to the sprayer, F. H, is the water-supply pipe.
[Plate IV. : Diagram of automatic sprayer]
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The automatic water-sprayer may be applied to a tub-tippler, K, as shown in Figs. 8
and 9 (Plate IV.). The pin, A, is fixed to the axle, J, of the tub-tippler. K, it actuates
the levers, B and C, when the tub-tippler is worked, and simultaneously opens or
shuts the valve, E, which regulates the supply of water to the perforated pipe or
sprayer, F. The sprayer, F, distributes the water over the coal as it falls from the tub
upon the screen, H, is the water-supply pipe.

The automatic water-sprayer is in use at the Browney and South Brancepeth
collieries, in the mines ; it is also applied in the shafts to catch the dust there, and to
prevent it from passing in-bye ; and at the screens aboveground.
The advantages of the automatic water-sprayer are as follows :— (1) The
arrangement can be made and fitted at a small cost and is worked automatically. (2)
The dust is secured before it meets the air-currents, and is carried direct out of the
mine. (3) It obviates the danger of dust accumulating on the timbers and walls of the
galleries, and prevents it from being carried in-bye to the-working-places. (4) In case
of a gas-explosion, it will prevent damage to the roadways and air-crossings, and will
greatly minimize the loss of life, and enable fresh air to be speedily introduced into
the mine. (5) Its use causes no damage to wire-ropes or to the roadways. (6) It
prevents another source of dust, which is found at the screens aboveground, and
prevents dust from passing down the pit. (7) The coals are again moistened at the
tub-tippler or screens when tipped, and this additional moistening prevents dustaccumulations on the surface. (8) There is no waste of coal or dust in screening and
conveying coal to the coke-ovens, and explosions in the ovens and other places
aboveground are obviated.
References to Plate IV.
A, tappet; B, C and D, levers; E, valve regulating the water-supply ; F, perforated
pipe or water-sprayer ; G, water-tank ; H, water-supply pipe ; I, coal-tub ; J, axle ; and
K, tub-tippler.
Mr. A. L. Steavenson (Durham) said that the paper treated the coal-dust question
from an entirely new point of view, for by means of the automatic sprayer coal-dust
was prevented from accumulating, which was very different from moistening it before
firing a shot. - It was evidently much better to damp the coal before it left the flat or
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siding than to try afterwards and prevent an explosion while shot-firing. Prof. Dixon,
in one of the early volumes of the Transactions of The Institution of Mining
Engineers, stated that if coal-dust was only damped to a slight extent they were
doing more harm than good, because the explosive properties of dust were
enhanced by adding steam to it, as combustion or explosion could only occur
between certain limits of moisture. Prof. Dixon stated that :—
In the detonation of carbonic oxide in a long tube, the oxidation is effected
indirectly by means of steam, as it is in the ordinary combustion of the gas.
Measurements of the rate of explosion of carbonic oxide and oxygen in a long
tube showed that the rate increased as steam was added to the dry mixture,
until a maximum velocity was attained, when between 5 and 6 per cent. of
steam was present.*
He suggested that the present Mines Regulations Act was really injurious, and it
should be enacted that there should be wet lengths of wagonway, so that the air in
passing would acquire moisture and prevent an explosion from spreading. As a rule,
when an explosion reached a length of wagonway, which was thoroughly wet, it
stopped there, and he thought that the only advantage to be derived from using water
down the pit was to prevent the spreading of an explosion. In order to prevent coaldust from igniting it was necessary to introduce about 50 per cent. of water, as dust
must be so wet that water would drop out of it when the hand squeezed it.
Mr. P. Kirkup (Birtley) said that he fully appreciated the idea of damping the dust, but
it seemed to him that this paper rather advocated a system of wetting coals, which
from an economical standpoint might be considered as disadvantageous to the

owner. The workmen were paid for coals as they came out of the mine, and if water
was added so as to appreciably increase the weighing of the coal on the pit-bank,
there would be a loss of weight due to evaporation of the water, between the pit-bank
weight and the sales weight.
Mr. A. L. Steavenson replied that the application of 1 pint of water to 1/2 ton of coals
would not do a great deal of harm, and if by so doing they could prevent an
explosion, the payment for the little moisture which was added to the coal would be
well recouped.
Mr. C. C. Leach. (Seghill) suggested that by putting the water on the tub they would
save a weight of dust from being blown from the tub equivalent to the water used.
* Trans. Inst, M.E., 1892, vol. iii., page 3I7.
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Prof. H. Louis (Newcastle-upon-Tyne) said that this system appeared to involve a
possible source of danger. If he had followed the paper rightly, the writer suggested
that the coal should be damped before it left the station or flat, and that, therefore,
the coal would commence travelling in a damp state along the main travellingway, meeting as a general rule the intake air ; and the result would be, of course,
that the water which had been sprinkled on the coal would gradually vaporise
and probably by the time the truck got near to the shaft would have entirely
evaporated, so that by this method they would be transferring the danger arising from
dust from a point near the working-face, where safety lamps were used, to another
point near the shaft, where very probably naked lights might be in use. Unless the
method was combined with some form of sprinkling on the main travelling way, he
was inclined to think that it might be accompanied by the danger which he had
indicated.
[Drawing of tubs in tunnel]
Fig. 10—Side View.

Scale, 4 1/2 Feet to 1 Inch.

Mr. T. L. Elwen (Brandon) asked whether the tubs were sprayed once only during the
journey, and also what was the condition of the coal on the top of the tubs when they
reached the shaft. In his experience, where the sets had to run a considerable
distance the jolting of the tubs disturbed the wetted cake on the top so much as to
render it useless.
At Brandon colliery, a water-spraying arrangement was in use, and was not very
dissimilar to Mr. Harle's. A water-sprayer, consisting of a perforated iron pipe1 1 /2\
inches in diameter and 12 feet long, fed by water brought from the surface, with a
head of 500 feet, is placed at the offtakes on the engine-plane, and is brought into
action by the offtake-boy turning a tap and allowing the water to run on to the tubs
during the time that the set passes by (Figs. 10 and 11). Two of such sprayers are in
use for journeys from 1 mile to 2 1/4 miles in length. Each sprayer
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uses 1/2 pint of water per tub. The velocity of the set of tubs is about 13 miles per
hour. The use of this arrangement has reduced the quantity of dust deposited in the
engine-planes, but still there is sufficient left to necessitate the practice of regular
watering from the supply-pipes continued along the engine-planes.
Coal-dust is also raised by the running of the empty tubs when going inbye. The
crevices within the tub are filled with dust, which is jostled out and raised into the air-

current on going inbye.
He should be glad if Mr. Harle would say whether any
provision was made for laying this dust.
The arrangement of sprayers at the surface was commendable, and no doubt could
prevent a large quantity of dust from going down the pit, to say nothing of the
"muckle saved muckle gained," and a care for the farmers' crops.
[Diagram]
Fig. 11.—End View.

Scale, 4 1/2 Feet to 1 Inch.

Mr. R. Harle, replying to the discussion, wrote that he found after using the automatic
water-sprayer at the collieries under his charge for about two years that the method
was effectual in preventing dust-accumulations and avoided the continual watering
and cleaning of the roadways, which previously was a heavy item of cost. He might
add that, for some time after using the water-sprayers, he found in places where the
thill had been softened and damaged by the continual watering of the roadways (the
system previously in use), that the stone dust from the thill continued to rise for some
time until the floor regained its previous hard state. This may be the source of dust
referred to by Mr. Elwen—dust raised by the travelling inbye of empty tubs. He
always found that this happened where the system of "watering" the roads was
employed, and that as soon as they dried the coal-dust which had been deposited
together with the thill dust was raised and mixed with the air-current on the passage
of a set of tubs.
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He found that there was no need for further damping of the tubs after starting on the
outward journey, but if, owing to the varying conditions, more watering was needed,
another sprayer could be fixed at any point between the landing and the shaft, or the
valves of the inbye sprayer could be so regulated as to give the necessary additional
quantity of water required to secure the dust.
Above ground, where he had for some years specially prepared the coal to a fine
mealy substance used for coking purposes, he found the damping at the screens
secured the dust and reduced the waste and danger to a minimum ; and further, the
damping during conveyance of this small coal to the storage-hoppers and cokeovens prevented it being blown away in windy weather and also obviated the risk of
an explosion when discharging the dust into hot coke-ovens.
The President (Mr. W. Armstrong) moved a vote of thanks to Mr. Harle for his paper,
and the resolution was cordially approved.
DISCUSSION ON MR. H. G. STOKES' PAPER ON "THE ORE-DEPOSITS OF THE
SILVER SPUR, MINE AND NEIGHBOURHOOD, TEXAS, QUEENSLAND."*
Mr. H. G. Stokes wrote pointing out a few errata in his paper :— Page 275, line 8,
should read, "merge laterally into beds"; page 276, line 19, "up to 14 per cent. of
copper"; page 277, line 25, "isolated patches of ore being met with"; page 279, line
29, "the joints and bedding-planes in the shale are lined with steatite"; page 280, line
32, "the two ore-bodies touched each other"; page 281, lines 22 and 24, "carbonate
of zinc"; and page 283, line 35, "exclusively to the argillaceous shales." He had also
detected the following errors in Plate VI. :—In the plan (Fig. 2) showing the outcrops
of ore-bodies, the "No. 3 shaft" on the eastern side of the ore-bodies near the slide,
in right hand top corner, should be "No. 5 shaft" ; and it was unfortunate that the
draughtsman had made the ore-bodies strike at almost right angles to the correct

course, namely north-west instead of to the east of north. In Fig. 5, "No. 3 ore-body"
had been marked "No. 2 ore-body" ; and "No. 2 ore-body" marked "No. 3 ore-body."
A paper by Mr. Sidney Bates on "The Driving of a Stone-drift at the West Wylam
Collieries" was read as follows : —
* Trans. Inst. M.E., vol. xvii., page 274.
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THE DRIVING OF A STONE-DRIFT AT THE WEST WYLAM COLLIERIES.
By SIDNEY BATES.
The Mickley Coal Company's collieries are situated about 3/4 mile west of Wylam
Station on the Newcastle and Carlisle Railway. The royalty owned and under lease
extends from the river Tyne on the north to the 90 fathoms dyke on the south.
The seams of coal worked are those of the Middle Coal-measures (Geological
Survey) from the Towneley to the Brockwell seam. This is the lowest workable seam
in this district, with the exception of a. seam of cannel (of very limited area) found in
the Gannister and Millstone Grit series, about 84 feet below the Brockwell seam.
The strata along a north-and-south line, from the river Tyne to the 90 fathoms dyke,
form a syncline and anticline, as shown (Fig. 1, Plate V.). It will be seen that there is
a denuded area, with a breadth of about 1/4 mile and a length of 2 miles.
The seams on the syncline are worked by means of the shaft, A, and on the anticline
by means of a level drift (from the surface), A B, which is about 1 3/4 miles in length.
From the point, B, the strata rise southward about 5 degrees. The whole of the output
is run to the point. B, by means of self-acting inclines. The seams can be wrought
only to the point, C, which is at present the lowest level, the strata dipping south 10
degrees from this point.
It has been found expedient to continue the level drift from the point marked, B, (Fig.
1), so as to cut the coal-seams at, or as near as possible to, their lowest point, D,
which was reached after drifting about 5,145 feet. As well as winning out a
considerable area of coal for the West Wylam colliery, this drift will drain the seams
to the extreme western boundary of the royalties worked by the Mickley collieries.
Before commencing an undertaking of such magnitude, the various methods of
drifting were considered, namely, hand-drilling and compressed-air and electric
drilling-machines. Each of those methods possess certain advantages and
disadvantages, which received due consideration. Hand-drilling would have been
most economical as far as cost of plant was concerned, but, expedition being
required in this case, its use was out of the question.
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The mine being non-gaseous, electricity received prior consideration, and the rapidity
with which the cables could be carried forward was of some moment. Dynamos,
motors, and drilling-machines were tried at the works of electrical engineers ; but the
type of rotary drill exhibited was not considered of sufficient power to penetrate some
of the strata through which the drift must pass. The hardness might possibly
necessitate the employment of diamond drills.
However, compressed air was employed to drive the drills; and although often
abused for low efficiency, it had given entire satisfaction during the work.
The installation consisted of an air-compressor, an air-receiver, and 3 Cranston rockdrills. The Cranston air-compressor had a steam-cylinder 16 inches in diameter and
20 inches stroke, with an air-cylinder 18 inches in diameter and 20 inches stroke: the
cylinders were placed parallel to each other with a heavy fly-wheel between them.

The air-cylinder was surrounded by a water-jacket, and there were four inlet- and two
outlet-valves at each end of the cylinder (Figs. 2 and 3, Plate V.). Steam was used at
a pressure of 80 pounds per square inch, and compressed the air to a pressure of 60
pounds per square inch. The air-receiver was 4 feet in diameter and 13 feet long.
The air-compressor was fixed at the surface, about 1 3/4 miles from where the drift, B
D, was commenced, the air being conveyed in 4 7/8 inches metal pipes, fitted with
the Forster joint and an indiarubber ring, a, (Fig. 4, Plate V.), with the exception of
about 240 feet near to the face, where steel pipes, about 30 feet in length, were used
(Fig. 5, Plate V.). The metal pipes were quickly laid, and there had not been more
than one or two instances of a blown joint during the five years of working. The steel
pipes, in 18 feet lengths, were opened at the ends so as to form small flanges, after 2
loose rings had been slipped on the tube. The loose rings were made with a spigot
and faucet, which was drawn together by 4 bolts, and thus made to enclose an indiarubber ring, a, between the two pipes (Fig. 5, Plate V.).
The drift was commenced in September, 1894, and let to the ordinary stonemen of
the colliery, 6 workmen and 3 assistants being employed per diem, 2 men and 1
assistant working in each 8 hours shift.
The drift was driven 11 feet wide and 6 1/2 feet high, with an area of 71 1/2 square
feet. The workmen contracted to drive the drift, find all explosives, and set all timber
where necessary. The drift was driven for some distance before the machinery was
fixed and in working order; and
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the workmen did remarkably well with ordinary ratchet-drills, driving about 60 feet per
fortnight.
The strata passed through did not vary much from those above the Brockwell seam.
A section of the strata passed through in this drift is given in Appendix I. With the
exception of very hard compact siliceous sandstone (in texture approaching
quartzite) and a small vein, about 6 inches wide, filled with galena and kaolinite, no
mineral of note was observed. The galena was found to contain a low percentage of
silver.
The Cranston percussive drilling-machine is shown in Figs. 6, 7 and 8 (Plate V.). The
air-cylinder was 4 inches in diameter by 5 3/4 inches stroke. With an average airpressure of 55 pounds per square inch, the rock-drill made 400 strokes per minute.
Fig. 6 exhibits a longitudinal section, and Fig. 7 a cross-section through the collarhead of the piston-rod. The rock-drill is speedily raised and lowered on a pedestal
(Fig. 8, Plate V.) by means of a ratchet-lever to any desired position. The drill is fitted
with a universal movement, a, and the machine can be fifed to drill at any angle. The
drilling-machines are strong, and as they had no complicated parts, the workmen
soon become accustomed to their use : the cost of repairs was very low.
The drills commenced with a diameter of 3 5/8 inches, and diminished by three or
four successive sizes to 2 1/8 inches in diameter. The full depth of holes bored in
blue metal (shale) was in some cases 8 feet. The depth of holes bored in harder
stone was less, and varied considerably according to the position of joints, etc. Only
two forms of drill-bits were used, namely, the cross-bit and X-bit, but after a time the
workmen found that the former pattern gave the best results.
The Cranston machine was hand-fed, and where the strata changed frequently the
writer found that hand-fed machines were most efficient, as the workmen could
regulate the feed to suit the nature of the stone. Drills, which advance automatically,
had been used in some cases, but as a rule nowadays the automatic feed had been
almost discarded.
The mean length of drift driven per diem averaged 3.72 feet, at a cost of 18s. 2d. per
foot; and the cost, including cost of machinery after allowing for value, when the drift
was finished, had been £1 per foot.

When driving through strata of an argillaceous and shaley nature, the workmen
ceased to use power-drills, as they found, in moderately hard stone, that they could
drill the holes as speedily with the ordinary hand ratchet-drill, on taking into
consideration the time required to fix the machine-drill.
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The general position in which the holes were drilled is shown in Figs. 9 and 10 (Plate
V.). The centre and sumping-holes were ignited first, the position being changed
according to the rise or dip of the strata. Where the strata were rising, the leading or
sumping holes were bored in the bottom, and in the top, where the strata were
dipping.
The number of holes varied from round to round—in blue metal 10 to 13 holes were
sufficient: whilst in harder stone the number was greater. The greatest depth bored
in one shift by two machines was 80 feet.
Where the stone was sufficiently damp to make the borings plastic, some difficulty
was experienced in keeping the holes clear ; and to overcome this, a small close
cistern was used, mounted upon wheels, and provided with two taps, which could be
connected, one to the air-pipes and the other to a hose of sufficient length to reach to
the drill-holes. The pressure of the air upon the water in the close cistern forced a jet
of water out with great velocity, which speedily cleared the holes.
To facilitate the work, it was arranged for one set of men to do the drilling, and the
following set to blast and fill the stones into the tubs to be sent to the surface. Where
hard strata were met with, two shifts of men were required to drill the holes, and the
third shift fired the shots and filled the stone.
The drift could have been driven more expeditiously, but, as the large quantity of
stone had to be conveyed to the same heapstead as an output of 1,200 tons of coal
per day, it was difficult to increase the number of men without interfering with the
ordinary working of the colliery. After reaching a distance of about 2,500 feet, the
work performed per day diminished.
The explosives used were compressed powder and gelignite, but mostly the former.
The cartridges were 1 3/8 inches in diameter and weighed about 3 1/4 ounces. The
charge placed in each hole varied from 2 to 6 pounds, according to the length of the
hole and the nature of the strata. The round of holes were all charged together, the
sumping and centre-holes being fired first. An electric shot-firer was, used and
simultaneous firing tried, but without success. Theoretically this system is a
misconception, and even if the charges ignited simultaneously, the result is not as
efficient as with independent firing. The object of igniting explosives in a rock is to
disintegrate it with a reasonable, if not the least, weight of explosive. If all the shots
are ignited at once we cannot expect that one shot will help the other ; but, if the
centre charges are fired first, so as to loosen the middle of the working-face,
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the side charges should then operate under the most favourable circumstances.
The volume of rock excavated from the drift (5,145 feet long and 71 1/2 square feet
in area) was 367,867 1/2 cubic feet, and the explosive used was 6.4 pounds per
linear foot or 0.09 pound per cubic foot.
The drift was ventilated by means of a 4 1/2 inches brick partition-wall built 3 1/2 feet
from one wall-side, and carried to within 150 feet of the face. The fresh air was
passed along the wider side of the brick brattice, and carried beyond the end (closed
by a door) to the face by means of wooden boxes (24 inches by 24 inches). The
return air passed out of the drift, along the narrower side of the brattice. Compressed
air was allowed to escape at the face, so as to clear the smoke quickly out of the

drift, after firing shots. The temperature of the air at the face of the drift was about 61
1/2° Fahr.
APPENDIX I.
Section of Strata passed through in driving the Main Level Drift at West Wylam
Colliery.
[Table of 45 layers of strata, omitted]
[Plate V., Diagram of machinery, and section of the drift]
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Prof. H. Louis (Newcastle-upon-Tyne) had seen the driving of the drift and was very
much interested therein. He would like to have a definition of what the author meant
by hand-drilling, so as to avoid confusion between what he might term "hand-boring"
with a rotating auger-like drill and "hand-drilling" by percussion. He agreed with what
the author said as to the advantage of hand-feeding a machine-drill, but if he was not
mistaken, the Cranston drill was hand-rotating as well as hand-feeding. He was a
disbeliever in hand-rotation, and in his experience hand-rotating drills stuck more
frequently than automatically rotated drills. Usually the men in charge did not rotate
the drill uniformly, and they were apt to rotate it so as to get the bit into a soft spot
each time. He would like Mr. Bates to give figures as to the relative quantity of
explosive used while hand-boring and while machine-drilling. It had been generally
claimed that machine-drilling was more expensive as regards consumption of
explosives than hand-boring, but the data available were not quite conclusive. He
would also ask why the drill-bits were made as large as 2 3/8 inches in diameter,
when the cartridge was only 1 3/8 inches in diameter. The 2 3/8 inches bit would
probably drill with a slight clearance, so that there would be about 3/4 inch or so of
vacant space in the hole. Was that done purposely, and was anything gained by the
arrangement ?
Mr. T. E. Forster (Newcastle-upon-Tyne) said that he quite confirmed what Mr. Bates
said about hand-drilling in soft stone : he had driven a drift with a Cranston drill, and
he came to the same conclusion. He found the same difficulty with regard to the
simultaneous firing of shots by electricity, but he obtained better results with lowtension than with high-tension fuzes.
Mr. P. Kirkup (Birtley) asked whether rock-drills had been used for the central holes,
and hand-drills for the side-holes or pop-shots.
Mr. C. H. Steavenson (Redheugh) enquired whether electric drills had been tried.
Such drills were largely used in Cleveland, where they employed very powerful rotary
machines.
Mr. T. W. Benson said, that he did not notice any comparison of costs between the
time when the drift was going by hand-power and when the Cranston drill was used.
He had driven some 900 feet of stone-drift (approaching the 90 fathoms dyke from
the opposite side to that on which Mr. Bates worked) using ratchet-drills. He was
about to use a machine-drill, and he was curious to find out whether there would be
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any difference in the cost, but he hoped to get greater expedition. There seemed to
he a general consensus of opinion that in moderately hard rock a machine-drill would

not do the work any cheaper than ratchet-drills, winch had been very much improved
of late years.
Mr. Sidney Bates said that hand-drilling was not now practised in Northumberland or
Durham. The workmen now used rotating drills. The men had had no trouble with
bent drills: they generally commenced with the larger drill so as to drill a hole going to
a depth of 8 feet. The workmen had tried electric shot-firing, and had voluntarily
discontinued its use. Some of the rock was hard compact siliceous sandstone, which
bent the ratchet-drills.
Mr. H. Lawrence asked whether they had tried a drill that would drill a hole in steps,
so that they made a smaller hole at first and the wider part of the drill cut down the
shoulder. In exceedingly hard rocks, he had found that they could drill more quickly
by drilling a small hole and enlarging it afterwards to full size.
Mr. R. S. Anderson (Newcastle-upon-Tyne) said that he was at the present time
driving a drift with a Cranston machine-drill. The cost of compressed-air drills was
certainly no less than ordinary hand-drilling in stone of ordinary hardness. He had
found stone above the Brockwell seam, at North Elswick collieries, harder than any
he had ever seen near that seam before, and the workmen had had great difficulty
indeed in working it by hand. It was on that account and also on account of the
saving of time that he decided to adopt the Cranston drill. The drift would be about
1,500 feet long, and probably they would have considered more seriously before
putting in a machine-drill, had it not been for the fact that there was an oil-engine
working a pump at a point near where the drift was to commence. An air-compressor
was erected at that point and was driven by the oil-engine, which at other times was
used for pumping. By this method, there was a saving of cost of expensive plant at
the surface, and a considerable length of pipe, with consequent loss of power in-bye.
The drift was commenced at a point, 3,600 feet from the shaft. He presumed that the
cost of 18s. 2d. per foot, as stated by Mr. Bates, was for the actual working of the
drift, and did not include the removal of the stone. It would lie interesting if Mr. Bates
could give the cost of running the engine, and of the fuel and stores used in
connexion with the plant. The members could only make a comparison of the cost of
power-drilling and hand-drilling, when all these items were taken into account.
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Mr. Sidney Bates, replying to the discussion, said that the hand-drillinig referred to in
his paper was actually hand-boring, as there were not many hand-drilled holes at the
present time. The Cranston drill was hand-rotating, which was certainly a drawback ;
and he believed that automatically rotated drills worked uniformally and required less
attention. The quantity of explosive used when hand-boring was 0.068 lb. per cubic
foot : and with machine-drills, 0.12 lb. per cubic foot. The drill-bits were made 2 3/8
inches in diameter so as to allow ample margin in reducing the diameter in deep
holes, and nothing would have been gained by trying to drill the holes with only a
slight clearance. All the holes were drilled with machine-drills after the machine-drills
were in use. The electrically-driven drills were only tried at the works of an electrical
engineer. The cost was a little higher with machine-drills, but the strata was much
harder. Without machine-drills, the rate of progress per week would certainly have
been much less and the cost much more. He had had experience with oil-engines
and certainly he could not recommend their adoption to drive air-compressors in
mines. The costs given in his paper only included the money paid to the workmen for
blasting the stone and filling it into tubs. The loss of pressure of the air at the end of
the drift was 10 lbs. per square inch.

Mr. A. L. Steavenson (Durham) had seen a great deal of drilling with compressed air
and with electric drills, and his experience very much agreed with those views which
had been expressed. He had not found machine-drilling of much advantage in hard
post-stone. Perhaps it was because he did not stick to it long enough, but of all the
motors he liked compressed air best, because they got fresh air constantly at the
face for the workmen. The use of an oil-engine for driving the air-compressor,
referred to by Mr. Anderson, seemed to be a very economical method. He (Mr.
Steavenson) had tried simultaneous firing, but the places that they were driving in
Cleveland were 10 feet high and 14 feet wide. They often drilled 15 holes in a single
place before firing a shot, and he thought that if they could use simultaneous firing it
would be economical. He proposed a hearty vote of thanks to Mr. Bates for his
interesting paper.
The motion was cordially approved.
[68]
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DISCUSSION OF DR. JOHN S. HALDANE AND MR. F. G MEACHEM'S
"OBSERVATIONS ON THE RELATION OF UNDERGROUND TEMPERATURE AND
SPONTANEOUS FIRES IN THE COAL TO OXIDATION," ETC.*
Dr. P. Phillips Bedson (Newcastle-upon-Tyne) wrote that he had read with
considerable interest the paper by Dr. Haldane and Mr. Meachem, which contained a
large amount of valuable information on a subject of great practical interest. After the
investigations of Richters and others on this subject one was scarcely prepared to
learn that such a preponderating influence in heat production should be given to the
iron-pyrites contained in coal, as the trend of these investigations had been rather to
dethrone iron-pyrites from its exalted position. The authors' contention as to the part
played by iron-pyrites would have been strengthened had they given some idea of
the composition of the coal with which they experimented, both before and after
oxidation. The increase in weight of carbon compounds on oxidation is not very
difficult of explanation, for oxidation does not necessarily mean production of carbon
dioxide and water, but may simply be the fixation of oxygen. To take a simple case,
the oxidation of acetic aldehyde to acetic acid results in 1 part by weight of acetic
aldehyde forming 1.36 parts by weight of acetic acid. It is simply an oxygen addition.
That such actions may take place with coal is shown in the analyses and
experimental results described by Dr. Carrick Anderson in his paper recently read
before The Institution of Mining Engineers. †
* Trans. Inst. M.E., vol. xvi., pages 457 and 495 ; and vol. xviii., page 15.
† lbid., 1898, vol. xvi., page 335.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
December 9th, 1899.
Mr. WILLIAM ARMSTRONG, President, in the Chair.

The Secretary read the minutes of the last General Meeting and reported the
proceedings of the Council at their meetings on November 25th and that day.
The following gentlemen were elected, having been previously nominated : —
Members—
Mr. Henry Bennett, Mining Engineer, Rio Tinto Mines, Huelva, Spain.
Mr. Sherard Osborn Cowper-Coles, Electro-Metallurgist, Grosvenor Mansions,
Victoria Street, Westminster, London, S.W.
Mr. David Davies, Civil and Mining Engineer, Cowell House, Llanelly, South
Wales.
Mr. James Archibald Dewhurst, Mining Engineer, The Grove, Walton-le-Dale,
Preston, Lancashire.
Mr. John English, Mining Engineer, Garesfield Colliery, High Spen, Lintz Green,
R.S.O., Co. Durham.
Mr. John Sutherland Foster, Civil and Mining Engineer, Blaenau Ffestiniog,
North Wales.
Mr. Henderson Gibson, Jun., Colliery Manager, Chirton West View. North Shields.
Mr. Thomas Chicken Hair, Mechanical Engineer, Bede House, Hebburn-upon-Tyne.
Mr. Charles Henderson, Colliery Manager, Cowpen Colliery, Blyth,
Northumberland.
Mr. Thomas Hewitson, General Manager, Ivanhoe Gold Corporation,
Limited, Boulder, Western Australia.
Mr. Frederick John Holman, Mining Engineer, The Grove, Walton de-Dale, Preston,
Lancashire.
Mr. Farquhar Lambert, Mechanical Engineer, Apartado 2025, City of Mexico,
Mexico.
Mr. Henry Johnson Mein, Colliery Manager, Carterthorne Colliery, Toft Hill, Bishop
Auckland.
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Mr. Alexander Montgomery, Mining Engineer, Kauri Freehold Gold Estates, Limited,
Opitonui, Coromandel, New Zealand.
Mr. Arthtur Mort, Colliery Manager, Curran House, Dungannon, Ireland.
Mr, Samuel Rothwell, Colliery Proprietor, 21, Chorley New Road, Bolton, Lancashire.
Mr. James Howard Walker, Mining Engineer, Bank Chambers, Wigan.
Mr. Nathaniel Wilson, Mechanical Engineer, P.O. Box 485, Johannesburg, Transvaal,
South Africa.
Associate Members—
Mr. James Gibson, P.O. Box 1026, Johannesburg, Transvaal, South Africa.
Mr. Wilfrid Ingram Wrightson, Cramlington Colliery, Northumberland.
Associates—
Mr. John George Stokoe, Overman and Under-manager, 3, The Terrace, New
Lambton, Fence Houses.
Mr. Ralph Storey Swallow, Assistant Manager and
Surveyor, Langley Park
Colliery, Durham,
Students—
Mr. George Henry Robinson, Jun., Mining Student, Holm Lea, Sunderland. Mr.
Hubert F. G. Roose, Mining Student, 45, Hill Street, Berkeley Square, London.

DISCUSSION OF MR. E. G. HILLER'S PAPER ON "THE WORKING OF THE
BOILER EXPLOSIONS ACTS, 1882 AND 1890."*
Mr. Henry Lawrence said that, notwithstanding the large increase in the number of
boilers now working, there was a large decrease in the number of explosions. He
thought that this had been brought about by improved design, material, workmanship
and machinery used in the manufacture of boilers. Some 44 years ago when he
came to the north of England, he found among the collieries and works that very few
boilers other than plain cylindrical ones were in use. At that time, in London and the
outskirts, the most economical boiler that they could get was used at waterworks on
account of the high price of coal—that was the Cornish boiler with one flue, in which
the combustion was so slow that they could put their hands upon the furnace-doors.
And at some of the large waterworks, fuel (coke-breeze mixed with duff-coal) was
burnt that men would not look at nowadays.
The plain cylindrical boiler --then in use—was badly designed. The material was not
suitable to put into any boiler. "Ship-plates" were used, and he thought that he would
be right in saying that some of them
* Trans. Inst. M.E., vol. xvii., page 19.
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were little better than cast iron. Low Moor iron was used along the bottom of the
boiler for a certain length over the fire, and he contended that coupling such a class
of iron with ship-plates was ruinous to the boiler itself.
The fire-bars were, as was usual in those days, about 2 1/2 inches thick, with an airspace of 1 1/2 inches. They were cleaned by knocking at the projecting end of the
bar. and, as a consequence, not more than half the coal was burned under the boiler,
and the remainder was wheeled out on to the top of the waste-heap. The enormous
heat caused deposits to accumulate over that part of the boiler where the
evaporation was greatest, the plates came down, and boiler-smiths were continually
repairing them. Repairs were generally very roughly made, and little was thought of
putting in a "stop-rivet," as it was called.
Seam-rips were produced in plain cylindrical boilers, because they were always
supported on their seating by means of a series of cast-iron brackets ; later the
boilers were increased in length, and they were, hung from arched-brackets, so as to
be entirely suspended. As the boilers were not covered, the enormous heat passing
under the boilers and the expansion at the bottom caused the boilers to lift up their
ends : as the boilers were made in rings, there was a tendency to open the lower part
of the ring and its rivets, and hence seam-rips were commenced.
The material was so bad that, after a plate was flanged and nearly finished, it would
be condemned as rotten. They had no such material as mild steel, which can be
flanged round the fire-box by hydraulic power in one operation.
He considered that the workmen of the present day were more competent than those
of 40 years ago, and boiler-makers generally were a different class of men from what
they used to be. At the present day, in boiler-shops the tubes were welded, and then
flanged; entirely by machinery, in such a way that nothing more accurate could be
made.
The improved design, and improved workmanship, of boilers of the present day had
reduced the number of explosions ; and he was of opinion that the Boiler Explosions
Acts had been decidedly beneficial. He knew that the Board of Trade considered that
everything liable to burst was a steam-boiler. He himself was unfortunate enough to
have a globe valve, placed underground some 70 or 80 feet from the shaft-bottom,
which passed the steam to an underground engine ; the workmen had been making
some repairs to a steam-pipe, and instead of the engineman opening the cocks at

the steam-engine he opened the valve suddenly and let the water pass out at the tap.
When steam was turned
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on, the valve burst, and a man was killed. An enquiry was held by an inspector from
the Board of Trade and the valve was brought to his works. (There was some doubt
as to whether the valve had been made at their works or not.) The valve in question
was broken open ; it was found that it was of proper thickness ; the Board of Trade
published an elaborate report, and there had been as much money spent over the
case as though it had been a boiler-explosion.
In looking over the paper he found that Prof. Louis, in the discussion, "asked whether
Mr. Hiller could give the members any idea of the average increase in steampressure during the years comprised in Table II. He took it as undoubted that from
1866 to 1897, the average steam-pressure had been steadily increasing, and if they
could get this information so as to form a base-line from which the number of
accidents could be tabulated, it might, he thought, be shown that an increase in
steam-pressure was accompanied by an increase in safety."* He (Mr. Lawrence)
agreed with that statement, as he did not think it could be proved that an increase of
pressure had caused any increase in the number of boiler explosions. It appeared to
him, that if a boiler had to withstand a pressure of 200 pounds per square inch,
whereas only 50 pounds was formerly required, more attention would be given to its
manufacture by the boiler-maker.
Mr. A. L. Steavenson (Durham) said that the subject of the paper was the working of
the Boiler Explosions Acts. Nevertheless, the paper, and the discussion, seemed to
have been devoted to boiler explosions, and he thought that it would be interesting if
the members would each give their experience of the working of the Acts. He had a
certain boiler heated by the waste-gases from coke-ovens, and, as the heat was very
great at week-ends, the boiler "primed"—water got into a steampipe, and the pipe
was cracked longitudinally. He reported the matter to the Board of Trade, whereupon
several of their inspectors came to the colliery and made numerous measurements,
and finally the pipe was smashed to see whether it was made of suitable material
and thickness. After a long delay, he received a report on the explosion of a steampipe at Tursdale colliery.
Mr. T. E. Forster (Newcastle-upon-Tyne) said that probably few engineers nowadays
had boiler explosions, but if they had a blown joint in a steam-pipe, according to the
letter of the Boiler Explosions Acts, it was necessary to report it to the Board of
Trade. He had had one
* Trans. Inst. M. E., vol. xvii., page 48.
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experience of a Board-of-Trade enquiry, and he hoped that it would be the last as it
was the first. It was very much better when inquiries as to all accidents at collieries
were made by inspectors of mines under the Home Secretary.
Mr. Henry Lawrence said that he would recommend every steam-user to cover the
boilers, and to take as much, trouble to keep them clean and under cover as they
would with a steam-engine.
Mr. J. F. L. Crosland (Manchester) wrote that he had always entertained the opinion
that the Boiler Explosions Act of 1882 was sufficient, if properly enforced, to

extinguish preventable boiler explosions. His impression on this point was so strong
that in 1889— at which time he might observe that no less than 336 enquiries into
boiler explosions had been made under the Boiler Explosions Act and in only one
solitary instance out of all that number was a formal investigation held, and then no
fine or charge was made upon the offender -- he drew the attention of Mr. Summers
(M.P. for Huddersfield) to the matter, and induced him to ask in the House of
Parliament why the penal clauses had hitherto not been properly enforced, to which
Sir Michael Hicks Beach replied that "he was carefully considering whether in the
public interest the Boiler Explosions Act could not be more stringently enforced in
future." In consequence of that enquiry, during the following year, up to April 17th,
1891, no less than 31 formal investigations were held, and fines of various amounts
from £10 to £80 were inflicted. Since that date, formal investigations have regularly
taken place, and lines of small amounts have been inflicted. Still, not only the
number, but the serious character of boiler explosions had been reduced, as pointed
out in the paper under discussion. In fact, the result had been so satisfactory that he
felt perfectly convinced that if the fines were made more severe and the results
published, preventable boiler explosions would become a thing of the past, or, to
repeat Sir Michael Hicks Beach's remark upon the subject, that "publicity and
penalties would do more good than anything that Parliament could do."
Mr. E. G. Hiller (Manchester), replying to the discussion, wrote that he observed that
several gentlemen called attention to the fact that they had had accidents to steampipes which had been investigated by the Board of Trade under the Boiler Explosions
Acts. Although these investigations no doubt would cause them some personal
inconvenience, on the other hand, the information obtained from investigations of
this kind had proved to be of considerable value ; and if the lessons
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taught by the accidents received proper consideration the number of such accidents
would be considerably reduced in the future. While, therefore, he considered it
desirable that steam-pipe accidents should be investigated, he thought it was
undesirable that they should be classed as boiler explosions. He agreed with Mr.
Lawrence's remarks recommending steam-users to cover boilers, and to take as
much trouble to keep them clean and under cover as they would with a steamengine. Very frequently, however, boilers at collieries were not enclosed in boilerhouses, and under such circumstances, owing to the exposure to weather, they
sometimes became damp, which might lead to external wasting of the plates
beneath. To avoid the risk of explosion from this cause, periodical baring of the
covering was necessary.
DISCUSSION OF MESSRS. HEISE AND THIEM'S "EXPERIMENTS ON THE
IGNITION OF FIRE-DAMP AND COAL-DUST BY MEANS OF ELECTRICITY.'*'*
Mr. A. L. Steavenson (Durham) thought that this paper showed very clearly that the
conditions under which it was safe to employ electricity in coal-mines were rare. In
the summary of precautions to be observed, it was pointed out that the experiments
were not made with the object, nor were they capable, of formulating a definite
opinion as to the applicability of electricity in fiery mines ; and it was further stated
that "the sum of the results obtained shows that in general the amount of electrical
energy which is capable under certain circumstances of igniting tire-damp need
only be extremely small." † It appeared to him (Mr. Steavenson) that whether it was
extremely small or extremely great, it was shown to be equally dangerous.
The
individual results of the experiments upon incandescent lamps were summarized in
the paper as follows :—

[Table omitted]
* Trans. Inst. M.E., vol. xvii., page 88.
† Ibid., page 114.
‡ lbid., page 96.
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If the margin between safety and danger was so small that, aIthough
they could use a 10 candle-power lamp for 65 volts and consider themselves safe,
while with a 10 candle-power for 65 volts they were unsafe, he thought it proved that
it was neither safe nor pleasant to introduce electricity into the fiery atmosphere of a
mine.
DISCUSSION OF MR. D. MURGUE'S PAPER ON "THE MURGUE RECORDING
VOLUMETRIC ANEMOMETER.*
Mr. Bryan Donkin (London) wrote that he had read with pleasure this paper,
describing a very ingenious arrangement for recording the air-pressures in certain
parts of a fan or in a mine in restricted air-ways ; and coming from so distinguished a
mining engineer, it demanded careful attention. It seemed to be a most useful and
instructive apparatus for studying vacuums or pressures in mines on a time basis, but
a better opinion could be given if one had actually seen the instrument at work. He
suggested that a committee should be appointed for experimenting with one (to be
obtained from France), that it should be tested at one or two British mines for some
months, and that the committee should report to the members. It could be no doubt
made applicable to other fans than the Rateau fan and in restricted air-ways. No
doubt a time-record on paper of air-pressures in mines was very important, and such
an instrument, based on the Pitot-tube system properly applied, he thought, was well
worth testing, and the results should be followed closely by mining-engineers.
* Trans. Inst. M.E., vol. xvii., page 261.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
February 10th, 1900.
Mr. WILLIAM ARMSTRONG, President, in the Chair.
The Secretary read the minutes of the last General Meeting, and reported the
proceedings of the Council at their meeting on January 27th and that day.
The following gentlemen were elected, having been previously nominated :—
Members—
Mr. Ivo William Baldwin, Mining
Oakleigh, Ruardean, Gloucestershire.

Engineer

and

Colliery

Manager,

Mr. Christopher Ernest Buckle, Engineer in charge of the Ajjampur Mine of the
Kadur-Mysore Gold Mines, Limited, c/o Mr. T. T. Leonard, 4, Gordon Avenue,
Bangalore, Mysore Province, South India.
Mr. John Henry Bacon Forster, Mining Engineer, Cramlington Colliery,
Northumberland.
Mr. George Alfred Greener, Mining Engineer, Netherton Hall Colliery, Newcastleupon-Tyne.
Mr. Gerald Hopkins, Metallurgical Chemist and Engineer, British Columbia Bullion
Extracting Company, Silica, Rossland, British Columbia.
Mr. Albert Littlejohn, Colliery Manager, Killingworth Colliery, Newcastle, New South
Wales.
Mr. William Henry Mascall, Colliery Manager, Zetland House, Cockton Hill, Bishop
Auckland.
Mr. Francis James Oakes, Jun., Mining Engineer, 58, Pearl Street, Boston,
Massachusetts, United States of America.
Mr. Charles Edward Parish, Mechanical Engineer, Ouston Villa, Chester-le-Street,
County Durham.
Mr. Frederick Cardell Pengilly, Mine-manager, Mikado Gold Mining Company,
Limited, Rat Portage, Ontario, Canada.
Mr. James Edward Riddle, Colliery Manager, Shilbottle Colliery, Lesbury, R.S.O.,
Northumberland.
Mr. Philip, Rhinelander Robert, Mine-manager, Greenland, Ontonagon County,
Michigan, United States of America.
Mr. John Robinson, Colliery Manager, 2, River View, Blaydon-upon-Tyne.
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Mr. Ernest Henry Thomas, Mining Engineer, Oakhill, Gadlys, Aberdare, South
Wales.
Mr. Iltyd Edward Thomas, Mining Engineer and Mineral Estate Agent, Glanymor,
Swansea.
Mr. John William Thompson, Mining Engineer, Greenfield House, Crook, R.S.O.,
County Durham.
Mr. Joseph Burr Tyrrell, Consulting Mining Engineer, Dawson, Yukon Territory,
Canada.
Mr. Cuninghame Wilson-Moore, Mining Engineer, Steynsdorp, Transvaal.
Associate Member—
Mr. Anthony Wilson, Thornthwaite, Keswick, Cumberland.
Associates—
Mr.
John
George
Heckels,
Colliery
Surveyor,
Broomhill
Colliery,
Acklington, Northumberland.
Mr. George Mather, Colliery Under-manager, Double Row, New Delaval, Newsham,
R.S.O., Northumberland.
Students —
Mr. Robert Clive, Assistant Viewer, St. Helen's Colliery, Bishop Auckland.
Mr. Christopher Heaps, Mining Student, 12, Richmond Terrace, Gateshead-uponTyne.
Mr. Tom Wilson Hunter, Assistant Surveyor, Peases West Colliery, Crook, R.S.O.,
County Durham.
Mr.
Edwin
Walter
Milburn,
Mining
Student,
Link
View,
Blyth,
Northumberland.

DISCUSSION OF MR. HARRISON F. BULMAN'S PAPER ON "THE KALGOORLIE
GOLD-MINES, WESTERN AUSTRALIA,"* AND MR. S. J. BECHER'S PAPER ON
"THE KALGOORLIE GOLD-FIELD."†
Mr. Frank Owen (London) wrote that the occurrence of telluride-ores in Colorado was
by no means confined to Cripple Creek (El Paso county)—though that of course was
by far the leading centre of production—but they were also found in other localities at
a considerable distance, and in a somewhat different formation. Boulder county had
produced telluride-ores for nearly the last 30 years, and long before the Cripple
Creek region was known to contain them. According to the Colorado Bureau of
Mines,‡ the mines of Boulder county produced in 1898, gold to the value of £119,856
($581,802.41), the bulk of which came from high-grade telluride and sulphide-ores.
The Commissioner of Mines in his report for 1897 stated that:—"Boulder county has
long been noted for its production of varied telluride-ores, and has contributed many
thousands of dollars in value to mineral collections. This fact can better
* Trans. Inst. M.E., vol. xvii., page 349.
† Ibid., vol. xviii., page 42.
‡ Bulletin, 1899, No. 3.
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be appreciated when it is stated that some of the ores produced have a gold value of
$150 (£30 18s. 6d.) per pound, and from a mineralogical standpoint are priceless." In
addition to the telluride-minerals referred to by Mr. Bulman, petzite and nagyagite are
found in the Boulder county mines. According to Mr. J. H. Collins, the former
contains: gold 18 to 25 per cent., silver 40 to 47 per cent. and tellurium 32 to 36 per
cent., whilst the latter corresponds to the formula 2PbAu + 3TeSbS.
He noticed that Mr. J. J. Sandeman criticized the West Australian mining laws
unfavourably, as compared with those of the United States of America. He had had
some experience of both, and would say that the American "law of the apex" (or the
right to follow a vein indefinitely in depth on its dip) was generally deplored by miningengineers in that country. This law stated that—
The locators shall have the exclusive right of possession and enjoyment of all
the surface included within the lines of their locations, and of all veins, lodes
and ledges throughout their entire depth, the top or apex of which lies inside
of such surface-lines extended downward vertically, although such veins,
lodes or ledges may so far depart from a perpendicular in their course
downward as to extend outside the vertical side-lines of such surfacelocations. *
This one clause had given more money to American lawyers than any other in the
statutes of the United States and on the Cripple Creek field there were few mines
which had escaped prolonged and costly litigation at one period or other of their
career. He believed that one of the leading mines (the Portland) in that camp had to
fight no less than 36 lawsuits to confirm their title.
Mr. H. F. Bulman (Burnopfield) wrote that the experience gained at the Kalgoorlie
gold-mines during the period that had elapsed since his paper was written showed
that the treatment of sulphide-ores by crushing, roasting, and cyaniding was not so
successful as was anticipated. What appeared to be a more satisfactory process had
been discovered by Dr. Diehl, and a plant had been erected at the Hannans
Brownhill mine in 1898. It was completed at the time of the writer's visit in October of

that year, but secrecy was maintained about it, and visitors were not allowed to see
it.
It was reported that the Lake View Consols mine had tried the Diehl process recently,
and had decided to adopt it. At this mine during the past year there had been some
trouble in connection with the Brown straight-line roasting furnaces.†
* U.S. Statutes, section 2,322.
† Trans. Inst. M.E., vol. xi., page 369.
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It had been found, too, that finer crushing was required than had been anticipated.
The Chilian mills had proved unsatisfactory for this purpose, and additional Krupp
ball-mills had been erected. The ore was now crushed fine enough to pass through a
30 meshes in place of a 20 meshes screen.
Another difficulty arose in the cyanidation process. After 12 days in the vats, the
roasted pulp tended to cement together. To remedy this inconvenience, the finer
material was treated separately by agitating it with cyanide solution for 4 hours, and
then putting it through filter-presses. This process yielded an average extraction of 95
per cent. The coarser material was treated in the leaching vats in the ordinary way.
It might be interesting to record what had been done at this, the leading mine of the
district, during the year that had elapsed since his paper was written. During the year
ended August 31st, 1899, 85,889 tons of ore had been raised, and 199,230.335
ounces of bullion had been extracted. This produce was equal to a yield of 2.319
ounces per ton, and taking the value of the bullion at £3 16s. per ounce, the value of
the ore raised was £8 16s. 3d. per ton. The cost of working was £2 3s. per ton, which
included 3s. 6d. for depreciation of plant and machinery. The total mining cost was
18s. a ton, and the cost of reducing the ore was 18s. 5d. a ton.
The great bulk of the output, namely, 81,866 tons, was oxidized ore, which had been
put through the stamp-mill. Bullion weighing 56,506.475 ounces had been obtained
by amalgamation, making a yield of 13.8 dwts. per ton, at an average cost of 6s. 10d.
per ton. The battery-tailings consisted of 44,323 tons of sands, 35,136 tons of slimes,
and 90 tons of concentrates. Under the cyanide treatment, the sands yielded 10.6
dwts. per ton at a cost of 5s. 11d. per ton, and the slimes treated in the filter-presses
yielded 6.6 dwts. at a cost of 7s. 6d. a ton. Sulphide-ores weighing 1,403 tons were
treated at the mine, and yielded 3.19 ounces per ton at a cost of £3 16s. 9d.; and
2,620 tons of sulphide-ores, shipped to smelters in New South Wales, produced
38.976 ounces per ton at a cost of £7 4s. 5 1/2d., including cost of shipping.
At increasing depths, the gold-bearing formation was maintaining its character, rich,
chutes alternating with barren or low-grade ground.
Prof. H. Louis (Durham College of Science), said that the "law of the apex" caused a
great deal of trouble in districts where it operated. By this law, the person who
worked the mineral at its outcrop was also entitled to follow the vein to any depth.
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Mr. M. Walton Brown said that Mr. John Calvert had noted the occurrence in
Australia (probably in Western Australia) of "tellurium, associated with lead,
containing 110 ounces of gold to the ton."*
DISCUSSION OF MR, A. RATEAU'S "EXPERIMENTAL INVESTIGATIONS
UPON THE THEORY OF THE PITOT TUBE AND THE WOLTMANN MILL."†

Prof. A. Rateau wrote that he had read with great interest the remarks made
upon his paper by Mr. Bryan Donkin, Prof. Henry Stroud, Mr. C. Chree and Mr.
W. H. Dines at the meeting of August 5th, 1899. He was pleased to note that his
own experiments and theories were, upon the whole, in agreement with the work
which these gentlemen had done on the same subject, and was proud to receive
such authoritative confirmation.
Messrs. Chree and Dines had shown that they had previously arrived at conclusions
analogous to his own, and in some respects more general. He begged to thank these
gentlemen for their kindly having sent him copies of their works, admitted readily their
priority, and apologized for his ignorance of the work done by them, which he would
otherwise have certainly quoted in his paper. In consequence of the large number of
technical periodicals, it was difficult for anyone to keep himself informed of everything
that was published in different countries, and it might be said that on many special
questions like this one, the researches carried out in one country were almost entirely
unknown in others. The investigations of Messrs. Chree and Dines more particularly
applied to meteorology, whilst his own (Prof. Rateau's) had more direct reference to
hydraulic and mining engineering. Though having been undertaken with such
different objects, their results mutually supported each other.
Mr. Chree had directed his attention especially to the Robinson cup-anemometer,
which was employed by meteorologists to the exclusion of the helicoidal anemometer
(Woltmann mill). The latter was, on the other hand, the only one used for measuring
air-currents in mines. The action of the air on these two classes of instruments was
not the same. In the Robinson anemometer, the hemispherical cups present varying
surfaces to the air-current throughout each revolution of the axis, whilst in the
Woltmann mill the vanes always presented
* The Gold-rocks of Great Britain, etc., London, 1853, page 235.
† Trans. Inst. M.E., vol. xvii., page 124; and vol. xviii., page 16.
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similar surfaces to the air-current, provided that the latter was parallel to the axis of
the instrument. It would therefore not be surprising that the formulas for these two
classes of instrument should differ notably. Mr. Chree had taken for the equation of
motion of the Robinson cup-anemometer :—
dv/dt

= — a0 — a1v — b1V — a2v2 — 2b2v V + c2V2

(1)

where V indicated the velocity of the wind, v that of the cups of the anemometer, and
a0, a1, a2, b1, b2, and c2 were constants. In the second member of the equation, the
general form of a function of v and V of the second degree would be recognized. This
formula included, accordingly, as special cases, all formulas in which v and V were in
the second degree only, He (Prof. Rateau) thought that he had proved that for the
Woltmann mill the co-efficients a1 and a2 of Mr. Chree were zero, which simplified the
formula considerably and allowed of its integration in terms of v. Mr. Chree had
pointed out that in studying the variable condition, Prof. Rateau had employed an
equation which differed from that which he had established for a permanent
condition. This was only an apparent contradiction, due probably to the fact that he
(Prof. Rateau) had perhaps not explained matters in sufficient detail. In the
permanent condition of motion, he had taken into account the friction of the spindle of
the machine and of the air against the vanes, whilst in variable motion he had
neglected this friction in order to simplify the formula. Accordingly, in equation (1) not
only were a1 and a2 equal to zero, but also a0 and b1, whilst on the other hand, 2b2
was equal to c2, so that the equation was reduced to :—

dv/dt = -- c2vV + c2V2
And he had solved that equation. Mr. Chree's paper should be referred to* to see
how the equation (1) might be solved, more particularly in some simple cases that
were laid down.
At the end of his remarks, Mr. Chree pointed out with much reason that the term
"hydrometer" was an objectionable one. This word was but little employed in France,
and he had borrowed it from German authors.
Mr. Dines had studied extensively not only the anemometer, but also the Pitot tube,
to which he had given a new shape for measurement of the velocity of the wind. In
this form, the straight tube surrounded
* The London, Edinburgh and Dublin Philosophical Magazine, 1895, vol. xl., pages
63 to 90.
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the Pitot tube, properly speaking.
Mr. Dines stated that with this arrangement the
influence of variations in the direction of the wind were much less noticeable. This
result was interesting, but the instrument must be graduated experimentally; that is to
say, that, like the Darcy instrument, it did not admit of the direct measurement of the
velocity in absolute terms. The case was different for a straight tube protected with
a guard-plate. In the latter case, it was certainly necessary to place the guardplate parallel to the direction of the current; but once this was done (and it was
relatively an easy matter), the pressure in the tube became equal to the static
pressure of the fluid, so that the Pitot tube recorded the dynamic pressure
corresponding to the velocity.
Mr. Dines also pointed out with reference to his
(Prof. Rateau's) experiments on an anemometer, which was caused to oscillate
before two currents of air side by side, that this oscillation might disturb the
measurements by producing obliquity of the air-currents towards the axis of the
apparatus. This criticism had not escaped him (Prof. Rateau), and if he had not
spoken of it in his paper, it was because it appeared to him that the disturbance thus
produced would be negligible, or at any rate unimportant compared to the
result proved by the experiments.
In his experiments, the pendulum beat in 2/3
second and the amplitude of its oscillation was about 4.72
inches
(12
centimetres), giving a mean velocity of 1 foot (0.32 metre) per second. This
was but feeble, compared to the velocity of the air-current, which amounted to
nearly 62 feet (19 metres) per second.
Finally, Mr. Dines did not agree with his
(Prof. Rateau's) opinion as regarded the air dragged round by the arm of the
testing-machine in the operation of calibrating the anemometer.
Without
denying that there was some action of this kind even with a very thin arm brought to
a feather-edge, he (Prof. Rateau) nevertheless persisted, in stating that the
correction to be made under this head had been greatly exaggerated.
Mr. W. H. Dines, (Leatherhead) wrote that he had no further comment to make on
Mr. Rateau's reply, excepting that for the actual velocities that Prof. Rateau had
stated in the case of the anemometer swinging in the air-current, he thought that the
error due to the oblique impact must be inappreciable. He still thought that the error
due to the so called mit-wind, when anemoneters were tested indoors, rendered the
final result uncertain to the extent of 2 or 3 per cent.
Mr. Charles
[84]

Chree (Richmond, Surrey) wrote that whilst

appreciating Prof. Rateau's kind references to his paper in the Philosophical
Magazine, he felt uncertain whether its relationship to the problem at issue was not
somewhat obscurely stated. It was quite true that the Woltmann mill and the
Robinson cup-anemometer were in many respects unlike, but it so happened that the
equation obtained by Prof. Rateau for the Woltmann mill was a special form of the
general equation (1) which he (Mr. Chree) had applied to the Robinson cupanemometer. In two of the simplified forms of (1) for which he (Mr. Chree) had
obtained solutions, the hypothesis that the co-efficient a2 was zero was actually
made. Whether the co-efficient a1 vanished or not was immaterial so far as the form
of the solution was concerned; the simplification could be introduced immediately in
the final solution. He did not follow Prof. Rateau's explanation of the apparent
contradiction between his (Prof. Rateau's) formulae for steady and variable motion.
Unless the friction of the spindle, etc., recognized as existent in the one case, really
ceased to exist in the other, the omission of frictional terms was not satisfactory from
a physical standpoint. Any simplification of mathematical formulae, which was of the
nature of a concession extorted by mathematical difficulties, necessarily affected the
accuracy of the solution. Prof. Rateau might of course have excellent reasons for
believing that the omission was under normal conditions of little practical importance,
and such might be the case. At the same time, it was probable that friction was more
important in some instruments, and in some forms of variable motion than in others.
Mr. Clarence R. Claghorn read the following "Description of Present and Proposed
Methods of Operating Vinton No. 3 Colliery Vintondale, Pennsylvania, U.S.A." : —
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DESCRIPTION OF PRESENT AND PROPOSED METHODS OF OPERATING
VINTON No. 3 COLLIERY, VINTONDALE, PENNSYLVANIA, U.S.A.
By CLARENCE R. CLAGHORN.
On the eastern portion of the estate of the Vinton Colliery Company, the main
workable seam of coal, locally known as the "Miller" seam, is above the water-level of
the main-drainage. The topography of this portion is rugged and mountainous, and
under one large hill is an isolated field of coal, the seam outcropping completely
around the base of the hill (Fig. 1, Plate XVII.). This oval-shaped field contains about
550 acres of coal, being about 8,000 feet long and 3,000 feet wide. The main rise of
the coal-seam is 7 per cent. in the direction of the longer axis of the field.
The seam averages 4 feet in thickness (3 feet 8 inches to 4 feet 2 inches), and is
clean and free from partings of all kinds. The floor is of hard fire-clay, gradually
changing as the depth increases to sandy shale. The roof is of blue metal, changing
to a sandy shale. The lower 2 to 3 feet is quite hard and strong, stands weathering
very well, and contains some small ironstone-nodules or balls. Above this hard shell,
the roof-stone becomes more and more shelly and brittle, until it passes at 15 to 18
feet above the coal into a shaly sandrock.
The top of the hill under which this field of coal lies, is underlain by a ledge of hard
sandrock, which has protected it from denudation and formed a table-land. The
average cover over the coal under this flat-summit is nearly 175 feet. In this interval
of strata are two seams of coal of no economic importance at the present time, being
either too thin or too dirty in quality to be considered workable.
The Miller seam coal, in structure, as developed at the Nos. 1 and 2 collieries in
adjoining areas, is a medium soft coal, without very well marked cleavage ; that is,
the butts and faces, while they can be seen upon examination, are short and very
difficult to distinguish one from the other, and have very little bearing upon the
direction of the mining-face.
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The roof does not carry any well marked cracks or breaks, but such few as do occur
come in from almost any direction. As remarked before, the lower 2 to 3 feet of the
roof is hard and easily supported by simple post and cap (lid). When this hard portion
is brushed down, as has been frequently done in some main haulways, the best of
the roof is gone and posting (timbering) with cross-bars under shelly places must
frequently be resorted to. In drawing (removing) pillars, there has been but little
trouble in controlling the roof, whether undercutting by hand or machine. The Jeffrey
chain-breast machine now used in Nos. 1 and 2 collieries requires a greater space
for its operation between the face and the posts than allows the attacking of the
pillars as they should be attacked; i.e., on end, and considerable risk is at times run
in drawing pillars with these machines.
The No. 3 colliery is being developed in the field of coal before referred to, and the
writer proposes to exploit the coal on a "modified longwall retreating system."
The main opening, a drift, has been made at the lower end of the field very nearly in
line with its longer axis (Figs. 1 and 2, Plate XVII.). The outcropping of the coal here
happens fortunately to be just about the right height, above the railroad side-tracks
which were already constructed, to allow of excellent surface-arrangements. The
main heading or haulway is being driven directly up the pitch or rise of the coal (7 per
cent.) and will lie closely on the longer axis of the field, splitting it in half and leaving
approximately 1,500 feet of solid coal on each side.
On reaching the solid coal with this main heading, two cross-headings (a fore and a
back) are turned on each side, and they are driven on slightly ascending grades of
about 1 per cent. toward the outcrop of the seam. At intervals of 300 feet along the
main heading, similar pairs of cross-headings are again driven on the same easy
grades in practically parallel directions. Longwall faces will be opened between
adjoining pairs of cross-headings upon reaching the outcrop, and thus be 300 feet
long. These longwall faces will be opened by turning up the pitch, and parallel to the
main heading, a wide room or stall, say 40 to 50 feet wide, which will be driven until it
cuts through into the next cross-heading, 300 feet above. The inner rib of this wide
room will constitute the first longwall face. The wide stall having been cut through into
the heading above and the advancing workings in the solid coal beyond being
otherwise ready, the coal will be attacked in the rib of this wide room and withdrawn
in one 300 feet face, between cross-heading and cross[87]
heading, towards the main-heading. It is probable that the faces will be stopped
within 50 to 75 feet of the main-heading, leaving this width of coal as a barrier or
pillar on each side, as a protection for the main-haulway and return air-course. It is
the intention to open the first faces as far as possible, on the neutral line of the pitch,
so that the pressure due to the pitch will be neither on the face nor on the gob. It is
quite probable that experience will show that the coal and roof will both work better if
the direction of the faces be inclined away from this neutral line in either one or the
other direction and more or less weight of the roof thrown on the coal-face of the gob
(Fig. 2, Plate XVII.).
Three hundred feet of face undercut 5 feet deep in this coal will make approximately
200 tons. For the present, the output will be limited to 1,200 tons from the longwall
faces and 300 tons from the workings advancing in the whole coal, per single shift,
so that not more than six longwall faces will be required at one time, although two or
more extra faces will be developed and held in readiness for working in regular turn,
in which to place the men in case of any emergency.
The greatest difficulty is anticipated in obtaining the first fall of roof, and it is the
intention to be especially guarded and prepared for this. In driving up the wide rooms

or stalls, E, (Fig. 2) preparatory to opening the faces, a roadway is carried along each
rib, posting the stall in the usual manner. Upon the completion of this stall, the
longwall face then being ready, the longwall post rows of timber will be set along the
inner rib of the room or stall, and the old stall posting withdrawn. The first few feet of
roof will be hard to break. In drawing pillars, it frequently bends down for
considerable distances before breaking, while on the other hand when once broken
the shelly strata above will keep it broken off close up to the post rows and the hard
portion or shell immediately over the coal makes an excellent stone to post to. On the
first face, if a fall does not come naturally when the face-has advanced far enough to
warrant it, shooting the roof will be resorted to by putting a series of drill-holes in the
hard shell immediately over the coal with compressed-air drills, and firing all, or a
certain number, at once by means of an electric battery. In all subsequent work, if the
roof hangs beyond the limit of safety, the same method of shooting will be adopted in
order to bring the roof down and make the face safe.
Development-work in driving the headings, both main and cross, is already well
advanced. It is the intention to undercut entirely by machinery, and to that end a plant
has been laid down using
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compressed-air as a motive-power. At present, there is installed a Norwalk
compressor, having compound air-cylinders, with a capacity of operating 12 Sullivan
reciprocating pick-machines. The headings are all driven by these machines, and up
to the present time not a pick has been swung in the colliery since coal was struck.
At Nos. 1 and 2 collieries, which are developed entirely on the room-and-pillar
system, an electric plant for both haulage and undercutting has been operated for
four years, using Jeffrey electric locomotives for main haulage, home-built electricrope hauls for secondary haulage, and the Jeffrey chain-breast machine for
undercutting ; and entire satisfaction has been felt with the plant. The only pick-work
or hand-hewing done in these two collieries has been to drive narrow headings for
haulways where bottom has to be lifted to obtain height, and where it would not be
convenient to raise the machines up on this bottom bench: and also in a certain
amount of pillar-withdrawing or robbing. Hand-mined coal usually amounts to about 6
per cent. of the entire product.
While No. 3 colliery is not far distant from Nos. 1 or 2 collieries, an electric plant was
not laid down in this case, because of the relative first cost, as entirely new
machinery would have been required at the main-power plant, the present demands
upon which have about equalled its capacity, and because the chain-breast machine
is not at all adapted to long wall work, requiring as it does from 8 to 10 feet of clear
space from post to face. The electrically-driven longwall machine is practically
unknown in this country, and its records remain yet to be established.
The pick or percussion-machine requires, of course, a certain amount of clear space
in which to set the board on which it operates, but this board can be set between the
props, and the machine can be successfully worked in and around timber, ordinarily
in the way of other machines. It is also much less expensive, costing not over £45
($225), and should one inadvertently be caught, less damage is liable to be done,
and the investment is not so great. The writer's experience in room-and-pillar work is
that pick-machines will not cut as much coal by 40 per cent. as chain-breast
machines, and are, therefore, proportionately more expensive to operate in labour
costs. He had not gone so far as to be able to compare the cost of repairs per ton for
the two classes of machines, as the compressed-air machines are yet new and the
electric machines upwards of four years old. In this connexion it might be said that
the use of pick-machines in longwall work is merely experimental and tentative until
the writer has sounded and tested the local conditions, etc., and found how best to
control them, after which he will probably
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install at No. 3 colliery air-driven longwall machines for use exclusively on the faces,
the pick-machines then being kept in the advancing workings.
The lie of the coal, taken together with the foregoing system of working, affords
means of developing a somewhat novel system of underground transportation. In
machine-work, where everything is pretty much all loading or filling, and a tonnage
basis of payment is in force, pit-wagons must come and go rapidly so as to admit of
the fillers making a good wage. The men often laughingly remark that they have to
"fill and fill until the shovels get red-hot." And therein lies one of the great
disadvantages of pillar-and-stall work, where the tedious movement of pit-wagons to
and from the faces of the stalls, often very long, causes loss of time, and is a source
of complaint on the part of the men.
It has been remarked that the main haulway is driven directly up a 7 per cent. rise. A
twin cylinder, single friction drum, rope-haulage engine, fitted with powerful frictionbrakes and reverse levers, is used on this haulway. This engine is located outside,
some 150 feet from the drift-mouth, in line with one side of the heading. The haulagerope is led from the drum and carried overhead, along the side of the main haulway,
which is as straight as driving by sights can make it, to near the haulway-face, where
it passes around a large and strong return-sheave set in a suitable frame, and thence
back along the middle of the haulway-track. This return-sheave is moved forward as
the face of the main-heading advances, mechanical haulage being thus maintained
close to the face. The rope is carried out-bye along the side of the heading on selfoiling sheaves, and back in the middle of the track on cast-iron rollers. The grades
are quite sufficient for the loaded trip to pull the rope off the drum, being always kept
under control by means of the reverse levers or brake, while the engines are used to
pull the empty trip up the grade into the mine. The system is, thus a modification of a
simple engine-plane. Similar plants on a smaller scale are in use at the other
collieries for secondary haulage, and great satisfaction has been derived from their
operation.
As before indicated, each face will produce about 200 tons per shift, and 15 men will
be required to fill this coal in from 8 to 10 hours, each man filling 13 wagons. On the
main-rope haulage, it is proposed to run trips of 50 wagons, 15 wagons being
destined for each of three longwall faces and 5 wagons for the workings advancing
into the solid coal. Electric-bell signals have been installed in the main
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haulway, and by using the 220 volts power-circuit from No. 1 power-station, signals
are both rung and flashed (by means of incandescent lamps) in the engine-room.
In serving the longwall faces with their quota of pit-wagons, the lower heading of
each pair of cross-headings will be used as the haulway for the empty pit-wagons
destined for the longwall face next below it, while the upper heading of the pair will be
used as a haulway for the loaded wagons coming from the longwall face next above
it.
Throughout this entire section, animal haulage is performed entirely by mules, these
being found stronger and hardier than horses or ponies, and better able to stand the
rough usage of the mines. They soon become accustomed to mine work and to their
own particular duties. If handled properly they make most efficient animals for
underground haulage. Those used in these collieries stand 54 inches high, and
weigh nearly 850 pounds.
As all cross-headings will seek and be driven on easy grades favouring the loaded
wagons, it is not felt that the tonnage of coal coming from each of the long wall-faces
will warrant the laying down of any system of secondary mechanical haulage on the

cross-headings. At least one attendant will be necessary on each pair of crossheadings, and it is deemed advisable, for the present at least, to depend upon animal
haulage rather than instal a rope or motor.
The coal-seam being but 4 feet high, it is necessary to lift 18 inches to 2 feet of
bottom in order to lay more or less permanent tracks for tram-roads in the crossheadings and to obtain sufficient height. No bottom will be taken up along the
longwall-faces, where sections of track will be laid directly on the floor of the coal, the
rails being bridled and braced together, so that they may be easily shifted with the
advancing face.
On the main-heading, a substantial road is being laid, using steel rails weighing 40
pounds per yard. In all other tracks, throughout the colliery, a lighter section of rail is
used, weighing 12 pounds per yard, the lightest section which experience shows to
be sufficiently stiff to stand up under the loaded pit-wagons.
When a trip of 15 coupled wagons is delivered to the lower one of a pair of crossheadings by the main haulage-rope, the mule-driver on this heading will haul them at
once to the turn of the longwall-face, where they will remain until required along the
face, or when the trip of 15 wagons distributed along the face and being loaded is
ready to be dropped to the upper of the pair of cross-headings at the other end of
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the face. The loaded trip when so dropped out on the heading will be hauled by the
driver of this pair of headings to the main entry parting, ready to be picked up by the
main haulage-rope and delivered at the bank. The pit-wagons will thus make a
complete circle around the long-wall-face and when loaded will always move down
grade in the direction of gravity. It would appear that, with this arrangement, there
being no reverse movement of the wagons, it will be possible to place the greatest
number of wagons along the face, to be filled with the utmost system and regularity
and least labour and confusion.
By means of a cross-over tippler and a circle of track at the tipple, the door-ends of
the wagons will always be kept in the right direction. The drivers attending the crossheadings, it can be seen, will thus draw the loaded trips of wagons down the light
grades of one heading, returning with the empty trips of wagons on the adjoining
heading, without loss of time, and will be enabled to pass from one heading to the
other by means of cross-cuts located at convenient intervals. Each driver will handle,
with one animal, 200 tons per day with ease at a cost of 3/4d. (1.5 cents) per ton,
while prices are as at present for labour and upkeep of live stock.
Some difficulty has been foreseen in handling the pit-wagons on the comparatively
heavy grades of the faces. If the brakes be set or all four wheels of the wagons be
spragged, it is quite possible for them to run away on the iron tracks, especially when
loaded. It might be possible to hold the wagons in position during filling by means of
blocks placed under the wheels or some such device, but it would be impossible to
move them from place to place by hand or to drop them to the loaded heading at the
lower end of the faces. Inevitably there would be a runaway with consequent damage
to wagons, props knocked out, roof let down and possible injury to life or limb. To
obviate this, and to properly control the movement of the wagons along the face,
small and simple devices have been constructed consisting of a small cast-iron drum
fitted with a friction-brake, mounted in a timber frame, set on skids and held in
position by means of a chain attached to a post. This drum holds 300 feet of 1/2 inch
wire-rope fitted at the loose end with an open socket-and-link. This appliance will be
moved forward with the face, and is kept in position in line with it. The trip of wagons
will be left coupled and while passing around the curve, from the cross-heading to the
face, the rope will be attached to the end car, and by the application of the drumbrake the wagons will always be under perfect control and the whole trip can be
dropped past the face or
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stopped and held at any point at will. After the wagons have been filled with coal and
dropped to the loaded cross-headings, the wire-rope will be rewound on the drum by
means of a crank-handle on one end of the drum-axle and thus be ready to attach to
the next trip of wagons.
It is the usual custom throughout this district to pay a stipulated price per ton, known
as the district price, for all work connected with the hewing, getting and filling of the
coal; the work of the hewer, getter and filler being performed by one person. The
miner in addition to performing these operations furnishes his own powder and
supplies as well as tools, and often trams his wagons to and from the face, lays the
room-track, sets the posts, and generally cares for the place in which he works,
under the supervision of a certificated mine-foreman. Where machine undercutting is
practised, the only difference made in the payment is that, the coal being undercut for
the miner, he is paid a less price per ton for his work, generally 5/9 or 2/3 of the pickprice, and he continues to get and fill the coal as well as care for his place as in
handwork.
The practice at No. 3 colliery will be to undercut and get the coal and care for the
face by separate arrangement. Thus the most experienced and capable men in these
operations can be employed. Fillers will only need a pick and shovel apiece, and
each man can regulate his pace to suit himself, so long as he does not delay the
general progress, and no one man can claim preference to any coal by reason of
having got it down. Were the getting and filling to be combined, each man would be
required to possess his shooting tools, including auger, scraper, tamping-bar and
needle, as well as powder, squibs, paper and cartridge-stick.
The resulting
confusion can be readily imagined.
Tonnage prices throughout the district are quite well established by custom, and are
based entirely on the conditions obtaining in room-and-pillar work. Any innovation as
to method is looked upon askance by the workmen, if these customary prices are
likely to be affected. It has been necessary to move slowly in the matter of fixing
compensation for the workmen, not wishing to give away entirely such advantages as
come from a successful change of methods.
Among the advantages foreseen under the proposed system might be enumerated
:—
(a) The work will be concentrated and the filler stimulated by personal competition.
[93]
(b) The pit-wagons will circulate immediately at the face and will be loaded "side on,"
a very great advantage.
(c) No coal will have to be handled twice to fill in a wagon, as almost always happens
in room-and-pillar work.
(d) No tramming, in general, will be required, as one or two of the face-men will
attend to the control of the trip of wagons along the face by means of the drum before
mentioned. This in itself is of the greatest advantage, as tramming the wagons to and
from the faces of the room is a source of lost time and of discontent.
(e) If the roof be properly controlled, less labour and explosives will be required in
getting the coal than in room-work.
(f) The filler will not be compelled to lay track and post his place.
The class of labour now found throughout the coal-mining section of this country is
much inferior to that of 10 or 15 years ago. It is fully 60 per cent. non-English
speaking, and but a small portion of the men ever saw a coal-mine before landing in
the States. Not a few are utterly unfitted to be left to work alone in the mines. As we
are obliged to do the best that we can under the circumstances, it is necessary to

take the material at hand and work it to the best advantage, and it is the general
opinion that the labour we have, under the guidance of competent leaders, will do
better on longwall than room-and-pillar work.
The colliery pit-wagons weigh 1,300 pounds when empty, and carry from 2,000 to
3,000 pounds of coal, the gross weight being thus 3,300 to 4,300 pounds. They are 9
feet long, over all, but cover 10 feet of track when the coupling-links are stretched.
They are 48 inches wide at the extreme flare of the sides and stand 25 1/2 inches
above the rail at the top of the door-rod. The wheels are of self-oiling pattern, wastepacked, and run loose on the axles. They are 16 inches in diameter, and weigh 85
pounds each. The wheel-base is 26 inches, and it enables the wagons to pass
around quite sharp curves. The gauge of the track is 36 inches while the gauge of the
wheels is 35 1/4 inches. The sides and bottom of the wagons are constructed of
white-oak planking, bound together by four iron bands or "binders." The front end of
the wagon is fitted with a gate through which the coal is emptied when dumped, and
each is provided with a brake sufficient in power to skid all four wheels.
With the exception of the main-heading, all the headings are what are locally known
as "gob-headings," that is, the coal is taken a little wider than the width actually
required for the passage-way, in order to
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provide space in which to stow the bottom fire-clay lifted for height in the roadways.
Double rows of posts are set on the gob-side of such headings to make all secure.
The main-heading rocks are loaded out, making neater and tighter but more
expensive work.
The compressed-air pipes are carried near the roof on one side of the roadway. The
main line, 4 inches in diameter, is carried along the main back-heading. Tees are
placed in this line at the junction of one pair of cross-headings, and mains 2 inches in
diameter, are carried to the face. A line of 1 1/4 inches pipe, with tees and cocks at
intervals of 50 feet, will be carried along the longwall-faces, from which the machines
will draw their air. The connexion of the 1 1/4 inches face-pipes with the 2 inches
cross-heading pipes will be made with 10 feet of air-hose, affording a flexible
connexion and admitting of the face-pipe being shifted with the face and a length of
cross-heading pipe taken out at one time.
Contours on the floor of the coal vary to some extent as might be expected. Hence
the cross-headings in seeking grades will approach or recede from one another,
making the longwall faces correspondingly longer or shorter than 300 feet as planned
in theory. This will cause the face-tracks to be made longer or shorter to correspond.
In order to do away with all pieces of short rail, a flexible connexion will be made by
using an ordinary tee-rail turned upside down and laid against the outside of the
track-rails so that the flange of the reversed rail fits over the ball or head of the other,
thus making a sliding or flexible joint, the whole when in position being held by iron
bridles with wooden wedges.
The surface arrangements including the bank-house or "tipple" (as the structure
contains the weigh-scales, tippler and chutes is known in this country) possesses
some unique features.
From the drift-mouth to the tipple, all landing and yard-tracks have a descending
grade of 2 per cent. in favour of the loaded wagons. On this grade, with tracks laid of
40 pounds rails, wagons will quickly start themselves from rest. The tippler is of the
cross-over type. The wheels of the on-coming wagon, just before reaching the mainframe of the tippler, strike and depress a hinged section of rail which, by means of
toggle-rods and levers, opens out the tip-horns, allowing the empty wagon which has
just been dumped to run forward over the head of the chute on the fore-rails. The
loaded car continuing forward by gravity passes off the hinged-section of rail which
by means of springs is returned to its position, bringing back the tip-horns in time to

catch the loaded wagon and hold it in position during the dumping operation.
rear end of

The
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the tippler is fitted with a powerful brake operating on a sword, by means of which the
movement of the tippler can be regulated and controlled at will.
The position of the wagon on the tippler is such that, when loaded, the centre of
gravity is over the rocker-arms and when the brake is released the tippler revolves
downward. When the wagon has been emptied of its coal, the rear end of the tippler
is the heavier and rocks back into position. The forward end of the tippler is provided
with eccentric shoe-like lugs which operate the short section of rails spanning the
chute-opening and known as the fore rails, rolling them onward when the wagon is
dumped so that, being wider than the track-gauge, it can roll downward to the angle
required to spill the coal.
Beyond the tippler, the empty wagons pass by gravity over 2 per cent. grades for 200
feet, and thence on 1 1/2 per cent. grades to the bottom of the collecting-pit, which is
accessible to the main-haulage rope.
Immediately back of the tippler are located a pair of extra heavy and strong safetyhorns, operated by a foot-lever placed next to the levers controlling the tippler. At the
back of the safety-horns, again, is placed a set of standard weigh-scales in such a
position that when a trip of wagons is landed against the safety-horns one wagon
stands exactly on the scale-platform.
These weigh-scales are fitted with the ordinary double beam, and have in addition a
quick-weighing attachment, by means of which weights varying within 10 cwts. are
registered on a dial. On one beam the standard wagon-tare is registered, while on
the other the beam-weight is set for the tare of the standard wagon. If a wagon
weighs more than 20 cwts., and less than 30 cwts., the excess over 20 cwts. is
indicated on the dial and may be noted by the attendant. All pit-wagons must be
loaded within these limits, in order that the filler may obtain a proper credit: no
wagons containing less than 20 cwts. of coal being credited, nor is any excess over
30 cwts. allowed.
The tipsman regulates the tip-lever with his left-hand, records the wagon-weights
and check-numbers with his right hand, and operates the safety-horns with his foot.
A man and boy on the top are all that are required to handle 1,500 tons per day.
Let us assume that a loaded trip has been landed by the haulage-rope against the
safety-horns and is thus standing on a 2 per cent. grade. The boy begins at once to
uncouple the wagons, and to take off the fillers' brass tokens or checks which hang
on convenient ticket-hooks on the outside of the wagons. In doing this, he writes,
with chalk, each check[96]
number on the side of the wagon where it may be seen by the tipsman as it passes
him, previously rubbing off any old check-numbers which may be thereon with a
piece of waste or cloth. As soon as the first car or two are uncoupled the dumping of
the trip of loaded wagons can begin.
The tipsman opens the safety-horns by pressing the safety-horn lever with his foot
and a loaded wagon runs forward by gravity on to the tippler, replacing, as before
described, the empty wagon standing thereon. While this wagon is being dumped
(and the record is 120 wagons in 30 minutes) the whole loaded trip feeds itself
forward against the safety-horns on the 2 per cent. grade, so that by the time a
wagon has been emptied of its coal and the tippler returned to position another
wagon is against the horns ready to be let through. A simple lock prevents the
opening of the safety-horns unless the tippler is in place.

These appliances save the services of one and possibly two extra men, and, while
the tipsman must keep his wits constantly about him, his work is comparatively easy.
The boy, having uncoupled the loaded wagons and noted the fillers' check-numbers
thereon, goes over to the empty-track side and couples up the empty wagons as they
come together on the down-grade, so that the trip of empty wagons will be ready
when required by the main-haulage rope.
No explosive or noxious gases are found in any of the collieries in this section, and
naked lights are therefore exclusively used.
Mr. A. L. Steavenson (Durham) said that the condition of the coal-seam, 4 feet thick,
was extremely favourable and probably they would not find anything like it in Great
Britain. The ironstone of Cleveland had a very soft shaly roof with strong freestone
above. When they began working in Cleveland in 1862 or 1853, it was thought that
the ironstone would bear anything, and they began with walls 24 feet long and bords
12 to 15 feet wide : but the soft shale fell down and boxed in the pillars. Was the
room-and-pillar system referred to in the paper the same as the bord-and-pillar
system ? The writer referred to the use of Sullivan pick-machines, and seemed to
take it for granted that the members knew all about them, but as a matter of fact they
did not know anything about them. Pick-machines had been tried in this country, but
their use had been abandoned on account of the opposition of trade-unions. Nothing
was said in the paper as to the price paid to the coal-hewer. It was stated that the
work would be divided between the coal-hewer and filler : this should be the true aim
of mine-managers, and he would like to
[Plate VII. Map and plan Illustrating the Workings of Vinton_Colliery No. 3, Vinton
dale, Pennsylvania.]
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see it enforced throughout this country.
maintain the roads, was recovered.

He asked whether the barrier, left to

Mr. F. R. Simpson (Ryton) said one of the most interesting points of the paper was
the proposed method of bringing the tubs to one end of the face and running them
out at the other end. It would be difficult to maintain the tub-road along the workingface unless the roof was exceedingly good.
Mr. R. A. S. Redmayne (Seaton Delaval) said that the method of working home from
the boundary to the shaft was not a familar method in this district, and he hoped that
in three or four years, Mr. Claghorn would communicate a further paper on the
subject. It appeared that a compressed-air plant had been erected to work the
reciprocating pick-machines, and he thought that compressed air was most suitable
for working these machines, although he understood that a large number were
electrically worked in the States, and he would like to know the writer's reasons for
adopting compressed air in opposition to electricity.
Mr. Philip Kirkup (Birtley) said Mr. Claghorn appeared to advocate a modification of
the longwall system, which seemed suitable for working a clean seam. He
considered that there would be a difficulty in maintaining the roof at the working-face,
as the space occupied by the loose coals, the tramway and the standing timber next
the goaf will be considerable. He noted that on the main-heading, steel rails were
used weighing 40 pounds to the yard, and in cross-headings and along the workingface a lighter rail weighing 12 pounds to the yard is used. This seemed to him an
unusually light section of rail to use for a tub carrying 27 cwts., and having a tare of
10 cwts. He enquired what was the section of the rails in use ?

Mr. T. E. Forster (Newcastle-upon-Tyne) said that, some years ago, at a colliery in
Northumberland, roads were driven to the boundary with the intention of commencing
at the boundary and working the coal in an out-bye direction. It was however, found
impossible to keep a road open along the face, and the coal was eventually worked
off by judding over. As in this case, everything would depend on the nature of the
roof.
Prof. H. Louis (Newcastle-upon-Tyne) said that, as it was proposed to operate this
colliery almost entirely by percussion pick-machines, one was bound to resort to the
use of compressed air to drive machines of that type, as no electrical pick-machine
had yet proved itself efficient.
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Mr. W. C. Blackett (Durham) said that he had been favourably impressed with the
suggestions made in Mr: Claghorn's paper. They were of a more or less feasible
nature, and he should imagine that the writer would not have much difficulty in
carrying them out in practice. The writer seemed to contemplate very little difficulty in
upholding the roof at the working-face, and members would notice after the writer
had provided for all the room that he required, both for the timber and machines, that
he contemplated having some difficulty in getting the roof to fall, and he actually
proposed to shoot the roof-stone in order that he might relieve the weight at the face.
And, after all, it would not take, with the great, care which the writer had used, a great
deal of width next to the working-face to provide the necessary space.
During the last few weeks at one of his own collieries, he had contemplated working
one of the seams almost parallel in every instance with the method described in the
paper. The seam that he had in his mind was situated under a hill, with a similar
quantity to work, and with a slight rise, of which he proposed to take advantage by
using endless ropes. In that particular seam, the roof was extremely bad, but still he
had hopes of being able to adopt a similar method, if they could afford time to wait for
the formation of coal gateways. There was another seam that he was convinced he
would not be able to work on account of the extremely bad roof, unless it was worked
in some such manner as that suggested by Mr. Claghorn. In another instance, the
roof would not allow of a double width of way for the endless rope, and the empty
tubs were conveyed inwards on one narrow road, and the full tubs were brought out
by another narrow road with a thin coal-pillar, 9 feet thick, between the roads.
Mr. John Southern (Heworth Colliery) remarked that at Heworth colliery, pillars 120
feet wide were driven for a length of 200 feet, and then worked out-bye, 60 feet being
worked to each road, and the roof remained firm. There was no difficulty whatever in
getting the tub along the working-face. The thickness of the seam was 6 1/2 to 7 feet,
including a stone band, 20 inches thick, which was thrown back into the goaf. He
asked the writer why the curves to the branch-roads were laid in a reverse direction.
The President (Mr. W. Armstrong) said that the use of an ordinary pick-machine
which had been at work at Hetton collieries in the Low Main seam had been
abandoned because it was impossible to maintain it in working order.
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Mr. C. R. Claghorn, replying to the, discussion, said that he came to England for the
purpose of studying longwall working, which was not practised in America, except in
rare instances. A few mines in the southern part of Illinois and Indiana were operated

on the advancing longwall system ; the undercut was made in the floor, the wasterock was stowed in the goaf, and the roof gradually settled down.
The ordinary method of working by the pillar-and-room system had been illustrated in
the Transactions.* At the Vinton collieries, the hewers put their own tubs, kept their
room in order, laid their own tracks, and were paid 2s. a ton.
The tubs were heavy, weighing about 13,000 pounds with 16 inches wheels, selfoilers, refilled once in 2 months. They used heavy tubs because locomotive haulage
was used, and the cars had to be very strong. He had been very much struck with
the small size of the tubs used in the Durham coal-field. The tubs stood about 25
inches above the rail. They were filled bed-full with small coal, and then filled up with
larger coal until they just about touched the roof. In that way they worked larger coal
in some cases than he had observed in the North of England, where he had seen
hewers break large lumps to get the coal on the top of the tub. In Pennsylvania, the
tubs were very wide, with a gauge of 36 inches. He had asked at a number of English
collieries whether it would be difficult to keep the roof at the face, so as to leave a
road along the coal-face, and he felt very much encouraged by the answers that he
had received. A three-phase electric mining-machine had been introduced, but there
was not one in operation to-day. It was well constructed and well designed, but was
not successful in operation.
The common practice in Pennsylvania was to use a heavy T-rail for the main heading
and light rails in the rooms, even as low as 8 pounds per yard, but ties were inserted
at intervals of 18 inches, so that much lighter sections of rail could be used. The 40
pounds rail was about 4 inches, and the 12 pounds rail about 2 inches high. The 40
pounds rail was adopted, so as to secure a stiff track for locomotive haulage.
About a year ago, a pick-machine was in use, operated electrically, in which the blow
was struck by a spring, the motor running continuously with a cam, which withdrew
the pick or the part which struck the blow. The blow could be regulated by means of
the spring, but as the machine weighed 1,000 lbs., they were never able to make
much use of it. In another mining-machine of the percussive type, three brushes were
used, but it did not work satisfactorily.
* Trans. Inst. M.E., vol. xvii., plate II., page 178.
[100]
The turns into the cross-headings were reversed, and as the trip of cars were run
past the cross-heading, the cars, of the trip were dropped into the cross-heading.
Locomotive haulage was in use at No. 1 mine, because the main heading was driven
water-level. He thought that locomotive haulage offered more flexibility than any
other system, as the line could be extended every day or so, if desired. The thickest
cover on the seam did not exceed 175 feet.
Fully 60 per cent of the workmen were unable to speak English.
Mr. W. C. Blackett said that plenty of coal was worked on the pillar-and-stall system
in Durham, where coal was worked close under the outcrop, and the roof was very
friable.
The President said that if the roof was allowed to stand too long, it would be a.
menace to the working-face, and when the area was too great for the timber, the roof
would fall near the face, knock the timbers out, and cut off the face.
The President moved, and Mr. W. C. Blackett seconded a resolution according a
hearty vote of thanks to the writer for his interesting paper.

Mr. J. J. Muir's paper on the " Ore-deposits of Mount Lyell, Tasmania," was read as
follows :—
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ORE-DEPOSITS OF MOUNT LYELL, TASMANIA.
By J. J. MUIR.
The copper-field of Mount Lyell, in the island colony of Tasmania, is now so widely
known in the mining world that it is unnecessary in this paper to describe at length its
geographical position.
The great metalliferous belt follows the general line of upheaval of the west-coast
range of mountains, which, on a north-and-south course, are at a mean distance of
15 miles from the seaboard. The rocks of these mountains may be classed in two
main divisions, and the cleavage-plane between these two systems marks the line of
metalliferous deposition. This fact has now been so clearly recognized, especially as
regards the massive lenticular ore-deposits, that all exploratory work, both to the
north and south of the Mount Lyell field, has been confined to it.
The geological subdivision of the main systems of rocks is as follows :— On the
eastern side of the metalliferous belt, lies a vast zone of red sandstoneconglomerates, dense, hard and chiefly unstratified rocks. This great area of red
rocks has been defined by visiting geologists as the Devonian system of Old Red
Sandstone : but so far as the writer is aware no palaeontological evidence has been
adduced in support of the assumption.
In conjunction with these rocks on the west, occurs an undetermined area of schists
and quartzites in various stages of metamorphism. Over a large surface whose
extent is not yet determined, these latter rocks are more or less metalliferous. The
ore-containing rocks occur in alternating zones or bands, and, so far as yet explored,
the talcose schists appear richer in copper than the quartzites.
When these rocks were originally laid down in their horizontal position, it can now be
demonstrated from exploration-work that the metals held in solution were more
liberally distributed in the schists than in the quartzites. A very marked and an
invariable feature is that the more nearly the junction with the sandstoneconglomerates is approached the richer become the ore-containing rocks. This
culminates on the junction-line between the two systems in the lenticular ore-masses
now being worked by the two chief mines of the field.
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The schists and quartzites, which may be described as the ore-bearing rocks of the
field, are well stratified, and as a consequence of their upheaval from the horizontal
position now dip at an angle of from 80 to 85 degrees. The underlay of these rocks
agrees with that of the ore-deposits and metalliferous chutes in the country-rocks.
It is a noticeable fact that in mostly all explored deposits and ore-chutes a regular
ascending ratio of ore-value is obtained from the hanging to the foot-wall, the
gravitation law in original deposition being uniform. A vital point in the geology of the
western ore-rocks is frequently overlooked by mine managers, and often leads to
confusion and waste of money. The continuity of the metalliferous chute is
interrupted at intermittent intervals by the unconformability of stratification, the
original cause being cross-courses in the cleavage-planes formed during the
upheaval. On the other hand, the sandstone-conglomerates constitute a platform on
which the ore-bearing strata have been laid down. These rocks being devoid of
metal-contents in themselves (except in one isolated exception) are from their
hardness regarded as a serious obstruction to mining operations.

The exploration-work that has been carried out in the western deposits has resulted
so far in the proving of large masses of ore-bearing rocks, with copper-values varying
from 2 up to 10 per cent., and the usual bye-products of gold and silver in small
quantities.
These ventures are now confronted with the problem as to how they can produce
individually and independently a payable concentrate for export. One mine has
erected concentrating machinery on an elaborate scale for treating the metalliferous
rocks in bulk, and in the writer's opinion the conditions are highly favourable to a
successful result.
It is a noteworthy circumstance that, along the junction-line of the two rock-systems,
massive outcrops of haematite occur at more or less intermittent intervals. Geologists
have maintained that this ore has been derived from the decomposition of pyritic
bodies, and that they are the visible sign of the abundant sulphide ore-mass which
they overlie and cover. The fallacy of this theory has now been amply demonstrated
by development and exploration-work. It has been proved beyond doubt that these
deposits of haematite are not necessarily derived from hidden pyritic bodies,
although they occur along the main junction-line on which the large ore-deposits are
discovered.
So much has been written, about the large deposit of pyritic ore now worked by the
Mount Lyell Mining and Railway Company, by the highest authorities in copper
metallurgy that a passing reference
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to it need only he made in this paper in comparing it with the other ore-deposits of the
field. As is wellknown, the lenticular mass of iron-pyrites, carrying copper, gold and
silver in payable quantities, is, according to various writers, in no way essentially
different from similar deposits profitably mined in Spain and elsewhere. It would also
appear from reports on the mines that their mode of geological occurrence is similar.
It will be seen, therefore, from the foregoing remarks that the ore-deposits of the
Mount Lyell field occur in two forms:—(1) Lenticular masses in concentrated form at
the contact of the conglomerates and schists : and (2) areas of metalliferous rocks,
occurring in chutes and zones in the form of copper-pyrites, and associated with the
schists and quartzites.
About 1 1/2 miles along the contact-line from the Mount Lyell mine, the next great
discovery in the field was made on the property of the North Mount Lyell Copper
Company, Limited. The ore-channel was systematically followed up, and resulted in
the discovery of a unique mass of copper sulphide. It is a body of dense bornite and
chalcocite (copper-glance) in a matrix of quartzite, and ranges in assay-value from 15
to 35 per cent. of copper. The whole mass, which is about 180 feet in length by 80
feet in breadth, lies in direct contact with the foot-wall of conglomerates, and has
been traced in depth to 350 feet. The difference between the composition of this ore
and that of the Mount Lyell mine at once marked an unique discovery for the field, as
hitherto iron-pyrites, carrying copper, gold and silver had alone been considered. The
North Lyell discovery, therefore, introduced a new class of copper-ore, in the
richness of its copper-contents it has not been locally surpassed, and in the writer's
opinion is very unlikely to be.
Continuing about 2 miles further north along the junction-line valuable
discoveries are being made on the Lyell Comstock mine, and as the
geological conditions are analogous to those existing at the North Lyell mine, there
is high probability of rich concentrated deposits being discovered thereabouts in
the near future.
The President moved that a hearty vote of thanks be accorded to Mr. Muir for his
interesting paper.

The motion was cordially approved.
Mr. E. Halse's paper on "Some Silver-bearing Veins of Mexico," was read as follows
:—
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SOME SILVER-BEARING VEINS OF MEXICO.
By EDWARD HALSE.
Introduction.
The following descriptions are mainly based on observations made by the writer from
1S91 to 1895, during which years he visited several of the classic mining-camps of
the Republic of Mexico, and examined some silver-bearing deposits hitherto little
known, as they are situated far from the beaten tracks. It must be understood that the
veins in the lesser known districts are described from a geological rather than from
an economic standpoint, for it is certain that-many of them would not pay to work at
the present price of silver.
The writer has endeavoured to confine himself to facts, and has eschewed theories
on the origin and history of the veins, for although later developments cannot alter
the phenomena met with at the surface or at moderate depths only, they might
considerably modify any attempt to explain the genesis of the deposits.
The Chipionena Silver-mine, near Matape, State of Sonora.
This mine is in the district of Ures,* some 25 miles south-south-east of the town of
that name, 10 miles north of Matape, and 84 miles east-north-east of the Torres
station of the Sonora railroad. The mine is situated on a line of low hills skirting the
plains on which the town of Matape has been built, the elevation being about 3,000
feet above sea-level. The hills form a portion of a granite-belt stretching in a general
north-and-south direction from Ures in the north to San Marcial in the south, or a
length of about 70 miles. The rocks immediately surrounding the granite are modern
eruptives, excepting about 4 miles to the north-east, where a mass of Jurassic
limestone crops out on the western slope of the Sierra de Santiago. At the surface,
the granite, which is whitish, has quite a solid appearance, but in reality it is
considerably altered and is so tender that it can be readily broken up by the hands.
The vein of the Chipionena mine crops out on the south-western side of the granitehills trending in a general north-west to south-east direction,
* The traveller visiting this region should go provided with top-boots or a thick pair of
leggings, as rattlesnakes abound, and have an awkward habit of going to sleep in the
roads and paths just before sunset.
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and dipping to the north-east 45 degrees. The strike varies locally from north 35
degrees west to north 57 1/2 degrees west, and the dip from 38 to 50 degrees. The
granite forming the walls is stained a deep red, and a microscopic examination of the
"country" shows the felspar to be altered and charged with iron-oxide. It is somewhat
greasy to the touch and is locally known as tucurababi.*
The main joints or "beds" form a very acute angle (from 5 to 10 degrees) with the
lode in the line of strike, and dip in the same direction as the vein at the same angle
or sometimes a few degrees steeper. Other joints cross these nearly at right angles,
and have a high north-westerly dip. Fig. 1 (Plate XVIII.) shows the relative positions

of the veins and the two sets of joints as seen in plan, the thick lines representing the
lode coursing in altered granite.
The vein is from 3 to 4 feet thick and can be traced at the surface for about 4,000
feet. The filling at and near the surface is white, red, and yellow-stained quartz and
country-rock, with oxide of iron and unaltered iron-pyrites. The surface-ore would
appear to be poor, judging from the terreros dumped on the hill-side, a sample of
which yielded only 5 ounces of silver and 10 grains of gold per ton.
On the eastern side of the hill, a shaft or adit-level (socabon), inclined 30 degrees
from the horizon,† had been sunk until it had cut the lode about 114 feet from the
surface, measured on the incline, or at a vertical depth of about 52 feet, it had been
worked upwards and downwards very irregularly from this point, in fact in the zig-zag
fashion peculiar to shallow Mexican mines. Altogether the mine had been worked
about 200 feet, measured on the dip of the vein, or about 141 feet vertical.
About 52 feet from the surface, measured vertically, the lode is 4 feet wide, 2 feet
consisting of good ore on the hanging-wall side. The vein in the centre is well
mineralized (thickness 1 foot), while the portion lying on the foot-wall (1 foot in
thickness) is of low grade.
The hanging-wall dips 48 degrees and the foot-wall 49 degrees. Elsewhere on the
same horizon, the best ore lies on the foot-wall side (thickness 2 feet), indeed this is
generally the case in this mine.
Fig. 2 (Plate XVIII.) is a typical cross-section of the vein on the same horizon. Next
the hanging-wall is a gouge of clay about 6 inches thick, then comes a 12 inches
leader of quartz with silver-bearing
* 'This is evidently an aboriginal name and was probably given by the Apaches, who
formerly mined in this region.
† This is an example of what is known in some parts of Spanish America as a chiflon,
or work making way in length as well as in depth.
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sulphides of lead, iron and zinc: 15 inches of country-rock with stringers and spots of
mineral separates the latter from the pay-streak or cinta which lies on the foot-wall.
The pay-streak is here only 4 inches in thickness, and consists of limonite and quartz
showing native silver.
This is an example of considerable alteration on one side of a lode, while the
opposite side consists of quartz with undecomposed sulphides ; in other words, the
zone of sulphides here overlaps the oxidized zone. The two mineralized portions of
the vein are separated by country-rock which is clearly in situ, and not a horse or
portion of country-rock which has been broken off from one of the walls.
Further westward still on the same horizon, the vein is only about 2 feet in thickness,
but is well mineralized on the foot-wall side, the oxidized pay-streak varying from 6 to
18 inches in thickness.
At the bottom of the mine (141 feet vertical), the red gossany pay-streak is replaced
by a rib of sulphide-ore, 6 inches thick, in which iron-pyrites predominates. The
mineral on the hanging-side (dip 38 degrees) is from 20 to 27 inches thick, while
there is but a thin film of clay or selvage on the hanging-wall.
The vein, as a, rule, is very uniform in strike, dip and thickness ; it has well-defined
walls, usually with clay-selvages. The hanging-wall is sometimes seen to be in rolls
or short curves. The ore occurs in shoots or chimneys pitching north-westward, and
between them the lode-filling consists of soft clay with crystals of iron-pyrites
embedded in it, having little or no silver. On the other hand, the crystalline ironpyrites (bronce) found in the payable portion of the lode contains silver up to 500
ounces per ton.

The pitch of the ore-shoots appears to have been determined by the joint-planes of
the country-rock described as crossing the lode and dipping in a north-westerly
direction (Fig. 1, Plate XVIII.).
At first sight, it would appear that the joints are of more recent date than the lode
itself, but it may be that the mineral solutions gradually replaced the country-rock,
and in so doing failed to obliterate the joint-planes. It has already been shown that
near the centre of the lode a portion of country-rock exists, only partially mineralized.
On the other hand, the fact that the ore-shoots pitch in a north-westerly direction is
no evidence that the joints were formed before the lode, for these joint-planes would
naturally give access to surface-waters, the circulation of which would tend to
redistribute the ore in the lode itself.
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The joints and the clay-gouge existing on the hanging-wall of the lode appear to
afford evidence of a horizontal movement having taken place in the country-rock, but
whether before, after, or at the same time as the lode was formed is not clear.
Silver-region of Taviches, near Ocotlan, State of Oaxaca.
This region is about 5 leagues from Ocotlan, and 11 leagues from the city of Oaxaca,
in a south-easterly direction. It measures roughly about 8 leagues in length following
a north-west to south-east direction by 21 leagues in breadth. The district is very
mountainous, forming in fact a spur of the Cordillera, known further north as the
Sierra Madre, and is broken up by deep gullies (barrancas), more or less parallel to
the general direction (north-west to south-east), and by shallower gullies (quebradas)
perpendicular to it. The elevation above sea-level varies from 4,075 feet to about
6,080 feet.
The formation is eruptive, mainly hornblende-andesite of Tertiary age, and is limited
on the east by the calcareous formation (Cretaceous), and on the west by the
Huronian rocks of Ocotlan.
The structure of the andesitic country-rock varies considerably, being in some places
massive, in others distinctly bedded, and here and there showing a tendency to
become prismatic. In its normal condition, it is a hard rock showing white or greenish
crystals of hornblende (amphibole) and darker colon red crystals of hypersthene ;
frequently it assumes a red, purple, green, blue or white colour, according to the
degree of alteration, or the amount of foreign elements present in the rock. The
extreme of decomposition or alteration results in an almost pure white clay or kaolin.
The andesitic country-rock is traversed by a number of veins, the chief ones of which
run in a general north-west to south-east direction. Some of the veins are remarkable
for their great thickness—in some instances measuring upwards of 300 feet across
the outcrop ; for their length—often being traceable for several miles ; and for the
strength of their outcrops, which here and there stand up like walls from 20 to 30 feet
above the general surface of the ground.
Parallel to these veins, there would appear to be a system of felsitic dykes, which is
especially noteworthy in the north-eastern portion of the district. Indeed, it is highly
probable that some of the larger veins will on further exploration prove to be dykes
strongly metalliferous in places.
Another system of veins crosses the first, trending in a general east[108]
and-west direction. These are not so powerful as the first system, they are usually in
the nature of bedded veins, and were probably formed long before the north-west to
south-east system of fractures. They are in places well charged with silver-ores.

The filling of the veins varies considerably in different parts of the region. Where the
veins are wide the ore runs in ribs, bands or cintas parallel to the walls, often
alternating with layers of altered country ; elsewhere the ore has a tendency to occur
in small bunches (ojos). Indeed some of the veins at and near the surface show
quartz with isolated grains or moscas of pyrargyrite (rosicler-obscuro).
Gossans (colorados) predominate as a rule near the surface, consisting of oxide of
iron, with one or more of the following:—oxide of manganese, chloride of silver, more
rarely native silver, blue and green carbonates of copper, and finely disseminated
native gold in quartz or altered country-rock. The wider the vein, other things being
equal, the deeper does the oxidized zone penetrate ; but, where the veins have a
hard and compact filling right up to the surface, sulphide-ores may exist even to the
grass roots, as in the instance quoted above.
The configuration of the ground sometimes determines the existence or otherwise of
the oxidized zone : thus, in the case of a vein crossing a valley of erosion, the waterlevel may exist immediately below the bottom of the valley, in which case the
probabilities are that the oxidized zone will be absent although such a zone may
occur in the hills on either side of the valley.
In certain places, the ores are strongly charged with iron-pyrites close up to the
surface ; but, as a rule, that mineral is by no means conspicuous, and is often entirely
absent.
The general matrix is quartz, from white to yellow in colour, generally crystalline and
more or less transparent, and sometimes crystallized in vughs or druses and on clayjoints and partings. In certain veins or portions of veins, it has a characteristic
concentric radiated structure, showing that the quartz had filled, and crystallized out,
in cellular spaces in the rock. In proof of this, such cellular spaces exist here and
there without any filling.
With the quartz often occurs calcite, and occasionally gypsum.* With the silver ores
(mainly pyrargyrite or dark ruby silver, sometimes associated with proustite or rosicler
claro, polybasite or argentite), stibnite is not infrequently found. Other associations
are iron-pyrites, galena (argentiferous when fine-grained), copper-pyrites and
blende.†
* Fluorspar is also said to occur sometimes.
† Rhodonite is said to have been found also.
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Most of the ores contain a certain proportion of gold—the percentage varying from a
few grains up to, in rare instances, several ounces per ton, and appearing to increase
in a. northerly direction.
In the southern portion of the district much greater denudation has taken place than
in the northern portion, while, as a matter of fact, the ores known as negros
predominate in the former, and in the latter colorados nearly always constitute the
upper portions of the veins. There are, of course, exceptions to the rule. This will
serve to explain the increase in the percentage of gold northward, for ore generally
carries more free gold in the oxidized zone (colorados) than it does in the zone of
sulphides (negros).
The sketch-plan (Fig. 8, Plate XVIII.) was made by the engineers of the Mexican
company working this district. It has no pretence to accuracy, but is intended to give
a rough idea, of the general direction of the chief lodes of the district.
Las Mujeres.— The main vein has a normal north-west to southeast* course, and
dips south-west 40 to 55 degrees. Workings on a north-and-south branch dipping
west 45 degrees show several feet of vein exposed, consisting of quartz, oxide of
iron and iron-pyrites, with a pinta of sulphides of silver, etc.

El Conejo.—This is a powerful vein, parallel to and a little east of the last. The
general trend is north-west to south-east, and the dip southwest 50 to 60 degrees.
The outcrop (creston) rises from 18 to 20 feet above-the ground, the hanging-wall
being distinctly visible, while the foot-wall is concealed by debris from the outcrop.
The thickness must be from 20 to 30 feet at least. At the time of the writer's visit
(December, 1894) the bottom workings, about 100 feet in depth, were mostly under
water. One small pit (cata) exhibited 8 feet of quartz and white altered rock, with
oxide of iron and specks (pintas) of sulphide of silver.
A little north of the hacienda, galena, blue and green carbonates of copper and oxide
of iron are associated with the silver-ores. The latter often occur in rounded masses
or ruedas, as they are termed locally. Here the lode has a north-and-south branch,
dipping west 45 degrees. To the south of the hacienda, the gold is finely
disseminated in the vein, and is associated with galena, generally fine-grained,
* All readings are magnetic, the declination being 7° 30' east.
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but sometimes in large cubical crystals. In places, the lode consists of a number of
thin parallel quartz veins separated by hard country-rock, and is probably a
mineralized dyke, metalliferous in places.
The ore containing gold is ground in an arrastre* and treated by the patio process.
Fig. 4 (Plate XVIII.) is a sketch of a hand-arrastre (arrastre de mano†) used by the
Indians of the district. The grinder or upper millstone is made of very hard andesite
from the neighbourhood, and is worked by means of two wooden handles wedged
into the stone. The bed or lower millstone consists of a similar hard stone set in a
clay-basin or mortar. It is hardly necessary to point out that the grinder rotates on an
iron peg fixed in the centre of the bed—it is, in fact, a variation of the ancient Roman
mill of which many fine examples, found in Northumberland, have been preserved by
the Antiquarian Society of Newcastle-upon-Tyne.
The above powerful vein can be traced in a north-westerly direction as far as the
Yavola Hill (probable distance 3,300 feet). The rock there is seen to be considerably
altered, and of a mottled red-and-white colour. In the depression between the two
hills, the outcrop takes a westerly bend (due to the dip of the vein) before reaching
this point. To the south-east of the above workings, the vein splits up into three
branches, the most easterly of which runs north-and-south. Below this point in a deep
arroyo, and beyond, on a rounded hill to the north-east of San Geronimo, the vein is
again seen to crop out powerfully. Here it is known as "Creston Santa Cruz." At this
point the vein has its normal north-west to south-east trend, and the dip is south-west
55 degrees. The hanging-wall stands from 30 to 40 feet above the general surface,
and the thickness is 30 feet at least. Stibnite occurs in this outcrop. Still further southeastward, another powerful outcrop of probably the same vein is seen on the road
leading from the eastern part of the district.
Santa Catarina and Chivo.—This is the highest part of the district (6,080 feet above
sea-level). Several parallel veins have been worked here containing cintas of silverbearing quartz. The principal outcrop trends about north-west for the greater part of
La Soledad and Santa Catarina claims ; it then deviates considerably from this
general direction, running almost east-and-west in the Dios Guia claim to the east.
The strike for the greater part of' the workings is north 38 degrees west
* This is almost invariably spelt arrastra in English works, but the above is the correct
spelling of the word ; it is derived from the verb arrastrar, to drag along.
† It is similar to the maruy used in the Argentine Republic, but is much smaller.
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to south 38 degrees east, with a high south-westerly dip. In one place where two
veins united, the ore-body was nearly 50 feet thick (15 metres).
In another instance, very rich ore was met with in an east-and-west vein dipping
north, 21 inches thick, at a point where three other veins or branches formed a
junction with it, the first two striking about north 35 degrees west, and the last north
20 degrees east.
The lowest workings are about 260 feet in depth. The ores are colorados or peroxide
of iron, yellow ochre (these two resulting from the decomposition of limonite), and
quartz with sulphide of silver. The ore shoots across the lode obliquely with a
southerly pitch—a phenomenon of not infrequent occurrence in this district. The best
ore seems to be in No. 2 level. In No. 3 (bottom) level, as well as in the greater part
of No. 1 level, the filling consists of very soft rock, being white clay (altered andesite),
bespattered with crystals of iron-pyrites. It is needless to say such workings are
unpayable (en borrasca).
San Francisco.*—This mine is a little east of San Geronimo. At the mouth of the
workings the vein trends nearly east-and-west and dips south 25 degrees. Inside, the
vein bends round to from 30 to 60 degrees northward and dips south 30 degrees. An
ore-shoot (clavo) has been followed here to a depth of 50 or 60 feet, which seems to
be in the nature of a chimney. The shoot crosses the lode somewhat obliquely, for
whereas the lode here strikes north 30 degrees west to south 30 degrees east the
pitch of the shoot is directed south 40 degrees west (Fig. 5, Plate XVIII.). A rib or
cordon of the vein being worked is nearly 4 feet thick on an average, and consists of
quartz showing a good pinta of sulphide of silver, and with small rhombohedral
crystals of calcite. The bottom of the mine could not be examined, as it was under
water at the time.
Las Animas.—This is close to the last and is possibly an extension of that vein. The
vein strikes east-and-west, dips south 45 degrees, and is 22 feet in thickness. The
filling shows small rhombohedral crystals of calcite similar to those in the last vein. In
one place a cordon of ore is composed of 4 feet in thickness of quartz and oxide of
iron, with some inclusions of white altered "country."
La Soledad is a little further down the arroyo. The vein strikes north-west to southeast and dips south-west 55 to 60 degrees. Both
* The strike of the vein is not shown correctly in the plan.
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sides (relices) of the vein exhibit white altered kaolinized rock. A rib from 2 to 3 feet
thick consists of white and bluish quartz with some oxide of iron, and inclusions of
white altered "country."
The rock in the neighbourhood is hard andesite with a bedded structure, the layers
running north 22 degrees to 30 degrees west, with an easterly dip.
San Bartolo.*—A wide vein crops out, trending north 80 degrees east, and dipping
south 80 degrees, of ribs of ore separated by more or less barren rock. The
quartzose and highly ferruginous filling is spotted with sulphide of silver.
Minas Viejas.—This is a shallow working a little south of the last, on a north-west to
south-east almost perpendicular vein. The thickness is from 2 to 6 feet ; the ore,

however, is confined to a rib of about 15 inches on the north-east side, consisting of
quartz with some oxide of iron, spotted with sulphide of silver and crystals of ironpyrites.
On the road, between the last and San Geronimo, the rock is seen in one place to
have a bedded structure.† The beds trend east and west, and dip high to the south.
Providencia.—In an arroyo on the road to the veins purple and green beds of hard
andesite trend west-north-west and dip north 38 degrees.
The Providencia vein runs east and west nearly, and dips northward at and near the
surface, which changes to southward below. The vein is very soft and the ore very
red and earthy. In an arroyo a little south of the last, a parallel vein courses eastnorth-east and dips south 70 degrees, consisting of branches of quartz and gossan in
white altered rock. La Purissima vein, near the above, runs east-north-east with a
high southerly dip. The ore is very red and earthy, showing spots of sulphide of silver
in quartz.
The country-rock of these veins, generally speaking, is purple andesite, in beds
having the same strike and dip as the veins themselves, hence the latter would
appear to be bedded veins.
Santo Tomas.—This vein trends north-west to south-east and is several feet thick. In
the upper workings, the "country" is a soft purplish rock, in which the vein has a
somewhat flat south-westerly dip. Lower down, the rock becomes very hard,
and the vein is almost
* The strike of the veins is shown incorrectly on the map.
† Ibid.
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perpendicular. The hanging-wall side consists of quartz, calcite and iron-pyrites, and
is spotted with, sulphide of silver. The rock is a light green andesite, with some dark
green discolorations, in beds trending north-west to south-east and dipping southwestward, so that this vein is also a bedded one.
San Juan.—This vein is a little south of the last and runs west-north-west to castsouth-east with a southerly dip. There are old opencasts (tajos abiertos) here. The
vein is 5 feet wide, with a rib of gossany ore on the hanging-wall; 3 or 4 other ribs
consist of quartz separated by altered "country" having dark green discolorations.
Marcasite occurs in this vein.
Several veins form a junction at the Trinidad mine and produced a bonanza.
Santo Nino.—The general direction of the vein is north 25 degrees west with a
westerly dip, and the thickness is 35 feet. The filling is chiefly quartz. The ore is
pyrargyrite (rosicler-obscaro), and occurs in spots (moscas) or in little bunches (ojos)
which appear to cross the vein obliquely and to pitch south. It is known as metal
mosqueado in the district, and occurs right up to surface.
The ore, when brought to the surface, is hand-picked by Indians,* and divided into (1)
pepena or first class ore, (2) pinta or second class, and (3) very low-grade ore,
which, with the waste (tepetate), is thrown on the dump.
Another remarkable feature about this vein is that it is crossed by a series of clearlydefined joints trending north 22 1/2 degrees east to south 22 1/2 degrees west, and
dipping south-south-eastward 48 to 57 degrees, which divide the vein up into a
number of separate ribs crosswise to the general strike, thereby more or less
obliterating the original bands or ribs of quartz and ore parallel to the walls. These
joints are doubtless of later origin than the vein-filling, and may lie evidence of recent

horizontal thrusting having taken place in the country-rock ; nevertheless, they have
probably had considerable influence on the final arrangement of the ore in the vein,
and help to explain the oblique distribution of the bunches or ojos (Fig. 6, Plate
XVIII.).
The quartz-filling here and there shows an amygdaloidal structure, having included
black fragments of andesite (?). Calcite is also present.
* Native labour is scarce but cheap, Indian barreteros or miners being paid 37 1/2
cents (silver) per day, while barreteros imported from Guanajuato or Zacatecas
receive $1 (silver) per day.
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An interesting mineral specimen from this mine shows needle-like crystals of quartz,
about 4 inches in length, springing from a base of argentite (SAg2). On the surface of
the quartz-crystals are numerous bleb-like excrescences of quartz, each bleb being
formed of a number of minute prismatic crystals. The large crystals of quartz have a
background of uncrystallized carbonate of iron, forming a sort of double-shield,
oxidized above (where the quartz crystals are stained red), and scattered with small
rhombohedral crystals of calcite.
San Angel.—This working is on a hill to the north within the pertenencia known as
"Corazon de Jesus," The width exposed is 12 1/2 feet. The ore is in moscas of
pyrargyrite in quartz showing a radiated spherical structure, a piece of the former
mineral (petlangue obscuro) sometimes forming the centre. The ore is associated
with stibnite, calcite in large greenish rhombohedral crystals, and gypsum. The
gangue appears to be formed of hard andesite with flat layers of calcite, 3 to 9 inches
thick, forming vughs or druses. Moreover, it is veined with quartz (also forming vughs
here and there), and in places exhibits layers of somewhat hard red clay scattered
with small transparent crystals of selenite.
Joints cross the lode in a similar way to the last.
San Joaquin.—This is further north than the last, but on the same line of fracture.
The vein strikes north-north-west and dips westward 55 degrees at the bottom of the
working, and 35 degrees at the top. Hard andesite forms the hanging-wall; and the
foot-wall consists of rock altered to a red clay separated from the vein by a layer of
what appears to be quartzite. Joints cross the lode and dip at a high angle south, but
in this instance they have not obliterated the original bands of mineral parallel to the
walls.
The ore, with an average thickness of 3 feet, is pyrargyrite scattered in quartz
(mosqueado), but is more evenly distributed in the gangue than in Santo Nino, and is
associated with some blue and green carbonates of copper. A sample of the best ore
(pepena) yielded 233.32 ounces of silver and 0.08 ounce of gold per ton; one of the
pinta variety gave 77.87 ounces of silver and 0.20 ounce of gold per ton. A sample
taken right across the face assayed 30.33 ounces of silver and 0.1 ounce of gold per
ton. The waste gave only about 2 ounces of silver per ton.
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La Cueva.—This is a little north of San Joaquin. The vein runs a little west of north,
and dips westward 50 degrees. A natural hole or cave follows the course of the vein
for about 60 feet, and is 22 feet in width. On the eastern side, a working goes in 12
feet, and has exposed about 3 1/2 feet of ore consisting of small moscas of
pyrargyrite in white opaque |or transparent quartz. Near the mouth of the cross-cut
about 2 feet of better-class ore is associated with stibnite. The quartz here also

exhibits the spherical radiated structure observable in San Angel. The ore is handpicked into pinta and waste. Limestone forms the eastern wall of this deposit.
It must be understood that the workings of Santo Nino, San Angel, San Joaquin, and
La Cueva are not all on the same vein, although they are on the same line of
fracture. In Corazon de Jesus, the vein is split up into several curved branches
(mainly on the eastern side) which appear to unite both north-and-south—a
phenomenon of frequent occurrence in the larger veins of the Republic (e.g., the veta
grande of Zacatecas, the veta madre of Guanajuato, and, in a lesser degree, the
Vizcaina vein of Pachuca).
On the road leading in an easterly direction from San Pedro, an immense outcrop of
quartz is seen close to the northern boundary of the Corazon de Jesus claim. It
measures 330 feet across the general strike. The separate branches would appear to
be united here in one enormous mass. Further north, in the Bitite claim, the vein
again throws off branches on its eastern side, and in these stibnite* occurs in small
lumps or pockets. A little west of Corazon de Jesus the rock has a thin-bedded
structure, the strike of the layers being north-north-west and the dip south. An aditlevel driven some distance below the above workings has penetrated limestone, the
occurrence of which below the andesite cannot fail to throw considerable light on the
genesis of the deposits.
Between Bitite and Esmeralda, the country is soft, and is in thin beds trending westnorth-west and dipping north-north-east. Further west the dip changes to west-southwest.
Ascencion.—A vein here, 5 feet thick, courses north-west to southeast and dips
north-eastward 50 degrees. There is a band of ore, 12 inches thick, on the hangingwall, and another smaller one on the foot-wall. The filling is highly altered rock with
gossan and some dull opaque quartz of a bluish tint.
* The ore was being mined by gambucinos, antimony metal selling in the city of
Oaxaca at $2.5 (silver) the arroba of 25 lbs., or $200 per short ton.
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A sample of the hanging-wall band gave by assay 23.33 ounces of silver and 0.12
ounce of gold per short ton. Further north, the vein bends round to west-north-west.
Salinas.*—A west-north-west to east-south-east vein, dipping south 60 to 65
degrees, 3 to 4 feet thick, has a pay-streak on the hanging-wall 3 to 9 inches thick,
which assays up to 200 ounces of silver per ton. The rest of the filling consists of soft
kaolinized rock. The country-rock here has a bedded structure, the layers striking
west-south-westward and dipping flatly to the north, but it appears to be much
contorted.
Guadalupe.—This working is a little to the west of San Francisco (bis). The vein
trends north-north-westward, with a high dip to the east. The filling is soft whitish and
greenish altered rock. A cinta, 7 inches thick, of mosqueado lies on the east wall,
while on the opposite side there is a 3 inches layer of similar ore.
Sixty feet further west is a parallel vein or branch, 15 inches thick, with a very soft
filling. The east wall has a cinta of mosqueado, 5 to 8 inches thick, widening below.
About 100 feet further north on the same vein, there is a split caused by a lenticular
mass of hard rock. The leader is several inches thick on the hanging-side and 1 inch
or so on the foot-wall side of the horse. The ore is mosqueado in white and brownish
quartz, forming druses. The rock is very hard and of a grey colour, stained with oxide
of iron. It shows no embedded crystals of hornblende, and appears to be a felsite.

A little farther west there is a big outcrop of what appears to be a dyke of felsite
trending north-west to south-east and dipping south-westward.
Still further west the "country" has a bedded structure, with a general north-northwest to south-south-east direction, and a flat easterly dip.
Mesquital.†—A vein with a somewhat sinuous course, general trend east-and-west,
and a northerly dip, occurs in a light greenish rock, exhibiting here and there deep
blue and green stains. In places it is white and felsitic. The vein is composed of
sinuous threads of ore dipping north 70 degrees. A little further west a vein is seen
trending north-north-westward and dipping west-south-westward. The threads of ore
here vary from a knife-blade to 2 or 3 inches thick. The quartz
* The strike of the vein is shown incorrectly on the map.
† Ibid.
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of the vein is white, with brownish discolorations.
north-west, and dips southward.

The "country " here trends west-

San Rafael.*—The rock here is similar to the last. There is a cinta on the hangingwall side, but the ore appears to be in veinlets of brown quartz, with oxide of iron.
The trend is west-north-west to east-southeast, and the dip south ; near by the
"country" has the same strike and dip.
Farther south, in a rocky canon, on the road to the San Antonio river (4,075 feet
above sea-level), the "country" is in hard thick beds trending north-north-west to
south-south-east, and dipping south 45 degrees. Near the river, on the east side of
the canon, the beds are thinner and less hard, the strike being north-west, and the
dip north-east.
San Francisco (bis).—Here three parallel veins occur, only one of which had been
exposed to any extent at the time of the writer's visit.
This vein had been sunk on 70 feet to the dip. The strike is northwest and south-east,
varying locally to west-north-west and east-south-east, and the average dip is northeast 45 degrees, varying locally from 40 to 52 degrees. The filling is, more or less,
soft mineralized rock.
The hanging-wall Is unusually well defined, with slickensides and a clay-selvage,
sometimes dry and«hard, sometimes wet and soft, and here and there strongly
impregnated with oxide of iron. The wall rolls somewhat. The slickensides are not
quite vertical, but dip at a very steep angle to the north-west, showing that the
movement on the wall has been a somewhat oblique one.
On the foot-wall side, the vein is harder and contains some calcite and small cubical
crystals of iron-pyrites. The "country" on this side exhibits a light-coloured felspathic
base in which are embedded small light greenish crystals of hornblende, the whole
being highly charged with iron-pyrites.
The vein at and near the surface consists of colorados. On the hanging-wall side are
two ribs of oxidized ore, each 6 inches in thickness, separated by 6 inches of
"country." In the bottom of the shaft (70 feet on the dip) there is but one cinta on the
hanging-wall side which shows a slight pinta of silver sulphide. The ore would appear
to be changing here into the class known as negros. Between the two classes of ore
(colorados and negros) the filling is confused, consisting of soft
* The strike of this vein is not shown correctly on the plan.
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highly altered rock with black stains and patches, and with some oxide of iron and
quartz.
The nearest parallel vein to the east dips 45 degrees and has a cinta of oxidized ore
15 inches thick.
The veins of San Francisco (bis) appear to be of the class known as "fissure-veins,"
and are quite distinct in appearance from the other deposits examined in this district.
The President moved that a hearty vote of thanks be accorded to Mr. Halse for his
valuable paper. He might add that Mr. Halse had contributed many papers to the
Transactions.
The motion was cordially approved.
[Plate XVIII. Sketch plans to llustrate "Some Silver-bearing Veins of Mexico"]
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 28th, 1900.
Mr. THOMAS DOUGLAS, Past-President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the
proceedings of the Council at their meetings on March 31st and that day.
The following gentlemen were elected, having been previously
nominated :—
Members—
Mr. George Marriott Barker, Mining and Metallurgical Engineer, Soemalata,
Celebes, Dutch East Indies.
Mr. John Charles Binks, Colliery Manager, Norchard Colliery, Lydney,
Gloucestershire.
Mr. Wallace Broad, Geologist, Mineral Surveyor and Mining Engineer, P.O. Box 283,
Bulawayo, Rhodesia, South Africa.
Mr. William Henry Clark, Mining Engineer, 108, Cantonment, Kampthee,
Central Provinces, India.
Mr. Konrad Ernst Richard Engel, Bergmeister, Linden-Allee, 67, Essen (Ruhr),
Germany.
Mr. Edwin Richard Field, Mining Engineer, 11, Ironmonger Lane, London,
E.C.
Mr.
Henry Gore, Civil and
Mining Engineer, Superintendent and
Consulting Engineer to the Victorian Gold Estates, Limited, 395, Collins Street,
Melbourne, Victoria, Australia.
Mr. F. Graham, Colliery Manager, West Hunwick Colliery, Hunwick R.S.O.,
Co. Durham.
Mr. Pablo Haehner, Mining Engineer, Bilbao, Spain.
Mr. Robert Stuart Hilton, Colliery Manager, Thorn Lea, St. Ann's, St. Helen's,
Lancashire.

Mr. Peter Kirkegaard, General Superintendent, Canadian Goldfields, Limited,
Deloro, Hastings County, Ontario, Canada.
Mr. James Malcolm Maclaren, Surveyor, Coromandel, New Zealand.
Mr. Stephen Roberts, Mining Engineer and Manager, Penlan, Trefriw, R.S.O., North
Wales.
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Mr. William Sutton, Mechanical Engineer, Baltic House, Balham Hill, London, S.W.
Mr. Sidney Bristow Wright, Chemist and Metallurgist, Canadian Goldfields,
Limited, Deloro, Hastings County, Ontario, Canada.
Associates—
Mr. Joseph George Herriotts, Deputy-overman, 15, Gladstone Terrace, Binchester,
Co. Durham.
Mr. Albert J. Jeffery, Colliery Official, 6, Bowlby Street, Houghton-le-Spring, R.S.O.,
Co. Durham.
Student —
Mr.
William
Charles Mitchell-Withers,
Camborne, Cornwall.

Mining

Student, School of Mines,

DISCUSSION OF MR. J. EMERSON DOWSON'S PAPER ON "METRIC WEIGHTS
AND MEASURES."*
Mr. J. H. Merivale said that engineers who had had practical acquaintance with the
use of the metric system seemed to be strongly in favour of it.
In his own
experience as a colliery-apprentice in Belgium, he found that the metric system
facilitated the ordinary work which a colliery-apprentice had to perform.
It had
been objected that the metric system was not adopted in the United States of
North America and in Russia. Although strictly speaking it was true that the metric
system was not used in America, yet they had a decimal monetary system, and
therefore the Americans could not be said to take the view of the matter generally
accepted in Great Britain. No doubt, to make the change now would strike British
engineers as appalling, and whether it was possible to do so he could not say, but if it
could be done, mining-engineers would find metric weights and measures a
very great convenience.
Mr. T. E. Forster said that engineers who were interested in this subject would find
both sides of the question very ably treated by Dr. Sellers in Cassier's Magazine.†
That gentleman had used both systems in two separate engineering works.
Dr. Coleman Sellers (Philadelphia, U.S.A.) wrote that the paper appearing in
Cassier's Magazine passed through the press while he was absent in Switzerland,
and was misleading, inasmuch as it seemed to be a recent expression of his opinion,
when in point of fact it was a copy of a paper read many years ago which the editor
of the magazine thought it would be interesting to have reproduced. The editor had
used part of
* Trans. Inst., M.E, 1899, vol. xvii., page 326.
† 1900, vol. xvii., page 365.
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a letter written to him on the subject as a prelude, with no indication of the fact that
the paper was not a new production. His (Dr. Seller's) effort had been to uphold the
legality of the use of the metric system, but not to force it upon the country to the
exclusion of existing metrology. As science advanced any unit convenient for a new
line of work was readily adopted, but its adoption need not be used as an argument
against what was good in the system that had prevailed for so many years and had
become fixed by usage.
Mr. W. Taylor Heslop's paper on "The Coal-fields of Natal," was read as follows : —
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THE COAL-FIELDS OF NATAL.
By WM. TAYLOR HESLOP, Dundee, Natal.
Geology.
Although the coal-fields of Natal have already been described in the Transactions,
the developments of recent years have been so great that the writer feels no apology
is necessary for again bringing the subject before the members.
Compared with the other coal-fields of South Africa, the Natal coalfield attracts
especial interest; it is the only one that presents any special geological or mining
difficulties ; and it produces the best quality of coal of any of the developed fields of
South Africa.
The Coal-measures of South Africa are usually considered to belong to the Triassic
formation, but their precise geological horizon can by no means be regarded as
definitely determined.
In correlating the sedimentary formations of South Africa with those of Europe, the
great difficulty is the extreme paucity of fossil remains in the South African measures.
In the Coal-measures, there have been discovered the following fossils :—
Glossopteris at Vereeniging and Middelburg, in the Transvaal; and impressions of
this fern are comparatively common in Natal. Calamites has been observed by Mr. A.
E. Sawyer at Grootvlei, near Heidelberg, in the Transvaal, and also in Natal. Sigillaria
has been found at Vereeniging and in the Middelburg district of the Transvaal.
Vertebraria has been found at Hammanskraal, near Pretoria, and also at
Vereeniging. Noeggerathiopsis Hislopi was discovered in a sandstone underlying the
coal at Vereeniging. Certain undetermined fucoids have also been found in the Natal
Coal-measures.
From the occurrence of these distinctive Carboniferous fossils, it might readily be
assumed that the South African Coal-measures, like their European equivalents,
belonged to the true Carboniferous series. Unfortunately for this hypothesis, in the
Stormberg district of Cape Colony, reptilian fossils (of undoubted Triassic age) occur
in the Beaufort Beds immediately underneath the Coal-measures. To explain such
contradictory evidence two main hypotheses have been put forward, namely :—
(a) That all South African Coal-measures belong to the Triassic
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epoch, and that the Carboniferous fossils found in them are survivals from
Carboniferous times, which are probably peculiar to the Southern Hemisphere. In
support of this theory it may be remarked that in other parts of the Southern
Hemisphere there is evidence of such survivals, of which the marsupials and
certain varieties of Lingula, in Australia, are the most prominent examples.
With
the exception of Glossopteris, which is also found plentifully in the Triassic coaldeposits of India, fossil impressions are very rare in all South African Coal-measures.

Of course such an hypothesis seems to undermine the fundamental basis of
geological classification, and in consequence is not readily accepted.
(b) The other hypothesis is that the Stormberg coal-beds of Cape Colony are of
Triassic age (the evidence of the underlying reptilia being indisputable); but the
other coal-deposits, namely, Vereeniging and Middelburg in the Transvaal, and
Natal, are Carboniferous or Permo-Carboniferous, and thus there have been two
distinct periods of coal-deposition in South Africa.
Mr. Dunn, late Government
Geologist of Cape Colony, has been the principal exponent of this theory. He found
at Vereeniging the coal directly overlying the Dwyka Conglomerate (hereinafter
referred to), whereas in the Stormberg Beds, the coal is underlain by—(1) the
Beaufort Beds, and (2) below them, the Ecca Beds.
Hence he contends that
there is a great probability of a large coal-field existing, at a considerable depth, and
over a large area of Cape Colony and the Orange Free State ; a coal-field
having its horizon immediately above or in the Dwyka Conglomerate (much older
than the Stormberg coal-seams), and separated from it by the Beaufort Beds and
Ecca Beds.
So far, however, the prospecting that has been done has failed to
prove the existence of these assumed coal-deposits.
In Natal, the Beaufort Beds, the Ecca Beds, and the Dwyka Conglomerate are found
in regular sequence underlying the Coal-measures, although no reptilian fossils have
as yet been discovered in them. From these facts, it may be concluded that the Natal
and Cape Colony Coal-measures occupy the same geological horizon, and there can
be little doubt that the Natal and the Transvaal coal-deposits likewise belong to the
same period: although in the Transvaal the Ecca and Beaufort Beds are non-existent,
and the Coal-measures rest directly on either the Dwyka Conglomerate or older
measures.
With so many disputed points in the way of a proper geological classification, the only
satisfactory course was to adopt a separate classification altogether for South Africa,
which, as laid down by the State Geologist of the Transvaal, Dr. Molengraaff, is as
follows ;—
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(1) Upper Karoo Beds.
(2) Lower Karoo Beds :—
(a) Molteno Bids—Coal-measures.
(b) Beaufort Beds—Shales and sandstones, with reptilia.
(c) Ecca Beds—Hard blue shales.
(d) Dwyka Conglomerate—A glacial deposit, with blue shaly matrix.
(3) Table Mountain Series :—
(a) Gatsrand Sandstones—Coarse sandstone and grits.
(b) Dolomites—Dolomitic limestone overlying the Black Reef.
(c) Witwatersrand Beds—Quartzites, slates and gold-bearing conglomerates.
(4) Barberton Series :—
Quartzites, slates and schists containing the gold-bearing fissure-veins
of Barberton, Zululand, Murchison Range, Lydenburg, and Rhodesia.
In Cape Colony, the Coal-measures are found overlying the Beaufort Beds; at
Vereeniging they lie directly upon the Dwyka Conglomerate; and in the Brakpan, and
parts of the Middelburg district they also overlie a conglomerate, which is
probably of Dwyka age, although different in character from what is generally
associated with the Dwyka Conglomerate, the matrix being a coarse sandstone
instead of a fine hard blue shale ; but the enclosed pebbles and boulders are the
same, namely, quartz, quartzite, slate, and granite, from the older formations. At
Cypherfontein, south of Krugersdorp, the coal lies directly upon the dolomite ; and

at Boksburg it rests upon the Witwatersrand formation (the Main
passing directly under the workings of the Wishaw colliery).

Reef Series

South African coal is generally considered to be a subaqueous and lacustrine
deposit. The late Prof. Green found in some of Cape Colony coal, under microscopic
examination, a distinct concretionary structure, and the writer has observed the same
peculiarity in coal from the Brakpan district of the Transvaal, where, after weathering,
the concretionary layers of carbonaceous matter readily peeled off.
South African coals may be divided into three classes, as distinguished by the
appearance of the coal alone :—
(a) Bright coal, similar in appearance to British bituminous coal, showing a cubic
cleavage, lint with more distinct horizontal lamination than British coal.
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(b) Dull coal, similar to splint coal, with cubic or irregular cleavages, but often with a
coarse grain, and always with a much higher proportion of ash than the bright coal,
with which it is immediately associated. It is not confined to any particular horizon in
the seam. More generally it is found in the upper portion, but it is often interspersed
in layers throughout the seam, and may change in position and thickness within a
very short distance.
(c)
Semi-bright coal, a fine grained coal with a conchoidal fracture, and no
lamination. In appearance it resembles some of the Welsh or Irish anthracites, but
with a graphitic lustre. It contains from 25 to 35 per cent. of ash, and the upper and
unworked portion of the Clydesdale (Transvaal) coal-seams forms a good example.
The dull coal and bright coal are often found interlaminated, the one gradually
merging into the other. In all the bright coal, narrow bands, from 1/32 to 1/4 inch in
thickness, of dull coal occur. The conclusion as to the origin of the coal, drawn from
the writer's observations, is that the bright coal, like its European equivalent, grew as
vegetable matter, and was deposited in situ ; while the dull coal, on the other hand,
was transported by water in the form of decaying vegetable matter, and during such
transportation was subject to disintegrating influences, losing a portion of its volatile
constituents, and acquiring a portion of the muddy impurities from the flooded waters
which brought it to its present position. In confirmation of this theory it may be
observed that the dull coal invariably contains less volatile matter than the bright
coal, (which would be covered up by superincumbent matter before any great
quantity of its volatile constituents could be disseminated by natural decay) ; while
the dull coal, in course of transportation and consequent abrasion and division into
finer particles, would lose more of its volatile matter. Again, transportation by flooded
waters would naturally result in the incorporation of muddy impurities in the driftformed coal, and we find that the dull coal always contains a larger proportion of ash
than the bright coal with which it is immediately associated. The streaks of dull coal in
the bright coal would be accounted for by the periodic flooding of the Carboniferous
swamps, in which the coal had its origin ; and such periodic floods are always much
more violent in tropical than in temperate climates.
It is a further noteworthy feature of the South African coal-fields that where the
seams are abnormally thick there is a greater proportion of dull and impure coal, and
the seams are less constant in character and continuity than the seams of medium
thickness. Thus the seams of
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Natal, which are comparatively thin, contain much less dull or impure coal, and are
more uniform in thickness and character than those of the Transvaal, which are
found to be of greater thickness, but very variable in character. At Boksburg, there is
seldom more than 6 inches of bright coal in a total thickness of 12 feet. In the Springs
district, there is about 6 feet of bright coal in a total, thickness of 30 to 60 feet. At
Middelburg, it is seldom that half the thickness of the seam consists of bright coal ;
whilst in Natal there is rarely more than 6 inches of dull coal in the scam.
The Coal-Field.
The Natal coal-field occupies the northern portion of the colony, forming a triangle of
which the base is a line drawn east and west across the colony, about 12 miles north
of Ladysmith ; and the two sides are, roughly speaking, the boundaries of the colony
to the north of that line (Fig. 1, Plate XXL). The average elevation above the sea is
about 4,000 feet, although near Langs Nek coal is found almost 5,000 feet above
sea-level (Fig. 2, Plate XXII.). The gross area of the coal-field is about 1,800 square
miles, but only a fraction of that area contains workable coal.
From a careful comparison of the accompanying sections (Fig. 5, Plate XXII.), it will
be seen that there are only two workable sections, of from 2 1/2 to 9 feet, and
averaging from 4 to 6 feet in thickness. These two workable sections are made up of
four different seams, and owing to considerable variations in the thickness of the
intervening strata, the working sections at the different mines are made up of one,
two or three of these component seams of coal.
The seams have been found at all depths up to 500 feet, but most of the existing
mines are working at depths of less than 300 feet. The deepest shaft, at present, is
that of the Durban Collieries Syndicate at Dannhauser, which is 500 feet deep. It is
probable that workable coal may be found at a greater depth on the western portion
of the coal-fields, but up to the present it remains unproved. The strata underlying the
main seam of coal have been bored to a further depth of over 400 feet at the South
African collieries ; 500 feet at the New Campbell collieries ; and 562 feet at
Kleinfontein, south of Elandslaagte, without proving any more workable coal.
Throughout the entire coal-field, the seams lie very nearly level, being subject only to
local undulations, rarely exceeding an inclination of 1 in 30 from the horizontal, and
there is a very slight general dip, not
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exceeding 1 in 200, in a south-westerly direction. Displacements of the measures by
ordinary faulting are very rare, and the seams of coal are more constant in quality
and thickness than are those of any other coalfield in South Africa, although by no
means as constant as British coal-seams ; and to commence mining without careful
preliminary boring and testing of bore-holes is only to court-disaster.
Enormous outbursts of intrusive igneous rock (dolerite or whinstone) form the most
important feature of the coal-fields, either from a geological or mining standpoint. The
whole of the northern district of Natal is intersected by great vertical dykes of dolerite,
which have overflowed (both as cappings and as intrusive sheets) over very large
areas of the country. On the property of the New Campbell collieries, a dyke has
been proved which probably exceeds 1,200 feet in thickness. On the property of the
South African collieries, a horizontal intrusive sheet has been proved by bore-holes
and shafts, in thickness from 132 to 157 feet ; in length, extending from Dundee to
Glencoe, for a distance of 6 miles ; and in an area not less than 18 square miles. Not
a single working colliery can lay claim to be free from disturbance by these intrusive
dykes and sheets. Denudation has removed the softer Coal-measure sandstones
and shales, and left standing the harder dolerite, and in consequence nearly every
hill or kopje carries a capping of dolerite-boulders.

To digress for a moment, it may be pointed out that in the present war the Boers
have almost invariably taken up positions on kopjes covered with these doleriteboulders, which form an admirable cover, and constitute their favourite fightingground.
That the horizontal dolerite-sheets are intrusive in character, and not merely surfacedeposits or submarine deposits contemporaneous with the deposition of the Coal
measures, is proved by observations made by the writer at the South African
collieries. There the sandstones at the point of contact with the dolerite-sheet, both
above and below it, have been fused into a hard quartzite by the heat from the
igneous rock. It is further proved by the occurrence of the horizontal sheets at varying
horizons relative to the coal-seams, and there can be no doubt that the period of so
extensive a plutonic eruption was subsequent to that of the deposition of the Coalmeasures.
The effect of this plutonic activity on the coal has been to alter all of it in immediate
proximity into an anthracite, or semi-anthracite —by the heat from the molten igneous
rock driving off a portion of the volatile matter from the coal. No definite rule can be
laid down to determine the distance from a dyke or sheet, over which the coal is
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affected by it. But roughly speaking, the coal is found unaffected at a distance from
the dyke, equal to the thickness of the dyke. At the first shaft of the South African
collieries, coal 88 feet distant from a horizontal sheet of dolerite 153 feet in thickness
was found to contain 8.6 per cent. of volatile matter, compared with 18 per cent. at
the adjoining mine ; that is, it may be inferred that 9.4 per cent. of the volatile matter
had been driven off. At the New Campbell colliery, an enormous dyke, 1,200 feet or
more in width, was struck at about 100 feet from the shaft. At the shaft, the coal was
found to contain only 4 per cent. of volatile matter. In a pair of main drifts, at right
angles to the dyke, the coal gradually increased in volatile matter as the distance
from the dyke increased. At 1,200 feet from the dyke, a test made by the writer gave
15 per cent. of volatile matter. At 1,400 feet from the dyke (the present working-face),
another test gave 19 per cent. of volatile matter ; the coal showed indications of a
coking character, and that the verge of the affected area had been reached, the coal
having gradually changed in nature from anthracite to bituminous. Under favourable
conditions of draught and furnace, and when fired lightly and frequently, and with
only sufficient stirring to remove ash and clinker, coal with from 10 to 15 per cent. of
volatile matter will give fairly good results for steam purposes ; but for general use,
and when placed in the hands of Kaffir and coolie firemen, who are accustomed only
to bituminous coal, it is not found suitable, and a coal with less than 15 per cent. of
volatile matter will not find a ready market for steam or household use. There is at
present a very small demand for anthracitic coal for malting purposes. The opening
up of the Transvaal, by the removal of the duty upon coal, may cause a demand for
limited quantities of anthracite for metallurgical purposes, in place of coke. For the
supply of the present markets, therefore, anthracitic coal is of no value, and we can
only reckon on the bituminous areas.
The occurrence of the dolerite-intrusions is so extensive, and their influence is so
widespread, that probably more than half of the Natal coal-field has been affected in
this way. Indeed, in certain large areas that have been examined in detail by the
writer, nearly three-fourths of the coal was found to be affected by igneous action.
Reference to the sections, No. 1 to No. 4 (Fig. 5, Plate XXII.) shows that the seams
to the south of the Biggarsberg range are much thinner than those to the north of it,
and the experience of several ventures has proved that notwithstanding the
advantage of lower railway[129]

rates (with the exception of Elandslaagte colliery), the coal south of the Biggarsberg
is unable to compete with that to the north. Estimates of the workable areas of coal
under present conditions can only include the districts from Glencoe to Newcastle, or
about 560 square miles, out of a total area of 1,800 square miles. From that, also,
large deductions must be made :— For the areas of coal affected by igneous action ;
for areas from which the coal has been denuded ; and for areas of inferior coal,
which would leave about 150 square miles of workable and saleable coal under
present conditions. With an allowance of 25 per cent. for waste, including abandoned
pillars and unsaleable dross, there is left a total of about 764,000,000 tons of
available coal.
The annual output of coal in Natal during the last ten years has been as follows :—
Year.
Tons.
Year.
Tons.
1889
23,609
1894
141,010
1890
81,547
1895
160,115
1891
87,774
1896
216,106
1892
142,160
1897
243,960
1893
129,925
1898
387,811
During the month of September, 1899, the last full month's working before the
commencement of the war, the output from the different mines was as follows :—
Narnes of Collieries.
Tons,
Names of Collieries.
Tons.
Dundee
14,502
East Lennoxton
503
Natal Navigation
9,298
West Lennoxton
317
Elandslaagte.
6,343
New Campbell
12
St. George's.
6,138
-------Natal Marine
2,163
Total.
40,351
Newcastle
1,075
Of this amount, 19,407 tons were sold for bunkering trade at Durban, and 508 tons
were exported.
In its production, 128 Europeans, 1,678 natives, and 878 Indians
were employed.
Working Collieries.
(1) The Dundee Collieries.—These collieries have always, and still occupy the
leading position among the producing mines. Coal has been worked there during the
last 30 years, although not to any great extent until some 10 years ago, when the
output reached 4,000 tons per month ; and it was not until two years ago that it had
to meet competition from other collieries to any considerable extent. With an easilyworked seam, 4 feet thick at from 40 to 80 feet in depth, it presents no mining
difficulties. Coal has been worked from six different shafts, three of
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which are being worked. The coal is worked on the bord-and-pillar system, by natives
and coolies under European supervision. The natives are paid from £1 to £2 5s. per
month, and provided with food and housing. The coolies are brought by the Colonial
Government from India, under a five years' indenture, at a wage of about 12s. 6d. per
month with food and lodging. A Jeffrey electric coal-cutting plant will shortly be
installed at the mine. The coal produced has the following average analysis : —
Per cent.
Volatile matter
16.63
Fixed carbon
70.53
Sulphur
4.18

Ash

8.66

Although higher in sulphur and ash than some of the competing coals, the larger
proportion of fixed carbon enables it to hold its own. The coal is prepared over fixed
screens.
(2) The Natal Navigation Collieries.—The collieries are situated about 4 miles from
the Natal Government Railway, with which they are connected by means of a branchline. The coal is reached by two rectangular shafts, 200 feet in depth. Coal is hoisted
from one shaft in single decked cages (carrying 2 trucks side by side), running in
pitch-pine guides. The winding-engine has two horizontal cylinders, each of 17 1/4
inches by 36 inches, fitted with piston-valves, and working an 8 feet drum.
The screening-plant is very elaborate and complete. From a pair of side-tipplers the
coal passes on to jigging-screens, where the small coal is separated. The large coal
passes on to a long plate-belt, fitted with a middle-trough for refuse. Owing to the
shale-bands in the seam (No. 8, Fig. 5, Plate XXII.), there is much refuse to be
picked out, and a small army of coolie-women and children are employed on the
belts. From the end of the belt, the coal passes either down a plain shoot into the
trucks, or down a bagging-shoot when required. The refuse is carried from the trough
down a back-shoot on to a transverse belt, carrying it away to the trucks, which take
it by an endless rope on to the dump. The small coal falls into hoppers, from which it
is raised by a pair of elevators to revolving cylindrical screens, which separate it into
nuts, peas and dross. The nuts from both screens pass on to a central picking-belt,
which delivers either into railway-trucks for nut-coal, or on to deflecting side shoots,
to mix with the large coal. The peas and dross fall into hoppers, from which they can
be transferred either into trucks or on to transverse belts, one of which conveys the
coal direct
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to the fire-holes of the boilers, and the other to the trucks which take the refuse to the
dump. The screening-plant and winding-engine were erected from plans prepared by
Mr. T. Grant Colquhoun, late consulting engineer to the company.
Ventilation is secured by a Capell fan, 10 feet in diameter by 5 feet wide, and steampower for the whole of the machinery is supplied from three Cornish multitubular
boilers and one Lancashire boiler. There are large workshops, well equipped with
tools, including lathe, drilling, shearing and screwing-machines, and saw-bench. The
mine is also well provided with workmen's quarters, cottages, coolie and Kaffir
compounds, offices and stores.
The coal is worked on the bord-and-pillar method. In the initial stages, the pillars
were left small, so as to secure more rapid development, but they are now being left
sufficiently large to allow of their removal at a later stage. The coal makes sufficient
gas to necessitate the use of safety-lamps. As the unsophisticated Kaffir will, without
compunction, stick his pick through the top of a Marsaut gauze in order to make his
lamp burn better, the responsibility of supervision is no sinecure.
Analyses of the seam of coal now being worked are as follows :—
No. 1.
No. 2.
Per cent.
Per cent.
Volatile matter
9.89
15.17
Fixed carbon.
80.37
71.50
Sulphur
1.72
1.30
Ash
7.70
11.41
Water
0.52
0.53
The coal for these analyses was taken at the point where the shaft struck the coal,
close to a dolerite-dyke, by which the coal was undoubtedly affected ; and so far as

the volatile matter and fixed carbon are concerned, these analyses are altogether
unreliable as an index of the quality of the coal produced, for the coal undoubtedly
contains at least 25 per cent. of volatile matter. For raising steam, it gives results
quite equal to, or, if anything, superior to Dundee ; and, containing less sulphur, it
makes less clinker. Unfortunately it is very friable, and will not stand handling without
breakage. The permanent plant has only been working about 2 years.
(3) The St. George's Colliery.—The St. George's Coal and Estate Company holds
ground both east and west of the Natal Navigation colliery. Exploration was
commenced in the first instance on the eastern side, but the coal, although of
excellent quality, was too much disturbed by dykes, and was rather too close to the
outcrop ; and working
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was abandoned. Operations were next commenced on the western side, where coal
was struck at a depth of 310 feet in two rectangular shafts. The main shaft is fitted
with double-truck cages, running in wire-rope guides. The winding-engine is a small
geared engine, which will shortly be replaced by a direct-acting engine.
The screening-plant consists of 2 plate picking-belts, which receive the coal from
jigging-screens. The small coal from the screens is elevated to 2 cylindrical screens,
where the dross is separated, and the nuts pass on to a short picking-belt. Between
the large coal-belts is another belt, travelling in the opposite direction, carrying away
the refuse to the hoppers. There is also a bagging-platform and shoots for bagging
coal when required.
Steam is supplied by 2 Lancashire boilers, 30 feet long by 7 feet in diameter.
Ventilation is secured by a Schiele fan, 10 feet in diameter.
The coal is worked on the bord-and-pillar system, the pillars being left too small to
admit of their removal. The coal makes some gas, safety-lamps are used throughout
the mine, and no explosives whatever are allowed. A year ago an explosion occurred
through a native opening his lamp, which resulted in the death of 5 natives; the
explosion was so violent that the flames reached 40 feet above the shaft-mouth,
continued burning for a considerable time, and ignited the shaft-timbering. This
explosion, and other reasons, have hampered the development of the mine, and it
only reached the profit-earning stage a month or two before the commencement of
the war. In quality, the coal is almost the same as the Natal Navigation coal, but it is
not so friable, and is equal to any produced in South Africa.
(4) The Elandslaagte Collieries.—These, the only productive collieries situated south
of the Biggarsberg, possess the advantage of being nearest to the market, which
compensates for the thinness of their seams, and the slightly inferior nature of their
coal. The coal has been developed by means of three circular shafts, two of which
are fitted up for drawing coal.
The main shaft is fitted up with jigging-screens and picking-belts. Both the seams of
coal (No. 1, Fig. 5, Plate XXII.) are worked, but most of the coal is taken from the top
seam. From a comparison with the Dundee seams, it appears that the top portion of
the main seam at Dundee has approached, and here forms the bottom portion of the
upper seam.
The coal is worked on the Welsh double-stall system, with satisfactory
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results. A Jeffrey electric coal-heading machine has been in use for some time, and
has given satisfaction. As native employees must be paid and fed whether working or

not, and cannot always be obtained on short notice, a coal-cutting machine is of
great advantage in coping with , a sudden extra demand for coal.
(5) The Natal Marine Collieries.—The pits are situated about 2 miles east of Dundee,
and are the most recent producers in the colony. They have proved, by extensive
boring, an area of about 1,000 acres of coal similar in section and quality to that of
the Dundee collieries, and lying for the most part very near to the surface. The coal
area is cut up by a number of dolerite-dykes, and for these reasons a central
screening-plant has been erected, which will be supplied with coal from several
shallow shafts in different parts of the property. Up to the present date three shafts
have been sunk to the coal, none of which exceed 40 feet in depth. These shafts are
fitted with single cages, worked with small geared winding-engines and semi-portable
boilers. The coal is raised to the surface, and conveyed by endless-rope haulage to
the elevator of the screening-plant.
The screening-plant consists of 2 jigging-screens, hung by wooden-lath suspenders,
and delivering on to 60 feet bar-belts with 3/4 inch spaces. The belts have jib-ends,
which can be depressed to deliver directly into the trucks or raised to deliver on to the
bagging-shoots. They are fitted with scrapers to convey the coal, which falls through
the bars in cleaning, back to the cylindrical screens placed directly under the jiggers,
where the small coal is classified into nuts, peas and dross or duff. The nut-coal falls
into 20 tons hoppers, from which it is discharged into trucks on the same line of
railway as the large coal. The peas fall into hoppers, from which they can be
discharged into trucks, or taken in small trucks either to the boilers or with the dross
to the dump. The plant is as good as any at present erected in Natal.
The coal is worked on the bord-and-pillar system. It is easily worked, but on account
of a bad roof requires considerable timbering. Although it had only been in the market
a few months when the war commenced, the coal had already acquired a very good
name and ready sale.
(6) The New Campbell Collieries.—As already stated, the main shaft was
unfortunately located within 100 feet of an enormous dolerite-dyke ; and, where the
coal was struck, it only contained 4 per cent. of volatile
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matter. As this coal was found unsaleable, the work underground has been restricted
to development-drives, at right angles to the dyke, to open up the bituminous areas
away from the dyke. After 1,400 feet of driving, bituminous coal of very good quality
had just been proved when work was suspended. The bituminous area had further
been proved by several diamond-drill borings.
The surface-works include a tubular-steel headgear and a fixed screen, delivering the
coal on to a Greening wire picking-belt.
(7) The South African Collieries.—These mines were promoted by the De Beers
Mines, Limited, with the idea of ultimately supplying coal to the Kimberley market. In
sinking the shafts, a horizontal sheet of dolerite, or whinstone, 153 feet in thickness,
was penetrated. The rock was so extraordinarily hard that progress was very slow. In
the middle and lower portions of the sheet contraction-fissures divided the dolerite
into long, irregular, vertical, hexagonal columns. The slight occasional deviation from
the perpendicular of these columns caused some of them to be undermined by the
shaft sinking, and serious accidents occurred in consequence. In one fall that came
within the immediate experience of the writer, a column 40 feet long slipped down
behind the timbering, broke off the hanging-bolts, and dragged down a quantity of
timbering. Fortunately, the workmen had been already withdrawn, and no loss of life

ensued. Coal was struck at a depth of 360 feet, or 86 feet below the bed of dolerite,
and gave the following-analysis :—
Per cent.
Volatile matter
8.6
Fixed carbon
79.7
*Ash.
9.7
Water
2.0
*The percentage of sulphur in the ash was 3.35.
Boiler tests, though variable in results, were not sufficiently satisfactory to justify
further work at that point, and it will probably be found necessary to sink fresh shafts
on one of the bituminous areas within the property, which covers about 16,000 acres.
A very complete plant has been procured, comprising a 70 feet lattice-steel
headgear, with guide-ropes for cages to carry 2 trucks end to end ; jigging-screens,
with a bar-belt fitted with jib-ends for the large coal and a plate-belt for the nut coal,
on to which the coal is delivered by a side-shoot from the screen. The winding-engine
has 2 cylinders, each 16 inches in diameter, geared to a drum 10 feet in diameter,
and
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supplied with steam from a Lancashire boiler, 30 feet long by 7 feet in diameter ; it is
the only portion of the permanent plant at present erected.
(8) Newcastle District.—In the Newcastle district, the Newcastle, East Lennoxtown
and West Lennoxtown collieries are producing coal in a small way, and with small
plants. The Crown collieries and No. 42 colliery are both opening out, but have not
yet reached the producing stage. The coal in this district contains about 30 per cent.
of volatile matter. Some of it is very good indeed, but it is more variable in quality and
in thickness than the Dundee district.
Between the Natal Navigation colliery and the town of Newcastle coal of very good
quality and thickness has been proved at a depth of 500 feet at Dannhauser, in a
shaft sunk by the Durban Collieries Syndicate.
The coal has been analysed as
follows ;—
Top Coal-seam.
Bottom Coal-seam.
Ft. Ins.
Ft. Ins.
Coal
3 10
4 2
Shale
0 2
Coal
1 3
Per cent.
Per cent.
Volatile matter
40.00
31.20
Fixed carbon
49.78
57.56
Ash
9.42
10.44
Moisture
0.80
0.80
The amount of sulphur is not stated in the above analyses, but it is not excessive.
An analysis of coal taken from the Caernarvon ground between Dannhauser and the
St. George's colliery possesses interest, as showing perhaps the lowest results in
ash and sulphur yet recorded in Natal for a seam of workable thickness :—
Per cent.
Volatile matter
23.20
Fixed carbon
67.00
Ash
7.50
Sulphur
0.95

Moisture

1.35

At the Dudley colliery, on the eastern border of the coal-field, a fine seam of coal 6
feet thick is slightly affected by igneous action.
South of the Biggarsberg, the Wallsend colliery, Natal collieries (Waschbank), Natal
Steam-coal colliery, and Ramsey's colliery (Wessels
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Nek), and Wessels Nek collieries, most of them developed by adit-levels, have all
ceased working, owing to the thinness of the seams, or inferior coal, making
competition with the other mines very difficult.
In the neighbourhood of Rorke's Drift, and the eastern end of the Biggarsberg, the
country is almost one mass of dolerite, and it is unlikely to contain coal of any value.
On the western boundary of Natal, the coal probably exists at great depths, as the
ground rises towards the Drakensberg mountains until it is cut off by the Great
Drakensberg fault, but the igneous disturbances are great and extensive. On the
other side of this fault, which marks the watershed of South Africa, coal is not found
in the Orange River Colony borders, although at Langs Nek tunnel, and in the
neighbourhood of Charlestown, coal of inferior quality has been found at an elevation
of nearly 1,400 feet above that of the Natal coal-seams generally.
In the district of Estcourt, as shown in Fig. 2 (Plate XXII.), there is a detached patch
of Coal-measures, but the coal at no place exceeds a few inches in thickness, and it
evidently represents only the lower portion of the Coal-measure series, and the upper
portion containing the workable coal-seams has been denuded away.
To the east of Dundee, on both sides of the Buffalo river, magnetite of exceptional
quality has been found. Analyses made for the writer showed over 72 per cent. of
metallic iron, but up to the present time no development-work has been done.
Markets and Outside Competition.
Up to the present date, the bunkering trade of Durban furnishes the largest market
for the coal-output, and of the last full month's output (September, 1899) of 40,351
tons, 19,407 tons were sold for bunker coal. The next largest consumers are the
Natal Government Railways. The railway-facilities for the transport of coal are good :
the coal-rate is 0.45d. per ton per mile, or 9s. per ton for the distance of 240 miles
from Dundee to Durban. Since February, 1899, a special reduction has been made,
with the view of encouraging the export trade. This consists of a rebate of 33 per
cent. on the ordinary rate for all coal exported from the Colony.
The loading-facilities at Durban Harbour are meagre. At present, all the coal is
loaded into ships in baskets or bags on the backs of Kaffirs,
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and costs about 1s. 6d. per ton for loading and trimming.
Improved loadingfacilities will be necessary before any great expansion of the export-trade can take
place.
The only two districts that are worthy of consideration as possible competitors with
Natal in existing markets are Vryheid in the Transvaal, and St. Lucia's Bay in
Zululand. The Vryheid district contains detached outliers of coal very similar in quality
to the Dundee coal ; and a railway is being built from Dundee to the town of Vryheid,
but the cost of the extra 40 or 50 miles of railway-transport will probably prevent it
from competing in the Durban coal-market.

The St. Lucia's Bay coal-field is very extensive, and contains several seams of coal,
one of them being 45 feet thick, but variable in character. Three samples, taken by
the Commissioner of Mines, from selected parts of this seam, gave the following
analyses :—
No. 1.
No. 2.
No. 3.
Ft. Ins.
Ft. Ins.
Ft. Ins.
Coal
2 4
2 5
1 5
Percent.
Percent.
Percent.
Volatile matter
10.9
11.2
10.2
Fixed carbon
80.0
75.8
75.5
Ash
6.1
12.2
13.0
Moisture
3.0
0.8
1.3
Tests of this coal on the locomotives of the Natal Government Railways were
distinctly unfavourable. It was stated that the coal was high in sulphur, which was not
determined in the above analyses. So far as proved, the coal is anthracite, and
unless bituminous areas can be found, it is hardly likely to enter into serious
competition with Natal coal.
Detached portions of Coal-measures, forming a continuation of this coal-field, are
found on different parts of the Natal coast, some indeed quite close to Durban ; but
borings have never exposed more than a few inches of coal, the thicker seams
having probably been denuded away.
At present, railway-communication from Durban in the direction of St. Lucia's Bay
extends no further than the Zululand border, but a concession has been granted for
the construction of a railway to the coalfields there. St. Lucia's Bay might also form a
shipping-outlet for the St. Lucia's Bay coal-field, but a considerable amount of
dredging would be necessary to open up that magnificent natural harbour.
Reference to the statistics of production already quoted shows that out of a total
output of 40,351 tons in September, 1899, only 508 tons were exported from the
Colony. It is from the export trade, which is only just beginning, that any considerable
expansion of the Natal coal[138]
industry must come. These 508 tons were exported to the following places : —Cape
Colony, 252 tons 16 cwts. ; Beira, 129 tons 17 cwts. ; and Chinde, 125 tons 7 cwts.
It is to the Cape Colony markets that Natal coal-owners are now turning their
attention, in the hope of capturing the demand at present supplied by Welsh coal. It is
estimated that the requirements, of the Cape Colony amounts to 500,000 tons per
annum, which have hitherto been supplied by Welsh coal, by collieries in the
Stormberg and Indwe districts of Cape Colony, and from Vereeniging on the Vaal
river.
The locomotive superintendent of the Cape Government Railways has made tests of
the various fuels, and the results were given by him in evidence before a
Government Commission on railway coal, in October, 1899, as follows:
Weight of Coal
Place of Origin.
Name of Colliery.
giving equal effect.
Welsh
Ocean Merthyr
1.00
Cape Colony
Stormberg District, Cape
1.75
,,
,,
.,
Contato
1.50
,,
„
Cyphergat
2.00
,,
,,
,,
Fairview
2.00
,,
,,
,,
,, Indwe
1.80
,,
,,
,,
,, Molteno, Vices'
2.00
„
,,
„
„
Woolfs'
2.00

,,

,,

,,

,,
,,
Orange River Colony
Natal
United States of America

,,

Penshaw
Wallsend.

Vereeniging
Dundee, Navigation
Virginia, Pocahontas

1.60
2.00
1.60
1.25
1.20

Special tests made on locomotives from Capetown to Touws river and back again,
under similar conditions as to train-loads, etc., gave the following results :—
Coal used.
Welsh
Indwe
Natal Navigation.

Coal burnt per
train-mile.
Pounds.
30.04
63.87
33.10

Evaporation of
water per pound of coal.
Pounds.
not stated
5.04 to 5.31
8.48

In evidence before the same Commission, Mr. C. Hitchins, director of the Dundee
Coal Company, stated that Dundee coal could be sold in Port Elizabeth at 28s. per
ton (2,210 pounds) against 38s. 3d. per ton for Welsh coal; and at Capetown for 25s.
6d. per ton, against 33s. 2d. per ton for Welsh coal.
A comparison of the above statements shows that Natal may confidently look forward
to doing a considerable export-trade with the Cape Colony, by displacing Welsh coal.
The building of the projected
[Plates XXI., XXII., To illustrate Mr W.T. Heslop's Paper on "The Coal-fields of Natal"]
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Harrismith-Bloemfontein-Kimberley railway will undoubtedly ensure further large
exports to Cape Colony, by displacing the Vereeniging coal now used in the
Kimberley and De Aar districts.
The largest market for coal in South Africa is that of the Witwatersrand gold-fields.
Hitherto Natal coal has been shut out from the Transvaal by a prohibitive duty of 5s.
per 100 pounds. When the duty is removed, Natal coal must be prepared to pay a
railway-freightage of from 4s. to 5s. per ton over and above that paid by the
Middelburg coal. This difference would be largely caused by the 2s. 10d. per ton
average freight from the Dundee district to the Transvaal border, and it would not be
materially affected by any future re-adjustment of railway rates in the Transvaal.
Whether Natal coal would be able, on account of its better quality, to carry this
additional rate and compete in the Witwatersrand market with the Middelburg coal
must be left for future trials to decide. Comparative tests in steamers indicate that
Natal coal would be able to compete with Middelburg on the terms named, but any
relative inferiority is always accentuated in steamer-trials as compared with stationary
boiler-trials, where no forcing of the fires is required.
In conclusion, the writer begs to express his thanks for much valuable information
supplied by Mr. Howard Harris, mining-engineer ; Mr. A. Crosby, manager of the
Campbell colliery ; and Mr. James Cumming, honorary secretary of the Natal Mining
Association.
Mr. John M. Liddell (Stocksfield) wrote that he had visited most of the districts in
South Africa in which coal had been discovered, and he had paid considerable
attention to some of them, including, that of Natal. He had read Mr. Heslop's paper
with much interest, and he endorsed his observations and opinions entirely, so far as
his experience extended.

He might remark that the scarcity of fossil remains had always been a matter of
regret. He suggested that the European Carboniferous flora and fauna may have
developed in the northern hemisphere originally, and have migrated slowly through
later geological formations, some of them reaching the Triassic formation of the
southern hemisphere.
Respecting a second and deeper-lying coal-field, extending through parts of Cape
Colony and the Orange River Colony, he inclined to the opinion that the whole mass
of Carboniferous and other beds, which are
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of more recent date than the granitic and Silurian formations of the Cape
Peninsula, King Williamstown, Lobombo, and of most of the "Low Veldt," is too thin to
contain coal-seams of appreciable value, other than the coal-fields now known. The
said strata appear to thin out, shales, coal-seams and sandstones alike, to the
westward, through the western half of the Orange River Colony and Griqualand
West, having thinner detached areas as about Beaufort West. Upon this point he
thought that the De Beers Company may have interesting evidence, as some thin
coal-seams occur near the surface at the Kimberley mine, and there was at one time
much curiosity to discover whether pieces of rounded sandstone found in the body of
the Kimberley mine had come up from a deeper Carboniferous system lying below.
The Carboniferous strata of Stormberg, Natal, Orange River Colony and the
Transvaal appear to form one continuous field, thickening individually to the northeast until they reach their limit on the "High Veldt" about Middelburg and Ermelo. It
may be of interest to mention that the area of heavier rainfall coincides and increases
in the said direction at the present day. There is, of course, a very large area in the
western and north-western districts of Cape Colony too difficult of access for it to
have been much explored.
He had seen strong evidence of sub-aqueous deposition of floating masses of
vegetation, but he was of opinion that many of the dull seams, or portions of seams,
had been formed by growth in situ, with frequent and varying deposits of mud and
slime.
He thought that the occurrence of whinstone was perhaps the most notable feature of
the whole coal-field, and that Mr. Heslop's paper gave a fair description of it. It occurs
over the whole of the South African coalfield, and in fact is more or less peculiar to
those portions of the country, which contain coal, gold, diamonds, or other products
of mining interest. The whinstone usually contains sufficient iron to produce the rusty
colour which is so common in the soil of the country, and it has been mistaken by the
Boers for ironstone of commercial value. Its effect on the coal-seams is shown in the
difference between the highly bituminous coal of Cyphergat and the semi-anthracitic
coal of Indwe. Its effect on the working of mines was most notable in the "hard-rock"
of Kimberley. He thought that the anthracitic seams were worthy of a good deal more
attention, as there was a possibility of finding a seam of definite value as an auxiliary
naval coal. At Indwe, the seam, or seams, are shown to be of reliable character, and
from Indwe to Dundee there is a wide stretch of country within possible distance of
the coast, in which seams are known to exist, and which, he thought, would have
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been closely explored, and perhaps exploited, but for political hindrances.
Labour is one of the chief difficulties of African mining. The Kaffir miner has been
indispensable in the past, though of a character which would be considered legally
unsafe in Great Britain. He has no natural knowledge of tools or of civilized life, and
his periods of labour are so limited and so intermittent that there is no probability of
his acquiring safe habits or permanent profitable skill. It has often been said that

white men cannot labour and live in such a climate, but the writer's experience of
many years is to the contrary. He thought that the white labourer, if fairly established,
would prove cheaper in cost per ton or per yard, and certainly more satisfactory. The
difficulties hitherto had been largely the cost of immigration, of housing, of civilized
food, of uncertainty of new exploitations, and especially of the degradation of white
labourers by working on an equality with blacks. He thought that the establishment of
an all-white staff of employees at some reliable mine was a desirable experiment,
and would prove of capital importance to the industry.
Mr. T. Grant Colquhoun wrote that Mr. Heslop's paper contained a good general view
of the geology of the coal-seams in South Africa and the Natal coal-seams in
particular. He agreed with him that the best coal in South Africa, so far, was found in
the Dundee district, north of the Biggarsberg range.
Mr. R. A. S. Redmayne (Seaton Delaval) said that Mr. Heslop's paper was a
welcome contribution towards the further elucidation of the geology of Natal. Having
spent nearly two years in surveying and development work in the Natal coal-fields, it
gave him pleasure to state his agreement with nearly all Mr. Heslop's statements. Mr.
Heslop stated that. Sigillaria had been found at Vereeniging and in the Middelburg
district of the Transvaal, but so far as he was aware, no such remains had been
discovered in the Natal Coal-measures. This was of interest, owing to the fact that
there could be little doubt that the deposits were of contemporaneous origin.
Possibly, on further exploitation of the Natal Coal-measures, these might be
discovered. One specimen of Lepidodendron was found near Newcastle (Natal), but
no Stigmaria. The most characteristic fossil in these measures is Glossopteris, which
is notably a Triassic fossil.
When in Natal, he hazarded a classification of the Natal rocks which he endeavoured
to correlate with Prof. Green's division of the Cape
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Colony system.* He regretted that Mr. Heslop had not laid stress on a great want felt
by all those interested in the mining welfare of Natal, namely, the want of a
systematic topographical and geological survey. The lack of the former had, as
recent events had shown, cost this country dear, while as to the latter there existed
only a few papers contributed by private individuals to scientific societies. It seemed
incredible that a Colony which had been a British possession for 58 years, and which
until 6 or 7 years ago was a Crown Colony, should not have had a proper
topographical survey made of it. The benefit resulting from such a survey would far
exceed the cost of making it—in fact it amounted to a necessity.
Mr. Heslop did not treat of the labour difficulty in the Natal coalmines. Probably this
subject would, in the near future, be of still more moment than it was even at present.
Undoubtedly the development of the coal-deposits would be still further carried out
when the war was concluded, and the trade of the Colony was enhanced by the
abolition of heavy duties (enforced by the Transvaal Government) and increase of
population and consequent development of the over-sea and land carrying trade.
Owing to the uncertainty in the supply of native labour and the difficulties attending
the training and supervision of the same, the safest and cheapest manner of working
the collieries would be either entirely by coal-cutting machines with white labour ; or,
if deemed advisable to combine agricultural development with coal-production, as in
all probability would be the case when the surface of a large property is owned by the
company working the coal; Indian coolies of the right cast and kind could be
introduced, who are adepts at agriculture—most of the vegetable and dairy trade of
Durban was conducted by Indians— and these would pay for their holdings under the
company with a proportion of their produce—mealies, vegetables, fruit, etc their

holdings being worked by their families and by themselves during their leisure, when
not engaged underground.
The Chairman (Mr. T. Douglas) moved a vote of thanks to Mr. Heslop for his
interesting paper, and trusted that the war would soon be ended.
The resolution was cordially approved.
* Trans. Inst. M.E., 1892, vol. iv., page 559.
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THE BALMER PIT-PROP.
The Balmer prop consists of two cast-iron cylinders, one of which, A, is arranged to
slide telescopically inside the other, B (Figs. 1 and 2). The lower cylinder, B, is
packed with small coal so as to support the upper cylinder or ram, A, at any desired
height. A head-tree, C, is placed, as usual, between the roof of the seam and the top
of the prop. As the roof creeps down, the coal-packing, D, is compressed and yields
slightly, allowing the props in use to support the roof evenly. As the roof gradually
lowers further, the props may be eased by withdrawing some of the coal-packing, D,
through one of the holes, E (preferably the hole nearest to the lower end of the ram,
A).
The prop can be readily withdrawn by easing the ram still further in the same
way.
[Figs. 1 and 2, Diagrams of the pit-prop.]
At Elswick colliery, on January 24th, 1900, a prop was set with a wooden head and
sole-trees, 2 feet by 7 1/2 inches wide, by 7 1/2 inches thick : it stood 53 days, and
being eased from time to time came down 6 inches by March 19th, when it was
drawn in 1 1/2 minutes in the presence of the overman and a deputy-overman of the
colliery. It was re-set in the same place, and by April 5th it had lowered 3 1/2 inches
more, making 9 1/2 inches in all since the first setting. The sole-tree, however, was
split into halves, and after a new one had been fixed, the prop was still working, and
could be lowered another 12 inches if necessary.
The prop could be eased in 5
seconds.
The following advantages are claimed for this prop :— (1) The props will last for
many years, as they are practically indestructible and may be used over and over
again; (2) they are simple in working and are liked by the workmen ; (3) they are
unaffected by water or atmospheric conditions, which often cause wooden props to
rot rapidly ; (4) the props may be used as pillars, shores or struts in any position, and
are also very advantageously used in connection with girders ; and (5) during
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the time that the roof lowers or the floor rises, say 12 inches, from 6 to 8 wooden
props would have been set to replace buckled or broken timber, consequently a great
saving of labour will follow the adoption of the Balmer prop.
Mr. H. Lawrence remarked that he would not like to go into a longwall-face and
attempt to lower the prop by taking out the packing from the bottom of the tube.
The Chairman (Mr. T. Douglas) said that he had recently had an opportunity of
examining some props used under the Hepplewhite system. The props were tapered
at the bottom end for about 10 inches, and on the roof settling the tapered end
"fuzzed" and prevented the buckling of the prop. Out of 250 props, which he had

recently examined, after they had come out of a mine, there were only two props
which had buckled. The remainder had the "fuzzy" ends cut off, and were used again
in a thinner seam. It was very curious to notice how the "fuzzing" had allowed the
prop to maintain a perpendicular position. At another colliery, the system was being
tried experimentally side by side with square-ended props, and had shewn very
considerable economy in favour of tapered props.
Prof. H. Louis said that tapered props might possibly prove of advantage in seams
where the floor was tolerably hard.
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THE LJUNGSTROM CRANKLESS ENGINE.
Fig. 1 shows the interior of the Ljungstrom crankless engine, after the removal of that
part of the casing which (Fig. 2) is nearest to the belt-pulley. In this half of the casing
is a long brass bearing, fitted concentrically, carrying the shaft, on one end of which
shaft, outside the engine, the belt-pulley is fixed, and on the other end, inside the
engine, a four-armed casting, B, is fixed. The belt-pulley and the casting, B, rotate
with the shaft.
The casting, B, contains four radial cylinders (B1, B2, B3 and B4), each of which
contains a cylindrical hollow piston, which is shewn separately at C (Fig. 1). Each of
the hollow pistons contains a roller, D, which is shown separately at Dj.
[Photograph: Fig. 1.—View of Ljunstrom Crankless Engine, with Casing Removed.]
The roller, D (Fig. 1), as well as the rollers of the three other pistons, runs in contact
with the elliptical track, E, placed in the casing, A, and fixed between the two halves
of the cover when they are screwed together.
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In the centre of the four armed casting, B, is a concentric and cylindrical hole, G, and
at the bottom of each of the cylinders is a long slot, F, through which the cylinders
communicate with the hole, G. A stationary and cylindrical balanced steam-valve,
shown separately at H, (Fig. 1) is fitted into the hole, G. The stationary valve is
screwed at the end, H1, into the steam-supply pipe, which enters the engine at the
centre of that half of the cover which has been removed, but which is shown in Fig. 2.
[Photograph: Fig. 2.—View of the Ljungstrom Crankless Engine.]
This valve has two long supply-ports, and similar exhaust-ports arranged
symmetrically around the valve. One of the supply-ports is shewn at I, and one of the
exhaust-ports at J (Fig. 1). The supply-port, I, communicates inside the valve with the
steam-supply, H1, and the exhaust-port, J, communicates inside the valve with the
exhaust-end, H2.
The four cylinders (B1, B2, B3 and B4) rotate together with the axle, to which they are
connected by a screw-bolt connection. Centrifugal force, caused by this rotation,
keeps the rollers, D, always in contact with the track, E, which, in consequence of its
elliptical shape, causes the pistons to make two strokes during each revolution of the
engine.
The valve being stationary and the cylinders (B1, B2, B3, and B4)
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rotating round it, the slots in the bottom of the cylinders must necessarily pass over
the supply and exhaust-ports of the valve, which therefore, although stationary,
regulates the supply and exhaust.
The cylinders obtain their steam-supply from the supply-port of the valve, when the
pistons move outward, and exhaust the steam through the exhaust-port of the valve,
when the pistons move inward. The rotating force of the engine is consequently
obtained from the side-thrust given by the pistons, when forced by the steampressure against the outward-going curves of the track.
The exhaust-steam passes from the cylinders through the ports, J, of the valve, to
the end, H2, and thence through the radial-slots in the coupling of the cylinder-casting
and the main shaft into the casing, from which it escapes by the exhaust-pipe formed
in the casing as shown in Fig. 1.
The cut-off of the steam in the cylinders depends upon the width of the inlet-slots, I,
in the valve, but it can also be regulated by a slight alteration of the radial position of
the ports. The handle for adjusting the valve is shown in Fig. 2.
If the valve be turned by moving this handle into an upward position, the inlet-slot, I,
in the valve will come into such a position relatively to the track, E, that the steam will
enter the cylinders when the pistons are moving inward instead of outward, thereby
producing a strong backpressure, which first stops the engine, without shock, and
instantaneously sets it in motion in the opposite direction. The direction in which the
engine rotates consequently depends upon the relative radial position of the inletopening, I, of the valve, in relation to the outward-going curves of the track, E.
By adjusting the handle, the speed of the engine is also regulated, but for ordinary
purposes a governor rotating with the main shaft is attached by means of a rod going
through the shaft of the engine to a throttle-valve inside the steam-inlet at the other
side of the engine. In Fig. 2, the governor is placed inside the cylindrical cover
extending from the centre of the belt-pulley, and the rod from the governor goes
through the engine to the throttle-valve inside the casting at the opposite side,
between the handle and the steam-supply pipe.
The rollers inside the hollow pistons, D (Fig. 1), rotate on roller-bearings, the axles of
which are fixed at both ends into the pistons, as shown at C. Each piston has two
guides, which keep it from twisting, and maintain parallelism between the track and
the rollers. Two pistons are always moving simultaneously, and, these being of the
same weight, the motor is perfectly balanced.
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The bottoms of the radial cylinders are placed close to the cylindrical valve, and the
cushioning-volume of steam for a 16 horsepower engine is less than 5 per cent. of
the volume of the stroke.
A 16 horsepower engine measures about 13 inches by 14 inches, by 20 inches, and
weighs less than 85 pounds. The cylinders are 2 3/4 inches in diameter and 13/16
inch stroke. The experiments recorded in the following table were made by Prof. E. L.
Weighton :—
[Table omitted]
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL
ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
June 9th, 1900.

Mr. WILLIAM ARMSTRONG, President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the
proceedings of the Council at their meetings on May 26th and that day.
The following gentlemen were elected, having been previously nominated :—
Members—
Mr. Johan August Brinell, Chief Engineer, Fagersta Iron and Steel Works,
Fagersta, Sweden.
Mr. R. E. Chambers, Mine Manager, Bell Island, Conception Bay, Newfoundland.
Mr.
Eugene Coste, Mining Engineer, 34, Madison Avenue, Toronto,
Ontario, Canada.
Mr. George Henry Evans, Mining, Civil and Mechanical Engineer, Breckenridge,
Colorado, United States of America.
Mr. Walter Twining Holberton, Mining Engineer, Copiapo, Chile.
Mr. John Kirsopp, Junr., Mining Engineer, Cook Inlet Coal-fields, Homer, Alaska ;
and Allerdene, Lamesley, Gateshead-upon-Tyne.
Mr. John Alexander McDonald, Civil, Mining and Mechanical Engineer, c/o Messrs.
R. Williams and Company, Bulawayo, Rhodesia, South Africa.
Mr. William Edward
Rowlands,
Engineer,
16,
Penmaier-Glas Road,
Aberystwyth, South Wales.
Mr. Frederick Carl Wehner, Mining and Metallurgical Engineer, 5, Alexandra
Terrace, Stanley Road, Wallington, Surrey.
Associate Members —
Mr. James Ernest Blair, 1. Wool Exchange, Basinghall Street, London, E.C.
Mr. Willows Hildred, 25, Melgund Road, Highbury, London, N.
Dr. Theodor Lorenz, Hamburg-Hohenfelde, Papenhuderstrasse, 5, Hamburg,
Germany.
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Students— Mr. Matthew Robson Kibby, Student Mechanical Engineer, c/o Mr. A. L.
Steavenson, Holywell Hall, Durham.
Mr. Charles Herman Merivale, Colliery Apprentice, Togston Hall, Acklington,
Northumberland.
Mr. George Robert Oswald, Mining Pupil, 106, Senhouse Street, Maryport
Cumberland.
Mr. Alfred Osborn Wraith, Mining Student, Moor House, Spennymoor County
Durham.
The Secretary read the Balloting List for the election of officers for the year 19001901.
BENEVOLENT FUND.
Mr. M. W. Partington explained that the Council proposed to establish the fund on
similar lines to that in connexion with the Institution of Civil Engineers, established in
1804, and whose accumulated funds now amounted to over £40,000.
AWARDS FOR PAPERS.
The Secretary read the following list of papers communicated during the year 18981899, for which prizes of books had been awarded by the Council to the authors: —

"The Western Interior Coal-field of America." By Mr. H. Foster Bain.
"The Transvaal Coal-field." By Mr. William Peile.
"The Ore-deposits of the Silver Spur Mine and Neighbourhood, Texas, Queensland."
By Mr. H. G. Stokes.
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NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
STUDENTS' MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
July 21st, 1900.
Mr. H. S. STRATTON in the Chair.
Mr. N. M. Thornton read the following paper on "Longwall Methods in the Eastwood
District, Nottinghamshire": —
LONGWALL METHODS IN THE EASTWOOD DISTRICT, NOTTINGHAMSHIRE.
By NORMAN M. THORNTON.
Eastwood is a small town situated in the west of the Nottinghamshire coal-field, about
9 miles north of the city of Nottingham.
Geology.—The Coal-measures on the eastern side of the district are overlain by
Permian Limestones. These run out towards the west, from which locality they have
possibly been removed by glacial action. The coal-seams lie deepest near the
eastern boundary of the district, and the general dip of the strata is 1 in 20 in that
direction.
The following section exhibits the succession of strata in descending order : —
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Thickness.
Feet. Ins.

Depth from
Surface.
Feet. Ins.

Permian rocks Magnesian Limestone
20 0
20 0
Marls and Sandstones
336 0
356 0
Middle Coal-measures —
Strata
607 6
963 6
Coomb Coal-seam
2 6
966 0
Strata
0 9
966 9
Top Hard Coal-seam
5 3
972 0
Strata
356 10
1,328 10
Deep Soft Coal-seam
3 2
1,332 0
Strata
18 0
1,350 0
Lower Hard Coal-seam
3 0
1353 0*
* The strata to the Kilburn coal-seam have not been proved, except at a faulted
place, where the seam was found only 2 feet 8 inches thick.
Top Hard Coal-seam.—The bottom portion of the seam consists of a band of cannel
coal 17 inches thick; the entire seam (5 feet 3 inches thick) is perfectly clean, and
contains no dirt-bands.
It is extensively worked on the longwall system.

The gateroads, 11 feet wide, are made 120 feet apart, and are supported by packwalls, 12 feet thick, on either side. In those districts of the seam, where stone is more
plentiful, additional pack-walls, 6 feet wide, are built between the gateroads. The roof
is good sound shale, easy to rip and with a tendency to bend towards the goaf
without fracturing. About 2 feet 9 inches of this shale is taken down in the gateroads,
usually without the assistance of explosives, and these canches or "lips" are kept
within 9 feet of the working-face. Owing to the excessive pressure, the roads become
squeezed and narrow, and require to be side as well as top-ripped. The roof
subsides more or less quickly, but after a second ripping it stands firmly without
requiring to be supported by timber.
Cross-gateroads are driven 800 feet apart at an angle of 50 degrees to the main
roads, and the pointed ends of their pack-walls are secured by V shaped chocks
built of soft wood.
The gateroads are laid with double way, for a distance of 180 feet from the workingface, and flat-sheets are used to form turntables for the tubs. A tram-line is laid along
the working-face, and is shifted forward as the face advances; it is only of a
temporary nature, the rails being held in position by notched wooden sleepers.
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The seam is holed or undercut to a depth of 5 or 6 feet, and the holing only measures
18 inches in height at the highest point. The holing is made partly in a thin fire-clay,
which underlies the seam, and partly in the coal. The quantity of small coal made
during holing is insignificant, and after it has been mixed with the fire-clay debris, to
reduce to a minimum, the risk of spontaneous combustion, it is thrown into the gob
among the larger stones of the packing.
Holing commences in the early morning, and the coal, when undercut, is supported
by sprags, set not more than 6 feet apart. After some hours have elapsed, advantage
is taken of the great pressure which has been brought to bear upon the under-clay at
the back of the holing; the fractured stone is removed and often 6 or 7 inches is
added to the depth of the holing. The sprags are then withdrawn, two at a time, and
the coal falls in huge masses, which are broken into convenient lumps and loaded
into tubs.
At the face, the roof is supported by three rows of stout Norway props set 4 to 5 feet
apart, and fitted with head-trees and tail-trees. When necessary the row of props next
the gob is drawn by a chain and lever. No timber is allowed to be lost, and a fine of
3d. is imposed for each prop left in the goaf.
The Coomb coal (2 feet 6 inches thick) is removed in the gateroads, during the
second ripping, and being (like the Top Hard) a good house-coal, it is sent to bank.
When the goaf settles, and the district boundary has been reached, this Coomb coal
is worked - by the longwall retreating method, and the coals are conveyed along the
old gateroads, previously constructed in the Top Hard seam.
Safety-lamps are used in both of these seams, and no blasting is required to blow
down the coal, after it has been holed.
Deep Soft Coal-seam.—This seam measures from 3 feet 2 inches to 3 feet 8 inches
in thickness, and is mostly worked during the winter months.
The gateways are driven 132 feet apart, and supported by pack-walls 12 feet wide,
with intermediate pack-walls, 6 feet thick.
The holing is made in two dirt-bands and 3 inches of coal, and is supported by
sprags set 4 feet 0 inches apart. No blasting is permitted in the coal. The method of
getting the undercut coal is the same as that adopted in the Top Hard coal-seam.
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Two rows of timber are set to support the roof: the foremost row of props carries
planks running at right angles to the face, with one extremity notched into the coal.
Lower Hard Coal-seam.---This seam, 3 feet thick, is worked on the same general
lines as the Deep Soft Coal-seam. Safety-lamps are used in the Deep Soft and
Lower Hard coal-seams, and blasting is only permitted in the gateroads.
A great factor in the success of this longwall working, which applies to all the seams
already mentioned, is the keeping of the working-face as near end-on or face-on as
possible : thus securing the most regular shape and size of coal, and avoiding the
production of small coal, which is of little value. This factor of course necessitates
keeping the face in as straight a line as possible, and of producing an even settling of
the weight on the pack-walls.
Labour.—The labour arrangements are upon the butty system. Three contractors or
stallmen usually rent a gateroad or stall, and having a superior position to the other
workmen they are, or should be, chosen from the most experienced and skilled
workmen. The contractors are paid a tonnage price and provide all labour required in
their stall, usually including 2 loaders, 2 stone-men, 1 dayman, 2 holers, and 1 boy.
This system provides suitable employment for young men and youths, and enables
them to gain practical experience. The employment consists of holing or undercutting
the coal by piece or stint or by day's wage; or of day-work, which may include loading
the coal, throwing back dirt into the goaf, and building pack-walls. The contractors do
all work requiring skill and judgment, such as setting and drawing timber, taking down
coal after it has been holed, and blasting.
The second and succeeding rippings in the gateroads are performed by "mastermen," or shifters, who go into the mines at night.
Ventilation.- A scale of air flows along each gateroad, and by placing a hurdle-cloth
across the road it is conducted into the cavity, formed by the “lip" which might form a
receptacle for gas ; and, as an additional precaution, a safety-lamp is suspended on
the inbye-side of the hurdle-cloth, as near to the roof as
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possible. Although the ventilation rarely permits gas to accumulate, its presence in
such a position, would at once be detected from the tailing of the flame, by the men
working in the gateroads. Officials frequently travel along the working-face during the
shift, and test every "lip" and break in the roof for fire-damp.
Faults, etc.—Faults are practically unknown in this district, even hitches are seldom
encountered in the workings, and the seams vary but little in quality and section over
large areas.
Occasionally small anticlinal ridges traverse an area in a north-westerly and
south-easterly direction.
These irregularities interfere but little with the miningoperations, beyond requiring a few crooked gateways to be made in the synclinal
hollows.
Subsidences.—While several of the shafts were being sunk some difficulty was
experienced in dealing with feeders of water, which permeated through the fissures
in the Coal-measure sandstone from a large water-reservoir. It has been found that
the whole of the coal can be safely removed from under the reservoir; and little water
is encountered during the operation, beyond a small feeder which is utilized to spray
the roads of the mines.

A seam 600 feet below the surface, is being worked under one end of a waterreservoir, which is 1 mile long. The bottom of the reservoir has subsided in a gradual
wave, leaving a dry tract of ground at one end of the reservoir. After the seam has
been removed, the surface subsides so regularly, that ultimately it is expected the
reservoir will assume its former shape.
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APPENDICES.
I. NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC.,
FROM THE TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND
COLONIAL AND FOREIGN PUBLICATIONS.
THE AGE OF METALLIFEROUS VEINS.
Zur Bestimmung des Alters der Gange. By Prof. H. Hofer. Oesterreichische
Zeitschrift far Berg- und Huttenwesen, 1899, vol. xlvii., pages 157-160 and 169-171,
with 2 figures.
Mr. J. Arthur Philips' Treatise on Ore-deposits gives a general theory of
metalliferous deposits, with a sketch of those now known in the whole world; but,
although a few pages are devoted to the age of veins, there are but few indications
serving to determine that age, and the author thought that it would be useful to
discuss the subject.
The formation of a vein corresponds with two distinct phases, the first being the
formation of the vein-cleft, and the second its filling. While the former is purely
mechanical, the latter is generally chemical; and these two phases must be
considered successively with respect to their age. All clefts are caused by an
impulse, which has either originated in the enclosing rock or outside it, giving rise to
diaclases and paraclases.
The diaclases, due to contraction of the rock, may be caused by cooling down, as in
the eruptive rocks, or by loss of matter, as in the drying of wet rocks, or again in
some metamorphisms; and the diaclases are in many cases a consequence of the
solidification of the rocks, so that they must be regarded as of the same age.
Inasmuch as the eruption-age of a massive rock or the deposition-age of a
sedimentary rock may generally be determined, the age of the diaclase will also be
known. Only in contraction fissures, due to metamorphisms, is it often difficult to
determine the age; but the metalliferous deposits of that origin are rare, so that it may
be admitted, for most contraction-fissures, that the diaclases are of the same age as
their enclosing rocks. The duration of the formation of diaclases in one and the same
rock has been relatively short, so that all these fissures may be regarded as of the
same age; and, as a reciprocal crossing of the veins due to contraction-fissures has
never been observed to the author's knowledge, it may be presumed that the
formation of the fissures was completely terminated before their filling began, which
would again prove the short duration of the diaclase formation.
It is more difficult to determine the geological age of the paraclases, and
consequently that of most veins, especially thick veins; but at any rate they are more
recent than the enclosing rock, this difference of age often embracing the duration of
several formation-periods. The ancient rocks contain metalliferous veins more
frequently than do the recent rocks; and this is due to the fact that the former have
been longer exposed to the formation of the paraclases than have the latter. The
origin of the paraclases is due to the action of an external force, such as gravity (cleft
of subsidence), upward pressure (cleft of
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fracture), or lateral pressure (cleft of thrust). The clefts of fracture, caused by
increase in the volume of a subjacent rock, are relatively rare, those resulting from
lateral pressure being the most frequent.
The following are the characteristics that may serve to determine the age of veinparaclases: —
(1) It is generally admitted, when a vein stops short at a rock of more recent age
than the enclosing rock, that its age is comprised between those of the two rocks;
and, although this observation generally holds good, it must not be taken too
absolutely.
(2) The preceding case, in which the discordance between two rocks serves to
determine the age of a paraclase, leads to a second group of phenomena, suitable
for determining the age of a fissure, namely, the existence of a dislocation.
(3) The metalliferous veins which traverse a rock of age A (say Jurassic) are
affected by a fault, the age B of which (say Eocene) is known so that the age of these
veins is comprised between A and B—say Cretaceous in the example given;—and
this observation applies to the case in which the fault is constituted by another and
more recent metalliferous vein, the age B of which is determinable.
(4) In sedimentary formations, massive rocks are found in the state of overflow or
interstratified (veins and masses), the eruption age of which is known, and when
these eruptive masses are traversed by veins, the latter are more recent than the
former, and the age of these veins may be precisely determined when the masses
are of recent origin; but this is so much less the case as the age of the eruption is
farther removed from the present time. On the other hand, the eruptive rock may
traverse the vein, and in that case the latter is more ancient than the former.
(5) Let it be supposed that certain veins make their appearance in measures of
known age—say Silurian, and that there are, side by side but unconformable, beds of
an age also determined—say Lower Carboniferous—containing a bed mixed
mechanically with ores exactly like those of the veins—for instance, galerna of
concordant silver-content. In such case, the veins must have been completely formed
before this bed, so that in the example cited the age of the vein-clefts and of the
filling is Devonian.
The clefts of a vein-district may be of different age, as proved by crossings, throws,
the formation of double or triple veins, or of two veins, one of which was completely
formed and therefore filled before the cleft of the other was opened; and the age of
two similar veins may differ by several formations. If it be desired to determine as
exactly as possible the age of a paraclase, it is not sufficient to study the vein-district;
but a profound geological knowledge of the parts surrounding it must be acquired, in
order to permit of determining the epochs of great dynamic transformations, because
it is very probable that they were accompanied by the formation of several large
fissures. At what epoch occurred the principal upheavals, subsidences or out-throws
of the vein-districts? An answer to this question will generally solve the problem as to
the age of the paraclase.
The second act in the formation of veins, namely, the filling, must in a great number
of cases have followed closely on the formation of the vein-clefts, at any rate, at the
beginning of this filling; and such is especially the case with diaclases in the eruptive
rocks that were formed while the cooling occurred, and at an epoch in which hot
water burst in, and perhaps also gases which have contributed to the deposit of veinminerals. In other cases, the filling must have succeeded closely on the opening of
the cleft, without its being possible
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very often to say when the mineral formation terminated; and the narrower the veins,
the richer were the mineral-solutions, the more favourable were the factors of
precipitation, and the more rapid also the filling, it being admissible that, where there
was only a crystalline incrustation, the phenomenon was of less duration than in the
case of veins containing large and fine crystals.
In most cases, all that can be done is to determine the age of a fissure, because the
filling may have extended over a long period, as to the end of which there are rarely
any indications. Another guide may be given in some cases by pebbles that may
have fallen from the surface into the vein while the vein-minerals were being
deposited there; but it is well known that such pebbles are very rare in veins, and it
would be a fortunate chance to find one belonging to a more recent age than the
sides of the vein.
Another method for ascertaining the age of a vein-mass is exact observation of the
point where the vein is covered or cut by a more recent enclosing rock; and in such a
case the cleft is more ancient than the cover. If it had not yet been filled, the covering
matter would have entered it; and also there might possibly have been an
impregnation of the vein's minerals in the cover starting from the end of the vein,
while, if the vein was completely filled when it was covered, a clear line of
demarcation should be observed at the plane of contact.
J. W. P.
MINERAL RESOURCES OF TRANSCASPIA, RUSSIAN ASIA.
Einige Mittheilingen iuber die Salzausbeute, Naphthagewinnung und das
Vorkommen von nutzbaren Mineralien in Transkaspien. By F. Thiess. Zeitschrift
fur das Berg-, Hutten- und Salinen-wesen im Preussischen Staate, 1899, vol. xlvii.,
pages 133-134.
The author starts with a brief physiographical description of the country, and notes
that an absence of running streams is characteristic of the plateau of Ust-Urt, which
forms the northern and north-western portion of Transcaspia. There salt-lakes and
pans abound, while in places fresh water is got by sinking wells. The central portion
of Transcaspia, the Kara Kum, is a treeless, sandy, all but waterless plain, lying in
part about 145 feet below the level of the Caspian Sea: all the streams, with the
exception of the Amu Darya and the Atrek, are lost in the sands of the desert.
Very different are the features of the southern portion of the province, which is
mountainous and fertile and well-cultivated along the river-valleys.
Salt occurs all over Transcaspia in the form of rock-salt deposits, brine-springs and
salt-lakes. It is worked industrially in the districts of Krasnovodsk and Mangishlak
alone, being elsewhere used by the inhabitants for their personal consumption. The
principal deposits are those of Cheleken and Balla Ishem, where the available mass
of salt is estimated to amount to 240,000,000 puds (3,870,000 tons). The principal
salt-lakes are these of Mulla-Kara, Kuli which covers an area of 70,300 acres, Kukurt
Ata, Kara Baba, Kara Kul, etc. The Transcaspian output of salt in 1895 amounted to
22,000 tons, nearly four-fifths of which was got from the Cheleken deposits. The salt
is conveyed thence by way of Usun Ada to the harbours on the Caspian or is
exported to Persia.
The existence of naphtha-springs had been ascertained long before the Russians
seized upon the country. The mountain-ranges on the eastern shore of the Caspian
are regarded as a continuation of the Caucasus, and it is thought that the naphthasprings on either shore of that sea are the outlets of an enormous subterranean
reservoir which stretches right away from the Caucasus
[4]

under the Caspian into Transcaspia. The annual output of naphtha in Transcaspia
appears to have steadily diminished from 4,069 tons in 1890 to 1,393 tons in 1895.
Nevertheless, the author predicts a great future for the industry in that province.
Ozokerite occurs on the Cheleken Peninsula, in the Naphtha Dagh.
Sulphur is found at Damba and Shiik, near Geok Tepe, on the road to Askhabad
(Kara-Kum), at Kukurtlinsk, between the railway-stations of Balla Ishem and MullaKara, at the Usun-Ada, and in places along the shores of the Caspian. In the KaraKum region about 4,915 tons of sulphur have been got in the years 1890 to 1895.
Red and white gypsum is worked on the Krasnovodsk peninsula, the output in 1895
amounting to 1,245 metric tons.
Saltpetre has been discovered at Annao, galena at Kara-Kala, potters' clay and
porphyry at the Techen; it is said, moreover, that iron-ores, copper-ores, and coalseams occur in Transcaspia, but exact information as to these finds is not yet
forthcoming.
L. L. B.
GEOLOGY OF THE ISLAND OF RHODES.
Geologische Uebersichtskarte der Insel Rhodus.
By Gejza von Bukowski.
Jahrbuch der Kaiserlich-Koniglichen Geologischen Reichsanstalt, 1898, vol.
xlviii., pages 517-688, with 1 plate.
The author gives a detailed description of the geology of this island, which
appears to consist of Cretaceous and Eocene limestones, together
with more modern alluvial and fluviatile deposits.
Among the eruptive rocks,
serpentine, diabase, porphyrite have been found.
H. L.
RAR-EL-MADEN IRON-ORE MINE, ALGIERS.
Note sur la Mine de Fer manganesifere de Rar-el-Maden, Province d'Oran, By Ed.
Dietz. Revue Universelle des Mines, 1899, vol. xlvii., pages 165-172.
In his researches into the origin of non-sedimentary iron-ores, the author has always
noticed that, when the ferruginous water that has formed the ore by substitution for
the limestone was sulphated, gypsum is found in quantities with the ore, and also
deposits of gypsum in the neighbourhood of the iron-ore deposit. He even feels
justified in stating that such mineral water has metamorphosed the schists while
depositing gypsum in their place. On examining the point of contact, the observer
may see the various phases of the transformation, in the same manner that shreds of
schists and clays are found in the midst of the gypsum; and indeed the stratification
of the gypsum resembles that of schists for which gypsum has been substituted.
On the other hand it may be noticed that, when the ferruginous mineral water was
bicarbonated, and had acted upon sedimentary or amorphous limestone, crystalline
limestone, or marble, is always found in proximity, the marble having doubtless
existed in the state of liquid bicarbonate of lime. The small nests, grains, etc., found
in this marble are only the result of the crystallization, in which affinity plays the
largest part; but these pieces of ore have not fallen into this mass, as is stated in
some publications on geology.
When the mineral water contained iron in the state of protoxide, it often happens that
the calcareous water forming the residue still contains a certain quantity of iron
carbonate, which has crystallized with the calcareous mass, and formed a marble of
more or less deep yellow colour on the surface.
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The method of formation may also be easily traced if attention be bestowed on the
stratification, the inclination and the composition of the sedimentary limestone into
which ferriferous mineral water has penetrated. The iron-ore separates from the
crystalline limestone, always forming lenticular masses, which follow or touch one

another, because the solutions follow the cleavage of limestone before all things; but
they also penetrate by their dissolving power across the thin scales of limestone
while following a fracture. Accordingly, in the midst of the sedimentary limestone are
seen masses of crystalline limestone, or marble; and, if the latter should contain a
little iron, and come to the surface through erosion or denudation, it will assume a
yellow colour, and delineate fluid forms in the sedimentary limestone, as if the mass
had penetrated the limestone in the state of a liquid magma.
J. W. P.
GOLD-BEARING COBALT-VEINS IN THE TRANSVAAL.
Goldlhaltige Kobaltgange in Transvaal.
By Hans Oehmichen.
Zeitschrift fur
Praktishe Geologie, 1899, pages 271-274, with a figure in the text.
The old workings on the Kruis river, a tributary of the Olifants river, some 40 miles
north of Middelburg, were opened up again after a lapse of about 20 years by Mr.
Dorffel. At the same time, as the result of further prospecting in the neighbourhood,
several cobalt-veins were discovered, one of which, the Laatsch Drift vein, is
auriferous like that of the Kruis river (originally described by Mr. E. J. Dunn in 1877).
To begin with the Kruis river vein: it is only about 1 inch or so thick, but the countryrock (aplite belonging to the Upper Lydenburg Quartzite group) on either side of the
actual vein is richly impregnated with ore to a breadth of 2 feet or more. The vein
strike, east and west, pitches 60 to 70 degrees southward, and has been followed for
about 1/3 mile along the strike. On the hanging-wall side there is a maximum
thickness of 7 feet of aplite which is then succeeded by diabase: on the foot-wall side
diabases are also interbedded with the aplite.
The ore is silvery-white, and, in the coarsely crystalline parts of the vein, shows a
tendency to cleave in three directions: this property, combined with the extraordinary
difficulty of fusing the material before the blowpipe-flame cast some doubt on its true
character, but chemical analysis shows that it has precisely the composition of
smaltine. Auriferous quartz appears here and there as an infilling of the vein-fissure.
The average gold-content varies from 6 to 15 parts in 100,000, the cobalt-percentage
from 7 to 8, and that of nickel from 0.5 to 1.
The Laatsch Drift vein occurs about 3 miles to the westward of that just described. It
goes perpendicularly down through diabase. The vein-stuff is auriferous quartz,
containing nests chiefly of smaltine and accessorily of copper-ores. The cobalt-ore is
dark grey to black, coarsely crystalline, with barely perceptible cleaveage, fuses
easily in the blowpipe, and contains a high percentage of iron. Next in abundance is
chalcopyrite, while iron-pyrites and molybdenite occur in very small quantity. The
gold-content is stated at 1 to 2 1/2 parts in 10,000 and assays have led to the
conclusion that the precious metal is associated with the cobalt, but that none is to be
found in the chalcopyrite, which is, however argentiferous.
The author describes also the Rooival cobalt-vein, which, 5 1/2 miles to the west of
the Kruis river vein, strikes perpendicularly to that vein, that is, north
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and south. It varies in thickness from 2 to 14 inches and, although in certain
mineralogical associations it recalls the auriferous copper-veins of La Higuera in
Chile, it does not appear to be gold-bearing.
L. L. B.
IRON-ORE DEPOSITS OF TABARCA, TUNISIA.
Note sur les Minerais de Fer des Territoires des Meknas et des Nefzas (Tunisie). By
A. Prost. Annales den Mines, 1899, series 9, vol. xv., pages 533-534, and 2 plates
(maps).

In the territory of the Nefza and Mekna tribes near Tabarca are certain iron-ore
deposits which can be exploited by opencast workings, and in 1884 no less than
seven mining-concessions were granted for that purpose. Little use, however, had
been made of them so far, perhaps because the lessees were discouraged on finding
that the ores generally contain a small percentage of arsenic. Meanwhile the
progress in metallurgical science and the great recent development of industrial plant
and means of transport in Tunisia have induced engineers and others again to turn
their attention to a neglected source of wealth. The author being entrusted with the
inspection of the Tunisian mines from 1895 to 1898, availed himself of the
opportunity to make a careful study of the Tabarca deposits. He divides the seven
concessions previously mentioned into two groups: —
One in the Meknas territory. Ras-er-Rajel, lies between the Wadis Berkukesh and
Bu-Tarfos, 6 1/4 miles as the crow flies east of Tabarca. The other group, 19 miles
north-east of that port, includes the properties of Bu Lanagg, Jebel Bellif, Wadi Bu
Zenna, Tamera, Ganara and Burshiba. The ores are a mixture of manganiferous
brown and red haematites, occurring in lenticular masses of varying thickness and
extent. They lie in argillaceous sandstones which are interstratified with clays: the
immediate roof is a white or bluish laminated clay, overlain by Numidian Grits (Upper
Eocene). The floor is often a calcareous conglomerate, bound together by a
ferruginous cement: below this comes a thickness of 300 feet or more of bluish-grey
marls.
The author gives a succinct description of the exploration-workings, now mostly
fallen in or impassable, based in part on documents preserved in the Government
archives, and estimates the available amount of ore that could be worked by
opencast, at not less than 4,300,000 metric tons. From the numerous analyses
made, 29 of which are tabulated in full, it is seen that these ores, when properly
sorted, yield on an average 55 per cent of metallic iron and manganese. The Ras-erRajel ore is more particularly rich in the latter metal, the percentage being, in a typical
sample, iron 21.01, and manganese 28.72. Moreover the Tabarca ores are nearly as
free from phosphorus as those of Bilbao, with which they stand comparison in other
respects. The diminished output of the Bilbao mines will perhaps ere long give the
Tunisian ores a chance of competing on the world's markets.
The easternmost deposits of the Nefzas territory (Tamera, Ganara, Burshiba) are
barely 62 miles from the great harbour of Bizerta, which, now admits vessels of any
tonnage, and the steam-colliers which generally return to the British coast in ballast,
would no doubt load these ores at cheap freights. The author thinks that in that
event, colliers finding on the spot a return cargo, Bizerta would soon rival Malta and
Algiers as a coaling-station. The cost of the iron-ore at the mine, got by opencast
working, would not exceed 2s. per metric ton, and it is calculated that the ore could
be delivered at Bizerta, when the projected railway is built, at the price of 8s. 4d. per
metric ton.
L. L. B.
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MANGANESE ORES OF BRAZIL.
Les Manganeses du Brezil. By Miguel Ribeiro Lisboa. Revue Universelle des
Mines, 1898, vol. xliv., pages 1-22, with 1 plate.
Manganese-ores occur in the provinces of Matto Grosso, Sao Paulo and
Minas Geraes.
In the latter province, workings are prosecuted at Queluz and
Miguel Burnier, about 320 miles from Rio de Janeiro.
The ore consists of manganite (Mn2O3.H2O), with some pyrolusite (MnO2), and other
oxidized minerals, containing from 50 to 54 per cent. of manganese and 15 per cent.
of volatile matter. The ore is found in thin veins in the crystalline schists of Queluz
and Gaudarela, and in considerable masses in the older stratified (Huronian) rocks,
which are chiefly itabirite, a slaty rock made up of specular iron-ore and quartz,

overlying limestone. The ore-masses, from 6 to 7 feet in thickness, are contained in
the itabirite, and follow the undulations of the strata. The dips vary from 30 degrees
to vertical, and extend for some miles. The ore is worked in quarries by hand-tools,
without explosives.
M. W. B.
GEOLOGY OF THE KLONDIKE GOLD-FIELDS, CANADA.
Die geologischen Verhaltnisse der Goldlagerstetten des Klondlkegebietes. By Dr.
Otto Nordenskjold. Zeltschrift fur Praktische Geologie, 1899, pages 71-83, with a
map in the text.
The author made a stay of several months in the Klondike district in 1898, with the
view of reporting on its capabilities to a group of Swedish capitalists who had sent
him out there. He gives, in the first place, a brief topographical description of the
area, and shows that practically all the streams carry gold. Viewed as a whole, the
district is a plateau, lying at about 3,000 feet above sea-level, wherein the rivers have
carved out valleys from 1,000 to 2,000 feet deep. These valleys, however, do not
possess the character of canons : terraces range along the Yukon, and at the
junction of the Eldorado and Bonanza creeks rise 200 to 300 feet above the stream.
These terraces are mostly gold-bearing.
It would appear that neither Mr. Spurr's description of the rocks in the neighbouring
American territory, nor Messrs. Dawson, McConnel and Russell's careful studies of
the Upper Yukon (Fort Selkirk and Porcupine River districts) can be extended by
analogy to the Klondike district proper: in these regions the rock-succession varies
greatly from place to place.
Round about Dawson City the hills are made up of decomposed diabases, actinoliterocks and chlorite-schists, interbedded almost horizontally with graphite and
granulitic schists. Among these occur crush-zones, characterized by friction-breccias,
in which here and there gold has been found. Such are the rocks which predominate
for about 12 miles along the Klondike river, but southward of this, along the Bonanza,
Hunker and Sulphur Creeks, etc., stretches a vast area of fairly uniform, more or less
intensely folded and crushed, mica-schist, abundantly felspathic. In this area, the
richest finds of gold have been made, and the author designates the mica-schist as
the "Eldorado type." Between the Klondike and Indian rivers, and for some distance
south of the latter, the outcrops are mainly biotite-gneisses; but in the region of the
Stewart river there is an endless alternation of halleflintas. chlorite-, biotite- and
hornblende-schists with thin bands of limestone, etc. Between Dominion and
Australia creeks, the hills are made up of a massive, finely crystalline, light pink
granite. All the rocks that have just been enumerated are traversed by veins of
varying character, some of which are connected with the original
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mountain-folding, whereas others are of a later date. In the central gold-field thick
veins of pure white, hungry quartz are extremely common, but they have proved
quite barren of gold so far. In the peripheral portions of the Klondike district, on the
other hand, quartz-veins seldom occur, but eruptive vein-rocks such as porphyrites,
syenites, etc., are much more frequent. Porphyritic granite-veins are abundant in the
Stewart river district: in these the author failed to observe any gold or even pyrites.
It is said that coal crops out in the Upper Klondike valley, below the mouth of Flat
creek: the author believes it to be a freshwater formation of Cretaceous or Eocene
age. The valleys were cut down to their present depth during late Pliocene or early
Pleistocene times. Even before that, slow weathering of the surface-rocks began on
an extensive scale, and has continued ever since. From that period date the richest
gold-placers. The deeper layers of old gravel are frozen into a mass which is never
reached by summer thaws, and so they have remained in place just as if they had
been cemented into a true conglomerate. The very existence all over this region of

the deep crust of weathered rock proves that it was at no time covered by an ice-cap:
there were, at most, some small, quite local glaciers at the head of the valleys.
Only in the peripheral portions of the Klondike district has gold been found as a
primary deposit, that is, occurring in matrix-rock which is in situ. Near Dawson City,
for instance, gold is found in small quantities in nests of quartz in a great belt of
breccias in the greenstone-formation.
The richest gold-bearing creeks in the area are the Eldorado, Bonanza, Hunker,
Dominion, Sulphur Bear, All Gold and Quartz creeks, with their several tributaries:
none of them are large streams. The author, in his description of the placers, selects
the Eldorado creek as typical. The old alluvia, consisting of gravels with a little sand,
are, as one might expect, thicker and their pebbles more rounded the lower down the
valleys that they arc struck. The materials of which they are made up are mostly the
rocks that now come to-day in the immediate neighbourhood. The gold occurs in
grains and nuggets of all sizes and shapes, though not as a rule very much rounded,
in a long strip of gravel about 120 feet broad and 1 to 2 feet thick, which follows
closely the decomposed bed-rock. The latter is itself rich in gold, and is often
successfully worked to a depth of 8 or 10 feet: moreover, on either side of the richest
portions of the gravel-strip much gold is found in the bed-rock across the entire
breadth of the valley. The upper layers of the gravel contain little or no gold, and the
same remark applies to the recent river-deposits. Remains of mammoth and other
extinct mammals occur in association with the precious metal. The terrace-deposits
or bench-claims are most extensively developed along the Bonanza creek; most of
them lie only a few feet higher than the present valley-bottom, and some of them are
as rich as the best creek-claims. The frequent occurrence of quartz-fragments in
association with the gold-grains points (in the author's opinion) to the original
connexion of the precious metal with the eruption of acidic magmas, which evidently
accompanied the processes of mountain folding. The pale mica which is also
associated with the gold and is characteristic of the neighbouring rocks, is probably
due to solfataric phenomena as much as to dynamo-metamorphism.
The author describes the rather primitive methods by which the placers have been
worked hitherto, and points out that the mineral wealth of the district surpasses that
of any known gold-field in British Columbia or Eastern Siberia. He estimates that
during the next 4 or 5 years it will yield annually from £2,000,000 to £3,000,000, and
thinks that further discoveries of gold, over and beyond the area already known, may
be looked for.
L. L. B.
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THE PROBABILITY OF OUTBURSTS OF FIRE-DAMP.
Sur une Application du Calcul des Probabilites a la Frequence des Degagements
instantanes de Grisou. By J. Beaupain. With a preface and addendum by Emil
Harze. Annales des Minis de Belgique. 1900, vol. v.,pages 3-28.
With reference to the investigation undertaken by the Societe Beige de Geologie,
de Paleontologie et d'Hydrologie, as to the influence of earth-tremors on the
evolution of fire-damp, Mr. Harze inquires as to the extent to which the alleged
relationship between these phenomena is supported by official records of
sudden outbursts of fire-damp or ignitions of that gas in Belgium. During the 30 years
from 1869-98, comprising 9,000 working days, there were 3 days in which 2 sudden
outbursts of fire-damp occurred, out of a total of 237 of such outbursts. During the
same period, 2 accidents by ignition of firedamp never occurred on the same day.
To ascertain whether the 3 cases of 2 outbursts in one day were only the result of the
law of probabilities the following problems were submitted to Mr. J. Beaupain:—
Given an urn containing 9,000 numbers, out of which single numbers are
successively drawn and returned to the urn after each drawing: In how many
drawings is it probable (1) that at least one number will be drawn at least twice; (2)

that at least two numbers will be drawn at least twice; (3) that at least three
numbers will be drawn at least twice.
The solutions of these three problems are
respectively, 112, 175 and 222 drawings, all inferior numbers to that (237) of the
cases of sudden outbursts of fire-damp.
From which it is concluded that the rare
cases of two sudden outbursts on the same day cannot support the idea of a
common seismic origin.
In an addendum, Mr. Harze gives the results of an
inquiry as to abnormal disengagements of fire-damp on the occasion of an
earth-tremour on July 19th, 1899.
Inquiries were made at 9 fiery collieries
extending through the whole Belgian coal-field from west to east, these collieries
comprising at least 43 important mines.
The result was entirely negative, no
unusual evolution of fire-damp having been observed.
W. N. A.
THE CAUSE OF IRREGULARITIES IN THE DETERMINATION OF FIRE-DAMP
BY MEANS OF ITS IGNITING LIMIT.*
Note sur une Cause Apparente d'Erreur dans le Dosage du Grisou par les Limites
d'Inflammabilite.
By — Lebreton.
Annales des Mines, 1899, vol. xvi., pages 95104, with 1 diagram in the text.
This process for determining the percentage of fire-damp consists in
determining the limits within which a non-combustible gas will explode when mixed
successively with pure air and with the air containing fire-damp, to be tested. The
difference between these two figures measures, by means of a constant, the
proportion of marsh-gas in the air containing fire-damp.
It has often been found that inexplicable differences are at times obtained in making
these tests. The author has discovered that these variations in the limits of
inflammability depend entirely upon the inclination of the eudiometer in which the
experiment is performed. He has found that, for a given angle, the limit of
inflammability of each gas tried (coal-gas, fire-damp from a blower, and hydrogen) is
absolutely fixed; that when the eudiometer-tube is inclined to the vertical, the limit of
inflammability decreases rather
*Trans. Inst. M. E., vol. ix., page 373.
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slowly, until the tube makes an angle of about 43 degrees to the vertical, then more
rapidly down to an angle of 83 degrees 45 minutes, beyond which it was impossible
to go.
[Table omitted]
The preceding table shows the results obtained with an eudiometer containing 80
cubic centimetres.
H. L.
FIRE-DAMP IN METALLIFEROUS AND OTHER MINES, BELGIUM.
De la Presence des Gaz Hydrocarbones dans les Exploitations Souterraines des
Minieres et Carrieres. By J. Libert, Annales des Mines de Belgique, 1899, vol. iv.,
pages 48-54.
It is not only in coal-mines that disengagements of fire-damp occur; but this gas is
also met with, under exceptional circumstances and to a smaller extent, in the
underground workings of metalliferous and clay-mines. The author has found records
of the five following accidents due to the ignition of carburetted hydrogen in
administrative documents relating to mine-workings in the province of Namur, in
Belgium, where there are many iron-ore mines and clay-pits.

(1) The earliest case known (October 24th, 1860) occurred in the sinking-shaft, which
had attained the depth of 24 feet (7.4 metres) of an iron-ore mine at Florennes. A
workman, being let down the shaft, stopped at the depth of about 5 feet (1.5 metres)
to light his lamp; but a violent explosion ensued, the flame of which, burning the man
on the face, hands and right arm, rose 5 feet above the shaft-mouth. The gas is
supposed to have been given off by some decomposing vegetable substance in an
old working struck by the shaft.
(2) In an iron-ore mine at Saint-Aubin, a miner declared that, while taking a lighted
lamp into a working 20 feet (6 metres) long, driven from the bottom of the windingshaft, 59 feet (18 metres) deep, and on reaching the face he was thrown down by a
fire-damp explosion.
(3) A similar but more serious accident occurred in a clay-pit at Coutisse. The
winding-shaft was stopped at the depth of 125 feet (38 metres), and a heading had
reached the length of 10 feet (3 metres) from the shaft, when a man, who had
already bored two advance-holes, 30 feet (9 metres) deep, which encountered the
timbering of an old working abandoned 8 years previously, was putting in a third hole,
that had attained a depth of about 7 feet (a little
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more than 2 metres), when the drill was expelled with violence, being followed by a
disengagement of gas. Before the men could extinguish a naked light hung from the
roof, the gas ignited, causing a violent explosion that seriously injured one of them.
(4) In a clay-pit at Wierde two shafts had been sunk, one to a depth of 89 feet (27
metres), in which a heading had been driven, ventilated by air-pipes surmounted by a
funnel, and the other to 69 feet (21 metres), in which there was also a heading, but
unventilated, as well as indications of old workings. In the last-named shaft, on a man
putting fire to the gas, an explosion and the subsequent air-blast threw him down
twice, the expansion of the gas being so great that the axle of the winch on the
surface was thrown a distance of 7 feet (2 metres).
(5) The last accident of this nature officially recorded occurred on December 23rd,
1897, in a clay-pit at Braibant, where a workman was burned on the face and hands
in a sinking-shaft 23 feet (7 metres) deep. At a place in the side of the shaft water
with a bad smell leaked out, and subsequently the end of an old working was laid
bare, exposing straw and timber. Nevertheless, a workman lighted his lamp and hung
it up about 3 feet above the shaft-bottom ; and the ignition of gas occurred soon
afterwards.
It appears evident that the carburetted hydrogen disengaged in these outbursts was
not of natural origin, but was probably due to the decomposition of timber and other
organic matter in abandoned workings. The composition of these gases may be very
complex, comprising in some cases sulphuretted hydrogen; and, owing to the
impermeability of the clay-masses, the gas may acquire a certain degree of pressure,
as was noted in one of the above-named cases.
Inflammable gas is not likely to be met with where there has been no previous
working, notwithstanding the presence of lignite, which sometimes traverses the clay
in the form of thin seams; nor can the fire-damp in clay-pits be attributed to the Coalmeasures, seeing that the coal-seams in the Andenne basin, where most of the
ignitions occurred, do not evolve any gas.
J. W. P.
FIRE-DAMP ACCIDENTS IN FRENCH COLLIERIES.
Analyse des Rapports Officiels sur Ies Accidents de Grisou survenus en France
pendant les Annees 1891 a 1897- By — Glasser. Annales des Mines, 1899, series 9,
vol. xvi., pages 137-189.

The elaborate tables, drawn up by the author, of all fire-damp accidents having
caused personal injury or loss of life in French mines during the years 1891 to 1897,
both inclusive, may be summed up in the annexed table.
Sufficient details regarding the circumstances which attended each accident, the
state of the ventilation, etc., will be found in the remarks which accompany the tables.
Moreover, the author draws attention to a number of accidents which he has not
tabulated: for instance, during the years under review, 5 explosions were traced to
ignition of dust, and claimed 18 victims, of whom 8 were killed and 10 badly injured.
Six explosions (not tabulated above) were due to inflammation of the gases yielded
by the slow distillation of coal: among these was the terrible disaster of Blanzy. in
February, 1895, when 28 men were killed and 8 others injured. Suffocation by gases
other than fire-damp swells the roll of the dead by no less than 34: of these 24
[12]
were asphyxiated at Rochebelle, in June, 1896, by a sudden outburst of carbon
dioxide into the Fontanes pit.
[Table omitted]
Gloomy as they may be from one point of view, the author's statistics are
encouraging from another point of view: they show the enhanced safety of human life
in the French mines during 1891-1897, as compared with preceding years. The
average number of deaths due to fire-damp figures out at 0.43 per million tons of
output, and at 0.88 per 10,000 workmen per annum. This result is attributed in an
official report, made to the French Ministry of Public Works, "to the increased
precautions taken in fiery mines, to the growing progress in ventilation, to the use of
safety-explosives, and to the ever more careful watching for fire-damp."
L. L. B.
EXPLOSION AT THE CAROLINENGLUCK COLLIERY, BOCHUM, WESTPHALIA.*
Die Explosion auf der Steinkohlengrube Ver. Carolinengluck bei Bochum am 17.
Februar, 1898. Official Report. Zeitschrift fur das Berg-, Hutten- und Salinen-wesen
im Preussischce Staate, 1899, vol, xlvii., pages 45-68, and 2 plates.
On February 17th. 1898, at 6.45 a.m., shortly after the day-shift had gone down the
pit, an explosion took place at level No. 5 (1,110 feet) in the Carolinengluck colliery. It
started with the ignition of a local accumulation of fire-damp, but its effects were so
intensified by the presence of coal-dust that it resulted in one of the greatest
disasters that have ever befallen the Lower Rhenish and Westphalian coal-field. No
less than 116 lives were lost, and in addition 3 persons wore badly injured.
*Trans, Inst. M.E., vol. xvi. page 579.
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The Carolinengluck colliery works almost exclusively the seams of the
bituminous coal-group: the coal yields about 4 per cent. of ash, and reckoned apart
from the ash, 25 per cent. of volatile matter. It is of a tolerably firm texture and is
mostly won by shot-firing with dahmenite A.
The Coal- measures here are
overlain by about 230 feet of Chalk Marl; owing to an over-thrust fault, which has a
downthrow of 200 feet, the field is divided into a northern and a southern district.
The seams strike east and west, and have dips varying from 25 to 60 degrees. The
colliery is worked by three shafts: one in the southern district going down to No. 4
level (785 feet) has been used since 1891 exclusively as an upcast shaft.
The
second, 1/2 mile farther north, going down to No. 5 level (1,110 feet) is used as a

joint winding and downcast shaft for the northern and southern districts. The third,
160 feet distant from the second, goes down to No. 4 level, and is used as an upcast
for the northern district.
In the northern district, the only one which need be considered in connexion with the
explosion, the daily output sent to bank by about 470 workpeople was 640 tons. The
amount of fire-damp generally given off in the Carolinengluck colliery is small in
comparison with that of other collieries in the neighbourhood: it is reckoned that
about 175 cubic feet of gas are given off for every ton of coal drawn. As showing,
moreover, how very moderate is the gassiness of these seams, it may be noted that,
for several days after the explosion, despite complete chaos in the ventilationarrangements, hardly any fire-damp could be traced in the pit. Blowers had certainly
never been met with: yet, during the 10 years 1887 to 1896, no less than 8 ignitions
of fire-damp had taken place, with a total loss of 2 lives and injury to 10 other
persons. Temperatures in the pit were always comparatively low.
With regard to coal-dust; however, the author has quite another tale to tell. The
seams, especially in the northern district, are dusty in the extreme; but, as the active
association of dust with previous explosions had in no case being emphasized, it had
not occurred to the management to adopt any system of spraying or watering the
workings. It so happens that the workings m the eastern part of the northern district
are excessively dry, while those in the western part are wet, but the water there
comes from the stone, not from the coal.
The lamps in use were safety-lamps with a single gauze, internal igniters, and special
locks. The oil burnt in them was rape, with a large admixture of petroleum, the result
being that the lamps clogged very quickly, the igniters did not act properly, and so the
workmen were often tempted to tamper with them: this was the more easy to do as
the locks could be removed, and put back again almost unnoticed. After the disaster
several of the workmen's lamps were found open, yet these had been delivered over
to the men sealed and in good order, that very morning.
Shot-firing in the coal was always carried out with, dahmenite A, dynamite being
used only for blasting stone. Ordinary fuzes were employed, with fulminating caps,
and were ignited by tinder, steel and flint. Shot-firers were specially told off to stem
and fire the shots.
When the catastrophe took place most of the pitmen had barely reached the workingface, others were on the way thither, while the remainder were sitting down in groups
and chatting. The atmospheric concussion extended far into the southern district, that
is, beyond the winding-shaft. Throughout the area immediately affected by the
explosion coke was found to have been formed, in all stages, from microscopically
small beads, with which the floor was strewn, to great thick crusts; and indeed the
actual course followed
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by the enormous tongues of flame was indelibly mapped out by this cokeincrustation. Deposition of dust and soot took place over a far wider area than that
covered by the coke. Throughout the whole of No. 4 and No. 5 levels in the northern
district, and even 300 feet south of the winding-shaft, dust lay thick like velvet-pile on
every plank and pipe and plane rock-surface. Some of the rescuers ran the risk of
being choked by the dust stirred up as they groped along. It was proved by chemical
analysis that this was not undiluted coal-dust, but that stone-dust was mixed with it:
in colour it varied from dark brown to black, and yielded in some cases 32 per cent.
of ash. Timbering was in many places shattered, splintered and scorched, bratticecloths had been ripped down, rails torn up and twisted, and whole trains of tubs had
been hurled along and tumbled into chaotic heaps.
All the probabilities point to the disaster having arisen as follows:—A hewer, provided
with a safety-lamp, was working a ventilator by hand, when the flame from his lamp

in some unexplained way blew through the gauze and ignited the fire-damp that was
being ejected by the ventilator at a high speed. There is conclusive evidence that the
chief agent in the further spread of the explosion was coal-dust and not fire-damp.
The doctors examined very carefully the bodies of 109 out of the 116 victims. In 58
cases they found no bones broken, but the exposed portions of the body (face, throat
and hands) were scorched and blackened with coal-dust burnt into the skin. These
deaths were evidently due to suffocation from want of oxygen. The explosion had so
completely and rapidly exhausted the pit-air of oxygen that none of the victims were
deeply scorched: the burns appear to have affected the epidermis only and not the
epithelium, and clothes and hair were only slightly singed. In 14 cases there was
injury to, or fracture of, bones, besides the burning of coal-dust into the skin: the
victims were evidently hurled against timber or rock and knocked senseless. The
remaining 37 cases were deaths due to poisoning by carbon monoxide or after
damp.
As a consequence of this disaster, the Prussian Government have formulated
revised regulations for the Dortmund coal-field, and in regard to the Carolinengluck
colliery, orders were immediately issued to suspend operations in the eastern portion
of the northern district until such time as an organized system of water-spraying had
been put in force. Meanwhile, even in the western portion, work was allowed solely
on condition that the coal-dust should by some means or other be kept damp until a
proper spraying-system was at work, and the latter must be ready in three months'
time.
L. L. B.
UNDERGROUND PUMPING-ENGINES.
(1) Neuere unterirdische Wasserhaltungsmaschinen fur Bergwerke. By B. Gerdau.
Zeitschrift des Vereines Deutscher Ingenieure, 1899, vol. xxxiii., pages 29-36 and 5765.
(1) The compound engine at the Hansa pit, Dusseldorf, is remarkable for the great
height of the lift, and for the manner in which a water-feeder in the shaft is utilized.
The engine is placed at a depth of 2,179 feet, and has the following dimensions:—
High-pressure cylinder, 27.56 inches; low-pressure cylinder, 43.31 inches; air-pumps,
9.84 inches; ram-plungers, 4.13 inches; and stroke, 39.37 inches.
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At 60 revolutions, 440 gallons of water are raised per minute to a height of 2,179 feet.
The steam-cylinders are coupled at right angles, and each is fitted with its own airpump and two single-acting ram-pumps. The water is raised from the sump 138 feet
below the engine, or 2,317 feet from the surface (by a lifting set of pumps worked by
a small two-cylindered water-pressure engine, driven by a water-feeder with a head
of 1,092 feet) and delivered into a well in the engine-room, whence it is drawn by the
suction-pipes of the air-pumps through the condensers, and passed into the suctionpipes of the main pumps under a pressure of about 7 feet, and is forced to the
surface in a single lift through a rising main 7.72 inches in diameter. The suction of
the main pumps is arranged so that any excess of water from the motor-column not
required by the water-pressure engine can be passed in at full pressure. Steam is
brought from the surface by an insulated pipe, 6.89 inches in diameter, at a pressure
of about 75 pounds, both at the boilers and at the engine. The engine-room is 120
feet long and 27 feet broad.
(2). At the Piesberg colliery, near Osnabruck, the compound condensing engine is
placed in an engine-room 128 feet long and 13 feet broad. It lifts 2,640 gallons to a
height of 590 feet when working at 60 revolutions per minute. The pumps are 10.83
inches in diameter by 35.43 inches stroke. The consumption of steam, at a pressure
of 6.8 atmospheres, was 17.50 pounds per indicated horsepower, and the engines
developed 304 horsepower against 264 effective horsepower in the water delivered.

(3) At the Rheinpreussen colliery, near Homburg, there are two hydraulic shortstroke rotary engines. The hydraulic power is produced by a compound engine with
cylinders 29.92 and 47.24 inches in diameter by 39.37 inches stroke, and four
pressure-pumps 3.46 inches in diameter, running up to 55 revolutions per minute.
The underground engine has three power-pistons, 4.13 inches in diameter, and three
plunger-pumps 5.94 inches in diameter by 31.50 inches stroke, and at 60 revolutions
has a piston-speed of 315 feet per minute. With 369 1/2 indicated horsepower 550
gallons of water are lifted per minute against a head of 1,519 feet, or 252 effective
horsepower, showing a duty of 68 1/2 per cent. The pressure-pipe is 4.13 inches in
diameter, the return-pipe is 4.53 inches in diameter, and the rising main is 9.84
inches in diameter. These hydraulic engines have been run for several days under
water.
(4) An electric pumping-plant at the Zollverein colliery comprises a compound
marine engine of 450 to 500 horsepower, driving a dynamo at 150 revolutions per
minute, and producing 300 kilowatts at 1,000 volts. The continuous-current exciter,
on the same shaft, develops 100 amperes at 110 volts; and a small exciter, driven by
an independent steam-engine, is used at starting until the motor-engines have
acquired their proper speed, and the main exciter takes over the entire work. The
current is conveyed down the pit by two cables, each having three insulated copper
conductors with a section of 0.279 square inches. The underground pumping-engine
has two differential plunger-pumps, with rams 5.00 and 7.09 inches in diameter by
39.37 inches stroke, and the motor runs at 62 revolutions per minute. The surface
engine, at 142 revolutions per minute, develops 426 horsepower, whilst the pumps at
60J revolutions lift 671 gallons to a height of 1,348 feet, equivalent to 278 effective
horsepower, or a duty of 65 1/2 per cent. The consumption of steam is 15.5 pounds
per indicated horsepower and 23.4 pounds per effective horsepower.
The following table shows the consumption of steam by various systems
of pumping: —
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Consumption of Steam per effective
Working
Horsepower per Hour
continuously
Engines pumping by means of rods from
surface
Underground steam-engines
.,
hydraulic engines
,.
electrically-driven engines.

Pounds.
11 to 12
10 1/2
10
10.65

Working
12 hours
per day
Pounds.
11 to 12
12 1/2
10
10.65.10.65

Working 6
hours per
day
Pounds
11 to 12
16 1/2
10

M. W. B.
(2) Note sur la Machine d'Epuisement Systeme Kaselowsky. By Charles Francois.
Revue Universale des Mines, 1899, vol. xlvii, pages 152-164, with plates.
In the first applications of underground pumping-engines, the motive power of which
is water under pressure, the only object was the utilization of a natural or artificial
head of water; but when it was found that the transmission of power by water under
pressure had many advantages, the number of applications increased. In a
comparison between steam- and water-pressure pumping-engines, it may be
concluded that their useful effect is practically equal, from 70 to 77 per cent. having
been obtained in trials with steam-pumps at the collieries of La Louviere and La Paix,
and with water-pressure pumps, 69 per cent. at the Pluto colliery and 74 1/2 per cent.
at the Gottessegen.

With respect to depth, as pits are deepened the temperature of the mine-water
increases; and consequently when steam is used the condensation is more difficult
and costly, a cause of lowering the yield of steam-pumps. Again, there is a limit to
the power of an underground steam-engine, so that two or more must sometimes be
employed instead of one, almost doubling the first cost; but with water under great
pressure a single motor well proportioned can always be made to suffice.
The present tendency is to restrict more and more the dimensions of underground
engine-rooms, especially in the case of loose or broken strata; and the waterpressure engine, by the simple arrangement of its parts, its compactness and the
suppression of a fly-wheel, perfectly fulfils this condition.
With respect to the subdivision of power, small underground motors are sometimes
necessary for mechanical haulage, exploring shafts, etc., while the use of rock-drills
and mechanically-driven wedges for pushing forward stone-drifts, daily increases.
Compressed-air requires an expensive installation, while giving out only a slight
useful effect, and steam cannot be employed; but with water-pressure, all that is
required is to lay down a branch pipe, that takes up little room owing to its slight
diameter.
As regards certainty, the water-pressure pumping-engine will continue to work even if
completely drowned; and it may be started from the surface.
In fine, the water-pressure pump may be regarded as having solved in a practical
manner the problem of pumping from great depths. It affords a sufficiently high
useful effect, does not require a large engine-room, does not heat the ventilating aircurrent (a point of importance in deep mines), does not encumber the shaft
more than a steam-pump, and can work when
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drowned. Although the plant is costly, this disadvantage is largely compensated by
the great advantages of the system, especially in the case of deep and fiery mines.
J. W. P.
UNWATERING THE COMSTOCK LODE, NEVADA.
Bv L. P. Gratacap.
Scientific American Supplement, 1899, vol. xlviii., No. 1,244,
page 19,937.
An operation of immense interest to mining engineers has been in progress for the
last 5 months in the district embracing the famous Comstock mines. The author
refers to the remarkable circumstances connected with the discovery and
development of this wonderful lode, the great difficulties of ventilation,
owing to the great depth and temperature, and the practical loss of the mines
eventually owing to the inflow of water. It was lately determined to make another
attempt to unwater and again render practical the extended working of this invaluable
lode. A plan has been accepted by which the water-level will be reduced 500 feet.
The plant required was a stand-pipe extending from the surface to the required
depth, terminating in an hydraulic elevator discharging into an elevator-pipe having
its outlet into the Sutro tunnel. The force elevating the water is due to the pressure
and velocity of the jet carrying a continuous flow to the point where it is discharged.
The system is well-known to hydraulic engineers, but never before has it been
employed in a task of such magnitude.
The elevation of the Consolidated shaft at the surface is 6,105 feet above sea-level,
and its extreme depth is 2,900 feet. The water supplying the hydraulic elevator
is ample in quantity and close at hand. The capacity of the ditch is from 150 to 300
miners' inches (of 1 1/2 cubic feet each) per minute. The apparatus comprises a 12
inches steel pipe for the flow and a 15 inches steel pipe for the discharge.
At a
depth of 1,740 feet from the surface, or 100 feet below water-level, the first station
was reached and the first pumping was done.
The pressure at the jet was 1,136

pounds per square inch and the flow of water from the surface was 1,100 gallons per
minute.
At the first attempt, on February 20th, 1899, 8,000 gallons per minute
were discharged into the Sutro tunnel, 140 feet above the jet. An investigation of
all the shafts in the territory adjacent showed a reduction of the water-level, and flow
from the most distant levels was clearly demonstrated.
With the removal
of water in the shaft, a new connexion, generally in 50 feet lengths, was added to
both pipes.
On April 5, 1899, the nozzle of the supply-pipe was enlarged, and
measurements showed a discharge of 150 miners' inches, elevating 7,000
gallons per minute, the supply-pipe at the surface taking in 2,000 gallons per minute.
The cost of the water from the ditch has proved to be less than 17s. or 4 dollars per
day.
As the water had gradually lowered, access to the submerged mines was made
practicable, and preparations for thoroughly prospecting the ground and for taking
out the bodies of ore that were known to have existed when the lower workings were
abandoned 12 years ago, had already commenced. It is not intended to operate the
present system below the 2,100 feet level. At that depth, if the lower parts of the
mines are opened, a permanent pumping-plant, driven by electricity, will be installed,
and it is expected that the problem of ventilation will be solved by the same power.
X. Y. Z.
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GRONDAL-DELLWIK METHOD OF MAGNETIC CONCENTRATION OF IRONORES.
Magnetische Anreicherung von Eisenerzen nach der Methode Grondal-Dellwik. By
Edward Primosigh. Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899,
vol. xlvii, pages 51-53.
The concentration of iron-ores and copper-ores has been a matter of careful study for
many years at Pitkaranta in Finland. As the concentration of the former ore is of more
general interest, its results only will be considered here, those upon copper-ores
being passed over.
At Pitkaranta, magnetite is worked in large quantities. It is, however so poor, and
rendered so impure by the presence of sulphides, such as copper-pyrites and zincblende, that it is unfit for use unless these minerals can be separated. The iron-ore
and the sulphides are moreover so finely disseminated that effective concentration is
only possible when combined with very fine crushing. The percentage of iron in these
ores is rarely above 25 per cent. but often falls below 20 per cent., whilst the ores are
also exceptionally dense so that two difficulties have in the first instance to be
overcome:—(1) To crush the ore cheaply, and (2) to concentrate the powder
successfully.
After several years of research, complete success has attended the experiments for
this purpose, and a new concentration-works has already been built, which has been
in operation for 10 months, treating daily 350 tons of ore. Experiments with rolls and
ball-mills were unsuccessful, and finally a wet-crushing ball-mill was constructed.
This consists of a cast-iron drum lined with chilled-iron plates, and provided with
two large apertures on either side, through which the ore can be introduced and
discharged. This construction presented the following advantages compared with
the Gruson ball-mill:—Greater production with the same consumption of power, less
cost of repairs and of working (about half), and ability to crush the ore in a current of
water, by which means the production of dust is entirely prevented. Of the 8 mills
now working at Pitkaranta, 4 are 68.89 inches (1 3/4 metres) in diameter, and
31.49 inches (0.8 metre) wide; the other 4 are about 78.74 inches (2 metres) in
diameter, and about 39.37 inches (1 metre) wide. The former crush about 50 tons
of moderately hard ore in 24 hours, with a consumption of 8 horsepower; the latter
are designed for the crushing of extremely hard ore, and treat about 30 tons in 24

hours, the pieces being introduced in lumps about the size of the fist and ground
down to pass through 0.02 to 0.04 inch (1/2 to 1 millimetre) mesh.
The repairs
consist in the renewal of the chilled-iron linings, which wear out in about 1 1/4 years,
and in the replacement of the cast-steel balls. These wear out at the rate of about
33 pounds (15 kilogrammes) of metal per 100 tons of ore.
Each separator consists of 2 rotating cylindrical portions, the separator proper and
the discharging-drum. The separator consists of 4 circular electromagnets, the ends
of which are separated by brass rings, whilst they are coupled together at the shaft.
The discharging-drum consists of 8 concentric rows of soft-iron pins, which are set in
a wooden drum. The pulp is conveyed to the magnets, which attract the magnetic
portion, whilst the non-magnetic portion flows away. The points of the dischargingdrum receive temporarily induced magnetism as they approach the magnets, the
result of which is that the particles of iron-ore adhering to the magnets are transferred
to the former. Whenever these iron points recede from the magnets, they lose their
induced magnetism, the grains of ore drop off, and are thus delivered to a separate
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Trough, by means of which they are carried away. The process is automatic, and
one workman can look after several separators. A separator requires 1/2
horse-power for driving and 8 amperes at 35 volts for the electro-magnets. By
increasing or diminishing the quantity and tension of the current, the separators
can be regulated with the utmost accuracy, so that they can also be employed for
calcined red haematites and spathic iron-ores.
With most other separators
intermediate products are obtained, containing from 6 to 10 per cent. of iron. In this
case there is no bye-product, and the tailings contain only from 1 to 1 1/2 per cent. of
magnetite. According to the contents of iron in the ore, these separators can treat
from 25 to 50 tons of ore in 24 hours. The concentrate contains from 65 to 71 per
cent. of iron, and it makes no difference whether the original ore contains 18 or 40
per cent. of iron.
A point of considerable importance to the process is the briquetting of the
concentrates.
Concentrates can only form a small proportion of a blast-furnace
charge in the form of powder, as the furnace would readily become choked by their
use in quantity. The greater portion must therefore be briquetted. This is
done by compressing the wet powder into briquettes, and heating them in this
form for a short period up to 700° or 800° Cent., or else by mixing them with from 3 to
5 per cent. of lime, and leaving the briquettes so formed for about two weeks, by
which means excellent results have been obtained. A briquette-press produces
in 24 hours more than 8 wagon-loads of briquettes, with a consumption of
6 horsepower.
Such briquettes form an ore containing a high percentage of iron;
they are porous and very easily reduced.
The available water-power, at the site selected for the works, was 125 to 150
horsepower, and including its utilization the costs of the erection of the works for the
treatment annually of 120,000 to 150,000 tons were as follows: —
Plant.
2 Ore-hreakers
2 Bucket-hoists
8 Ball-mills
8 Magnetic separators
Dynamo and electric plant
Pump, 132 gallons (600 litres) per minute
Shafting and belting
Building
Erection and miscellaneous expenses

Motive Power.
12 horsepower
4
.,
96 to 120 “
4
,,
4
,,
4
,,
----

Florins.
2,900
1.600
20,900
15,800
1,600
650
5,200
6,500
9,850

£
290
160
2,090
1,580
160
65
520
650
985

Totals

124 to 148

,,

65,000

£6,500

If richer ore is to be treated, the proportion of separators must be increased. If the ore
be excessively hard, only 75,000 tons can be treated per annum.
The working costs per annum are as follows: —
Maintenance of the crushing machinery
,,
hoists
“ building
Wages, (high).
Administration and miscellaneous expenses

Florins.
11,000
1,300
650
6,500
13,000

£
1,100
130
65
650
1,300

Totals

32,450

£3,245

— So that the cost for the treatment of 120,000 to 150,000 tons would be about 6
1/2d. (26 kreutzer); or in the latter case, treating 75,000 Ions, 11 1/2d. (46 kreutzer)
per ton. If no water-power is available, the cost for horsepower at ,£13 (130
[20]
florins) per horsepower per year must be added. The total costs thus amount to 8d.
(32 1/2 kreutzer) or 1s. 4d. (65 kreutzer) per ton of crude ore. At Pitkaranta, the costs
of concentration, including the employment of steam power from January to
September, 1897, amounted to 11d. (1.16 francs) per ton of crude ore.
H. L.
DENSE LIQUIDS USED FOR THE SEPARATION OF COAL AND SHALE
Note sur l’Emploi des Liquides plus Lourds que I'Eau pour l’Analyse des Charbons
et pour le Controle Rapide des Operations de Lavage.
By—.Maurice. ComptesRendus mensuels des Reunions la Society de I'Industrie Minerale 1899, pages 144165.
In the determination of the proportions of shale in small coal a rectangular metal box
is used 34, inches square and 12 inches long, closed at one end and divided in the
middle by a hinged door, which ordinarily is kept open by a spring, but can be closed
by a chain from the outside. The lower portion of the box is filled with a solution of a
proper density (one in which coal will float and shale will sink). The door is closed, a
weighed sample of about 1 pound of small coal is placed in the upper portion above
the door; and the box is filled with solution. The door is then lowered and the
contents of the box are stirred, and after standing for a few seconds for the shale to
settle, the door is shut. The separated coal is entirely contained in the upper portion
and is collected upon a sieve with holes 0.08 to 0.12 inch in diameter, and the weight
of the shale in the lower portion when the solution has been poured off gives a close
approximation to the amount of incombustible matter.
The salts suitable for use are enumerated in the annexed table, giving the density of
their saturated solutions at a temperature of 59° to 68° Fahr. (15° to 20° Cent.).
Suitable Salts.
Calcium chloride
Zinc sulphate
Potassium bromide

Specific gravity
of saturated
Solution

1.411
1.445
1.500

Suitable Salts.
Zinc chloride
Sodium iodide
Cadmium chloride

Specific gravity
of saturated
Solution

1.740
1.810
1.890

Cupric chloride
Sodium bromide
Ferric chloride
Calcium bromide
Barium bromide
Potassium iodide

1.528
1.565
1.682
1.652
1.712
1.734

Magnesium iodide
Barium iodide
Calcium iodide
Zinc iodide
Zinc bromide

1.910
1.953
2.006
2.185
2.391

M. W. B.
RUSSIAN IRON-INDUSTRY.
L'Industrie Siderurgique Russe, Etude Economique.
By Paul Trasenster. Revue
Universelle des Mines, 1899, vol. xlvi, pages 151-213 and 273-312; and vol. xlvii.,
pages 33-68.
An idea of the enormous development of the iron-industry in Russia during the last
few years is given by the fact that the pig-iron production, which was less than
500,000 tons in 1883, attained 1,000,000 tons in 1891 and exceeded 2,000,000 tons
in 1898. The progress of the consumption has been still more rapid, as shown by the
imports of iron-products, which have exceeded 500,000 tons for each of the last five
years.
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The remarkable progress of this industry in Southern Russia has been stimulated by
foreign capital; but its future depends upon the extent of competition by other
districts, which are also beginning to attract foreign capital. Central Russia, where
there was an ancient charcoal-iron industry, has entered into the movement by
resorting to Donetz coke; and the two Tula blast-furnaces have furnished an example
that will soon be followed by others at Tambov, Orel, etc. The Ural does not refrain
from the struggle, for large concerns have been started with Russian capital, while
two French companies are endeavouring to rejuvenate the iron-industry by reserving
the precious vegetable fuel for smelting the excellent local ores, and creating
transformation-works on the Volga with naphtha as fuel.
A project for conveying the Southern Ural ores to the Donetz, which is due to the
increased cost of Krivoi-Rog ore, appears rather premature with the present means
of communication; but one of the large ore-deposits, that of Bakal, is provided with
railway communication by the recent making of a branch from Bakal to the Berdiauch
station on the Samara-Zlatoust railway. The idea of bringing mineral fuel to the Ural
ironworks comprises several variants, the most natural one being to use the Ural
coals; but at present the latter have not yielded blast-furnace coke. Donetz coke has
been tried at works in the Southern Ural; but carriage brings up the cost to about half
as much again as that of charcoal. A proposition has also been made to use Siberian
coke; but the nearest of the large Siberian coal-fields, that of Irtych, does not appear
to yield a good coking coal, although this point is contested.
The iron-industry of Poland, handicapped by the absence of good ore and bituminous
coal, is nevertheless making progress, thanks to cheap coal and labour. The rather
artificial industry of St. Petersburg, that originated m the consumption of foreign pigiron and fuel, is becoming nationalized, owing to very low carriage rates, that permit
of its receiving pig-iron from the centre and south. The relative importance of the
various districts is shown by the annexed table, which gives the production of pig and
finished iron, and also steel, from the provisional statistics for 1898.
Districts.

Southern

Pig-iron.

Tons.
1,006,000

Puddle-bars.

Steel Ingots.

Finished iron
and Steel

Tons.
33,000

Tons.
720,000

Tons.
626,000

Central
Ural
Poland
St. Petersburg

180,000
714,000
263,000
27,000

73,000
357,000
75,000
42,000

160,000
190,000
245,000
176,000

178,000
385,000
252,000
207,000

Totals - 1898
1897

2,190.000
1,836,000

580.000
572,000

1,491,000
1,200,000

1,648,000
1,371,000

Of the five iron-making districts in Russia, which are, in the order of their age, the
centre, the Ural, Poland, St. Petersburg, and the South, the last-named and latest in
point of development occupies the first rank as regards the importance of its
production. This was already the case in 1897; and the preceding table shows that It
produced last year 1,006,000 tons out of the
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total of 2,190,000 tons, the total for 1897 having been 1,836,000 tons. Hitherto
increase in the consumption has followed, or rather preceded, that of the production,
as is shown by the large figure of the imports, those of last year representing
1,000,000 tons of pig-iron, one ton of finished iron being taken as representing 1 1/2
tons of pig-iron. Owing to the active demand, competition has not hitherto been too
keen between the old and new districts; but such will not always be the case, and it is
not without interest to inquire into the comparative economical conditions constituting
the factors in the production of the various industrial centres.
The South possesses the fuel furnished by the large Donetz coal-field which
produces all the descriptions required by ironworks, and also the ore yielded by the
Krivoi-Rog mines for the Bessemer process, and that of the Kerch deposit for the
Thomas process. Both these classes of ore occur in large deposits that can be
worked opencast; and they can be put out at very slight cost—about 2s. 6 1/2d. per
ton (2 kopecks per pud). The carriage from Krivoi-Bog to the Donetz costs about 6s.
11d. per ton (from 5 to 5 1/2 kopecks per pud) to which must be added the royaltyrent and the mine-owners' profit; but this is at the outside 1s. 3 1/4d. per ton (1
kopeck per pud) for the old companies, while attaining three times and even more
that rate in recent contracts. The sale price, less than 6s. 4d. per ton (5 kopecks per
pud) before 1897, has now doubled; but new finds of ore to the south of Krivoi-Rog
have reduced it to 10s. 9d. per ton (8 1/2 kopecks per pud), and in future a mean of
9s. 6d. per ton (7 1/2 kopecks per pud) on wagon, or about 15s. 8d. per ton (12 1/2 to
13 kopecks) in the Donetz, may be reckoned upon. With coke at 16s. 6d. per ton (13
kopecks per pud) and efficient working of the furnaces, Bessemer pig-iron should
cost £2 17s. 2d. per ton (45 kopecks per pud) at the Donetz furnaces. The Kerch ore
does not cost much more than 5s.1d. per ton (4 kopecks per pud) at the works on the
coast, which have to pay about 4s. 5d. per ton (3 to 3 ½ kopecks per pud) for
carriage of the coke, and which should, under these conditions, be able to turn out
basic pig at £2 10s. 10d. per ton (40 kopecks per pud).
In the Central district are found phosphoriferous ores of moderate richness; but fuel
is wanting, coke having to be brought from the Donetz at a cost of about 12s. per ton
(9 to 10 kopecks per pud). Pig-iron, which must cost £3 3s. 6d. per ton (50 kopecks
per pod), is not suitable for the Bessemer nor for the Thomas process, but only for
foundry purposes or for puddling, and the Siemens-Martin basic process. The
transformation is effected either with wood, as at Briansk, or with petroleum, as at
Moscow and on the Volga, while costing appreciably more than in the Southern
district; and under these conditions the development of a large iron-industry in the
Centre appears problematical.

In the Ural, where there are large deposits of good iron-ore, but only vegetable fuel,
charcoal-pig is produced at a comparatively low price—say about ,£3 6s. 8d. per ton
(between 45 and 60 kopecks per pud); but on account of the high cost of fuel and
financial charges, the transformation comes very dear, while the profit is
comparatively slight.
In Poland, good ore and coking coal are wanting; and pig-iron is made for about £3
16s. 3d. per ton (60 kopecks per pud), or from 20 to 30 per cent. dearer than in the
South. On the other hand, coal for the furnaces, and also wages are about 20 per
cent. cheaper, while the labour is also more productive; but again the outlets are
limited on account of the geographical situation.
The factitious industry of St. Petersburg appears to be the least valuable
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under present circumstances, both ore and fuel being wanting; and the pig-iron is
saddled with the cost of carriage, which varies from 15s. 3d. per ton (12 kopecks
per pud) to £1 18s. 1d. per ton (30 kopecks per pud); and British coal pays an
import duty of 1s. 10d. per ton (1 1/2 kopecks per pud), costing bout 17s. 1d.
per ton (13 to 14 kopecks per pud) at the works, or twice as muchas in the Donetz.
The above general remarks are, of course, subject to exceptions, because,
independently of the natural conditions, account must be taken of the special
circumstances of each concern, especially the mineral properties, the nature of the
plant and manufacture, the technical management and the financial conditions. As
regards the capacity for competition, the ratio of the profit to the value invoiced is the
chief factor to be considered. In fact, if there be a fall of 10 per cent. in the sale price,
this fall will leave a good margin for profit at works making 30 per cent. on the sum
invoiced, while the conditions will be difficult for works only making 10 per cent. of
that sum.
J. W. P.
AN ELECTRICALLY-DRIVEN COAL-STAMPING MACHINE FOR COKE-OVENS.
Ueber Kohlenstampfmaschinen. By H. W. Gluckauf, 1899, vol. xxxv., page 951.
The first attempts at compressing coal destined for the production of coke were
undertaken in Upper Silesia. In these experiments, the operation was performed in
the coke-oven itself, either by loading the charge during the coking process with
heavy plates, or by compressing it with the aid of rollers; or finally, by using the cokepusher itself as a compressor. As these various trials did not satisfy expectations, the
attempt was made to pound the coal into a denser mass in a box made either of
wood or iron. The coal is usually charged in layers, which are beaten by means of
machinery.
Of the machines employed for the purpose, some compress the coal that is to be.
coked in a horizontal direction and by successive portions as they are charged;
others, imitating the former operation of hand-pounding, stamp the coals vertically.
Some of the coal-stamping machines have given very good results, namely, under
normal circumstances a mass of coal measuring 40 inches in width, 32 inches in
height and 26 feet long, is pounded and pushed into the coke-oven in an average
time of 20 minutes.
In the Kuhn coal-stamping machine, the coal is admitted into the box by means of a
hopper, furnished with slides which can be regulated, in five or six successive layers
of a thickness of 10 to 12 inches. This coal-box is formed of iron plates
corresponding to the shape of the oven. The sides are movable, so that after the
charge has been pounded into a firm mass they can be removed, and the latter,
together with the bottom plate of the box, is pushed into the oven. This plate runs on
rollers, and is connected with a teethed rod, by means of which, through the
intermediary of spur-gearing, it is moved by the machinery used for withdrawing the

coke. The ram or stamper is fitted on a carriage which travels to and fro along the
entire length of the coal-box.
The coal-stamping machine is worked by means of an electromotor which, by means
of gearing, rotates a shaft and a crank. The crank is fitted with a connecting-rod,
which moves a cross-head. A pawl fastened to the cross-head lifts the teethed rod of
the ram until the lever of the pawl strikes a pin; the pawl is thereby released, and the
ram falls by its own weight upon
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the coal. By the motion of the crank the connecting-rod and the cross-head now
begin to descend until at the bottom the lever strikes a second pin, and the pawl
again engages the teethed rod, which by the revolving crank is lifted upwards; and
thus the operation is repeated. A continuous and uniform blow is thus attained, for
the ram from its last position is each time lifted a definite height and then falls, and as
the thickness of the coal in the box increases, the ram adapts itself automatically, so
that whatever the thickness, a blow of a uniform strength is delivered. The coalstamping machine is automatically moved in a horizontal direction along the box,
whereby an uniform compression of the mass of coal in its whole length may be
effected.
The coke produced from bituminous coal in virtue of the pounding acquires a denser
and stronger structure, and is more suitable for metallurgical purposes; further, it is
possible to add to the coal as much as 15 per cent. of non-bituminous coal without
the coke showing any change in appearance or in the firmness of its mass.
Moreover, a much dryer coal can be used, by which the quantity of gas necessary for
heating the ovens is diminished. In consequence of the heavier charges, the daily
increase in the production of coke per oven is about 10 per cent., without the time
necessary for coking being correspondingly lengthened, and the waste at the top and
bottom ends of the coke is less.
M. W. B.
OTTO RECOVERY COKE-OVENS AT THE PREUSSEN I. COLLIERY.
Koksofen-Anlage mit Gewinnung von Nebenerzeugnissen der Zeche Preussen I. By
H. Gluckauf, 1899, vol. xxxv., pages 685-686.
A plant that will eventually consist of 160 ovens, fired underneath, 32.8 feet (10
metres) long, about 5.90 feet (1.8 metres) high, and 24.80 inches (63 centimetres)
wide in the middle, now being erected at the Preussen I. colliery, Westphalia, is well
calculated to show the great progress that has been made during the last five years
in the construction and working of coke-ovens.
Before deciding on the construction of this plant, a stringent test of the coals was
made at the Otto experimental coke-ovens, which was attended with very satisfactory
results, showing a yield of 73.5 per cent. of coke together with 3.5 per cent. of tar and
1.35 per cent. of ammonium sulphate; and not one of the coke-ovens that has been
in operation for 3 years has shown the slightest sign of deterioration through
overheating. It is expected, when the whole plant is completed and in full work, that
240,000 tons of coke, 11,000 of tar and 4,200 tons of ammonium sulphate will be
produced in a year, while such coke-ovens, fired underneath, generate 1.15 pounds
of steam for every pound of coal coked.
J. W. B.
PURIFYING BLAST-FURNACE GASES.
Procedes pour Epurer Ies Gaz des Hauts-fourneaux. Anon. Echo des Mines et
de la Metallurgie, 1899, page 6,041.
An arrangement for intercepting a large portion of the dust carried along by the blastfurnace gases has been erected on a lately reconstructed furnace at the Chiers
ironworks, Longwy, France, the principle consisting in a sharp change of direction

given to the current. The apparatus consists of a cylindro-conical chimney, at the
base of which is the gas off-take; and the gases pass into an annular space before
reaching the main purifier, which is a rectangular chamber about 5 feet high, divided
into three compartments by
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partitions parallel with the short sides of the rectangle; and the bottom,
containing water, assumes the form of an inverted truncated cone, fitted with a
sliding-door for removing the intercepted dust.
The gases enter the first
compartment by a vertical pipe fitted with safety-valves, strike against the surface of
the water and rise, to descend again in the same manner for the other two
compartments.
After these changes of directions, owing to which the greater
portion of the dust has been thrown down into the water, part of the gas is sent to the
boilers and the rest to the hot-air stoves, which only require cleaning every six
months.
J. W. B.
RAISING THE TEMPERATURE OF BLAST-FURNACES BY INJECTING HEAVY
OILS.
Surelevation de la Temperature des Hauts-fourneaux par Insufflation d'Huiles
lourdes. By F. Laur.
Echo des Mines et de la Metallurgie, 1899, page 6,041. This method of superheating
the blast consists in interposing between the hot-air stoves and the tuyeres an
injector of heavy oils, which pass into the furnace, increasing the temperature and
the yield, while greatly facilitating reduction of the ore. It has been tried with
satisfactory results. Thanks to this arrangement, only smoothed-faced pig-iron is
produced, while the carbon- and silicon-contents are considerably increased.
J. W. B.
AN ELECTRICALLY-DRIVEN STEEL MILL.
An Electric Steel Mill. Anon. Mines and Minerals [Scranton, Pa.], 1899, vol. xx.,
pages 137-138, with 2 illustrations.
At Ensley, 8 miles from Birmingham, Alabama, a new plant has been elected by the
Alabama Steel and Ship-building Company. The capacity of the plant is 1,000 tons of
steel daily, the product of ten open-hearth furnaces. There is also a 44 inches
blooming-mill, and a 27 inches finishing-mill. The plant presents the most modern
electric equipment in America and probably in the world. In the central power-house
there are two units of 225 kilowatts direct-current generators, to which a third unit is
now being added. The generators supply current to the numerous electric motors
used throughout the works, and provide for lighting the mills. The furnace-charging
machines are driven by electric motors; the molten steel is handled by electric
cranes; the moulds, after being filled with molten steel, are propelled by an electric
locomotive, and the ingots are drawn through the re-heating furnaces by electricallydriven gearing. In the blooming-mill, the feed-tables, the travelling tables, and the
housing-screws are operated by electric motors. The run-out tables to the shears,
etc., are driven by electric motors. From the point of passing through the shears, both
billet and scrap are handled by electric conveyors, and an electric-trolley locomotive
shifts the cars under the conveyor. All the departments of the mill are fitted with
overhead travelling-cranes operated electrically, and, in fact, from the arrival of the
crude-ore at the mills until its delivery as finished steel electricity takes an active part
in every stage of manufacture. In the operation of the gas-producers and boilerplants, electric motors turn the grates, feed the coal into the grates, operate the
blowers, and carry the ashes from the boiler-plant
[26]

out of the building. In the whole of this extensive plant, there are but five steamengines, two of which are used to generate electricity, the latter agent performing the
duties which would have required fifty steam-engines.
X. Y. Z.
THE COPPER INDUSTRY OF CHILE.
La Industria del Cobre en el Chile By J. Velasquez Jimenez. Anales de la Sociedad
Cientifica Argentina, 1899, vol. xlviii., pages 209-238, with four figures in the text.
The author sketches the recent history of the copper-industry in Chile and shows
from the statistics of exports that it reached its culminating point in the decade 1876
to 1885, since which year the exports have continuously declined.
He then
describes the famous "corner" in copper of 1887-1889, and points out that the Chilian
mine-owners suffered far more from that disastrous
speculation
than
the
metallurgists. There was every incitement to work the mines in the most
wasteful manner, leaving great hollows and labyrinths of irregular drifts, which
now constitute a serious drawback to further mining-operations.
In their
feverish haste to get every available scrap of copper out of the mines, the
lessees soon drove through to the barren zones: at depths of 1,000 and 1,500
feet the high mineralization of the sulphides ceases, the main leader generally
branching out into thin veins of small industrial value. It is held to be an axiom that
at a particular level the workable leaders die out, and the greater number of the
Chilian mines have now reached this zone of impoverishment.
Hence the
continuous decrease in the output, with the result that out of 18 smelting-works which
were 5 years ago in full activity only 8 now remain in Chile.
The author agrees,
however, with Mr. San Roman, in believing that beyond the zone of impoverishment
rich cupriferous leaders will be found to recur.
This view is remarkably borne out
by the case of the Carrizal Alto district, where leaders assaying to 11 and 12 per
cent. of metal have been struck, despite the practically universal opinion of the
experts, at a depth of 1,300 feet or more. At Copiapo, a British company is
working very successfully the Dulcinea mine at a depth exceeding 2,300 feet: here
the pyritiferous leaders assay on an average to 20 per cent. of metal.
It seems
probable that fresh exploration-work, if backed by a sufficient amount of capital,
would prove equally successful in many other Chilian mines.
The remaining and larger portion of the memoir (22 pages) is devoted in the first
place to a description of the smelting-works of Tierra Amarilla, near Copiapo, where
two methods of treatment are in vogue: (1) the English method, whereby the whole
series of operations is conducted in reverberatory furnaces, and (2) the Continental
method, embracing the use of blast-furnaces with water-jackets. Then attention is
invited to the Lota works, owned by a company whose fleet of steamers and sailingvessels carries lignite (got in their own mines) to the northern ports of Chile, bringing
back copper-ore as ballast. It may be noted, by the way, that this company's monthly
output of Lota lignite averages 20,000 tons, of which about 50 per cent. crumbles into
a sort of charcoal-breeze. Instead of wasting this breeze, the company have started
various industries in which they make use of it themselves. Thus, utilizing the
quartzitic sands of the locality, they have developed potteries and glassworks, and
they make firebricks, of which they consume 400,000 per annum, selling the surplus
to other Chilian smelting-works. Feeding their
[27]
own smelting-works with the return cargoes of their fleet, this company treat daily
about 130 tons of ore, two-thirds of which are oxides, the remaining third being
sulphides.
Reverberatory furnaces are used for roasting the ore and
forming the matte; Manhes converters (introduced in 1890), for transforming the

matte into black copper; and blast-furnaces for treating the scoria from the
converters, the black copper being refined in small reverberatory furnaces.
L. L. B.
ROASTING COPPER-ORE AT KESWICK, CALIFORNIA.
By T. Neilson. Engineering and Mining Journal [New York], 1899, vol. Ixviii., pages
457-458.
As roasting admits of many variations, it was the practice of the Mountain Copper
Company, at Keswick, to experiment and find out the cheapest and most satisfactory
methods. After a great many trials, it was found that the results of stall-roasting
did not compare favourably, either in quality or cheapness, with heap-roasting,
and the heap-roasting was therefore extended and practically all coarse ore is now
roasted in that way.
The advantages claimed for stall-roasting were more than
counterbalanced by matting, more expensive discharging, constant repairs, and
heavy initial cost of construction. For good practice, a heap 20 feet wide, 8 feet high,
and from 500 to 1,500 feet long (according to the nature of the ground) was found to
be the most suitable size. But unless some system of electric traction is used, it is
advised that heaps should not be more than 500 feet long where plain cars are in
use. Experiments were also made with the object of hastening the calcination of the
ore.
About 10 feet apart, holes were drilled under the heap, or earthenware tiles
were laid there before the heap was built. These holes were blasted with powder
when the heap had burned for 2 or 3 months, but the results were not satisfactory.
A displacement of the ore all over the ground occurred, or else slight fissures were
made. In one case, calcination stopped from excess of air, and in the other matting
resulted. Blasting is beneficial when the heap is almost dying out, and then serves
chiefly to cool the ore and make it more easily handled by the shovel.
For several
months past, the company has employed a 20 cubic feet steam-shovel for the
purpose of discharging the heaps, and the result has been to lessen costs.
The
author also introduced a fresh method of heap-building. In this case, the ore was
screened at the mines, and by building on a long stretch of ground (1,500 feet) a
temporary trestle, strong enough to bear the weight of a loaded train of 100 tons of
ore, the ore could be brought to the heap without any intermediate processes,
saving the cost of bunkers, grizzlies, tramcars, and small trestles.
When the heap
was completed, the timbers were pulled out and could be used over again for the
same purpose.
The following estimates of costs will show the saving
by the improved systems of handling: —
[Table omitted]
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These statistics show a saving in favour of the new system of 1s. 1.34d. (26.67
cents.), which on 500 tons per day (and from 500 to 800 tons are handled from the
mine daily) is equal to a saving of nearly £10,000 (50,000 dollars) per annum. Heaproasting is suited only to comparatively dry climates and districts where the fumes of
sulphurous acid, etc., will not destroy vegetation. For like reasons, it would not be
advisable to bring the heaps within close proximity of towns. Heap-roasting is a
primitive but cheap process, although it seems wasteful to lose such a valuable
ingredient as the sulphur; still, as the market for sulphur and sulphuric acid is far
away from Keswick, the article would be a drug on the market.
X. Y. Z.
INFLUENCE OF PEATY WATER ON THE AMALGAMATION OF GOLD-ORES
Ueber den Einfluss von Moorwasser auf die Amalgamation von Golderzen. By W.
Witter. Berg-und Huettenmannische Zeitung, 1899, vol. Iviii., pages 349-354.

The author examined in the summer of 1897 a gold-mill in the province of Smaland,
in Sweden. The ores which were, there worked were pyrites, carrying on the average
18 penny weights (30 grammes) per ton of free gold and some silver. The water used
in the stamp-mill was taken from the river Eman, which passes close to the works,
and the water of which is chiefly derived from peat-moors. In the autumn, winter and
spring, and also in summers with a heavy rainfall, the amalgamation of the ores
presented no difficulty, but when the river carried but little water, and when warm, dry
weather ruled, the amalgamated plates became covered with a green slime, which
almost prevented the mercury from taking up any gold. Although all possible methods
were resorted to, such as the addition of milk of lime to the water, or the filtration of
the latter through a filter of burnt lime, this effect of the water still remained. As soon
as the green slime was rubbed off the plates, it rapidly formed again; and it finally
became necessary to stop amalgamation during the dry season.
The author examined both the river-water and also the green deposit, and he has
proved that it was organic matter which caused the difficulty. Upon adding milk of
lime to the water which contained the organic substance in a concentrated form (20
litres were evaporated down to 500 cubic centimetres), a considerable deposit of a
greenish colour was produced. When this deposit was heated, it burnt and left but
little residue; on burning the green slime, a cupriferous ash remained.
The cause of this phenomenon must, therefore, be sought in the humus and the
humic acids which the water had derived from the peat. According to Prof. Fischer,
humic acids form insoluble compounds with metals. It is
[29]
therefore highly probable that the water containing hurnic acid would attack
amalgamated copper-plates, in spite of their being silvered, thus producing the
insoluble green precipitate which covered the surface of the mercury.
Experiments tried in the Hamburg laboratory in order to further clear up this
interesting point led to no result. It was noticeable that pure, bright sheet-copper,
which was allowed to stand for 6 months in the concentrated water, showed no
signs of the formation of the green deposit.
H. L.
CHLORINATION OF GOLD-ORES AT MOUNT MORGAN.
By Edgar Hall.
Engineering and Mining Journal [New York], 1899, vol. Ixviii.,
page 426.
The famous gold-mine at Mount Morgan, Queensland, probably possesses the
largest chlorination-mill in the world. Until a few years ago., barrel-chlorination was
the method chiefly adopted with practically no improvements. But chlorination,
as conducted at Mount Morgan to-day almost deserves the name of a new
process. The gold is still chlorinated and extracted from the chloride-solutions by
means of charcoal, but the methods are completely altered. Direct leaching of the
ore in open vats by a solution of chlorine in water has rendered possible the
employment of much larger plant. The roasting-plant has also been remodelled, very
large revolving-cylinders, with continuous discharge, being used for the oxidized ore,
and the Richard furnace for the pyritic ore. This furnace is very economical in fuel,
has a large output, and furnishes a thoroughly oxidized product.
The ore moves
automatically over inclined planes in such a way that the quantity of ore per square
foot lying on the hearth increases as the end of the roast is approached, while the
speed of travel decreases. The movement is assisted towards the end by jets of
air, which also serve to supply oxygen. This is an expensive furnace, but: it secures
the low initial heat and final high temperature required by theory in a very perfect
manner, and it makes hardly any flue-dust. The gases issuing from the furnace are
exceptionally rich in sulphurous acid and low in oxygen, thus pointing to a high

chemical efficiency. Various mechanical roasters were tried without success before
the Richard furnace was evolved.
The West Works, for the treatment of mundic ores solely, embodies the latest Mount
Morgan practice.
The ore is dry crushed in Krupp ball-mills, then roasted in
Richard furnaces, cooled by an ingenious device, and conveyed automatically to
large bins, from which it is trucked to the vats. The vats are very large oblong tanks
made of cement-concrete, about 4 feet deep, and with a filter-bed of sand and gravel
on the bottom. The vats are perfectly open on the top, and the leaching of the ore is
conducted in exactly the same manner as ordinary cyanide or hyposulphitelixiviation.
The chloride-solution is passed through charcoal-filters for precipitation
of the gold. The filters are made very large, and lined with cement. The chlorine
is generated in stills, in the ordinary way, from manganese, salt and sulphuric acid,
and absorbed in water contained in large cement-lined covered tanks.
Portland
cement is used wherever chlorine-bearing liquids are dealt with, not even
omitting the chlorine-stills.
This open-vat lixiviation of gold-ores by chlorine-water has reduced costs
enormously. It simplifies the whole process, renders it applicable on any scale that
may be desired, and for gold-ores which require roasting it is much
[30]
cheaper than cyaniding.
It is also applicable to ores carrying a small amount of
copper, where cyanide would fail altogether. The new practice has rendered
profitable the enormous quantities of low-grade ores existing in the mine.
X. Y. Z.
MAX NETTO PROCESS OF TREATING GOLD AND SILVER ORES.
Note sur le Procede Max Netto pour le Traitement des Minerals d'Or et d'Argent. By
L. Legrand. Revue Universelle des Mines, 8, vol. xlv., pages 125-136
Favourable results have been obtained by the author working with this process at the
Horcajo silver-lead mines, Spain, and favourable reports have also been received
from Hiendelaencia. The method of treating the ores of the precious metals varies
according to whether they are purely argentiferous, or auriferous, or mixtures of both.
Argentiferous ores are crushed fine and treated with potassium-cyanide solution, the
dissolved silver being drawn off and precipitated by hydrochloric acid. The precipitate
only requires filtering in a press to be ready for market; and the cyanide is recovered
by treating the waste liquor with caustic soda or milk of lime.
Auriferous ores are also finely crushed, and extracted by means of potassium
cyanide; but the gold solution is treated differently, being first rendered slightly acid
with hydrochloric acid and then electrolysed in a Netto-Roscher apparatus. This
consists of a number of superimposed wooden frames, enclosing perforated sheets
of lead, about 0.02 inch thick, and spaced 1 inch apart, the frames being held tightly
together by clamps engaging on the wooden cover and base. A current of 0.2 volt
and 35 amperes per square metre (10.76 square feet) of electrode induces the
deposition of the gold on the cathode, along with a portion of lead dissolved from the
anode. The gold is easily recovered from this spongy mass by cupellation, whilst the
cyanide is won back from the electrolyte as before.
Mixed ores, such as require chlorination-roasting, are subjected to this treatment,
and, as the soluble sulphates then formed preclude the employment of electrolysis,
the solution is treated with hydrochloric acid to precipitate the silver—a small
proportion of the gold being also carried down. The liquid is decanted, slightly
acidified, and treated with a mixture of zinc-dust and spongy lead, the former
accelerating the deposition of the gold upon the lead. A larger amount of cyanide
than usual is consumed in this process, the presence of zinc preventing complete
recovery.

If the ore does not require chlorination, the same treatment is adopted as for
argentiferous ores, the gold being in part thrown down with the silver, and the
remainder recovered by the electrolytic treatment—either direct, when the gold is in
relatively large proportion, or after collecting a sufficient quantity of the residual
solution.
The argentiferous slimes treated at Horcajo, contain 14 per cent. of lead and 38 ½
ounces troy (1,200 grammes) of silver to the ton. It has been found advantageous to
subject them to chlorination-roasting with 5 per cent. of salt and 2 per cent. of pyrites,
as this increases the amount of recoverable silver and also facilitates lixiviation.
When chlorinated, the mineral is treated with a 0.3 per cent. solution of potassium
cyanide. In practice, double the theoretical quantity of cyanide is required to entirely
dissolve the silver. After 6 days' treatment, the unextracted silver is reduced to 5 ¾
ounces troy (180 grammes) per ton, this being probably combined with galena.

Precipitation is effected in large tanks, 1/2 gallon (2 ½ litres) of 33 per cent.
hydrochloric acid being required per 2.2 pounds (1 kilogramme) of silver; the use of
any other acid involves a loss of cyanide reagent, the silver being in such cases
thrown down as silver cyanide.
When pressed and dried, the cakesilver chloride
contain on an average 56 per cent. of silver. The total working expenses come to
less than 20s. (24.90 pesetas) per ton.
When the mineral contains a large proportion of lead, the lead sulphate formed from
the galena during roasting remains in the residue from the cyanide process
and can be concentrated and recovered, together with a portion of the
unextracted silver.
C. S.
PROPERTIES OF ALUMINIUM.
Sur les Proprietes de l’Aluminium. By A. Ditte. Comptes Rendus hebdomadaires des
Seances de l'Academie des Sciences, 1898, vol. cxxvii., pages 919-924.
The resistance offered by aluminium to chemical influences is more apparent than
real, and is in fact due to the protection afforded by the rapid formation of a thin
superficial film (of e.g. hydrogen, nitrogen dioxide, or alumina), according to the
nature of the reagent in which the metal is immersed, and which is therefore
prevented from coming into close contact with it. If this film, however, be removed
continuously as soon as formed, the attack of the metal will proceed until complete
solution has been effected. A solution of sodium chloride, or similar salt, will
appreciably dissolve the metal; aluminium chloride being at first formed, but this is
subsequently converted into the oxide by double decomposition, the entire reaction
liberating (157.3 + 287 = ) 444.3 calories. The second part of the reaction is
suppressed when free acid is present in the salt-solution, aluminium chloride being
then produced and hydrogen liberated continuously, until all the metal is dissolved, or
until the free acid is exhausted. Acid salts have a similar effect, the metal being
gradually attacked, for instance, by a mixture of sodium chloride and potassium bitartrate or bi-oxalate; other halogen compounds—bromides or iodides —may also
replace chlorides in the reaction, which in such cases still remains exothermic.
Under the influence of alkali carbonates, such as are generally employed for cleaning
utensils, aluminium is rapidly attacked, sodium aluminate being formed and hydrogen
liberated, whilst the carbon dioxide set free goes to form bi-carbonate with the
alkali mono-carbonate. The reaction only ceases when the whole of the latter has
been converted into bi-carbonate.
Pure aluminium is also attacked by ammonia,
until the surface of the metal has become coated with a crystalline film of aluminium
hydroxide.
C. S.
ELECTROLYTIC PRODUCTION OF CRYSTALLINE TUNGSTEN.

Sur la Production par Electrolyse du Tungstene Crystallise. By L. A. Hallopeau.
Comptes Rendus hehdomadaires des Seances de l’Academic des Sciences, 1898,
vol. cxxvii., pages 755-756.
The author finds that lithium paratungstate is reducible to tungsto-lithium tungstate by
tin, and that a further reduction to crystallized tungsten dioxide can be effected by
means of hydrogen at a red heat, this oxide being converted into the metallic state
when greater heat is employed. When sodium or potassium tungstate is electrolysed,
tungsto-alkali tungstates are
[32]
formed; but the results ore different when the lithium compounds are subjected to the
same treatment. Thus, on fuzing lithium paratungstate in a porcelain crucible, raising
the temperature to about 1,000° Cent., and subjecting it to a 15 volts 3 amperes
current for 3 hours, with platinum electrodes, then washing the mass successively
with boiling water, concentrated hydrochloric acid, a boiling 20 per cent. solution of
lithia, and cold water, a decidedly crystalline residue was obtained, which proved, on
analysis, to consist of metallic tungsten, containing up to 6 per cent. of platinum
(derived from the electrodes). The crystals are opaque, have a fine metallic lustre,
and are prismatic in form, most commonly acicular and probably due to
agglomerations of octahedra, as in the parallel forms exhibited by silicon.
Iron electrodes proved unsuitable, owing to the rapidity with which they were
corroded by the fused salt. The author proposes to repeat his investigations, with
platin-iridium electrodes.
C. S.
UTILIZATION OF COAL-DUST AND SLIMES AS FUEL.
Ueber Verwerthung von Kohlenschlamm und Kohlenstaub, Anon. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, vol. xlvii., pages 127-129.
Fine coal-dust, containing from 26 to 28 per cent. of ash and 7 1/2 per cent. of water,
and the slimes deposited from the settling-ponds of coal-washeries, containing 30
per cent. of ash and 19 per cent. of water, are burnt under Lancashire boilers by
means of the Bechem and Post system, consisting of an air-blast at a pressure of not
less than 4 atmospheres, the velocity of the current being sufficient to set the bed of
fuel in motion and burn the finely-divided carbonaceous matter whilst in suspension,
giving a large volume of flame, whilst the fire-bars are scarcely red-hot. Owing to the
large amount of incombustible matter, the labour in stoking and clearing the fires is
about double that required with ordinary coal. Reckoning the dust and slime-coal at
2s. per ton, the cost of evaporating a ton of water is about 1s., whilst with coal at 8s.
6d. per ton, the cost of evaporating a ton of water is 1s. 7d., or a saving of about 30
per cent. With small coal, costing 6s. 5d. a ton, the saving was 26 per cent.
M. W. B.
COAL-DUST FUEL FOR FIRING BOILERS AND HEATING FURNACES.
De l’ Emploi du Charbon Pulverise dans les Foyers des Chaudieres et des Fours
metallurgiques.
By A. Halleux.
Revue Universelle des Mines, 1899, vol. xlvi.,
pages 21-34.
The importance of using coal-dust in connection with the utilization of small or inferior
fuel justifies the numerous investigations to which this subject has given rise; and the
present state of the question may be summed rip as follows : —
The Schwartzkopff method has given sufficient practical results to attract the
attention of manufacturers; and the realization of this very rational idea leads
especially to a better utilization of the heat furnished by a combustible, while
permitting of only the calorific value of a coal being taken into consideration
independently of its physical state; and on the other hand, in connexion with the

laying down of boilers and furnaces in large towns, the combustion, almost perfect, is
effected without the production of smoke.
J. W. P.
[33]
EVAPORATIVE EFFICIENCY OF OIL-FUEL.
Crude Petroleum and its products as Fuel.
By H. Tweddle.
Engineering and
Mining Journal [New York], 1899, vol. Ixviii., pages 459-460, 488-490, and 517-520,
with 18 illustrations.
The author has for many years used crude oil in stationary boilers and furnaces
without accident, but would consider the general use of such fuel in locomotives and
steamers most dangerous. For such purposes, no petroleum with a fire-test of less
than 200° Fahr. should be used.
With a fire-test of 250° Fahr., it is a safer fuel
than coal.
The simplest and best way of burning liquid fuel is by injecting it
in the form of spray by means of a steam-jet into the furnace and allowing the right
amount of air to mix with it. Numberless different injectors or burners have been
devised for this purpose, but the author contends that the proper place to improve is
the combustion-chamber. In order to obtain the greatest efficiency, the oil should
be burned in a confined combustion-chamber at the highest possible temperature.
It is most necessary that the combustion-chamber be of a refractory non-conducting
substance, which soon becomes heated to incandescence, and that all gases,
together with the incoming air, must pass through this focus of heat. In the case of
locomotives or steamers much better results are obtained when the oil is injected
with a steam-jet, but air-injected oil is more suitable for forges and furnaces for
heating iron or other metallurgical operations.
The chemical combinations that
occur in this high-temperature furnace are not very well defined. Theoretically, the
carbon becomes oxidized into carbon dioxide and the hydrogen to water, but on
several occasions when the author was engaged in experimenting on the
evaporative efficiency of fuels, the evaporative efficiency actually obtained was
greater than that theoretically possible.
In these experiments, the fuels were
analysed, weighed and their theoretical efficiencies calculated; the amount of
steam evaporated was also carefully freed of any water which might have been
carried over mechanically; it was condensed and weighed; the amount of air
entering the furnace was measured, and as far as possible, all factors of error were
eliminated. Under such conditions accurate results might have been expected, but
on many occasions, especially when using steam-injected oil and working under
heavy forced draught, the evaporative efficiency obtained was greater than the
theoretical efficiency. Moreover, there seemed to be no control applicable to these
results—sometimes they would happen and sometimes not. But when they did
happen, the author always noticed that for some reason the focus of heat was more
intensely incandescent than usual, and that the combustion-chamber was almost free
from flame. It was, in fact, a case of nameless combustion, and the author was led
to believe that at these extremely high temperatures combinations might occur with
which we are as yet unacquainted.
But, although the author suggests a
theoretical explanation of these results, his chief object is to draw attention to the fact
that the higher the temperature obtained in the furnace the greater is the economy in
the use of liquid fuel.
X. Y. Z.
COAL-SUPPLY TO A CENTRAL ELECTRIC STATION.
Une Usine Parisienne.
By Robert Pitaval.
Echo des Mines et de la
Metallurgie, 1899, vol. xxvi., pages 5,614-5,615.
The coal-boxes at the generating station on the Quai de Jemappes, Paris, of the
Societe Parisienne de l'Air Comprime, are situated on the fourth floor;
[34]

and the coal is now taken out of the barges and delivered into the boxes by
combined conveyer and elevator of recent design, by which a 300 tons barge is
discharged automatically in a day. An electric crane on the quay transfers the coal
from the lighter to a hopper; and it is then taken by a conveyer 23 feet (8 metres)
long, which traverses the quay by an underground passage, the coal being brought
to a tipping-hopper, where it is weighed automatically. It is then taken up by an
elevator, 131 feet (40 metres) high, to the upper hopper, whence horizontal
conveyers deliver it into bunkers over the various boilers. The plant works well,
stopping immediately on the least irregularity occurring; but, as the fuel consists
almost entirely of slack, the dust quickly chokes the rollers, notwithstanding the fact
that every part is cased in. On the third story are 28 Delaunay-Belleville boilers (with
space for 12 more), laid on a strong floor covered with sheet-lead. The feed-pumps
draw from the decantation- and purifying-tanks on the second floor, the salts in
solution being precipitated by lime and soda. After filtering through wood-fibre, the
water only possesses 5 degrees of hardness; and it is then heated in economizers.
On the first story, are 7 dynamos, each of 700,000 watts, driven by 1,200 horsepower
compound Corliss engines.
J. W. P.
COSTS OF STEAM AND WATER-POWER.
The Comparative Cost of Steam and Water-power By William O. Webber.
Engineering Magazine, 1898. vol. xv., pages 922-927.
The cost of working a 1,000 horsepower steam plant is as follows: —
Per Horsepower
per annum.
s.
d.
Interest on capital, depreciation, repairs, etc.
27 3
Coal (1.4 pounds per indicated horsepower at 16s. 0 1/2d.
per ton)
30 10 1/2
Wages (2 engineers and 2 stokers)
12 10
Oil, waste, etc.
3
4
The lowest cost known to the author is £2 8s. 6d. per horsepower per annum, with
coal at 7s. 4d. per ton. This plant consists of a vertical compound condensing engine,
with an average load of 950 horsepower, working at a steam-pressure of 155 pounds
per square inch, with Heine water-tube boilers.
An exhaust-steam heater, and a
Green economizer are used.
The cost of water-power plant, comprising 3 wheels, producing a maximum of 510
horsepower and an average of 315 horsepower, is £1 3s. 2d. per horsepower per
annum.
M. W. B.
CENTRAL CONDENSATION PLANT AT THE RECKLINGHAUSEN COLLIERY.
Die Central-Kondensation den Schachtes Recklinghausen II. und ihre
Betriebsergebnisse. By W. M.
Gluckauf, 1899, vol. xxxv., pages 485-488, with
drawings.
For better utilizing the steam-power available at No II. pit of the Recklinghausen
colliery, a central condensation-plant has been in operation since August, 1898; and
seven months' uninterrupted working permit of determining the amount of saving
effected, and also the economy afforded by central
condensation in general.
The plant belongs to the type of open
[35]
face-condensers, which are distinguished by the circumstance that the
series of pipes that act as condensers are laid in an open basin, in which the water
for cooling laves each series separately, on the counter-current principle, in

contradistinction to the so-called closed condensers, in which the exhaust-steam
surrounds the series of water-tubes laid in a closed cylindrical chamber; and also in
contradistinction to the spray-condensers, in which the series of pipes are cooled by
trickling water.
The exhaust-steam of the engines put in connexion with the condensation-plant
collects in the common pipe that leads it directly to the condenser, which consists of
8 groups of pipes placed side by side, and each group comprizing 110 brass pipes,
16 feet (5 metres) long and 1 3/4 inches (44 millimetres) in diameter, with a thickness
of 0.079 inch (2 millimetres), and having a collective cooling-surface of 8,073 square
feet (750 square metres). The condensate, a mixture of air and water, flows by
gravity into the deepest receiver, or air-separator, where the separated air is taken
off by a pipe connected with the upper portion, while what is called the condensatepump draws off the water by a pipe connected with the bottom of the receiver, and
forces it into a large chamber situated over the filter for purifying the water. In this
chamber, the oil is separated from the water, which is then completely purified in a
gravel-filter, of which there are two, so that one can be cleaned without interruption of
the working. While any oil still remaining is retained by the gravel, the purified water
flows by a pipe, fitted with a strainer in the floor of the filter, into a collecting-chamber,
whence it is admitted by a sliding-valve into the clean-water reservoir to serve for
feeding the boilers.
The above arrangement, however, did not entirely separate the oil, so that small coke
was substituted for the gravel, when the effluent was found to be far clearer, while
the coke could still be employed for fuel, whereas the gravel simply went to increase
the spoil-tip; but the water in the first filter must be sufficiently cooled down for the oil
to be separated with sufficient rapidity. In order to be able to use over again the water
which laves the brass pipes, it must also be cooled down; and it is accordingly drawn
by a pump from the exit-portion of the cooling-basin and forced to the self-ventilating
graduation-building some distance off, which is divided into three compartments,
each 4.59 feet (1.4 metres) wide, 17.71 feet (5.4 metres) high and 197 feet (60
metres) long. Directly the plant was brought into operation, however, a great difficulty
presented itself. Owing to constant evaporation, the salt-content of the mine-water
continually increased, because a portion of the water in dropping from the
graduation-house is carried away by the wind, exerting a destructive action on
vegetation, which it was attempted to remedy by the use of louvres. The cooled water
flows by gravity to the condensation-reservoir before again beginning its cycle.
The plant is destined to deal with 21 tons of steam at a pressure of 81 pounds per
square inch (5 to 6 atmospheres) per hour, comprizing that of the winding and
pumping-engines, the air-compressor, the fan and electric-light engines, a few
engines for driving machine-tools, and lately the engine for driving the brick-making
machines. The result has been a reduction in the quantity of coal used for firing the
boilers from 1,983 to 1,681.3 tons or 301.7 tons per month, corresponding with a
reduction from 8.13 to 5.68, or of 2.45 per cent. of the coal drawn. The saving is
really greater than that shown by the figures, because the output increased, about
1,020 tons having been raised daily on an average before the plant came into
operation, and 1,159 1/2 tons afterwards, involving a larger consumption of steam.
The saving of feed-¦water amounted to 79,200 gallons (360 cubic metres) for each
working day,
[36]
effecting an economy of =£583 4s. (11,664 marks) per annum, and thus bringing-up
to £2,473 4s. (49,464 marks) the total yearly saving in fuel and feed-water together.
J. W. P.
CONVEYANCE OF COMPRESSED AIR.

By Prof. Robert Peel. Mines and Minerals [Scranton, Pa.], 1899, vol. xx. pages 135186.
In a series of papers dealing with the subject of compressed air, the writer remarks
that whilst for short distances the loss of pressure during transmission may be
considered as taking place according to the recognized laws of fluids, the application
of these laws becomes somewhat complex for long distances. The formulae
commonly used are constructed on the hypothesis that the loss of head is strictly
proportional to the length of the pipe, so that if a certain head be required to maintain
the flow of a given quantity of air in a pipe 1,000 feet long, twice this head would
suffice for a pipe 2,000 feet long. But this rule fails to take into account the increase
of volume due to reduction of pressure or loss of head. When the air has passed
through the first 1,000 feet, head has been lost and the volume thereby increased,
and a greater head will be required to pass the greater volume through the second
1,000 feet. The author, however, points out that by far the greater bulk of pressure is
lost by leakage and by pipe-bends of too small a radius. With due attention to these
points, transmission-losses may be reduced to a very small amount. At the Hoosac
tunnel, in transmitting 875 cubic feet of free air per minute, at an initial pressure of 60
pounds, through an 8 inches pipe, 7,150 feet long, the average loss of pressure,
including leakage, was only 2 pounds. In driving the Jeddo mining-tunnel, at
Ebervale, Pa., two 3 1/4 inches drills were used in each heading with a 6 inches
main, the maximum transmission-distance being 10,800 feet. This pipe is so large in
proportion to the volume of air (230 cubic feet of free air per minute) required for the
drills that the loss was reduced to 0.002 pound, and the gauges at each end of the
main were found to record practically the same pressure.
Each bend or elbow in a pipe-line has a serious retarding effect. For the same
diameter of pipe the resistance caused by a bend increases as the radius of the
curve diminishes, but the exact relation is not accurately known. In the absence of
sufficient experimental data, the annexed table may be used: —
Resistance of Elbows of Different Radii.
[Table omitted]
X. Y. Z.
ELECTRIC PLANT AT MONT-DORE.
Nouvelle Installation Hydroelectrique du Mont-Dore.
By A. Lavezzari.
Memoires de la Societe des Ingenieurs Civils de France, 1898, vol. iii, pages
72-86.
This electric plant is driven by hydraulic power from the Lake of Guery, which is
situated about 6 miles from the town. A masonry-dam built across
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the end of the lake raised the level of the water 16 feet. A steel-pipe, 23 ½ inches in
diameter, 0.16 inch thick, and 2,820 long, with a head of 130 feet, yields about 250
horsepower. At the works the water is led to three turbines, coupled direct to three
dynamos, furnishing a continuous current of 550 volts, which is carried by a double
cable to Mont-Dore, where the current is reduced to 115 volts. The total cost was =
£6,250.
M. W. B.
UTILIZATION OF BLAST-FURNACE GAS.
Etat actuel de la Question des Moteurs a Gaz de Haut-fourneau.
By H.
Savage. Revue Universelle des Mines, 1899, vol. xlvii pages 1-16.
Without detracting from the merit of other pioneers in the utilization of blast-furnace
gas, it would be unjust not to render homage to the foresight and initiative of Mr.

Armand Bailly, who, so early as May, 1885, proposed to utilize the power of blastfurnace gases. The results acquired under his auspices could not fail to find favour
with practical engineers, but there are &till some adverse opinions as to a few points.
As to the fear of the cylinder being obstructed by dust carried along with the gas, it
may be replied that, with properly-designed motors, the mechanical action of dust is
practically nil, for the fine and almost impalpable powder that remains suspended in
the gas after it has been cooled down and freed from the larger matters carried
along, has no time to deposit. Again, blast-furnace gas, unlike coal-gas, throws down
on cooling no bituminous or sticky deposit. One other fear, that there might be a
difficulty in igniting blast-furnace gas, has been proved by practice to be illusory; but,
on the contrary, the use of poor gas affords several marked advantages, that of the
blast-furnace especially being susceptible of a greater initial compression than rich
gas, sufficient indeed to insure its ignition without giving rise to excessive pressures.
The success of motors working with blast-furnace gas can no longer be called in
question; and the importance of this conclusion for the iron-industry is enormous.
Adopting the moderate estimate of Mr. Lurmann, that 1 ton of pig-iron is
accompanied by 163,600 cubic feet (4,633 cubic metres) of gas, having a power of
3,600 British thermal units (906.5 calories), each ton of pig turned out affords 28
horsepower, and the prospect of such a saving as this implies in the cost of
producing pig-iron cannot fail to commend itself to ironmasters, who ought
immediately to profit by the advantages offered. Nothing is so easily transported
or transmitted as gas, and this remark applies even more strongly to blastfurnace than to lighting gas. There will, therefore, be nothing extraordinary if blastfurnace plants in the future are surrounded by works deriving from them the
necessary motive power; and this would constitute an additional source of profit to
ironmasters.
J. W. P.
A MODEL AERIAL ROPE-WAY.
Mining Lime Rock by Electrically-operated Cable-ways in Open-pit Mining at
Rockland and Rockport, Maine. By Frank B. Wright. Mines and Minerals
{Scranton, Pa.], 1899, vol. xx., pages 1-4, with 6 illustrations.
In the lime-producing country about Rockland, Maine, the rock has always been
quarried, but the highest grade has been found in wide veins or vertical seams, with
the result that most of the quarries have reached a great depth,
[38]
several being 300 feet deep, and hoisting-appliances have been in use for many
years. As a result of the vein-formation, these open-pit mines are long and narrow, as
well as deep. Up to 100 feet in depth, most of them were worked by team-haulage,
with long roads descending to the floor of the pit. Afterwards, the horse was replaced
by steam-hoists and long-boom derricks, placed on the top-level, and commanding
large sections of the pit. These quarries are located at considerable distances from
the docks, and conditions of economical production led to establishing limekilns
directly on the water's edge. The harbour at Rockland affords a crescent-shaped
water-front, and the line of kilns extends in a curve along the wharf-line. The
transporting of the crude rock from the quarry to the kilns has been very economically
solved by a standard-gauge railroad to connect all the large quarries with these
water-front kilns.
The development of long, narrow quarries resulted in the adoption of the horizontal
cableway 10 years ago, and two of them are among the first of long-span
cableways.
Both were equipped with the old-fashioned chain-connected
fall-rope carriers, and installed with Lidgerwood engines and boilers. One
cableway has a clear span of 975 feet, and ordinarily carries a working load of about
3 tons.
An instructive feature about this plant is the use of a 2 1/2 inches

diameter cast-steel cable with 6 strands of 19 wires, a size much in excess of that
apparently demanded by the load and span.
The resulting record of longcontinued service is quite remarkable and most interesting as a testimony
to the value of an extra large size of cable for permanent plant in mines.
The
second cableway has a span of about 850 feet, the same type of carriers, but the
main cable differs in being a 1 1/2 inches diameter Elliot locked-coil wire-rope
instead of the cast-steel cable. This smooth trackway has greatly reduced the
sheave-repair account, as one set of main-cable carriage-sheaves has lasted 4 or 5
years instead of as many weeks, or at the most months, as on an ordinary cable laid
up in strands. Electricity has now replaced steam as the motive power, adding to
convenience of operation a power whose cost becomes a direct function of the actual
rock hoisted, with very small opportunity for waste.
At Rockport, in one of the quarries, the highest development of the modern cableway
was installed over a year ago. The cableway has a clear span of 700 feet with a 60
feet head-tower and a 50 feet tail-tower. Both towers are of the familiar four-post
type, firmly built of the best yellowpine stock, and fitted with hoods, or shelter-houses,
over their tops, an unusual but well-considered provision for the protection of the
sheaves and cables in view of the severity of Maine winters. Embraced within the
base of the head-tower is the powerhouse, containing all the machinery for operating
the plant. The cableway is operated by a modern electric hoist. The experience
with the second plant formed a suggestive basis, and the cable adopted was a 1 3/4
inches diameter smooth locked-coil rope which, with the usual load of 3 tons, gives
a very ample factor of safety. The carriage has the three-track wheels designed so
as to prolong the life of the cable by distributing the load. The sheaves have special
bushings and large oil-chambers, and all parts of the cableway were designed to
handle 8 tons with ease, more than twice the actual load required, with the probable
result that this cableway has longer enduring qualities than any hitherto built. The
familiar button-stop carriers (Miller patent) have replaced the chain-connected type
used on the older cableways in Rockland. The author points out at considerable
length the enormous advantages possessed by the newer type of carrier. It is but
one-fourth of the weight of the older type, the spacing of the carriers is much greater,
so that the stress on
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the cable is enormously reduced, hence a much smaller cable suffices when the
button-spaced carriers are employed. In addition, the wear-and-tear account is vastly
greater in the case of the chain-connected carriers. With respect to the electric hoist,
the hoisting-drum, 41 inches in diameter by 25 inches face, and the narrow-faced
winch traversing-drum of equal diameter, are arranged on the same shaft, both being
friction-drums provided with the ordinary friction and brake levers. These drums are
direct-connected to two 1,200 volts motors, armoured type, and the entire
construction of drums, gearing, motors, levers and controller is compactly placed on
a common bedplate, while the packed plate-resistances are concealed in the
bedplate. While one motor at 500 volts and suitable amperage would handle the
usual load of 3 tons, the advantage of the double-motor construction is secured by
the use of a series-parallel controller, by which means the torque and speed may be
varied so as to start a load quickly at slow speed and gradually accelerate to full
speed. This is of special value in cablework, where by its aid the speed of traversing
may be greatly increased over that of hoisting. This electric hoist has proved
practically noiseless, very easily handled, and quick; and the motors run absolutely
cool with no sign of heating. The power is furnished at a lower figure than the cost of
the coal that a steam-hoist would consume. The services of a fireman are saved, arid
the reduction in repair, and ease and convenience of handling, all combine to
produce the highest economy. The conditions at the second and third quarries,

respectively, are quite the same with regard to incline of cable and load handled, and
the electric power is furnished under the same circumstances. Both cables are
locked-coil ropes, affording equally smooth trackways, but in addition to the
diminished first cost, and the less cost of repairs in the case of the newer plant, the
fact remains that with regard to the even more important item of power consumed in
the daily operations, the older plant is worked only by an expenditure of power which
js 25 per cent. greater than that absorbed by the newer plant of the Shepherd
Company.
X. Y. Z.
CHECKING MINERS AT WORK.
"Die Markencontrole," eingefuhrt beim Steinkohlenbergbau Heinrichsgluck-Zeche in
Peterswald.
By Richard Danilof.
Oesterreichische Zeitschrift fur Bergund Huttenwesen, 1897, vol. xlv., pages 172-173.
A new system of checking miners' tallies has lately been introduced in a coal-mine
near Peterswald in Bohemia. To each miner is given a number corresponding to that
on his lamp, and this number is entered in the books. On their arrival at the shaft, the
miners each receive a tally pierced with a hole, which a foreman gives them out of a
box. They enter the cage in the order in which they have come, and on reaching the
pit-bottom they give up their tallies to another foreman. Each tally as it is returned is
filed in the same way as an invoice. When the shift is over, the file is turned over, and
the tallies presented in the reverse order for redistribution, thus the miner who first
enters is the first to leave the mine. When all the shift have gone down, a controller
enters in his book the numbers of all the tallies remaining in the box at the top of the
shaft, which represent the miners who have not descended. To some of these tallies
others of different kinds are now affixed. For instance, if a miner reports himself, but
does not go down the shaft, the tally bearing his number has another marked U
(urlaub or leave) attached to it, and the controller writes U against the man's number
in his book. If the
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letter K (krank or sick) is affixed, the man is so written down. All tallies not thus
treated are marked O (ohne urlaub or absent without leave). Sometimes, if miners
have been detained aboveground for loading, discharging, etc., their tallies are
neither in the box, nor have they been given up at the pit-bottom. Hence the
controller, after writing down the number, inquires in the lamp-room whether all the
miners whose tallies are not in the box have gone down. If their lamps are still there,
the controller then traces the whereabouts of the men aboveground. As the overmen
and foremen have also tallies, the names of all in the mine are known, and this is
very important in case of accidents. With a shift of 230 men, it only takes 1/4 hour for
the controller to check the tallies.
On leaving the shaft, the miners receive their tallies back and deliver them up to a
foreman aboveground, who immediately hangs them up in order in the office, and
thus it is known whether all the men of a shift have come up. If any tallies are
missing, search is at once made for the corresponding man in the pit, and a simple
means is thus afforded of checking the movements of a large body of men. There is
also much less delay in sending the miners down than formerly, because it is not
necessary first to take down their names. It is even to their interest to descend as
quickly as possible, because if they are the first to go down they will also come up
first.
The miners' book is made up by the head foreman, who is alone responsible for the
distribution of the men in the different pits. If a miner is reported absent from a pit by
his overman, the foreman will know to which shaft he has been sent. As it takes only
1/4 hour to get the miners into the pit, they are not required to come quite as early as
formerly. By degrees they get into the way of leaving their work in the mine, and

presenting themselves at the shaft at the right time, as they know pretty well the
order in which they have come.
The system works well, ensures order and discipline among the men, and it is said
that difficulties and complications are avoided.
B. D.
ANKYLOSTOMASIA, OR MINERS' ANAEMIA.
Note sur l’Anhylostomasis , Maladie Parasitaire des Mineurs. By Dr. Ch. Roersch.
Revue Unirerselle des Mines, 1899, vol. xlv., pages 59-72. The duodenal
ankylostoma is one of the most formidable parasites that can attack the human
organism, attaching itself to the mucous membrane, poisoning the system, and
abstracting so much blood that death may ensue after symptoms of profound
anaemia. The conditions favourable to the development of the ova and larvae are a
damp medium, the absence of light, and a temperature of about 81 1/2-° Fahr. (25°
to 30° Cent.), conditions which especially obtain in mines, while a higher or a lower
temperature prevents the ova from arriving at maturity.
The first symptoms, which appear about 6 weeks after the ingestion of the larvae,
comprize troubles of the digestive organs, accompanied by epigastric pain and
oppression, followed by serious anaemia, paleness of countenance, diminution of
power, perspiration on the least effort, vertigo, syncope, palpitation and a feeling of
suffocation. Fortunately the diagnosis is easy, being limited to microscopic
examination of the dejections for tracing the ova; and the treatment consists in
repeated administration of the ethereal extract of the male fern, spontaneous
recovery being rare, if indeed it be possible.
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This parasite was discovered in 1838 by Dr. Dubini; and in 1880 Dr. Perroncito
showed that the special form of anaemia which attacked the workmen driving the St.
Gothard tunnel was of parasitic origin. In 1885, Drs. Francotte and Masius found the
ankylostoma in the collieries of the Liege district, Mr. Van Beneden in that of Mons,
and Mr. Mayer in that of Aix-la-Chapelle, while in Bavaria there was quite an
epidemic of ankylostomasia. A few years ago, the Brennberg colliery in Hungary was
free from this malady; but quite recently 80 per cent. of the workmen were attacked,
so that it is high time to take measures against its propagation and to apply them
energetically.
A colliery becomes infected by the dejections of workmen suffering from the disease;
and in a few days an innumerable number of larvae are developed. By walking in the
infected matters the men disseminate them and deposit the larvae in the mud, while
the water becomes contaminated; and the mud and water, containing the larvae, by
soiling the shoes, clothes, tools, timbers, and therefore the men's hands, multiply the
causes of infection. If their fingers are dirty, the men may very easily carry to their
mouth a few larvae while eating, wiping the face, etc. If only 2 or 3 workmen are
taken ill the dissemination of the ova and larvae may proceed rapidly. In the
Dortmund mining district, out of 56,870 workmen at 38 collieries, 275 were found to
be suffering from ankylostomasia; but in many mines employing more than 2,000
men only one was found to be attacked.
In the case of mines already infected the following measures are calculated to
prevent the infection from extending to fresh cases:-—
(1) The mine should be cleansed as far as possible, and the timbering, if damp,
white-washed.
(2) A knowledge of the malady, its main symptoms and its dangers, as well as of all
preventive measures, should be disseminated among the men by all possible means.
(3)
Portable sanitary appliances, with well-fitting covers and ample provision of
antiseptic powder, should be provided at convenient places underground, and the
workmen strictly enjoined to use them exclusively.

(4) The workings should be maintained in the highest possible state of cleanliness.
(5) The workmen should be enjoined to .raise their fingers to the mouth as little as
possible, holding their food by the clean paper in which it was wrapped.
(6) Clean water for washing should be provided in abundance.
J. W. P.
EXPLOSION OF DYNAMITE IN KIMBERLEY MINE.
Eleventh Annual Report of the De Beers Consolidated Mines, Limited, for the Year
ending June 30th, 1899, page 7.
An explosion of dynamite occurred in the magazine in the Kimberley mine on
June 9th, 1899, at 9.5 a.m. on the 1,480 feet level. One white man and 29 natives
were killed or died from the effects of injuries received. Nine white men working on
the 1,480 and 1,440 feet levels were more or less severely injured, and a number of
others were affected by the dynamite fumes.
The magazine contained 255 pounds of dynamite, together with one or two boxes of
detonators: this quantity being a 24 hours' supply. Five cases of the dynamite were
placed in the magazine about 40 minutes prior to the
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time when the explosion occurred. The magazine, constructed of wood, was situated
in one of the offsets, and contained three boxes, one for dynamite, one for
detonators, and the third for candles. The outside door was painted red to denote
the dangerous nature of the contents, and was kept locked.
The explosive and
fuses were carried about the mine in separate boxes, so that they should not be
brought in contact before being used. There had been blasting in that part of the
mine for a considerable time before the explosion occurred.
The damage to the mine was immaterial. About 175 feet of timbering in one of the
main tunnels, and 89 feet in another tunnel were destroyed. It was suggested that by
some means the dynamite was set afire and that after burning for a short time it had
exploded. The temperature of the mine, on the day following the explosion was 73°
Fahr.
M. W. B.
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APPENDICES.
I.—NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC.,
FROM THE TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND
COLONIAL AND FOREIGN PUBLICATIONS.
THE FORMATION OF COAL.
Sur les Marais Tourbeux aux Epoques Primaires.
By B. Renault.
Bulletin du
Museum d'Histoire Naturelle, 1900, pages 44, 48 and 202, with figures in the text.
In this paper, dealing with the peaty marshes of Palaeozoic times, the author points
out, first of all, that the fermentation of plant-remains at that remote epoch did not
necessarily result in the formation of coal. He refers in this connection to the
remarkable layer of fossil charcoal at Tovarkowo in the Lower Culm of the Moscow
basin; this is entirely made up of cuticles belonging to Bothrodendron-stems
interpenetrated with ulmic acid. No part of the cellular, ligneous, or cortical tissues of
those arborescent Lycopodiaceae has been in this instance converted into coal,
despite the enormous number of Bacteriaceae still found adhering to the more or less
corroded cuticles.
Some of the Palaeozoic marshes were invaded by siliceous waters which, petrifying
the plants in various stages of decomposition, preserved them in the state

(structurally) in which they were at the time of the inflow. This was of frequent
occurrence in what are now the coal-fields of Autun, St. Etienne, etc. So the author
figures, for comparison, microscopic sections of Palaeozoic silicified peat and recent
peat. The resemblance is striking; the minute state of division of the vegetable
organisms in both cases is the result of the action of microbes on membranes which
are common to ancient and to recent plants. It is true that in the silicified peat some
debris are altered into a black, often opaque, substance similar to coal. This is
explicable, if it be remembered that on the plants in the ancient marshes settled vast
hordes of various Bacteriaceae, some of which broke down the plant-tissues without
producing coal, while the action of others gave rise to its production.
It seems probable that the coal-producing Bacteriaceae were scarce in, or entirely
absent from, the shallow lakes or swamps rich in ulmic matter wherein the boghead
and the cannel of the Moscow basin were formed and the Tovarkowo cuticles were
accumulated; these lay in the heart of a continent but little exposed to denuding
agencies. The coastal marshes on the other hand, the trackless swamps of the great
river-deltas, wherein the coal-producing Bacteriaceae would develop, were exposed
to frequent floods; and plant-remains (in a more or less minute state of division) were
swept out into lakes and estuaries, where the anaerobic (non-air breathing)
Bacteriaceae, favoured doubtless by deeper waters, completed the conversion into
coal. With this sequence of events, moreover, is connected the frequent occlusion
within the mass of the coal of methane (or marsh gas) and carbon dioxide.
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As a proof that such plant-remains lay for a time in swamps before they were swept
out into the lakes and estuaries, the author figures a completely carbonized fossil
wood, containing the mycelia of saprophytous fungi analogous to those which occur
in the wood found in peat-bogs.
The author appends a short note confirming the foregoing conclusions and erecting
two new species of bacteria : Bacillus colletus and Streptothryx anthracis,
which occur in "coalifed wood," as he terms it.
L. L. B
FOSSIL SEA-WATER IN THE COAL-MEASURES.
Salzwasser im Carbon. By Dr. Carl Ochsenius. Zeitschrift fur Praktische Geologie,
1901, vol. ix., pages 19-20.
The author aims chiefly at controverting the general spirit of the conclusions arrived
at by Prof. Gosselet, in his paper on saline waters in the Carboniferous and other
strata of Northern France (read before the Eighth International Geological Congress
held at Paris in August 1900). Prof. Gosselet appealed to the evidence of level, as
destructive of the hypothesis of the origin of such waters by infiltration from ancient or
modern seas.
The present author begins by pointing out that nearly all the salt that exists is
primarily derived from the sea, even going as far back as the boiling-hot oceans of
the Laplace theory. There are plenty of saline waters on the face of the globe far
above sea-level, many of them of very recent origin. The enormous rock-salt deposits
in the Andes lose some of their mass by solution, and the briny waters percolate
downwards into lower beds.
Referring to the presence of borate of soda in the coal of the Ferrouillet colliery,
Belgium, the author notes that when in a typical barred gulf (or such an one as that of
Kara Bugas) the evaporating sea-water deposits gypsum and rock-salt, the motherliquors which remain contain borates.
Even if these waters sometimes regain
access to the ocean, they leave pools in the hollows of the anhydrite crust of the
barred gulf, and ultimately the contents of these pools percolate through the
underlying rocks. Borates may thus, in places, so strongly impregnate the soil that
the plants which do contrive to vegetate there, perforce take up boracic salts in their

tissues.
So, if, in Coal-measure times, the plants found in the strata of the
Ferrouillet colliery had grown on soil which was the site of a mother-liquor pool such
as those described, the ligneous tissues became necessarily filled with boracic salts.
Nor did the driftwood give these salts up as it floated out into the Coal-measure lake
or lagoon, and sank later to the bottom to slowly carbonize into coal.
L.L.B.
SEISMOGRAPHIC INSTRUMENTS AND ATMOSPHERIC PERTURBATIONS.
Gli Strumenti Sismici e Ie Perturbazioni Atmosferiche. By G. Agamennone. Atti della
Reale Accademia dei Lincei, series 5, Rendiconti, 1900, vol. ix., pages 308-313.
The author had long been persuaded that the tromometer or seismographic
pendulum is considerably affected by whatever wind happens to be prevailing. He
compared during five months the mean diurnal motions of the tromometer with the
mean velocities of the wind at the observatories of Catania, Mineo, Rocca di Papa,
Florence and Spinea di Mestre, and the conviction thus attained was confirmed by
his own experience from August, 1899, onwards.
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From that date, he has been director of the Geodynamic Observatory at Rocca di
Papa, and has made continuous observations on the tromometers erected there by
the late Prof. Etienne de Rossi. These, although suspended to the central shaft of the
seismic-pillar, which is based on the live rock and quite independent of the walls of
the building, are undoubtedly affected by the wind. In the case too of some electriccontact tromometers, when the weather turns bad, the author finds it advisable to
diminish their sensitiveness by increasing the distance between the platinum
contacts.
On June 10th, 1900, a thunderbolt fell on the house occupied by the observatory
officials at Rocca di Papa, and the effect of the electric discharge was registered by
various seismographic instruments:—the Agamennone seismoscope and
photochronograph, the Brassart seismometrograph, and the horizontal pendulum.
The author remarks on the enormous progress made of late years, in point of
delicacy and accuracy, in the manufacture of seismographic instruments, and
appears to believe that the tromometer has definitely lost the supreme position which
it once occupied among such instruments.
L.L.B.
THE NATURE OF EARTH-WAVES.
Sur la Nature des Vibrations Sismiques. By P. Rudzki. Bollettino della Societa
Sismologica Italiana, 1900, vol. vi., 4 pages.
The author does not believe in the existence of the supposed distinction between
longitudinal and transverse earth-waves, or in other words, between waves of
dilatation and waves of torsion.
The distinction, valid though it be in the case of
an isotropic elastic medium, cannot be postulated of so essentially anisotropic a
medium as that formed by the various rocks which go to make up the earth's crust.
Further, although nothing positive is known as to the physical constitution
of the deeper-lying mass, all the probabilities are against its possessing the
same elasticity in every direction. This leads to the conclusion that seismic
undulations are neither purely dilatational nor purely torsional, and that the
vibrations areneither exclusively longitudinal nor exclusively transverse.
L.L.B.
EARTHQUAKES IN THE VOGTLAND, PRUSSIAN SAXONY.
Die Vogtlandischen Erdbebenschwarme wahrend des Juli und des August, 1900.
By
Hermann
Credner.
Sitzungsberichte
der
Koniglich
Sachsischen

Gesellschaft der Wissenschaften, Leipzig, 1900, pages 135-177, with a
table and 4 maps.
The Vogtland is known as a district chronically afflicted with earth-tremors, and in the
autumn of 1897 shocks were recorded there for 37 consecutive days. But this record
was eclipsed in the summer of 1900; a period of earth-tremors began on July 1st,
and terminated only on August 21st, or 52 days in all. It is true that none of the
shocks observed last year were as violent as the most considerable shocks of 1897,
and the area of seismic activity was correspondingly less extensive.
The 52 days period is really made up of two distinct periods, separated by a pause in
the tremors of about 7 days (from July 11th to July 18th). In each case there was a
kind of prologue of subterranean muttering and rumbling, followed by a series of
shocks increasing daily in number and varying in violence until they culminated in
one or two maximum shocks.
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Thenceforward the tremors decreased more or less fitfully, and the close of the
earthquake period was marked by a slight shock with an accompaniment of
subterranean rumbling.
These tremors were traced to two different foci, about 12
miles apart: the most pronounced of the two proved to be the GraslitzEibenberg-Untersachsenberg area, in the south-east of the Vogtland (it had been the
epicentrum of the greatest shocks in 1897). The less pronounced epicentrum lies in
the extreme southern corner of the Vogtland, in the area between BrambachSchonberg and Asch.
On former occasions these two centres of seismic
phenomena did not show coincidence of activity; for twenty years before 1897, for
instance, there were numerous local earthquakes in and about Brambach, while
the remainder of the Vogtland was undisturbed In 1900, however, so soon as the
shocks starting from the Graslitz epicentrum had reached their maximum intensity,
they appeared to induce the Brambach epicentrum to give rise to concurrent
vibrations. For a time the two areas appeared to merge their tremors in one, recurring
later on to their pristine independent seismicity.
To a similar circumstance may be attributed the curious sporadic shocks and
subterranean noises recorded at certain peripheral, outlying localities not included
within the isoseismal areas. It is evident that during the whole period of tremors the
effect of the seismic activity was, at localities tectonically predisposed thereto, in a
region so split up by fissures and faults as the Vogtland, to induce underground
"settling and sagging" of the strata, thus giving rise to what may be termed "relay-" or
accessory earthquakes.
The very useful table at the end of the paper summarizes all the important data
collected in regard to the Vogtland earth-tremors of 1900.
L. L. B.
THE EARTHQUAKES OF TRIPOLIS AND TRIPHYLIA, GREECE.
Die Erdbeben von Tripolis und Triphylia in den Jahren 1898 und 1899. By Prof.
C. Mitzopulos.
Petermanns Mittheilungen, 1900, vol. xlvi., pages 277-284, with
plans in the text.
With respect to the Tripolis earthquake, which took place on June 2nd, 1898, the
author's investigations have convinced him that it was due to subterranean
landslides, caused by the falling-in of the caverns which are eaten out by
underground waters in the limestones of which the district consists. The shock
travelled to Rome at the rate of 2,580 feet per second, but to Zante only at the rate of
870 feet per second; and this diminished speed is perhaps attributable to the great
depth of sea (1,600 feet) between Tripolis and Zante.
Triphylia, a fertile province stretching along the western coast of Peloponnesus,
belongs to a region which has frequently been devastated by earthquakes, and the

shock of 1899 was really a continuation, a sort of dying spasm, of the great
catastrophe of 1886. Many villages were completely destroyed, though fortunately
without loss of life. On January 22nd, 1899, on a fine winter's day, at 9.53 a.m., two
very strong undulatory shocks were felt at Kyparissia, travelling from south-west to
north-east, lasting each about 15 seconds, and setting the church-bells ringing.
Between that time and the evening, 16 more shocks took place. After-shocks went on
until February 12th. It is noticeable that buildings whose foundations are laid on solid
rock have not suffered so much as those built on the comparatively
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loose Tertiary beds. This is further well shown on the author's geological map of the
region; the destructive effects of the earthquake are seen to be practically confined to
the areas of newer, looser-textured strata (Neogene), while the older limestone and
hornstone areas are unaffected. All the indications point to the epicentrum of the
earthquake as being situated in the Ionian Sea, about 25 miles off the Peloponnesian
coast, and the central focus was about 45 miles below the sea-bottom (calculating
according to Alallet's method). The velocity of travel of the earth-tremors as far as
Rome is reckoned at 3,786 feet per second.
L. L. B.
THE GREAT EARTHQUAKE IN NORTHERN HONSHU, JAPAN.
Das grosse Japanische Erdbeben im Nordlichen Honshu am 31 August, 1896. By
Dr. N. Yamasaki.
Petermanns Mittheilungen, 1900, vol. xlvi., pages 249255, with diagrams in the text and 1 map.
It was in June, 1896, that the great tidal wave wrought disaster on the Kitakami coast
in northern Japan, sweeping into eternity 22,000 human beings. A bare 2 months
after this appalling catastrophe, on the afternoon of August 31st, 1896, a violent
earthquake laid waste the provinces of Rikushu, Uzen, Ugo and Mutsu, and 1,000
persons suffered in life or limb. The author was sent by the earthquake committee of
the Imperial Japanese Government to investigate the occurrence in detail, and the
memoir now published embodies the results of this investigation.
The first gives a brief topographical and geological description of the epicentral
region, and a full table of times and intensities of the shocks recorded from various
localities. He remarks that preliminary shocks are not usually felt in Japan in the case
of a great earthquake, but in this instance there were premonitory shocks on August
23rd, and slight tremors continued for several days thereafter up to the moment of
the principal earthquake; the warning thus conveyed accounts for the comparatively
small loss of life.
Magnetic disturbances were recorded from midnight of August 29th, onward,
reaching their maximum about 33 hours before the great shock. After-shocks were
very numerous: thus, at Morioka, about 19 miles from the eastern fissure, 149 shocks
were counted within 37 hours following on the principal earthquake. At Akita, 28
miles distant from the great fissure at Rokugo, 146 after-shocks were counted within
a fortnight.
The originating cause of the earthquake has been traced by the author to two long
lines of fracture which run parallel, one on either side of the main axis of the central
mountain-range of Japan; the outer walls of these fractures were found to have sunk
by several feet. To the eastern fissure the author applies the name of the Kawafune
fissure, and to the western that of the Senya fissure; the former is about 9 1/2 miles
long, the latter as much as 37 miles long. Now, in 1894, a disastrous earthquake took
place in northern Japan, which was traced back to a line of dislocation known as the
Yadaresawa fault; there is no doubt about the existence of a close relationship
between this older dislocation and the Senya fissure—in point of fact, the latter turns
out to be a prolongation of the former.

The Honshu earthquake of 1896 corresponded (in the Akita and Iwate districts) to an
intensity of 8 to 10 in the De Rossi-Forcl scale. The farthest place at which shocks
were felt was Sakai, near Matsue, on the Japanese
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Sea, about 500 miles south-west of the epicentrum, but the tremors were registered
by the Rebeur horizontal pendulum as far away as Strasburg in Alsace, and Rome,
Rocca di Papa, Ischia and Catania.
Besides opening up the great fissures, the earthquake caused several landslides;
valleys were bestrewn with fallen rock-masses and dammed up streams were turned
into lakelets. As usual, the seismic disturbance was greater in the lowland plains than
on the flat plateaux. In various localities in the plains, the sand and mud mixed with
water squeezed out of small fissures, has formed little conical hillocks. Some thermal
springs diminished in volume or ceased entirely, while at Sengantoge, a new spring
made its appearance.
L. L. B.
CHROME IRON-ORE OF KRAUBAT, UPPER STYRIA.
Beitrag zur Genesis der Chromeisenerzlagerstatte bei Kraubat in Oberstierrnark. By
Dr. Franz Ryba. Zeitschrift fur Praktische Geologie, 1900, vol. viii, pages 337-341,
with figures in the text.
This paper is mainly concerned with the confirmation of Prof. Vogt’s hypothesis,
based on the observations made by him in the Hestmando and Roros chromitemines of Norway, that the chrome iron-ore which occurs in eruptive peridotites or in
the serpentines derived from them is a primary product of magmatic differentiation.
The Kraubat ore occurs in a rock whose principal constituents are olivine and
chromite, and the rock is therefore properly a dunite. One of the author's colleagues
at the Mining School of Pribram made a chemical analysis of the ore showing that it
is not an absolutely pure chromate of iron (FeCr2O3), the percentages are: Silica,
4.3; magnesia, 9.7; cobalt oxide, 6.4; ferrous oxide, 9.1; alumina, 13.7; and
chromium sesquioxide, 56.2. The chrome iron-ore is scattered about irregularly in the
dunite, generally in the form of more or less rounded octahedra.
L. L. B.
IRON-ORE DEPOSITS OF THE STUBAI VALLEY, TYROL.
Ueber ein Eisenerz-Vorkommen im Stubaithale. By J. Blaas. Zeitschrift fur Praktische
Geologie, 1900, vol. viii., pages 369-370, with a section in the text.
Along the line of the Brenner, Triassic dolomites and limestones are seen to overlie
unconformably the folded mica-schists of the Stubaierstock: they really fill an old
basin eroded in the schists, and at the base of the dolomites occur frequently bands
of conglomerate, sandstone and quartzite, sometimes so highly charged with iron
that they would repay working. An attempt was made so long ago as 1831, but the
difficulties of transport appear to have been the determining cause of the
abandonment of the enterprise: now, however, that a light railway is about to be
constructed from Innsbruck into the Stubai valley, the economic conditions are more
favourable.
The author states that experimental diggings have exposed quartzite richly
impregnated with specular iron (60 per cent.) and magnetite in grains and crystals.
He estimates the average thickness of the ore-deposit at 12 or 13 feet, but is unable
to give reliable statistics as to its extent along the strike, although the fact that it has
been found at several points pretty far apart seems to indicate that the extent is
considerable. The ore-bearing quartzite revealed by the old adit, which has been
carried only some 20 feet into the mountain-side, is not so rich as that above
described. The quality of the ore is said to be excellent, and even if it were carried no
farther it could be used in the ironworks of the neighbouring town of Vulpmes.

L. L. B.
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ANTHRACITE IN NASSAU HAEMATITE, GERMANY.
Vorkommen von Anthracit in Nassauischem Rotheisenstein.
By L.
Loewe. Zeitschrift fur Praktische Geologie, 1900, vol. viii., pages 311-342.
In the Devonian haematite worked in the iron-mines of the neighbourhood of
Dillenburg, anthracitic inclusions occur over a length of about 1,800 feet. They are
dispersed equally through the mass in the direction of the dip, from the outcrop at
day down to the lowest depth yet reached in the mines (390 feet). Such inclusions
are especially numerous in the Konigszug and Stillings-eisenzug mines. In some
cases, they occur in very thin black strips, which frequently pass into a carbonaceous
impregnation of the haematite, so as to blacken completely great masses of ore. In
other cases, the inclusions are closely packed together in lenticles, measuring up to
8 inches in length and 2 inches in thickness. As a rule, such nests pass gradually into
the neighbouring rock, the ironstone being merely sprinkled along its edge with fine
anthracitic particles : the concentration of these little by little into masses of perfectly
pure anthracite can be traced uninterruptedly. Sometimes, however, the anthracite
ends off sharply against the haematite, a thin film of iron-pyrites often marking the
boundary between the two. The anthracite exhibits the usual characters: deep black
hue, strong metallic lustre, and greyish-black streak.
In discussing the origin of this occurrence, the author lays down the preliminary
postulate that all anthracite was formed in the wet way. As these Nassau haematites
are truly bedded deposits, though probably of a metasomatic character, it may be
assumed that the ferruginous waters which altered the original limestone-beds into
red ironstone, held in suspension organic substances which were precipitated with
the iron, and by slow decomposition ultimately became anthracite.
L. L. B.
THE KAOLIN-DEPOSITS NEAR LA SPEZIA, ITALY.
II Caolino dei Dintorni della Spezia.
By E. Salle. Atti della Societa Toscana di
Scienze Naturali, Processi Verbali, 1900, vol. xii., pages 103-106.
Up till about two years ago, the true character of the kaolin-deposits, which occur at
various localities in the hills around La Spezia, was not known. The terra bianca
(white earth), as it is locally called, was thought to be calcareous, and was indeed
mistaken for chalk. An expert who chanced to pass through the village of Montenero
in 1898, examined the mineral, and after careful scrutiny pronounced it to be kaolin.
Various trials having proved its industrial value, workings were started with feverish
alacrity. Despite the checks and disappointments which inevitably wait on
exaggerated hopes, the Montenero workings are now very flourishing.
A landowner of Corvara, near II Pignone, finding on his property white earth similar to
that of Montenero, had it analysed, and it proved to be kaolin of excellent quality, but
so far workings have not been started at the new locality.
The author's researches tend to show that this kaolin is an alteration-product of
euphotide (diallage-felspar-rock). Below the euphotides, in the Spezia district, come
dark green serpentinous rocks, and where the latter are superficially altered, the
presence of steatite, asbestos, and (less abundantly) malachite, is noted. The
percentage composition of the Corvara kaolin is as follows: Silica, 48.65; alumina,
35.20; lime, 2.79; magnesia, 0.65; water, 11.30; oxide of iron and alkalies
(determined by difference) 1.41.
L. L.B.
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THE ORIGIN OF THE CINNABAR AND ANTIMONY-ORE DEPOSITS OF
TUSCANY.
Die Zinnober und Antimon fuhrenden Lagerstatten Toscanas und ihre Beziehungen
zu den Quartaren Eruptivgesteinen. By Dr. B. Lotti. Zeitschrift fur Praktische
Geologie, 1901, vol. ix., pages 41-46.
The author begins by pointing out that there have been in Tuscany three great
periods of ore-deposition : firstly, in Eocene times, when, in connection with the
eruption of serpentine-rocks, copper-ores, and almost exclusively copper-ores,
were deposited.
Secondly, in the Miocene age, when iron-ores, large cupriferous
quartz-veins,
calamine,
and miscellaneous sulphides were formed, in
connection with the eruption of acidic (especially granitic and porphyric) rocks,
as in Elba, Giglio, near Caverano, and Campiglia.
Lastly in earliest Quaternary
times, when as a consequence of the outburst of trachytic and andesitic
lavas of Monte Amiata, Roccastrada, Monte Catini in Val di Cecina, and
Orciatico, sulphides, almost exclusively of mercury and antimony, were formed.
With these later phenomena may be associated the recent occurrences of thermal
springs, deposition of travertine, and evolution of sulphuretted hydrogen.
The main object of the present memoir is to prove the genetic relationship existing
between the eruptive phenomena of the third period and the mercury-antimony oredeposition.
First of all, in regard to Monte Amiata, the cinnabar occurs in rocks of the most
various texture, origin and age: in Middle Liassic limestones, in Upper Liassic
limestones and quartz-schists; in Nummulitic Limestone; in Eocene sandstones and
shales; and finally in the trachyte itself. The warm sulphur-springs and the
emanations of gas at Abbadia San Salvatore and other ore-bearing localities are
shown to coincide with a great subterranean fissure, along which the Eocene strata
are faulted against the older Mesozoic rocks of Monte Zoceolino. It is plain that the
cinnabar was introduced into so many different rocks of various ages by means of
percolating solutions which, on the limestones and sandstones, had a more or less
corrosive action.
There is an intimate relationship between the mercury and the antimony-ores of the
region here dealt with. In the Monte Amiata district and the Maremma Grossetana,
the two ores frequently occur in association in the same deposit. One ore-body which
was long worked, and proved to be the purest and richest in Tuscany, occurred in an
enormous mass of compact quartz, the hanging-wall of which is Eocene limestone
and the foot-wall Permian. Here besides antimony-glance are traces of realgar. A
similar association of putizze (sulphuretted-hydrogen blowers) and thermal springs is
noted in regard to the antimony-ore deposits, as in regard to those of cinnabar.
At Jano, in Volterra, cinnabar occurs both in rocks of Carboniferous age and in the
pyritous Pliocene clays against which the Palaeozoic rocks are faulted.
L. L. B.
PYRITES-DEPOSITS IN NORWAY.
Kisforekomster langs den Projekterede Sell-Storen-jernbane.
By E. Gulliksen
and Prof. J. H. L. Vogt. Teknisk Ugeblad, 1899, vol. xvii., pages 427-480,
444-447, 465-469, 475-477, and 487-488, with figures in the text.
The Sell and Storen railway is projected to open out the country south of Trondhjem
(Drontheim), in the heart of Norway, Sell being about 120 miles south-south-west of
that place as the crow flies, and 90 miles from Storen,
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where the new line joins the existing railway. Short branches running to the west
might connect the line with the coast in the neighbourhood of Christiansund and
Molde, following valleys lo the heads of the fjords into which they trend. The country,

which is mountainous and traversed by deep valleys, is formed of metamorphic
crystalline schists with eruptive rocks. The Sell-Storen line coincides roughly with the
junction of two great series of the schists, the older constituting generally the ground
to the west and the younger that to the east. It is in the latter set of rocks that the
ores of the region are found at a great many spots noted and more or less described
in this paper. These ores—iron- and copper-pyrites—occur chiefly in bed-like masses
approximately parallel to the high dip of the foliated rocks amongst which they lie,
and several of them have been worked already. Thus the pyrites-mine of Undal,
about 20 miles south of Storen, has been exploited since the seventeenth century,
and is capable of producing 20,000 tons of pyrites (1 per cent. of copper) per annum,
at a price of 8s. 9d. (7.75 kroner) per ton at Trondhjem. The Foldal mines can
produce double that amount (with 2 per cent. of copper) at about 10s. 1d. (9 kroner).
These localities, with Varstian, are the most important; but several others—some with
chromium-ores—are cited. Alternative railways for the development of the pyritous
deposits of the district are suggested and discussed, and are illustrated by means of
rough sections and a sketch-map.
G. A. L.
MINERAL RESOURCES OF RUMANIA.
Etudes sur les Mineraux de Ia Boumanie. By Prof. P. Poni. Annatles Scientifiques
de l’University de Jassy, 1900, vol. i., pages 15-148.
This memoir is an exhaustive compendium of all that is known up to the present day
concerning the minerals of Rumania. In regard to those of industrial importance, the
following are the chief particulars which may be gleaned from the memoir : —
Petroleum occurs on the northern slope of the Moldavian Carpathians and on
the southern slope of the Wallachian Carpathians. Its origin is in some way
connected with the upheavals which resulted in the ridging up and folding of the
Carpathian range. The chief centre of the oil-industry is the district of Prahova,
producing more than 23,000,000 gallons annually. Next in importance are the
districts of Buzeu, Dimbovitza (where the production, however, is diminishing),
Neamtz-Bacau, etc. In 1898, the total amount of petroleum produced in Rumania
exceeded 30,000,000 gallons; the use of the crude oil and of the distillation-residues
as fuel in factories and railway-locomotives is rapidly extending in that country, and
the author thinks that the production in 1899 was vastly greater than that of the
previous year. Moreover fresh facilities for transport of the oil along the navigable
waterways have lately come into play.
Ozokerite has been worked in several localities, where beds of it occur in
association with petroleum.
Amber is got chiefly in the district of Buzeu. The mountain-torrents coming
down in flood bring with them great masses of friable Miocene sandstone and clay in
which the mineral occurs, and whence it is extracted by the people of the
countryside. The annual production varies: it is stated not to exceed 660 pounds, but
there is reason to believe that the peasants conceal the actual amount, in order to
evade taxation.
Anthracite containing between 88 and 90 per cent. of fixed carbon is worked
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at Schela in the Gorjiu district, and is known to occur at three or four othe localities.
Bituminous coal, of Jurassic age, occurs in the Dimbovitza district. There, at
Brandusi, are two seams—one 6 1/2 feet, the other 2 1/4 feet thick. At
Piscul-cu-brazi two seams have been struck, the lower of which, 2 3/4 feet thick is
separated from the upper (27 inches) by only 1 foot of clay.
Lignite is of widespread occurrence. The workings at Bahna and Meris have
been abandoned, but in the Dimbovitza district a seam, ranging from 6 to 7 feet in
thickness, is worked, and 8,500 tons were got from it in 1898. Exploration-work is

going on at Doicesci in the same district, where three searns crop out whose
combined thickness approaches 20 feet. This is also the maximum thickness of the
three seams in the Government mine at Margineanca; at Fagetzel, 4 1/4 miles distant
from the last-named locality, opencast lignite-workings were started by the Rumanian
Government in 1898. The mineral is also being mined at several localities in the
Prahova district.
Graphite has been recorded from the Suceva, Gorjiu and Mehedintzi districts,
but it does not appear that any attempt has been made to work it.
Rock-salt is, industrially, one of the most valuable of the Rumanian minerals
owing to the extent, thickness, and purity of the deposits. These form an almost
unbroken chain, striking firstly north and south on the eastern flank of the Moldavian
Carpathians, and then striking westward on the southern slope of the Wallachian
Carpathians. As a general rule, the rock-salt crops out at the surface, or is struck at a
very shallow depth. The working of the mineral practically constitutes a state
monopoly, the chief mines being those of Tirgul-Ocna, Slanic, Doftana, and OcneleMari. Galleries, 160 feet or so wide and 650 feet long, are driven in the rock; and
though, in some cases, the workings have reached a vertical depth of 600 feet or
more from the surface, they have not got through the salt. The total production of the
four above-mentioned mines in 1898 exceeded 112,000 tons, 64 per cent. of which
was consumed within the country, the remainder being exported to Bulgaria, Servia
[Serbia] and Russia.
Gypsum, as might be surmised, is of very frequent occurrence in association
with the salt-deposits.
Mirabilite (Glauber's salt, or hydrated sodium sulphate) occurs abundantly in
deposits crystallized out from the many salt-lakes of the Rimnicul-Sarat, Braila and
Jalomitza districts. As the outcome of elaborate analysis and comparisons the author
concludes that the waters of these lakes could be utilized in the industrial preparation
of sodium sulphate with much greater advantage than the "mother-liquors" of saltmarshes. Sodium sulphate also occurs in the efflorescent form at the surface of
porous marls (proved to overlie saliferous clays) which are found mostly in the valleybottoms of the Bahlui and Jijia river-basins and at many other localities. Finally it
occurs in solution in the springs and wells around Jassy, etc and among the
Carpathians, in springs, in close proximity to the great chain of rock-salt deposits.
Kaolin.—The granulite of the south-western flank of Mount Muncel is believed
to have given rise to a thick deposit of kaolin, which occurs in a neighbouring valley.
Iron-ores occur in workable deposits in several localities, such as the
magnetites between Podeni and Obirsa; the limonites on the western flank of the
Bahna mountains, and of Mount Dirmoxa; and perhaps the red hematites of the
Suceva district. Moreover, iron- and copper-pyrites, and manganese-ores are
recorded from several localities.
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Gold occurs, but in very small proportions, in the river-sands of the Jiul, the
Oltul, the Argesul, the Bistritza and their mountain-affluents.
Among the other minerals, the existence of which is proved, are native
sulphur, native mercury, cinnabar, realgar, orpiment, galena, blende,
smaltine, tetrahedrite, malachite, etc.
L. L. B.
MINERAL PRODUCTS OF CEYLON.
Ueber die Mineralvorkommen von Ceylon. By Fr. Grunling. Zeitschrift fur
Krystallographie und Mineralogie, 1900, vol. xxxiii., pages 209-239, with a figure in
the text and map.
This memoir is based partly on the author's personal observations in the course of a
journey through Ceylon in the winter of 1896-1897 (made for the express purpose of

collecting minerals), and partly on an exhaustive study of all known publications
bearing in any way on the mineral products of the island.
From the physiographical point of view, Ceylon is divisible into three very distinct
portions: (1) the northern plains; (2) the low coast-lands; and (3) the mineralproducing mountain area, which, lying somewhat south of the true centre of the
island, takes up about a fifth of its total surface.
In northern Ceylon, especially in the districts of Chilaw and Puttalam, sea-salt is got
by solar evaporation of the sea-water in narrow canals: the numerous shallow inlets
and creeks are very favourable to this branch of industry. Along the north-western
coast, from Negombo to the island of Mannar stretch the pearl-oyster banks. The
pearl-fishery is subjected to careful regulation and inspection, and operations (when
authorized) are usually started about the end of February, at the quietest period of
the north-east monsoon. In 1885, for example, pearl-fishing was carried on for 20
days, the total value of the production for that short campaign amounting to £9,000.
Turning now to the mountainous districts, the mineral which ranks first in industrial
importance is graphite. It is of widespread occurrence, and is worked in numerous
mines, pits and smaller excavatons over an area extending from Mount Ambokka, on
the boundry between the Central and North-western Provinces, to Warapitiya in the
Hambantota district of the Southern Province, and from Matale up to the heights of
Nuwara Eliya. The estimates of the total number of workings appear to be very
various, ranging from 400 up to 1,800 or thereabouts. The workings are generally
opencast, and are exploited in a comparatively primitive fashion, very few steamengines being in use. One of the great practical difficulties is the inrush of water,
particularly after heavy monsoon rains which at times bring mining operations to a
standstill. In some cases, perpendicular shafts are driven in the graphite-bearing
rocks, but to no very great depth, on account of the bad conditions of ventilation. The
largest mines are those of Ragedara, which have yielded and still yield enormous
quantities of graphite of first-rate quality. Next perhaps to these we should mention
those of the Kegalla district, and of Pasdum Korale and Morawak Korale. Messrs.
Walther, Zirkel and Weinschenk have successively pointed out that the graphite is a
true vein-deposit (in granulite), a view with which the author emphatically concurs.*
The graphite-veins have preserved in a remarkable
* Quarterly Jovrnal of the Geological Society, 1900, vol. lvi., page 609.
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way the impress of the mechanical disturbances (the dynamics of mountain-building)
which the rocks have undergone since the veins were formed. Thrusts in opposite
directions have produced in the graphite-fibres a structure of deceptively ligneous
aspect, while in some cases excessive pressure has converted the fibrous graphite
into a compact, minutely scaly mass. This variety is regarded in Ceylon as of less
value, nevertheless it possesses all the qualities requisite for making good pencils.
For further, information on the subject of the graphite-deposits of Ceylon, the reader
may consult with advantage Dr. E. Weinschenk's paper.*
Precious stones occur in the recent river-sands and in the older alluvial deposits,
now high and dry above the stream-levels.
Among the wealthiest areas in this
respect is the province of Sabaragamuwa (wherein the town of Ratnapura is
regarded as the chief centre of the industry) down to Rakwana ; and away over the
southern hills to the sea, thence along the coast-lands from Point de Galle to
Magama Ganga (Southern Province). Rich deposits too are found in the Western
Province.
The methods of working are of the simplest, and are carried on almost
exclusively by Cingalese natives.
The "water-pits" are worked only at certain
seasons, for the streams are mightily swollen during the monsoon.
At a
convenient spot, the river-bottom is scooped up with long-handed shovels

bent at right angles: then 30 to 40 shovelfuls, say, are emptied into a basket of
closely matted plant-fibre with small oblique apertures. The basket is kept seesawing in the water with a kind of rotatory motion, the result being that clay, mud,
dirt, etc. are washed out while the clean gravel remains. In the case of "land-pits"
a fairly deep tank is dug, wherein a wooden stand is built for the man who washes
the gravel:
otherwise the modus operandi is practically the same as that just
described. The precious stones are mostly fresh and bright, and but little rolled,
showing that they cannot have travelled far from their original home. Some
of the stones are sold by auction or private treaty just as they are, but others
are cut in Ceylon itself, and the author publishes a photograph and description of a
native cutter at his work.
Among these stones, the great abundance of corundum is very striking, so too its
varied coloration and degree of translucency. The most frequent precious corundum
is sapphire of a pale blue (the natives "improve" the colour to a certain extent by
heating the stone). Colourless and fine yellow sapphires are fairly common also, but
of less market value. Rubies are much rarer: they vary in colour from a pale
raspberry pink to one with a violet tinge. In this case also defects of coloration are
partly got rid of by heating. Gneissose and granitic rocks are said to be the original
matrix of the sapphires, while the rubies are traced back to dolomites and limestones
as well. The author, however, has collected material affording evidence that dolomite
is also the mother-rock of sapphires.
Magnificent blue spinels, zircons and tourmalines are of frequent occurrence.
Colourless zircons are mostly cut in rosettes, and are termed "Matara diamonds."
Shimmering moonstone is found in pegmatite-veins, especially in the district of
Kandy, while gravels derived from such veins occur in the Galle and Matara districts
of the Southern Province. Ordinary garnet and brown cinnamonstone are also cited,
as well as amethyst and colourless rock-crystal. Among the minerals which the
author did not himself find, but the occurrence of which is recorded on reliable
evidence, are sulphur, platinum, native gold, auriferous quartz, molybdenite,
magnetic pyrites, magnetite and iron-alum.
L. L. B.
*Zeitschrift fur Praktische Geologie, 1900, vol. viii., page 174.
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DEVONIAN ANTHRACITE IN KWI-CHU PROVINCE, CHINA.
Sur la Presence d'un Gisement d'Anthracite Devoniem au Koui-tcheow, Chine. By
G. H. Monod.
Comptes-rendus Hebdomadaires des Seances de l’Academie des
Sciences, 1901, vol. cxxxii., pages 270-272, with a plan and section in the text.
By means of three very narrow drifts, the most considerable of which, at the time of
the author's visit, was about 5,000 feet long, the Chinese work a deposit
of
anthracite at Lan-mu-chang, halfway between the cities of Hing-i and Ganshuen, in the province of Kwi-chu.
The coal is overlain and underlain by highly
fossiferous pyritous grey shales; and above the shales are limestones.
In
the last-named formation is a small fissure encrusted with cinnabar, which
has also been worked by the Chinese.
The presence of sulphides accounts
possibly for the somewhat high proportion of ash in the anthracite; a proximate
analysis made at Marseilles yielded the following percentage results:—Moisture,
0.50; volatile matter, 8.75; ash, 10.40; and fixed carbon, 80.35.
The coal-seams, of which there appear to be three, dip 20 degrees northeastward,
and the fossils found in immediate association with them prove their Devonian age.
This shows that the coal-bearing formations in China range through a much greater
period in geological time than had been previously suspected. This range is still
further extended, when we take into account the occurrence of Tertiary lignites
recorded by the author at Ma-pe-kai in the east of Yun-nan: with these lignites is

associated an abundant fauna of lacustrine gasteropods. Moreover, Mr. Zeiller has
shown that lignites, probably of Pliocene age, are to be found in Tong-king, in the
neighbourhood of Yen Bay.
L. L. B.
AURIFEROUS DEPOSITS OF THE LIAO-TUNG PENINSULA, CHINA
Geologicheskoye Opisanie iuzhnoi okonechnosti Liao-Bunskago Poluostrova
ve predielakh Kvantunskoi Oblasti i eia Miestorozhdeniya Zolota.
By K. I.
Bogdanovich.
Materiali dlia Geologiyi Rossiyi, 1900, vol. xx., pages 1-248,
with two maps, plates I.-XV., and a summary in French. This elaborate memoir,
forming by far the greater portion of the twentieth volume of the Materials for
the Geology of Russia, deals with the geology of the Kwantung province or southern
end of the Liao-Tung Peninsula, ceded to the Tsar by the treaty of March 15th, 1898.
The author has determined the rock-succession in Kwantung as follows (each group
being markedly unconformable one to the other):—(1) Gneisses, granitoid gneisses,
and hornblende-schists (? Archaean metamorphic series); (2) quartzites, quartzose
grits and clay-slates of Ta-ku-shan; (3) limestones and shales of Cambrian age; and
(4) Coal-measures (grits, shales and limestones) of Carboniferous age.
The foregoing rock-groups are enumerated in ascending order; the topmost or
Carboniferous group is at present only known by two small outcrops. Above all these
come the sub-recent alluvial deposits, loess-clays and loams, raised beaches, etc.
Eruptive rocks play a very insignificant part in the configuration of the area. The
orographic structure shows signs of considerable earth-movement as early as preCambrian times, and dislocatory movements continued until after the deposition of
the Carboniferous strata, since these too have been folded and ridged up.
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The author distinguishes in the Liao-tie-shan district four categories of auriferous
placers: (a) recent gold-bearing sand in the river-beds; (b) placers of the table-lands
and hills, formed from the erosion of rocks in situ or neighbouring slopes; (c) goldbearing alluvia of the valleys, dating from the period of formation of the rivervalleys; and (d) submarine gold-deposits, the last-named being worked by the
Chinese at low tide.
The exploration of the placers in the Pei-lien-tsa valley and near the village of
Shantse-tun has yielded evidence of their connexion with quartz-veins which traverse
the quartz-schists and clay-slates of the Ta-ku-shan group. In the Liao-tie-shan
massif these veins are seen to traverse also the Archaean gneisses and granitoid
rocks, and they seem to bear some relation to an associated complex of pegmatitic
veins.
Around Port Arthur, gold-placers belonging to categories a and b have been
discovered, and so too farther north-east near the bay of Liao-pin-tao. Several other
localities for gold are enumerated, and the memoir conveys generally the impression
that both placers and auriferous quartz-veins are very widely spread over this new
province of the Pussian Empire. Exploration-work is now in progress, with the view of
ascertaining whether the veins, which are never more than 1 1/2 inches thick, could
be worked at a profit, but there is no doubt whatever as to the industrial importance
of the deposits belonging to categories b, c and d. The last-named—the submarine
placers—are regarded by the author as the most promising of all. The Chinese
Government had always opposed the working of gold in this area, but in 1898 the
people of southern Liao-tung, being pressed by famine and taking advantage of the
relaxation of Chinese authority, began to excavate the placers: and a change has
come over the economic as well as over the political conditions of the peninsula.
L. L. B.
MINERAL RESOURCES OF TAIWAN OR FORMOSA.

Unsere geographische Kentnisse von der Insel Taiwan (Formosa). By Dr
N. Yamasaki.
Petermanns Mittheilungen, 1900, vol. xlvi., pages 221-234, and
map.
The most important mineral products of the island, now happily under Japanese rule,
are gold, coal and sulphur, and the chief localities so far known for these are in the
extreme north, in the neighbourhood of Kilung.
The gold occurs both in placer-deposits and in veins: it was first discovered in 1890
in the Kilung-kei river by one of the Chinamen employed in building a railway bridge.
Since then, a stretch of 10 miles of river-bed has been industriously washed for gold
by thousands of natives. Later on, auriferous sands were found at Shinjo and in the
Shu-koran-kei on the east coast. In the Kinkaseki and Kyufun-san hills, east of the
harbour of Kilung, gold occurs at the contact-zone between Tertiary sandstones and
slates and volcanic rocks, and in veins interrupted by Tertiary beds.
Many coal-seams occur in the Tertiary hill-country on both sides of the Kilung-kei, but
on the whole the quality is not very good. Among the localities where the coal is said
to be somewhat better are:—Shikyakutei (three seams, of which the main seam is
more than 4 feet thick); Denryoko (also three seams, the principal of which attains a
thickness of 9 feet 8 inches: but they all thin out gradually westward); and Sanshorei.
The use of the Kakyaku coal-field is exclusively reserved for the Imperial Japanese
Navy: it opens up four seams, of which the main seam is 5 1/2 feet thick.
All the
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bearing strata are Tertiary sandstones and shales, with a general northeasterly and
south-westerly strike, and sometimes a steep dip (as much as 85 degrees).
The
coal-export in 1898 amounted to 14,250 tons.
Sulphur is got from the solfataras connected with the Taiton volcanoes, and the
annual production ranges between 300 and 420 tons.
Petroleum is known to occur in several localities, but so far it has not been obtained
in sufficient quantity to make it of great industrial importance.
The author embodies these data in a paper which contains much valuable
information concerning the physiography, climate, vegetation (rice, tea, pineapples,
bamboo, sugar-cane, camphor, etc., are grown), and fauna of the island.
L. L. B.
PROSPECTING IN PERSIA.
Schurfungen in Persien. By Hans Winklehner. Oesterreichische Zeitschrift fur Bergund Huttenwesen, 1899, vol. xlvii., pages 629-633 and 645-649.
Petroleum.—Near Schushter is a hot spring yielding 22 to 33 gallons (100 to
150 litres) per diem of petroleum, fit for burning without requiring any refining.
Another source of oil is found in a hot sulphur-spring at the foot of a limestone-hill
near Daliki, the daily output being 18 to 22 gallons (80 to 100 litres) of clear yellow
oil, with a specific gravity of 0.81, agreeable odour, and burning well without smoke.
Two abandoned bore-holes sunk in the vicinity were examined by the author, but the
quantity of oil was small; and, though the presence of workable quantities is not
improbable, the expense of transporting tools, etc., from the coast is so great that
there is little likelihood of the deposit being worked.
Other petroliferous springs were discovered in the limestone-formation near
Chanawallah, but the same objection applies to any endeavour to work them; and oil
was also found on the island of Kishim in the Persian Gulf. Notwithstanding the
failure of previous attempts the author is of opinion, in view of the great extent of
country of uniform geological character along the shores of the gulf, from Schushter
to Minab, over which these oil-springs occur, that payable oil may yet be struck at
some parts of the line.

Rock-salt.—Very extensive deposits are found over the whole of Persia. A
large part of the chain of hills along the Persian Gulf, some 93 miles (150 kilometres)
between Bushire and the Rud-i-Mand, consists of saliferous clays containing from 20
to 30 per cent. of salt. The outcrop in many places takes the form of pillars or
pyramids 160 to 200 feet (50 to 60 metres) high, covered with overhanging
sandstone protecting it against further denudation. The hill of Kuh-i-Namak. near the
mouth of the Rud-i-Mand, and about 5,200 feet (1,600 metres) high, consists mainly
of rock-salt overlying marl and tough limestone. A similar deposit occurs at
Namakdan on the island of Kishim, a chain of hills 3 3/4 miles (6 kilometres) long,
3,900 feet (1,200 metres) wide and over 300 feet (100 metres) high, on the southern
coast, consisting entirely of rock-salt, with a covering of sandstone, marl and
gypsum. The salt here is very clear and transparent. It is worked in a very primitive
manner by the natives, home-made powder being employed for blasting.
Other considerable beds, but of less pure salt, are found in the islands of Hormuz,
Larak and Handscham.
The chief difficulties in working these beds on a large scale are the provision of food
and water for a large working staff, the land being unproductive and
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short of water. The main drawback, however, is the high freight to Bombay. there
being no return traffic; and consequently this district could not compete with the Aden
salt-works.
Coal.—Several outcrops of so-called coal were inspected in the Gisakhun,
Dehery and Chormudsh hills, but proved to be gypsum, etc., impregnated with
bitumen, the only deposit of true coal being in the hills to the north of Kerman. Even
this is very irregular, and occurs in isolated masses 31 to 47 inches (80 to 120
centimetres) thick; and, though of good quality, is too far from the coast to be of any
practical value.
Borax.—Between Shar-i-Babek and Deh-i-Shuturan, in the province of
Kerman, an extensive deposit of borax occurs in the centre of a steppe, the mineral
being found in lumps about 40 to 60 inches below the surface. The soil is
impregnated with boracic compounds, and the subsoil water is struck at a depth of
about 80 inches (2 metres). The lumps consist of: ulexite, 68.93; boracite, 1.00;
borax, 2.06; glauberite, 4.76; common salt, 4.22; moisture, 11.26; and insoluble
matter, 7.85.
The natives extract the borax by boiling these lumps for 4 to 5 hours in a solution of
plant-ashes and crystallizing the extract in copper pans.
The author collected a quantity of the lumps, and concentrated the borax by washing
out the earthy impurities and drying the ulexite in kilns, the product containing 55 per
cent. of boric acid, 16 per cent. of lime, 8.8 per cent. of soda, and 20.2 per cent. of
moisture.
Asbestos.—The best finds were made in the Kuh-i-Benan hills on the Afghan
frontier, and at Bafk, Chusf and Shetur in the same district, the mineral being
associated with serpentine in limestone.
Iron.—A considerable deposit of red ironstone, 30 to 60 feet (10 to 20 metres)
thick and of a soft character was found near Bam, the outcrop being traced for nearly
2,600 feet (800 metres). The ore is of excellent quality, containing an average of 56
per cent. of iron, and is embedded in limestone; but owing to its position in the
desert, 37 miles (60 kilometres) from the nearest water, is practically unworkable.
Copper and lead are fairly plentiful in the south, the former being worked in
the Kuh-i-Hasar hills (Kerman), and the latter at Kuh-Kebutih (Bam), where a very
rich deposit occurs in a limestone-ridge.

Sulphur.—Irregular deposits of impure (20 to 25 per cent.) sulphur are found
in some low hills near the headland of Ras Bostana and worked by the natives.
Pockets of purer mineral (70 to 80 per cent.) are also met with in the same locality.
Unfortunately the almost entire absence of any means of internal communication,
apart from a few main roads, precludes the possibility of utilizing the mineral wealth
of the country.
C. S.
MINERAL WEALTH OF SIBERIA.
Note sur les Richesses Minerales de la Siberie et sur l’Etat actuel de leur
Exploitation. By E. Glasser. Annales des Mines, 1900, series 9, vol. xviii.,pages 578, with maps in the text and a map.
This exhaustive memoir is based partly on the author's personal observations made
during the summer of 1898, and partly on information elicited from Russian mining
engineers and mining publications. It is accompanied by a sketch-map of Siberia
on which the most important ore-deposits so far known are indicated. The author
expressly excludes from the scope of his survey the mineral wealth of the Ural region
and of Russian Central Asia.
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Gold.—The seekers after the precious metal, pushing ever farther afield as
the gold-bearing deposits nearer the fringe of the settled districts are becoming
gradually worked out, have recently entered upon regions hitherto regarded as
practically uninhabitable—the desolate shores of the Sea of Okhotsk, nay even far
Kamshatka itself. A certain measure of success has already attended their efforts,
thus confirming the supposition that auriferous deposits extend in an unbroken chain
from the Urals to the Pacific coast. The gold-production of Siberia in 1897 reached
897,210 ounces troy, the number of workpeople employed being close upon 45,000.
The largest amount of gold is got from the Lena district and the Amur province, which
between them account for more than half the total. Then longo intervallo come the
Yenisei district, the Maritime province, the Altai, and Eastern and Western
Transbaikalia. It is believed that a considerable proportion of gold is stolen by the
workpeople; and further, that a good deal is worked clandestinely in order to evade
taxation: the result being that the declared production represents probably not more
than three-quarters of the real total. The undeclared fourth is smuggled across the
Chinese frontier, or stealthily conveyed on board vessels lying in the Pacific
harbours.
As before mentioned, the Lena district is at present the most important goldproducing area in Siberia. The rigorous climate does not allow of the hundred or so
placers being worked during the winter, although some underground exploration and
driving of headings, etc. is done then.
The land, not having been brought under
tillage, yields no food; and, besides the workpeople themselves, provisions, stores,
everything in short, except timber, have to be brought thither from enormous
distances. Wages are comparatively high—including the market value of the food
supplied, they average 6s. to 6s. 8d. per diem.
In the working season of 100 days
one workman's output will amount to 25.72 ounces troy of gold.
Taking as an
example the Olekma and Vitim portion of the district, highly folded schists and
sandstones of Cambrian and Lower Silurian age are capped locally by
Pliocene
and Quaternary deposits.
The ancient rocks are rich in auriferous
pyrites, containing as much as 5 to 7.5 parts of gold per 10,000, and they are
believed to be the source from which the placers derived their materials.
The
percolation of surface-waters during the emergence of the area, in the long ages
which elapsed between the close of Palaeozoic and the end of Tertiary times,
probably gave rise'to auriferous quartz-veins in the fissures of the rocks.
These
veins were weathered away during the Glacial period, and their

constituents accumulated into the older and richer series of placers, with a general
northeasterly and south-westerly trend. These placers lie deeply buried beneath a
double succession of Glacial deposits, which are in turn overlain by the auriferous
alluvia of the modern rivers.
Fluviatile erosion of the older placers has
given rise to the distribution along the present valleys of post-Glacial placers,
shallower and poorer in gold, but less deeply buried beneath barren deposits (in this
case only gravel and peat).
The older placers are exploited by underground
workings, the newer by opencast.
The necessity of thawing the deeply frozen
subsoil and the auriferous sands themselves is one of the many difficulties with which
the Siberian miner has to contend, and the underground galleries must perforce be
very elaborately and carefully timbered.
In the Amur province, the chief centre of gold-mining industry is the Zeia river-basin.
Although it lies several degrees south of the Lena district, the climate is still too
rigorous to allow of a longer working season than 110 to 120 days.
The lower
course of the Zeia is navigable all the way down to
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its confluence with the Amur, near which point is the important town of
Blagoveshchensk. The Zeia placers are spread over a belt about 60 miles broad and
370 miles long, trending east and west parallel with the plications of the Stanovoi
Range: they occur generally near the contact of gneisses and mica-schists with
granitic masses. The placers are evidently of sub-recent origin, shallow, and not
deeply buried under barren deposits, so that the workings are all opencast. The
material which constitutes the auriferous deposits does not appear to have travelled
far. As is the case all over Siberia the sluice-boxes are made very short, and contain
no mercury, with the result that much finely divided gold is lost. Improved methods
and appliances would make it pay to work deposits now considered exhausted or
regarded as too poor. An unsuccessful attempt at dredging was made some years
ago.
In the Yenisei district, besides placers (the total production of which has diminished
year by year since 1857) auriferous quartz-veins in the ancient rocks are now being
worked. After a brief description of the conditions obtaining in the other areas
previously enumerated, the author concludes that, on the whole, the gold-reserves of
Siberia are still considerable, and that for many years to come production will
maintain its present level, with perhaps a few fluctuations.
Silver and Lead.—At present only five argentiferous deposits are being
worked in all Siberia: two in the Altai, one in Transbaikalia, and two in the Kirghiz
steppes. The abolition of serfdom in 1861, causing a sudden rise in wages, struck a
deadly blow at the prosperity of the Altai mines, and the coup de grace was given by
the fall in the value of silver. A similar statement applies to the Transbaikalian mines,
which, for more than a century, were worked by convicts. Now convicts are sent on to
Sakhalien Island, where their labour is largely hired by colliery companies. There is
reason to believe that in both the Altai and Transbaikalia only the very richest veins
have been worked out, and that payable argentiferous deposits remain untouched
until such time as improved means of communication and other favourable
circumstances combine to attract attention to them once more.
Copper.—The same obstacles arrest the progress of this industry as those
which have been hinted at in the case of silver and lead. In the Kirghiz steppes,
cuprite, azurite, malachite, and a whole series of sulphides occur at the contact
between the porphyrites and the Devonian grits and limestones.
Cinnabar and tin are recorded from Transbaikalia, and zinc-ores have been
discovered in many parts of Siberia.
Iron.—Although a great many occurrences of magnetite, spathic ore. and
haematite are recorded in Siberia, not more than six or seven different deposits are

worked there, and those not very actively: the total production of iron-ore in 1897 only
amounted to about 20,000 metric tons. Five foundries are at work (all in Central
Siberia) two of which belong to the Administration of the Privy Purse, while three are
the outcome of private enterprise. The Nikolaievsk works are the most important:
they have been in private hands since 1864, and the plant has been largely
remodelled of late years; they employ 960 workpeople. The ore used there is a
splendid brown haematite from the Devonian sedimentaries of the Angara valley: the
fuel is wood and wood-charcoal.
Coal.— The total production in Siberia, during 1897, amounted to 55,480
metric tons, four-fifths of which came from the Pacific coast, and nearly the whole of
the remaining fifth from the Kuznetsk basin. The last-named is at present the most
important coal-field in Asiatic Russia: it is formed by an outlier of true Coal-measures
amid the Devonian rocks which cover a vast
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extent of country, north of the Altai massif. The coal-field extends 125 miles from
north and south between the Alatau Hills on the east and the Zalairsk Hills on the
west, and is 30 miles or so broad. On the banks of the Tom (an affluent of the Obi),
which runs right through the coal-field from north to south, rises the town of
Kuznetsk. The Coal-measures are about 1,300 feet thick, and consist of an
alternation of very clayey grey shales with more or less compact sandstones. In
these occur a great many seams, at least a dozen of which are more than 39 inches
thick, and one seam at certain points actually reaches a thickness of 40 feet. All the
seams together average a total thickness of more than 95 feet of coal. The quality is
good, but the mineral has so far been worked actively at one point only—that is, at
Kalchughen, on the western lip of the basin, where the seams are very thick. This
locality is hardly more than 30 miles distant from the Privy Purse ironworks of
Gurievski, where the coal has been largely used, as such, and in the form of coke as
well. At present the only available means of communication are rough corduroy
tracks through the marshy forest.
About 60 miles north of the Kuznetsk basin, another coal-field, near Sujenka, but in
immediate proximity to the Trans-Siberian Railway, was opened up by explorationwork in 1897 and 1898, and was expected to produce in 1899 about 50,000 metric
tons at an estimated cost of 8 shillings per metric ton. South-west of the Kuznetsk
basin, patches of Coal-measures occur in the Kirghiz steppes, and exploration work
is in active progress. So it was also in 1898, near Nakhotka bay, about 30 miles east
of Vladivostok, while the Nadiezhda coal-field, about 12 miles north of Vladivostok
was estimated to yield in 1899 about 20,000 metric tons suitable for use on the
railway. Further, the collieries on the coast of Sakhalien are being rapidly developed,
and there are vast unworked deposits in the interior of the island: the price of coal on
that coast does not exceed 15 shillings per metric ton.
Anthracite, graphite, and naphtha also occur in Siberia.
L. L. B.
THE ORIGIN OF GOLD IN MADAGASCAR.
Sur I'Origine de l’Or de Madagascar.
By A. Lacroix.
Comptes-rendus
Hebdomadaires des Seances de l’Academic des Sciences, 1901, vol. cxxxii.,
pages 180-182.
Native gold occurs in the alluvial deposits over the whole area of gneissic rocks in
Madagascar, but exploration-work has so far been concentrated on the central
massif of the island. Quartz-veins, the usual primary matrix of alluvial gold, have not
been much studied up to the present in the new French colony, and little is known
definitely about them there, excepting three veins which were actually worked in the
neighbourhood of Suberbieville before the annexation. The author's opinion is that
much of the Madagascar alluvial gold is really derived from a gneiss of which it was a

normal constituent. The only other known occurrence of native gold as a primary
constituent of gneiss is in the Campanha district of Minas Geraes (Brazil). But
several examples are known of the occurrence of gold in granitic magmas, and
therefore the author is not surprised to find it in such crystalline schists as those of
Madagascar, where the influence of eruptive granite is traced at every step.
Moreover, the auriferous quartz-veins of the island are manifestly connected in some
way with the granite, for parts of them are masses of rock-crystal with inclusions of
tourmaline and muscovite.
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Gold has been found, and should be further sought, in the laterite (or red earth),
which, in Madagascar, as in many other tropical countries, is the result of the
decomposition in situ of felspathic rocks of every description (gneiss granite, etc.).
The biggest nuggets as yet obtained in the island were sot from this laterite; they are
quite "unrolled," and are doubtless there in their original matrix.
Moreover, in the magnetiferous quartzites, the principal source of iron-ore in
Madagascar, native gold occurs in just the same way as the magnetite -- that is, it
encrusts the quartz-grains or is completely enveloped by them It is intimately
associated with the magnetite, and is doubtless one of the primary constituents of the
rock.
L. L. B.
GALENA ASSOCIATED WITH VANADIUM AND MOLYBDENUM-ORES IN
ARGENTINA.
Bleiglanz-, Vanadin- und Molybdanerzgang in der Provinz San Luis, Argentinien,
Sudamerika. By Dr.. W. Bodenbender. Zeitschrift fur Praktische Geologie. 1901, vol.
ix., pages 52-55.
The quartz-vein which exhibits this uncommon mineral association was discovered
not long ago in the province of San Luis. At the outcrop it is about 6 1/2 feet thick,
strikes northwestward with a vertical pitch, and cuts through phyllite. The vein is
divisible into six different bands on either side of its central axis. Beginning with the
outermost, we find: —
1.—Compact or porous quartz with limonite, haematite, and a minute proportion of
gold.
2.—A compact or cavernous, granular or homogeneous, red or brown mass,
consisting of silica, iron-oxide, and carbonates of lime and lead. In this are nests and
druses of plumbo-calcite, which, on analysis, is shown to contain posphates and
molybdenates; the hollows in this gangue are in part occupied by chrysocolla,
cerussite, quartz, vanadinite, molybdeno-silicate of copper, etc.
3.—A compact, homogeneous, black-grey layer consisting chiefly of carbonate of
lead, with calcite, small quantities of galena, copper-pyrites, iron-ore, and very little
quartz.
4.—An extremely thin band (only about 0.20 inch) of sulphate of lead of a greyishwhite colour. Sometimes this pinches out altogether.
5.—A compact, homogeneous, black or dark blue layer, consisting of sulphides of
lead and copper mingled with plumbic sulphate. This graduallypasses into
6.—Where small crystals of galena disipersed in a greyish-white mass of lead
sulphate pass little by little into the coarse-grained galena which forms the core of the
vein.
Very near the spot to which the foregoing description applies, and working on the
same vein, large masses of plumbo-calcite were got, mostly free from quartz and
limonite, but encrusted with red iron-ochre. In this plumbo-calcite were tabulae and
nests of a lemon-yellow and orange-yellow mineral which proved to be, if not actually
wulfenite (a molybdenum mineral), at least closely akin to it; and this was associated
with tiny crystals of a vanadium-lead mineral. The author regards the vanadinates as

the latest-formed secondary products in this vein; the whole ore-body being the
outcome of successive deposition of metallic and non-metallic compounds from
aqueous solutions percolating into a fissure. The ferruginous and auriferous quartz
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was the first mineral to be deposited; it is possible, indeed, that it filled up the whole
of the original fissure, but that this was reopened later after partial shattering and
smashing up of the quartz.
The order of deposition may be inferred from the enumeration (abstracted above) of
the various layers which go to form the vein. The genesis of the vein seems to be
connected in some way with that of the pegmatites.
After pointing out that bismuth-ores in the same province of San Luis, previously
reported as occurring in gneiss, really occur as veins in pegmatite, the author
remarks that vanadium minerals are widely distributed in the mountains of that
province and Cordoba, but nowhere do they occur in large masses. They seem to
disappear in depth, while galena usurps the pre-eminence. The prospect is not
encouraging for mining enterprise exclusively directed to the vanadium minerals, and
workings begun but a short while since have been abandoned.
L. L. B.
IRON-ORE DEPOSITS OF VANCOUVER AND TEXADA ISLANDS.
Iron-ore Deposits of Vancouver and Texada Islands. By Wm. M. Brewer. The
Engineering and Mining Journal (New York), 1900, vol. Ixix., page 526. The
possibilities of extensive iron- and steel-works on either Vancouver or Texada Island
have never been thoroughly discussed. Californian capitalists, being impressed
several years since with the importance of the iron-ore deposits on Texada Island,
secured a large tract of land by Crown grant from the Provincial Government. The
same syndicate erected a charcoal blastfurnace at Irondale, Washington, and for a
time manufactured pig-iron of very superior quality. For some commercial reason the
furnace was blown out, but a small gang of men was kept on prospecting-work. At a
level of 277 feet below the workings from which the ore was originally extracted, it
has been determined that a good grade of iron-ore occurs, the body being about 70
feet thick. This is the deepest work so far done on any part of the iron-ore deposits
on either island. The ore is magnetite with phosphorus below the bessemer limit, and
it occurs at the contact of crystalline limestone and diorite. Along the line of strike, the
outcrop can be traced for about 1 1/2 miles; it forms prominent bluffs in many places,
and there is every indication that the deposit is of vast magnitude.
On the west coast of Vancouver Island, iron-ore very similar to that found on Texada
Island occurs near Sechart Landing, as well as on Copper Island. It is estimated that
there are 6,000,000 tons of iron-ore in sight on Copper Island. At the Sechart
deposits, prospecting has been carried on for the past few years, and the owners
estimate a vast quantity of ore in sight. For the manufacture of iron, copper-contents
in the ore depreciate its value, but the results of deep working on the iron-ore
deposits on Texada Island, should encourage further exploration, for the coppervalues, instead of increasing, have disappeared entirely.
On the west coast of the mainland of British Columbia, 80 miles north of Vancouver
Island, another ore-deposit of magnetite occurs between granite and limestone. This
ledge of iron-ore is 30 feet wide, and the limestone on the foot-wall side about 40 feet
wide. The average of several analyses gave about 70 per cent. of metallic iron and
0.01 per cent. phosphorus.
Crystalline limestone of apparently the same grade as that so successfully used at
present for flux occurs in close proximity to all the iron-ore deposits, and a good
grade of coke is available on the east coast of Vancouver Island.
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There are also in the vicinity of Port McNeill coal-fields which have never yef been
opened, and on the north-west coast of the Island. There are extensive fields of
anthracite on Queen Charlotte Island: they have not yet been opened, but experts
report that the seams are of great thickness, one measuring 18 feet.
X. Y. Z.
GOLD-FIELDS OF WESTERN ONTARIO.
The Gold-fields of Western Ontario. By J. D. Lowry. The Engineering and Mining
Journal {New York), 1900, vol. Ixx., page 246.
The gold-fields of Western Ontario extend from the Province of Manitoba on the west
to Lake Superior on the east, and from the international boundary-line on the south to
a line 130 miles north, covering an area of 30,000 square miles. The whole region is
still practically a virgin field. The ore is nearly all free-milling, from 80 to 90 per cent.
of the gold being saved by amalgamation, while from 10 to 20 per cent. of it is found
associated with sulphur or iron-pyrites. The cost of treating the latter compounds,
however, is comparatively small. The quartz occurs in lenticular and also in true
fissure-veins, the former being bedded in walls of green chloritic and hornblendic
schist, and the latter in walls of eruptive granite or gneiss.
After referring to various successful operations under way in the region, the writer
enumerates its advantages as follows : —(1) The ore is practically all free-milling,
and from actual tests of the gold has averaged about £3 2s. 6d. (15 dollars) to the
ton, while the cost of working and treating is estimated to be only 6s. 3d. (1 1/2
dollars) to 17s. (4 dollars) per ton. (2) There is abundance of water for power and
other purposes. The whole region is a network of lakes and streams, which afford
excellent means of communication and transportation. The power-resources are
almost unlimited. As an example, the Keewatin Power Company is installing one of
the greatest water-power plants in the world. By the erection of an immense dam
they have converted the Lake of the Woods into a reservoir 3,000 square miles in
extent. (3) There is abundance of timber for both building and fuel purposes. As fuel,
it can be laid down at the mines at a cost not exceeding 6s. 3d. (1 1/2 dollars) per
cord, and it is also relatively cheap for building purposes.
The climate is, on the whole, very good, though very cold in winter. Mining operations
are carried on all the year round. As a field for labour, wages are good and living
expenses comparatively small. The mining laws are liberal. And lastly, while the
whole region is principally a gold-producer, good iron-ores have been found in both
the Rainy River and Thunder Bay districts, and in the latter, silver, copper and lead
have also been found.
X. Y. Z.
LEWIS RIVER COPPER DISTRICT, YUKON TERRITORY.
Lewis River Copper District, Yukon Territory. By W. M. Brewer. The Engineering and
Mining Journal (New York), 1900, vol. Ixix., page 376, with a map.
On July 5th, 1898, Mr. John Mclntyre discovered the out-croppings of bornite and
copper carbonates about 3 1/2 miles distant from White-horse rapids on the Lewis
river. The geological formation is principally granite and limestone, with some felsitedykes. The outcrops, portions of which are very high-grade bornite-ore, are of
enormous extent, and indicate the occurrence of very extensive bodies of copperore. These outcrops usually occur at the contact, either between limestone
and felsite, or between
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granite and limestone. The outcrop is described as haematite, impregnated with
malachite and azurite-crystals. The malachite assays about 17 per cent. of copper,

while the bornite carries as high as 64 per cent. The majority of the assays yield both
gold and silver values. The timber and water-supply of the district are fairly good, and
ample for all purposes for some time to come. The mineral zone in which these
discoveries have been made is apparently continuous for a long distance westward.
X. Y. Z.
CERULEITE: A COPPER-ARSENIC MINERAL FOUND IN CHILE.
Sur une Nonvelle Espece Minerale: la Ceruleite. By H. Dufet. Bulletin de la Societe
Francaise de Mineralogie, 1900, vol. xxiii., pages 147-150.
The mineral was found by the author among a number of specimens brought from
the Emma Luisa gold-mine at Huanaco, province of Taltal, Chile. It is of a turquoiseblue colour, of clayey aspect in the mass, consisting of numerous minute rod-like
crystals. The specific gravity is 2.803, and chemical analysis shows that the mineral
is a hydrated arseniate of copper and alumina corresponding exactly to the formula
CuO, 2Al2O3, As2O5 + 8H2O. It is soluble in nitric acid and hydrochloric acid; but a
concentrated solution of ammonia, which attacks most copper arseniates, has no
action on this particular mineral. Ceruleite is associated with a white clay, which
proves to be a hydrated silicate of alumina, containing about 2 per cent. of arsenic
pentoxide.
The characteristic mode of occurrence of the Huanaco gold is shown in both the
ceruleite and the clay: the precious metal is found (in the proportion of 1 per cent.) in
small flakes, arranged in parallel lines along certain planes which traverse the
ceruleite, and dispersed in the mass of the white clay or encrusting fissures in it.
L. L. B.
COPPER-ORES OF CERRO DE PASCO, PERU.
Le Gisement de Cerro de Pasco, Perou. By L. Gascuel. Annates des Mines,
1900, series 9, vol. xvii., pages 660-681, and one plate.
Cerro de Pasco is situated in a kind of basin-shaped depression at an average
altitude of 14,000 feet among the high plateaux of the Andes, in south latitude 10
degrees 43 minutes and west longitude 75 degrees.
It is 186 miles north-east of
Lima as the crow flies.
In this depression, several rivers belonging to the Amazon
watershed take their rise, among them being the Huallaga, one of the most
considerable tributaries of the Maranhao. A railway journey of 12 hours from Lima
carries the traveller up to Oroya, at the southern extremity of the Pasco plateau,
whence it is a two days' journey on horseback to Cerro.
The ore-deposits of this region were worked for silver, from the date of their
discovery in 1630 up to within the last few years. But falling prices, the drowning of
several of the mines, and their general bad condition as the result of unmethodical
and wasteful working, had combined to accelerate the decay of the silver-mining
industry of Cerro de Pasco, when, about midsummer 1898, a mine-owner, more
enterprising than his fellows, despatched for sale to Europe a few tons of the hitherto
despised and neglected copper-ores. These proved to be very rich, and secured a
high price: consequently there is now a great revival of mining industry at
Cerro, with the difference that
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claims are worked for copper instead of silver. The two most important ore bodies are
essentially veins at the contact between eruptive and sedimentary rocks; some
considerable veins occur also in the dark-blue Cretaceous lime-stones of the
neighbourhood, and a great number of parallel veins of less importance in the dacite
or quartz-andesite. On the whole, the Cerro de Pasco ores are the result of the
infilling of numerous fissures in the contact-zone by very hot siliceous waters charged
with metalliferous substances a process of infiltration which accompanied, or

followed close upon, the welling-up of the eruptives and the formation of the fissures.
Not only did the siliceous fluid fill these up, but it (or its vapours) mineralized and
metamorphosed the surrounding rocks over a periphery the extent of which varied
according to the permeability and facility of decomposition of the rocks.
The outcrop of the ore-bodies consists of a very impure quartz, highly ferruginous,
and full of pulverized debris of the country-rock. Atmospheric agencies have done
their work in breaking down the metallic sulphides, and the copper-ores now got have
been produced by complex chemical reactions between waters charged with cupric
sulphate (the oxidation-product of the chalcopyrite) and the various substances met
with as these meteoric waters percolated downward through the rocks. So it comes
about that the richest and most extensive masses of copper-ore occur at or near
those jioints where the richest silver-ores were formerly found.
The present annual production of silver from Cerro de Pasco is at most 643,000
ounces troy, the greater part of which is got by treating the old residues: these
contain from 3 to 5 parts of silver per 10,000. Half-a-century ago the annual
production was four or five times as great. By adding hyposulphite of soda to the
torta (after one day's trampling by horses), and mercury on the third day, metallic
silver is got out of the amalgam after 4 days, whereas the old system of patio
treatment took at least 50 days. It is true that the new method does not exhaust the
ore of its silver quite so thoroughly as the old.
The cupriferous ores now so actively worked are complex sulphides, containing
besides copper, variable proportions of arsenic, antimony, iron, lead, zinc, bismuth,
and a trace of silver, together with much silica. They vary much in texture, being in
some cases a mere pulverulent earth which blackens the fingers, in others an
apparently half-molten, extremely hard, black rock. Their average content in copper
is 20 per cent., carefully picked lots yielding 40 to 50 per cent. These sulphuretted
ores are termed metal negre, while the term metal de color is applied to the oxidized
ores met with in some parts of the district. The latter comprise carbonates, sulphates,
black and red copper-oxides, and small quantities of native copper with which some
native silver is rarely associated. The copper-content of the metal de color also
averages 20 per cent., but it varies up to a maximum of 60 or 70 per cent.
At present the monthly output of copper-ore in the Cerro de Pasco district amounts to
2,500 tons: half or more of this quantity is rich ore (assaying to a minimum of 25 to 30
per cent.), which it pays to export. A small portion of the remainder is converted into
matte by a single-fusion process in reverberatory furnaces recently built at Cerro.
The author thinks that it will never be possible to sink shafts or drive regular galleries
on the European plan in these old mines, as they were so unmethodically and
wastefully worked during two centuries and a half that they now resemble a huge
warren, full of unfathomed cavities and broken-down pits blocked up with slipped
masses of rock and earth. Of course, no old plans of workings are extant, if they
ever existed. The underground
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mining is done by natives (Peruvian Indians) on the piecework system: the maximum
cost of labour works out at about 12s. per metric ton of ore, and the average cost of
the ore brought to bank is 10s. per ton. The only other charges are the State tax of
£3 10s. per annum for each mine, and the salary of a white overseer (?) varying from
£6 to £8 per month.
In conclusion, the author points out that the continued prosperity of the Cerro de
Pasco mineral industry really depends on the deeper parts of the deposit, which are
hitherto untouched. These it will be possible to explore and win on a rational system.
No exploration-work has so far been done in them, but it is known that they will
require heavy drainage: the initial expenditure attendant on the opening up of deeplevel mines will, therefore, be great. On the other hand, it may be mentioned that

within a radius of 30 miles round Cerro are extensive deposits of coal, merely the
surface of which has been scratched so far.
L. L. B.
NOME GOLD-FIELDS, ALASKA.
(1) Some Notes on Nome, Alaska. By Paul F. Travers. The Engineering and.
Mining Journal {New York), 1900, vol. Ixix., pages 105-106, with 2 illustrations in
the text.
The Nome, Alaska, gold-field was discovered in 1898. The place was then named
Anvil City, but was afterwards renamed Nome. A recorder's office was established
on the shore, and 1,250 claims staked out by power of attorney, but the writer
believes that 1,200 of these claims are fictitious. A claim covers 1,320 feet by 660
feet or an area of 20 acres. Practically, it is always winter at Nome, and it is wet
and foggy at all times. The beach is free to everyone, as the Government will not
grant locations thereon. It recognizes squatter rights and protects miners while they
work.
The gold is about evenly distributed in this beach-sand, for a distance of
100 miles, and will pay on an average £4 (20 dollars) a day to a man with a rocker.
X. Y. Z.
(2) Gold and Gold-bearing Sands from Nome, Alaska. By Oliver Roberts. The
Engineering and Mining Journal (New York), 1900, vol. Ixix., page 104.
The gold is very fine, and as soon as it comes in contact with water, it rises to the
surface as leaf-gold and floats off. It does not amalgamate readily, and it will
apparently be necessary to work the concentrates by the cyanide process. In that
case, they must be taken to fresh water, as the cyanide process cannot be worked
with sea-water. Fine copper sulphides in the concentrates will foul the potassium
cyanide and prevent it from dissolving the gold. The subjoined table gives the results
of assays made by the writer: —

1. Concentrates from beach-sand between
high and low water-mark
2. Concentrates from Nome
3. Sand, ballast of ship Albion
4. Do., ballast of another ship
5. Do., brought from Nome in sack
6. Do.,
do.
do.
7. Do., from No. 9 claim, Glacier Creek.
This sand concentrates up to 14.8 percent.
8. Coarse stuff. Schist, slate, and quartz
pulverised
9. Gates and Jaques claim, washed in pan
with quicksilver

Gold per Ton.
Ounces.
26.30

Value per Ton.
£ s. d.
113 6 0

Dollars.
543.62

87.50
0.01
0.01
0.25
14.60
39.00

377 17 0
0 0 10
0 0 10
1 1 6
62 17 0
168 7 0

1,808.62
0.21
0.21
5.16
301.78
808.13

0.50

2

105.07

452

3
9

0
0

10.33
2,171.71

X. Y. Z.
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PETROLEUM IN CALIFORNIA.
The Genesis of Petroleum and Asphaltum in California.
By A. S. Cooper.
California State Mining Bureau, Bulletin No. 16, 1899, pages 1-89.
This paper is partly a theoretical discussion of the subject indicated in its title, and
partly an elementary treatise on prospecting for mineral oils and allied substances.
Incidentally, a considerable amount of information is given as to the stratigraphical
conditions of many Californian localities at which petroleum and asphalt are known to
occur. All the coals, lignite and carbonaceous shales in that state are of Cretaceous
or Tertiary age and the known accumulations of petroleum are found in the same
rocks, where these are folded into domes and anticlinal arches, and where they

consist of more or less porous rocks such as soft shales and sandstones.
The petroleum has, however, no connexion with the above-mentioned coals, etc.,
but has migrated to the positions which it now occupies from areas where
carbonaceous deposits (chiefly shales) have been metamorphosed. It is the heat
developed during the alteration of these rocks which, by distillation of the
carbonaceous matter, has produced the bitumens of the olefine series with an
asphalt-base which are characteristic of California.*
The distilled products have
circulated away from the metamorphic beds upward into the unaltered strata, and are
now situated wherever their rise has been stopped by impervious layers of rock. In
no case, the author thinks, are they of animal origin.
All are derived from land or
sea-plants. The unaltered rocks are those in which alone petroleum should
be sought, their actual age being of no significance. The presence of natural
gas is a very favourable indication.
Surface-subsidences are also indications of
value, but the oil discovered beneath them is usually thick and heavy.
White
leached shales and sandstones at the surface often overlie bituminous deposits.
The axes of anticlines are necessarily favourably situated for trials, but those
anticlines which are most likely to cover valuable oil-deposits are the minor ones
running in many various directions, rather than the main lines of saddle-folds which,
in California, run north-west and south-east and are denuded along their ridges, so
as to expose the barren metamorphic rocks. Nevertheless, visible seepages of oil are
more frequently met with along the flanks of the main anticlines.
The oil-bearing
Tertiary and Cretaceous beds are less denuded and thicker in southern California
than in the north, and they also occupy lower ground: hence there is greater
storage-room for the oil and asphalts in the south. The Miocene strata are the
richest, but the bitumens —either gaseous, fluid, viscous or solid, in superficial
alluvia, in veins or in porous or fissured rocks—may, as already stated, occur in
non-metamorphic sedimentary formations of any age.
The paper is illustrated by 29 cuts, many of which are instructive piano-sections, i.e.
combinations of longitudinal sections in two directions with a birdseye sketch of the
surface.
In his last paragraph entitled "Some of the Fallacies," the author says: “Clairvoyants
can see as far into a millstone as any one, but no farther. Divining-rods were first
used to detect perjurers, but since liars have commenced to use them they have lost
their virtue and are of no value."
G.A.L.
*The corresponding substances in Russia belong chiefly to the naphthene series,
and those of Pennsylvania to the paraffin series with a paraffin base.
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BUTTE MINING DISTRICT, MONTANA.
Butte Mining District: Its Geology and History, and a Description of the Various Ores
from which its Output is derived. By Prof. Arthur Lakes. Mine and Minerals, 1900, vol.
xx., pages 348-350, with map and sections.
Up to 1897, the value of the mineral products of Butte was estimated at £60,000,000
($300,000,000). At present, Butte furnishes 28 per cent. of the copper-products of the
world, and of this over one-half is produced by the Anaconda company; gold
furnishes about 3 per cent. of the value of the total product; and silver is now a byproduct of copper mining.
The copper-ores are found in very basic granite. The silver-ores occur both in granite
and in very acid aplite. Quartz-porphyry occurs locally in dykes in the copper area.
The silver and copper deposits both contain a little gold. The cupriferous veins
always carry silver, and many were originally opened as silver-mines, while towards
the west, in most of the veins, is a gradual decrease of the copper-bearing minerals,
so that the ores finally become more valuable for silver and gold than for copper. The

copper-ores occupy a central position in the eastern half of the district. The Alice and
Lexington mines are 1,500 feet deep; other mines in the silver belt are from 400 to
800 feet deep; and most of the large copper-mines vary from 1,000 to 1,500 feet.
Other minerals are numerous, including iron- and copper-pyrites, bornite, chalcocite,
enargite, zincblende, rhodocroisite, rhodonite, covellite, argentite, native silver,
pyrargyrite, hubnerite, gypsum, sericite, with various oxidation products of these.
X. Y. Z.
DANGEROUS OUTCROPS IN PENNSYLVANIA.
Dangerous Outcrops in Pennsylvania. By G. M. Williams. Report of the Mines
Inspector, Fourth Anthracite District, Wyoming, U.S.A., for 1899.
Great danger in this district is presented by the possibility of a working mine striking a
deep pothole or crevice, or the outcropping of a coal-seam against overlying
quicksands. Evidently streams of water rushed in torrents for ages over the coalbasin whilst it was yet a shallow valley, washing away large areas of the softer rocks
and edges of coal-seams, and producing deep gorges, craggy precipices, and
potholes. Subsequently, the bottom of the valley seems to have slowly subsided for
several hundred feet below the level of the then existing water-outlets. Owing to this
great subsidence, this valley became a deep lake, with the river flowing through it.
During the ages of its existence as a lake, the river-floods passing through brought
the detritus of other regions: sand, clay and pebbles, and deposited it in the lake to a
depth of several hundred feet. Thus every hollow, gorge, channel, and coal-outcrop
is buried deep under the gravelly deposit. Subsequently, the river slowly grinding
down the inlet-gap at Pittston and the outlet-gap at Nantichoke, the standing water of
the lake ran out, and finally the lake disappeared. Since then the river and every
small stream have been wearing down and eroding their channels through the gravel
to their present level. To-day, a large number of high sand-hills dot the valley, and a
varying depth of gravel is found everywhere filling the hollows where the surface of
the rocks below is lower than the present beds of the streams. The outcrops of the
coal-seams are in many instances buried under this gravel, and wherever the gravel
is at a lower level than the streams, it is saturated and flows as freely as water, so
that the mining of the coal becomes very dangerous.
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Hitherto, no means has been discovered by which the exact outline of coal-outcrop
or a crevice or pothole can be located under the detritus, whicl eliminates all traces of
the contour of the rock-surface.
The only means hitherto used to ascertain the
depth of gravel and thickness of rock overlying seams is by boring, but the area so
tested is too small to yield very definite information.
A dangerous crevice or
pothole may exist within a few feet of a bore-hole and not be discovered. The coalmining companies are boring test-holes from the surface in advance of the workings,
and the mine-survevs determine the relative elevation of the workings in the mine,
so that the thickness of rock separating the seam from the quicksand may be
calculated. One borehole proved the wash to be over 300 feet deep, showing that
the sand-deposit was of much greater depth than had formerly been supposed
Where a dangerous depth of gravel exists over the rock, it is usual to leave the coal
unworked where the solid strata overlying the seam are less than 100 feet thick.
Notwithstanding such precautions, large bodies of quicksand broke into three of the
mines during 1899. Fortunately no lives were lost, but this was due to existing
conditions rather than to the precautions taken. After describing some of the
accidents arising from this cause, the writer remarks that from Glen Lyon to
Nantichoke, the outcrops of all the coal-seams except the two lowest are buried
under depths of gravel up to 170 feet thick. On the Glen Lyon estate, 15 diamond
bore-holes have been made from the surface, 294 test-holes with pipe and jumper, 2

culm-holes, and 3 holes for signals. These and other holes have proved that a deep
channel filled with detritus to a depth of 100 to 260 feet extends from Glen Lyon to
the Gap at Nantichoke. There is ample proof that, no matter how numerous are the
bore-holes, they cannot cover the field so as to furnish absolute security against
accidents. But, on the other hand, the writer asserts that if the holes had not been
bored, many lives and mines would have been lost.
X. Y. Z.
GILSONITE IN UTAH.
The Hydrocarbons of Eastern Utah, with Special Reference to the Deposits of
Ozokerite, Gilsonite and Elaterite. By Don Maguire. Mines and Minerals, 1900, vol.
xx., pages 398-400, with map and 3 ilhistrations.
About 1881, during the projection of the Rio Grande Western Railroad through
Eastern Utah, samples of a black, tough substance, very much like guttapercha,
were found, and also a more brittle substance with a most resplendent fracture when
broken. The latter substance proved to be a very dry and pure asphaltum; it was
tested by Mr. Samuel Gilson, and the mineral was thereafter named gilsonite. Of all
the hydrocarbons of Eastern Utah, gilsonite is undoubtedly the most valuable, both
on account of its quantity, and the successful way in which it is manufactured into
varnishes. lacquers, and mineral paints for steel and woodwork of every description.
Gilsonite at first sold for £24 (120 dollars) per ton, but the mineral now sells at Price
Station for about £12 (60 dollars) per ton.
The gilsonite-deposit worked near Fort Duchesne is a fissure-vein, 6 feet wide, very
regular, cutting the red sandstone-formation of the country from south-east to northwest. All the veins run across the country in the same direction, and the vein is
invariably a vertical fissure. Without doubt, this pure bright asphaltum came up from
below, in a liquid state. As it comes from the mine, gilsonite does not require
sorting or classifying, for it is
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dry, black, and pure. The percentage composition of gilsonite is as follows: Carbon,
78; hydrogen, 11; oxygen, 8; nitrogen, 0.4; ash, 0.2; and loss, during analysis, 2.4.
X. Y. Z.
SILVER-BEARING SANDSTONES OF SOUTHERN UTAH.
Silver-bearing Sandstones of Southern, Utah: A Description of one of the few
Localities where Silver is found in a Sandstone Formation. By Don Maghuire. Mines
and Minerals, 1900, vol. xx., pages 323-324.
Silver in paying quantities occurs in sandstone at Silver Reef, Washington County,
Utah. In 1873, Mr. John Barbee discovered silver in a sandstone-reef near the town
of Leeds, about 15 miles north-east of St. George, Washington county. Investigation
proved that the country was made up of successive sandstone-reefs, each of which
carried more or less silver, some of them being low in value, while others ran to
1,000 ounces per ton. A small mill was constructed, and in a short time was
producing silver ingots. By 1875, five mills were employed in treating the ore, and
about 1,000 men were at work mining and milling.
The reefs containing silver showed values along their bedding-planes, and the rich
mineralization extends from a few inches up to 2 feet in each of the adjoining strata.
Usually, however, the highest values lay along the contact, and at times extensive
lenses of ore would exist in such places chambering into several feet at their widest,
and tapering down to the thickness of a knifeblade at either end. The silver taken
from the eastern workings of the district was usually 0.985 fine; and from the western
workings near the town, it was only 0.850, as there was some copper present. In
1883, a strike, called by the miners' union, shut down the principal mines, and the
decline in the price of silver beginning soon after, the mines did not resume work.

There are about 10 square miles of mineral land, and only the surface of about 1
square mile has been prospected. North-east of the town of Silver Reef lies what has
long been recognized as the richest part of the area, but owing to the fact that water
is encountered at the depth of a few feet in this part of the camp, no work was ever
done.
X. Y. Z.
COAL-EXPLOSIONS AT HAUSHAM, BAVARIA.*
Ueber Storungen und Eigenartige Druckerscheinungen (sogenannt "Pfeilerschusse"
oder "Kohlenstoss-explosionen") der Oberbayerischen Tertiaren Kohlenmulde auf
Grube Hausham. By Karl Baumgartner. Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1900, vol. xlviii., pages 461-466, 476-482, and 489-493, with 2 plates.
The author first gives an outline of the conditions prevalent in the upper Bavarian
coal-field:—there are two workable seams of very inferior quality, containing much
dirt, and one of them is split by a band of variable thickness, with the
result that they leave much ash.
Their chief value lies in their position, all
possibility of competition being killed by the cost of transport. The thick seam
varies from 2 1/4 feet to 4 1/4 feet (70 to 130 centimetres) in thickness, and the thin
scam from 1 1/2 to 2 1/2 feet (45 to 70 centimetres); they lie at a very high
angle, in some cases being vertical.
The seams are dislocated locally by
small troubles, which seldom throw more
*Trans. Inst. M.E., vol. xix., page 527.
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than the thickness of the seam, and mostly dip to the north; the strike of
these troubles are seldom more than 1,300 to 2,000 feet (400 to 600 metres) in
length, and are parallel.
The author, after examination of the direction etc., of
these troubles, makes the deduction that they are due to a pressure from the
south.
The roof of the seams is framey, falling at intervals in large
masses, and the floor is fairly hard.
Gas issues from above and below the seams
and at the troubles, but never out of the coal-seam.
The coal is worked by galleries driven on the strike of the seam at different levels,
connections being made by inclines.
There is a marked difference in the nature of the coal near the troubles and that in
the undisturbed areas. In the first, the coal is soft, does not require nicking, and can
be hewn without danger; whereas, in the second the coal is still more easily hewn,
but with danger, as the least kirving is sufficient to cause the coal to crack and burst
away, often in such large masses as to endanger the life of the hewer. The author
quotes one case where 12 men were buried alive, but rescued with difficulty, and
several men have lost their lives in this manner.
The bursting away or explosion of the coal is due, in the author's opinion, to the great
pressure, and he endeavours to support this theory on the grounds that the only
places where the coal is not liable to explode are in the neighbourhood of troubles,
which have at their formation eased the pressure. Another point with reference to this
bursting of the coal is that an explosion in the pit produces a shock like that of a small
earthquake at bank for several miles round, accompanied by rumbling noises. At the
same time, the men in other districts of the pit are not aware of the occurrence, while
in the affected area the face falls and the roads are lost. This points to the sound not
travelling well in the seam, but rather to its being propagated in a direction at right
angles to the seam's strike. As long as the coal is not kirved or the action of the
pressure started by any other means, the danger is not apparent, but the least
interference with the coal causes it to begin to work.
The author describes some of the precautions that are adopted at the face to
minimize the chance of accident in the event of the coal bursting away. In the thick

seam, kirving was found to be too dangerous and shooting had to be substituted.
When the shots are fired two distinct reports are heard, the first being that of the
shot, and the second the crack of the released pressure beginning its work. It must
be understood that this danger from the explosion of the coal is greatest in the thick
seam and very slight in the thin one, as the packing in the thin seam could be more
efficiently done; and this was the means of finding a more or less successful remedy
lor the danger. The experiment was tried of goafing the thin seam, preparatory to any
work in the thick seam: the pressure was then found to spend itself more or less in
compressing the packed goaf in the thin seam, with the result that the thick seam
could be worked with safety. Unfortunately, the thin seam is not everywhere
workable, by reason of a thickening band in the middle.
The author summarizes his conclusions as follows:—(a) the driving of many advance
roads or winnings is dangerous: (b) good packing is essential; (c) it is undesirable to
take out large areas of coal at one time; (d) a very gradual advance of the face is
recommended; (e) all roads and inclines should be made in the goaf; and (f) the thin
scam should be worked in advance of the thick seam.
C. H. M
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RHEINLAND LIGNITE-INDUSTRY.
Der Braunkohlenbergbau Rheinlands. By Fred. Heiman. Oesterreichische Zeitschrift
fur Berg- und Huttenwesen, 1899, vol xlvii., pages 544-546.
The extended application of electricity as a source of power and light has had the
effect of stimulating the lignite-industry in the Rheinland; and a number of the mineowners have erected generating-stations around Cologne for the supply of electric
current. Furthermore, within a radius of about 50 miles, the lignite can be delivered
by rail at about 7s. 6d. (7.50 marks) per truck-load, provided the seller contracts to
ship 110,000 tons per annum. The lignite mine-owners are thus able to compete with
ordinary coal.
In and near Cologne, the consumption of lignite is largely increasing, the fuel being
cheap, easy to handle in proper furnaces, and free from clinker. Large deposits of
lignite occur in the Erft and Roer valleys, the Eifel, and many parts of the highlands,
and the local conditions render mechanical appliances unnecessary for raising the
coal.
C. S.
COAL-MINING IN THE ASTURIAS, SPAIN.
La Mine Sous-marine d'Arnao. By Alphonse Dory. Publications de la Societe des
Inginieurs sortie de l’Ecole Provinciale d'Industrie et des Mines du Hainaut.
1899-1900, vol. ix., pages 54-71, with 2 plates.
The Arnao coal-field constitutes the most ancient mine in the Asturias, the
concession having been granted on November 28th, 1833; and on February 11th,
1854, a concession was granted for establishing zinc-works, which still exist.
During the last few years the works have been connected with the Northern Railway
of Spain, by a branch to the port of Aviles, San Juan de Nieva; and this line is laid
with three rails, so as to permit passage df the small-gauge trucks, while there is
accommodation at the port for discharging ore and loading the finished products.
The Arnao colliery, which is the only one worked by shafts in the Asturias, produces
yearly about 50,000 tons of coal, this quantity being entirely consumed at the zincworks.
Unlike most Asturian coals, which are friable, dull and iridescent, the Arnao coal,
especially that under the sea-bed, is hard, bright and whitish, this tint being due to
scales of calcium sulphate covering the coal; and sometimes the surface of the coal
has the appearance of concentric rings. Analysis shows that the coal contains from
55 to 60 per cent. of coke, from 39 to 45 per cent. of volatile matter, and from 20 to 6

per cent. of ash, while the proportion of coke without ash varies from 40 to 49 per
cent.
Levels from the bottom of the winding-and-pumping shaft have been driven to the
boundary of the seam; and on the sea-side of the shaft, owing to the slight thickness
of the barren rocks, working is carried on very slowly and with every precaution for
preventing subsidences. Gobbing material is sent from the surface, generally at
night, by a series of inclines having the same height as the stalls, most of it being
obtained from a limestone-quarry; hut there is also a gobbing-shaft for sending down
sand and pebbles from the sea-shore.
Originally the coal was removed, the roof allowed to fall, and, there being no demand
for small coal, a great deal was left in the mine. As the working was carried on
without any precautions, underground fires occurred.
The water-tightness of the under-sea portion is attributed to the slowness with which
the working is effected and the careful gobbing, to the existence
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of certain shale-beds which crack and fissure when pressure comes down the roof,
and afterwards swell on the sea-water percolating into them. When the workings had
reached the greatest distance to which they have extended under the sea, there was
a slight inburst of water. Analysis showed no trace of salt in the water; but soon
afterwards the water became decidedly salt. Owing to this inburst, the under-sea
working was abandoned, large pillars of coal being left for its protection.
J. W. P.
TURQUOISE MINES OF PERSIA.
The Turquoise Mines of Persia. By H. L. Geissel. Scientific American, 1900, vol.
Ixxxii., page 246.
About 35 miles from Nishapur, in the Khorassan, are the celebrated turquoise-mines
of Persia. They are situated in a mountainous region 5,000 to 6,000 feet above sealevel, and employ about 1,500 persons. The concession covers about 40 square
miles, and the tract is exploited by a local chief and banker, who pay an annual rental
of nearly £3,000 (14,000 tomans). In former times, the mines appear to have been
carefully worked, as remains of vertical shafts for ventilation are to be seen. The
present manner of working is primitive in the extreme. The Reish mine is very
productive, but the stones are not of first-class quality, though every species of stone
finds a sale. Many of the mine-openings are mere burrows, barely large enough to
admit a man, and such is the case with the Abdar-rezai mine, which formerly
produced the finest stones in the world. Good stones could probably still be
discovered, if systematic mining were carried on. The soil seems to be full of
turquoise in different stages of development, from a cream-coloured chalky
substance to the variously-shaded green and blue gems. The approach of the mines
is strewn with fragments of the stones, and the walls and roofs of the galleries are
seamed with turquoise composition, but being of bad colour and full of flaws it is
valueless. High prices are now paid for stones at Meshed. Some few years ago, fine
turquoise of cerulean blue, perfect shape, good size, and flawless, could be bought in
Meshed for a few shillings; but, at present, as soon as cut, they are exported direct to
Moscow.
X. Y. Z.
GOLD-MINING IN NOVA SCOTIA.
Gold-mining in Nova Scotia.
By G. W. Stuart.
The Engineering and Mining
Journal (New York), 1900, vol Ixx., pages 309-311, with 2 illustrations.
Following up Mr. E. R. Faribault's paper on this subject,* the writer gives some
interesting practical information. It appears that the smaller quartz-veins usually yield
ore in many cases attaining a value of £40 to £400 (200 to 2,000 dollars) of gold per

ton. The writer had the rare experience of mining and milling ore from a vein, 6
inches thick, yielding £800 (4,000 dollars) of gold per ton. In working small rich veins,
3 to 5 feet wide, it has frequently been found that the whole of the rock excavated
would have paid to mill, even for the free gold it contained, with modern appliances.
As the small rich veins go deeper, less gold is obtained by the free-milling process,
but there is strong evidence that this fact is due not so much to diminution of value as
to increased refractoriness of the ores. Believing this
*Trans. Inst. M. E., vol. xviii., page 497.
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to be the case, a chlorination-plant (the only one in the Province) has been erected
by the Brookfield Mining Company and the operating results have been most
satisfactory. The vein has retained its width and yield by the chlorination-process
down to a depth of 650 feet.
As an illustration of different practical results between old and modern methods, it
may be noted that the Libby mine was opened, worked and abandoned in the early
days. After a number of years, a modern plant was erected. In 4 years, £80,000
(400,000 dollars) of gold has been obtained. The total cost of mining, milling,
concentrating and chlorinating the ore from this vein, 30 inches thick, is 15s. (3.60
dollars) per ton, which includes the cost of development. The yield is £1 13s. 4d.
(8 dollars) per ton.
Recently, several plants have been erected capable of going to a considerable depth,
and, so far, none have met with disappointment. During the last 25 years, the Lake
lode has been worked and abandoned by several small companies in turn. At a depth
of 250 feet, it gave the low yield of 8s. 4d. (2 dollars) per ton; at a depth of 540 feet,
the lode has increased from 5 to 15 feet wide, and is worth £2 6s. (11 dollars) per
ton. The Richardson lode, at Isaac's Harbour, has passed through a similar
experience, and is a perfect illustration of the anticlinal system expounded by Mr.
Faribault. The Tunnel or Barrel quartz-mine at East Waverley is, if possible, a yet
more perfect illustration of the anticlinal system, more interesting and apparently of
far greater value than any of the saddle reefs opened up in the Bendigo district of
Australia. For this upper reef at Waverley (the only one of the series yet developed)
at a depth of 465 feet has materially increased in both quantity of ore and in values,
although at depths between 200 and 300 feet a poor zone of insignificant extent was
encountered.
X. Y. Z.
NACOSARI MINES, SONORA, MEXICO.
The Nacosari Mines, Mexico.
By H. B. Layton.
The Engineering and Mining
Journal (New York), 1900, vol. Ixix., pages 678-679 and 707, with 6 illustrations.
The development of the Great Pilares copper-mine and the construction of the big
plants connected therewith have been accomplished under conditions, which,
considering the size of the undertaking, would have been prohibitive to less
determined operators.
The property is situate 98 miles south of Bisbee, Arizona. The elevation of the town
site is 4,000 feet above sea-level. Six miles eastward, is Pilares Mountain, 1,200 feet
higher than the town, and the great body of ore lies in this mountain. Topographically
the mountain is rugged and steep, and great pillars of rock protrude above its crest,
hence the name Pilares. The ore-body lies in an eruptive belt of trachyte in bird's eye
porphyry formation, capped with breccia, with perhaps trachyte as a binder. The ore
is chalcopyrite and siliceous rock, although the surface-ore contains considerable
black oxide of copper. The constituents of the average ore are: silica, 45.50; alumina,
24.82; iron, 8.50; copper, 8.00; sulphur, 12.25; lime, 0.63; and magnesia, 0.30.

A tunnel, the sixth level, has been driven from the terminus of the railway in Rosaria
Canon, it will tap the main shaft, at a depth of 5,000 feet, and it is being driven by 2
Ingersoll-Sergeant drills. When this tunnel is completed, all ore from above will be
lowered and all from below will be hoisted and passed out through this tunnel.
[76]
Electricity is used to drive the several departments of the reduction-plant. There are 8
Crossley gas-engines, rated at 110 horsepower, worked by Loomis water-gas.
Each engine is belted direct to a 65 kilowatts, 260 volts, shunt wound direct-current
electric generator, at a normal speed of 910 revolutions per minute.
The concentrator-building is a steel-frame sheathed with corrugated iron. The mill is
of 400 tons' daily capacity and from mine to ingots, 98 per cent fine, the ore and
metal pass through every operation almost by gravity.
X. Y. Z.
EL REFUGIO MINE, DURANGO, MEXICO.
The Gold Zone of Copalquin, Mexico. By Frank B. Fowler.
The Engineering and
Mining Journal (New York), 1900, vol. Ixix., pages 225-226 and 557-558, with 4
illustrations.
The El Refugio mine was discovered in 1849, and the free-milling ore was treated in
tajonas (arrastras moved by horizontal water-wheels of primitive construction), and
by this crude method yielded as high as 720 pounds of gold and silver electrum
during two month's run, which is said to have been for a time the average output, the
richest ore yielding 2,000 ounces per ton, and the lowest grade milled 4 ounces of
silver and 1 ounce of gold per carga (300 pounds).
The work of systematic
development of the Refugio mine has been resumed since 1897.
The mine is located 1,150 feet (350 metres) above the Copalquin Creek, 3,700 feet
(1,130 metres) above sea-level, and its plan of development is that of self-draining
tunnels. The ore contains 12 1/2 ounces of silver and 1 ounce of gold per ton.
The continuous process of treatment consists in wet crushing, amalgamation in the
batteries by means of chuck-block plates, and concentration of pyrites and silver
sulphides upon Frue vanners and Wilfley tables, of a capacity of about 75 tons per
day. An automatic gravity cableway, 2 1/2 miles in length, is used for the
transmission of ore from the mines to the mills.
X. Y. Z.
MINING IN NICARAGUA.
Mining in Nicaragua. By Thomas W. White. The Engineering and Mining Journal
(New York), 1900, vol. Ixix., paye 104.
The mineral belt of Rama covers an area from 7 to 12 miles in width and not less
than 25 miles in length. Recent assays show that the quartz contains from 12s. to
£90 (3 to 450 dollars) of gold per ton with a general average of about £4 10s. (22 1/2
dollars) per ton. The mining district extends from the river bank back into the
mountains, making it only necessary to pack provisions from 1/2 to 3 miles. Indian,
negro, and native labour are paid £2 to £3 (10 to 15 dollars) per month and board.
The country is healthy, the average daily temperature in the mining camps being
about 74° Fahr. at night and 80° Fahr. at noon.
X. Y. Z.
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FATAL ACCIDENTS IN COAL-MINES IN NORTH AMERICA.
Fatal Accidents in Coal-mining in North America. By F. L. Hoffman. The Engineering
anil Mining Journal (New York), 1900, vol. Ixx., page 608.
In 1899, the death-rate in the coal-mines of North America was the highest since
1891. A number of detailed tables are given, but the results are summarized in the

following table, covering the decade ending with 1899, and embracing the whole area
of North America, including Canada.
Death-rate
Year.
No. of Employees.
No. killed.
per 1,000 Employees.
1890
288,205
701
2.43
1891
325,840
1,076
3.30
1892
342,744
859
2.51
1893
374,017
919
2.46
1894
377,626
934
2.47
1895
387,303
1,020
2.63
1896
391,990
1,091
2.78
1897
393,025
909
2.31
1898
395.553
1,004
2.54
1899
401,868
1,200
2.99
Totals
3,678,171
9,713
Average 2.64
The highest rate was attained in the State of Washington, where from 1892 to 1899,
the average annual fatality-rate per 1,000 persons employed reached 9.62; Kentucky
furnishes the lowest rate for the decade, namely, 1.22; in Pennsylvania, the
decennial rate for the bituminous coal-mines was 2.08, and that for the anthracitemines 3.18.
The writer remarks that, while coal-mining must continue to be regarded as one of
the most dangerous in the category of hazardous employments, it would be
erroneous to conclude that the mining industry is more dangerous than any other. In
support of this statement, he submits, for the same decade, the fatality-returns for the
railway-service of the United States. These show that the death-rate per 1,000 is
exactly the same for railway-employees as it is for coal-miners. In both cases, the
decennial death-rate is 2.64. It is, however, worthy of consideration that, while
previous to 1894, the railway death-rate was the higher, the coal-mining death-rate
has beem the higher of the two ever since that year.
X. Y. Z.
CRIPPLE CREEK DISTRICT, COLORADO.
The Cripple Creek District, Colorado: V. Some of the Mines; and VI. the Powerplants.
By Dr. S. F. Hazlehurst.
The Engineering ainl Mining Journal (New
York), 1900, vol. Ixx., pages 635-636, 669-670, with 4 illustrations.
The plant of the Colorado Electric Power Company is situated at Canon City, whence
the current is transmitted by means of No. 3 Brown and Sharp gauge wire to two
power-houses, from which it is distributed throughout the Cripple Creek district.
Mershon glass insulators are used for the support of the 20,000 volts wires. At
Canon City, the current is generated by Westinghouse alternating-current dynamos
adapted for operating the Tesla three-phase system, which is the means of
transmission used.
Each machine has its armature mounted on the shaft of a
Hamilton-Corliss cross compound
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condensing engine, and the combination of engine and dynamo forms a
generating unit.
There are three of these units at present, one of which is kept as
a reserve in case of emergency.
For exciting the fields of the main dynamos there
are two Kodak exciters, each capable of exciting all three of the main dynamos:
one of these being reserved for cases of emergency.
The engines are steamed
from a battery of Heine water-tube boilers; the exhaust from the engines that drive
the main dynamos is sent to a surface-condenser while that from the pumps
and exciter-engines passes through feed-water heaters.
The electric and
steam-machinery is capable of supplying 2,000 horsepower.

The current from the generators is transformed from 500 to 20,000 volts at which
pressure it is delivered to the transmission-line to the Cripple Creek district 24 miles
away. At the sub-stations in the district, the 20,000 volts current is again transformed
back to 500 volts, at which pressure it is delivered to the mines for any use to which
steam-power can be put. The company owns and rents 63 electric hoists, in addition
those owned by the mines and individuals. These range from 5 to 30 hojsepower,
and are all of the induction-type. The transformers at the sub-stations reduce the
pressure to 6,000 volts, at which pressure it is transmitted to the District Railroad
where it is again reduced by step-down transformers from 6,000 to 365 volts at which
voltage it passes to the 200 kilowatts rotary transformers, where it is transformed to
500 volts direct current for use on the railroad system. Wurts lightning-arresters are
used.
The Gold Exploration and Tunnel Company began its operations on the west side of
Gold Hill with the view of pushing its workings to the various ore-producing points in
the district and allowing development-work to be carried on through the medium of
the tunnel. The owners of claims through which the tunnel passes have the
opportunity of seeing the condition of their property at a known depth, and they can
pursue development-work on payment to the tunnel company of a fair rental for the
advantages offered them. The projected extent of the tunnel is 17 1/2 miles, including
main line and extensions, the main line proper being 3 miles in length. The depths at
which the tunnel will pass beneath the principal points in the district vary from 773 to
1,498 feet. The tunnel is now 4,500 feet in solid rock, and no timbering has been
necessary. No water has yet been encountered, but provision is made for that event
by a capacious box-drain beneath the car-tracks. The grade of the tunnel is 1 in 200.
Haulage at present is by mules, but a compressed-air engine is ready for use. Some
small veins have been cut in the tunnel, and advantage has been taken by the
owners thereof to prosecute development-work.
X. Y. Z.
BROWN IRON-ORES OF GEORGIA.
Brown Iron-Ores of Georgia. By S. W. McCallie, Assistant State Geologist.
The Engineering and Mining Journal (New York), 1900, vol. Ixix, pages 255256, with 2 illustrations.
The brown iron-ores of Georgia are confined mainly to the north-western part of the
State (Polk and Barton counties) in the Palaeozoic area.
These deposits occur
chiefly in the Lower Silurian,
but are also
found associated with the
Carboniferous and Cambrian deposits.
The most abundant iron-ore deposits of the Lower Silurian exist in the Knox
Dolomite series—an extensive magnesian limestone with a maximum
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thickness of over 3,000 feet.
This formation often contains an abundance of chert,
and usually gives rise to low, well-rounded ridges, along which the iron-ore
deposits most generally occur, in pockets in the residual clays that have resulted
from the weathering of the limestones. In connection with these ores, chert
and manganese are found, but in the more valuable deposits these impurities are
rarely present in quantities sufficient to affect the commercial value of the ores.
In some cases, the banks contain a few tons, whilst others have produced
several thousand carloads.
Sometimes the ore is honeycombed, but more
generally it is compact and free from all foreign material.
In the last few years,
steam-shovels and logwashers have been introduced, and in some instances the
cost of mining, washing and placing the ore on the cars ready for shipment to the
furnaces, has been reduced to 1s. 8d. (40 cents.) per ton. With few exceptions, the
ores are mined by open cuts, varying in depth from 5 to 60 feet or to water-level.
At Oredell, in Etna valley, a bore-hole proved that the brown ores exist at 175 feet

below the valley surface. In the vicinity of Cedartown, valuable deposits
have been worked to the depth of 70 feet. It seems probable that in many cases
these deposits are limited only by the thickness of the magnesian limestone which
underlies the residual clays wherein the ores occur.
The locations of the oredeposits, as a general rule, are indicated by the occurrence of more or less float-ore
strewn upon the surface; but the quantity of ore on the surface is not always a
criterion of the quantity below.
The ores of the Knox Dolomite series run high in
metallic iron, and low in sulphur and phosphorus. From a number of analyses made,
the following results were obtained: Iron, from 48.45 to 51.10; manganese, from
0.2 to 5.6; silica, from 2.4 to 7.87; phosphorus, from 0.147 to 0.858.
Sometimes these brown ores yield a higher percentage of iron than the
theoretical limonite, evidently owing to the partial metamorphism shown by the red
colour of the ore.
The iron-ores of the Cambrian formation occur associated with sandstone, micaschists, and slates, and differ somewhat in character and mode of occurrence from
those of the Knox Dolomite series. In some cases, they have been metamorphosed
so as to partake of the nature of true haematite. In the neighbourhood of Emerson,
the deposits often assume the character of veins. In the northern part of Barton
county, the ores partake of the nature of blanket deposits, valuable because of their
richness and the cheapness with which they can be mined. In other localities, the
ores occur in pockets, as in the Knox Dolomite series. The chemical analyses of the
Cambrian ores are similar to those of the Knox Dolomite, the cherty material in the
latter being replaced by siliceous material in the former.
The Carboniferous iron-ores are apparently not so extensive or valuable as the
Silurian or Cambrian deposits. Nevertheless they are of considerable economic
importance, especially those of the Sugar valley district.
Besides the brown-ore deposits of the Palaeozoic area, there are also to be found in
north-western Georgia, in the Crystalline-schist area, valuable deposits of brown-ores
which are so far practically undeveloped.
X .Y. Z.
RAMSHORN COPPER-SILVER MINE, IDAHO.
The Deepest Mine in Idaho. By R. N. Bell. Mines and Minerals, 1900, vol. xxi.,
pages 174-176.
The Ramshorn mine of Bayhorse, Custer county, has the reputation of being the
deepest and best-developed copper-silver mine in Idaho.
The canon in
which the Ramshorn and most of the other big mines of the district
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are situated is deep and narrow, presenting an elaborate cross-section of the
geology of the region. The formations embrace various horizons, from the
Carboniferous blue limestone down to the Archaean granite. Associated win them
are found enormous intrusions of diorite, syenite, quartz-porphyry and more recent
igneous rocks, together with the usual evidence of faulting, folding, and fissuring
usually accompanying these formations. This is a combination of conditions which is
universally recognized as the most reliable indication of the presence of great mineral
wealth.
The Ramshorn vein is a compound fissure cutting across the beddings planes of a
thick series of metamorphic slates. It courses north-and-south and dips westward at
an inclination of about 50 degrees. The pay-streaks occur on either wall of a zone of
crushed slate: in the upper workings they are about 60 feet apart and appear like two
closely parallel veins, but they approach each other as they extend downward; and in
the lower levels they are 20 feet apart, and probably unite at a greater depth as one
strong vein of pay-ore. The pay-shoots now exposed are from 6 inches to 6 feet thick
and carry values of from £5 to £200 (25 to 1,000 dollars) per ton. One shoot of clean

grey copper-ore, over 24 inches thick, has an average value of 1,200 ounces of silver
and 25 per cent. of copper. These shoots of clean high-grade ore are sometimes
found 4 feet wide, and the average of all the ore mined has been over 100 ounces of
silver per ton.
The method of development consists of a system of adit-tunnels driven to the vein, at
intervals, as it courses down the face of the mountain, and connected underground,
with a regular system of rises, chutes and manways. At the mouths of the principal
tunnels are substantial ore-bins, arranged to feed a wire-rope tramway, by which they
are ail connected to the principal storage-bin at the foot of the mountain. The ore
carries an excess of free-smelting iron. The longest tunnel on the Ramshorn mine
was started several hundred feet above the creek-level and is driven on the vein. It
has penetrated the mountain for a distance of 3,000 feet, and at the present face
shows a body of ore, nearly 3 feet wide. The steep pitch of the mountain, into which
this vein and tunnel course, gives a vertical face-depth of 3,000 feet. The tunnel, with
its miles of connections, probably constitutes the deepest development of any orevein in the State of Idaho.
X.Y.Z.
METHODS OF IRON-MINING IN NORTHERN MINNESOTA.
Methods of Iron-Mining in Northern Minnesota. By Prof. F. W. Denton. Transactions
of the American Institute of Mining Engineers, 1897, vol. xxvii., pages 344-390.
Vermilion Range.—In the Minnesota mine, the ore occurs in lenses dipping
north about 70 degrees, and varying in thickness from a few feet to over 100 feet. It
is extremely hard and strong, while the walls of green schist or soap-stone rock are
soft and weak.
The method of mining may be described as "longitudinal overhead stoping with
filling." The diamond-drill, run by compressed air, is used, and about 12 holes are
drilled in 10 hours. In a stope. 40 feet wide, two holes 24 to 30 feet deep would be
made, one pointing a little to the hanging-wall and the other to the foot-wall, and
charged with 30 to 50 pounds of 50-per-cent. dynamite, which would dislodge from
500 to 1,000 tons of ore. The cost of diamond-drilling exceeds that of machine
percussion-drilling; but the product per foot of hole is much greater with the
diamond drill, making the cost
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per ton less. The shoots, timbered up through the filling, down which the ore is
dropped to the level below, are placed about 30 feet apart, and 100 feet of vertical
height is found to be the most economical limit, beyond which it is cheaper to put in
another main level. The pumping-plant consists of a somewhat unusual type of
direct-acting plunger with fly-wheel, and is fixed underground. It has a lift of 817 feet,
and the plunger speed has been increased from 100 feet to 360 feet per minute, by
the use of a special form of air-chamber placed over the discharge-valves, and
supplied with a constant volume of air. The difficulties of crushing so hard an ore, and
the various alterations in the constructive material and working parts of the Blake
crusher—to enable it to do its work effectually—are briefly described. The cost of
crushing is about 6 1/2d. (13.19 cents) per ton.
The Chandler mine produces a high-grade ore containing 60 to 65 per cent. of iron
and 0.048 per cent. of phosphorus. The ore-deposit is supposed to have been
originally massive haematite, subsequently broken up by natural forces; it lies in a
fold or basin, and is covered by a jasper capping. There is a peculiar layer of altered
schist, 30 feet thick, between the ore and the unaltered green schist. Considerable
difficulty has been experienced with the shafts, the tops of which have been lost,
owing to subsidence having extended farther than was anticipated. Inclined shafts
have been sunk farther back, to meet the uninjured portion of the original shafts.

The method of mining is known as “sub-drifting": main levels, timbered, 9 feet wide
and 7 feet high, are driven at vertical distances of 75 feet apart. Rises are put up
every 50 feet along the levels, and out of each of them four sub-drifts are run,
separated by 8 feet of ore, and timbered, 6 feet square; the three top sub-drifts are
run first, leaving the lower one to strengthen the main level. The sub-drifts being
completed, the block of ore is honeycombed with drifts, with vertical pillars, 8 feet
high, between each. The pillars are then sliced away, the back caved, and the caved
ore wheeled in barrows to ore-shoots leading to the main level below; these oreshoots are timbered, 4 feet square, and lined with 2 inches planks placed on edge. A
modified method is being adopted in the lower levels, to save putting up rises and to
use trams instead of wheelbarrows.
Mesabi Range.—The deposits are of great area and relatively small depth,
dipping to the south at low angles, and covered with Glacial Drift from 2 to 100 feet
thick.
At the Mountain iron-mine, an open cutting is made into the deposit, the ore is
loosened by blasting, and quarried by steam-dredges or shovels. A shovel-crew
consists of 5 pitmen, an engineer, cranesman, and fireman, and will fill on an
average 133 trucks of 26 tons per day of 10 hours or 3,458 tons of ore. Two
locomotives are used for each shovel, one to handle the empty truck and the other
the loaded trucks. Steam-shovels are also employed for stripping or bearing the ore.
The ore contains 64 per cent. of iron, with from 0.045 to 0.065 per cent. of
phosphorus.
The Auburn mine is an example of a mine employing underground mining combined
with quarrying. The levels are driven with about 60 feet of ore over them. A main drift
is run straight from the shaft, with branch-drifts at an angle of 45 degrees. From the
drifts, rises are put up 40 feet apart to the top of the ore, which is then worked in the
form of a crater; the rises forming the central pipes, down which the ore falls to the
level below, whence it is loaded, and hoisted up the shaft. Holes are drilled round the
sides of the crater, by driving down 1 1/4 inches steel rods from 5 to 18 feet long, two
to four strikers being employed.
The rods often stick fast, and are drawn out by
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railroad jacks.
The holes are first "chambered" with 3 or 4 sticks of 50 per-cent.
dynamite and then charged with 3 to 60 25-pounds kegs of powder. Ropes are
provided to prevent the men from being carried down into the rises by the sliding of
loose ore on the sides of the craters.
Men thus carried into the rises have been
rescued, by placing around them barrels or pieces of tub-large enough to prevent the
ore from smothering them. With this protectioin they have time to work themselves
loose, and can be pulled out.
The ore at the Fayol mine contains 62 1/2 per cent. of iron and 0.038 per cent of
phosphorus. The ore-body is covered by 65 to 90 feet of Glacial Drift. The method of
mining is by rooms about 24 feet wide, separated by pillars of the same size. The
rooms are carried up 65 feet, are 300 feet long, and are filled in with drift from the
surface. The rooms used to be carried up by overhead stoping with square-set
timbering, but another method has just been successfully adopted, whereby a rise is
put up through the centre of the room to the Glacial Drift. The roof having been
securely supported by saddleback timbering, the room is stoped out underhand, and
the sides are left entirely free from timber. The ore obtained from these rooms is
more cheaply mined, and with a low timber-cost. A description of the shaft, headgear,
engines, etc., is given; a special timber-slide for getting timber into the mine is also
described.
A detail of some interest in these mines is the use of special underground rooms for
thawing dynamite: they are kept warm by steam, and contain lockers for the contractparties.
A. W. G.

WINDBER COLLIERIES, PENNSYLVANIA.
The Largest Collieries in the United States, By Burcham Harding. The Engineering
and Mining Journal (New York), 1900, vol. Ixix., pages 197-198 and 230-232, with 9
illustrations.
About two years ago in Somerset County, Pennsylvania, the Berwind-White Coal
Mining Company secured the mining rights over 70 square miles. The seam of coal is
about 4 feet thick, and extends for several miles in every direction. The main
headings extend from the entrances of the mines in straight lines. At distances of
about 315 feet, cross-headings are run at right angles to the main headings, and on
each side of the cross-headings rooms are opened up. The roof is supported by
pillars in the usual way, until the rooms are cleared and that part of the mine
deserted. In course of time, the main headings will extend to 3 and 4 miles and the
cross-headings to 2 and 3 miles in length, until they reach the workings of the
adjacent mines.
Near the entrances to the mines, power-plants are erected to furnish motive power
for all the mining operations, These plants include water-tube boilers, steamengines, air-compressors, and electric generators.
All the coal is worked by mechanical coal-cutters, operated by compressed air, and
the face readily breaks down by the use of explosives. One of these machines does
the work of about 20 miners and, compared with hand-labour, increases the output of
coal per acre by about 12 per cent. About 100 tons per day is the output from each
cutter.
At a short distance from the mine-entrance, the height of the heading is reduced to a
little over 4 feet, which suffices for the passage of the electric mine-locomotive with
its load of cars. A double track of railroad extends throughout the main heading in
each mine. The cost of this method of haulage, taking No. 35 mine as an example, is
less than 1/2d. per ton, the entrance to this mine having a dip of 1 in 40 for
3,000 feet.
The rails
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extend from the entrance of the mine for about 1,000 feet to the tipple, where the
coal is dumped into the railway-cars. On reaching the tipple, the mine-locomotive
leaves its train of 45 loaded cars, and returns to the mine with empty cars, the down
grade being sufficient to carry the loaded cars to the dumping-places. Five cars are
uncoupled at a time, and allowed to run down to the chutes, passing over the weighbridge en route. Dumping is performed by an improved crossover tilt, and, as the car
approaches the chute the operator moves the dumping-lever, the wheels strike a pair
of blocks, and the wagon dumps its contents into the chute. At a distance of about 20
feet from the chute, a portion of the right-hand rail is raised about 6 inches, a loaded
car approaching the chute passes over this spot, and depresses the rail, which
causes the wheel-blocks at the chute to swing outward, and allows the car which has
just been emptied to pass onward. The empty car runs down an incline, the
momentum acquired carries it up another incline, where its motion is reversed, and it
is then automatically switched into the siding for empty cars.
As many as 9 cars
can be dumped in 1 minute.
The tracks under the tipple are also built upon a grade so as to utilize the force of
gravity. All the movements are done by gravity, checked by hand brakes. The
railroad-cars have capacities of 30 and 50 tons, and 11 cars can be loaded in 1
hour.
The ventilation at No. 35 mine is effected by a fan, 16 feet in diameter by 6 feet wide,
delivering 325,000 cubic feet of air per minute at a water-gauge of 7 1/2 inches.

The power-station of this mine supplies power to 35 mining machines, and 22
pumps, which are served by compressed air; and for 5 mine-locomotives by three
150 kilowatts electric-generators.
X. Y. Z.
APPARATUS FOR MEASURING THE DIP OF STRATA IN BORE-HOLE CORES.
Apparat zur absoluten Feststellung des Streichens Kernfahiger Erdschichten. By
Hermann Gothan.
Berg- und Huettenmaennische Zeitung, 1900, vol. lix., pages
159-160, with 1 plate.
As in the apparatus of Kobrich and that of Wolf, a magnetic needle is employed that
can be stopped by a train of clockwork,; but, in this case, the apparatus is firmly
attached to the core in the hole, and therefore gives more reliable results.
The
magnetic needle is mounted on the apex of the minute-wheel spindle and, on the
automatic release of a catch by the train of clockwork at a predetermined time, is
forced upward against a rest faced with soft material, in which a point mounted on
the needle engages and holds the latter fast.
The case of non-magnetic metal
enclosing the needle and clockwork is mounted inside the cylinder of the boring-tool,
so as to make firm contact with the core; and, when the needle has been fixed, the
core is broken off and the whole raised to bank. Here the core is exposed, marked
in conformity with certain marks on the cylinder, and mounted in a socket on a
turntable, both being also marked, the whole of the marks being set to coincide. The
boring-cylinder being removed to expose the dial-plate of the clockwork, the position
of the needle is determined by means of plummets, and after releasing the needle,
the turntable is revolved until the needle is over the point of the dial-plate at
which it was fixed. When this is attained the core is in exactly the same position as
it occupied in the bore-hole, and the dip of the strata can be accurately read off.
C. S.
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THE TESTING OF FLAT PLACER-DEPOSITS BY BORING.
The Testing of Flat Placer-Deposits. By Robert Nye. The Engineering and Mining
Journal [New York), 1900, vol Ixx., pages 37-38.
The successful results obtained during the past few years by the dredge and the
steam-shovel in working gold-bearing deposits has caused great interest to be
awakened in this branch of placer-mining. There can be no doubt that the best way to
test a placer-dejaosit is by means of shafts, or drifts, or both, if the cost allows. But
the writer knows of one case where good results upon this kind of ground were
obtained by an auger operated by hand; and, for the same cost as one shaft, a large
number of holes were put down, giving a much more accurate contour of the bedrock. The results from the auger-holes were checked by an occasional shaft, and
found to be very accurate. In ground suitable for dredging, however, there is often so
much water that shaft-sinking is too expensive; in fact, some dredging grounds, with
all the natural conditions necessary for successful work, contain so much water that
to prospect them by shafts would cost more than to put the necessary dredgers upon
them. In one case, over £800 (4,000 dollars) was spent in the vain attempt to sink a
shaft to bed-rock, which was afterwards shown by a drill-hole to be 27 feet from the
surface.
The writer describes the process and the precautions necessary to be observed so
as to obtain accurate information. The two main precautions are (1) that the bottom
of the pipe must be kept in advance of the point of the drill until bed-rock is reached,
and (2) that, when bed-rock is reached, the pipe must be driven into it, or upon it tight
enough to shut out all sand and water, and allow of the hole being pumped out clean
and dry. The cost per foot of these holes varies with local conditions, and apart from
the cost of labour and horse or steam-power, three factors enter into the problem: (1)
the time required to put down a hole; (2) the time required to pull out the pipe; and (3)
the time required to move the drill. The writer is of opinion that in many cases the use

of steam-plant will not be economical. He has prospected ground with a horse-power
machine, and found that a move from 100 to 5,000 feet could be made, and the next
hole put down, before the steam-power drill could be moved and set up. The writer's
experience is that in favourable conditions a hole may be put down at a cost of 3s.
9d. (90 cents) per foot up to 25 feet deep, and in other cases, where the conditions
were very unfavourable, the cost rose to 14s. 7d. (3 1/2 dollars) per foot.
X.Y.Z.
DULAIT-FORGET ELECTRIC DRILL.
Note sur la Perforatice Electrique Dulait-Forget. By— Cuvelette. Bulletin de la
Societe de l'Industrie Minerale, 1900, series 3, vol. xiv., pages 161-190, with
illustrations in the text and 3 plates,
This electric drill has been employed in the Flaviac mines near Privas, in driving a
stone drift some 4,500 feet long. Briefly, the Dulait-Forget drill is composed of three
parts: the motor, the flexible shaft, and the drill. The motor, Siemens wound, of the
Dulait type, 3 1/2 horsepower, absorbs 30 amperes and 110 volts, and gives a useful
effect of 80.25 per cent. The flexible shaft is of the Marotte type. The drill turns and
advances at the will of the workman, and gives about 420 blows a minute.
The following plant was erected to drive 3 electric drills: 1 Dulait compound-wound
dynamo, 11 kilowatts, 220 volts, 1,100 revolutions per minute,
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with the usual fittings, switchboards, etc.; 3 electric drills; 3 carriages with lateral
motion for drill and motor; 3 trucks with racks, to convey machines from place to
place; 4 copper sheathed ends for the cables; 6 lamps of 16 candle-power; and 3
syringes. The total cost of the plant was about £400, and if the cost of the boilers
and tools be added, the price will work out to about £80 per horsepower.
The holes made in one face were from 9 to 11 in number and seldom more than 4
feet (1.20 metres) long; the width of the drills varied from 1 3/4 to 1 1/2 inches (46 to
36 millimetres). The number of drills blunted in boring 9 to 11 holes or a total length
of about 30 feet (9 metres) in the various rocks was: 40 in the siliceous marls, 70 in
the mica-schists, and 100 or more in the quartz. Each advance of the face required
about 8 hours, divided as follows: — Boring, 9 to 11 holes, 2 to 3 hours; firing, waiting
and meals, 2 hours; removing stone and squaring up the face, 3 hours; or a total of 8
hours. Consequently, 3 advances might be made each day, but in practice seldom
more than 2 were accomplished.
The drift was driven through siliceous marls, mica-schists containing veins of quartz
and granite; and hand-labour was alone employed while passing through soft stone.
During one week, 40 feet (12.20 metres) were driven, of which 30.8 feet (9.40
metres) were driven in granite, and the cost was 24s. per foot (96.40 francs per
metre). During a previous period the cost was 27s. per foot (113 francs per metre); in
another it was 20s. per foot (83.52 francs per metre); and the daily advance in soft
rock worked by hand was only 1 1/4 to 1 1/2 feet (0.35 and 0.40 metres).
C. H. M.
LIQUID AIR AS A BLASTING-AGENT IN MINES.*
Facts versus Claims for Liquid Air. By Hudson Maxim.
Scientific American 1900,
vol. Ixxxii., page 163.
After ridiculing the unscientific claims made in some quarters for liquid air, the author
remarks that liquid air will be chiefly valuable as a source of oxygen for purposes
other than the production of motive power. If it can be produced at, say, 2 1/2d. per
gallon, it may be destined to find its most useful application as a blasting-agent for
mining purposes. The author recognizes the difficulties that would attend such use of
it, yet he believes that most of these may be overcome; and he has ascertained from

calculations and experiments that explosives may be made from liquid oxygen and
combustibles which will rank amongst the most powerful known to science.
Some of the difficulties referred to might be surmounted in the following manner.
Liquid air being produced at the price named, a specially constructed centrifugal
machine might separate the oxygen from the nitrogen without much additional cost.
The oxygen could be used in making explosive cartridges, which could be packed in
a bath of liquid nitrogen. The nitrogen being more volatile than the oxygen, there
would be practically no loss of oxygen from the cartridges. The material could be kept
in this way for some time, but as it could be made at the mine, or in the mining
district, not many hours need intervene between its production and its use. In
charging holes, they could first be chilled by a jet of the liquid nitrogen, and further to
protect the cartridges against too rapid evaporation of the oxygen, they could be
covered with a combustible non-conductor of heat, which would form part of the
explosive.
The explosive would be so quick in its action that little
*Trans. Inst. M.E., 1900, vol. xix., page 164.
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or no tamping would be necessary, and in any case, water or sand-tamping would
suffice. To prevent the tamping from being blown out by the evaporating oxygen, a
small and very thin copper tube could be inserted into each hole whilst loading, which
would serve both as a vent-hole and as a means of firing the charge.
In order to allow for evaporation, 3 pounds of oxygen might be used to pound of
carbonaceous matter in producing explosives.
At 10d. per gallon the oxygen
would cost about 1d. per pound.
The carbonaceous matter would not cost more
than 1/4d. per pound. The explosive, therefore, would cost about 1d. per pound.
If this cost be doubled to make allowance for incidentals, labour and interest on
capital, and add 1/2d. per pound for loss by evaporation, we should still have a
powerful explosive, possessing obvious advantages over dynamite at less than
half the cost.
X.Y.Z.
USE OF SAFETY-EXPLOSIVES IN GASSY MINES IN FEANCE.
Commission du Grisou: Rapport fait au nom de la Commission da Grisou sur
l’Emploi des Explosifs de Surete dans les Mines a Grisou. By L. Aguillon. Annales
des Mines, 1899, series 9, vol. xvi., pages 551-573; Partie Administratif, 1899, series
9, vol. viii., pages 667-670.
This report has been made upon the working of the circular of August 1st, 1890* and
the special order of the Mining Board of Saint-Etienne as to the advisability of printing
upon cartridges the composition of the explosive, more particularly in the case of the
Favier explosive.
Use of Explosives.—-Three kinds of safety-explosives are used:—
Government octonitric cotton (little used), the grisounites or dynamites with nitrate of
ammonia, and the Favier grisoutines. The quantities of explosives of all kinds used
per ton of coal in three coal-fields are as follows: Gard, 1.76 ounces (50 grammes);
Pas-de-Calais, 1.05 ounces (30 grammes); and Saint-Etienne, 0.77 ounce (22
grammes).
The increased cost due to the introduction of safety-explosives is small, the cost of
explosives per ton of coal, before 1890, was 0.938d (9.87 centimes), since 1900.
1.011d. (10.63 centimes), showing an increase of cost per ton of 0.073d. or 0.76
centime.
Accident Statistics.—-There are two points which should be considered
before any explosive can be called relatively safe: (1) the danger when fired of
igniting gas, and (2) the danger which it presents in storing and handling.

Statistics shew that there had been no increase in the safety of the miner since 1890,
and that the handling and storing of safety-explosives had not resulted in any
increase of danger to life.
Restriction of the Employment of Safety-explosives.—By the order of 1890,
the (Government reserved the right to prohibit the use of any explosive in certain
mines or of allowing their use under special conditions, for instance (1) when the pit
is empty, and (2) the possible limitation of the charge. The Administration possess
the right, and the inspectors of mines have the power, to prohibit the use of any
explosive in gassy or badly ventilated mines, but as yet these powers have rarely
been exercised.
The charges of explosives used for blasting stone canches in the Nord and Pas-deCalais coal-fields are: ordinary stone, 8 1/2 to 10 ounces (240 to 300 grammes); hard
stone, 28 to 35 ounces (800 to 1,000 grammes); and very hard
• Report of the French Comminsion on the Use of Explosives in the Presence of
Fire-damp in Mines, translated by Messrs. W. J. Bird and M. Walton Brown, page
159.
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stone, 53 to 70 ounces (1,500 to 2,000 grammes). In stone-drifting, the charges are:
fast shots, 28 to 53 ounces (800 to 1.500 grammes); loose shots, 14 to 35 ounces
(400 to 1,000 grammes). The heaviest charges are used in the Gard coal-field, and
are usually 127 to 134 ounces (3,600 to 3,800 grammes) for holes 13 to 15 feet (4 to
4 1/2, metres) long. It may be added, moreover, that the general tendency in all the
districts is to increase the weight of the charge.
Extension of the Powers of Inspectors, the Derogatory Rule.—The inspectors
of mines were, by the order of 1890, permitted to modify the regulations in special
cases, as for instance at Saint-Etienne, where the rules for stone-work were
extended and permitted to be followed in the coal.
Manufacture of Explosives.—Certain explosives are too hygroscopic,
necessitating their immediate use, and leading to their being packed in thick paper
cartridges, which, when the explosive is fired, are apt to burn: the use of metal
cartridge-cases should overcome this difficulty.
Miss-fires.—There are too many miss-fires, especially in the use of explosives
for blasting coal; and it is suggested that hints should be taken from the
improvements introduced by foreign manufacturers, as for instance by the partial
substitution of chlorate of potash for nitrate of ammonia, or as in the German
dahmenite, where an improvement was made by the addition of bichromate or
permanganate of potash.
Sundry Observations.—The danger from the use of fuses is noted and the
use of electricity of low voltage is recommended.
Amended Regulations.—As the result of this report, the Minister of Public
Works has issued a circular, modifying clauses 5 and 7 of the circular of August 1st,
1890,* as follows:
5. The stemming of the explosives ordered by Article 2 should be carefully
made with plastic matter, so as to avoid blown-out shots; the length should
not be less than 8 inches (0.20 metre) for the first 1,543 grains (100
grammes) of charge, with the addition of 2 inches (5 centimetres) for each
1,543 grains (100 grammes) increase in the charge. The maximum charge
shall be 35 ounces (1 kilogramme). Detonation shall be made by a fulminating
capsule strong enough to insure detonation, even if exploded in the open air.

7. Special prefectoral decrees, which shall be revocable, after the report of
inspectors of mines, for particular cases and under conditions which shall be
stipulated in the decrees may be issued: (1) For the use of detonating
explosives other than those named in Article 2; and (2) Derogations from the
obligations of Article 5.
C. H. M.
AUTOMATIC SAFETY-DOOR FOR UNDERGROUND EXPLOSIVES MAGAZINES.
Selbstthatiger Abschluss fur Unterirdische Sprengmittelmagazine.
By Jaroslav
Jicinsky.
Oesterreichische Zeitschrift fur Berg- and Huttenwesen, 1900, vol.
xlviii., pages 345-346, with 4 figures.
In providing an extra underground magazine to hold 220 pounds (100
kilogrammes) of dynamite in the eighth level at the Theresia shaft of the Witkowitcz
collieries, the erection of a safety-door on the plan recommended by the French
committee on fire-damp and explosives was considered too expensive, and
the following arrangement was adopted. The magazine is situated in a short
blind gallery, 30 feet (9 metres) long, approached by a branch heading, 9.8 feet (3
metres) long, driven at right angles to the unworkable Thea seam.
In the waterlevel of this latter, the safety-door was erected
*Report of the French Commission on the Use of Explosives in the Presence of Firedamp in Mines, translated by Messrs. W. J. Bird and M. Walton Brown, page 162
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at a distance of 62.3 feet (19 metres) from the magazine, on a concavo-convex dam
of 40 inches (1 metre) of cement-and-brickwork recessed into the walls of the gallery
and containing a central doorway 4.9 feet (1.5 metres) in diameter. The door was
composed of two iron plates, one 0.79 inch (20 millimetres) thick and 67 inches (1.70
metres) across, the other 0.39 inch (10 millimetres) thick and 57 inches (1.45 metres)
in diameter, bolted together so as to leave an intermediate space of 2.75 inches (70
millimetres). A ring of felt 0.39 inch (1 centimetre) thick and 3.9 inches (10
centimetres) wide, was laid round the edge of the larger plate to make the door fit
tight into the rebate 1.18 inches (30 millimetres) deep, in the dam.
Commonly, the door, which opens inward towards the magazine, is kept open about
halfway for purposes of ventilation, a stop-block preventing it from swinging back too
far; but in the event of an explosion in the magazine it would be blown to by the
pressure of the gaseous products of the explosion, a force of 0.1 atmosphere being
sufficient for that purpose.
The pressure of gas produced by the explosion of 220 pounds (100 kilogrammes) of
dynamite in a chamber of the size projected (47 cubic metres or 1,660 cubic feet) is
20 atmospheres, whilst the door-plate will stand a pressure of 21.7 atmospheres. The
total cost of materials and labour amounted to £10 (796 kronen) or rather less than
one-third of the cost of a safety-door built on the French plan.
C. S.
A NEW METHOD OF SHAFT-SINKING.
A New Method of Shaft Sinking. By G. C. McFarlane. The Engineering and Mining
Journal (New York), 1900, vol. Ixix., page 411, with 4 figures.
The writer illustrates a method which he devised for handling the water while sinking
through a bed of water-bearing gravel and several strata of water-bearing sandstone,
which caused a flow of 200 to 300 gallons per minute. The method, with slight
alterations, can be used in sinking through any water-bearing rock. Two holes are
drilled to a suitable distance below the water-bearing strata, and a communication
made between them at their bottom ends. Holes, 8 and 10 inches in diameter, are
suggested as suitable dimensions. The shaft is sunk on one of the bore-holes, and

the other hole is in the solid strata outside the circle of the shaft. The water runs from
the hole in the shaft into the other hole, whence it can be pumped by a convenient
method. By this method, the bottom of the sinking-shaft is always kept dry, and it is
possible to fire heavy shots without damaging the pumps. When the shaft is sunk to
within a few feet of the coal, the regular mine-pumps can be installed, and the pumprods and casing withdrawn from the adjacent borehole. In sinking a shaft where the
bottom would be in hard rock instead of in a coal-seam, the holes should be drilled
20 or 30 feet deeper than the shaft-bottom, and successively larger charges of
dynamite exploded in the bottom of both holes until a connection is established
between them.
X. Y. Z.
SINKING A SHAFT BY THE POETSCH FREEZING METHOD.
Charbonnage de Blaton a Bernissart, Siege d’Harchies: Foncement par le Procede
Poetsch. By J. De Jaer. Annales des Mines de Belgique, 1900, vol. v., pages
264-267 and 467-470.
The Harchies pit is being sunk by the Poetsch freezing method to a depth
of 787 feet (240 metres). Freezing was commenced on May 16th, 1899, and the
ground was sufficiently frozen to commence sinking on August 1st. A central
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bore-hole was employed to ascertain the extent of the freezing, and reached down to
the same depth as the freezing tubes. The formation of the wall of ice stopped the
flow of water into this bore-hole.
The shaft-lining was formed of rings, 4 feet 10 inches high, cast in four segments and
inserted in lengths of 164 feet (50 metres). While the lining was being placed in
position in the first length, the sinking was being continued for the second length. The
crib at a depth of 164 feet (50 metres) rested on a ledge 6 to 10 feet (2 to 3 metres)
high. Above this ledge an excavation was filled with concrete, prepared with
water rendered uncongealable by sulphate of soda.
Four leakages occurred in the freezing tubes, causing considerable delay.
The sinking had reached a depth of about 440 feet (133 metres) on April 28th, 1900,
and is still in progress.
E. W. D.
CEMENT-CONCRETE LINING OF A SHAFT.
(1) Approfondissement d'un Puits dans le Terrain Houiller et Etablissement
Simultene d'un Revetement Monolithe. By Julien Linet. Revue Universelle des
Mines, 1899, vol. xlviii., pages 1-16, with 3 plates.
At Ougree, an air-shaft has been sunk to a depth of 328 feet (100 metres) from 1,575
feet to 1,903 feet (480 metres to 580 metres). It was known that the strata were
irregular, the dip ranging from 50 to 75 degrees, so that a variation of the ordinary
method of sinking became necessary. It was proposed to use a closely-fitting lining of
channel-iron rings, supported by iron uprights placed 40 inches (1 metre) apart,
enclosed with brickwork, but it was finally decided to use cement-concrete alone in
the following manner: —
The pit was sunk to full dimensions without any lining, to a depth of 10 or 12 feet. A
wooden cylinder, 40 inches (1 metre) high and 9.84 feet (3 metres) in diameter, was
supported on battens, and cement-concrete was filled and pressed into the spaces
between it and the sides of the shaft, for a width of about 10 inches (250 millimetres);
a second cylinder was then placed above the first, and so on, until the bottom of the
upper lining was reached, the joint being made by ramming in the last 6 inches of
cement-concrete horizontally.
The cement-concrete was made of 6 1/2 parts of broken blast-furnace slag, 11 parts
of sandstone wrought from stone-drifts, and 2 1/2 parts of cement (made from blastfurnace slag). The cement-concrete had a resistance to crushing of about 4,300

pounds per square inch (300 kilogrammes per square centimetre), while bricks only
average 172 pounds per square inch (12 kilogrammes per square centimetre).
The comparative costs of the two systems were as follows: —
[Table omitted]

M. W. B.
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(2) Charbonnage de Bonne-Esperance: Cuvelage en Beton d'un Nouveau Puits. By
E. Fineuse. Annales des Mines de Belgique, 1900, vol. v., pages 485-491 with 2
illustrations.
The strata to be sunk through were 17.39 feet (5.30 metres) of clay, 15.41 feet (4.70
metres) of sand, and 13.12 feet (4 metres) of gravel. The lower 6 1/2 feet of gravel
contained water. In sinking down to the water-bearing gravel a wooden drum was
used, composed of 1 1/4 inches planks supported by cribs in the inside. The internal
diameter of this drum was 18.5 feet (5.65 metres). An iron shoe, in four segments,
was then placed inside the drum at the bottom of the pit. This shoe had a width of
about 12 inches (30 centimetres), thus reducing the internal diameter to 16.40 feet.
Before commencing to build the concrete, steel plates, 0.49 inch (1 1/4 centimetres)
thick, were nailed round the drum and well greased. Against these plates, 5/8 inch
planks were placed, and the concrete was then built up 11 3/8 inches thick, resting
on the iron shoe to a height of 16.49 feet (5 metres).
The gravel was then removed from below the shoe, and the concrete lining sank
down through the water-bearing beds and for a distance of 2 feet (0.60 metre) into
the underlying strata. The excavation was carried down for about 6 feet further to a
point where a suitable foundation could be formed and on this foundation a concrete
lining was built, reducing the internal diameter of the shaft to 13.94 feet (4.25 metres)
and continued to the surface of this diameter.
The operation was commenced on July 26th, 1899, and finished on December 24th,
of the same year.
R. W. D.
REPAIRING WOODEN TUBBING OF SHAFTS BY INJECTION OF CEMENT.
Note sur la Refection d'un Cuvelage en Bois au Puits d'Air du Charbonnage
d'Abhooz, au Moyen du Procede Henri Portier, By Emile Wery. Revue Universelle
des Mines, 1900, vol. li., pages 295-300, with 1 plate.
In Belgium are many old shafts lined with wooden tubbing, from which, in spite of
constant repair, there are leakages of large quantities of water, resulting in a double
expense for labour and for pumping of water. The winding-shaft at Abhooz colliery
was lined with wooden curbs in 1840. In 1895, the quantity of water passing through
the lining amounted to 300,000 gallons (1,400 cubic metres) and it was found
necessary to reline the shaft with cast-iron tubbing. This operation cost £6,000
(150,000 francs), and occupied six weeks.
The upcast shaft at the same colliery was also in a bad condition, and it was
estimated that a sum of £2,000 (50,000 francs) would be required for relining by the
ordinary method. It was decided to try Mr. Henri Portier's process of injecting slowsetting cement, diluted with water, behind the shaft-lining. The cement passes into
the fissures, closing them, and consolidating the whole structure of the shaft.
To inject the cement, four wooden cisterns were placed at the surface near the pit:
they could be kept full of water, and were connected by pipes 1.18 inches (30
millimetres) in diameter, with the points of injection. At these points, valves were fixed
into the shaft-lining, and holes were bored into the lining 0.79 inch (20 millimetres) in
diameter, passing through the centre of the valve. The water-pipes were connected
to those valves by flexible tubing.
At the top of the water-pipes, valves were
arranged, so that
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they could be connected either with the water-cisterns or with a force-pump, or with
the atmosphere. The cement was very finely ground, and introduced into the watercisterns so as to form a milky liquid. The difference of level between the surface and
the level of the water in the strata amounting to 52.4 feet (16 metres) provided
sufficient pressure to force this liquid behind the wooden-tubbing, when the valves
were opened. If any obstruction occurred, it was cleared away by the introduction of
a little fresh water by means of the force-pump. Cement was added to the cisterns,
so as to keep the water always of the same consistency. The quantity of cement
introduced behind the tubbing by this method amounted to 18.1 tons (18,500
kilogrammes), and on the completion of the operation the loss of water was reduced
to 330 gallons (1.5 cubic metres) per 24 hours. The cost was as follows: —
Patent right
Valves, cisterns, pipes, etc.
Labour
Cement
Removing the pipes, etc
Totals =

£
s.
120 0
44 17
4
17
37 0
5 11
£212 6

d.
0
7
7
0
2
4

Francs.
3,000
1,122
122
925
139
5,308

The saving in pumping-charges amounts to £400 (10,000 francs) per annum.
R. W. D.
MOVABLE CRADLES FOR LINING SHAFTS.
Note sur l’Emploi des Plafonds Mobiles pour le Moellonage des Puits en Foncage.
By — De Serres. Comptes-rendus Mensuels des Reunions de la Societe de
l’Industrie Minerale, 1899, pages 141-143, with 1 plate.
The new cradle for lining shafts at the Saint-Etienne colliery consists of a movable
platform (suspended by pulleys and ropes from rail-ends built into the walling, and
projecting 1 foot into the shaft) worked by the men engaged in the lining. It is
necessary, for carrying out this method, to have sufficiently strong mooring-points,
and pulley-blocks that work smoothly; but this is all that is required. The lining was
effected in lengths, or sections, of 98 feet (30 metres), and, when it was built up 12
feet (3 or 4 metres) above the ledge on which it was seated, the four rail-ends, with
the flanges uppermost, were built into the masonry at the ends of two diameters
crossing one another at right angles. From each projecting end is suspended a chain,
49 feet (15 metres) long, carrying two pulley-blocks, the two ends of the lifting chain
being attached to the frame of the upper pulley, forming part of which is a wormwheel worked by a horizontal gun-metal worm and endless chain. Each of the four
pulley-blocks is capable of supporting 2 tons; and the whole load of the platform, with
6 or 8 men and their tools, does not exceed 1.8 tons.
While the platform is being shifted—only once for the 98 feet (30 metres) length or
section—the men wear safety-belts; and while they are at work the platform is made
fast by four bolts shot into holes left in the masonry, the falls not running down,
whatever weight be put upon them, owing to the slow pitch of the screw. One man is
sufficient to work the pulley-blocks, which are connected to the platform by chains, 7
feet (from 2 to 2 1/2 metres) long,
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so as to prevent the lower-pulley blocks from being choked with mortar; and after
each length of masonry is built, the chain and pulley-blocks are thoroughly cleaned
on the surface.
The advantages of this method were clearly shown by a comparison of the progress
made with the movable platform and that made with the fixed platforms by which the
first length, or section, was lined. Whereas in the latter case, the mean speed of
lining was only 6 1/2 feet (2 metres) and the maximum 10 feet (3 metres) daily; in the
former the mean advance was 10 feet (3 metres), and the maximum 13 feet (4
metres) daily, five days being thus gained in each length for the lining alone. At least
as much time was saved in erecting the air-pipes and ladders, making a total saving
of 2 months in sinking to a depth of 590 feet (180 metres) while the money saving
was also considerable. The total cost of the four sets of pulley-blocks, with lifting and
working chains, was £41 12s. (1,040 francs); and the sum of 14s. 6d. per foot (60
francs per metre) was saved in labour during the sinking.
J. W. P.
DRAINAGE OF THE LAMARTINE MINE, COLORADO.
The Lamartine Mine. By Prof. Arthur Lakes.
Mines and Minerals, 1900, vol. xx.,
pages 385-387, with 5 illustrations.
The Lamartine vein, Idaho Springs, Colorado, was discovered in 1867, but no
workings of importance were prosecuted until some 20 years later. After about 10
years, the present main shaft was sunk to a depth of 906 feet, and ten levels were
opened. In 1893, the workings encountered the Crown vein, carrying high values in
gold. The Crown vein crosses the Lamartine vein, and on the junction rich and large
ore-bodies were opened, extending up and down in junction vertically for 400 feet
and laterally east and west for 250 to 700 feet on both veins. At the time of finding
the Crown vein, large volumes of water were met with, and the fuel expense of
pumping rose to £20 (100 dollars) per day. It came to be a problem whether to
abandon the mine, or drain it by a tunnel over 1 mile in length, and the latter course
was decided on. The mine is situated on the summit of French mountain, and it was
decided to drive a tunnel from the surface at the back of the hill and on the Lamartine
vein, which would tap the lowest level of the mine. This tunnel was begun on October
16th, 1894, from the surface. Meantime, water had been removed from the lower
levels of the mine, and on November 5th, 1894, the work of driving from the lower
levels eastward from the shaft to connect with the tunnel began.
The tunnel going east from the workings was driven on a down grade of 1 per 100;
and therefore necessitated the pumping of vast quantities of water back to the main
pumping station, by auxiliary machinery. On April 5th, 1895, a sudden flow of water
was encountered, and caused a suspension of work for 21 days, during which a
second large compound pump was installed in the pumping-station, whilst additional
auxiliary pumps, mounted on trolley-cars, commenced work on the recovery of the
heading. Five times after that, prior to the completion of the tunnel, the men were
driven out of the heading by sudden flows of water from pockets.
On March 29th, 1896, both headings were brought together, completing actual
drivings of 4,611 feet in 17 months' time, 1,531 feet being driven down on the incline
at a cost of all expense outside of pumps of £3 16s. (18 1/4 dollars) per foot; and
2,080 feet driven from the surface cost at the rate of £3 10s.(16 2/3 dollars) per foot;
this covered every item of cost, including that of boiler
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and air-compressor plant at the mouth of the tunnel. The problem of connecting the
tunnel-ends was a delicate one, as the surveyor had but one working shaft down
which he could extend plumb-lines. The lines were spaced 4 feet apart, when
hanging in the shaft for a depth of over 900 feet. The difficulty of vibration was
overcome by using plumb-bobs each of 25 pounds weight, suspended in a tub of

heavy glucose syrup. The course of the tunnel was circuitous, following the sinuous
course of the vein for 2,600 feet and the remainder through barren country rock.
Since the completion of the tunnel to the main shaft, it has been extended westward,
until its total length now exceeds 6,700 feet. The size of the tunnel is 8 feet by 8 feet.
The water flows in a ditch by the side of the track, and in drainage-expenses alone,
the tunnel has already saved over £41,666 (200,000 dollars). But the tunnel is also
used to run the waste-rock and rubbish from the mine to the outlet of the tunnel,
where the dump is from 160 to 200 feet high, and covers 2 acres of ground. Very little
timber is used, the walls being firm and strong, and one thing of notice in this long
tunnel is the row of main chutes descending from the working above and discharging
rubbish into the cars.
X. Y. Z.
PACKING OF WORKED SEAMS IN BAVARIA.*
Erfahrungen uber Abbaumethoden mit Bergversatz. By Heinrich Muller.
Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1900, vol. xlriii., pages 347351, with 4 figures.
With the progressive deepening of the workings at the Hausham colliery, Upper
Bavaria, the rock-pressure attained such dimensions as to crush the coal-pillars, and
become a source of great expense in repairs and of danger to the miners;
consequently the pillar and subsidence method with partial packing, hitherto followed,
had to be abandoned in favour of longwall work. The plan finally adopted was to drive
headings both ways from the haulage-incline, through the thin (20 to 24 inches)
upper seam and the thicker (44 to 46 inches) lower seam. From these headings a
number of intermediate cross-drivages were cut in the lower seam to enable the face
to be attacked at a larger number of points simultaneously, and thus clear out the
same superficial area as in the thinner upper seam. In order to prevent the
toughening noticeable in the latter when the thicker seam is worked first, the lastnamed is always left one step in the rear. The haulage-incline of each working district
is laid in the upper seam, and is fitted with a winch for raising the packing; a safetypillar about 32 feet thick is left on either side above the drainage-gallery, and the coal
is taken out from the lower level first, so that the waste-rock collected in driving the
incline can be lowered to serve as packing. The working length of each section is
about 1,640 feet (500 metres) with a superficial height of 328 feet (100 metres), so
that after deducting 33 feet (10 metres) for the safety-pillar above the drainagegallery, six lifts, each of 49 feet (15 metres) in height, can be set out one above
another. The coal got from the thicker seam is removed through the intermediate
cross-drivages into the headings in the thinner seam, and thence through a winze.
When all the coal is out, these cross-drivages are abandoned.
This method ensures uniform production and obviates the 19 to 20 per cent. waste
occasioned by the pillar system, considerations more than outweighing the greater
cost of working.
C. S.
• Trans. Inst. M.E., vol. xix., page 505.
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FLUSHING OF CULM IN ANTHRACITE COAL-MINES.
Flashing of Culm in Anthracite Coal-mines. By William Griffith. The Journal
of the Franklin Institute, 1900, vol. cxlix., pages 271-282, with illustrations in the text.
Recently, the "flushing method" has been adopted for disposing of the waste from
anthracite-mines. By this process the culm and waste material is carried back to the
mine, with water, and allowed to fill part of the abandoned portions of the
underground workings.
The process is a very simple one. The culm, as it accumulates in the breaker, is
carried through a system of "telegraphs" or conveyors to a hopper—usually an

oil-barrel. A stream of water is also conducted into the same hopper by means of a
3 inches pipe, and the culm is carried by the water through a pipe usually 4 inches in
diameter, passing out of the bottom of the hopper. This pipe, passed down into the
mines through the shaft, or by means of a bore-hole, is conducted along the
gangways and up the chambers through the cross-cuts to the point where it is
desired to deposit the culm. The pipe used is an ordinary black wrought-iron pipe.
The joints are ordinary screw-joints; or more commonly a piece of 4 1/2 inches pipe,
about 8 inches long, is split on one side and placed round the pipe, being held
together by two clamps. This form of joint is very simple and easy to apply. It leaks
for a short time after being put on, but the crevices are soon stopped by the culm,
and the joint becomes tight. This pipe may be carried from the foot of the shaft,
either up or down the pitch.
Of course, if it is carried up the pitch, more water is
required to deliver the same amount of culm than is the case where the pipe is
carried down the pitch or on the level. The culm flows freely through these pipes for
long distances, and may be deposited at almost any point in an ordinary anthracitemine.
The water is usually turned on about 15 minutes before the work starts at
the breaker, and is allowed to run about 15 minutes after work stops in the evening,
in order thoroughly to clean the pipe. Occasionally, stoppages occur when the
pipe becomes filled with culm from one end to the other, and this of course requires
considerable time and trouble to get clear again.
It is usually accomplished by
breaking a joint near the foot of the shaft, and allowing the pressure of the water to
force the culm out of a section, 100 or 200 feet in length. Connection is then made
and again broken several lengths further on, and the water used to clean the pipe
again. This process is continued, until the pipe is all cleared.
The culm issuing from the pipe is discharged into the highest point of the chamber or
portion of the mine desired to be flushed, and stoppings are placed at the outlets of
the chambers, near the gangways. The culm, as it is deposited from the end of the
pipe, takes a very flat slope, and is carried a long distance by the water, which
ultimately sinks away and filters through the deposited culm to the, lower portion of
the mine, whence it is pumped to the surface by the mine-pumps. The stoppings are
often simply board partitions placed across the end of the chamber and fitted closely,
or sometimes dry walls of slate or mine-rubbish are used, a dyke of culm being piled
behind the wall, through which the water may filter.
When the chamber is filled to the roof, the pipe is withdrawn and culm allowed to run
into the next chamber, and so the process continues until the desired area is
completely filled with culm.
Among the advantages claimed in favour of the flushing process may be mentioned
the help that may be afforded to the pillars by flushing culm at the time of a squeeze
in a coal-mine. It is also said to be a preventive of mine-fires,
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as a mixture of culm with water might readily be used for the purpose of drowning a
fire, since by placing the proper stoppings around the fire, as is usually done, for
excluding the air, water-and-culm could be flushed in through boreholes from the
surface until the space was completely filled with wet culm. This method would
effectually exclude the air, and in all probability stop the fire, particularly if water were
kept running in the bore-hole, so that it could seep through the culm in order to keep
it wet. Another advantage is that an additional quantity of coal may be mined by first
flushing the old workings with culm, and then extracting the pillars. This may be
safely done, but the percentage of extra coal recovered depends, of course, upon the
conditions which obtain at each colliery; perhaps, however, 20 or more per cent. may
be saved, provided that the mine is worked and portions flushed with the view of
recovering it.

This question of flushing of culm into mines may eventually, the author considers, be
expanded to the larger question as to whether or not it may be advantageous, when
facilities warrant, to flush sand, loam and other material from the surface into the
mines for the same purpose.
M. W. B.
MACHINE-HAULAGE IN THE COLLIERIES OF UPPER SILESIA.
Die
Maschinellen
Streckenforderungen
auf
den
Oberschlesischen
Steinkohlengruben. By Dr. Heimann.
Gluckauf, 1900, vol. xxxvi., pages 449-456;
and Zeitschrift fur das Berg-, Hutten- mid Salinenwesen im Preussischen Staate,
1900, vol. xlviii., pages 18-51, with 13 figures.
In Upper Silesia, (A) chain-haulage is employed in six pits; (B) rope-haulage : (a)
using knots at seven pits; with double knots at three pits; with single knots at four
pits; (b) using smooth ropes at ten pits; with forks at three pits ; (C) with chaincouplings at seven pits; (D) locomotive haulage at three pits: electric locomotives at
two pits; and a locomotive worked with benzine at one pit.
Table I. shows the
results obtained.
In comparing chain- and rope-haulages, the following points may be noted as in
favour of rope-haulage. (1) The chain is considerably heavier than the rope, 1 metre
weighing 17.63 pounds (8 kilogrammes); whilst 1 metre of corresponding rope
weighs about 3.96 pounds (1.8 kilogrammes). The use of the latter, therefore,
constitutes an important economy in dead weight. If it is assumed that the tubs follow
at distances of 66 feet (20 metres) apart, each tub will carry a weight of 353 pounds
(160 kilogrammes) of chain. As the distance between the tubs cannot always be kept
uniform, but sometimes increases to 130 or 200 feet (40 to 60 metres), this weight is
correspondingly increased, so that the tubs themselves are liable to suffer
considerable damage, especially as regards bending of the axles and crushing of the
front plates. (2) It is much more difficult to turn a curve with a chain than with a rope.
(3) With a chain, a definite minimum output must be fixed. If the amount of coals to
be carried be small, empty tubs must be inserted, to prevent the chain from dragging
on the ground; because if the chain is allowed to drag, it not only becomes worn, but
very much additional work is thrown upon the hauling-engine. If, on the other hand,
the quantity to be transported be very great, the distance between the tubs has to be
decreased to such a point that the weight of the chain is no longer sufficient to drag
them. In this case, therefore, a very heavy chain must be employed, or else forks
must be used. In this latter case, the special advantage of the chain, namely, the
absence of
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any form of coupling between the chain and the tub, is lost. In the case of ropes, the
objection that there must be a minimum amount of mineral transported does not
appear, seeing that endless-rope haulage will pay even with a daily transport of 250
tons, and there is also much less danger of a rope dragging on the ground than in the
case of the chain. The maximum limit is very much higher than in the former case,
because the tubs can be put as close together as required when a rope is used, and
by using the newer methods of chain-couplings, or clutches, as many as 4 tubs at a
time can be attached. If there are several points at which tubs have to enter and
leave the system this is very much more easily effected in the case of ropes than in
the case of chains.
[Table, of details of haulage systems and costs at 27 collieries, omitted]
H. L.
ENDLESS-ROPE HAULAGE.

Slope No. 6, Pratt City, Alabama: An Example of Endless-rope Haulage, the
Longest Haidage in the South. By Neill Hutchings. Mines and Minerals, 1900, vol.
xx., pages 251-252, with illustrations in the text.
At Pratt City, Alabama, where are located the extensive collieries of the Tennessee
Coal, Iron and Railroad Company, it was a puzzling question to the company's
engineers whether the coal could be mined cheapest throngh an expensively steep
rock-slope, or by means of a haulage of unusual length
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through the No. 6 slope. The introduction of the latter meant an outlay of about
£6,000 (30,000 dollars), not including the cost of the rope and cars; an endless-rope
haulage of 2 1/2 miles round curves of 24 degrees and 39 1/2 degrees; pinionwheels able to stand the strain of hundreds of loaded cars on a rope of this length
(this has since been found to be the hardest matter to overcome), and minor details
of almost equal difficulty. The work was commenced in 1898. From the slope-mouth
to the bull-wheel, the original distance was 11,765 feet, but is now several hundred
feet longer. The principal difficulty of making the endless-rope haul cars round the
curves above-named was solved, by building the track in such a manner that for the
entire distance around the curves it was itself curved. The tendency of the rope to run
in a straight line on the curves was thus overcome, the strain coming on the lower
part of the cars, holding them firmly on the track until the straight stretches are
reached. The haulage-system is the overhead; the cars are attached to the rope by
goose-necks, and the speed is 2 miles an hour. At the necessary points, the track is
graded, so that the cars release themselves from the rope, or attach themselves to it
by the action of gravity. The grade of the slope is not unusual, portions being level,
and the total difference of level between the slope-mouth and the deepest point, 3
miles distant, is 336 feet. About 135 loaded cars and the same number of empty cars
are coustantly on the rope; the output is 600 tons per day, which will soon be largely
augmented. Apart from frequent breakages of the teeth of the pinion-wheels, the
operations are attended with great success.
X. Y. Z.
AN ELECTRIC HAULAGE-PLANT.
Mine No. 15, Rich Hill, Missouri. By Charles Evans, Mines and Minerals, 1900,
vol. xx., pages 412-413.
Mine No. 15, owned and operated by the Rich Hill Coal and Mining Company, is
located 2 miles south of Rich Hill, Bates County, Missouri.
It is entered by a vertical shaft, and the seam of coal worked lies 106 feet below the
surface. The mine has produced as much as 1,500 tons in a day, and for a long time
averaged 1,250 tons per day. Latterly, the output deceased to 800 tons, due largely
to the long haul. This state of affairs suggested electric haulage, and at present the
main entry on the south side is worked by that system. The cost of the change has
been considerable, the electric plant grading 4,600 feet, of which 1,000 feet was a
cut averaging 6 feet in depth in order to secure a proper grade. The motor runs from
the shaft to the present face of the southern entry, a distance of 4,600 feet, and
makes the round trip of 9,200 feet with 20 cars both ways, in less than 7 minutes.
This by no means represents the full capacity of the motor, and the results are so
satisfactory that a motor has been ordered for the north side also. The output of the
mine quickly rose to 1,100 tons, and will probably reach a daily average of 1,400
tons.
The power-house for the new plant adjoins the old engine-house, and the wires
leading therefrom to the mine are provided with resistance-coils and lightningarresters. The ground-wire in the mine is carried on the left side of the track, and
connected with the bond-wires on the track at every third rail on each side of the
track. The live-wire is connected to the trolley-wire in the shaft-bottom. The trolley-

wire sets 7 inches to the side, and at an elevation of 5 feet from the top of the rail.
The electric plant consists of an
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automatic high-speed 150 horsepower engine, with two cylinders 14 inches in
diameter by 18 inches stroke, driving, with a 16
inches perforated belt, a
Westinghouse dynamo, 275 volts, 364 amperes; Weston ammeter; Weston
voltmeter; Westinghouse rheostat, 100 kilowatt, 275 volts; magnetic blowout;
circuit-breaker, and a Jeffrey improved motor.
X. Y Z
ACCIDENTS IN PASSES OR CHUTES IN BELGIUM.
Les Accidents survenas dans les Cheminees d’Exploitation, pendant Ies Annees
1884 a 1898, inclusivement. By Victor Watteyne and Lucien Denoel. A.n nodes
des Mines de Belgique, 1899, vol. iv., pages 55-95 and 281-344. These accidents
are comparatively few in number; and the authors have gone back to 1884, the year
in which the last general mining regulations were issued, so as to include a larger
number of accidents of this class in their report. During this period of 15 years, 62
accidents occurred in passes, causing 51 fatalities and 13 cases of serious injury.
These accidents are grouped according to their causes or the circumstances under
which they occurred; and they are treated under the following heads:—(1)
Clearing obstructed passes; (2) falls of rock or goaf; (3) falls down the passes;
and (4) miscellaneous.
(1) Clearing obstructed Passes.—Almost all the accidents of this class, 27 out of 31,
happened while the pass was being cleared from below, and only 2 while it was
being cleared from above, and 1 through a dynamite-cartridge. These accidents are
nearly always fatal, death being generally caused by suffocation. Three of the
accidents due to clearing from below entailed the death of lads who happened to be
near; and in all the other cases those who effected the clearing were killed. Of the
remaining 24 accidents, (a) 20 were due to a sudden fall of the obstruction while the
workman mounted the pass or stood underneath it, or again was actually proceeding
to the work of clearing; (b) 1 accident was attributed to suffocation through a too long
stay in an atmosphere rendered irrespirable by a large quantity of coal-dust; (c) 1
was caused by the formation of a fresh obstruction below the workman; (d) 1 arose
from the fall of a man as he was mounting the pass to clear it; and (e) 1 was due to a
fall of roof.
Compared with the number of men engaged in clearing passes, the number of
accidents is considerable; and the risk run by those so engaged is greater than that
of miners generally. The methods employed for clearing are of two kinds: one
consisting in the endeavour to remove an obstruction from the outside, without
entering the pass, while in the other the man enters the pass. Among the methods of
the first kind is that of pulling chains or knotted ropes previously hung in the passes,
a practice that sometimes effects the desired result; and another method, which
would appear to be more efficacious, consists in prodding the obstruction with long
tools from below. In a third method, both safe and effective, applicable to passes
divided longitudinally, one compartment being left free, the man gains the obstruction
by the free compartment, takes down part of the brattice, an then the obstruction can
be readily cleared. Lastly, even if the pass be not double, it may be reached through
the goaf from a neighbouring pass, a communication being made to the obstruction,
which can be cleared in the manner just mentioned; but this method is evidently slow,
and unsuitable if the strata are insecure or the distance considerable.
In the second category, a distinction must be drawn between two different
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methods : one of which consists in descending into the pass and the other in
ascending into it from below. In the former case, the man, fastened by ropes to the
timbers at the top of the pass, lowers himself into it; he first tries to clear the
obstruction by tools, but, failing in. this, he fills into skips all the coal, which is drawn
up by another man to the upper road. Although slow and not free from danger, this
method is far more certain than that of entering the pass from below. When the
obstruction is reached, the man builds under it a small platform; and then, working
away at the obstruction with tools, he causes the coal to fall, after which he proceeds
in one of the two following manners. He either weakens, by saw-cuts or otherwise,
the timbers of which the platform is constructed, ties a rope to them and, after
descending into the lower road, pulls smartly on to the rope so as to remove the
platform; or, remaining in the pass, he makes an opening in the platform, through
which he sends down all the coal that has stopped the pass. In other cases, the
workman directly removes the obstruction, protecting himself as well as possible with
rice-wood (fagot de fascines), bringing down the coal at his side and rising in the
pass as he forms a passage, often making his exit at the top after having traversed
the pass from end to end.
(a) When the pass is cleared by moving chains or knotted ropes, if the workman
remains underneath the pass he is liable to be overwhelmed by the falling coal; and,
if he performs this operation from the top, he may himself fall into the pass. Accidents
may be avoided, however, by arranging the chains or ropes so that they can be
worked by a man holding on to the side of the pass. With the same precautions,
working at the obstruction by long tools may be effected safely either from the top or
from the bottom; but in the latter case, if the obstruction be so high that the man
cannot avoid placing himself in the centre line of the pass, it is advisable to open the
hopper only so much as may be necessary for working the tools, and also to
strengthen it by props so as to prevent it from yielding to the shock of falling coal,
etc., when the clearing is effected. These two methods, easily employed and free
from danger, are to be recommended.
Working at the obstruction by a lateral passage did not cause a single accident
during the long period under notice; but the possibility may be feared of a sudden
irruption of coal through the opening made in the brattice. If, however, the obstruction
be exactly located and the opening be made carefully, such cause of danger may be
easily avoided. This method of proceeding may be regarded therefore as
irreproachable from a safety standpoint, while it is also effective; but a double pass
may be considered to entail too great expense, especially with insecure rocks. On
the other hand, the existence of such spaces in the goaf may cause a loss of the aircurrent; but this disadvantage may be sufficiently avoided by closing the passes at
both ends, or at any rate at the bottom end. It is also possible that firedamp may
accumulate in these spaces; but such accumulations, less dangerous than is
generally supposed, will not occur if care be taken to avoid closing the upper end.
Moreover, it is desirable to provide a sufficient volume of air for leakages through the
goaf.
(b) Entrance into the pass caused nearly all the accidents during the period of 15
years. When a man descends into the pass, the great danger consists in a
subsidence of the obstruction; and, in order to guard against it, he should attach
himself by a rope and safety-belt to a strong prop, he should avoid stamping upon
the coal, and he should stand on a plank, or on a few timbers forming a rough
platform, and try to cause a fall of the coal by a suitable tool. If the pass be cleared
from the top, there is the chance of accident
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through coal falling out of the skips, or of the skips falling, or of the giving way, etc.;
but the first source of danger, which is not greatly to be feared, may be avoided with
a few precautions.
K
Entering the pass from below causes a large number of accidents, as the workman is
exposed to many dangers from which he cannot be wholly secured. For instance,
the coal falling upon him from above, and the platform on which he stands may yield
to the falling coal.
The stationing of a man at the bottom of the pass and the
removal of the hopper, are inadequate precautions; and the formation of the passes
at an inclination of 30 to 35 degrees, while diminishing the risk, does not entirely
suppress it.
The following precautions are recommended:—Passes should be placed in safe
strata, with sufficient slope and without sudden variations or changes of direction.
Passes should be securely timbered; the goaf should be secured by pack-walls and a
strong lining made of boards, rather than thin flexible timbers; and, if the floor be not
sufficiently smooth, it should be covered with boards or iron plates to favour sliding.
Passes should not be made at too low an angle; they should be divided into suitable
lengths, accessible by supplementary roads; and should not be placed in a straight
line, but so that each one can be entirely shut off from the others. Passes should be
divided longitudinally by a brattice, so that one compartment may always be
accessible to the workmen. Further, the passes should be frequently inspected and
repaired, a frequent cause of obstruction due to breakage or displacement of timbers
being thus removed; care should be taken that large pieces are not sent down, as
they might cause obstruction or damage the lining; and all timbers, rice-wood, etc.,
that may fall into the passes should be at once withdrawn.
In the event of obstruction, the passes should be cleared by chains or knotted ropes
placed in the passes, or by means of boring-rods; and, within double passes or
sheet-iron passes, a few blows on the brattice will often dislodge the obstruction. The
extreme measure of taking the coal out by the top, or making a passage at the level
of an obstruction, should be resorted to only in rare instances.
(2) Falls of Rock or Goaf.—Of the 10 accidents recorded under this head, 2 were
due to falls of the enclosing rock, and the 7 others to falling-in of the goaf; and,
except in two of them, the falls occurred while the passes were being packed or coal
was being sent down them, the immediate cause appearing to have been the shock
of stones or large pieces of coal against the timbering. It is recommended that
passes be built with the greatest care, and timbered carefully and regularly. The
passes should always be filled as full as possible; great care should be taken not to
throw down them too large pieces that would knock against the sides and remove the
timber-lining; and a grating should be placed at the mouth of each pass.
(3) Falls down Passes.—It is recommended that (a) the mouth of a pass should be
protected by a strong movable cover; (b) when a large obstruction is to be cleared,
two platforms should be built, as is customary in shafts; (c) in passes used for
travelling with slippery floor, and without transverse timbers, ladders or ropes should
be provided; and (d) the mouth of any pass temporarily disused, or used for
ventilation and travelling, should be so situated as to prevent men from falling into it
who have to pass along the roads.
(4) Miscellaneous.—The number of accidents in passes may be diminished; but the
work of clearing is always dangerous, suffocation being the cause of many fatalities.
J. W. P.
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COMPOUND WINDING-ENGINES.
Ueeber
Compound-Fordermaschinen,
deren
Betriebsund
Dampfconsumrerhaltnisse. By Julius Divis. Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1899, vol. xlvii., pages 550-553, 568-570, 581-584, 594-596 and 605607.

The experiments were carried out by the author on a converted compound windingengine at the Rudolf colliery, Pribram, and a similar but unconverted (non-compound)
double-cylinder winding-engine at the Segengottes colliery. The former engine was
designed to raise a nett load of 1,650 pounds (750 kilogrammes) a height of 1,476
feet (450 metres), the tubs weighing 550 pounds (250 kilogrammes), the cage 2,420
pounds (1,100 kilogrammes) and the rope 1,760 pounds (800 kilogrammes); and its
dimensions were: diameter of the high-pressure cylinder 11.02 inches (280
millimetres), of the low-pressure cylinder 17.71 inches (450 millimetres); stroke 25.59
inches (650 millimetres). The other winding-engine had the same stroke, and two
cylinders of the same dimensions as the high-pressure cylinder. For the compoundengine, the author devised a special valve to be held open by the engineman in
starting, with a view to prevent waste of steam through carelessness. Both engines
were non-condensing, and worked at an admission-pressure of 3 to 3.8
atmospheres.
Table I. —Experiments on Winding-engines.
[Table of data omitted]
Table I. embodies a synopsis of the results obtained. The influence of an increased
height of lift on the consumption of steam is shown in Nos. 1 and 2 experiments, and
the saving effected by compounding may be calculated, from Nos. 2 and 3
experiments, as about 12 3/4 per cent. for equal heights. The advantage of winding
heavy loads for compound engines is seen from Nos. 3 and 4 experiments: the
increase of the load by 205 pounds reducing the steam-consumption by 14.2 pounds
per horsepower per hour. No. 5 experiment records the result of regulating the
admission of steam by the throttle-valve alone, and shows that the compound
winding-engine wastes less (3 to 5 per cent.) than the ordinary engine (15 per cent.)
through carelessness in driving. In No. 6 experiment, the compound-engine was run
as a non-compound, the waste bringing down its efficiency to 12 1/2 per cent. below
that of the double-cylinder engine (No. 2 experiment). This illustrates the advantage
of a special starting-valve such as the one already mentioned.
On disconnecting the steam-jackets on the cylinders, the results given in No. 7
experiment were obtained, namely, a loss of 3 1/2 per cent. of steam. A large
quantity of water was condensed in the cylinders during this experiment,
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and the taps had to be left open throughout, to prevent damage from concussion.
In further tests with a load of 1,390 pounds (632 kilogrammes) from a depth of 1,351
feet (412 metres), the compound-engine exhibited a saving of 10 per cent. in
steam-consumption; and taking the results generally the econony of steam in favour
of the compound winding-engine was calculated at average of 12 per cent.
C. S.
POWER FROM THE DESCENT OF GOB-MATERIAL.
Descenderie du Puits de la Pompe. By — Berne. Comptes-rendus Mensuels des
Reunion-s de la Societe de l’lndustrie Minerale, 1899, pages 270-277, with 1plate.
The first installation for compressing air, by the descent of gob-material, comprized
two-decked cages taking a tub on each deck, two empty tubs being brought up at
every lift. The round steel-wire rope weighed rather more than 14 pounds per yard
(7.1 kilogrammes per metre); and the balance-chains each 1,010 feet (308 metres)
long, weighed 36 pounds per yard (18 kilogrammes per metre). At bank, the rope
passed over three pulleys, 16 feet (5 metres) in diameter, arranged in the same
vertical plane, and so that the centre line of one of the cages formed a tangent to the

rim of two of them. The shaft of the third pulley, which also served for braking, was
coupled to the double crank-shaft driving the pistons of two air-compressing
cylinders. On starting, the motive effort was 28 tons; and on arrival it was 1/2 ton.
The compressing cylinders, which had a diameter of 17.71 inches (45 centimetres)
and a stroke of 39.37 inches (1 metre), were designed to fulfil the condition of (1) not
interfering with movement of the cage at landings, while permitting of the attainment
of a sufficient speed, and (2) preventing the speed from becoming excessive,
especially if the weight of a tub-load should exceed the mean. These conditions were
realized, by means of (1) a retaining valve which prevented a return of air from the
receivers to the compressing cylinders, and (2) a centrifugal governor acting upon (a)
a blow-off valve for putting the cylinders in communication with the atmosphere, and
(b) two valves, between this last-named valve and the cylinders, that prevented
compressed air from passing into the cylinders at the highest position of the
governor, free communication between them being permitted in all its other positions.
The excess of motive power over the resistance was 3,037,929 footpounds (420,000
kilogrammetres) which left a margin of 1,573 pounds (715 kilogrammes) for the
passive resistance at the rim of the brake-pulley; but careful experiments showed
that such resistance did not exceed 705 pounds (320 kilogrammes), so that it
became necessary to add an hydraulic regulator.
In the modified plant, the motive energy was greatly increased by not lifting the empty
tubs, and the following was to be the normal duty:—Start from the surface with 4 full
tubs, take in 2 tubs at the intermediate landing, and again 2 more at the bottom
landing. Two cylinders, 30 inches (7o centimetres) in diameter, were added; and, for
preventing slip of the rope, a turn was taken round each pulley. A second hydraulic
regulator was added, so that 4 full tubs could be lowered in the event of a breakdown of the air-compressor. With the new arrangement, 2 or 3 full tubs can be
lowered as may be required, without intermission in the production of compressed
air: but when 4 full tubs are lowered the motive effort is 4.976 tons, which becomes
reduced to 3.715 tons on arrival at the intermediate landing, 1.615 tons on leaving it,
and 1.324 tons on arrival at the bottom-landing.
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With 3 full tubs, the volume of air compressed to 79 pounds per square inch (5.5
kilogrammes per square centimetre) was 250 cubic feet (7.1 cubic metres),
corresponding to an air-volume of 1,377 cubic feet (39 cubic metres) at atmospheric
pressure : and the power indicated in the three cylinders was 7,692,256 foot-pounds
(1,063,474 kilogrammetres). With 4 full tubs, the power indicated in the four cylinders
is 12,157,414 foot-pounds (1,680,794 kilogrammetres) and the volume of
compressed air was 396 cubic feet (11.2 cubic metres). When 600 full tubs are
lowered daily, the 150 lifts compress 59,331 cubic feet (1,680 cubic metres) of air to
the above-named pressure, the distance between the surface and the intermediate
landing only being taken into consideration; and for effecting this work by steam a
100 horsepower-engine working 10 hours a day would be required.
J. W. P.
FAILURE OF A MUESELER SAFETY-LAMP.
Note sur une Lampe Mueseler ayant prodnit une Flambee de Grisou.
By G.
Chesneau.
Annales des Mines, 1900, series 9, vol. xvii., pages 309-314, with 1
illustration in the text.
A slight explosion of fire-damp having been caused in a fiery coal-seam by a
Mueseler lamp, the lamp was submitted to the Fire-damp Commission for
investigation. It was an ordinary Mueseler, of the regulation dimensions,
fitted with a Catrice relighter and a Catrice hydraulic lock. In order that the recess in
the bottom-ring of the lamp-frame for receiving the bolt of the lock should coincide
exactly with this bolt, a stop-block was fixed to the bottom-ring, which came in

contact with a projection soldered to the oil-vessel.
To ensure sufficient pressure
between the top of the glass-cylinder and the horizontal gauze-diaphragm, in spite of
the stoppage to the screwing-on of the oil-vessel, the upper ring of the lamp-frame
fitting above the glass-cylinder was provided wdth two bolts pressed down by springs
against the collar of the gauze, so as to press it against the top of the glass-cylinder.
The failure of the lamp was due to the insufficient pressure exerted by these springs.
The horizontal gauze was bound with an iron-ring and this had become contorted, so
that on one side there was an open space of 0.078 inch between the top of the
glass-cylinder and the gauze, notwithstanding the pressure of the spring-bolts. A
further defect was due to the screw of the relighting apparatus, which, when in
certain positions, prevented the glass-cylinder from fitting accurately.
The
occurrence shows the danger of locks with stop-blocks, and the use of springs, which
may become ineffectual through unperceived weakening. The locking-stop should
be replaced by a method allowing the oil-reservoir to be screwed so as to press the
glass-cylinder firmly against the gauzes: this can be done by forming a rack round
the under side of the bottom-ring of the lamp-frame. When the horizontal gauzes of
Mueseler lamps arc furnished with collars, these should not be rigid, but yield
easily to a slight pressure.
W. N. A.
EXPERIMENTAL STATION FOR TESTING SAFETY-LAMPS AT THE UNION
EXPERIMENTAL DRIFT, BISMARCK, WESTPHALIA
Die Versuchsstation far Sicherheitslampen auf der berggewerkschaftlichen
Versuchsstrecke bei Bismarck i. W. By Bergassessor Fahndrich.
Gluckauf,
1900, vol. xxxvi., pages 445-449, with 2 plates.
The building used for lamp-testing, 16.4 feet (5 metres) distant from the observationstation of the experimental gallery, has a total length of 312 feet
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(95 metres) and a breadth of 5.4 feet (4.7 metres), divided into three rooms. The first
of these serves for experiments and for an office; the second contains an apparatus
for gas-analysis and a dark room for photometric, measurements; whilst the third
room forms a store-house for safety-lamps, wire-gauzes etc. The pit-gas used in
these experiments comes from the dammed-off working of a seam of bituminous coal
in the Consolidation colliery. The goaf behind the dams is rilled with pit-gas, which
has a pressure of 1.38 inches (35 millimetres) of water.
A pipe, 1.69 inches (43
millimetres) in diameter, leads the gas from the shaft to the surface and the
experimental drift. A small steam-jet, in the pipe, is used to increase the velocity
of the current of gas, as required. The gas mixed with steam is brought into two
chambers, in which the steam is condensed, while the gas passes, cool and free
from vapour, into a gasometer of 2,825 cubic feet (80 cubic metres) capacity. The
bell of the gasometer is so loaded that it keeps the gas under a pressure of 5.91
inches (150 millimetres) of water; it takes from 8 to 10 hours to fill it completely. The
pit-gas contains from 40 to 55 per cent. of methane, and from 5 to 7 per cent. of
carbon dioxide.
A portion of the latter is removed by passing the gas through a
rectangular cast-iron box of about 70 cubic feet (2 cubic metres), capacity in which
three horizontal wooden trays are placed and upon which quicklime in fragments
about the size of a nut, is sjsread out. In this purifying box, the gas is freed from
about 3 per cent. of carbon dioxide, so that gaseous mixtures, containing even
large percentages of pit-gas, never contain more than 1 per cent. of carbon dioxide.
Experiments have shown that this proportion has no perceptible effect upon the
inflammability of the gases or upon the appearances presented by the flames of the
lamps.
The apparatus for testing lamps, known as a Schondorff experimental chamber,
consists of a pipe 14.7 feet (4.5 metres) long, of rectangular section, 10.24 inches

(26 centimetres) high, and 4.72 inches (12 centimetres) broad. It is made of sheetiron strengthened with angle-iron. The gaseous mixture-inside the chamber is put
into motion by means of a Korting injector, worked with a pressure of 5 atmospheres
of steam, which, with a depression of 39.37 inches (1,000 millimetres) of water, can
exhaust 1,066 cubic feet (30 cubic metres) of rarified air, equal to 953 cubic feet (27
cubic metres) of air at ordinary atmospheric pressure. The exhausting action of this
injector produces a partial vacuum in the chamber, and the inflammability of the
gaseous mixture and the mechanical effect of explosions is decidedly decreased. A
forcing fan would therefore give results more closely comparable with those obtained
in the pit, but there were technical difficulties in the way of its application.
Branch pipes, entering the middle of the chamber, enable the direction of the
gaseous currents to be changed, so as to direct them vertically upward, or downward
as required, against the safety-lamps. In the front of the chamber are 4 openings,
which can be closed by means of doors, through which the lamps to be tested can be
inserted in the chamber. In each of these doors two glass plates are fixed, so that it is
possible without danger to examine the behaviour of the safety-lamps that are placed
within the chamber. In the upper part of the chamber, there are 4 safety-valves,
consisting of hinged iron-plates made gas-tight by means of indiarubber-jomts. A
tube is inserted in the floor, one end of which reaches to the centre of the chamber,
so that samples of gas can be taken, and which, when not in use, is closed by an
indiarubber-plug. At the further end is a mixing-chamber, into which pit-gas and
atmospheric air can be admitted. The pit-gas is brought into this chamber through 24
copper-tubes, 0.63 inches (16 millimetres) in diameter.
In each of these
tubes are 12 holes, 0.12 inch (3
[105]
millimetres) in diameter. The pit-gas is forced through these tubes, and passes
through the holes in thin streams into the air that surrounds the ¦pipes. In order to
cause the air and gas to mix as completely as possible, there are 2 rows of
diaphragms built into the box, through which the gaseous current twists backward
and forward; and the eddies formed in this way produce a perfectly uniform gaseous
mixture.
The measurements are made by determining the difference of pressure and the
velocity of flow of the gases when they are forced through an aperture in a thin
diaphragm. Two water-gauges are employed for determining this difference of
pressure. These are so constructed that the height of the water-column can be read
off to 0.004 inch (1 millimetre) and estimated to 0.004 inch (0.1 millimetre). By
determining the percentage of methane in the pit-gas, it is possible to calculate the
methane-contents of a gaseous current moving through the diaphragm at a definite
velocity at definite differences of pressure. These calculations have been made for
mixtures containing from 1 to 13 per cent. of methane and moving with velocities of 3
to 40 feet (1 to 12 metres), and have been tabulated in 16 tables, corresponding to
methane-contents of between 40 and 55 per cent. in the original gas.
H.L.
THE SACCARDO SYSTEM OF VENTILATING RAILWAY-TUNNELS.
La Ventilation des Tunnels et le Systeme Saccardo, By L. Champy. Annales de
Mines, 1900, series 9, vol. xvii., pages 167-215, with 2 plates.
The Saccardo system Imas, during the last few years, been applied with much
success to the ventilation of railway-tunnels. The principle is that of a large fan
communicating with the tunnel by an air-passage, and the air thus forced in under
pressure is so arranged that it carries with it a large volume of the surrounding fresh,
air. The idea of making the air from a fan serve as an air-injector, and thereby induce
a secondary current of air at a lower speed and pressure, is not new, but it was first

successfully applied by Mr. Saccardo to the Pracchia tunnel in the Apennines, on the
line from Bologne to Pistoie, in Italy. The tunnel is about 8,940 feet long, and has a
gradient of 1 in 40. It contains a single line, and the perimeter is about 61 feet. It is in
the centre of a mountainous district, near the summit of a ridge where the high wind
often checks the natural current of air into the tunnel. The heavy trains burn much
coal, as the Pracchia tunnel is at the top of a steep slope of nearly 8 miles, with many
smaller tunnels, and 48 trains pass through it daily. Thus the working conditions are
the worst possible for securing proper ventilation, and until the Saccardo system was
introduced, accidents from the bad air were frequent. On a train conveying the
Empress of Austria, some years ago, the driver and stoker were both asphyxiated
before the end of the tunnel was reached.
The Saccardo apparatus has been placed at the higher end, and a current of air is
blown down-hill, and directed against the ascending trains. The system consists of an
annular chamber all round the periphery of the tunnel, connected to the air-pipe of a
fan placed outside at some distance, in the open air. The chamber is prolonged on its
inner side by a large air-way projecting into the tunnel, and directing the air-discharge
from the fan into it. The air, thus forced in, carries along with it another current at
lower pressure. The fan is of the Ser type, 16 feet in diameter.
The current of air in tlie Saccardo system being produced by an air-injector, a certain
relation exists between the pressure of this air, the angle and speed
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of the air-jet, and the speed of the current thus obtained. The powers required to
produce currents of air having speeds of 6 1/2, 13, 19 1/2, and 26 feet per second in
the tunnel, with pressures at the fan of about 0.30 inch, 1 inch, 2.5 inches, and
4.4 inches of water, were 4, 37, 124, and 300 horsepower, respectively—
without natural ventilating-currents.
Experiments were also made with an
induced draught, having a speed of 6 1/2 feet per second.
The Ser fan used at
Pracchia was driven at a speed of 80 revolutions per minute, by a locomotive engine
yielding 320 horsepower.
The chief cause of bad and vitiated air in tunnels is the combustion of coal for
locomotives, a process which withdraws the oxygen, produces carbon monoxide,
carbon
dioxide, sulphurous
acid, hydrocarbons,
etc.,
and raises the
temperature. Interesting details are given of the extent to which air may be vitiated
by an undue preponderance of any of these gases, and yet be fit for respiration. It
was found that air containing as much as 4 per cent of carbon dioxide, and 2 per
cent. of carbon monoxide could be breathed without complaints from the stoker
or driver, but 3 per cent. was considered the maximum limit permissible in ordinary
cases. Table I. shows the permissible vitiation of air for breathing.

Noxious Gases.
Carbon dioxide, per cent.
Carbon monoxide, per cent.
Totals, per cent.

Table I.
Condition of Air as regards Respiration
Good.
Medium.
Dangerous.
0.62
1.35
1.84
0.34
0.59
1.23
0.96
1.94
3.07

The temperature in the Pracchia tunnel was reduced by artificial ventilation to from
12° to 6° Cent. below that without ventilation, and the humidity of the air was
considerably diminished. All the above causes act simultaneously in a tunnel to
vitiate the air, but the experiments showed that there was no difficulty in this respect
with an ordinary train, so soon as the air injected by the fan succeeded in annulling
the current of air caused by the train. The theoretical consumption of coal (free from

ash) was 0.032 pound per foot for the front engine, and 0.029 pound per foot for the
rear engine, for a train having two locomotives.
In 1899, the Saccardo system was applied at Goeschenen to the St. Gothard tunnel.
Here the problem was to drive out the products of combustion, which collect in
different parts of the tunnel. A speed of 10 to 12 feet of air per second in the tunnel
was taken as the maximum. The length of the St. Gothard tunnel is 49,146 feet, and
its mean diameter 22.3 square feet. The arrangement is on a larger scale than at
Pracchia, and for the air-chamber the whole periphery of the tunnel, even between
the rails is used. There are two fans, each supplying air through a separate pipe to a
special air-chamber. With the present traffic of 62 trains per 24 hours, artificial
ventilation at the speed of 5 feet of air per second would allow a dangerous
accumulation of noxious gases at certain places. If the speed of the air-current be
doubled the air in the tunnel is 66 per cent. better. Artificial ventilation would,
therefore, appear to be always necessary, even if the speed of the natural air-current
is 6 feet per second, and 750 horsepower is required to produce sufficient ventilation
to relieve the congestion of air in the tunnel, the fans at St. Gothard are worked by a
turbine from the Reuss river. Electric locomotives may be ultimately employed.
The Saccardo system obviates the necessity of the costly and sometimes impossible
method of ventilating tunnels by means of doors and galleries. It is not very
expensive, the St. Gothard application having cost about £7,500.
B. D.
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FIRE-DAMP EXPLOSIONS AND THE BAROMETER IN DORTMUND.
Die Schlag wetterexplosionen im Oberbergamtsbezirk Dortmund mit Beziehung auf
den Barometerstand in Jahre 1899.
By V. L.
Gluckauf, 1900, vol. xxxvi.,
pages 750-753, with 1 plate.
The results of experience and research up to the present time may be
embodied in the following rules:—(1) The quantity of fire-damp found in a mine
diminishes with a rise in the barometer; (2) the quantity of fire-damp in a mine
increases with a fall in the barometer; and (3) this decrease or increase is
quick or slow, according as the change in the barometer is sudden or gradual.
The author closely investigates the causes, etc., of the explosions for the year 1899
and finally notes that of the 35 explosions 32 were fire-damp explosions and 3 firedamp and coal-dust combined; moreover, only 26 per cent. of these 35 explosions
occurred when the barometer had a tendency to fall or was already low, that is to say
74 per cent. of the explosions occurred when from the above rules the presence of
fire-damp was not to be expected.
Table I. shows the relations of the explosions which have occurred since 1891.
Table I.—Explosions and the Barometer.
[Table omitted]
The rapid diminution in the numbers of the explosions is noteworthy. The chronicling
of the direct causes of each explosion enables the author to say that 54 per cent. of
the explosions were due to gross carelessness or disobedience to well-known mining
regulations.
Finally, there is very little statistical proof or confirmation of the rules respecting the
connection between barometrical variation and explosions, and consequently
explosions cannot even in a single case be foretold either by the behaviour of the
barometer or by any other method.
C. H. M.
TWO NOTEWORTHY EXPLOSIONS IN PRUSSIAN COLLIERIES IN 1899.
Mittheilungen uber einige der bemerkenswerthesten Explosionen beim Preussischen

Steinkohlenbergbau im Jahre 1899.
Anon.
Zeitschrift fur das BergHutten- und Salinen- Wesen im Preussischen Sfaate, 1900, vol. xlviii., pages 504507, with plans in the text.
1.—The fire-damp explosion which took place at the Preussen colliery, East
Dortmund district, on the afternoon of July 1st, 1899, resulted in personal
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injury to 2 minors, one of whom afterwards died from the effect of the
serious burns which he had sustained.
The scene of the disaster was the No. 2 level (1,785 feet belowground)
where No. 20 seam, 44 inches thick, of the Esskohlengruppe has been worked for a
few years. The seam dips 50 to 55 degrees, is not especially fiery or dusty,
and the normal humidity of the workings is usually sufficient to lay such dust as
does arise. In the main crosscut, a blowing ventilator, driven by compressed air,
had hitherto proved amply capable of keeping the atmosphere
clear of
accumulations of fire-damp. Apparently the 2 victims were engaged in extending
the ventilating-pipes into a newly opened drift. One of the men had extinguished his
safety-lamp, while the other had slung up his, still alight, in a place seemingly clear of
gas, at about the height where the ventilating-pipe debouched. The pit-gases,
driven downward by the outrush of air through the pipe, caught fire at the safetylamp that was still alight, and scorched severely the man who stood below, while his
comrade who was standing at a point some 10 feet higher sustained only slight
burns. The character of the coal in this part of the workings differed from the normal:
it was soft and crumbly, and exhibited a tendency to fissure, the split surfaces being
covered with a velvety brown layer.
In the neighbouring Gneisenau colliery, these characteristics invariably denote the
presence of accumulations of fire-damp, which suddenly burst forth when the fissures
are laid bare.
2.—A more disastrous explosion took place at the Reden colliery, in the Bonn mining
district, in the forenoon of September 16th, 1899, resulting in the death of 9 persons.
Here in the No. 2 deep level, the Heiligenwald seam is worked: it is regularly bedded,
dips 14 degrees northward, and consists of three layers of coal, respectively 39, 31
and 37 inches thick, between which intervene two shaly partings, respectively 13 and
4 inches thick. The coal is tough, and gives rise to extremely little dust, what little
there is being always laid by the natural moisture of the workings. No evolution of gas
had been noticed hitherto when going through the workings with benzine safetylamps. Only the two lower seams of coal were worked, the uppermost or 37 inches
bed, having too bad a roof. Ample ventilation, far exceeding the minimum required by
the regulations, was jjrovided by three ventilators driven by compressed air.
In the night of September 15th to 16th, two shot-holes had been drilled in the lowest
seam, safety blasting-cartridges had been inserted in them, and the fuse in the lower
hole was ignited. After the lower shot had been fired, the fuse in the upper hole was
ignited about 4 a.m., and as soon as it began to spark, a reddish-white flame darted
forth, and spread downward. As the shot was momentarily expected to take effect, no
immediate attempt to extinguish the flame could be made. When the shot had
exploded, the flame seemed to vanish from the working-face, but reappeared after
some broken-down coal had been shovelled away from the latter. By dint of heaping
up coal on the burning stuff, the flame seemed to die down; and the shovelled coal in
turn catching fire was extinguished by means of water brought to the spot in buckets.
The conflagration being to all appearance at an end, the workpeople were withdrawn
from that particular place, and the ventilator was driven at a higher speed, in order to
expel the noxious gases. But, on returning 1/2 hour later, the workpeople observed
smoke still arising from the shovelled coal, so water was once more thrown upon it
being brought in iron tubs from the bottom level), and the ventilator was again
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run at a heightened speed. Nevertheless, it was found impossible, after another ½
hour interval, to work at the face, as the coal was burning so strongly. Orders were
then given to shut off that portion of the workings by two masonry stoppings. This
operation was all but completed, when, about 10.30 a.m a fire-damp explosion in the
walled-off area took place, smashing up the masonry and the timber-doors, and
hurling huge masses of them 100 feet or so into the haulage-way. The 3 men who
were still working at the dam and their overman and 5 men (whose shift was
completed) who were sitting down near the shaft, waiting for the cage to take them to
bank, were all killed by the flying fragments.
No coke-crust nor coke-beads were found in the radius affected by the explosion,
and the after-damp only rose to a height of 20 inches or so, thus showing that coaldust had no share in the catastrophe, and that the amount of fire-damp involved
cannot have been great. The damage was considerable, because the explosion took
place in a completely enclosed area.
L. L. B.
EXPERIMENTS WITH THE NEUPERT AND THE PNEUMATOPHORE RESCUE
APPARATUS.
Versuche mit O. Neupert's Nachfolger Bettungsapparat, nebst einem vergleichenden
Versuch mit dem Walcher-Gartner'schen Pneumatophor.
By Dr. Richard Heller.
Oesterreichische Zeitschrift fur Berg- und Hutttenwesen, 1898, vol. xlvi., pages 297302.
These experiments were mainly directed to determine the effect produced by the
apparatus on the respiration and arterial circulation of the wearer, and also whether
any pathogenic symptoms are occasioned: —
Experiment 1.—Air from the apparatus analysed by the Orsat method. Duration of
experiment, 2 hours; room temperature, 11° Cent.; consumption of oxygen per hour,
2,440 cubic inches (40 litres); pulse, 80 to 82 per minute; respirations, 24 per minute.
Carbon dioxide and oxygen in air drawn while the wearer was breathing, 3.6 per
cent. and 20.2 to 26.4 per cent.; with arrested breathing, 0.4 to 1.1 per cent. and 14.0
to 27.6 per cent. respectively. The wearer remained quiet, doing no work. There was
no facial perspiration and no discomfort.
Experiment 2.— Here the temperature was 12° Cent., and the consumption of
oxygen, 175 cubic inches (28.7 litres) per hour. The wearer worked a rotary pump,
but did not perspire in the face. Pulse, 80, increasing to 90 after 1 minute's work;
respirations. 22 to 28; air-content: carbon dioxide, 1 to 3 per cent., average 1.4 per
cent.; oxygen, 13 to 27.4 per cent., average, 21 per cent.
Experiment 3.—In this case, the samples of air were taken from the mask; time 2 1/4
hours; temperature of air, 16° Cent., of mask, 33° Cent.; oxygen consumed per hour
2,440 cubic inches (40 litres); pulse, 80 to 87; respirations, 20 to 32; carbon dioxide
in air-bag. 3.2, rising to 8.2 per cent., mean, 3.4 per cent.; oxygen, 6.5 to 46 per
cent., mean, 19 per cent. The supply of oxygen was varied, but the effect was not so
favourable as with a constant smaller supply. As the percentage of carbon dioxide
decreased towards the end, respiration became slower. The rate of increase when
the wearer began to work was normal, as also the pulse.
Though the air-samples were taken at various stages of respiration the average
composition fluctuated not more than 0.3 per cent.; the amount of carbon dioxide
in the expired air was normal (4.5 per cent.) and no
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symptoms of carbon-dioxide poisoning were observed.
The air
temperatture inside the mask did not exceed the normal (36° Cent.), and no
deposit of moisture was formed.
The oxygen-consumption may vary within wide limits, 7 to 87 per cent of the inspired
air, the first-named being the lowest that can be used with safety.
If the
oxygen-supply be reduced and the carbon dioxide allowed to increase,
pathogenic symptoms will arise, a contingency prevented by the absorption
of the latter gas in the apparatus.
Under similar experimental conditions, the results obtained with th pneumatophore
were somewhat different, the pulse registering 80 to 100 respirations, 20 to 32;
carbon dioxide in air-bag, 32, rising to 8.2 per cent. and inducing increased pulsation
and respiration, thus indicating defective absorption by the caustic soda employed.
The wearer complained of headache after three hours.
C. S.
DEVELOPMENT AND RESULTS OF RESCUE-WORK IN MINES
Entwicklug und Erfolg des Rettungswesens beim Bergbaubetriebe.
By Hugo
Rossner. Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii.
pages 519-522 and 531-534.
Constant practice in the use of rescue-appliances being essential to success in an
emergency, the custom, at Karwin, is to drill 10 per cent. of the working staff
(including a few mechanics) with the oxygen-apparatus, ambulance-work, tearing-up
tram-rails, taking-down and setting-up air-doors, etc., both in the ordinary pitatmosphere and in irrespirable gases. It is found that the men are better able to stand
the fatigue of working with the apparatus after a meal, and all rescue-parties in future
will be provided with refreshment before entering upon their task.
The alleged danger arising from the expansion of the oxygen in the oxygen-bottles of
the rescue-apparatus, under the influence of heat (as in the case of a pit-fire), is
found to be negligible, since the rate of expansion is only about 0.4 per cent. per 1°
Cent., so that even in ease of an increase of 50° Cent. in temperature the expansion
of gas in the bottles (which hold 3,660 cubic inches (60 litres) of compressed oxygen)
is only equivalent to 671 cubic inches (11 litres), or an increase in pressure from 100
to 118 atmospheres, whereas the bottles are tested up to 250 atmospheres.
The volume of air consumed at the rate of 20 respirations per minute, being
equivalent to about 18.3 cubic inches (0.3 litre) of oxygen when no work is being
done, with an additional 0.183 cubic inch (0.003 litre).for each kilogrammetre of work
exerted, it follows that with medium work, the oxygen-consumption is 73.2 cubic
inches (1.2 litres) per minute; and the oxygen-supply (3,660 cubic inches or 60 litres)
will last for 50 minutes under these circumstances, or for 200 minutes if the wearer
be at rest. The caustic-soda bottle holds 26 cubic inches (0.425 litre) of caustic soda,
sufficient to absorb 2,904 cubic inches (47.6 litres) of carbon dioxide, and will
therefore suffice for a working period of 42 minutes, or 168 minutes if no work is
being done. During the first 1/2 hour the rate of breathing is normal— 8 per minute—
but increases to 9 respirations after 1 hour, owing to the slight stimulative effect of
the oxygen. The pulse exhibits a decrease from 85 beats to 80 after about 10
minutes, during gentle work.
Analysis of the gas in the air-bag after 8 minutes' use shows the inhaled air to
consist of:
oxygen, 48.5 per cent.;
carbon dioxide, 4.4 per cenL, nitrogen,
47.1 per cent.; the oxygen decreasing to 44.5 per cent. after 53
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minutes, and to 15.8 per cent. after 1 hour 46 minutes, when the wearer is at rest.
When work is being done, the oxygen-content is different, namely, 25.6 per cent.
after the first 14 minutes; 20.1 per cent. at the end of 1 hour 50 minutes; and 8.8 per
cent. after 2 hours 6 minutes. The large amount of nitrogen present is introduced

from the inflated lungs of the wearer, and to a smaller extent (4 to 6 per cent.) with
the oxygen-supply.
C. S.
RECHARGING APPARATUS POR THE OXYGEN-BOTTLES OF RESCUEAPPLIANCES.
Vorrichtungen zum Nachfullen der Sautestoff-Flaschen bei den Rettungsapparaten.
by Johan Mayer. Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol.
xlvii., pages 409-412, with 1 plate.
To remove the difficulty experienced in recharging oxygen-bottles that have become
depleted by leakage, etc. (the pressure in the storage-cylinders being after a time
insufficient to fill the bottles at anything like 100 pounds), Messrs. O. Neupert's
Nachfolger have brought out an apparatus for this purpose. It consists of a pump,
whereby water is forced into the oxygen storage-cylinder, in consequence of which
the gas can be compressed to any desired extent. A pipe in the stopper of the
cylinder conveys the gas through a purifier into the oxygen-bottle to be filled. The
whole apparatus is mounted on a solid frame, forming the water-tank. Owing to
absorption of oxygen by the water, the loss of gas is about 3 per cent.; but part at
least of this loss can be recovered by warming the water.
C. S.
THE PNEUMATOPHORE AND ITS LIMITATIONS.
Die Benutzung des Pneumatophors im Ernstfall.
By Bergassessor Luthgen.
Gluckauf, 1900, vol. xxxvi., pages 593-595, and 1 plate.
On March 11th, 1900, at Recklinghausen colliery, two miners, who were using the
pneumatophore in an atmosphere of inflammable gases, met with their death. This
occurrence, coupled with certain other unfavourable experiences in connection with
the pneumatophore recorded from other localities, might create prejudice against its
further use; but the author points out that precisely at this Recklinghausen colliery, in
the course of the operations necessary for extinguishing the fire which had broken
out on March 10th, the pneumatophore rendered very great service.
The two men (brothers) who perished had been sent forward to investigate the
condition of the atmosphere near the original seat of the fire (after various measures
of ventilation, etc., which the author fully describes, had been taken), but had been
forbidden to go on through the smoke. The pneumatophores, however, had proved
so reliable that the two men exceeded their orders, and went on as far as 1/2 mile
through the escaping gases, and that with incompletely-filled oxygen-holders, a fact
of which they were fully aware. Twice they went this distance in thick smoke, and
their bodies were found about 100 feet apart near the ventilating-doors in the Marie
seam: had they but got behind these, they would have been saved. As the
temperature of this portion of the pit was at that time about 122° Fahr. (or more) it is
uncertain whether the heat and excitement combined caused the two victims to faint
away, and that then the residual oxygen simply escaped from the holders, or whether
their death was due to the exhaustion of the supply of oxygen in the apparatus. The
latter alternative appears doubtful to the
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author. He remarks that it would be strange if, in the case of partly used apparatus,
the supply of oxygen in both holders should fail at the same moment precisely; and
moreover one of the brothers was known to consume far less oxygen in using the
pneumatophore than the other.
He concludes that the pneumatophore is an almost indispensable auxiliary in certain
clearly defined, restricted cases; but that we must beware of exaggerating its value.
In actual use, more oxygen by far is consumed than in the rescue-drill or rehearsals,
which take place now and then in order to accustom the pitmen to handle it.

However little the apparatus may have been used, if it is required in a case of serious
necessity, the oxygen-holder must be refilled completely. Two officials at least, who
in no case should go down the pit, should be.entrusted with the care and supervision
of the safety-apparatus and stores. A large stock of oxygen should be kept, so that
the holders may never be placed in the pneumatophore with a less quantity than
5,500 to 6,100 cubic inches (95 or 100 litres) of the gas. Finally, the fatality thus
described is a stern warning to miners of all degree never to exceed the orders which
they receive.
L. L. B.
SPONTANEOUS COMBUSTION OF COAL-CARGOES.
(1) New South Wales: Report of the Royal Commission appointed to inquire into
the Cause of the Dangers to which Vessels carrying Coal are said to be
peculiarly liable, etc., 1897, pages 1-5, 1-87 and 1-105, with illustrations in the text
anu 1 plate. (2) New South Wales; Report of the Royal Commission appointed to
make farther Investigation, etc., 1900, pages 1-28, with 6 diagrams.
Owing to increased casualties to shipping during the southern summer of 1895-1896,
the first Commission was appointed in July, 1896, by the New South Wales
Legislative Assembly.
The danger of spontaneous comlmstion of coal-cargoes
occupies a large part of the report which was presented in May, 1897.
The
second Commission was appointed with instructions to more particularly
investigate the influence of moisture as a factor of spontaneous combustion, and the
result is set forth in the report presented in March, 1900. Both reports contain the
record of an independent inquiry which was commenced at the pit, carried into
questions of transit, loading, trimming, and into the effect of the sizes and
arrangement of cargoes. Many experiments were carried out, testimony was
gathered in all directions, and copious reference is made to the more important
literature of the subject, so that the first report, to some extent,
is a
bibliography with regard to the spontaneous combustion of coal.
1.—The theory of spontaneous combustion arrived at by the first Commission is one
of the simpler forms of the well-known oxidation theory. Coal absorbs the
atmospheric oxygen; absorption of oxygen by coal develops heat; the developed
heat, if confined, raises the temperature, and the rise of temperature in turn
facilitates, and accelerates the rate of, the absorption of oxygen. The two conditions
which bring about spontaneous combustion, therefore, are a sufficient supply of
oxygen and a sufficient confinement of the heat thereby developed. To a large
extent, the two conditions arc incompatible. The ratio of the absorption of oxygen
depends on the ratio of the exposed surface to the volume of coal. In a heap of fine
coal-dust, the ratio of surface to volume is very large; but a heap of very fine dust is
almost impenetrable by the oxygen. On the other hand, if the coal be in large pieces,
t he air easily penetrates the interspaces, but the absorbing surface is
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very small relatively to the volume to be heated. The most favourable conditions for
heating occur when heaps of moderately lumpy coal are mixed with certain quantities
of fine coal-dust. Such heaps are found under the hatchways of ships loaded by
dropping the coal from hoppers, spouts, etc. And the Commission state that out of
many hundred cases of known spontaneous heating, there is not one but was found
in the square of one of the main hatchways. In every case of spontaneous
combustion investigated by the Commission, the mode of loading ensured a cone of
broken coal in the scpiare of the hatchway, and they recommend " that the cranes be
altered so as to admit of the waggons being lowered down the hatchways with a view
to minimize the breakage of coal."
Spontaneous combustion of coal-cargoes being due to absorption of oxygen and the
consequent rise in temperature, the Commission lay great stress on the suggestion

that ships loaded in hot weather are more liable to spontaneous combustion than
those loaded in cold weather. The rise of temperature due to absorption of oxygen
usually proceeds very slowly, and the voyage may be made and the cargo
discharged before the critical point of temperature is reached. But a ship loaded in
hot weather, directly under the solar rays, receives a cargo having a high initial
temperature, and the critical point will be much sooner attained. With regard to the
increased casualties by spontaneous combustion during the summer of 1895-1896,
the statistics show that every one of the ships so suffering was loaded in
exceptionally hot weather, the end of 1895 and the beginning of 1896 being one of
the hottest periods ever known in the colony. The Commission also draw attention to
the fact that no ship loaded with Newcastle (N.S.W.) coal in June or July (the
Antipodean winter) has ever found its cargo heating. The same facts point to the
inference that the liability of a coal-cargo to spontaneous combustion increases with
the length of the voyage, the average temperature of the voyage, and the
temperature (artificial or otherwise) of the enclosure containing the coal. The
Commission recommend "that very large ships should not be loaded with the existing
appliances on days when the maximum shade-temperature rises above 80° Fahr or
the maximum sun-temperature above 110° Fahr."
The reference to very large ships in this last recommendation is due to the fact that
the liability of a coal-cargo to spontaneous combustion increases very rapidly with the
depth of the ship. The British Commission of 1876 suggested this condition, but the
labours of the New South Wales Commission resulted in placing the axiom beyond
all possibility of doubt. Taking the sailing shipments to America from 1888 to 1896,
there were 152 cargoes under 1,000 tons each, and not one of these fired or heated;
of 1,454 cargoes ranging from 1,000 to 2,500 tons, 3 either fired or heated; of 276
cargoes above 3,000 tons, 10 heated, or nearly 4 per cent.; whilst of 22 cargoes
above 4,000 tons, 4 either fired or heated, being a proportion of 18 per cent. That this
variation of the liability is due to depth alone appears clear from the following
evidence from another source: The Australian Gas Company has two coal-stores: at
both, the circumstances, with one exception, are exactly the same. The exception is
that one is kept filled with coal to a depth of 14 feet only, while the other is kept filled
to a depth of 20 feet. The shallower store requires no attention, no spontaneous
heating having ever appeared therein, while the deeper store requires constant
watching to prevent the coal from firing.
The Commission make no independent or precise pronouncement as to the
class of coal most liable to spontaneous heating, neither do they attach
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importance to the presence of iron-pyrites. With respect to the ventilation of coalcargoes, they recommend that surface-ventilation only should be employed.
2.—The second report deals more particularly with the influence of moisture on the
liability to spontaneous combustion. To test the matter the Commission erected two
large bins, each designed to contain a cubical mass of coal, 21 feet in the side. Every
care was taken to make the conditions in and about each bin the same as those
obtaining in and about a vessel carrying coal. The two bins were loaded as nearly as
possible simultaneously in order to equalize all conditions. The distance through
which the coal fell was at first 17 feet, gradually lessening as the bins became full.
The same class of coal was used in each bin. One bin was loaded dry, and the other
was loaded wet. When loading the coal into the wet bin, a stream of fresh water from
a hose was continuously played over it in such a way as to thoroughly saturate it.
The quantity of water used was sufficient to cause a small stream to flow from the
bottom of the bin, but not sufficient to wash out any considerable quantity of fine dust.
For the purpose of taking temperatures, thirteen thin galvanized-iron pipes about 2

inches in diameter and 0.018 inch wall-thickness were placed vertically in each bin
prior to loading.
The bins being full on December 2nd, 1898, temperature-readings were taken at
intervals. The temperatures in the dry bin rose very rapidly until February 13th, 1899,
when at 8 feet from the surface in the centre tube, the temperature was so high that
the solder-connections of the thermometer were melted and the instrument lost. At 4
feet below the surface in this central tube, the temperature was 135° Cent., but other
experiments indicated that the maximum temperature was 8 feet from the surface. In
all the other tubes the temperature was much lower, the highest being 87.7° Cent. It
was decided not to risk a fire by prolonging the experiment with the dry bin, and on
this date the bin was flooded and all the hot coal removed. On digging down, the heat
seemed to be confined to a spot immediately in the vicinity of the central pipe. So far
as the wet bin was concerned, the experiment was continued, and the temperatures
taken until April 30th, 1899, but this bin gave absolutely no signs of heating, and from
January 27th onward there was a steady decline in the mean temperature. To the
question the Commission set out to solve, therefore, they return "a direct and
unconditional answer. Coal is less liable to spontaneous combustion when it is
loaded wet than when it is loaded dry."
The Commission dispose of the findings of the British Commission of 1876 as
follows:— "The British Commission received 26 answers to the effect that wet coal
was the more dangerous. But an analysis of the evidence discloses that 25 of these
answers were based on 'general impression' or hearsay evidence only, while the
26th was not tested by cross-examination. The opinions referred to were held, not by
scientific men, but by those engaged in the coal-trade. All such views, it seems to
us, must now be definitely abandoned."
The report concludes with the following recommendation:—"Having in view the fact
that cases of spontaneous heating invariably occur in the heap of small coal under
the hatchways, and in the light of the foregoing conclusive result, we recommend that
when large ships are being loaded during warm weather (say, when the airtemperature is 90° Fahr. or over) a hose should be played down the hatchways so as
to wet, at all events, the coal which collects at that spot."
X. Y. Z.
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UNDERGROUND PUMPING-ENGINE AT THE ETTES SHAFT. NORTHERN
HUNGARY.
Unterirdische Compound-Wasserhaltungsmaschine am Etteser Schachte der Nordungarischen Vereinigten Kohlenbergbau- und Industrie- Actien-Gesllschaft. By
Stefan Steuer.
Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899,
vol. xlvii., pages 341-344, with 1 plate.
The pumping-engine, which is set up about 7.4 feet (2.25 metres) above the
loading-place, and is designed to lift an average volume of 330 gallons (1,500 litres)
of water per minute against a head of 722 feet (220 metres), is of the tandem type
and works at a boiler-pressure of 6 1/2 to 7 atmospheres. The differential-plunger
force-pump, fitted with Riedler valves, draws water from a reservoir in front of the
engine, the supply being maintained at a constant level by an accessory pump
which lifts from the sump 13 feet (4 metres) below the loading-place.
The dimensions are as follow:—Diameter of high-pressure cylinder, 19.68 inches
(500 millimetres); low-pressure cylinder, 31.49 inches (800 millimetres); ram-pump
plunger, 10.23 to 7.22 inches (260 to 184 millimetres); common stroke, 2362 inches
(600 millimetres); diameter of pistons of air and accessory pumps, 21.65 inches (550
millimetres); stroke, 11.81 inches (300 millimetres); speed 50 to 67 revolutions per
minute.
A special valve is fitted in the rising-main pipe to prevent a return-flow of water to the
ram-pump, and opens automatically when the pump is started. The air-pump for

charging the air-vessel of the pump is driven from the expansion-eccentric, and the
clearances are cooled and filled with water by a spray introduced from an annular
chamber in the stuffing-box via a bore in the plunger.
The high-pressure cylinder is bolted on the bed-plate, the low-pressure cylinder being
supported by wrought-iron stays. The piston-rod is in two parts, but as the front head
of the low-pressure cylinder is screwed on from the inside, the rod, pistons and
cylinder-heads can be drawn out together.
A modified form of Corliss valve-gear devised by Mr. F. Struad is used for the highpressure cylinder, the expansion-valves being mounted concentrically inside the
main valve, so that the alterations in the cut-off are determined by the relative
displacement of the valve-edges. One eccentric drives the four slide-valves, while a
separate eccentric works the expansion-valves of the high-pressure cylinder through
a swinging-lever, which also serves for the expansion-adjustment.
When tested after 5 months' work, the engine gave satisfactory diagrams; and, owing
to the insulation of the steam-pipe with silk-waste and zinc, the loss by condensation
was found to be slight.
C. S.
ERECTING A CONCRETE DAM IN A MINE AT PRIBRAM.
Ueber den Bau eines Betondammes am 18. Laufe des Lllschachter-Ostschlages in
Pribram.
By W.
Oppl.
Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1900, vol. xlviii., pages 33-36, with I plate.
This dam was constructed in the No. 18 level of the Lill shaft, in order to keep back
the water draining from abandoned workings, which water accumulated at
the rate of 28 gallons (127.5 litres) per minute and constituted 20 per cent. of the
entire quantity in the mine. The form adopted was that
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of a double arch of brickwork with an intervening space of 80 inches (2 metres) filled
with rammed cement-concrete, the arch nearest the water being concave and 1 1/2
bricks thick, whilst the front arch was made 60 inches (1.5 metres) thick and
built of slag-brick set in cement-mortar, the convex side facing the pressure.
The site chosen for the dam was in a bed of diorite, 197 feet (60 metres) east of the
loading-place, the gallery being widened and heightened by 10 inches (1 metre) each
way for a distance of 13 feet (4 metres] so as to form conical abutments for the two
brick arches, and a double cone for the reception of the cement-concrete. This work
was performed by careful blasting with small charges of dynamite in short holes, to
prevent the undue shattering of the rock; and a provisional dam of rammed clay was
erected to keep the sole dry while the preparatory work was performed.
When the brickwork had been laid to a height of 20 inches (50 centimetres) above
the gallery-floor, a channel 20 inches (50 centimetres) wide and 12 inches (30
centimetres) deep was left in the centre for the reception of the cast-iron drainage
pipe 13 feet (4 metres) long and 4.72 inches (12 centimetres) in diameter, which was
set in rammed cement-concrete both in the brickwork and also right through the
intervening space. The arches were then continued up to a height of 7.2 feet (2.2
metres) above the floor, care being taken to fill the joints between the brickwork and
the rock-abutments with rammed cement-concrete, after laying every second course.
The concrete was prepared from 1 part of Konigshof portland cement, 2 parts of
granulated blast-furnace slag, and 4 parts of quartz-gravel; but owing to lack of room
for mixing, the concrete had to be made in 40 blocks instead of in a single mass. To
prevent contact of the gravel with the rock-walls, the edges were laid in cementmortar. The hardened surfaces of the blocks were moistened and roughened before
laying the next course, in order to ensure thorough adherence. The blocks nearest
the water-side of the dam were put into position first, the bricks of the upper course
being pushed into place from behind and backed up by the cement-concrete, after

which the rest of the concrete was laid, the upper portions being rammed against the
walls, from the centre. In making up the front dam, the joints in the final course were
rammed tight with cement-concrete.
The time occupied in the preparatory work was 374 shifts of 8 hours, and the erection
of the dam took up 394 shifts, 2 masons and 2 labourers being engaged in each shift.
To withstand the anticipated heavy pressure (40 atmospheres), the valve in the
outlet-pipe was stayed against the wall-timbers by means of strong angle-irons,
wrought-iron bands being laid over the flanged joints between the valve and the pipe,
for the same purpose.
C. S.
A MINE-DAM.
A Mine Dam. By William Kelly. Transactions of the American Institute of Mining
Engineers, 1897, vol. xxvii., pages 400-404.
A stream of water was tapped in an exploring drift, 780 feet below the surface at the
Currey iron-mine, at Norway, Michigan. The drift, which was 6 feet wide by 7 1/2 feet
high, had crossed some slate and entered a jasper formation. The dam was built in
the slate, as being more dense and solid, though much softer than the jasper. It was
constructed of sandstone and mortar (1 part of cement to two parts of sharp sand),
10 feet thick, and curved to a
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radius of 6 feet. The abutments were cut out of the sides in line with the centre of the
curve, but leaving the rock rough. The floor was excavated, 15 to 20 inches, below
the bottom of the drift, and the top was made 2 feet higher in front and 5 feet higher
at the back. The front courses of stone were cut to fit the arch and no crevices were
left.
Two openings were left through the dam : one was fitted with a pipe 15 inches in
diameter, with a gate-valve at the outer end to carry off the water, and the other with
a steel pipe, 20 inches in diameter, with a blank flange, 2 1/2 inches thick, at the
outer end, into which an hydraulic pressure-gauge was tapped.
The pipes were
anchored to the masonry by 3 clamps.
When the water had been shut off for about 20 hours, the gauge showed a pressure
of 240 pounds and the dam was leaking 30 gallons of water a minute. The water was
then let off again and a brickwall, 22 inches thick, was built, 2 feet 2 inches from the
inside of the dam: the space between was filled with concrete made from limestone
broken to egg-size 4 parts, with 3 parts of cement-mortar. Before shutting off the
water, three loads of horse-manure were put against the brickwork, and held there by
a timber partition. In a week, the pressure rose to 277 pounds per square inch, or a
total pressure of more than 800 tons against the dam. The water trickling through the
dam, in eight or ten different places, mostly near the top or one side, gradually
decreased from 7 to 2 1/2 gallons per minute. After the dam was closed, the record
of the pumps for six days showed a decrease of 295 gallons per minute.
The total cost of the dam was £96 (484.27 dollars).
A. W. G.
WATER-AND-FUEL ECONOMY IN STAMP-MILLING.
By A. W. WARWICK. The Engineering and Mining Journal (New York), 1900, vol.
Ixix., pages 529-530, with 1 illustration.
Economy of water is so essential to mining in the arid zone of Arizona and southern
California that the efficiency of the water-saving apparatus frequently determines the
success or otherwise of the entire operations. The result of this condition is that oremilling is conducted with seemingly small quantities of water. The successful
introduction of oil-engines has largely assisted in effecting this necessary economy.
At the Matterhorn mine, in the south-eastern corner of the Mojave desert, the writer
has obtained some facts and figures as to the minimum amount of water that will

supply a mill of 10 stamps. The amount was surprisingly small, and the purity of the
water returned to the battery exceeded the most sanguine expectations. It was
originally intended at this mill to use spitzkasten only for the water-saving apparatus,
but in no case did the saving exceed 45 per cent. in the tests of the spitzkasten
alone. In the first tests, the so-called "siphon-discharge" was used, but in this case, in
order to prevent clogging, the effluent slime must contain not less than 80 per cent. of
water. The siphon was then replaced by an adjustable gate, and this worked
admirably for a time, giving slimes of any desired consistency. The coarse sands,
however, gave considerable trouble, so a sandbox was placed before the spitzkasten
to relieve the latter. The result of this arrangement was that the spitzkasten regularly
delivered its slime, and the final saving of water averaged nearly 80 per cent.
After giving details of this arrangement and tabulating the results of a month's
working, the writer refers to the importance of suitable motive power, and remarks
that as the amount of water sent to the mill for the month referred to would have
barely supplied the boiler had a steam-plant been adopted, it
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can easily he seen how important it is to select the right motive power. This mill was
actuated by an oil-engine, which gave entire satisfaction. The engine is described,
and figures are given showing that in the circumstances referred to, the economy of
the oil-engine is excellent compared with small steam-engines. Taking all points into
consideration, a desert mill, in spite of water-economizing, can be run very cheaply,
and there is no doubt that the use of oil-engines has very largely contributed to this
result.
X. Y. Z.
SLATE-QUARRIES OF ANGERS, FRANCE.
Notes sur les Ardoisieres d'.Angers. By Joseph Kersten. Annuaire de l’Association
des Ingenieurs sortis de l’Ecole de Liege, 1900, series 5, vol. xiii., pages 237-253,
wiih 1 plate and 4 figures in the text.
The slates of Anjou are of Ordovician age, and occur associated with grits and
ferruginous shales. Their strike is east and west, and they are sharply folded into
anticlines and synclines, running in the same direction. The shearing to which the
beds have been subjected is shown by the deformation of the fossils, chiefly
trilobites, which are found in them. The proper colour of the slaty members of the
series is violet-black, but on nearing the surface they are wine-red. The cleavage of
the beds worked is on the whole very perfect, slates not more than 0.08 to 0.12 inch
(2 to 3 millimetres) in thickness being easily obtained, and where the dip is nearly
vertical the cleavage appears to be parallel to the bedding. Three kinds of troubles
disturb the uniformity of the rock. These are known locally as torsins or true faults of
some width filled with crystalline quartz, cordes de chat or narrow fissures likewise
filled with quartz, and chauves or secondary planes of cleavage crossing the normal
direction diagonally.
The chief slate-beds worked are 262 feet (80 metres) at La Grand'Maison, 656 feet
(200 metres) at Misengrain, and 98 feet (30 metres) at Renaze. At the first-named
locality, which is most fully described in this paper, the deposit is won by means of a
shaft sunk in the vertical slaty rock to a depth of 984 feet (300 metres). From the
bottom of this shaft a main-way is driven along the strike and therefore also parallel
to the cleavage: and from each side the slate is mined by overhand stoping in
chambers, 164 feet (50 metres) long, 92 to 98 feet (28 to 30 metres) broad, and 33
feet (10 metres) in height. Except where there are disturbances, no timbering is
required, it having been ascertained by experiment and calculation that a vault of
compact, vertically fissile rock of the kind in question is capable of supporting a
column of the above horizontal dimensions and 2,952 feet (900 metres) high without
detachment taking place by slipping. The chambers at each stage are filled with

waste when the slate has been withdrawn from them. The present workings at
Grand'Maison from 984 feet (300 metres) to the upper portion of the unaltered slate,
producing yearly 60,000,000 slates (or 1,500 tons of finished produce), are
calculated to last 48 years. When these are worked out, the same process of
extraction will be carried out at a lower depth. At the mine mentioned only 14 per
cent. of the rock extracted is turned out as saleable slate.
The Societe Ardoisiere de l’Anjou is the principal company exploiting the slate. It
employs 1,760 workmen at a wage of 2s. 1d. to 3s. 9d. (2 1/2 to 4 1/2 francs) a day,
65 clerks and others, and produces annually 150,000,000 slates weighing 50,000
tons. The approximate value of this output is £130,000 (3,250,000 francs).
G. A. L.
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THE IRON-INDUSTRY IN LOMBARDY.
Studie uber die Eisenindustrie in der Lombardie.
By C.
von Ernst.
Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii.,
pages 381-387 and 400-404, with 1 plate.
A portion only of the ironworks in Lombardy is engaged in smelting indigenous
ore, and this branch of the industry was never extensive, the maximum
production in the most flourishing period (40 to 50 years ago) not exceeding 13,000
tons of crude iron, or 9,000 to 10,000 tons of refined iron and steel.
The fall in
prices after the boom in 1872-1874 struck a further blow, and, as no assistance was
afforded by the 1887 tariff, the output sank continuously, so that from 1892 down to
the present time only about 5,000 tons of crude iron have been turned out every
year.
There are five centres of the iron-ore mining industry in the Lombard Alps, namely,
Val Trompia, Lake Iseo, the middle Camonica valley, the upper Scalve valley, and
Manina (upper Val Seriana). The geological formations containing the ore are:—the
Lower Triassic Servino (marl-slate and sandstone-beds), the underlying Red
Sandstone, and the mica-schist, all of which enclose lodes and beds of spathic
ironstone.
At Pezzaze, in the Trompai valley, there are two chief lodes in the mica-schist. The
Bandiera lode crops out in an east-and-west direction, with a dip of 70 degrees
towards the north, and is of variable thickness, averaging about 14 inches (0.35
metre). The old workings were driven at the richest parts of the outcrop, but the
expense of driving cross-cuts through the barren rock precludes the idea of getting
out the deeper parts of the lode.
Further north is the second main lode (Regina) cropping out at the Regina-Zoie mine.
It averages 24 inches (60 centimetres) thick; and contains, in places, copper-pyrites
and grey copper-ore up to 4 inches (10 centimetres) thick. The ore is of lower quality
than that from the Bandiera lode and less productive. The best iron is obtained
from the siliceous ore, locally known as morelli.
In the same valley, the Trias formation contains three workable sedimentary deposits
close together and having an aggregate thickness of about 14 feet (4.25 metres) of
spathic ironstone. Owing, however, to the frequent occurrence of barren places and
faults, this deposit has not been very extensively worked. The iron obtained is of
inferior quality, and only one mine is now worked to supply the Tavernola blastfurnace.
In the other four districts, the output is insignificant.
The local charcoal blast-furnaces are small, being only of 423 to 495 cubic feet (12 to
14 cubic metres) capacity, and producing 3 to 4 1/2 tons of crude iron per diem. The
largest is at Castro and turns out 8 to 10 tons in 24 hours. This furnace and that at
Tavernola are the only two employing horizontal blowing-engines and working with a

pressure of 12 to 14 inches (30 to 35 millimetres) mercury-gauge, though other works
are making improvements on their old-time practice.
It is considered probable that the production of good crude iron for founders' use and
white iron of the Spiegel type would be profitable, but it is very doubtful whether it
would pay to replace charcoal by coke in the small furnaces now employed, except
for special brands. The same also applies to the production of puddled iron, foreign
crude iron being usually preferred. Very little ingot-steel is made, other Italian or
imported ingots being found superior. Should, however, the supply of old iron fail, as
is probable, the sole means of replacing this material is by the reverberatory-furnace
process, which therefore merits attention.
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The chief centres of iron-manufacture from imported material are near Lecco and in
the Val Sabbia, but since the raising of the import duty on broken pig and ingot-steel
interior crude iron has had to be used.
Owing to the position and condition of the local mines and blast-furnaces it seems
impossible for Lombardy to compete in price with Tuscany and foreign countries,
most of the iron now produced being from old stocks of ore acquired below cost. An
exception might be afforded in the case of special foundry-iron which could be
prepared at Val Seriana, Val di Scalve and Val Camonica with suitable plant.
C. S.
DRY-COAL COKING PLANT.
Berg- undl Huttenmannischer Verein in Mahrisch-Ostraw: Excursions-bericht. By
— Kohout and — Jicinsky. Oesterreichische Zeitschrift far Berg- und Huttenwesen,
Vereins Mittheilungen, 1899, pages 55-57.
A modified form of the Otto-Hoffmann coke-oven has been adapted by Mr. J. Plzak at
Dombrau, Austrian Silesia, for coking washed slack coal, which cannot be coked in
an ordinary oven. He has erected two batteries of 30 ovens, each 32.81 feet (10
metres) long, 38.58 inches (980 millimetres) high, and 39.37 inches (1,000
millimetres) wide, taking a load of 7 1/2 tons, which is burnt for 48 hours and
produces 5 tons of coke. It will be noted that these ovens are wider and lower than
the ordinary coke-oven. The small coal is classed by a drum-screen into seven sizes,
which are cleaned by Baum jigging-machines.* All sizes passing over a meshdiameter of 0.79 inch (20 millimetres) are sold as nut coal, while the smaller sizes are
lifted by centrifugal pumps into storage-hoppers of 600 tons capacity, and are ground
in a disintegrator and coked. The waste-gases of the coke-ovens are passed through
condensers and yield 3.5 per cent. of tar and 1.2 per cent. of ammonium sulphate,
calculated on the weight of coal coked. The waste-gases, in excess of those used in
heating the ovens, are applied to the production of steam from 4 water-tube boilers
for an electric generating-plant of 600 horsepower. One 30 horsepower motor drives
the coke-ram; an 80 horsepower motor, the condensing-plant; a 50 horsepower
motor, the boiler-feed; 3 motors, totalling 280 horsepower, the coal-washing
machinery; and 3 motors each of 16 horsepower, work the rope-way, 2,800 feet long,
a wagon-traverser, and the electric-lighting station.
M. W. B.
TIME IN COKE-MAKING.
Time in Coke-Making. By William Gilbert Irwin. The Engineering and Mining Journal
(New York), 1900, vol. lxix., page 250.
Time in coke-making has long been one of the important questions with cokemakers, and for many years the leading operators have been seeking for means to
economize in this respect and at the same time to maintain the standard of
excellence requisite in an efficient furnace and foundry fuel. But no real progress has
ever been made along this line, so far as concerns the beehive coke-oven. After

describing a number of experiments made by various companies in this direction,
and tabulating the results, the writer concludes that the most successful system of
the new type seems to be the Semet-Solvay system. By this system, a good quality
of coke is obtained in 36
*Trans. Inst. M.E., vol. vii., page 156.
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hours, and at the same time all the bye-products are utilized. Apart from the economy
in time, the adoption of the bye-product oven is a step towards the abatement of
smoke. Also, leaving out the question of increased production through the reduction
of time required for coking, the bye-products would for western Pennsylvannia alone
reach £2,000,000 ($10,000,000) annually, while at present this is a total loss.
Altogether it is not reasonable to hope for any decided results in the reduction of time
in coking, until the industry shall have been placed on scientific lines by the general
adoption of the bye-product type of coke-oven.
X. Y. Z.
THE RICHE WOOD-GAS GENERATOR.
Generating Gas from Wood. By James M. Neil.
The Engineering and Mining
Journal {New York), 1900, vol. Ixx., pages 281-282, with 1 illustration.
To miners, smelters, etc., who have difficulty in obtaining coal or coke, the Riche
generators are useful, as the gas gives a powerful heat and is suitable for motive
power. From a table of analyses submitted by the writer, it appears that wood-gas
may now be obtained of a calorific power approaching that of coal-gas. The principle
of the Riche generator is based upon the reducing power of carbon; and by its means
all the volatile products of wood, peat, etc., are reduced into stable, simple
compounds, producing three times as much rich permanent gas as was formerly
possible, without the aid of purifiers, the only other product being a saleable charcoal
which often pays for the first cost of the wood.
The Riche generator is composed of a kiln of ordinary red-bricks and firebricks
reinforced by an iron ring. Inside of this masonry are the beds for the retorts, which
latter are heated by fire-boxes at the end of the kiln. These fire-boxes are so
arranged that the heating of the kiln can be shut off or started at a moment's notice,
and the construction is such that any retort may be taken out and replaced without
hindering the usual work of the generator. One man looks after a generator of 6
retorts, and on a smaller plant he usually attends to the gas-engine as well. Each
retort produces 180 cubic feet of gas; 1 ton of wood produces more than 25,000
cubic feet of gas, and about 400 pounds of wood-charcoal; and a horsepower-hour
can, it is claimed, be obtained at a cost of less than 1/4d. (1/2 cent). The gas does
not give a flame for illuminating purposes, but when used with an incandescent
mantle it gives a light of 50 candle-power with a consumption of 5 1/4 cubic feet of
gas per hour. With wood at 12s. 6d. (3 dollars) per ton, and leaving the charcoal out
of account, Riche wood-gas costs 7d. (14 cents) per 1,000 cubic feet.
X. Y. Z.
PYRITIC SMELTING AND HOT BLAST.
Pyritic Smelting anil Hot Blast. By S. E. Bretherton. The Engineering and Mining
Journal (New York), 1900, vol. Ixx., pages 760-761.
Pyritic smelting is the utilization of sulphides as both flux and fuel, the metallic bases,
excepting copper, uniting with the silica to form a slag, and the copper acting as a
collecting agent to gather the precious metals into a copper-matte, the sulphur uniting
with the oxygen of the blast to generate heat, just as the carbon from fuel does. The
writer discusses some of the problems confronting those who contemplate the

erection of a matting-furnace for the reduction of a great variety of ores, and
maintains that, in general,
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copper-smelting and hot blast are more efficient and less costly than lead
smelting and cold blast. The disadvantages inseparable from a cold blast are
especially noted, and it is claimed that the advantages of the hot blast are, speaking
generally, improved chemical conditions, economy of fuel, and greater capacity of
furnace.
After referring to several inventions designed to heat the air automatically and without
cost, the author refers to his own arrangement---the Bretherton hot-blast apparatus.
In constructing this apparatus, the principal features required for its success were
kept in mind, such as doing away with the back pressure on the blower so that the
volume of air would not be minimized; taking the heat from the escaping heat of the
hot slag by building an oven round the fore-hearth—the oven having flues passing
through it for escaping fumes of the slag; and augmenting the heat acquired in that
manner somewhat, by using a set of air-jackets above the water-jackets round the
furnace, the air having a continuous passage from the blower to the tuyeres. In this
way the top of the furnace was kept cool, so as to prevent volatilization
The first and most important item to consider when heating the air-blast is that it in no
way interferes with, the regular working of the blower, as the blast passes cold
through the blower. All calculations as to the amount of blast required and used can
be based on the regular volume handled by the blower, the same as when using cold
blast. In this way, the amount of free oxygen sent into the blast-furnace, whether
heated or cold, can be calculated, provided there is no obstruction of the free
passage of the air through the heating apparatus. It is therefore necessary that the
area of the heating-box shall be larger than the inlet where the cold blast enters, so
that no back pressure is created. The outlet of this heating-box should be made with
nearly double the capacity of the inlet.
By the latest arrangement at Silverton, Colorado, the writer utilizes not only what little
heat there is to be saved practically above the feed floor, but also the heat which
would otherwise go to waste, through a much needed, large, enclosed matte-settling
arrangement. It is the same arrangement as that first started with, excepting that all
the heat in that case was obtained from the slag and the wood burned on the settler's
surface. With that the fuel was reduced to one-third, and all preliminary roasting
dispensed with, where previously it had been necessary to roast two-thirds of the ore
and concentrates smelted.
X. Y. Z.
THE HANS A. FRASCH ELECTEROLYTIC PROCESS FOR EXTRACTING
METALS, AS APPLIED TO COPPER-NICKEL MATTE.
The Hans A. Frasch
Electrolytic Process for Extracting Metals, as applied to
Copper-Nickel Matte.
By Richard P. Rothwell. The Engineering and Mining
Journal (New York), 1900, vol. Ixx., pages 272-273.
This process bids fair to revolutionize the present methods of extracting not only
copper and nickel from their ores and metallurgical products, but appears adaptable
to the winning of silver, mercury, and other metals that have hitherto offered almost
insurmountable difficulties to their economical extraction in the wet way.
The process as applied to the Sudbury copper-nickel matte is simplicity itself in idea
and arrangement. Briefly outlined, it consists of the electrolysis of a brine-solution in
such a manner that while the sodium ions are set free at the cathodes with the
immediate formation there of caustic soda, the chlorine ions are liberated in the
anode section containing the matte, and
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immediately form a chloride solution of the metals present. In this way, brine is
electrolysed to form caustic soda at even less expense than with the insoluble
anodes in the Castner-Kellner or Rhodin precesses, and at the same time the
chlorine, instead of being made into bleach, is directly utilized for the formation of the
chlorides of copper, nickel, iron and other metals that are in combination in the matte
at the anode poles. In other words, in the ordinary caustic-soda manufacture, to
produce it economically requires the combination of the chlorine set free to form the
bye-product bleach, while in the present Frasch process the caustic soda itself
becomes a bye-product and the chlorine combines with the metals in the matte
practically at the instant it is set free, and produces a solution of metallic chlorides
that can be directly treated for the contained metals by electrolysis or chemical
methods; or, after being electrolysed of half its content of copper (corresponding to
the conversion of the cuprous into the cupric salt), it may be used for the lixiviation of
the metals in the raw matte: the copper-chloride solution, being in the cupric
condition, acts chemically as a solvent for the metals in the matte, and re-forms the
electrolyte solution suitable for further electrolysis. Eventually, the metals in the
solution are recovered by electrolytic deposition, or, in the case of nickel and cobalt,
the nickel is separated from the cobalt as a chemical salt by a method which Mr.
Frasch prefers not to disclose at present.
The electrical and chemical principles involved are perfectly sound and under easy
control, and the mechanical side of the process calls for very simple treatment. The
matte is submitted to a coarse crushing and conveyed to the vats, where it is charged
on a layer of carbonaceous material forming the anode section at the bottom. On this
layer of matte is placed a thin layer of sand which gives a very satisfactory
diaphragm for the separation of the resultant solutions of caustic-soda and the
chlorides of the metals. The anode section of the vat is then filled to the sand-layer
with a saline or a weak chloride solution from a previous operation, and the balance
of the vat is filled with water or with a weak caustic solution. The passing of the two
solutions from the reservoirs to and through their respective anode and cathode
sections of the vats and thence to receiving-tanks is accomplished mainly by gravity.
The subsequent handling of the solid material which remains in the anode section
after treatment, consists of the removal of the upper layer of sand, which can be
washed and used again, followed by the removal of the leached material, from which
perhaps it might prove economical to extract the sulphur.
As a matter of record the following facts may be stated:—The matte under treatment
was of this composition: copper, 318; nickel, 14.8; iron, 25; and sulphur, 24 per cent.
The first solution from the anode section contained, in grammes per litre, copper, 50;
nickel, 43; and iron, 266. After the removal from this solution by direct electrolytic
deposition of one-half the copper-content, a second percolation through the anode
sections gave a solution that contained in grammes per litre, copper, 50; nickel, 60;
and iron, 35. By a further intermediate removal of the copper from the chloride
solution with intermediate percolation through the anode section or sections, the
percentage of nickel can be raised to any required degree. In the tests carried out at
the works of the Nickel-Copper Company (Hamilton, Ontario), the result obtained
fully reached the theoretical quantities; in fact, they somewhat exceeded them, as
often occurs in electrolytic work where soluble anodes are employed. It is claimed
that the entire cost of the process will be fully-met by the value of the caustic soda
and other bye-products.
X. Y. Z.
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COST OF SMELTING AND REFINING.

Notes on Lead Smelting and Gold and Silver Refining: Cost of Smelting and
Refining at the Globe Works, Denver, Colorado. By Malvern W. Iles.
The
Engineering and Mining Journal (New York), 1900, vol. lxx., pages 185-186.
Cost of Hand-roasting per Ton (2,000 pounds) of Ore.—In 1888, the cost was about
17s. 10d. (4.28 dollars), after which the cost gradually fell year by year until in 1898 it
was 10s. 11d. (2.62 dollars) per ton.
These figures may be rather higher than the
average, but the roasters were charged in proportion with expenses of general
management, office, etc. In viewing the yearly reduction of costs, it must be noted
that much was due to improved furnace-construction. and that an important change
was also made in the condition of the product.
These changes are described, and
the experimental results proved that the best condition of product is a semi-fused or
sintered state, in which the particles of roasted ore have been compressed by
pounding the material which has been drawn into the slag-pots with a heavy iron
disc.
Comparative Cost of Hand-roasters and Mechanical Funaces.—At first, the roasting
was done mainly by hand-roasters. Later two Brown-O'Harra mechanical furnaces
were used. The comparison of the cost of labour by the two methods shows a gain of
2s. 3d. (54 cents) per ton in favour of the mechanical furnaces. The writer, however,
considers the gain a costly one, which is more than off set by the cost of the highgrade fuel required, and the cost of repairs, and thinks that, taking a term of years,
the hand-roasting will be cheapest in the end. The costs, by the two methods for
each month of 1898 have been taken out, the quantity roasted each month runs from
5,000 to 6,000 tons, and the costs include labour, coal and general expenses. The
total average cost per ton for the year is 11s. 5 1/2d. for the hand-roasters and 9s. 2
1/2d. for the mechanical furnaces (2.75 and 2.21 dollars respectively).
Cost of Smelting.—The total cost of smelting is made up of a large number of items,
but a great advance has been made in the development of smelting. In 1887, the
average cost per ton was 19s. 4 1/2. (4.64 dollars), and in 1898 it had fallen to 9s.
5d. (2.26 dollars). Some of the changes which made this reduction possible were:
Enlargement of area of furnace at tuyeres from 30 by 100 to 42 by 140 inches; height
of charge from tuyeres increased from 11 to 16 feet; blast-pressure raised from 1 to 3
or 4 pounds per square inch; and fore-hearth capacity increased from 6 to 128 cubic
feet. In 1886. slag settled in pots; in 1899, in furnaces : in 1886, the fuel was
charcoal, in 1899, coke; in 1886, 280 pounds of slag were removed per trip by hand,
whilst in 1899, from 3,000 to 6,000 pounds were removed per trip by locomotive: in
1886, 200 pounds of matte were removed per trip by hand, and in 1899 ten times the
quantity was removed per trip by horsepower.
Cost of Refining by the Parkes Process.-—In general, it may be stated that the
average cost of refining base bullion varies from 12s. 6d. to 21s. (3 to 5 dollars) per
ton. This amount is based on the cost of labour, spelter, coal, coke, supplies, repairs
and general expenses. When the additional items of interest, expressage, brokerage,
and treatment of bye-products are considered, the total refining cost may be stated
approximately as 42s. (10 dollars) per ton of bullion treated. Variations in the cost
occur from time to time, and are due to several causes, principally the irregularity of
the bullion-supply, and its consequent effect on the work of the plant. The writer
concludes by analysing the different items of cost, and pointing out those which utter
the most room for improvement. But it is specially remarked that the item ot parting
and brokerage is the largest of the refinery costs, and that, for obvious reasons,
every modern smelting-plant should have a parting-plant under its own control.
X. Y. Z.
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II.—BAROMETER, THERMOMETER, Etc, READINGS FOR THE YEAR 1899.

By M. WALTON BROWN.
The barometer, thermometer, etc, readings have been supplied by permission of the
authorities of Glasgow and Kew Observatories, and give some idea of the variations
of atmospheric temperature and pressure in the intervening districts in which mining
operations are chiefly carried on in this country.
The barometer at Kew is 34 feet, and at Glasgow is 180 feet, above sea-level. The
barometer readings at Glasgow have been reduced to 32 feet above sea-level, by
the addition of 0.150 inch to each reading, and the barometrical readings at both
observatories are reduced to 32° Fahr.
The statistics of fatal explosions in collieries are obtained from the annual reports of
II.M. Inspectors of Mines, and are also printed upon the diagrams (Plates XX. and
XXI.) recording the meteorological observations.
Table I.—Summary of Explosions of Fire-damp or Coal-dust in the several Minesinspection Districts during 1899.
Mines-inspection Districts.
Durham
Ireland
Liverpool
Manchester
Midland.
Newcastle-upon-Tyne
Scotland, East
Do.
West
South Wales
South-Western
Staffordshire, North
Do.
South
Yorkshire.
Totals

No.
2
0
1
0
0
2
5
8
2
0
0
2
1
23

Fatal Accidents.
Deaths.
Injured.
7
6
0
0
2
0
0
0
0
0
2
3
7
4
9
8
20
0
0
0
0
0
5
3
2
2
51
26

Non-fatal Accidents.
No.
Injured.
5
8
0
0
2
4
1
1
5*
4
9*
12
31
40
27
37
28
37
2
2
2
3
10
13
3
7
125
168

* Including an explosion by which no person was injured.
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Table II.—List of Fatal Explosions of Fire-damp or Coal-dust in Collieries
in the several Mnes-inspection Districts during 1899
1899.

Colliery.

Jan. 9. 8.0 a.m.
“
10. 6.45 „
Feb. 17. 6.0 “
Mar. 11, 4.0 p.m.
“
18, 10.30 a.m.
April 4, 2.30 “

Gilbertfield (No. 2 Pit)
Pumpherston (Oil-shale)
Walbottle
Cadeby Main
Gartshore (No. 9 Pit)
Drumpeller (Nos.3 and
4 Pits)
Etherley Grange
Benarty
Woodhall (No. 1 Pit)
Milllield
Ynifgeinon
Brownhills
Holytown (No. 5 Pit)
Brandon
Wester Gartshore
Llest.

May 15, 4.50 “
“
22. 6.0 “
“
24,' 1.30 “
“
25, 7.40 “.
June 9, 2.30 “
“
19, 7.0 “
“
20, 10.30 „
Aug. 15, 8.30 “
“
15, 9.30 p.m. “
“
18, 2.0 a.m.

Mines-inspection
Districts
Scotland, West
Scotland, East
Newcastle-upon-Tyne
Yorkshire
Scotland. West
Do.

Deaths
1
1
1
2
1
1

Persons
Injured.
0
0
2
2
0
0

Durham
Scotland. East
Scotland, West
Staffordshire, South
South Wales
Staffordshire, South.
Scotland, West
Durham
Scotland, West
South Wales

1
2
1
4
1
1
2
6
1
19

2
1
1
3
0
0
5
4
0
0

Oct. 10, 11.0 p.m.
“
26, 9. 0 „
Nov. 3. 2.0 “
“
23, 10.30 a.m
Dec. 6, 11.0 p.m
“
25. 6.0 a.m.
“
27, 7.30 “

Hamilton Palace (No. 1
Pit)
Calderbank (No. 1 Pit)
Bedlington (A Pit)
Point of Ayr
Kinneil
Longrigsrend
Ingliston (Oil-shale)

Scotland, West

1

2

Do.
Newcastle-on-Tyne.
Liverpool
Scotland, East
Do.
Do.
Totals

1
1
2
2
1
1
54

0
12
0
0
0
3
26

Table III.-List on Non-fatal Explosions of Fire-damp or Coal-dust in Collieries in the
several Mines-inspection Districts during 1899.
1899.
Jan. 6, 2.0 p.m
“ 10, 7.15 a.m
“ 12, 4.0 p.m
“ 28. 9.0 a.m
Feb.
6, 9.30 “
“ 6. 5.0 p.m
“ 8, 12.30 a.m
“ 13, 3.0 p.m
“ 18. 6.0 a.m
“ 20. 5.45 “
“ 23. 1.0 p.m
“ 25, 7.30 a.m
Mar. 3. 6.0 p.m
“ 8, 12.0 “
“ 9, 12.0 noon.
“ 15. 7.15 a.m
“ 15, 11.0 p.m
“ 23, 11-30 a.m

Colliery.
Llest
Broxburn (Oil-shale)
Camp (No. 1 Pit)
Gelliceidrim
Brownhills
Tyrddcrwen
Cwrt-y-Bettws
Granville (No. 2 Pit)
Camerton
Glenboig (Fire-clay
Nunnery
Woodilee
Longriggend
Meiros
Cadder (No. 16 Pit)
Haughhead
Bridgeness
Birchgrove

Mines-inspection Districts.
South Wales;
Scotland. East
Scotland, West
South Wales
Staffordshire. South
South Wales
Do.
Midland
Newcastle-upon-Tyne
Scotland, East
Yorkshire
Scotland, West
Scotland, East
South Wales
Scotland, West
Do.
Scotland, East
South Wales

No. of
Persons
injured
1
1
2
4
1
2
1
0
1
1
4
1
2
1
2
2
1
1
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Table III. Continued
1899.

Colliery.

Mar. 24. 6.0 p.m
“
28. 7.30 a.m
April 6. 11.50 p.m
“
7. 7.30 a.m
“
7. 10.0 “
“ 12, 10.0 p.m
“ 12. 10.0 “
“ 14 2.40 “
“ 15. 7.15 a.m.
"
17, 2.20 p.m
''.
18. 11.0 a.m
"
21, 10.0 “
"
24, 3.0 “
"
24, 4.30 “
“ 27, 12.30 p.m
May 4. 8.40 a.m
“ 8. 9.40 “
“ 11, 12.30 p.m
“ 15. 4.30 a.m

Maypole (Sinking Pit)
Carfin (No. 1 Pit)
Llest
Llest
Bredisholm (No. 6 Pit)
Maesteg (No. 9 Pit)
Newbattle
Roman Camp (Oil-shale)
Merthyr Llantwit
Law
Glyn
Elland Road
Shilbottle
Dinas Isha (No 2 Pit)
Birchgrove
Hazlerigg
Pumbreck (No. 2 Pit)
Blarglachan (No. 1 Pit)
Wooley

Mines-inspection Districts.
Liverpool
Scotland, West
South Wales
Do.
Scotland, West
South Wales
Scotland, East
Do.
South Wales.
Scotland, East
South Wales
Yorkshire
Newcastle-upon-Tyne
South Wales
Do.
Newcastle-upon-Tyne
Scotland, West
Do.
Durham

No. of
Persons
injured
2
1
1
1
2
1
1
1
2
1
2
1
1
1
1
1
1
2
1

" 15, 9.0 p.m
“ 18, 1.0 “
“ 19, 7.30 a.m
" 25, 6.30 “
June 2, 4.0 “
“ 3 9.30 “
“ 8. 8.0 p.m
“ 11, 10.0 “
“ 12. 9.30 a.m
“ 13. 4.10 p.m.
“ 19. 8.20 a.m
“ 23, 12.30 p.m
“ 26, 6.0 a.m.
“ 27, 2.30 “
July 5, 10.50 a.m
“ 10. 2.30 p.m
“ 12. 2.0 “
“ 13, 8.0 a.m
“ 19. 9.30 “
“ 20. 10.0 “
“ 21. 7.30 “
“ 21. 8.45 “
“ 25, 7.0 p.m
“ 26, 2.30 a.m
Aug. 3. 6.0 p.m
“ 8, 2.0 “
“ 8, 4.0 “
“ 12, 2.0 a.m
“ 12, 8.0 “
“ 13, 9.45 p.m
“ 14, 6.30 a.m
“ 18, 9.15 p.m.
“ 19, 8.0 a.m
“ 20, 10.0 p.m
“ 24, 6.30 a.m
“ 28, 5.30 p.m
“ 30, 8.30 a.m

Kenmuirhill (No. 2 Pit)
Cornsilloch
Cannock Old Coppice
Carronhall
Elled
Walsall Wood.
Holmes (Oil-shale)
Greenfield (No. 7 Pit)
Carfin (No. 3 Pit)
Hodgens
Shilbottle
South Rhondda
Cawdor
Swanwick
Foxfield
Primrose
Belhaven (Meadowhead Pit)
Springhill (No. 4 Pit)
West Cannock
Darran
Llest
Glengarnock (No. 6 Pit)
Corrwg Rhondda
Kibblesworth
Cornsilloch
Capel Ifan
Motherwell
Kilton.
Haughhead
Bogleshole (No. 4 Pit)
Broxburn (Oil-shale)
Ashton Vale.
Bretby
Pumpherston(Oil-shale)
Forkneuk (Oil-shale)
Tydraw
Corby Craigs (No. 4 Pit)

Scotland, West
Scotland. East
Staffordshire, South
Scotland, East
South Western
Staffordshire, South
Scotland East
Scotland, West
Do.
South Wales
Newcastle-upon-Tyne
South Wales
Do.
Midland
Staffordshire. North
South Wales
Scotland, West
Do.
Staffordshire, South
South Wales
Do.
Scotland. West
South Wales
Newcastle-upon-Tyne
Scotland, East
South Wales
Scotland, East
Durham
Scotland, West
Do.
Scotland, East
South Western
Midland
Scotland, East
Do.
South Wales
Scotland, West

1
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1
2
3
1
1
1
1
2
1
2
1
4
1
3
1
1
1
1
1
1
2
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Table III. — Continued.
1899.

Colliery.

Aug. 31, 7.0 a.m
Sept. 1. 4.0 p.m
“
6, 9.45 “
“
7. 7.0 a.m
“
8, 11.0 “
“
15. 12.40 p.m.
“
16, 6.0 a.m
“ 18, 5.45 “
“ 19, 3.30 “
“ 25, 6.0 “
“ 29, 9.0 “
Oct. 3, 6.0 “

New Hermand (Oil-shale)
Meiros
Ouston (E Pit)
Dalmeny (Oil-shale)
Wood Farm
Highhouse (No. 1 Pit)
Blairhall
Murdostoun
Dalmeny (Oil-shale)
Arniston
Backworth (Algernon Pit)
Clough Foot (Mountainmine)
Pumpherston (Oil-shale)
Lumpsey
Dockra (No. 1 Pit)
Allanton
Horseley

“
4, 11.30 “
“ 6, 5.30 “
“ 7, 8.30 p.m
“ 12, 12.30 am
“ 20, 1.30 p.m

Mines-inspection Districts.
Scotland, East
South Wales
Newcastle-upon-Tyne
Scotland, East
Staffordshire, South
Scotland, West
Scotland. East
Do.
Do.
Do.
Newcastle-upon-Tyne
Manchester
Scotland, East
Durham
Scotland, West
Scotland, East
Staffordshire, South

No. of
Persons
injured
2
1
0
4
1
2
1
1
1
1
2
1
1
1
1
1
1

“ 24, 6.0 “
“ 25, 7.30 a.m
“ 26. 6.15 p.m
Nov. 1, 11.0 a.m
“ 3, 11.20 “
“ 3. 12.0 noon
“ 4. 6.0 a.m
“ 10. 8.30 “
“ 13, 8.0 “
“ 20, 0.30 “
“ 20. 3.0 “
“ 21. 5.0 “
“ 23, 5.30 “
“ 23, 9.0 “
“ 23, 1.30 p.m.
“ 23. 3.45 “
“ 24, 7.20 a.m
“ 29, 0.45 “
“ 30, 11.30 “
Dec. 2, 9.30 “
“ 11. 4.30 p.m
“ 13. 5.20 a.m
“ 13, 12.0 noon.
“ 13, 6.30 p.m
“ 14. 8.0 a.m
“ 17. 10.15 p.m
“ 19, 1.45 “
“ 19, 6.45 p.m
“ 26, 7.0 a.m.
“ 28, 2.30 p.m
“ 28. 8.5 “
“ 28, 9.30 “
“ 29, 6.45 a.m
“ 29. 7.30 “

Tyrdderwen
Knowle
Allanton
Gilbertfield (No. 1 Pit)
Camp (No. 1 Pit)
Peel (No. 3 Pit)
Kenmuirhill (No. 2 Pit)
Manor
Wellshot (No. 1 Pit).
Kenmuirhill (No.2Pit)
Barblues
Drummuir (No. 3 Pit)
Walsall Wood
Point of Ayr
Limefield (Oil-shale)
Velinfran
Foxfield
Glencraig
Saltwells
Blackwell (A Pit)
Bradley
Seafield (Oil-shale)
Roman Camp (Oil-shale)
Birchrock
Birchrock
Dunnikier
Walkinshaw (No. 2 Pit)
Merthyr Llantwit
Swalwell
Polbeth (Oil-shale)
Langley Park.
Byers Green:
Cramlington (Wrightson Pit)
Rosehall (No. Wit)

South Wales
Staffordshire, South
Scotland. East
Scotland, West
Do.
Midland
Scotland. West
Yorkshire
Scotland. West
Do.
Scotland, East
Scotland, West
Staffordshire, South
Liverpool
Scotland, East
South Wales
Staffordshire, North
Scotland, East
Staffordshire, South
Midland
Staffordshire, South
Scotland, East
Do.
South Wales
Do.
Scotland. East
Scotland, West
South Wales
Newcastle-upon-Tyne
Scotland, East
Durham
Do.
Newcastle-upon-Tyne
Scotland, West
Total
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Table IV.— Barometer, Thermometer, etc Readings, 1899.
[Tables omitted]

1
1
1
1
1
1
1
2
1
1
1
1
1
2
1
1
2
2
2
1
1
1
1
1
1
1
1
2
1
4
1
1
2
1
168

