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North of England Institute
of
MINING AND MECHANICAL ENGINEERS.
-----------------------------------THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
-----------------------------------ANNUAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
August 3rd, 1901.
-----------------------------------Mr. J. G. WEEKS, 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 July 20th and that day, and of the Council of The Institution of Mining
Engineers.
------------------------------------ELECTION OF OFFICERS, 1901-1902.
The President (Mr. J. G. Weeks) appointed Messrs. John Simpson, N. B. Ridley, F. Berkley and W.
B. Wilson, jun., as scrutineers of the balloting-papers for the election of officers for the year 19011902. The scrutineers afterwards reported the result of the ballot as follows:—
President :
Mr. J. G. Weeks.
Vice-Presidents :
Mr. T. W. Benson.
Mr. J. H. Merivale.
Mr. C. Berkley.
Mr. M. W. Parrington.
Mr. T. E. Forster.
Mr. W. O. Wood.
[2]

Annual Report of The Council.
Council :
Mr. R. S. Anderson. Mr. C. C. Leach.
Mr. Henry Armstrong. Mr. William Logan.
Mr. R. Donald Bain. Prof. Henry Louis.
Mr. G. Fred. Bell.
Mr. John Morison.
Mr. W. C. Blackett. Mr. Henry Palmer.
Mr. M. H. Douglas. Mr. R. A. S. Redmayne.
Mr. T. Y. Greener.
Mr. F. R. Simpson.
Mr. A. C. Kayll.
Mr. J. Simpson.
Mr. Henry Lawrence. Mr. R. L. Weeks.
--------------------------------The President moved and Mr. John Southern seconded a vote of thanks to the scrutineers for their
services, and it was cordially approved.
--------------------------------The Annual Report of the Council was read as follows:—
ANNUAL REPORT OF THE COUNCIL, 1900-1901.
The past year has been marked by a great national sorrow, owing to the death of Her Most
Gracious Majesty, Queen Victoria As faithful subjects, and as members of an Institute which Her late
Majesty had honoured by the grant of a Royal Charter of Incorporation, the Council forwarded a loyal
and dutiful address to His Majesty King Edward the Seventh on January 31st, 1901. A gracious reply
from His Majesty was received through the Secretary of State for the Home Department, dated
February 15th. 1901.
The Council have also to deplore the deaths of three past-Presidents, namely:—Lord Armstrong,
Mr. George Clementson Greenwell and Mr. George Baker Forster, who have at all times rendered
great service to the Institute.
The following table shews the membership during the past four years:—

Year ending August 1st.
Honorary Members
Members
Associate Members
Associates
Students
Subscribers
Totals

1898.
30
859
115
103
51
22
1, 180

1899.
29
870
126
109
62
23
1, 219

1900.
30
883
132
108
59
23
1, 235

1901
28
880
122
116
57
23
1, 226

[3]
The decrease of the membership during the past year is due to the exceptional number of members
who have died, and also to the names of a considerable number of members, etc., having been
removed from the register by the Council, on account of nonpayment of subscriptions.
The deaths (33) include the following:—Honorary Members, Dr. Brassert and Mr. G. C. Greenwell
(one of the founders of the Institute, and President of the Institute, 1878-1881).Members, Lord
Armstrong (President of the Institute, 1872-1875), and Messrs. Henry Ayton (who had served on the
Council), William Bibby, William Bryham, T. E. Candler, John Cross, C. J. Croudace, John Dixon,
Thomas Robert Dodd (who died of enteric fever at Germiston), J. Harris Edge, George Baker Forster
(President of the Institute, 1881-1884), A. Goerz, Albert H. Halder, Thomas Heppell (who had served
on the Council), T. W. Jeffcock, C. T. Maling, Edward Pritchard, R. P. Rothwell, John J. Sandeman,
John Satterthwaite, G. Schmitz-Dumont, John G. Selkirk, T. Spencer, J. G. Swan, Hugh Taylor (who
had served on the Council), F. C. Wehner, Henry Wilcox and J. B. Wilson. Associate Members,
Messrs. F. Richter and Saville Shaw. Student, Mr. W. B. S. Leathart (who died of enteric fever at
Bloemfontein).
The Library has been maintained in an efficient condition during the year. The additions by donation,
exchange and purchase have been:—
Bound volumes
240
Pamphlets, Reports, etc.
190
A total of
430 titles;
and the Library now contains about 8, 629 volumes and 2, 489 unbound pamphlets.
The files of some of the publications are incomplete, owing to the loss of parts or volumes, and it is
urgently requested that members will return any books in their possession. The Council has been
reluctantly compelled to decide that unbound publications shall be withdrawn from circulation.
Members would render valuable service to the profession by presentations of books, reports and
plans to the Library, where they would be available for reference.
By mutual arrangement with the Literary and Philosophical Society of Newcastle-upon-Tyne, the
members of either institution
[4]
are permitted to refer to the books in the Library of the other. The members are also accorded free
access to the Museum of the Natural History Society of Newcastle-upon-Tyne.
The complete publications of the Geological Survey of the United Kingdom, including maps,
memoirs, etc., are available for referance purposes, but may not be removed from the Library.

At the suggestion of the Council, the Durham College of Science has arranged a three year's course
of lectures for colliery engineers, enginewrights and apprentice mechanics, commencing in October in
each year. The lectures are delivered on Saturday afternoons, and the entire course is as follows:--1901-1902.
Michaelmas Term, (1) Theoretical Electricity, and (2) Haulage and Winding.
Epiphany Term, (3) Steam engines and Boilers, and (4) Electrical Engineering.
1902-1903.
Michaelmas Term, (5) Metallurgy of Iron and Steel, and (6) Pumping and
Ventilation. Epiphany Term, (7) Transmission of Power, and (8) Mining Machinery (chiefly used
underground).
1903-1904.
Michaelmas Term, (9) Mensuration, and (10) Chemistry of Fuel.
Epiphany
Term, (11) Strength of Materials, and (12) Experimental Mechanics.
Several colliery-owners have paid the fees (£1 10s per annum) and railway expenses of pupils
attending the classes from their collieries. During the past year, the lectures of the Michaelmas Term on
Mensuration and the Chemistry of Fuel were attended by 56 and 57 students respectively, 44 sat for
examination and 29 passed ; and during the Epiphany Term, the lectures on the Strength of Materials
and Experimental Mechanics were attended by 63 and 60 students respectively, 42 were examined
and 30 passed. Prizes were awarded to Messrs. James Wray and Thomas Henderson.
The composition, varying with age, payable in lieu of future annual subscriptions, has been
generally approved, as evidence by the number of members who have 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.
An Account of the Strata of Northumberland and Durham, as proved by Sinkings and Borings, has
been published in six volumes. Members are desired to send copies of any unpublished sections of
strata in these counties, or their section-books on loan, in order that they may be published in a
supplementary volume.
[5]
The prices of the Transactions (vols i. to xxxviii. ) have been considerably reduced, and members
are desired to complete their sets before the stock is exhausted (vols. iii., iv., v., vi. and xxi. are
now out of print).
Mr. John Daglish has for many years represented the Institute as a governor of the Durham College
of Science, which was jointly founded in 1871, by the University of Durham and the North of England
Institute of Mining and Mechanical Engineers. The Institute having been invited by the Durham College
of Science to nominate a representative on their Council, Mr. T. E . Forster has been appointed to that
position.The President (Mr. J. G. Weeks) has also accepted a seat on their Council, and it is
understood that his successors will, ex officio, be honoured with a similar invitation.
Mr. J. H. Merivale will represent the Institute at the Conference of Corresponding Societies of the
British Association for the Advancement of Science, to be held at Glasgow in September, 1901. Prof.
H. Louis is the representative of the Institute on the Science and Art and Scholarships Committees of
the Northumberland County Council. Mr. W. Cochrane represents the Institute upon the board of
directors of the Institute and Coal Trade Chambers Company, Limited. Mr. A. G. Charleton and Mr. H.
Davey are the representatives of the Institute upon the London Committee of the Glasgow Engineering
Congress, to be held in September, 1901.
The representatives of this Institute on the Council of The Institution of Mining Engineers during the
past year were as follows:---Sir Lowthian Bell, Bart., Sir David Dale, Bart., Sir William Thomas
Lewis, Bart., Sir Thomas Wrightson, Bart., and Messrs. Emerson Bainbridge, John Batey, T. W.
Benson, T. Forster Brown, A. G. Charleton, William Cochrane, John Daglish, Thomas Douglas, T.

E. Forster, John Gerrard, Reginald Guthrie, Phillip Kirkup, C. C. Leach, Henry Louis, George May,
Henry Palmer, Frank R. Simpson, John B. Simpson and J. G. Weeks
The following additional exchanges of Transactions have been arranged during the year:--The Institution of Junior Engineers.
Monmouthshire Colliery Officials' Association.
South Wales Colliery Officials' Association.
State of Wisconsin Geological and Natural History Survey.
[6]
The Institution of Mining Engineers are promoting the formation of a Benevolent Fund in connexion
with the Institution, similar to the Benevolent Fund of the Institution of Civil Engineers, established in
1864, when the membership of that Institution was much less (1,040) than the present membership
(2,500) of the Institution of Mining Engineers. The Articles of Association will include the following:--1. ---This Institution shall be called "The Benevolent Fund of The Institution of Mining Engineers".
2. ---The object of the Benevolent Fund is to afford assistance to necessitous Members, Associate
Members, Associates and Students of the Institution of Mining Engineers and their families.
3. ---The Fund shall be supported by means of Annual Subscriptions, Donations and Bequests.
4. ---Contributors to the Fund shall be entitled to vote at all General and Extraordinary General
Meetings.
5. ---The affairs of the Fund shall be conducted by the "Committee of Management,” consisting of
seven members, and composed as follows:---The President, for the time being, of The Institution of
Mining Engineers, and six Contributors to the Fund.
6. ---The Committee of Management shall have full power to make grants and afford assistance to
any necessitous Member, Associate Member, Associate or Student of the Institution of Mining
Engineers, or to their families.
7. ---The names of the applicants for, and the recipients of, the assistance afforded by the Fund
shall not necessarily be published.
8. ---The fact of having been a contributor to the Fund shall not in any case constitute a claim to
participate in it.
9. ---The Committee of Management shall not make any grants or payments by which the donations,
bequests, or income of future years be anticipated, or appropriated.
Prizes of books have been awarded to the writers of the following papers communicated to the
members during the year 1899-1900:--"The Driving of a Stone-drift at the West Wylam Collieries.” By Mr. Sidney Bates, M. I. M. E.
"The Kalgoorlie Gold-Field.” By S. J. Becher, M. I. M. E.
"Description of Present and Proposed Methods of Operating Vinton No. 3 Colliery, Vintondale,
Pennsylvania, U. S. A.” By Mr. Clarence R. Claghorn, M. I. M. E.
"Some Silver-bearing Veins of Mexico.” By Mr. Edward Halse, M. I. M. E.
"Automatic Sprayer for Preventing Accumulations of Dust in Mines.” By Mr. R. Harle, M. I. M. E.
"The Coal-Fields of Natal.” By Mr. William Taylor Heslop, M. I. M. E.
"Ore-deposits of Mount Lyell, Tasmania.” By Mr. J. J. Muir, M. I. M. E.
"The Mineral Resources of Tasmania.” By Mr. John J. Sandeman, M. I. M. E.
"Longwall Methods in the Eastwood District, Nottinghamshire.” By Mr. Norman M. Thornton, Stud.
I. M. E.

[7]
The donation offered by the late Mr. G. C. Greenwell, to provide for the annual award of gold, silver
and bronze medals for "papers recording the results of experience, and the deductions and practical
suggestions of the writers for the avoidance of accidents" has been received.
Mr. Clarence R. Claghorn offers a prize of the value of £10, for an approved essay on "The Action,
Influence and Control of the Roof in Longwall Working.”
The papers printed in the Transactions during the year are as follow:--"The Solvent Action of Pyridine on Certain Coals.” By Mr. T. Baker, B. Sc.
"Methods of Preventing Falls of Roof adopted at the Courrieres Collieries.” By Dr. C. Le Neve
Foster, Hon. M. I. M. E.
"Endless-rope Haulage at Axwell Park Colliery.” By Mr. R. W. Glass, Stud. I. M. E.
"The Type-printing Telegraph.” By Mr. W. T. Goolden, M. I. M. E.
"Memoir of the late Lord Armstrong.” By Principal H. Palin Gurney, Hon. M. I, M. E.
"Some Silver-bearing Veins of Mexico.” By Mr. Edward Halse, M. I. M. E.
"Remarks upon Prof. H. Stroud's paper on 'Magnetic Declination and its Variations,” By Mr. H. D.
Hoskold, M. I. M. E.
"Remarks upon Mr. A. L. Steavenson's paper on “The Mode of Obtaining a True North Line.” By
Mr. H. D. Hoskold, M. I. M. E.
"A Rock-drill for Saving Slate-rock.” By Mr. H. Humphris, M. I. M. E.
"Dry and Wet Treatment of Copper-ores.” By Capt. C. C. Longridge, M. I. M. E.
"Remarks upon Mr. Wm. Taylor Heslop's paper 'The Coal-fields of Natal. '"
By Dr. G. A. F.
Molengraaff, M. I. M. E.
"Shot-hole Recesser.” By Mr. T. Rasmussen.
"The Employment of Iron Bars at the No. 6 Pit, Lens Colliery.” By Mr. E. Reumaux.
"A Method of Boring Deposits out of Rising-main Pipes in Shafts.” By
Mr. Hugh Ross, M. I. M. E.
"A Flash of Lightning at the Lambton Colliery, D and Lady Ann Pits, on October 2nd, 1900.” By
Mr. Jacob Sharp, M. I. M. E.
"Safety-lamp Cabin at Heworth Colliery.” By Mr. Thomas V. Simpson, Stud. I. M. E.
"Sinking through Swamp, Clay and Sand.” By Mr. William Tattley M. I. M. E.
"Endless-rope Haulage at Pelton Colliery.” By Mr. Norman M. Thornton, Stud. I. M. E.
"The Sussmann Electric Miners' Lamp.” By Mr W. O. Wood, M. I. M. E.
The Institution of Mining Engineers has now completed its twelfth year, and since its formation it has
printed twenty-one volumes of Transactions, containing over 800 papers and numerous abstracts of
colonial and foreign papers on subjects of interest to mining and metallurgical engineers. During the
past year,
[8]
meetings were held in the Bristol district in September, 1900, and in London in May, 1901.
The North of England Institute of Mining Engineers was initiated “at a meeting of colliery-owners,
viewers and others interested in the coal-trade, held in the Coal-trade Office, Newcastle-upon-Tyne,
on Saturday, July 3rd, 1852, for the purpose of forming a society, to meet at fixed periods and
discuss the means for the ventilation of coal-mines, for the prevention of accidents, and for general
purposes connected with the winning and working of collieries.”*The President and Council were

elected on August 21st, 1852, and the first President, Mr. Nicholas Wood, read his "Inaugural
Address" on September 3rd, 1852. The Council propose that the Jubilee of the Institute shall be held
in September, 1902, and having invited The Institute of Mining Engineers to hold their annual meeting
at Newcastle-upon-Tyne in conjunction therewith. The invitation has been cordially accepted, and the
Council venture to hope that the members will make this meeting a successful one, and by the reading
of papers, etc., maintain the status of the Institute.
------------The President (Mr. J. G. Weeks), in moving the adoption of the report, referred to the Jubilee
meetings which were to be held in September, 1902. He hoped that members would make every
effort to render these meetings successful, and also that the membership during that year would reach
high-water mark.
Mr. W. C. Blackett seconded the resolution, which was carried unanimously.
-------------The Treasurer (Mr. R. Guthrie) read the Report of the Finance Committee as follows:---------------REPORT OF THE FINANCE COMMITTEE.
The Finance Committee submit herewith a statement of accounts for the twelve months ending June
30th, 1901.
The total receipts during that period were £2,907 19s. 11d. Of this amount, £58 was paid as lifecompositions in lieu of annual
* Trans. N. E. Inst., 1852, vol. i., page 5.
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subscriptions ; £104 18s represented subscriptions paid in advance ; there was received from the Coal
Trade Associations £32 2s for furniture in the council-room, and from the Institute and Coal Trade
Chambers Company, Limited £30 8s 4d. for proportion of cost of heating apparatus ; there was also
the sum of £100 received from the executors of the late Mr George Clementson Greenwell for the
establishment of the Greenwell prize fund ; leaving £2,582 11s 7d as the ordinary income of the year,
as compared with £2,486 12s. 10d. in the previous year.
The ordinary expenditure amounted to £2,115 10s. 10d. as compared with £2,069 12s. 7d. in
the previous year, and the balance of ordinary receipts over ordinary expenditure was £467 0s. 9d.
At the commencement of the year there was a balance at the bankers of £753 3s. 2d. Of this
amount, £500 was placed on deposit for the time being, but was afterwards withdrawn and included in
a total sum of £970 invested in shares of the Institute and Coal Trades Chambers Company, Limited.
During the year, £272 15s. has been written off the amount of subscriptions and arrears. The
collection of the amounts due in many cases has been placed in the hands of the solicitors, and a
portion will subsequently be recovered, and credited to the year in which the sums are recieved. The
amount of subscriptions for the year 1900-1901 still unpaid is £251 1s., and for previous years £45
19s.
J. G. Weeks.
August 3rd, 1901
--------------------

The President (Mr. J. G. Weeks), in moving the adoption of the report, referred to the satisfactory
position of the Institute ; and pointed out that during the year the sum of £970 had been invested in the
purchase of shares of the Institute and Coal Trade Chambers Company, Limited.
Mr. W. C. Blackett seconded the resolution, which was agreed to.
--------------------[10]
Dr.
The Treasurer in Account with the The North of England Institute of Mining and Mechanical Engineers.
For the Year Ending June 30th, 1901.
June 30th, 1900.
To Balance at Bankers
,, ,, in Treasurer's hands
,,
Outstanding Amounts due for Authors'
Excerpts
June 30th, 1901.
£ s. d.
To Dividend on Shares in the Institute and Coal
Trade Chambers Company, Limited : For half year
ending December 30th, 1900, at 3. 75 per cent. on
146 shares of £20 each
For half-year ending June 30th, 1901 at 3. 75 per 134 5 0
cent. on 179 shares of £20 each
Less---Proportion repaid to date of purchase
6 10 8
-------------,, Interest on Deposit Account
,, Interest on Mortgage of £1, 400 with the Institute
and Coal Trade Chambers Company, Limited.

£ s. d.
753 3 2
61 17 3
04 4

£

----------------

815 4 9

21 Subscribing Firms

@ £2 2s.
@ £2 2s.
@ £1 5s.
@ £1 5s.
@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £1 5s.
@ £1 5s.

d.

109 10 0

127 14 4
918 3
49 0 0
----------------

,, Sale of Transactions
To Subscriptions for 1900-1901 as follows:--709 Members
86 Associate Members
100 Associates
53 Students
55 New Members
3 New Members (not yet elected)
12 New Associate Members
6 New Associates
11 New Students

s.

1,488 18 0
180 12 0
125 0 0
665 0
115 10 0
66 0
25 4 0
7 10 0
13 15 0
----------------2,029 0 0
88 4 0

296 2 7
66 0 0

-----------------2,117 4 0
To Life Compositions:-2 New Members

58 0 0
------------------2,175 4 0

Less---Subscriptions for current year paid in advance
at the end of last year

742 0
------------------2,101 2 0
1777 0
------------------2,2789 0

Add---Arrears received

Add---Subscriptions paid in advance during the
current year

104 18 0
-------------------

To Coal Trade Associations for purchase of furniture
in Council-room
,, Institute and Coal Trade Chambers Company,
Limited, or proportion of cost of heating-apparatus

322

0

308 4
------------------

To Executors of Mr. George Clementson Greenwell
for Prize Fund

,, Petty Cash
,, Postages---Circulars
,, ,,Correspondence
,, ,,Publications

62 10 4
100 0 0
---------------£3,723 4 8

[11]
Cr.
June 30th, 1901.
By Annual Report
,, Bankers Charges
,, Circulars, etc.
,, Cleaning Wood Memorial Hall, Offices, etc.
,, Electric Light
,, Expences of General Meetings
,, Fire Insurance
,, Fuel
,, Furniture and Repairs
,, Incidental Expenses
,, Library---Binding
,, ,, Books

2,383 7 0

£
31
21
45
34
41
4
12
21
19
10
£39 6 0
40 1 11
----------35 12 2
15 2 4
16 17 3

s.
5
8
2
17
1
6
4
8
8
3

d.
2
3
7
1
6
6
3
0
2
1

79 7 11
3 0 3

---------,,
,,
,,
,,
,,
,,
,,
,,
,,
,,
,,

Prizes for Papers
Rates and Taxes
Rent of Offices
Reporting of General Meetings
Salaries, Wages, Auditing, etc.
Stamps : Subscription Receipts
,, Transfer of Shares
Stationary, etc.
Telephone Rent, etc.
Translation of Papers
Water Rate

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

67 11 9
18 18 0
21 19 11
22 4 6
13 2 0
410 3 3
20 17 11
5 2 6
14 19 6
2 17 0
0 15 0
7 14 8
--------------1,186 0 1
0 8 0
--------------

By 33 Shares in the Institute and Coal Trades Chambers Company,
Limited

By Balance at Bankers
,, ,, in Treasurer's hands

929 18 9

1,185 12 1
---------------2,115 10 10
970 0 0
-----------3,085 10 10

593 6 10
44 7 0
-------------

637 13 10
-----------£3,723 4 8

We, having examined the above account with the books and voucher relating thereto, certify that, in
our opinion, it is correct.
JOHN G. BENSON AND SON,
CHARTERED ACCOUNTANTS.
Newcastle-upon-Tyne,
August 3rd, 1901
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Dr. The Treasurer in Account with Subscriptions, 1900-1901.
£
To 883 Members’
46 of whom have paid Life Compositions.
837
2 not included in printed list.
839
To 132 Associate Members,
8 of whom have paid Life Compositions.

at £2 2s

s.

d.

£

s.

d.

1,761 18 0

124
To 108 Associates
To 59 Students
1 of whom have paid a Life Composition.
58
To 23 Subscribing Firms
To 55 New Members
To 2 New Members, paid Life Compositions
To 3 New Members, not yet elected,
60
To 12 New Associate Members
To 6 New Associates
To 11 New Students

at £2 2s.
at £1 5s.

260 8 0
135 0 0

at £1 5s.

72 10 0
96 12 0
115 10 0
58 0 0
6 6 0

at £2 2s.
at £2 2s.
at £2 2s.
at £1 5s.
at £1 5s.

25 4 0
7 10 0
13 15 0
----------------2,552 13 0

To Arrears, as per Balance Sheet 1889-1900
Add---1 Member, paid for 1899-1900
Add---Arrears considered irrecoverable but since paid

347 8 0
2 2 0
20 3 0
-------------

369 13 0
-----------------2,922 6 0
104 18 0
-----------------3,027 4 0

To Subscriptions Paid in Advance
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Cr.
Paid

By 709 Members, paid
By 83 “ unpaid
By 33 “ struck off list
By 14 “ dead
839
By 86 Associate Members, paid
By 26 “ “ unpaid
By 11 “ “ struck off list .
By 1 “ “ dead.
124
By 100 Associates, paid
By7 “unpaid
By1 “struck off list
108
By 53 Students, paid
By 4 “ unpaid .

@ £2
@ £2
@ £2
@ £2

2s.
2s.
2s.
2s.

@ £2 2s.
@ £2 2s.

£ s. d.
1,488 18 0

Unpaid
£

s.

d.

Struck off
List
£ s. d.

174 6 0
69 6
29 8

0
0

180 12 0
54 12 0
23 2 0
2 2 0

@ £2 2s.
@ £1 5s.
@ £1 5s.
@ £1 5s.

125 0 0
8 15 0

@ £1 5s.
@ £1 5s

66 5 0

1 5 0

5 0 0

By 1 “ struck off list
58
By 21 Subscribing firms, paid
By2 “ “ unpaid
23
By 55 New Members, paid .
By 2 New Members, paid Life Compositions
By 3 New Members, not yet elected, paid
60
By 12 New Associate Members, paid .
By 6 New Associates, paid
By 11 New Students, paid

@ £1 5s.

1 5 0
88 4 0
8 8 0

@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £1 5s.
@ £1 5s.

By Arrears

By Subscriptions paid in advance

115 10 0
58 0 0
6 6 0
25 4 0
7 10 0
13 15 0
------------2,175 4 0
177 7 0
--------------2,352 11 0
104 18 0
---------------2,457 9 0

----------------- ------------251 1 0
126 8 0
45 19 0
146 7 0

------------297 0 0

-----------272 15 0
297 0 0
2,457 9 0
-------------3,027 4 0
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General Statement, June 30th, 1901.
Liabilities.
Subscriptions paid in advance
The Institution of Mining Engineers
Printing and Stationary

£ s. d.
104 18 0
70 5 11
21 12 0
--------------

£

£

£

s.

d.

196 15 11
100 0 0
11,687 19 9
------------------£11,984 15 8

Greenwell Prize Fund
Capital

Assets.
Balance of Account at Bankers
,, in Treasurers hands
Arrears of Subscriptions
179 Shares in the Institute and Coal Trade Chambers Company,

s. d.
593 6 10
44 7 0
---------------

4,100 0

0

s.

d.

637 13 10
297 0 0

Limited (at cost)
Investment with the Institute and Coal Trade Chambers Company,
Limited (Mortgage)

1,400 0
-------------

(Of the above amount, £986 14s. is due to Life Subscriptions
Account.)
Value of Transactions and other Publications, as per Stock Account
Books, Pictures, Maps, Furniture and Fittings

0
5,500 0

0

400 1 10
5,150 0 0
---------------£11,984 15 8

We, having examined the above account with the books, vouchers and securities relating thereto,
certify that, in our opinion, it is correct. We have accepted the assets books, pictures, etc., and
Transactions and other Publications as valued by your Officials.
John G. Benson and Son,
Chartered Accountants.
Newcastle-upon-Tyne,
August 3rd, 1901
[15]
REPRESENTATIVES ON THE COUNCIL OF THE INSTITUTION OF MINING ENGINEERS.
The President (Mr. J. G. Weeks) moved, and Mr. W. C. Blackett 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. H. Armstrong.
Mr. John L. Hedley.
Mr. R. Donald Bain.
Mr. A. C. Kayll.
Mr. John Batey.
Mr. Henry Lawrence.
Mr. W. C. Blackett.
Mr. C. C. Leach.
Mr. Bennett H. Brough.
Prof. Henry Louis.
Mr. T. Forster Brown.
Mr. J. H. Merivale.
Mr. A. G. Charleton.
Mr. John Morison.
Mr. William Cochrane.
Mr. Henry Palmer.
Mr. Thomas Douglas.
Mr. F. R. Simpson.
Mr. W. Galloway.
Mr. A. L. Steavenson.
Mr. John Gerrard.
Mr. John G. Weeks.
Mr. Reginald Guthrie.
The resolution was agreed to.
--------------The following gentlemen were elected, having been previously nominated:—
Honorary Member—
Mr. Jethro Justiman Harris Teall, Director of the Geological Survey of the United Kingdom, 28,
Jermyn Street, London, S. W.
Members—

Mr. John Ahern, Mining Surveyor and Consulting Engineer, Charters Towers, Queensland, Australia.
Mr. Jethro Longridge Brown, Mechanical Engineer, Shotton Colliery, Castle Eden, R. S. O., County
Durham.
Mr. Cecil Alfred Burne, Mining Engineer, Copiapo, Chile, South America.
Mr. Edward Descou Chester, Mining Engineer, 120, Bishopsgate Street Within, London, E. C.
Mr. Andrew Danks, Colliery Manager, P. O. Box 83, Newcastle, Natal, South Africa.
Mr. Ralph Brown Dormand, Colliery Manager, Cambois House, Cambois, Blyth, Northumberland.
Mr. Francis Constant Andre Benoni Elie du Eliet, Civil Engineer, Grosvenor Chambers, 16,
Deansgate, Manchester.
Mr. Moses Hobson, Assistant Mining Engineer, Hartley House, Coundon, Bishop Auckland.
Mr. William Hopwood, Colliery Manager, Oak House, Buckley, Chester.
Mr. John Alexander Peterkin, Mining Engineer and Surveyor, 13, Swinley Road, Wigan, Lancashire.
Mr. William Scott, Mining Engineer, Avenida Palace Hotel, Lisbon, Portugal
[16]
Associate--Mr. Charles Phelps, Under-manager, 1, Church Street, Sacriston, near Durham.
Students—
Mr. Robert Simon Tate, Mining Student, Trimdon Grange, R. S O., County Durham.
Mr. George Ellis Young, Mining Student, Sacriston, near Durham.
[17]
THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
--------------------------------EXCURSION MEETING,
At Stanhope, August 22nd, 1901.
--------------------------------PARSON BYRES QUARRIES.
A number of members, by kind permission of Messrs. Bell Brothers, Limited, visited the Parson Byres
limestone-quarries, lying between Frosterley and Stanhope. The Mountain Limestone is largely worked
at these quarries for the ironworks of the Cleveland district. The thick bed of Glacial Drift or Boulder
Clay, which lies upon the stone, is removed by powerful steam-navvies, and the conditions of working
and the geological features of the quarries proved of great interest.
-----------------------------------Mr. A. L. Steavenson delivered an address, which will be printed in the Transactions.
-----------------------------------[18]
THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
-------------------------------------Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
September 21st, 1901.
------------------------------------------Mr. H. S. STRATTON in the Chair.
-------------------------------------------

ELECTION OF OFFICERS, 1901-1902.
The Committee was elected by ballot as follows:—Mr. T. V. Simpson, chairman, and Messrs. W. R.
Bell, J. Heppell Marr, H. W. Middleton, Nicholas Richardson, Stephen Southern and H. S. Stratton.
------------------------DISCUSSION OF MR. R. W. GLASS' PAPER ON "ENDLESS-ROPE HAULAGE AT AXWELL PARK
COLLIERY.”*
Mr. A. J. Walton (Seghill Colliery) noticed that there were two rope-tighteners shown in the illustrations
accompanying Mr. Glass's paper, one at bank and the other down the mine. The rope-tightener at the
third landing would not be of much use, and he thought that it would cause the tub to leave the rope.
He considered that the rope would run better if it were left slack at that point.
Mr. R. W. Glass (Axwell Park Colliery) said that two rope-tighteners were used because the one
placed at bank—a sliding tension-wheel—was only weighted sufficiently to take up the slack rope in the
first "swelly"; and the other rope-tightener, placed at the third landing, and worked by a screw, was
intended to take up the slack-rope, produced by the stretching, etc., of the rope. It also prevented the
rope from falling upon the ground, and wearing
* Trans. Inst. M. E., 1901, vol. xxi., page 107.
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through the sleepers ; it kept the rope clean and dry ; it avoided friction ; and therefore prevented the
rope from being worn rapidly away.
Mr. W Rutherford (South Derwent Colliery) said that the distance between the tension-pulley on the
surface and the third landing in the mine was 1 mile, and consequently another tension-pulley was
required underground so as to keep the rope sufficiently taut and to prevent it from touching the floor
between one tub and another.
Mr A. J. Walton, respecting the ingenious arrangement for binding down the rope by means of two
lengths of rails hinged at the ends, asked whether a piece of coal could fall underneath the rails, and
thus prevent the tub from forcing down the pulley.
Mr. R. W. Glass said that such an accident had never happened during his experience. If it should
occur, the coal would have to be a very hard piece, or it would be crushed by the pressure. Coal-dust,
of course, accumulated under the rails, which had to be periodically removed.
Mr. R. W. Glass, replying to questions, further said that the Rutherford and Thompson lubricators and
pedestals could be conveniently filled with grease whilst in the tippler, and required no special attention
beyond the usual supply of grease once a fortnight ; and the lubrication was efficient, regular and
continuous, as well as economical. The smooth running of the tubs was ensured by the uniform wear
of the axles and pedestals. Taking the cost of grease at 4s. per cwt., coal-tubs greased by hand cost
1.750d. per tub per fortnight for grease alone ; while coal-tubs fitted with the Rutherford and Thompson
lubricators cost 0.804d. per tub for grease alone, thereby showing a saving of 54 per cent. The cost
per ton-mile for greasing, taking it over one year, was 0.0163d.
The meeting then terminated.
[20]
Blank page.
[21]

THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
--------GENERAL MEETING,
Held in the Lecture Theatre of the Literary and Philosophical
Society, Newcastle-upon-Tyne, October 12th, 1901.
--------Mr. J. G. WEEKS, 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 September 28th and that day, and of the Council of The Institution of
Mining Engineers.
---------The following gentlemen were elected, having been previously nominated: —
Members—
Mr. Phillip Francis Burnet Adams, Mining Engineer, c/o Messrs. Adams and Twiddy, Klerksdorp,
Transvaal, South Africa.
Mr. Joseph George Bowles, Mining Engineer and Manager, Lyle Street, Ladysmith, Natal, South Africa.
Mr. Robert Oughton Brown, Mining Engineer, Elswick Collieries, Newcastle-upon-Tyne.
Mr. Gaspard Robert de Mussenden Carey, Mining Engineer, Toynton, Spilsby, Lincolnshire.
Mr. Henry James Daggar, Engineer, Hannans Brown Hill, Kalgoorlie, Western Australia.
Mr. Herbert Francis Edwards, Mechanical Engineer, c/o Messrs. Forster, Brown and Rees, Guildhall
Chambers, Cardiff.
Mr. Robert Alfred Harle, Colliery Manager, Wallsend Colliery, Wallsend-upon-Tyne.
Mr. Herbert T. Marks, Mining Engineer, 8, Union Court, London, E. C.
Mr. George Paley, Assistant Mechanical Engineer, De Beers Consolidated Mines, Limited, De Beers
Mine, Kimberley, Cape Colony, South Africa.
Mr. George Alexander Paterson, Chief Engineer, Ooregum Gold-mine, Oorgaum, Mysore Province,
Southern India.
Mr. Percy Arthur Robbins, Consulting Mechanical and Electrical Engineer, De Beers Consolidated
Mines, Limited, Kimberley, Cape Colony, South Africa.
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Mr. Gibson Youll, Colliery Manager, South Waratah Colliery, Newcastle, New South Wales.
Mr. Alpheus Fuller Williams, Assistant General Manager, De Beers Consolidated Mines, Limited,
Kimberley, Cape Colony, South Africa.
Associate Member—
Mr. William Alder, Sinker and Contractor, 3, Beech Avenue, Whitley, R. S. O., Northumberland.
Associate--Mr. William Henderson, Assistant Colliery Manager, Ravensworth Colliery, near Gateshead.
Students—
Mr. Albert Craggs, Mining Student, Allerdene Colliery Office, Lamesley, near Gateshead.
Mr. Frank Richardson, Mining Student, Orchard House, Gateshead.

Mr. Stanley Robinson, Mining Student, Bunker Hill, Fence Houses.
--------Mr. A. L. Steavenson read the following paper on "The Carboniferous Limestone Quarries of
Weardale":—
[23]
THE CARBONIFEROUS LIMESTONE QUARRIES OF WEARDALE. *
---------By A. L. STEAVENSON, Past-President.
---------Introduction. —When visiting this beautiful valley, the members of our Institute will wish to know a
little about its geological and mineral features ; and although we cannot spare much time for such
matters to-day, there are a few points to which he thinks that he may profitably draw attention.
Coal-measures. —In passing Witton-le-Wear, once celebrated for its excellent school, at which the
writer's father was a scholar (coming all the way from Berwick-upon-Tweed, in the very early years of
last century), we left behind us the Durham coal-field. The lowest or Brockwell seam crops out about
½ mile north of the railway-station, and was worked by Marshall Green colliery, now long since
exhausted, the following being a section of this seam taken by the writer in October, 1852:—
Ft. In.
Ft. In.
Roof : Metal, good
Seam : COAL, Top Coal
1 4
Metal parting
COAL, Main Coal, good
4 4
------5 8
Thill : Fire-clay, good
The top coal separates from the lower part to the east, and becomes what is locally known as the B,
Little, Three-quarter or Yard seam.
Millstone Grit, etc.—From Witton-le-Wear as we travel westward, we cross the strike of the
measures known as the Gannister beds the Millstone Grit, and the Yoredale rocks, until at a point
*An address delivered to the members of the members of the North of England Institute of Mining
and Mechanical Engineers, who visited the Parson Byers Quarries, of Messrs. Bell Brothers, Limited,
on August 22nd, 1901.
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in the river-bank opposite Bradley Hall, 1 mile above Harperley station, we see the first or Fell Top bed
of limestone. The officers of the Geological Survey give the following section:—

Gannister and Lower Coal-measures
Millstone Grit

Feet.
180
205

Yoredale Rocks to the Fell Top Limestone
Total

115
-------500
-------

Mr. Westgarth Forster, in his Treatise on a Section of the Strata, etc., gives the thickness of these
rocks as 476 feet, but that refers to a district lying to the north-west of this point.
Gannister Beds. —At about 100 feet below the Brockwell coal-seam, is found a bed of the true
gannister, 3 or 4 feet in thickness, such as is got at Oughtibridge, near Sheffield, and it ought to afford
a useful datum for a correlation of seams of the Durham and Yorkshire coal-fields. It is also, he
believed, the same bed as that from which the celebrated Dinas bricks of South Wales are, or were,
prepared, and of which Dr. John Percy, in his well-known Metallurgy,* gives the following analysis:—
Silica
Alumina
Protoxide of iron
Lime
Potash and soda
Water combined
Total

98.31
0. 72
0. 18
0. 22
0. 14
0. 35
--------99. 92
--------

Large quantities of an inferior material called "gannister,”and used for mixing with fire-clay, are being
worked from the Millstone Grit-measures, of which the following is a fair sample:
Silica
Alumina
Protoxide of iron
Potash and soda
Magnesia
Water

96.26
2. 70
0. 07
0. 12
0. 10
0. 75

* Fuel, etc., page 147.
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Ironstone-seams. ---At 75 feet below the Brockwell coal-seam are some bands of ironstone, and thin
coal-seams, to which are attached an interesting story.
A bore-hole, put down in 1834, at Witton
Park, gives the following section:--Ft. In.
*Dark metal-stone
1 9
COAL, mixed
0 6
*Dark metal
3 0
COAL
1 5
* These are no doubt ironstone.

This section was given me by the late Mr. T. Allison, who worked them at other places, and he
supplied the following note upon them : "German bands of ironstone of Consett—sunk to at Towlaw,
where the coal was 11 inches thick.” The following explanation of this name is found in The Industrial
Resources of the Tyne, Wear and Tees:—"The German colony of ironworkers at Shotley Bridge
established themselves at that place in the reign of William III.”*
At a considerably lower geological horizon, not far below the Fell Top limestone, and just before
reaching Wolsingham, may be seen the spoil-heaps of the iron-mines, worked by Messrs. Bolckow and
Vaughan, for their Witton Park ironworks, which were started in the year 1846, and of course shortly
before the discovery of the Cleveland ironstone. An excellent section of these beds used to be seen in
the sides of the cutting in front of Wolsingham railway-station, but a supporting-wall has hidden them
from view. Three miles farther west, on the hillside above the Bishopley quarries, they had other ironmines, known as the Bleaberry mines, (worked on the longwall system), which the writer helped to
close in 1852, of the following section:—
Ft.
Roof : Blue metal
Seam : Blue metal with ironston 3 nodules
Ironstone-band
Blue metal with ironstone nodules
Ironstone band, good
Blue metal
Ironstone-band

In.

1 0
0 1
1 10
0 2
1 6
0 2
--------

Ft. In.

4

9

The writer believes that these beds are No. 135 in Mr. Westgarth Forster's section, and if so they lie
198 feet below the Fell
* Page 83.
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Top limestone, but it is difficult, owing to the thick cover of Glacial Drift, to identify them.
Twelve-fathoms Limestone. —By this name, the limestone-bed worked in this district is commonly
known, in some places it does attain that thickness, although the upper part has partings of shale which
require separation. Of course there are many other beds both above and below it. Mr. Westgarth
Forster gives nineteen, and a total thickness for the Lower Carboniferous-measures, between the
Brockwell coal-seam and the Old Red Sandstone, of 2,779 feet.
The Weardale limestones comprise only the Upper Limestone-measures, and it will serve to
complete the survey of the subject, if we start from the bottom of the Carboniferous-measures and take
a rapid glance at the portion which probably lies below and is hidden from sight, as follows:—"There is
a strong discordance between the Upper Silurian strata and the Lower Old Red Sandstone ; and again
another unconformability between the latter and the younger conglomerates which follow upon them.
These conglomerates, when traced northwards into Scotland, are associated with red and yellow
sandstones containing undoubted Upper Old Red Sandstone fishes. On the other hand, in the north of
England, they form the local base of the Carboniferous rocks, and probably occur on many different
horizons;"* and again we read "the red conglomerate, the Old Red Sandstone of authors, is in reality

the base of the Carboniferous series, for in many parts of the north of England and Wales it dovetails
with the overlying Carboniferous beds.”†
Above these rocks, we find in the Swaledale district and other Yorkshire valleys, the Great Scar
limestone series, which includes in ascending order the Ravenstonedale limestone series, the Ash-fell
beds, and the Melmerby Scar series. "The Ravenstonedale limestones, the lowest member of the
series, are best exposed in Scandal Beck above about and below the village of Ravenstonedale, where
from excellent and continuous river-sections, their thickness may be easily calculated. They are here
from 1,500 to 1,700 feet in thickness.”‡
* Memoirs of the Geological Survey, "The Geology of the Cheviot Hills,” 1888, preface, page iii.
† Memoirs of the Geological Survey, "The Geology of the Country around Mallerstang. etc.,” 1891,
page 9.
‡ Ibid., page 80.
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Whilst the bed known as the Great Scar limestone is alone given as 100 feet in thickness in
Wensleydale, in Wharfedale at Kettlewell the Great Scar limestone is upwards of 775 feet thick, and
above it there are the Hardraw Scar limestone, 50 feet, the Middle limestone, the Five-yards limestone,
and the Underset or Four-fathoms limestone, before we get up to the Main or Great or as it is called,
the Twelve-fathoms bed of Weardale.
This note will afford an outline of the position in Weardale, it also serves to illustrate what an
immense body of rocks the Carboniferous Limestones really are, and an opportunity for calling
attention to the great feature which limestones form in all geological formations, few in fact are without
some beds of limestone. Thus we have in the Laurentian, which are the oldest known stratified rocks,
the "limestones of Canada.”*In the Lower Silurian, the Bala limestone ; in the Upper Silurian, the
Ayemestry limestone ; and the Devonian, the Old Red Sandstone, the Permian, the Oolite, the
Cretaceous, the Eocene and even the Oligocene, all contain their beds of limestone.
The geology of the Carboniferous Limestone has formed the subject of many papers in our earlier
volumes of Transactions, (vols. xxiv. and xxv. especially). These, however, are for the most part
devoted to Northumberland, between which district and Weardale there are great differences, as there
are also to the south, in the Yorkshire valleys very fully described in that well-known work upon the
Geology of Yorkshire, by the late Mr. John Phillips, F. R. S., F. G. S., part II. being devoted to "The
Mountain Limestone District,” which, of course, includes the various dales in the north-western part of
that county.
Of the Northumberland district it may be useful to quote Prof. Lapworth, where he says:—
Passing onward to the north, along the flanks of the Pennines, through North Yorkshire,
Westmorland, Durham and Northumberland, to the borders of Scotland, we find that sheets of
mechanical sediments come in and divide and replace the limestones, until in Northumberland
the Mountain Limestone and Yoredale divisions are no longer recognizable as such, but are
merged into one general Lower Carboniferous series of sandstones, grits and shales, with
occasional persistent bands of limestones, and intermittent beds of workable coals. Indeed,
the lithological alteration has been so great that it is no longer the lower half of the collective
series which is marked by the presence of the limestone strata, but the upper. †
* Text-book of Geology, by Sir Archibald Geikie, second edition, 1885, page 634.
† Intermediate Text-book of Geology, page 252.
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And it is as true to-day as it was in 1875, when the late Mr. T. J. Bewick, discussing a paper by Prof.
Lebour "On the Great and Four-fathom Limestones and their Associated Beds in South
Northumberland,” said that "a comprehensive paper, descriptive of the whole Mountain Limestone
strata, from the Old Red Sandstone to the Millstone Grit, over as great an area as practicable . . .
would be a most valuable addition to the Transactions of this Institute, and more useful to the practical
engineer as well as the capitalist and the student than detached memoirs,”* to which Prof. Lebour very
naturally replied that "he perfectly agreed with Mr. Bewick, and if any one could be got with the amount
of detailed knowledge required, together with the time and money necessary to produce and publish
such a work—it would be, when finished, as Mr. Bewick very truly said, of the very greatest use.”†
Parson Byers Quarries. —On this occasion, however, we are most interested in the local features of
the limestone (here in perhaps its most perfectly developed state) ; and the mode of working the
Parson Byers quarries, producing about 850 tons per day. The actual thickness of the limestone,
which includes a bed of 3 feet at the top, known as "Red Indian" and not worked, being of poor quality,
is 73 feet 2 inches. This is worked in two lifts, which permits the upper portion of 20 feet 10 inches,
containing shale-beds, to be properly cleaned, and gives employment in winter to the men who are
engaged during the summer at the steam-digger ; it also enables the output of limestone to be
maintained when the bad weather and short days stop much work.
The following is a section of the Top Lift or Tumbler Beds, and as it varies in thickness in other
places it may be useful to give it in full:—
Ft In.
Limestone (known as Red Indian) poor and not worked
3 0
Shale
2 3
Limestone
4 10
Shale
1 6
Limestone
2 5
Shale
2 4
Limestone
8 0
Shale
1 0
-------Making the Top Lift of
20 10
Limestone, Main Block
59 5
--------Total height of stone quarried
80 3
---------* Trans. N. E. Inst., 1875, vol. xxv., page 49.
† Ibid., page 52.
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The Main Block consists of 18 beds, for which the quarrymen have seperate names, one of them at
about 20 feet from the bottom is full of encrinites, and is sometimes sold for ornamental puposes and
known as "Frosterly marble.”
The following are average analyses of fairly good limestone:---

Carbonate of lime
Carbonate of magnesia
Silica.
Alumina
Protoxide of iron and alumina
Water
Organic matter and loss

Durham.
Weardale.
96.79
2.30
0.41
0 50

Northumberland.
Scremerston.
94.04
0.72
3.00
0.60
0.69
0.95

The cover or baring is for the most part a clay of the hardest description, with large boulders, in fact
Glacial Drift, giving place as we go back into the hill, to beds of freestone, two of them 4 feet thick each,
1 to 14 feet apart. This heavy cover, including the freestones, is all removed by the steam-navvy or
digger.
Of the Great Ice Age or Glacial Drift period, very interesting traces were shown to the members on
the top of the Main Block of limestone, at the northern end of the chief quarry, the surface being deeply
striated over a considerable area, and showing that the heavy glacier, possibly 2,000 feet in thickness,
had moved down the valley in a south-easterly direction, sweeping off all the upper beds of limestone
and shale. This of itself is a subject of great interest, the study of it in Prof. James Geikie's Great Ice
Age, well repaying the general reader, as well as the mining engineer. Of this glacier-action, he says
that "underneath the great ice-sheet, and perhaps largely incorporated with the lower portions of the
ice, there accumulated a mass of earthy, stony and sandy matter, which, pushed along and ground up,
was the agent whereby the characteristic flowing outlines and smoothed striated surfaces were
produced.”
It is, however, not only in the cover that we have to deal with this ice-formed hard tough boulder-clay
or till, as the vertical "backs" or gullets are filled with it, and it is paid for by wagon-loads when removed
by the quarrymen. The same writer gives the following interesting explanation of this, and speaking of
the great ice-sheets he states that "a hard tenacious tough till, under enormous pressure, was
sometimes actually squeezed tightly into the crevices, cracks, crannies, and sometimes even between
the
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bedding-planes of the rock below.”How few of those who now laboriously extricate this stubborn
material realise that it is the result of the pressure of a deep sheet of ice, which covered both hills and
valleys in the long past ages of this planet.
By the use of the steam-navvy, the limestone has been bared to a depth of 60 feet, even the upper
shales and beds of limestone having been lifted by it in one part. This depth is attained by going over
the ground a second and sometimes a third time, the greatest depth which can be got conveniently at
one time being about 25 feet.
During the summer months of 1900, in the 26 weeks during which the steam-navvy worked, it
removed 47,303 cubic yards, getting an average of 51 yards per hour whilst working, including the time
occupied in moving it forward. The cost, of course, varies with the variation of the wages percentage
on the base rates, but during this period, with the district percentage at 51.25 above the base, the cost
was 5.51d., per cubic yard, including wages of all hands ; and stores, including coals for the steamdigger and one locomotive, with food for the horses, cost 1 penny. This cost was for a whole summer's
work, but in fine weather, with favourable conditions in depth of baring, still better work can be
accomplished. Thus in No. 14 pay of this year, the machine worked 67 hours, getting 4,718 yards, or

70.41 cubic yards per hour, at a cost of 3.54d. per yard, employing 28 men of all kinds, 3 horses, and
one quarry-locomotive : the number of men and horses, of course, depending upon the position of the
tip.
The Steam-digger. —The following information as to details is supplied by Mr. Kirby, the Company's
engineer. The steam-digger was made by Messrs. Ruston and Proctor.
It has a 10 horsepower,
vertical boiler, 8 feet 9 inches high by 4 feet 6 inches in diameter, and works at a pressure of 80
pounds per square inch. The boiler has a heating-surface of 86 ½ square feet, and uses about ½ ton
of coals and 650 gallons of water per day of 8 hours. There are two vertical inverted cylinders, 8
inches in diameter by 12 inches stroke. A pinion of 16 teeth, on the crank-shaft, works into a spurwheel of 67 teeth, on the drum-shaft. The drum is tapered from 17 inches at starting to 11 ½ inches.
The engines are capable of causing a maximum tension of 7 tons on the chain at the start of a cut, to
10.3 tons at the finish. The chain works over
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blocks, purchase 3 to 1 and is capable of exerting a pull of 21 tons at the start, and 31 tons at the finish
of the cut.
The bucket lifts 2 ½ cubic yards for each cut, and weighs about 1 ton ; and allowing for friction, the
average pull on the bucket is probably about 15 tons.
The writer has now given the members a general outline of the salient features of the district, the fine
bed of limestone, and of the quarries, which such of you as have favoured us with your company, can
fill up by personal enquiries as to details in which the writer may have been deficient.
N.B. and P.S. —It is now rather over forty years since the writer read his first paper to the members
on the "Manufacture of Coke in the Newcastle and Durham Districts,”* and as this may possibly be his
last, he would like to take this opportunity of assuring those younger members who are taking our
places, that if they want to understand fully and get a good grasp of any subject, they cannot do it
better than by undertaking to write a paper for the Institute upon it.
--------The President (Mr. J. G. Weeks) moved a vote of thanks to Mr. Steavenson for his paper, which set
out what he had been kind enough to show those members who had recently availed themselves of the
opportunity of visiting the Parsons Byres quarries.
The members could not concur in the postscript
intimating that it might be the writer's last paper.
Mr. Steavenson had contributed so many valuable
papers to the Transactions of the Institute, that the members would receive with very grave concern
any suggestion that his contributions were to be discontinued.
Mr. W. C. Blackett seconded the vote of thanks, which was cordially approved
--------Mr. G. C. GREENWELL'S "Memoir of the late Mr. George Clementson Greenwell"
follows:--*Trans. N. E. Inst., 1860, vol. viii., page 109.
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MEMOIR OF THE LATE GEORGE CLEMENTSON GREENWELL.

was read as

--------------By G. C. GREENWELL.
---------------George Clementson Greenwell was born at Newcastle-upon-Tyne on July 25th, 1821.
He was
educated, first at the Darlington Grammar School, then at the Percy Street Academy at Newcastleupon-Tyne under the Rev. John Collingwood Bruce, and afterwards at the Edinburgh University.
He was then, at the age of 17 years, apprenticed for four years to the late Mr. Thomas Emerson
Forster, the eminent mining-engineer. On the expiration of his apprenticeship, he was employed by Mr.
Forster for a short time at Haswell colliery in the county of Durham, till early in 1843. During the
following two years he was engaged in visiting various collieries, making surveys and generally
continuing his mining education.
In January 1845, at the age of nearly 24 years, Mr. Greenwell was appointed resident viewer in
charge of the Black Boy and West Auckland collieries in the county of Durham under Mr. Forster.
There he remained till 1848, when he was appointed viewer at the Marley Hill collieries in the county of
Durham, belonging to Messrs. John Bowes & Partners. He continued in charge of these collieries until
1853, when he was placed in sole charge of the Radstock collieries in the county of Somerset,
belonging to the Countess of Waldegrave. He remained at Radstock till 1863, when he removed to
Poynton in the county of Chester, where he acted as agent and manager of Lord Vernon's Poynton and
Worth collieries until the end of 1876.
After this date, Mr. Greenwell practised as a consulting mining-engineer, residing first at Tynemouth
in the county of Northumberland ; and afterwards, up to the date of his death on November 6th, 1900,
at Elm Tree Lodge, Driffield, near Derby.
In 1849, when he was 28 years of age, Mr. Greenwell compiled and published A Glossary of Terms
used in the Coal-trade of Northumberland and Durham ; and in the same year, at the request of the
Governors of the Newcastle College of Practical Science, he gave a series of lectures on mining, which
formed the nucleus of
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a book, published in 1850, entitled A Practical Treatise on Mine-engineering.
This book, of which a
second edition was published in 1869, recognized, as a standard work on mining.
Mr. Greenwell was one of the first members---in fact he was one of the founders of The North of
England Institute of Mining Engineers in 1852. The first volume of the Transactions commenced with
an account of a meeting of colliery-owners, viewers and others interested in the coal-trade, held in the
Coal-trade Offices, Newcastle-upon-Tyne, on Saturday, July 3rd, 1852, for the purpose of forming a
society to meet at fixed periods and discuss the means for the ventilation of coal-mines, for the
prevention of accidents, and for general purposes connected with the winning and working of collieries.
In the list, of the gentlemen attending that meeting Mr. Greenwell's name appears. A committee was
appointed, of which Mr. Greenwell was elected a member, to draw up rules for the regulation of the
society, which it was decided to form, and the report of this committee, dated July 24th, 1852, was
adopted and printed in the Transactions. Mr. Greenwell was, at a meeting held on August 21st in the
same year, elected a member of the first council of the Institute.
He read his first paper on "The Inflammability of Light Carburetted Hydrogen Gas"* on June 3rd,
1853, and from then up to the day of his death he always took the greatest interest in the welfare of the
Institute.
During his long connection with the Institute he contributed a considerable number of valuable
papers to the Transactions,†

* Trans. N. E. Inst., vol. i., page 256.
† His contributions to the Transactions comprize:--“The Inflammability of Light Carburetted Hydrogen Gas,” vol. i., page 256.
"Observations on the Greater Facility of Ventilating Dip than Rise Workings.” vol. ii., page 31.
"Notes on the Coal-field of East Somerset,” vol. ii., page 251.
"The Working of Thin Seams of Coal, with Observations on Longwall and Bord-and-pillar Work,”
vol. iv., page 193.
"Remarks on Ventilation,” vol. vii., page 105.
"The Somerset Section of the Bristol Coal-field, vol. x., page 105.
"The Rating of Coal-mines,” vol. xiv., page 93.
"Tail-ropes,”in conjunction with Mr. C. Berkley, vol. xv., page 81.
"Remarks on Mr. Hedley's paper "On the Valuation of Mines for the Purpose of Local Taxation.
'" vol. xxiii., page 145.
Memoir of the late Mr. T. E. Forster,” vol. xxv., page 5.
"Remarks on Anthracite,” vol. xxvi., page 39.
"Presidential Address,” vol. xxviii., page 197.
"Remarks on leaving Presidential Chair.” vol. xxx., page 269.
"The Duration of the Coal of Great Britain and Ireland,” vol. xxxii., page 135.
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and he would undoubtedly have taken a much more active part in the proceedings than he did, if he
had remained in the north of England. As previously stated, he resided in Somerset and Cheshire
from 1853 till 1877.
Mr. Greenwell was elected a Vice-President of the Institute in 1875 ; and was President in 1879,
1880 and 1881. He was elected an honorary member of the North of England Institute of Mining and
Mechanical Engineers and of The Institution of Mining Engineers in 1899.
He was a fellow of the
Geological Society of London, and a member of the Manchester Geological Society, of which latter he
was three times President. He was elected a member of The Institution of Civil Engineers in 1870.
Mr. Greenwell held a very high position as a mining-engineer and was consulted in his professional
capacity in all parts of the kingdom. His wellknown probity and his uprightness in all his dealings
rendered his advice in colliery-matters most valuable to all who employed him ; and, although in his
later years it was his wish to retire entirely from practice, he was persuaded to retain many of his
principal appointments till the very day of his death.
He died at a ripe old age, with his mental faculties quite unimpaired, and regretted by all with whom
he had been brought into contact.
------Mr. A. L. Steavenson said that, as one of the oldest members of the Institute, he might be allowed to
propose a vote of thanks to the son of the late Mr. Greenwell for having prepared so interesting a
memoir. He remembered Mr. Greenwell so long ago as 1855 or 1856, and that gentleman, at all times,
set the members an example by the way in which he took an active interest in the affairs of the
Institute.
Mr. T. E. Forster said that Mr. Greenwell's family and his own had been so very long connected that
it afforded him pleasure to second the vote of thanks.
The vote of thanks was unanimously adopted.

------Prof. H. Louis read the following "Note on a Mineral Vein in Wearmouth Colliery":—
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NOTE ON A MINERAL VEIN IN WEARMOUTH COLLIERY.
-------By Prof. HENRY LOUIS, M. A.
-------A small mineral vein was met with in driving a place in the north-western district in the Maudlin coalseam of the Wearmouth colliery. The roof, here, consists of shale with a few narrow bands of finegrained sandstone, and this is traversed by an irregular branching veinlet running about north and
south and with a very changeable dip, averaging about 60 degrees to the eastward.
At the southern
side of the place, the vein appears merely as a thin stringer, about ½ inch wide, filled with calcspar ; it
then widens in the roof to some 4 or 5 inches filled with massive galena, a little calcspar and some ironpyrites. The galena, as is mostly the case in the Coal-measures, is practically non-argentiferous. An
assay of a portion of this vein made by Mr. Gullachsen in the laboratory of the Durham College of
Science gave : lead, 53.5 per cent. ; and silver, 17 pennyweight 5 grains per ton of ore. Towards the
northern side of the place, the vein splits into two, still carrying some lead, but apparently on the point
of breaking up altogether ; the filling here is chiefly calcspar. The vein is unaccompanied by faulting ;
its walls shew however a certain amount of slickenside, the direction of motion being practically
horizontal. *
The fissure continues down to the coal-seam, but does not extend in the least into the coal,
terminating sharply at the upper margin of the seam.The coal immediately beneath the fissure is
broken up and shattered for a width of several feet on either side of the line of the fissure ; it is dirty,
dull, and crumbles readily, showing heavy backs of calcspar. A sample of this coal was obtained
through the kindness of Mr. M. W. Parrington, and was examined by Mr. H. Stanley, A.R.S.M.,
demonstrator in metalurgy at the Durham College of Science. The coal from the
* The position of the vein is approximately, north latitude 54 degrees 55 minutes 30 seconds, and west
longitude 1 degree 24 minutes 5 seconds.
[36]
Maudlin seam contains as a rule about 3 or 4 per cent. of ash, but from this sample no less than 29.6
per cent. of inorganic mineral matter could be separated by simple panning. The analysis of this
mineral matter was as follows:—
Silica and insoluble matter
Iron, Fe
Lime, CaO
Magnesia, MgO
Baryta, BaO
Sulphur, S
Zinc, Zn
Lead, Pb
Carbonic acid, CO2

3.81
15.78
26.25
5.79
nil
4.66
2.03
nil
36.77
--------

95. 09
---------This probably corresponds to the following composition:—
Silica and insoluble matter
Iron-pyrites
Ferrous carbonate
Calcic carbonate
Magnesic carbonate
Zincic carbonate

3.81
8.75
24.22
46.88
12.16
3 91
------99.73
--------

It is probable that these various carbonates occur merely as a mixture of the individual minerals, and
that such complex minerals as ankerite, etc., are absent.
The absence of lead is especially
noteworthy.
The appearance of the fissure leads to the inference that it is neither very extensive nor does it
continue down in depth very far ; it is not certain whether there are any indications of it below the coalseam.
Any explanation of the mode of formation of this vein must necessarily be imperfect. It is
practically certain that the mineralizing solutions did not ascend, as in that case it is inconceivable that
the galena should not have been deposited in the coal-seam.
On the other hand, no lead-bearing
horizons are known above this point.
It seems therefore probable that the mineralizing solutions
seeped into this fissure from the surrounding strata, and it may be surmised that, if this be the case,
the small fissure in question is probably connected in some way with either a larger and more extensive
system of fissures or else more probably
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with some dyke of igneous rock. The Coaly-hill whin-dyke occurs about 1 ½ miles to the north of the
lead veinlet ; but whether this dyke is in any direct relation, genetic or otherwise, to the veinlet, is at
present, purely a matter of speculation.
-----------Mr. A. L. Steavenson asked Prof. Louis whether there was any connection between the mineral vein
and the Coaly-hill basaltic dyke.
It was possible that dislocations had been formed by basaltic dyke,
and that the lead had been deposited in the fissures.
Mr. M. W. Parrington stated that the vein was 1 1/2 miles distant from the Brockley Whins basalticdyke, but within the last few days they had found indications of a nearer basaltic dyke, in fact, they had
met with some cinder-coal, at a small "trouble" about 1/2 mile north of this vein.
The President moved a vote of thanks to Prof. Louis for his interesting paper.
Mr. C. C. Leach seconded the resolution, which was cordially approved.
-----------Mr. John Colley's paper on "Mechanical Undercutting in Cape Colony" was read as follows:---
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MECHANICAL UNDERCUTTING IN CAPE COLONY.
--------------By JOHN COLLEY.
--------------At the Indwe mines, in the division of Wodehouse, Cape Colony, the management decided to adopt
the use of mechanical coal-cutters for the following reasons:—(1) Scarcity of labour. There is only a
limited supply of trained natives available for this work : the raw Kaffir does very badly : and white
labour is too scarce and costly to use for this work. (2) The high cost. The cost of native undercutting
is fully 50 per cent. more than similar work costs in Great Britain. (3) Inefficient hand-labour. When it
is stated that a native will not undercut more than 2.5 feet, in a seam 6 feet thick, consisting of alternate
bands of soft coal and hard shale which has all to be brought down by blasting, it will readily be seen
that a large percentage of valueless small coal is unavoidable. And (4) it was desirable to reduce the
amount of explosives used ; the cost of which varied from 6d. to 8d. per ton of coal mined.
The natural conditions would, at first sight, seem to be very favourable. The seam has a sound,
hard, rock roof, and a fairly level floor, and the undercutting is very tough, but free from pyrites or
ironstone.
The bottom portion of the seam, where the undercutting is done, is a mixture of thin
irregular bands, each about 1 inch thick, of coal and shale. When this is cut by hand, the coal-bands
are selected for pricking in a few inches under, after which the upper portion of the cut is brought down
in lumps.
The inability of the machine to make this selection probably accounts for the power taken
being more than was at first anticipated.
It was decided to start a small trial-plant, and electricity was chosen as the motive power.
The
deciding factors were:—Low first cost : absence of fire-damp ; utility of electricity for lighting ; and a
strong general opinion held by the management that electricity was preferable to any other means of
power-transmission.
The plant consisted of a disc-wheel cutter of British make, to
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undercut 3 ½ feet ; and a multipolar, compound-wound continuous-current dynamo, of 23 horsepower. The engine has single horizontal cylinder, 12 inches in diameter by 24 inches stroke, with
positively-driven Corliss valves, intended eventually to work three or four cutters, when driven at 100
revolutions by steam of 100 pounds pressure.
After much trouble (occasioned in nearly every case by inattention to detail on the part of the makers
of the electrical part of the plant) the work was got fairly under way. Amongst the difficulties
encountered was the burning-out of two of the field-coils ; after which it was decided to rewind all four ;
and they have since given very little trouble. The motor-armature of the cutter also was wrecked after
the first few hours' work ; and it was only after a serious loss of time and money that the cause was
discovered.
The field-coils were so badly fastened on the field-magnets that when the machine was
cutting they shook down on to the armature, with, of course, disastrous results.
This was found out
after the management had, as a last resource bound the second armature, which had also been
damaged from the same cause, with thin tar-band, whereupon tar was found sticking to the field-coils.
These coils were clear of the armature when the machine was standing, and the completely enclosed
motor prevented their changed position from being noticed while cutting was being done.
It may be
of interest, to show what can be done in an emergency, to state that the tar-band wound armature did
good work, while the ruined one was being repaired and returned from Great Britain.

Four working-faces were opened, each 360 feet long. Pillars, 36 feet thick, were left on each side
of the main level, and faces started away to the right and left hand. After making thirty 3 feet-cuts in
each face there were decided signs of the roof giving way.
The roof is of hard sandstone rock, and
there is no gradual bend ; it falls very suddenly, and with irresistible force over the whole worked out
area. It was considered too risky to cut further than this distance from the pillars, and as it was slow
and expensive work opening out these long faces, the management decided to try a chain-cutter. One
was procured from the United States to undercut to a depth of 6 feet, with a cut 44 inches wide. With
this machine it is quite possible to work on the pillar-and-stall system.
Double stalls were started, 60
feet wide, with a 30 feet rib between each stall.
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There are arguments for and against the use of each type of cutter ; and a careful record of their
performance has enabled a comparison to be made, which, of course, is only applicable to the
conditions obtaining at these mines. As a result, it has been decided to adopt exclusively the chain-type
of cutter.
The following conclusions are arrived at after 9 months' work with the disc-cutter, and 3 months with
the chain-machine.
The chain-machine requires least power.
It cuts 18 square feet in 5 minutes with 30 amperes at
400 volts. The disc-machine cuts 7 ½ feet 3 feet under with 45 amperes, at the same voltage and in
the same time. This shows a saving of 20 per cent. in favour of the chain-machine. The better class
of gearing, and the better arrangement of the cutter-bits in the chain-machine, and the power needed to
overcome the friction due to the side-thrust of the disc-machine, probably account for this difference.
The actual cutting-capacity of the two machines is about the same. Moving the machine about from
one place to another takes about the same time in each case : as, though the chain-machine has to be
moved five times to the disc-machine once, it only takes one-fifth of the time to move it.
Special
means have to be taken in each case to maintain the machine at its work. The disc-machine bent 20
pounds steel rails out of shape, and was constantly breaking the rear guide-wheel. The present
design of rails used is possibly original, and though somewhat clumsy, is very effective.
Two 20
pounds rails are bolted permanently to steel-sleepers, and form the track on which the machine runs.
A third and outer 46 ½ pounds rail, also bolted to the sleeper, acts both as a check-rail and stiffener,
the thrust of the machine being against this rail. As the 46 ½ pounds rail stands 1 ½ inches higher
than the 20 pounds rail on which the machine runs the machine cannot jump the track. A screwed-pipe
on the end-sleeper of each pair of rails is quite sufficient, both to hold the rails in place and to
overcome the former tendency of the rails to bend.
These rails would not be suitable for use where
there is not sufficient room to pass the machine, but they are quite as quickly fixed as the rails supplied
with the machine.They are fastened at the joints by means of ordinary fish-plates on the two 20 pounds
rails.
The chain-machine also gave considerable trouble to keep it to its cut. The effect of this machine
not being jacked firmly
[41]
down is to cause the machine not only to cut straight in, but to pull the chain towards the solid side of
the cut, when the picks on the side of the chain begin to do work, as well as those in front. This
requires more power than the motor will deliver, hence the machine draws up and the fuse goes. Two

screw-jacks, one in front and one behind, are used to fasten the machine down ; but it required two
additional jacks to keep the machine firmly in place. There was too much strain on the whole of the
machine, however, so a new set of worm-gear was designed to feed at two-thirds of the rate of the
original gear. Consequently, it took 5 minutes to make the cut instead of 3 ½ minutes as formerly ;
but 5 minutes less time was taken in moving the machine across and securing it ready to make another
cut. Since this alteration, the machine runs very smoothly, and with less than half the noise made by
the disc-machine.
The cutting is made in the softest part of the seam (a series of thin bands of coal and shale 5 inches
thick), and 5 inches from the floor. With the disc-machine, any unevenness of the floor, or if the rails
are not laid properly as regards their height from the floor, causes the disc to climb so as to pass up or
down into this soft place. This movement puts a severe strain on the machine, which has to be at once
stopped, so as to return the disc into the proper plane for cutting ; this wastes a great deal of time. The
chain-machine shows no tendency to climb. Cuts have been made both immediately under and over
this soft band with no worse results than to require about 30 per cent. more power.
The cutting-parts of both machines are difficult to keep properly oiled. The disc-machine requires
grease to be placed in its centre-bearing every 120 feet cut.
A small hole is blasted out of the solid
coal at the place where the oiling has to be done (before the machine gets to the place) so that there is
only the centre cover plate to take off and put on again ; still it is so awkward to get at that fully 15
minutes is required. The groove between the disc-carrying-plate and its brass segment (into which the
wedge-shaped annular inner rim of the cutter-wheel is guided) cannot be kept oiled, as coal-dust is
taken into the groove by the oiled portion of the cutter-wheel, and very quickly closes all the oil-holes.
And on the other machine, the chain never really gets oil at the link-joints, as it would take several
minutes to get even the thinnest oil to run in. Oil is applied immediately the chain is withdrawn
[42]
from the cut, so that there may be a little time (during the moving) to allow it to run into the joints ; but
so soon as the chain begins to cut again, the coal-dust at once dries up every vestige of oil. The
rubbing surface between the chain and the chain-guide is more easily kept oiled, as dust has little
access. The average life of a chain at the Indwe mines is about 60,000 square feet of cutting. In soft
cutting it may be much more.
The chain-machine requires moving and jacking fast for each cut it makes ; but this, it is found, takes
no more time per square foot cut than laying the rails for the disc-machine. A deep undercutting disc
might have some advantage over the chain type in this respect, but this would depend on whether the
difficulty of keeping a disc-machine to its work is in proportion to the distance undercut.
The cutter-bits for the chain-machine are much more simple than those supplied with the discmachine ; being formed of straight bits of steel, ¾ inch by ½ inch in section.
They cost about 3d.
each, while the disc-wheel bits costs 3s. each. As the bits of both machines are constantly being lost
or broken, the cost is an important matter.
The great drawback with the chain-machine is that it requires 11 or 12 feet clear space from the coalface to the pack-wall. At the Indwe mines, however, it is quite possible to so work the seam that these
conditions are easily maintained.
The electric part of the plant is working very efficiently.
There can be no question that in the
absence of explosive gas, electricity is the best and most handy form of power for driving coal-cutting
machines. A very small proportion of the machineman's time is taken in manipulating the connection
from the main to the cutter.

The disc-cutter motor is series-wound, while the chain-machine has a shunt-wound motor. With the
former, the number of amperes used remain remarkably steady, whereas with the latter the needle is
constantly swinging, more or less, from zero to 40 or 50 amperes.
An arrangement had to be devised for working two coalcutters with a dynamo only strong enough to
drive one at once.
Two-way switches are used ; when not connecting the dynamo with the mains,
they replace the ordinary dynamo circuit with a bell-circuit, and any attempt on the part of the cuttermen to start
[43]
their machine rings a bell in the dynamo-room, through the mains.
The dynamo-attendant then puts
the switches to "dynamo" and starts his engine so as to supply current to the coal-cutter. The disc
machine-man when he wants current, rings once, and the chain machine-man, when he wants current,
rings twice. When the dynamo-attendant attains his voltage, he shuts off the current once if the current
is for the disc-machine ; and twice if the current is for the chain-machine. Incandescent lamps, 220
volts, and two in series, are fixed at each coal-cutter ; and these being switched on and off as above
give the signals, so that the cutter-men know which is to receive the current, if both should ring
together. In practice this rarely happens, as neither machine is actually working up to half its time.
Each attendant knows, if his lights are burning, that the other machine is working and that he has to
wait till the lights go out ; which shows that the other cutter has stopped.
He occupies such time in
oiling his machine, changing the picks, laying road, or doing one of the many jobs that are always
required at coal-cutting machines.When the lights are switched off, he rings for current (which he
knows is available) ; it is switched on, and his signal answered, and so on.
This arrangement may seem complicated, but in practice it is very simple ; and the cutter-men
usually have each a pretty good idea of what the other is doing.
There is also some competition
between them as to who shall be first ready for current. The worst that can happen is that both
machines may, through carelessness, start together ; but this at once causes a magnetic blowout to
break the circuit, and both machines will stop dead. In this case, it is the rule that the chain-machine
shall have preference as it makes the shortest runs. This sudden throwing-off of an overload is, of
course, bad for the generator, but coal is badly wanted in South Africa just now.Another generator has
been ordered, strong enough to drive three coal-cutters simultaneously ; and an adddltional chainmachine.
As an example of the difficulties of working in the colonies it may be mentioned that spare chains,
etc., which were required for the chain machine, went down with the ill-fated s. s. "Tantallon Castle,”
and the machine will probably have to stand for two or three months pending the arrival of a new set of
chains
----------------[44]
The President (Mr. J. G. Weeks) said that the members were very much indebted to Mr. Colley for his
interesting paper, which described some of the difficulties attending the introduction of coal-cutting
machinery into colonial coal-mines. He had pleasure in proposing a vote of thanks to the author for
his paper.
Mr. C. C. Leach (Seghill) seconded the resolution, which was cordially approved.

------------------Mr. William S. Welton's paper on "Auriferous Gravels and Hydraulic Mining" was read as follows:—
[45]
AURIFEROUS GRAVELS AND HYDRAULIC MINING.
----------------------By WILLIAM S. WELTON.
----------------------Gravels. ---There is nothing in the appearance of auriferous gravels to suggest that they have been
formed or deposited in a different manner from other gravels, and if opinions vary as to their origin it
may be that the auriferous gravels of more recent deposition have been classified with the gravels of
more ancient deposition, namely:—"deep leads" and deposits which have been preserved by caps of
lava, from the breaking up and erosion of which, in the course of ages, in all probability, the more
modern deposits have been formed.
The theory that the presence of gold in gravels indicates the near proximity of the quartz-lodes from
which the gold was derived, does not appear now to be strongly held, and the circumstance that the
quartz-pebbles in gravels do not contain gold does not in any way favour this assumption. Then, it is
suggested that if the gold had been present with the quartz during the trituration which left it in the form
of rounded boulders and pebbles as we now find it, taking into account its inferior hardness, no
palpable gold-dust would have remained.
It has been suggested, and this opinion appears to be held by not a few, that the gold reached the
gravels as an auriferous solution from certain rocks, and was afterwards reduced to a metallic state by
the ferruginous compounds and organic remains associated with the gravels. On this assumption, we
may account for the gold occurring in smaller grains in the fine gravels and in larger grains, according
to the coarseness and relative size of the interstices in the gravels.
The rough surface of the grains
may also be accounted for, and the observed tendency of the grains to collect, or adhere to the surface
of the larger boulders on all sides, may have arisen from a larger percolation of the gold-solution about
such surfaces than would have taken place through the fine sand which cements the boulders together.
We may also account for the finding of gold-dust in the form of leaves of plants
[46]
in beds of steatite, and the penetration of grains of gold, for several feet in depth, into the bed-rock
underlying gravel-deposits.
"Cemented" gravel, although extremely hard, will disintegrate in water, and its hardness is evidently
due to compression. It is generally much richer in gold than other gravels, and the author has noted
gravel of this nature containing as much as 340 ounces of gold per ton, in grains of moderate size, of
the form of flat scale.
[Photograph: Fig. 1. —View, looking upward, of the Lower Cut of an Hydraulic-mine.
See library for image of photograph.]
The Extraction of Gold from Gravels. —The hydraulic method has been found to be the most
economical one for working gravel deposits, when these are of considerable depth and are located
sufficiently above the level of a valley to admit of a good discharge for the tailings.
A large supply of
water, say not less than 500 Californian miners' inches, with a head or fall of not less than 200 feet, is

required ; but with an increased water-supply and greater fall the advantages of the hydraulic system
are more notable.
It is found that 1,000 inches of water, applied to the working of one face, will do
about as much work as 1,500 inches of water divided over several faces.
[47]
The most economical deposit for working is one having a depth of from 150 to 200 feet. Beyond
this depth, it becomes necessary to work the deposit in two benches, and when the bank is low the
cost of working is greatly increased by the necessity of frequently advancing the sluice, pipe-lines, etc.,
to reach fresh ground ; this not only causing increased expense but the loss of much time in piping if
there are no other faces to work on.
It is advantageous to carry the working-face the full width of the channel if possible, rather than to
return and take a second cut, in order that there may be a considerable space of
[Photograph: Fig. 2. ---View, Looking upward, but higher up, of the same hydraulic-mine.
See library for image of photograph.]
cleaned up bed-rock behind the hydraulic monitor, for the deposit of large bouders, pipe-clay, roots of
trees, etc., and thus obviate the necessity of having to handle these a second time. With a wide face
the cost of advancing the sluice, etc., is less in proportion to amount of gravel washed.
The hydraulic jet may be compared to a pick or cutting-tool for paring away the gravel-bank ; and a
certain amount of skill is required in the pipe-man to make the best use of it, some men piping down
and washing twice as much dirt as others working
[48]
with the same monitor. The main objects to have in view are to keep the sluice continually running with
the full amount of dirt that it will carry, and at the same time to combine the fine dirt with the boulders ;
as the stream will then run off boulders which would not move with clear water, and the continued
running of gravel is considered to prevent loss of gold in the sluice.
To those accustomed to dressing operations in the concentration of minerals and the necessity of
sizing the particles of ore to obtain the best results, it will appear at first sight impossible that small
grains of gold should remain in a sluice through which so large a supply of water is running with a
velocity powerful enough to carry down boulders as much as 15 pounds in weight. It is nevertheless
true that under the above conditions a sluice blocked with wooden blocks will catch a large proportion
of the finest grains of gold, and the author is only able to account for this in the following manner:—
The boulders in rolling down the sluice keep this in a constant tremor by striking the blocks as they
rapidly turn over ; this apparently produces an effect in the sluice similar to that of the hammers on a
"packing-kieve,” and the belief of hydraulic miners that when the sluice runs clear water, or no
boulders, a loss takes place by the water "boiling" the gold out of the riffles, appears to confirm, the
above theory.
With respect to the smallness of the grains of gold recovered in a sluice, it may be mentioned that
even after a second straining of the quicksilver through double unbleached calico, a sediment of
amalgam will yet be found in the quicksilver-tanks after these have been stored for a few weeks.
Sluices. —With regard to the sluice, a grade of 6 inches in 12 feet is the most usual, but if the watersupply is very large this may be reduced. The rule appears to be that the grade must not be so small
as to allow of the riffles being rapidly filled up with black sand, as the gold will then float over them.

The author has obtained a better result from cleaning up the head of the sluice every four weeks,
than by running for a longer period ; and he attributes the relatively inferior results from long runs to the
riffles filling with heavy sand, in consequence of which a portion of the gold is carried down to the lower
portion of the sluice and undercurrents.
[49]
The best extraction of gold will depend upon the condition of the sluice and the manner of blocking it.
The sluice may either be paved with square blocks, or with the slightly flat quartz-boulders found in the
gravel. Blocks are obtained by cross-cutting logs of wood, and may be of any size square, and from 8
to 12 inches long. They are placed on end in the sluice in parallel rows, set apart from 1 to 1 ½
inches by means of strips of wood 2 by 1 ½ inches square, placed upon the bottom of the sluice with
their ends secured under the sluice-lining, which is kept 1 ½ inches above the bottom for this purpose.
The cross-channels
[Photograph: Fig. 3. ---View, looking downward, of the Upper Workings of the same Hydraulic-mine.
See library for image of photograph.]
thus formed are termed "riffles.” In rock-pavement, the interstices between the rocks form the riffles,
and the rocks are placed on end, and inclined about 70 degrees up stream ; they are then wedged by
driving small pebbles into any vacant spaces. A trial of the relative advantages of rocks and blocks,
and the distribution of gold in the sluices, was made by the author at the Colombian Hydraulic
Company's mines, the sluice being paved alternately with rocks and blocks, and the gold-amalgam
collected from each section separately on cleaning up the entire length of
[50]
the sluices. There were no undercurrents, as these require a fall of about 8 feet each, and there was
no grade to spare. The sluice generally had a grade of 6 inches to 12 feet. The following are the
results which were obtained:—
Distance from Head of Sluice.
Feet.

216 Rocked, grade 6 inches
163 Blocked „
502 Cut in rock, without sluice, but cleaned down
436 Rocked, grade 6 inches
310 Blocked ,,
1,135 Rocked, grade 9 inches
579 Blocked, ,,
Totals

Amalgam obtained
Ounces.

Equal to per 10 feet of
Sluice. Ounces.

137
300
—
120
305
23
20.5
---------3,341

6.342
18.405
--2.752
9.838
0.202
0.354
---------905.5

A considerable quantity of free gold, some of which was rusty, was found in the upper portion of the
sluice ; less in the blocked portion below ; then a much larger proportion (probably one-third of the
gold) below this ; and in the last 1,714 feet nearly all the gold was free, and in thin scales as if much
worn.

The result of the experiment was conclusively in favour of blocking the sluice. The relative value for
catching gold being:—Blocks, 75.4 per cent ; and according to Mr. Bowie 79 per cent. ;*and rocks,
24.6 per cent. ; and according to Mr. Bowie, 21 per cent.
Rocks, however, may be used in a sluice for carrying off tailings, and may prove very economical for
this purpose, as they last for a long time. A rocked sluice should have 50 per cent. more grade than a
blocked one, if required to carry the same quantity of dirt.
Undercurrents. —The undercurrents receive the gravel minus the boulders which have been
separated from the dirt by the "grizzly.” It might appear well to give these less grade than the sluices, to
allow the light gold to settle ; this is not the practice, however, and undercurrents have double the
grade of the sluice, but taking into account their extra width and relatively diminished force of water,
they may be considered to be working under similar conditions to the sluices. Only the heavier sands
remain on the undercurrents, and these would quickly fill up the
* Practical Treatise on Hydraulic Mining, by Mr. Bowie.
[51
riffles, and allow the gold to flow over them if the grade were less than it is. Fortunately the heavy
sands are in the form of small cubes, which roll much faster than the gold, which is in thin scales, and
this appears to allow of the concentration of the gold in the riffles with small loss. Then the riffles being
shallow, the quicksilver remains more on the surface and in contact with the gold than in the deep riffle,
of the sluices.
[Photograph: Fig.
photograph.]

4. —Clearing a Sluice, preparatory to Cleaning-Up. See library for image of

From the small proportion of gold found amalgamated in sluices, it may be inferred that the riffles are
mainly instrumental in collecting it.
It is difficult to prevent the quicksilver from settling down to the
bottom of the riffles and a trial was made of inserting shallow troughs of quicksilver into the rifflespaces; these collected most of the gold in a short distance from the head, but the wear-and-tear of
the troughs was so great that they had to be abandoned.
Loss of Gold in Hydraulic Operations. —In gravel-deposits the gold is invariably accompanied by a
large quantity of black magnetic iron-sands.
Pebbles of ironstone are also found, called by South
American miners madre de oro, because their presence is said to indicate increased richness of the
gravels.
[52]
The greatest difficulty in panning out gold-dust is to get rid of the black sand without loss of the
smaller particles of gold ; and the last cleaning of the dust is generally carried out with the assistance of
a magnet, or the dry blowing-out of the last remains of this sand. In a sluice, the separation of the
black sand appears to be more easy than in the pan, owing to the boiling movement of the water in the
riffles.
The reason why rocks do not catch the gold as well as blocks is that they do not form a
continuous bar across the sluices, and the gold, in consequence, escapes through the depressions
between the points of the boulders.

[Photograph : Fig. 5. —Removing Blocks out of a Sluice, and Cleaning-Up. See library for image of
photograph.]
It is noted that amalgamated gold is much less easy to retain, or collect, in a pan than gold-dust, and
this is possibly due to the tendency of dry amalgam to form into rounder grains. At most hydraulicmines which have been working for any length of time, people will collect about the tailings-outlet and
make wages by cleaning the bed-rock and gullies formed in the tailings by floods ; and it is notable that
the gold so obtained is invariably a dry amalgam, and not free gold.Dry amalgam will be found in the
sands of rivers many miles below the outlet of
[53]
a hydraulic-mine. This gold must have been retained for some period in the riffles of the sluices to be
so amalgamated and then, in all probability, it escaped through the filling-up of the riffles with black
sand, as has been previously suggested.
Beyond this, the author has been unable to find any
evidence of the loss of gold in the extraction as practised at hydraulic-mines.
[Photograph : Fig.
photograph.]

6. —Removing Blocks out of a Sluice, lower down. See library for image of

The proportion of gold recovered in the upper portion of a sluice to the total gold recovered will
depend on, and vary with, the size of the grains of gold. According to Mr. Bowie, at some Californian
mines, 80 per cent. of the total yield was recovered in the first 200 feet of blocked sluice.At the
Colombian Hydraulic Company's mine, the gold was in very small grains, hence it travelled a greater
distance.
The author has found that at most mines with 500 feet of blocked sluice and two
undercurrents all the gold that it will pay to collect may be recovered.
The undercurrents with this
length of sluice give from 10 to 15 per cent. of total.
Mr. Bowie mentions a run at Gardners Point of 100 days, with a clean up of £12,800 (64,000 dollars)
namely:---The first 150 feet of sluice produced £10,800 (54,000 dollars) or 85.72 per
[54]
cent. of the total ; then 640 feet of sluice produced £1,200 (6,000 dollars) or 9.53 per cent. ; and finally
three undercurrents produced (2.37 per cent. from No. 1, 1.58 per cent. from No. 2, and 0.79 per
cent. from No. 3) 4.75 per cent.
Again, at the North Bloomfield mine, 2,919,000 cubic yards of gravel gave the following results:—
From the sump, 0.80 per cent. ; 1,800 feet of sluice, 92 per cent. ; the tunnel below the sluice, 3.75
per cent. ; 300 feet of tail-sluice, 0.95 per cent. ; and the undercurrents, 2.50 per cent.
Taking the above examples and the run at the Colombian Hydraulic Company's mines, it will be
noted that only a very small percentage of the gross yield in gold reached the tail-sluices, and from this
it may be inferred that the loss of gold was small unless the gravels contained a large portion of floatgold, a point very difficult to determine as pan-tests have not led to its discovery in any quantity.
The following test made by Mr. F. S. MacArthur at Glasgow upon a small sample of auriferous
gravel, may, however, throw some light upon this subject, no water having been allowed to flow away.
The sample dissolved in water and agitated with quicksilver, yielded 90.963 per cent. of the total goldcontents ; it was then dried and treated with cyanide solution, yielding 0.593 per cent. ; it was then
ground and re-amalgamated with quicksilver, yielding 7.413 per cent. ; and finally it was dried and
again treated with cyanide solution, yielding 1.031 per cent. The residues were then assayed for gold,

and were reported to have given a trace of gold.
The total gold obtained by amalgamation was
98.376 per cent., and by cyaniding, 1.624 per cent.
Again referring to Gardners Point, Mr. Bowie reported that 448,000 cubic yards of dirt were run off,
yielding £28,000 (140,000 dollars), and the tailings were caught and confined in a ravine below the
claim. The length of sluice at the mine was 1,378 feet with three undercurrents ; and, in 1876, the
ravine, supposed by many to be exceedingly rich, was cleaned up and the gross yield was £233 (1,168
dollars) or not 1 per cent. of the total receipts from the washings.
Prospecting deep Gravel-deposits. —Probably no gravel-deposit has had so much spent upon it in
prospecting as the property of the North Bloomfield Gravel-mining Company, California, U. S. A.
[55]
According to Mr. Bowie, £12,791 (63,956. 20 dollars) was expended in these operations. Four shafts
were sunk.
No. 1 shaft struck bed-rock at a depth of 207 feet, and drifts were driven from bottom of
this shaft, a distance of 1,200 feet, on the course of the channel, and the width was estimated at 500
feet. The aggregate lengh of the channel-explorations was over 2,000 feet. The samples of the
various drifts indicated a value of 8s. 4.5d. (2.01 dollars) per cubic yard.
The actual yield of 21,644
tons of gravel extracted from these drifts was about 11s. 5. 5d. (2.75 dollars) per
[Photograph :Fig. 7. —Removing Blocks out of a Sluice, lower down, and Mules bringing-in New
Blocks. See library for image of photograph.]
cubic yard, but it must be noted that this was bed-rock gravel. The average yield per cubic yard of the
entire gravel appears to been as follows:—1894-1895, 1 995d. (3.99 cents) ; 1895-1896, 3.30d.
(6.60 cents) ; 1896-1897, 6.34d. (12.68 cents) ; and 30,000,000 cubic yards of gravel washed gave an
average yield of 4.35d. (8.7 cents) per cubic yard.
From Table 1., recording the results of tests made during the sinking of No. 1 or Malakoff shaft of
the North Bloomfield Gravel-mining Company, a rough indication of the varying richness of the gravels
met with is obtained, and some idea may be
[56]
Table I. —Section of the Malakoff Shaft of the North Bloomfield Gravel-mining Company,
California, U. S. A.
[Table omitted]
Table II. —Section of an Auriferous Gravel-deposit in the United States of Columbia.

[Table omitted]
The total depth comprizes 97 feet of unproductive strata, and 192 feet of productive gravel.
[57]

formed of the difficulty of obtaining a correct estimate of the average richness of the entire deposit. It
will be seen that the upper 195 feet of gravel containing very little gold compared with the last 12 feet.
Consequently the yield of the gravel from the drifts could not be considered a test of the value of the
whole deposit and, taking into consideration the circumstance of the very unequal distribution of the
gold together with the fact for some considerable period the runs would have a much larger proportion
ot the top-dirt to bed-rock cleaned than a perpendicular section would give, the results do not appear to
indicate a considerable loss of gold in the extraction.
[Photograph : Fig. 8. ---Cleaning-up an Undercurrent, a Workman with a Shovel-scoop is collecting
Mercury and Amalgam, and Half of the Table is left Unblocked and to be Cleaned-up. See library for
image.]
Table II., gives details of an auriferous gravel-deposit in the United States of Columbia, South
America, in which the gold was also very unequally distributed and over 33 per cent. of the ground was
barren.
In pan-tests of auriferous gravels, no account is taken of large boulders and beds of unproductive
sand, and these not unfrequently form a large proportion of the deposit, hence a great reduction
[58]
should be made from a valuation based upon such tests. Even an estimate based upon the working
of a portion of a gravel-deposit by hand requires considerable reductions to be made ; because, in this
case, the overburden and poorer portion of the deposit is first stripped and got rid of by what are
termed "booms" of water, before any attempt is made to break into the auriferous portion of the
gravel—this being the most economical way of getting rid of the worthless dirt, which if broken with the
gravel would undoubtedly carry off a portion of the gold.
Finally, the most reliable test of a graveldeposit appears to be the averaging of the results obtained by means of a number of bore-holes as
now practised in America.
.
[Photograph: Fig. 9. —Native Miner, with a Batea, collecting Amalgam in a Tailings' Ravine. See
library for image of photograph.]
That the results obtained at gold-washings are sometimes very much less than the reports upon the
property would appear to indicate is no doubt very true, and the same may be said of vein-mines, not
necessarily on account of bad extraction but more probably on account of the manner of taking
average samples of the material. Latterly, the method of testing gravel-deposits by a number of boreholes has been introduced in America, and this should give much more reliable data than the old
system of
[59]
testing the outcrop and sinking a few shallow pits, as the outcrop of a gravel-deposit is generally a
concentration of the broken gravels from which the less rich portion has been washed off in the course
of ages, and the pits very rarely reach the bed-rock before the amount of water encountered becomes
too great to deal with.
Without doubt hydraulic-mining is the cheapest class of mining known and with abundance of water
and gravel, large profits may be made from very poor ground. There are, however, other graveldeposits, rather more costly to work but much more abundant in gold, namely:—"Deep leads" and

shallow placers, which merit the careful attention of miners. It is also true that there are still some
rivers very rich in gold, but the risks of river-mining are very considerable on account of floods.
During the last twenty years, the attention of the engineers has been so drawn to auriferous quartzmining that auriferous gravels have been overlooked ; the Americans, however, have continued to
make progress in the working of gravel-mines and, as during the last ten years very few gold quartzveins of importance have been discovered, it is not improbable that gravel-mines may again have some
attention paid to them. Undoubtedly there could be no more assured class of mining as, by means of
bore-holes, we may test the value of the entire deposit at small expense before risking further capital.
As will have been seen, the sluice collects almost all the gold, and the outlay in plant and the labour
required is very inconsiderable.
There is no necessity to spend many years in developing a mine,
and in most instances returns may be produced in the first year after the formation of a company.
-----------------------The President (Mr. J. G. Weeks) in moving a vote of thanks to Mr. Welton for his interesting paper
said that members resident in the colonies and abroad, were contributing to the Transactions, many
papers of great interest.
Mr. W. C. Blackett seconded the resolution, which was cordially approved.
-----------------------[60]
DISCUSSION OF MR. F. O. SOLOMON'S PAPER ON "THE FEEDING OF HORSES, WITH SPECIAL
REFERENCE TO COLLIERY STUDS.”*
Mr. C. H. Steavenson (Redheugh Colliery) said that Mr Solomon had contributed a useful paper on a
subject of great interest to colliery-managers ; and he had read it with special interest as he had
recently been considering the question of horse-provender at Redheugh colliery. Up to 12 months ago,
the horses were separately supplied with chopped hay and mixed corn (maize and peas or beans with
oats). It was sent down in separate sacks : the chopped hay being first placed into the manger and a
measure of mixed corn placed on the top of it, with the result that the horses bolted the corn and eat
only some of the hay, the remainder being tumbled out of the manger, and wasted.
He had since
adopted the plan of thoroughly mixing the hay and corn at bank ; each horse was supplied with a
stipulated quantity of the mixture ; and the result had proved very satisfactory, as there was absolutely
no waste, the horses eat the mixture properly and none was left in the manger. By adopting this
method, a saving was effected of about £4 10s. per week or over £200 per annum.
In arriving at the cost of feeding horses, he found considerable discrepancy amongst managers and
others as to the basis by which the cost of feeding a horse, say, 17 hands in height, could be compared
with that of one of 14 hands and under.
Mr. J. H. Merivale referred to a standard in his Notes and
Formulae ; but he (Mr. Steavenson) thought that it was evidently not the right one, as it was not
universally adopted.
It would be desirable, he thought, if gentlemen, interested in the question, could agree upon a basis
to be universally adopted, so that, when comparing notes and costs, they would know that these costs
were comparable, being worked out upon the same basis.

Mr. W. C. Blackett (Sacriston) said that he had for many years taken a great interest in the feeding
of colliery-horses.
He agreed almost wholly with Mr. Solomon.
He did not altogether approve of
using a larger proportion of maize than oats,
* Trans. Inst. M. E., 1900, vol. xix., page 279.
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although there was perhaps no great harm in it. No doubt the majority of horses fed with a larger
proportion of maize than oats would not suffer ; but at the same time horses were like human beings,
and among themselves offered many idiosyncrasies. In the case of some horses, maize shewed a
very peculiar effect in "heating the skin"; but he did not think that this was of sufficient importance to
prevent the use of a large proportion of maize if colliery-managers considered it desirable.
The writer stated that the weight of food was 21 to 25 pounds per day per 1,000 pounds of horse, and
particularly mentioned 24 or 25 pounds as what should be used for colliery-horses. He (Mr. Blackett)
was inclined to think that this weight was too great ; but it resolved itself into the question of a basis, as
suggested by Mr. C. H. Steavenson.
In his own experience he found that 20 to 21 pounds was
sufficient for economical feeding per 1,000 pounds weight of horse.
It was not surprising to him to hear Mr. Steavenson advocating the mixture of the chopped hay with
the oats.
He (Mr. Blackett) would say that this was the best way of feeding them, and it was the
method previously adopted at his own collieries ; but this was on the assumption that the mixing was
efficient, a condition which did not generally hold good. After the bags, containing the mixture, had
been knocked about for some time, or because of careless mixing the corn was often found separated
from the hay, and some horses became more favoured in the feeding as regards weight of corn ; and
so, in his case, he had actually reverted from the better position approved by Mr. Steavenson to that of
giving the chopped hay and the oats separately. He would avoid, however, the trouble of the horses
bolting the corn, by not giving it to them until they had eaten the hay. When a horse went tired and
voracious into the stable, it was not desirable to supply him at once with corn ; it was better to let him
take the edge off his appetite with hay and give hlm corn afterwards, seeing of course that he got the
right proportion.
He found that the average weight per standard horse was roughly 280 pounds of
mixed food per fortnight containing about 40 per cent. of hay and 60 per cent. of corn---oats, maize
and peas or beans as the case might be.
The basic question had been a difficulty with him (Mr. Blackett) for a number of years. When collierymanagers spoke of the cost of feeding horses, they often found it difficult to compare costs,
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unless they knew exactly what was defined as a horse, and different methods were adopted as
standards. Perhaps the one most used made two ponies under 11 hands equal to one horse, three
ponies from 11 to 14 hands equal to two horses, and all over 14 hands were considered as horses.
This was probably the oldest definition and most used formula, and so far as his own experience went,
it was more or less a good one ; but in comparing one colliery with a large number of small ponies and
a small number of large horses, with another colliery having a small number of ponies and a large
number of horses, discrepancies were likely to arise.
He had used the weight of a horse as a
standard, and found that it formed a fairly good basis, but they could not always be putting the horses
on to a weighing-machine, and further each individual horse from time to time varied in weight. At last,
he had arrived at a satisfactory basis, which he would continue to use until he found something better,
and that was to measure the girth of every horse.He did not use the direct proportion of the girth, but

squared it, and having obtained the sum of the squares of the girths of all the horses, he divided the
result by the square of the girth of the standard horse, of 6 feet girth, which was about that of an
ordinary tram-horse—a useful size of horse, being neither too large nor too small.
It was immaterial
whether the girth was measured in feet or inches ; but in his own case, the standard was 5,184, being
the square of the girth—72 inches.
Mr. M. W. Parrington (Wearmouth Colliery) asked whether the discrepancy was found at the colliery
with a preponderance of small ponies or at that with a preponderance of large horses.
Mr. W. C. Blackett said that the colliery which had the greater number of small ponies had more
horses of the new standard, when the measurement of the girth was adopted. In other words, when
the height was taken as a standard there were fewer standard horses at the colliery where there was
the largest number of small ponies. The colliery which had a preponderance of small ponies under the
old-fashioned standard represented too few standard horses and therefore had the highest apparent
cost per head. When they adopted the new standard, the colliery that had a greater proportion of
small ponies got a greater number of standard horses, and so reduced the cost per head at that
particular colliery.
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Mr. T. E. Forster said that such was not everybody's experience.
that the cost came out higher, where they were all big horses.

At some collieries, it was found

Mr. W. C. Blackett said that, of course also, if they had a greater number of large horses each
formerly called one horse they would with the new standard each be called more than one horse in
proportion to the square of the increased girth over 6 feet.
Mr. T. E. Forster said that he was referring to the old standard, under which the horse had the
advantage.
Mr. C. C. Leach (Seghill Colliery) said that the proper proportion of the corn and chopped hay was
surely a matter for the care of the horsekeeper. He ought to know which pony required more corn and
which more hay, for they did not all need the same proportion. In his case, the hay and corn was kept
uniformly mixed in the sacks, in which it was sent into the pit.
Mr. A. L. Steavenson said that the horses in Durham mines were not much more than ponies when
compared with the horses in Cleveland, which were generally 17 hands high, and cost about £70 each
from the dealers' hands. He had proved that at the start of their pull, such horses exerted for the first
100 to 150 feet fully 5 horsepower.
The President (Mr. J. G. Weeks) said that the subject was one in which he was somewhat interested,
as at the collieries under his charge there were about 400 animals.
He was rather inclined to think
that the question of the basis as to what constituted a horse was not of great moment, so far as
concerned the working of the collieries but rather the more practical question that the animals should
have a judicious proportion of hay and corn-stuffs given to them. This proportion must vary according
to the work the horse had to perform, and if it was required to do very hard work, it must receive not
only more food but also a greater quantity of certain horse-foods than at other times, when it had less

work to do. If there was a total stoppage of the mines, such as a breakage of plant or a strike, they
could feed their horses on less oats and more hay, and a lessened quantity of each. If the horses
were hard worked, it would be necessary, as pointed out, to alter the food, and this required the careful
watching of the horsekeepers
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and colliery officials. As to the method of mixing the food, at the collieries under his charge the
arrangement prevailed of having three separate floors one above the other. The corn was measured
into hoppers on the top loft, the corn-crusher and hay-cutter were placed in the second loft (the haycutting and corn-crushing was done at the same time) and the feeding fell together on to the third or
ground floor in a mixed condition. A man with a shovel trimmed it off to one side as it fell and so it
became further mixed. The chopped hay itself prevented the crushed corn from falling to the bottom,
and when once mixed it could not well shuffle about.
It was then sacked and sent to the various collieries, twice a week, where it was stored in depots or
stalls, cemented around so as to keep out vermin.From 7 to 10 sacks were teemed together in a heap
and there was a further mixing when the horsekeeper filled it into pails for distribution.
The cost of
horse-feeding depended largely on the waste that was allowed to go on, but horses "nosing" the food
out of the troughs could be easily prevented from doing so by placing bars across from back to front of
manger.If the mixture were properly made, however, very few horses would pick out the corn and leave
the hay or vice versa.
A good preventative of waste was never to allow any food to remain in the
troughs after the animals had left the stables for their work. If the horsekeeper had to clear out of the
trough everything which the horse did not eat, he would soon learn the exact quantity necessary to put
in for each animal.
He thought that it was right policy to allow the horse to eat as much as it would
take of its own accord, but not to allow any waste. By the above plan there was very little waste and
nothing could be better for giving a fair share than such mechanical mixing at the surface before
sending the food down the pit.
With regard to the proportions of foodstuffs, Mr. Solomon's weights were:—Hay, 35 to 40 per cent.;
oats, 17 to 25 per cent.; pulse, 9 to 12 per cent.; and maize, 27 to 35 per cent. He thought that the
margin allowed by these figures was a little too wide.
Over the last 20 years, at the Bedlington
collieries, where the studs were kept in good condition and where the work done was practically, he
expected, the same as at other collieries, the proportions of provender consumed averaged:—Hay,
31.2 per cent.; maize, 36.6 per cent.; peas, 5.4 per cent.; oats, 18.5 per cent.; beans, 7.7 per cent.;
and barley, 0.6 per cent. As a general rule he thought that 30 per cent. of hay, 35 per cent. of maize,
20
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per cent. of oats, and 15 per cent. of peas and beans, would give a very fair working mixture and form
a very good food for horses at daily hard work. The great thing was to get the provender of the best
quality, as colliery-horses worked very hard, and were entitled to the best food. Taking a horse over 14
hands as a standard, two small ponies under 11 hands as equal to one horse, and three galloways as
equal to two horses, the weight per horse per day varied from 20 pounds to 23 pounds, which
corresponds generally with the weight named by Mr. Blackett. He did not know how they were going
to make a satisfactory comparison of one colliery with another, because so much depended upon how
wisely and cheaply they were able to buy both provender and animals, how they classified the animals
and the work that they had to do. He thought it more important to try and establish a correct basis

upon which to feed them, and it must not be forgotten that horses, like themselves, would benefit by
having their food varied from time to time rather than by always feeding them on hard-and-fast lines ;
such variations of the food to depend on the work required, also to follow the market fluctuations as
well also as to benefit the animals. It was also important to remember in changing the proportions of
provender to do so by gentle degrees and not to make sudden changes—such for instance as from 15
per cent. or 20 per cent. of maize to say 35 per cent. of maize.
The further discussion was adjourned.
-----------------------------Mr. James Stirling, Government Geologist and Mining Representative of Victoria delivered an
interesting lecture on "Mines and Mining in Victoria,” illustrated by views.
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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 14th, 1901.
--------------Mr. J. G. WEEKS, 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 30th and that day.
----------------DEATH OF MESSRS. F. N. WARDELL AND W. BEATTIE SCOTT.
The President (Mr. J. G. Weeks) said that the Institute had been deprived by death of two of its
honorary members—Messrs. F. N. Wardell and W. Beattie Scott.
Both were H. M. inspectors of
mines ; indeed, Mr. Wardell was senior of the inspectors of mines, having been appointed in 1867. He
had been connected with this Institute since 1864, and was at the time of his death a Vice-president of
The Institution of Mining Engineers.
They both graduated or served their apprenticeship in the
collieries of this district : Mr Wardell at the Tyneside collieries of Blaydon Main and Wallbottle, and Mr.
Scott in the neighbourhood of Etherley.
He proposed a vote of sympathy and condolence with the
widows and families of these gentlemen.
Mr. George May seconded the proposal, which was adopted.
-----------------[68]

The following gentlemen were elected, having been previously nominated:—
Members—
Mr. Hubert Hallam Bigland, Electrical Engineer, 10, Lish Avenue, Whitley, R. S. O.,
Northumberland.
Mr. Wilson S. Carr, Consulting Electric-power Engineer, 13, Mosley Street, Newcastle-upon-Tyne.
Mr. Joseph Armstrong Dixon, Colliery Manager, Dunston Colliery, Gateshead-upon-Tyne.
Mr. Edward Echlin, Mechanical Engineer, Kabwet, Upper Burma.
Mr. Eugene Fieuzet, Mining Engineer, 4, Rue Saint Blaise, Bagneres de Bigorre, Hautes
Pyrenees, France.
Mr. George Kellett Fryer, Colliery Manager, Shotton Colliery, Castle Eden, R. S. O., County
Durham.
Mr. Nicholas Richardson, Assistant Colliery Manager, South Ashfield, Newcastle-upon-Tyne.
Mr. Jacob Sharp, Colliery Manager, Lambton House, Fence Houses, County Durham.
Mr. Alfred Henry Taylor, Colliery Manager, Ngunguru Coal-mines, Kiripaka, via Auckland, New
Zealand.
Mr. William Shakspeare Welton, Mining Engineer, Elm Road, Wembley, Middlesex.
Associate Members—
Mr. John Dampier Green, 4, Palace Buildings, Johannesburg, Transvaal.
Mr. Charles W. H. Sanders, The Avenue, Durham.
Mr. James Tonge, jun., 149, Church Street, Westhoughton, Lancashire.
Associates—
Mr. William P. Armstrong, Enginewright, Bewicke Main, Birtley, R. S. O., County Durham.
Mr. Robert Berkley, Deputy, 11, Co-operative Terrace, High Spen, Lintz Green, R. S. O.,
County Durham.
Mr. William Dodds, Overman, Bewicke Main Colliery, Birtley, R. S. O., County Durham.
Mr. Michael Dodds McCarthy, Engineplane-man, Fourth Street, Urpeth, Ouston, Chester-leStreet, County Durham.
Students—
Mr. Edward Otto Forster Brown, Mining Pupil, Westview, Cramlington, Northumberland.
Mr. Archibald Dickinson, Mining Apprentice, 13, Matthew Street, Burnley, Lancashire.
Mr. George Atkinson Gilchrist, Apprentice Mining Engineer, 17, Eldon Place, Newcastle-uponTyne.
Mr. Charles Howson, Mining Apprentice, c/o Mr. Norman Nisbet, Harraton Colliery, Chester-leStreet, County Durham.
Mr. Christopher Liddell, Mining Student, Woodhorn Colliery, Northumberland.
-----------------------Mr. R. H. Forster's "Memoir of the late George Baker Forster" was read as follows:—
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MEMOIR OF THE LATE GEORGE BAKER FORSTER.
--------------------------

By R. H. FORSTER.
-------------------------Mr. George Baker Forster, who died on January 18th, 1901, was born at Haswell, in the county of
Durham, on October 13th, 1832, his father, Mr. Thomas Emerson Forster, the wellknown mining
engineer, being at that time the resident viewer of Haswell colliery.
Mr. Forster was educated at Shincliffe, under the Rev. Isaac Todd, at Repton school, and at St.
Peter's school, York.
In October, 1850, he went into residence at St. John's College, Cambridge,
and in January, 1854, he came out in the Mathematical Tripos as a Senior Optime. It was on the river,
however, that his chief distinctions were gained, and perhaps not the least valuable part of his
education—his first experience in the management of men. Mr. Forster rowed bow in the Cambridge
boat in 1853, when the Oxford and Cambridge crews met at Henley regatta as the only competitors for
the Grand Challenge Cup. The race was one of the most exciting ever seen on the Henley reach ; but
in those days the course extended round Poplar Point to within a few feet of Henley Bridge, and
Cambridge had the outside station. Oxford won by 18 inches, though Cambridge shot 6 feet ahead
immediately after passing the post.
After leaving Cambridge Mr. Forster served an apprenticeship as a mining engineer, and began his
lifelong connection with the coal-trade of the North of England. In 1858, he was appointed viewer of
Cowpen colliery in Northumberland, which was in that year acquired by its present owners ; and this
position he continued to hold until his death—a period of over forty-two years. Shortly after his
appointment to Cowpen, North Seaton colliery was amalgamated with the concern, as well as the coalfield underlying the Cambois estate in the same neighbourhood.
New pits were sunk by Mr. Forster
both on this royalty and on the Newsham royalty at Cowpen ; and under his management the output of
the combined collieries was raised from the small figure at which it stood in 1858 to that which it has
recently attained, of over one million tons yearly.
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Mr. Forster was also associated with the development of Blyth Harbour, for which he had been a
Commissioner since the passing of the Act creating the Blyth Harbour Commission. The labours of
that Commission, in which Mr. Forster took an active part, have conferred great benefits on the coaltrade of the neighbouring district, and have created a prosperous and commodious port, which is now
entitled to rank with the Tyne and the Wear as one of the great coal-exporting harbours of the northeast coast.
Mr. Forster also sank and laid out Bearpark colliery, near Durham, and Longhirst colliery, near Morpeth,
and he carried out extensive improvements at the Nunnery colliery, near Sheffield. In later years, he
was consulting engineer to the Wallsend and Hebburn Coal Company, and superintended the
important work of reopening the famous Wallsend colliery after a stoppage of forty years. This last was
a work of much responsibility, since the colliery had been flooded and very extensive pumping
operations were necessary to clear the pit of water.
In the West Cumberland coal-field, Mr. Forster, in conjunction with his father, for some years
superintended Lord Lonsdale's collieries at Whitehaven ; he also had business connections of long
standing with the haematite ore-mines of the same county, and with the ironstone-mines of the
Cleveland district.
In addition to his active colliery work, Mr. Forster had a very extensive practice as a consulting
mining engineer, for a considerable time in partnership with his father, Mr. T. E. Forster, and the late
Mr. T. G. Hurst, and latterly with Mr. T. E. Forster, his son. He was mineral agent to numerous royaltyowners in the North of England, and in 1890 he was appointed a member of the Royal Commission on
Mining Royalties. The Commission had the rare distinction of presenting a unanimous report.

Coal-mining is not without its dangers, though happily the progress of scientific engineering has
made those dangers far smaller than once they were. A serious colliery-accident is an event which
entails great suffering and terrible responsibility, but it never fails to bring the nobler qualities of human
nature into prominence. Even in lighter cases of accident Mr. Forster was always ready to afford
valuable advice and active assistance, not only at the collieries with which he was personally
connected, but in all places where his long experience and profound knowledge of mining could be of
use.
It is not many years since an underground fire broke out at one of his own collieries, and he
spent the
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whole of Christmas Day down the pit, watching and directing his men as they turned the hose on the
smouldering coal and then hewed it away till the heat called for the hose again.
But there were far graver occasions when all his powers were fully and freely exerted. He took a
leading part in the work of rescue and restoration after the explosions at Seaham, West Stanley,
Elemore and Usworth collieries, —a work of such responsibility as few men are ever called upon to
undertake ; for on the skill and judgment of the adviser depend the lives of many and the livelihood of
hundreds. At an earlier period of his career, there occurred an accident which thrilled the country as
few accidents have thrilled it since ; and of the two who took the most prominent part in the attempt to
rescue the entombed men at Hartley colliery, Mr. Forster was one.
It was on January 16th, 1862, that the disaster occurred. The colliery was worked by means of a
single shaft, which for purposes of ventilation was divided by a brattice of timber. About the middle of
the forenoon, the huge iron beam of the pumping-engine suddenly snapped at the centre, and the
outer half of it plunged into the pit, killing five men who were at that moment coming up in the cage, and
destroying the brattice, as well as injuring the sides of the shaft. The shaft was filled with many feet of
tightly compressed wreckage, and there were a hundred-and-ninety-nine men and boys in the workings
below.
It was only a few hours later that Mr. Forster reached the scene of the accident, and he at once took
the leading part in directing the work of rescue, which Mr. William Coulson, the master-sinker, was
called in with his men to attempt. There were strong hopes that the imprisoned men would live for
many days, and the work of clearing the shaft was pressed on with extraordinary energy, day and night
without cessation. But the dangers and difficulties were appalling ; the sides of the shaft had been
seriously damaged and threatened to fall in upon the workers, so that much precious time had to be
spent in securing them, and much of the wrecked timber had been pounded into such small fragments
that it had to be dug out with shovels.
The anxious crowds that waited at the pit-mouth began to
murmur at the slow progress of the work, and there were not wanting wiseacres who aggravated the
horrors of suspense by declaring that the management was hopelessly at fault, propounding various
useless and chimerical schemes of their own invention.
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But still the work went on, and still there was hope ; the imprisoned men had a certain amount of
food, and there was good water in the pit. Presently, however, a thing happened which told those who
knew that there was little chance of saving the men alive.
Gas began to leak up through the
wreckage in such quantities that many of the sinkers had to be carried out of the pit unconscious, and
its effect on the candles of the workers showed that it was carbonic oxide, a deadly poison. If the men
below had breathed it, they must have been dead days ago ; and eventually the fear proved only too
well-founded.

From this time the work was carried on with increased difficulty ; for it became necessary to construct
a cloth-brattice down the upper part of the shaft, to restore the ventilation and draw the gas away ; but
at last, seven days after the accident, the first explorer penetrated to the place where the men had
gathered, and waited, and died ; and it was not until three more days had passed that it was possible to
bring their bodies to the surface.
All that men could do had been done ; for a week the rescuers had
been risking their lives ; and after all they had failed.
To show Mr. Forster's share in the work, we need only quote from the report of the evidence which he
gave at the inquest ; for in speaking of the dangers and exertions of the men he has unconsciously
borne testimony of himself:—
Coroner : Did you go down the shaft, Mr. Forster ? —I did, sir.
You perhaps went several times down?—I did, sir. I was down on Thursday night first.
Until Mr. Coulson and his men came to take charge of it ? — Oh, I went down with Mr. Coulson
afterwards until the bodies were found.
The work was very dangerous for the men, was it not? —Yes, very dangerous for the men.
Timbers were constantly falling ?—Yes.
Was every effort made that possibly could be made to get to the men?—Everything was done,
sir; nothing was shrunk from.
And without heeding danger ? — No, the men never flinched.
Do you believe that anything further could have been done effectually ?—I do not.
If more words be needed, let them come from the jury, whose verdict contained the following clause :
They also take occasion to notice with admiration the heroic courage of the viewers and others,
who, at the risk of their own lives, for so many nights and days, devoted their best skill and
energies to rescue the unfortunate men who were lost.
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Memoir.
The widows and orphans received a touching message of sympathy from Her late Majesty Queen
Victoria, herself a newly-made widow, —the first message of the kind that broke the silence after the
Prince Consort's death, and to this day the printed copies of it which were distributed form the most
treasured possessions of the few widows that still survive. It is a pathetic coincidence that the same
January day saw the brave engineer, who left home and business to direct the work of rescue, laid to
rest almost within sight of the scene of the accident, and saw also the passing away of the gracious
Lady, who in the first weeks of her widowhood remembered the sorrows of humbler women, and sent
them comfort in their affliction.
In the coal-trade of the North of England Mr. Forster held an unequalled position, and exercised a
wide and beneficent influence ; to quote the resolution, which the Miners' Association of
Northumberland passed on hearing of his death, he was a pioneer in the promotion of harmonious
relations between capital and labour.
He was Vice-Chairman of the Northumberland Coal-owners
Association, and also of the North of England United Coal-trade Association.
He was from its
commencement a member of the Northumberland Joint Committee, —a representative body of
masters and men which has been the means of settling countless questions on matters of collieryworking ; and he was also a member of the Conciliation Board for the regulation of wages in the same
county. In 1857, he was elected a member of this Institute ; he became President in 1881, and held

the office for a term of three years.
He was also a member of the Institute of Civil Engineers and a
Fellow of the Geological Society. He was a Justice of the Peace for the county of Northumberland,
and for a long period Chairman of the Magistrates for the Blyth Petty Sessional Division. He was for
many years a member of the Board of Examination under the Coal-mines Regulation Acts, and an
examiner of applicants for certificates of competency under the same Acts.
Mr. Forster was the first chairman of the School Board established at Cowpen after the passing of
the Education Act of 1870, and he held that position without interruption for a period of twenty-one
years, retiring in 1892. But throughout a career which began long before the days of public elementary
education he took a deep and broad-minded interest in educational
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matters, and especially in such as tended to place the means of practical scientific education within the
reach of working-men.
He established schools at all the collieries under his charge, as well as
Mechanics' Institutes, of which he was a hearty supporter ; but while he took an active interest in
everything that promoted the well-being of his men, he wisely encouraged self-help and self-reliance,
as is shown by the following instance, which is still remembered by those who reaped the benefit of his
wisdom. In 1872, there was an epidemic of scarlet fever at one of the colliery-villages, which was
found to be caused by bad milk, and a deputation of the men came to Mr. Forster to ask whether the
colliery-company could not undertake the duty of providing a better supply. Mr. Forster told them that
this was not within the company's powers, but he suggested that the men should join together and start
a co-operative dairy-farm of their own ; there were two fields included in the lease of the colliery, and
he promised that the company would make them tenants of these fields at the same rent as was paid
to the lessors, and would also erect the necessary buildings, charging only a low rate of interest on the
outlay. The suggestion was adopted and carried into effect ; the farm was started and managed by a
committee of the men, and to this day it continues a useful and profitable institution.
With the men employed at the collieries, Mr. Forster's relations were always of the happiest nature,
and he was never so pleased and interested as when his duties brought him into direct contact with the
colliery-officials and workmen. While he did all that lay in his power to promote the interests of the
owners, he never failed to consider the welfare and the feelings of the men ; and in his management he
was conscious of a bond between himself and those who served under him, which was better and
more enduring than the bare legal relation of employer and employed. He had also the rare capacity
of arousing enthusiasm in his subordinates ; some of his colliery-officials had been with him for forty
years, and their feelings towards him were of the most devoted attachment. He possessed in a high
degree the tact and sympathy which workmen, and especially those of the north, readily understand
and appreciate ; and above all his dealings with them were marked by a spirit of absolute fairness, and
a most scrupulous regard for truth and justice. These characteristics won him, in a degree which few
employers have ever enjoyed, the esteem and confidence not only
[Plate II: Photograph of George Baker Forster, President of the North of England Institute of Mining and
Mechanical Engineers, 1881 to 1884. Born October 13th, 1832, and died on January 18th, 1901. See
library for image.]
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of his own men but also of all the workmen of the surrounding districts.
Mr. Forster was married in 1854 to Hannah Elizabeth, elder daughter of the Rev. Isaac Todd of
Shincliffe, and leaves a family of four sons and three daughters.

-----------------------Mr. A. L. Steavenson moved a vote of thanks to the writer of the memoir of a friend whose loss they
all so greatly deplored ; he was sure that future generations would be glad to have so excellent a
record of his useful life. The memoir was an interesting one, but they could have expected no less from
a writer of such ability as Mr. R. H. Forster, who was the author of The Hand of the Spoiler.
Mr. W. O. Wood seconded the vote of thanks, which was cordially adopted.
------------------------Mr. W. C. Blackett read the following description of "A Method of Socketing a Winding-rope, and its
Attachment to a Cage without the Use of Ordinary Chains":—
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A METHOD OF SOCKETING A WINDING-ROPE, AND ITS ATTACHMENT TO A CAGE WITHOUT
THE USE OF ORDINARY CHAINS.
-----------------------------By W. C. BLACKETT.
-----------------------------Before proceeding with these few notes, the writer would allay possible criticism by specially
disclaiming any novelty. It is true that he had a patent (long since expired) in connection with one of
the appliances described, and he brings the subject forward as one of everyday interest to many to
whom more recondite subjects do not so closely appeal.
The Socket. —For many years, the writer had distrusted the commoner methods of capping ropes,
wherein the hold depended upon the bending back of the wires. Nevertheless he, like many minemanagers suffering from the personal burden of the Coalmines Regulation Acts, found it difficult to
break away from what was a well recognized ordinary method, and to undertake the responsibility
which accompanies the introduction of the locally unconventional.
It always appeared to him that such a method as bending back various lengths of wires around the
end of a rope, so as to form a more or less conical end, subsequently capped by a socket, was utterly
unscientific, and could not by any possible means be made even nearly to approach to the tensile
breaking-strain of the rope. The hold entirely depended upon the frictional clasp around the rope, plus
an unknown transverse strain at the bend of the wires.
Experiment proved that such a capping often only bore a ratio of from 50 to 60 per cent. of the
breaking-strain, and it seemed folly to be so careful as to getting ropes with a margin of safety of 10 to
1, and then to throw much of it away in socketing. Tests proved that the rope, so capped, invariably
drew out of the
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[Photographs: -Fig. 1. ---Old form of Rope-Socket and Walker Safety-Hook.
Fig. 2. ---New form of Rope-Socket and Walker Safety-Hook
See library for images.]
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socket, with a long, torn-out, frayed end of wires. With the form of socket to be described, the rope was
invariably broken just within the socket, at strains varying from 80 per cent. and upwards of the full
breaking-strain.
The writer, therefore, adopted it, and Figs. 1 and 2 show the old and the new forms. To those who
happen to use Walker safety-hooks, it will be a matter of interest to notice that the jaws of the socket
are made to engage direct into the jaws of the hook, the links, A (Fig. 1), which usually accompany the
hook, having been dispensed with.
[Photograph: -Fig. 3. Fig. 4. Fig. 5. Fig. 6. Fig. 7. shows solid cone and steel points used as described below.
See library for image.]
The socket is a hollow cone made from a solid forging of Low Moor iron. The sizes given for a 70-ton
rope are shown in Fig. 9 and are probably somewhat greater than necessary. Into this hollow cone,
about 9 inches of the ends of the wires of the rope are carefully and evenly spread out, and then fixed
in their position by running in good white metal. The end of the rope is then practically a solid cone (an
actual end was produced for inspection) which cannot be drawn out (Fig. 3).
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The method of capping is as follows:—The rope-end having inserted through the small end of the
socket and tightly
[Photograph: Fig. 8. —Direct Attachment of Rope to Cage.
See library for image.]
clammed, about 1 foot of the rope (next to the 9 inches which are
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to be subsequently spread out) is very carefully wrapped with copper-wire and the rope-end then drawn
back so that the loose wire-ends are within the cone in the position that they are intended to occupy.
A steel-point (Fig. 4) is driven into the centre of the rope, to effect the primary spreading of the wires.
This point is then withdrawn, and another steel-point (Fig. 5) inserted, which spreads the wires still
further. This is in turn removed, and its place is taken by a larger steel-point (Fig. 6), first alone and
again with the funnel (Fig. 7) around it, forming a sort of trocar. Thus, the funnel is driven in as far as
possible and its threader removed, leaving the wires spread out to their fullest extent by the former
alone, and then they are carefully wiped as clean as possible.
The white metal is then run down through the funnel, so that the innermost end of the cone may be
reached when the funnel is withdrawn, the metal run in further to fill the whole socket, and so complete
the operation.
The metal is melted out to re-socket the rope.
The Direct Attachment. —It may be that, like the writer, some of the members have found a difficulty
in arranging head-room for the cage-chains, when circumstances have rendered it necessary for the
cage to be enlarged or lifted higher without also raising the pulleys. In such a case, the writer can
recommend, at any rate with cages having more than one deck, that the chains should be dispensed

with altogether (Fig. 8). Figs. 9, 10, 11 and 12 illustrate how this may be done, by adding to the cagetop triangular webs of iron, Z, which carry at their apex a cross-bar, Y. Through the centre of the
cross-bar, Y, passes a single-eyed bolt, X, which is provided with a buffer-spring made of iron-cups,
W, and india-rubber rings, V, which serve to take up the shock at the lift of the load. Between the
Walker safety-hook (in this case) and the buffer-bolt, X, are such shackles and links as may be
thought necessary.
The writer, at first, used only one large oval link between the two sets of shackles, but subsequently
he was obliged to add three or four more, because it was found that the impact of the safety-hook upon
the shackle of the buffer-bolt, when the descending cage struck upon the bottom, was sufficient to
shear through the copper-pins holding the hook-thimble in its place. The interposition
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of the extra links, however, cured this defect and provided adequate freedom of movement.
It will be observed that Fig. 8 shows short bridle-chains hanging,
[Diagrams: --.
Fig. 9. Fig. 10. Fig. 11. Fig. 12. shows how chains can be dispenced with.
See library for images.]
quite slack, from the hook-shackles to the corners of the cage. They are quite unnecessary, although
perhaps providing some slight additional safety, and were added as an afterthought satisfy the
prejudices of the workmen.
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The cage runs smoothly in wooden end-guides, and as steadily as ever it did with ordinary chains.
--------------------------Mr. A. L. Steavenson agreed with Mr. Blackett that rings were a great improvement upon hangers for
attaching the rope to the cage.
Chains became unevenly balanced, as the through-bolts were
continuously exposed to shocks.
Mr. Henry Lawrence said that at one of the deep pits in the neighbourhood of Birmingham, he had
seen an attachment which consisted of a taper-socket, with the wires of the rope turned back, and
without any other fastening. The members were indebted to Mr. Blackett for bringing before them the
result of his experience. He had pleasure in proposing a vote of thanks to him for his valuable paper.
Mr. Phil. Kirkup, in seconding the motion, said that at the aerial ropeway at Malton colliery, in the
county of Durham, a similar system of socketing the ropes was in use. The ends of the carrying ropes
were put through a conical steel-casting, white metal was run in, and he believed that the arrangement
was entirely satisfactory.
The vote of thanks was cordially approved.
Mr. W. C. Blackett, in acknowledging the vote of thanks, said he would like to emphasize the fact that
he did not claim any novelty for the method described. Some 15 or 16 years ago, he took out a patent
in connection with the socket, and the question of its being no novelty was raised even then. The

sockets had been the only ones in use for many years on the hauling-ropes at his collieries, and where
it was not practicable to run in white metal, copper-plugs were driven in.
-----------------------------DISCUSSION OF MR. F. O. SOLOMON'S PAPER ON "THE FEEDING OF HORSES, WITH SPECIAL
REFERENCE TO COLLIERY STUDS.”*
Mr. F. O. Solomon referred to the remark made by Mr. Blackett, at the previous meeting, that "he did
not altogether approve of using a larger proportion of maize than oats,
*Trans. Inst. M. E., 1900, vol. xix., page 279 ; and 1901, vol. xxii., page 152.
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although there was perhaps no great harm in it,”* Besides the objection which Mr. Blackett mentioned,
namely, that of causing skin-irritation, maize when fed in large quantities had the effect rendering the
odour of the faeces objectionable, and this might be particularly noticeable in underground stables.
With regard, however, to the perfect safety of feeding a larger proportion of maize than oats, he
thought that there could be no question, and the saving in cost thus effected had of late years been
very considerable.
As a matter of fact, he found comparatively few instances amongst the colliery-stables that he was
privileged to visit in which the oats formed a larger percentage by weight of the mixture than the maize.
He had a few statistics of colliery-feeding returns now before him, and selecting a couple
indiscriminately he found that in one case, where over 500 ponies were kept, the maize and oats were
present in the proportion of 30 per cent. and 18.5 per cent. respectively. In the other instance, where
rather over 80 animals were kept, the allowance of these two cereals worked out at 3.02 pounds of
oats and 5.72 pounds of maize per head per day. Again, Mr. J. G. Weeks spoke approvingly of a
mixture containing 35 per cent. of maize and 20 per cent. of oats.He believed that, if circumstances
made it worth while, maize could be, if not wholly, very largely substituted for oats, provided that pulsegrain was used along with the maize in the ratio of 3 of the maize to 1 of the pulse. And, as stated in
his paper, 15 hundredweights of this mixture would be equivalent in feeding-value to 19
hundredweights of good oats. As to the quantity of food necessary per 1,000 pounds weight of animal,
it would be noticed that his estimate was derived from the allowances of food made for omnibus, tram
and cab-horses. He quite thought that aboveground horses were allowed rather more weight, though
not more nourishment, than underground horses. One reason for this was that a greater proportion of
the more bulky foods, like hay, was used, because the food had to be less handled and shifted about.
For collieries, it was obviously important to have as small a bulk as possible to manipulate.
Again, the matter of waste was not so carefully attended to in stables aboveground, and this point
was closely associated with the proportion of hay, as this latter was much more dusty and wasteful
*Ibid., vol. xxii., page 152.
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than corn.In Mr. Blackett's own case, as he once had an opportunity of observing, the minimum
allowance for actual consumption can be made:—(1) Because the rations are very concentrated in
character, and composed of high-quality materials ; and (2) because of the excellent system which was
carried out of screening, mixing, serving and preventing waste. He was much interested in Mr.
Blackett's suggestion to take the girths of horses, and had wondered whether the 1,000 pounds weight
of horse of which he spoke was the actual result of weighing or of calculation from the girth.

Regarding Mr. J. G. Weeks' reference to the proportion in which the different ingredients in a ration
should be mixed, he saw no serious discrepancy between Mr. Weeks' figures and his own. The
proportion of hay indicated by him was lower, and in consequence rather less weight of food would be
required per horse. The matter would be chiefly controlled by the relative prices of hay and corn ruling
in any given year. Mr. Weeks' proportion of maize to pulse was roughly 37 to 13, and his own was 31
to 10.5, a ratio in both cases of about 3 to 1.
Mr. Phil. Kirkup said that the paper written by Mr. Solomon was a valuable contribution on a very
important subject, but it treated it very scientifically and perhaps a little more theoretically than
practically, and as a result would not prove quite so useful to the every-day colliery-manager. He had
discussed the various points raised in the paper and in the discussion, with the Birtley Iron Company's
veterinary surgeon (Mr. John Aitken) and he generally agreed upon the main points. Feeding on a
basis-system was an extremely difficult one, but the regulation of this according to the height was more
reliable than that proposed by Mr. Blackett of taking the girth. It was usual to judge the capacity of a
horse for work by its height. A standard for food arrived at even by the heights of animals was not
always reliable. He knew of instances, in their own stables, where an animal of a certain size would
eat from 2.5 to 3 stones of mixture more per week than others of a similar size. The definition of a
standard basis and the ration-tables were very useful for approximately arriving at the quantities and
cost of feeding of large studs, but they should be taken merely as a guide. The President (Mr. Weeks)
made some very pertinent remarks with which he substantially
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agreed. The only practical method of feeding horses was according to the amount of work which they
had to perform. The food should be of good quality, and mixed in proper proportions and not too
concentrated a mixture, as it was necessary for proper digestion and the well-being of the animal that
he should a fair proportion of bulky non-nitrogenous food to fill the bowels. He was of opinion that the
late Mr. Hunting, as a rule, adopted too concentrated a mixture, the tendency being a high death-rate
from gastro-intestinal diseases. He did not agree with Mr. Weeks when he said that a horse should
have as much food as he could eat, and in many cases the result would be disastrous, as there were
animals that would kill themselves were this idea carried out.
Mr. Solomon gave tables of the comparative value of maize over oats, with regard to the ratio of
carbohydrates and their value, but he did not remark upon the effect on the animal-economy of this
feeding which pointed to his paper (as he said before) being more theoretical than practical. Mr.
Blackett seemed to recognize that there would be something wrong as "he did not altogether approve
of using a larger proportion of maize than oats, although there was perhaps no great harm in it.”*He
remarked that in some cases maize showed a very peculiar effect in "heating the skin, but he did not
think that this was of sufficient importance, etc.”† Now, their own experience with a stud of 500
animals had shewn the dangers attending the excessive use of maize in mixed foods. It was
undoubtedly a fruitful source of laminitis, disease of the liver, diarrhoea, irritation of the skin associated
with grease, and gastro-intestinal diseases.
With regard to the mixing of the food, he thought that the best plan was to have the grain and the hay
thoroughly incorporated in the chopping and grinding process before being filled into the sacks, and if
this were properly carried out the mixture would retain its uniformity. Within reasonable limits and with
strict regard to the horses' internal economy, the proportion of the different ingredients in the food could
be varied with the market prices. At the present time, maize was dear and oats were cheap. The
mixture at their collieries at present was as follows:—1 ton of hay, 26 bolls of oats, 12 bolls of maize,
and 4 bolls of beans.

The quantities allotted to each stable per head were as follows:---10 to 12 hands, 5.5 stones per
week ; 12 to 14 hands, 8
* Ibid vol. xxii., page 152.
† Ibid., vol. xxii., page 153.
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stones per week ; and 14 hands, 11.5 stones per week. The horse-keepers had a certain amount of
discretion as to the quantity to be given to each animal, according to the individual animal's capacity for
food and his work, be that easy or laborious. The food taken by an animal bore in some measure the
same relation as coals to a boiler. They could not expect heat—which in both instances meant work—
without fuel, and therefore the more work that either the animal or the boiler had to perform, the greater
would be the consumption of food in the one case and of fuel in the other.
Mr. W. C. Blackett said that one or two matters of interest had arisen on the question of feeding of
horses that had not been previously discussed. He would like to add a few words in defence of his
recent method of estimating an average horse, and it seemed to him that Mr. Kirkup's last simile was
probably the best basis that he could take to strengthen his own argument, for that gentleman had
compared a horse to a boiler. Even Mr. Kirkup, or whosoever had any doubt about, the method of
girthing a horse to arrive at his comparative average strength or capacity, would admit that it would not
be desirable to estimate the power of a boiler by measuring the height of the stand or settings on which
the boiler was placed, and that was exactly what was done when they measured the height of a horse,
for they were only measuring the height of the boiler upon the horse's stands or legs. He would
suggest that it was much more nearly a fair comparison to measure the furnace-area or heating-area of
a boiler and the furnace-area or heating-area of a horse, and that was most distinctly round his chest,
which contained the heart and lungs. It had been mentioned to him that really he had only chosen a
method of measuring a horse that was used for measuring cattle. But the measurement of cattle was
merely taken as a guide for ascertaining their weight, and weight was not a good guide for a horse, for
a horse might be heavy at one time and light at another. What did not vary greatly was his chestcapacity : this was practically constant, and was more or less comparative with the furnace-area in the
boiler. Mr. Kirkup said that he had found a difference between two horses, even of the same size ; and
no doubt that would be so, for a stout animal on short legs was better than a thin one on long legs.
With regard to the method of giving large proportions of
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maise, he wished rather to reserve his opinion. Horses had their own idiosyncrasies, but undoubtedly
maize had an effect on the skin of some of them. He admitted that the number was small, and he was
not, at present, inclined to condemn the use of large quantities of maize. He had used maize, for a
number of years, in varying proportions with oats, without finding any serious difference.
He had heard it suggested that any fault in feeding was put down to gastro-intestinal troubles, and
very frequently the death of a horse was attributed either to this or to inflammation, but by far the most
dangerous cause was not in the feeding, but was due to a small, red, blood-feeding worm, 3/8 to ½
inch long, called Strongylus tetracanthus, which bored through every organ in the body of a horse, and
was far more common than was supposed. It was difficult to trace, unless very great care was taken in
the post-mortem examination. He was convinced that this was the cause of death in many cases,
where horses were supposed to have died from so-called inflammation or alleged improper feeding.

He had seen this worm in the walls of the bowels and stomach, and in the mesenteric artery, and even
in the lungs. Their life-history was not known, and he was not sure that they were not born in the foal
through the blood, and that accounted for many young ponies dying. It was very necessary for a
colliery-manager to look into his stock, and after intestinal troubles to have post-mortem examinations.
The worms would be found as thin as a hair, and up to full size. He thought that it was possible to cure
a horse, but he was not sure ; however, a horse could be kept alive for a great number of years, if
precautions were taken after the presence of the parasites had been discovered.
Mr. C. W. C. Henderson said that it was difficult to draw a hard-and-fast rule with regard to the
feeding of horses. Taking two horses of exactly the same measurement, one would do more work than
the other and would do well, while another one would not. They should encourage the horsekeeper to
use his discretion, and when a horse would not feed to induce him to do so, and to watch an overfeeder and prevent him from feeding too much. He was of opinion that a horse should be supplied
with almost as much as he could eat.
Another point was the necessity for inbye feeding in the middle of the day. It had been the practice
at a great many pits
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to send the ponies' food inbye, and to give them both food and water there. This was a great help, for
often in the old days a pony did not get any food from the time he left the stables in the morning until he
returned at night. The members were all greatly interested in anything that could encourage the
welfare of horses and ponies, and this matter had of recent years taken great strides. The subject
was a useful topic for discussion, and he hoped that it would lead to everyone, in the future, taking
more pains with their horses and ponies.
Mr. J. H. Merivale said that for many years he had been in the habit of having the horses and ponies
regularly examined and girthed, and he had given prizes to the putters and drivers according to the
condition of their animals. He did not necessarily give these prizes for the horses which were in the
best condition, for this might not be due to the boys but to the work.
The condition of the horses and
their work was considered, and prizes were given accordingly. When he started the prize-scheme he
thought that it would tend to encourage the boys to take an interest in their horses and ponies, and now
that he had given the matter a fair trial for some years he was not sure that it had had this effect. It
had, however, this advantage, that the boys knew that at least every quarter the manager and the
veterinary surgeon would inspect the animals and girth them, and if any were found to have anything
the matter with them, the boys in charge would be taken to task.
Mr. C. C. Leach said that the most important man about a pit-stable was the horsekeeper, and if
they got a good countryman with a "horsey eye'' in his head, the horses would keep well, but if not he
thought that the reverse was likely to happen.
The President (Mr. J. G. Weeks) desired to correct certain figures which had been attributed to him.
An animal over 14.5 hands he considered as a horse ; under 12 hands as a pony, and two of these as
equal to one horse ; and between 12 and 14.5, hands he considered as a galloway, three of these
being reckoned as two horses. With that method of measuring, he found at the Bedlington collieries
that their consumption, taken over the last 8 years, was 21 pounds of corn and 9 pounds of hay per
horse per day. This was a sufficiently long period to form a very fair basis. When he stated that he

would allow a horse to eat as much as it would take of its own accord, he must not be understood to be
encouraging
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gluttony on the part of the horse, for he would trust to the discretion of the horsekeeper to see that the
horses were neither stinted nor overfed, but were allowed sufficient for their work.
He could not see how the giving of prizes to boys would have the effect of increasing their interest in
the horses and ponies. The horsekeeper was the more important element in the matter, and instead of
getting an old man, or a shifter, to look after the horses, it was desirable, as had been suggested, to
obtain the services of a countryman with a knowledge of horses. In his own case, he had been
fortunate in having good horse-keepers, upon whom much depended. A good deal also depended on
the health of the animals, and the suggestion of Mr. Henderson that food should be taken inbye during
the day would prolong the life of the ponies and maintain them in excellent condition. At his own
collieries, both food and water were taken into every district in the pit in the middle of the day. The
animals did not eat any more in consequence, and they performed the work more efficiently.
Another great error was to send ponies down into the mine when too young : they should not be
less than 4 years of age, but 5 years was preferable.
With reference to the mixture proposed by Mr. Kirkup, he thought if that gentleman converted his
proposal into figures, he would find it more expensive than the proportion which had been advocated at
the previous meeting. In looking over the statistics connected with the Bedlington collieries, he found
that the largest proportion of maize given to the horses was in 1887, when the feed was 44 per cent. of
maize and 36 per cent. of hay, 7 per cent. of peas and 13 per cent. of oats, but that was during the
year of the miners' strike, when the animals were not working for 17 weeks, and they simply gave them
a larger quantity of hay and maize instead of the usual 30 per cent. and 36 per cent. respectively, the
expensive food—oats and beans—being stopped. The animals at the end of the 17 weeks' strike,
having more or less daily exercise at bank, were in thorough working condition, and were taken to work
into the pit at two days' notice.
--------------------------A paper by Mr. Edward Halse was read on "Some Silver-bearing Mines of Mexico.”*
--------------------------* This paper will be printed in a later issue of the Transactions.
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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 8th, 1902.
-------------------------------Mr. J. G. WEEKS, 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 January 25th and that day.
-------------------------------The following gentlemen were elected, having been previously nominated:—
Members—
Mr. Emerson Muschamp Bainbridge, Mining Engineer, Shirland House, Alfreton, Derbyshire.
Mr. William Barrow, Colliery Engineer, Seaton Burn Colliery, Dudley, R. S. O., Northumberland.
Mr. Arthur Leo Chambers. Mining Engineer, Whitehall Club, London, S. W.
Mr. William Haslam Cross, Mining Engineer, 77, King Street, Manchester.
Mr. Robert Dives, Mechanical and Consulting Engineer, Industries Office, Acutt's Arcade, Durban,
Natal, South Africa.
Mr. Robert Bertram Hedley, Mechanical Engineer, co Mr. W. Zimpel, Hay Street, Perth, Western
Australia.
Mr. John Humble, Mining Engineer, West Pelton House, Beamish, R. S. O., County Durham.
Mr. Robert Linday, Mining Engineer, Netherton Coal Company, Limited, Netherton Collieries,
Newcastle-upon-Tyne.
Mr. Timothy Robinson, Mechanical Engineer, Ryhope Colliery, via Sunderland.
Mr. Arthur George Bootle Wilbraham, Assistant Mining Engineer, Mina de San Domingos, Mertola,
Portugal.
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Associate Members—
Mr. R. G. Stanley Anthony, P. O. Box 186, Rossland, British Columbia.
Mr. Arthur O'Connor. K. C., Judge of County Courts of Durham, The College, Durham.
Associates—
Mr. Hewan Archdale, Mining Student, Church Street, Quebec, near Durham.
Mr. Frank Forster, Back-overman, 22, Gowland Terrace, Wheatley Hill Colliery, Thornley, R. S. O.,
County Durham.
Mr. George Catron Nelson, Under-manager, Garesfield Colliery, near Lintz Green, R. S. O., County
Durham.
Mr. Thomas Wakefield Parkin, Back-overman. 17, Gowland Terrace, Wheatley Hill Colliery,
Thornley, R. S. O., County Durham.
Mr. Thomas Robson, Overman, Team Colliery, Low Fell, Gateshead-upon-Tyne.
Mr. Samuel Wane, Shot-lighter, 11, Victor Street, Hollinwood, Oldham, Lancashire.
Students—
Mr. George Octavious Harper, Mining Student, Cardiff Square, High Spen, Lintz Green, R. S. O.,
County Durham.
Mr. Ernest Hunter Oliver, Mining Student, Cornsay Colliery, County Durham.
Mr. Frank Thornton, Mining Student, Cornsay Colliery, County Durham.
-------------------------------THE LATE MR. E. VUILLEMlN.
Mr. John Daglish (Past-president) referred to the death of Mr. E. Vuillemin, one of the leading mining
engineers in France, and who was elected an honorary member in 1878 owing to the important position

which he held in connection with large collieries in that country.
be sent to the members of his family.

He moved that a vote of condolence

The vote of condolence was unanimously adopted.
CONFERENCE OF DELEGATES OF CORRESPONDING SOCIETIES OF THE BRITISH
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, GLASGOW, 1901.
The report of the proceedings of the Corresponding Societies Committee of the British Association
for the Advancement of Science, and also that of Mr. J. H. Merivale, the delegate representing the
Institute, was read as follows:--[93]
Broomhill,
September 22nd, 1901.
To the President and Council of the North of England Institute of Mining and Mechanical Engineers.
Gentlemen,
Two Conferences of the Delegates of the Corresponding Societies
were held on September 12th and 17th.
The question of the postage of scientific Transactions, I was informed by Dr. Garson, had been
considered by the Committee, and they had decided that it was a subject not for the Conference of
Delegates, but for the Economic Section. I therefore both wrote and saw Dr. Cannan, the recorder of
that Section, who promised to forward the matter.
At the meetings of the Sections, the following papers were read on subjects of interest to mining
engineers:—
Presidential Address ("Locomotion on Land") to the Mechanical Section. By Col. R. E.
Crompton.
"Resistance of Road-vehicles to Traction. By Prof. Hele-Shaw.
"The Present and Future of Railway Rolling-stock.” By Mr. Norman D. Macdonald.
"A Recording Manometer.” By Mr. J. E. Petavel.
"Output of Coal from the Scottish Coal-fields.” By Mr. R. W. Dron.
"Geographical Conditions affecting British Trade.” By Mr. G. G. Chisholm.
"Report of the Committee on the Increase of Underground Temperature Downwards in Various
Localities of Dry Land and Under Water.” By Prof. J. D. Everett.
"Report of the Committee on Seismological Investigations.” By Prof. J. Milne.
"The Transport of British Timber.” By Mr. Samuel Margerison.
"The Scottish Ores of Copper in their Geological Relations.” By Mr. J. G. Goodchild.
"The Source of the Alluvial Gold of the Kildonan Gold-field, Sutherland.” By Mr. J. M. Maclaren.
"The Occurrence of Covellite in Association with Malachite in the Sandstone of Kingsteps,
Nairn.” By Dr. W. Mackie.
"The Commercial Importance of Aluminium.” By Prof. E. Wilson.
"Artesian Water-supply in Queensland. '' By Dr. R. Logan Jack.
I am, Gentlemen,
Yours truly,
JOHN H. MERIVALE.
----------------------------

The President (Mr. J. G. Weeks) moved that a vote of thanks be accorded to Mr. J. H. Merivale, for his
services as delegate and for his report.
The resolution was cordially approved.
----------------------------Mr. W. B. Wilson, jun., read the following paper on "Tapping Drowned Workings
Colliery.”

at Wheatley Hill
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TAPPING DROWNED WORKINGS AT WHEATLEY HILL COLLIERY.
-------------------------------By W. B. WILSON, Jun.
-------------------------------Thornley colliery began to draw coals in 1834. The Harvey seam would then probably not be
extensively worked, but in 1858 the workings had reached a considerable extent in all directions. The
coals were brought to the shaft by a hauling-engine and boiler, both placed underground : the boilerflue being made in the coal-seam.
In June 1858, the coal adjoining the flue-way took fire, and it was found necessary to drown it out ; and
a considerable quantity of water ran into the face of the east headways district, at that time being driven
in the whole mine (Fig. 1, Plate III.). There would probably be no opportunity of surveying the face of
this district, although the plan might be drawn, roughly, by making use of such information as was then
available. The south way, out of the east headways, continued working until 1861, when the Harvey
seam was laid in. There would probably be an opportunity of surveying the south way and other
districts, which were abandoned either at this date, or previously, except the east headways, and of
having the plans of the workings completed to the extreme extent of the workings, although there can
be no certainty of this having been done. After the seam was laid in, the water in the east headways
gradually rose, until it closed all connections with the south way, leaving the higher workings of the
south way water-sealed but dry.
The Harvey seam has always made a considerable quantity of gas, and this, at intervals, burst out
of the south way, through the water, and towards the shaft. This gas is supposed to have been the
cause of an explosion, which occurred in the downcast shaft, on August 23rd, 1865.
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On May 8th, 1875, a disastrous fire practically destroyed all the surface plant, and timber in the
shaft. The feeders of water which had previously been pumped to bank, were necessarily allowed for a
time to run into the workings of the Harvey seam, which had up to this date, with the exception of the
east side, been kept clear of water. No further attempt was made to keep down this water, and the
downcast shaft, below the Hutton seam, was blocked with debris from the fire. On March 24th, 1881,
the water had risen to a level of 53 ½ feet below the Hutton seam. On April 23rd, 1883, to 47 feet
below ; and on December 8th, 1884, to 43 ½ feet below that seam (Fig. 2, Plate III.).
After the fire, the downcast shaft was filled with stones and other rubbish, to about 25 feet below the
level of the Hutton seam. It is supposed that this was done, because there was a risk of the gas from
the Harvey seam escaping into the shaft through the water and debris.
Between 1884 and 1887, all operations at Thornley colliery were suspended. Meanwhile, the water
rose above the level of the Main coal-seam, to an altitude of about 120 feet below sea-level.

On May 11th, 1888, a commencement was made to draw the water with water-cages. On February
9th, 1889, the water was lowered to the level of the Hutton seam hanging-on, and was afterwards
lowered to about 20 feet below this level (Fig. 2, Plate III.). The water has since been maintained
about this point, although it was never lowered to the same level in the upcast staple between the
Harvey and Hutton seams, but stood about 14 feet below the level of the Hutton seam, until disturbed
by the operation about to be described in this paper.
The Harvey seam at Wheatley Hill colliery was first worked in 1892 ; and in 1894, some of the
working-places in the northwest district began to shew signs of water. This, taking into consideration
the proximity of the drowned workings of the Harvey seam of Thornley colliery, was rather alarming,
although the Wheatley Hill workings were still, according to the plans, about 525 feet from the nearest
workings of Thornley colliery in the Harvey seam. The working-places where the water had made its
appearance were stopped, and it was decided to leave a barrier of at least 450 feet of solid coal
against the workings of the Harvey
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seam of Thornley colliery, as delineated on the plan, as it was possible that this plan was incomplete.
Early in 1900, it was decided to hole into the Thornley workings from Wheatley Hill colliery, so as to
run off the water to the Wheatley Hill pit, through the Burnside safety-boring apparatus.
A vertical hole was drilled from the Busty seam of Wheatley Hill colliery, at a point, where a little
water was made at a crack in the roof, lying in the same course as the edge of the goaf in the overlying
Harvey seam of Thornley colliery, and in the face of a place, A, which had previously been driven a
few feet under the goaf for this purpose (Figs. 1 and 2, Plate III.). This hole penetrated the goaf on
February 3rd, 1900, but as the goaf was close, only a very little water came away, with a little gas. The
hole was then plugged and left.
A narrow headway, B C D (8 feet wide), was then driven, with bore-holes, from the north-west
district of the Harvey seam of Wheatley Hill colliery in the direction of the east headways of Thornley
colliery : this was the lowest point of the Thornley workings (Figs. 1, 2 and 3, Plate III.).
The bore-holes were drilled with a hand-rotated stone-drilling machine of suitable height, constructed
so that the feed-worm and nut might be quickly released, and the rods withdrawn through the stand of
the machine. The feed-worm had a Whitworth thread, 6 turns to the inch, 1 3/8 inches in diameter, the
screw being 2 feet 7 1/2 inches long. The boring-machine had a double handle, with a 12-inch throw,
and was worked by two men turning together. Ratchets were only used when going through a piece of
pyrites, and this did not often occur (Figs. 4 and 5, Plate IV.).
The Burnside safety-boring apparatus consists of the tube which is wedged into the hole ; the
wedges ; and the necessary taps and glands outside the hole. Special drills are used to enlarge the
outer end of the bore-hole to the necessary diameter so as to admit the tube and wedges ; and borerods, of round section, may be added, as the hole advances, without opening the apparatus.
The hole is drilled of the diameter, it is intended to continue, for a length of about 5 feet. A length of 3
¼ feet is then enlarged
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with the intermediate drill (Figs. 7 and 8, Plate IV.), and 2 feet 10 inches of this hole is again enlarged
with the large drill (Fig. 9, Plate IV. ), leaving a shoulder, C, against which the water-tight joint is made
(Figs. 4 and 5, Plate IV.).
A thick india-rubber washer is placed on the end of the tube against the flange, C, and the four
wedges and the machine are pushed carefully into the hole, the upper and lower wedges, E, E, being
placed with their heads against the flange, D ; and the side-wedges, G, G, are fixed against the
flange, C. When the india-rubber washer reaches the shoulder, C, left by the large drill, the upper
and lower wedges are driven in with a hammer, and the side-wedges are drawn outward by turning the
nuts, U, on the bolts, Y, fitted for this purpose. While the side-wedges, G, G, are being drawn out,
the tube moves into the hole for a certain distance, and compresses the india-rubber washer. This
compression can be assisted also by setting the drilling-machine, and pressing the apparatus into the
hole with the feed-worm (Figs. 4 and 5, Plate IV.).
The apparatus, when set, can be tested by means of the hydraulic test-pump (Fig. 14), and
pressure-gauge, H (Fig. 4) ; and if well set there will be practically no leakage of water or gas at a
pressure of 200 pounds per square inch. The test-pump may be fitted either upon the gland, M, or the
tap, N ; but the pump, as supplied with the apparatus, will only work efficiently in a vertical position,
owing to the valves with which it is fitted (Figs. 4 and 5, Plate IV.).
The tap, N, may be left open while drilling a horizontal hole in order that the drillings may escape, if
there be sufficient water to bring them out, and the tap, P, may be used for the same purpose in the
case of a vertical hole (Fig. 4, Plate IV.).
If any other section of rods than the round section, supplied with the machine, be used, these rods
should be added next to the piston-rod, R (Figs. 4 and 5, Plate IV.), so as to keep this piece working
through the gland, M, and next to the feed-worm. In this case, it will be necessary to open the gland,
M, every time another rod is added.
If the round section of rods be used, they may be added outside the apparatus, between the feedworm and the piston-rod, R ; and it is then only necessary to open the gland, M, when changing a drill
; or, if the drill be not clearing itself, to remove the debris.
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At T T, are pieces of india-rubber, which can be screwed against the rods, and these will, if
necessary, make the apparatus almost water-tight, even when the gland, M, is open.
This
arrangement is adopted so as to guard against the possibility of water breaking away while the rods are
being withdrawn, for any reason, from the hole. The large tap, L, can only be closed when the rods
are drawn out of the apparatus. The gland, M, makes a gas- and water-tight joint with the round rods,
or the piston-rod, R. The barrel and taps of the apparatus are made of gun-metal, and the wedges,
etc., of iron.
The chief advantages of the Burnside safety-boring apparatus are:—(1) The comparative ease and
quickness with which it can be securely set, or withdrawn.
(2) It can be tested with the hydraulic
pump, before proceeding to bore.
(3) The remarkably small leakage of water and gas, when the
apparatus is well set. (4) If any taps are for any reason left open, when the rods hole, they can be
easily closed.
(5) The ease with which pipes, to conduct the water away, can be connected to the
machine, when necessary.
The writer found, in holes 54 feet long, that two men drilled an average length of 48 feet in a shift.
In the first length of 348 feet of the headways, 8 feet wide, B C, the flank-holes were drilled at
intervals of 9 feet, at an angle of 30 degrees from the line of the place, alternately 27 feet and 54 feet
long ; and the straight-on hole was kept 54 feet in advance of the coal-face (Fig. 3, Plate III.). For the

remaining length of 132 feet, C D, previous to the holing, the flank-holes were made 54 feet long. In
the south-east headways district of Thornley colliery, the bords were driven 12 to 15 feet wide, and the
walls 7 or 8 feet wide.
Considerable difficulty was, at first, experienced in boring holes as long as was desired, without their
penetrating into the roof of the seam. The holes were, at first, set away about the middle of the seam,
for convenience in turning the handle, and having the same rising inclination as the seam ; but it was
soon found desirable to incline the holes slightly towards the bottom of the seam ; and even these
holes penetrated into the roof-stone more frequently than into the bottom-stone, if continued far
enough, but few holes got either into top or bottom stone within 40 feet. The seam is about 3 feet 8
inches thick.
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Very few of the straight-on holes were lost through deviating to either side of the place. Some of the
straight-on holes were continued as the face advanced, to a total length of more than 100 feet ; 95 feet
being the greatest length on any hole at any one time.
The tendency of the holes to rise into the roof may have been due to the cutting-edge of the drill
being larger in diameter than the rods (Fig. 5, Plate IV.). The rods would of their own weight lie along
the bottom of the hole, while the centre of the drill would be in the centre of the far end of the hole ; this
position would give to the drill and the last few rods a slight upward inclination, and would continually
tend to cause the hole to rise towards the roof.
When the drill encountered pyrites or any other irregularity in the seam, the holes were diverted from
their course in any direction, sometimes so great that the rods would hardly follow the new line of the
hole.
In the beginning, the Burnside safety-boring apparatus was wedged into every hole, and this took a
considerable time ; moreover, if a hole was not bored to its distance at the end of the borer's shift, the
apparatus had to be removed out of the way of the coal-hewers and afterwards reset on the same hole.
It was therefore decided only to use the Burnside apparatus in holes, shewing signs of water ;
consequently it was only set two or three times before September 13th, 1900, when a straight-on hole,
which had so far not been unusually damp, reached a breaker in the coal, E, and encountered a
feeder of about 10 gallons of water per minute (Fig. 3, Plate III.). This hole happened to be 67 feet
long, as the flank-holes were not due to be bored, and the borers had therefore continued the straighton hole past its usual distance.
After setting the apparatus on this hole and closing it, the pressure in a few minutes rose to 85
pounds per square inch, which agreed, at the time, with the level of the water in the Harvey staple at
Thornley colliery. There was a dropping of water at one or two of the glands and a very slight leakage
out of the hole, and the total leakage may be estimated at less than 1 quart of water in the hour ; and
this speaks strongly for the utility of the apparatus, which had been in the pit for some months, and had
been used several times previously. The apparatus was left in the hole
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until a cistern was set, and pipes laid from the cistern, to conduct the water to the standage.
On September 20th, 1900, the taps were turned on, but the quantity of water did not increase as was
expected, and on the following day the hole was bored another foot, through the Burnside machine.
This produced more water than the cistern and pipes would carry away—probably about 60 gallons per

minute—and the taps were set so as to allow of the issue of about 40 gallons per minute—the full
carrying capacity of the pipes (Fig. 15, Plate V).
This quantity not being so large as was desired, on September 26th the cistern being removed, the
apparatus was coupled direct to the pipes, and the tap on the machine opened to its full extent. The
water then increased to about 50 gallons per minute. As this feeder was still not considered sufficient,
the rods were again put through the machine, on October 11th, and the hole bored a further 3 feet. This
gave a further increase of water, to about 80 gallons per minute.
This feeder then slowly became less, probably due to loss of pressure, and on November 10th,
although it was thought that the hole was bored through, the rods were again put in, and 2 feet farther
bored to F, still in broken coal (Fig. 3, Plate III.). The water then came away with great force, clearly
shewing that the hole was through, and that it had not previously been so. The quantity of water
running through the pipes then increased to 140 gallons per minute, while the pressure indicated at the
Burnside machine was 45 pounds per square inch, when the water was running.
The range of pipes by which the water was conducted from the machine was connected to the tap,
N, 1 ½ inches in diameter, on the under side of the machine (Fig. 4, Plate IV.). The range consisted
of 12 feet of pipes 2 ¼ inches in diameter, next the apparatus ; 216 feet of pipes, 3 inches in diameter
; and 2, 100 feet of pipes, 4 inches in diameter : giving a total length of 2,328 feet.
On November 28th a second connection was made with the machine, by laying a range of pipes
consisting of:—12 feet of pipes 1 ½ inches in diameter, and 216 feet of pipes 4 inches in diameter, and
connecting it to the fore-end of the machine, and to the first range at the point where the pipes 3 inches
and 4 inches respectively in diameter were connected together. The quantity of water, which had fallen
to 108 gallons per minute was increased to 145 gallons, and the pressure which had already receded
to
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39 pounds, was further reduced to 28 pounds per square inch. The level of the water in the Harvey
seam staple had lowered considerably by this date (Fig. 15, Plate V).
As the water lowered down the staple, water-blasts were feared, but beyond the slow lowering of the
water, which varied very much with the barometer, no change took place until January 24th, 1901,
when the water was only 26 feet above the thill of the Harvey seam. At this date, a considerable
quantity of gas began to be given off in the staple, with a faint rumbling noise, the surface of the water
became disturbed, and the float, with which the level of the water was measured, rose and fell as
much as 6 inches, 3 or 4 times a minute. On February 11th, 1901, the float reached some debris, 13
feet above the bottom of the staple ; and on February 15th the rumbling noise was heard for the last
time.
After the float reached the debris, it was still possible to obtain a fair idea as to the extent of the
drainage of the Thornley workings by drawing a contour-line across the plan at a level corresponding to
the pressure indicated at the Burnside apparatus, when the taps were turned off. This was done
periodically until May 25th, 1901, at which date no pressure was indicated and the water-feeder had
diminished to 35 gallons per minute, probably due to the feeders made in, and escaping down, the
Thornley shaft and Harvey staple, together with a little drainage from the Harvey seam.
Previous to this, a final attempt had been made on May 21st 1901, to get more water by boring the
hole further ; the rods travelled 7 feet in soft material, and at a total length of 80 feet they again
encountered a hard substance. This was followed by no increase of water.
On June 13th, 1901, the boring-apparatus was withdrawn, and a few days later the headways was
again set away, the boreholes being continued. Several more bore-holes were put through into the
Thornley workings, and on July 11th, a coal-hewer holed into a narrow headways (Fig. 3, Plate III.).

The headways was partially open at the holing, but it was quite close a few feet away. Very little gas
was evolved, and very little air travelled in either direction through the holing.
The water, particularly when it first came away, had a distinctly
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soapy feeling and a sickly taste ; and when first relieved from the pressure, it was white, but it quickly
became clear, without any visible deposit being formed. The temporary whiteness was probably
caused by gases escaping from solution, on account of the reduction of pressure. The water left a
white slimy deposit, wherever it flowed, for a distance of about 360 feet from the pipe-end ; beyond this
point there was a thin red ochreous deposit for a short distance. There was no white deposit in the
pipes, only a thin black scale, and no white deposit was found in the Thornley workings.
The water had a strong smell of sulphuretted hydrogen, and at the pipe-end a large quantity of gas
issued with the water. There would probably be some methane, but the sulphuretted hydrogen was
most prominent. The writer could devise no method of proving either the presence or absence of
methane, as the action of sulphuretted hydrogen on a flame is similar to that of methane. The
sulphuretted hydrogen was easily recognized by its odour, and by its action on test-papers
impregnated with a solution of lead acetate and dried : these papers were quickly turned black when
placed near the pipe-end. Sulphuretted hydrogen is the only gas that will turn lead acetate into lead
sulphide.
Blue-litmus papers were turned of a reddish tint at the pipe-end.
The cap produced on a Marsaut-lamp flame, at the pipe-end, was much more blue than the usual
fire-damp cap. There was no dimming of the flame, as might have been expected had any carbon
dioxide been present.
The white slimy deposit left by the water largely consisted of sulphur, precipitated through the
sulphuretted hydrogen being partially oxidized by the air. This deposition of sulphur usually takes place
when a solution of sulphuretted hydrogen in water is exposed to the air, and the water in flowing over
the rough bottom would facilitate this action.
The water originally came partly from the workings in the Low Main seam of Thornley colliery, and
some of these water-feeders are salt.
About 4 years ago, the writer exposed some lead-acetate test-papers at the top of the Harvey staple,
and detected the presence of sulphuretted hydrogen.
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At times, with a low barometer, gas bubbled out of the water in the Harvey staple, but more usually
the gas rose from its surface without any visible movement. The effect of the barometric pressure on
the level of the water in the Harvey staple was very marked in the year 1884 as shewn in Fig 16 (Plate
V.). On this diagram, the measurements of the water-levels are inverted and reduced in the ratio of
the specific gravity of mercury to that of water, so as to give parallel results. Similar variations are also
recognizable on Fig. 15 (Plate V.) though not so marked, as the scales are not suitable for shewing it,
and there were other disturbing influences at that time.
---------------------------Mr. J. B. Simpson asked what was the actual distance driven and the head of water at the time of
holing. He would also like to know whether the workings were holed into exactly at the position which
the plans indicated.
Mr. W. B. Wilson, jun., replied that the length driven was about 480 feet, when the drill-hole 67 feet
long encountered the feeder of water, at a pressure of 85 pounds per square inch. It was not yet
known whether the workings had holed exactly at the position indicated by the plans ; the distance,
however, was correct, but the workings might be somewhat out of position.
Mr. Phil. Kirkup remarked that one of the greatest difficulties with which he had had to contend in
boring against water was that the machine became very much clogged when the hole was damp, but
with running water there was no difficulty. He also asked whether in drilling holes, which were damp,
the power required was such as to necessitate the use of a ratchet.
Mr. C. C. Leach asked why the Burnside apparatus was adopted.
The President (Mr. J. G. Weeks) drew the attention of the writer to the statement that "some of the
straight-on holes were continued as the face advanced, to a total length of more than 100 feet ; 95 feet
being the greatest length on any hole at any one time.”* What did this mean?
* Trans. Inst. M. E., 1902, vol. xxiii., page 77.
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Mr. W. B. Wilson, Jun., stated that trouble had been experienced from the rods clogging in the holes,
and this was especially the case in damp holes. The Burnside apparatus was used ; in order to have
control of whatever water was found, and they were afraid of encountering more water than they could

deal with. He did not think that a ratchet had ever been used, in consequence of the hole being damp.
There were always two men at the hand of the boring-machine, although the services of both were not
always required, unless the hole was damp, or when drilling through unusually hard material. The
greatest length on any hole at one time was 95 feet ; the 100 feet referred to a straight-on hole, where
the hewer was continually hewing off a certain length of hole. The same hole was extended on the
following night ; and the total length measured from where the hole was started exceeded 100 feet in
several holes. The 95 feet hole was a flank hole, and it was extended to that length because it
showed signs of water.
Mr. T. E. Forster stated that he had seen the Burnside apparatus in use in Hartley colliery, and it
seemed to him to be a very efficient apparatus. He thought, however, that when a machine of this kind
was adopted, it should be used in every hole from the commencement to the finish of the work. He
thought that considerable risk was involved in allowing the man in charge to determine when the
apparatus was to be used.
At a colliery in Durham, where there had been an inundation resulting in
the loss of several lives, until the pick was put through the coal into the water, there was not the
slightest sign of any "bleeding.”
Mr. R. A. S. Redmayne stated that the Burnside apparatus had been used in the exploration which
had been made against the old Hartley workings. In that case, two men per shift were employed at the
machine, and a deputy was placed with them in each shift as an extra precaution. The use of the
Burnside appliance only slightly enhanced the cost of boring the holes. Occasionally there had been
difficulty in setting the machine, and sometimes it was difficult to withdraw, if it were tightly fixed. The
longest hole at Hartley was bored to a length of 63 feet. The same men were employed continuously
at the machine, although the rest of the workmen objected and claimed that they should have a turn at
this bargain, but it was very necessary that they should only employ the most practical and capable
men. The same front
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hole had been extended for 300 feet, and, except when the holes met with a "trouble,” he did not think
that they had once run into the top stone. Flank-holes were bored on both sides of the headings, every
6 feet, at an angle of 45 degrees and 25 degrees alternately, and for a distance of 30 feet. The front
hole was kept 30 feet in advance of the face. There were no signs of water until they actually holed
into the old workings with the drill ; the head of water was 82 ½ pounds per square inch, and the
workings were found within 1 ½ feet of their position on the plan.
Mr W. C. Blackett stated that in the accident at Kelloe, where they holed into the workings of Old
Cassop colliery, the pick holed through without any previous indication of water, and the deputy (who
had an extraordinary adventure, being so long underground) saw nothing whatever to alarm him before
the water broke away.
Mr. J. Southern said that he had experienced great difficulty in boring with rotating machines, and
owing to the rods slurring up, the men were just able to bore about 5 feet per shift. The difficulty was
overcome by the use of hollow rods, which enabled them without difficulty to bore 50 feet in a shift. He
had also tried the Burnside apparatus ; it was very safe and reliable, and there was very little waste of
water coming through the plugs. The hole was driven 80 feet, and the pressure was 180 pounds to the
square inch.

Mr. Phil. Kirkup understood that the usefulness of the Burnside apparatus was really one of safety, in
so far that they were enabled to control the water when it was tapped. He asked whether an angle of
30 degrees from the line of the place was the best angle at which to drill the flank-holes.
Mr. R. A. S. Redmayne said that flank-holes should be arranged so that they almost cut each other,
and that no place could come in between them.
The President (Mr. J. G. Weeks) said that the safety of a colliery sometime depended on the way in
which drowned-out workings were broached, and Mr. Wilson's paper would prove valuable to students
as well as to those having charge of mines. The introduction of the Burnside appliance would give
confidence
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to the workers and secure additional safety ; and where there was a heavy head of water, it should be
adopted in and applied to all the bore-holes that were being made. These holes could probably have
been drilled without any safety-appliance, but in certain positions, such as boring in a place to the "dip,”
if the workman lost his head he would probably lose the colliery as well, whereas with the Burnside
apparatus he could turn a tap and attain security at once. The angle of the flank-holes and their
distance apart from each other and their lengths must be left to the discretion of each manager ; but he
advocated the use of two straight-on holes driven about 18 or 24 inches from each corner of an 8-feet
or less place, instead of a single front hole, though each one should consider the question for himself.
Care must be used so as to be as well protected on the flanks of the exploring-place as in the front of it.
Cross-cuts and other ways could come in between the holes at different angles, and the bore-holes
must be placed so that it would be impossible to miss such places. The smaller the width of an old
working, the more likelihood there would be for the boreholes to miss it, and in making calculations as
to the angle of the bore-holes they should assume that the place into which they might hole might be
only 5 feet wide. He had pleasure in proposing a hearty vote of thanks to the writer of the paper.
Mr. John Daglish seconded the proposal, which was cordially adopted.
-------------------------Prof. Henry Louis read the following paper on "Standardization of Surveyors'Chains.”
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STANDARDIZATION OF SURVEYORS' CHAINS.
---------------------------By Prof. HENRY LOUIS, M. A., A. R. S. M., etc.
---------------------------It is perfectly well known that the ordinary surveyors' chain, at no time a very accurate measuring
appliance, rapidly becomes inexact in use, so much so that if these inaccuracies are not constantly
corrected, very serious errors may be introduced into surveys made with such chains. It is customary
at important mines to lay down, once for all, a standard length, by which all chains may be adjusted.
The object of the present brief communication is to draw attention to the various precautions that
should be observed in setting out such a standard length and to detail those employed by the writer in
laying down standard lengths of 66 feet and 100 feet respectively at the Durham College of Science.

These latter standard lengths have been recently set out, and the Council of the College has
authorized the writer to place them at the disposal of any surveyor in the district, who may wish to
accurately adjust his chains.
Standard Lengths. —The standard lengths are marked by means of three small brass plates let into
the concrete flooring of one of the College corridors. Concrete expands and contracts very little under
change of temperature, and it is therefore especially suitable for this purpose ; moreover, the corridor is
kept at an approximately uniform temperature. The lengths of 66 feet and 100 feet are marked by
means of fine and deep lines cut into the above-mentioned brass plates.
The measuring appliance used in setting out these marks was a standard steel tape, made by
Messrs. Chesterman & Company, Limited, tested specially by the Standards Department of the Board
of Trade, subsequently retested by the makers, and found to be absolutely accurate at a temperature
of 62°Fahr., under a pull of 3 pounds, when the tape was supported throughout its length on a level
surface.
The marks having been set out as accurately as possible with this tape, a series of observations
were made at the above pull and at the standard temperature ; the tape was left in the corridor for
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some time in order to bring it to the temperature of the corridor, and the temperature was read by
means of six thermometers placed at equal intervals along the tape, while the pull was determined by
means of a spring-balance attached to one of the handles. The distance between the centres of the
graduations on the tape and the centres of the marks in the brass plates was read by means of a
magnifying glass on a standard steel rule divided to hundredths of in inch ; and in this way the following
errors were determined:--I., 66 feet : too short by 0. 06 inch.
II., 100 feet : too short by 0. 04 inch.
Where extreme accuracy is desired for any reason, these corrections can be applied, but it is
obvious that the standard lengths as laid down are accurate enough for all practical purposes.
It may be worth while to examine the effect of any deviation from the above standard conditions in
respect of temperature, amount of pull, and mode of support of the tape.
Effect of Temperature. —The linear expansion of steel is about 0.000006 of its length for 1°Fahr.;
hence a 100 foot steel tape will expand or contract 0.007 inch, and a 66 foot steel tape 0.005 inch, for a
rise or fall in temperature of 1°Fahr. In this country it is rare for the temperature in a colliery to vary
more than 20° either way from the standard temperature of 62°Fahr., hence if chains or tapes are
adjusted at the standard temperature, any variation in length due to change of temperature on going
underground may be disregarded. For very accurate work, it is, however, necessary that the standard
length be set out under shelter, in a place that can be kept at a uniform temperature. For example, if a
66 foot chain were adjusted to the standard length in the open air at 32°Fahr., and then taken into a pit
where the temperature was 82°Fahr., an error of 0.25 inch per chain would be introduced unless the
correction were applied.
Even greater errors might occur, if the chain were standardized while
exposed for any length of time to a strong summer's sun.

Effect of Pull. —The standard steel tape used in the above measurements was 0.375 inch wide and
0.014 inch thick, and weighed 0.016 pound per running foot. Three pieces of steel tape of similar
material, supplied by the makers, but 0.5 inch
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wide and 0.015 inch thick, and weighing 0.024 pound per running foot, were tested to destruction in the
testing-machine. The actual results obtained are shewn in Fig. 1 (Plate VI.), and the average of the
three closely concordant tests give a mean elongation of 0.122 per cent. for a pull of 0.1 ton, or 0.055
per cent. for a pull of 100 pounds, until the elastic limit was reached ; this latter was about 0.63 ton,
and the average breaking-strain was about 0.735 ton.
The standard steel tape was stretched on a level surface, definite pulls were applied to one end and
measured by means of a spring-balance, and the elongation was recorded. The results of two such
tests are shewn in Fig. 2 (Plate VI.), giving as an average result an extension of 0.01 inch for a pull of 1
pound, or 0.08 per cent. As the cross-section of this tape is 0.7 of the tape tested in the machine, the
extensions should be in about the proportions actually found, namely, in the ratio of 10 to 7.
It is obvious that the amount of extension under an abnormally heavy pull is by no means to be
disregarded in accurate surveys, as a pull of 50 pounds would cause an error equal to about 3.5 links
per mile, measured with the above tape.
Effect of Supporting Tape. —It has been stated that the tape must be evenly supported throughout
its entire length. If a tape he made fast at one end and a definite pull be applied to the other, the tape
will sag, forming a curve which will approximate very closely to a true catenary, and, owing to this
curvature, the distance between the two ends of the tape will be less than its true length. The amount
of shortening will depend upon, three elements, namely:—The length of the tape, its weight and the pull
upon it. Given the ratio that the pull in pounds bears to the weight of the tape, also expressed in
pounds, the percentage of shortening (the length of the tape being taken as 100) can readily be
calculated.
In Fig. 6 (Plate VI.) let a chain or tape A C B be attached to a point, A, and pulled, at B, with a
tension equal to T pounds. Let the length of the chain be L units (feet or links) and let its weight be W
pounds. Call the length, A B, x units, and the depth of sag h units. Then the shortening s will be
equal to L — x, and the following equations represent the relations between these figures, with
sufficient accuracy for practical purposes:—
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S = L/24 x (W/T)2

(1)

H = 1/8 x (W/T)

(2)

S = 8/3 x (h2/L)

(3)

Whenever W/T is less than 1, as is generally the case, the above equations are practically true.
The same 100 foot tape was freely suspended under various pulls, and the difference between its
true length and the length under these conditions was measured, the results obtained being recorded
graphically in Fig. 3 (Plate VI.). Obviously, under these conditions, the tape is elongated by the pull
upon it, while it also indicates a shortening owing to the amount of sag ; at low pulls the latter figure is

larger than the former, while at high pulls the opposite condition prevails. There is accordingly a pull at
which these two errors must balance, and experiment shows that this was the case with a pull of about
21 pounds. In order to determine the shortening due to sag, the amount of lengthening must be
allowed for ; this has been done approximately, and the average results are also plotted in Fig. 3, in
which the calculated shortening is also laid down. It will be noticed that the observed shortening is
somewhat less than the calculated, the discrepancy being fairly constant, and this is probably due to
slight errors both in the mode of suspension and in the spring-balance employed.
Measuring by Means of the Chain. —What has been said about tapes applies equally to chains ; it is
hence clear that, even with a correctly adjusted chain, errors may be introduced unless the chain is
used in surveying under precisely the same conditions as in standardizing. The co-efficient of
expansion or contraction of an ordinary surveyors' iron chain under varying temperatures may be taken
as identical with that of a steel tape, and it has already been pointed out that this influence of
temperature may, for practical purposes, be disregarded ; it remains, therefore, to investigate the effect
upon an ordinary chain of the two other elements, namely, the extension under pull, and the result of
sag due to the chain not resting upon the ground.
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Extensibility. —A 100 foot galvanized-steel chain, made of wire 0.155 inch in diameter, weighing
10.25 pounds, with links not brazed but simply closed in the usual way, was tested under different pulls
when resting upon the ground. The results of three such tests are recorded graphically in Fig. 4 (Plate
VI.). It will be noticed that the extension is by no means uniform, and that there is a certain amount of
discrepancy between the several experiments, the chain not always returning quite to its original length
when the strain was removed. The average extension seems to be about 0.026 inch for 1 pound of
pull, or 0.22 per cent. for a pull of 100 pounds. This is evidently enough to cause perceptible errors
with a heavy pull in chaining a long line. Thus, under a pull of 50 pounds, the above chain would give
a measurement 5 feet 9 inches short in 1 mile.
It is well known that chains generally become permanently longer by use, probably not so much
owing to the actual stretching of the metal as by slight opening, under wear, of the numerous links of
which it is composed. Thus the four chains in use at the Durham College of Science (where the wear is
much lighter than it would be at any ordinary colliery) were tested under a pull of 10 pounds, with the
following results:—
No.
I.
II.
III.
IV.

Description of Chain.
100 feet galvanised steel
100 feet light steel
66 feet brass
66 feet steel

Weight in Pounds.
10.25
4.75
9
8.25

Too long, Inches.
0.75
7.70
3.15
3.45

Chain I. was found to be 2.25 inches too long at the 66 foot mark.
Effect of Sag. ---Owing to the much greater weight of chains than of tapes, the shortening due to
sag is much more pronounced. As already shewn, its amount can easily be calculated ; in order to
avoid even the trouble involved in this calculation, Fig. 5 (Plate VI. ) has been prepared, from which the
percentage of shortening caused by any given pull upon a chain of any given weight can be found by
simple inspection. Thus, if a chain weights 8 pounds, and is used freely suspended, with a pull of 16
pounds ; the coefficient of the weight of the chain divided by the pull is 8/16 or 0.5 ; from Fig. 5 the

percentage of shortening corresponding to 0.5 is seen to be just about 1. 05 per cent., or say 1 link to
the chain, so that a distance measured under these
[112]
conditions would be found to be 84 links in the mile too long, unless the proper correction were applied.
It is obvious that if a uniform pull be applied, quite as accurate results can be obtained with the chain or
tape always freely suspended, the end-marks being obtained by means of plumb-bobs, if the proper
correction for shortening is applied. This method is often used abroad, and occasionally in this country,
for instance, in "stepping" a slope or in chaining along a level deep in mud. It is only necessary to
determine what is the proper amount of correction to apply. This may be done either by keeping the
pull about uniform, which chainmen can readily be taught to do, or using a spring-balance attached to
one of the handles where special accuracy is required, or else by measuring the amount of sag with a
foot-rule.
From Fig. 5 (Plate VI.) the amount of shortening as indicated by the third equation,
corresponding to any given sag, can be obtained by simple inspection. What is obviously inaccurate is
the practice, that often obtains, of using the chain indifferently either lying on the ground or freely
suspended, without applying any correction.
Conclusions.— Unless the corrections here referred to are applied, it is evident that the surveyor's
chain must be an even more unreliable instrument than it need be owing to the inherent defects of its
mode of construction. In the writer's opinion it is only suitable for rough work, and to be used in
conjunction with the miner's dial, which is probably about on a par with it as regards exactitude.
Where the nature of the work is such that a theodolite needs to be employed, an accurate steel tape
should replace the chain. No doubt in the vast majority of cases, these refinements of accuracy are
not needed ; but every now and then cases will occur, where the corrections discussed in this paper
may be applied with advantage.
----------------------------Mr. C. C. Leach said that Prof. Louis' paper was of great value as it directed attention to the fact that
correct measuring was the most difficult part of surveying, and the greatest difficulty was in ascertaining
the exact length. Prof. Louis had referred to vertical sag, but horizontal sag was also a common
source of error, and sufficient care was not always taken to straighten the chain
[Plate:
To illustrate Prof. H. Louis' Paper on "Standardization of Surveyors' Chains.”
Vol. XXIII. Plate VI.
Fig. 1. Graph showing Tests of Three Pieces of Steel Tape.
Fig. 2. Graph showing Tests of the Elongation of 100 Foot Steel Tape, Supported.
Fig. 3. Graph showing Tests of Change of Length of 100 Foot Steel Tape. Hanging Free.
Fig. 4. Graph showing Tests of Elongation of 100 Foot Galvanised-Steel Chain, Supported.
Fig. 5. Graph showing Tests Diagram of Shortening and Sag Corresponding to Different Values of
W/T ( Weight of Chain/Pull )
Fig. 6. Sketch showing curvature of points A B and curvature at C.
See library for images of graphs.]
Blank page.
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properly.
Again, links were apt to overlap each other, and that would shorten the chain. Another
source of considerable error was the stretching of the chain by rough handling and tugging when it
became fastened or was trodden on. He hoped that Prof. Louis would mark every tenth link of his
standard chain-length at the Durham College of Science.
Mr. R. A. S. Redmayne said that the moral of Prof. Louis' paper was that the theodolite and the tape
should be used for accurate surveys, and for all filling in of details they could use the miners' dial and
the chain, and he thought that this was the system generally practised by those who strove after
accuracy. The members were indebted to Prof. Louis for obtaining for them such an admirable place
for testing chains and tapes as that afforded by the Durham College of Science, and no doubt many of
the members would take advantage of it.
Mr. J. Kenneth Guthrie endorsed the necessity for standardizing surveyor-chains. He had tested a
chain recently, it was only two years old, and he found that it was about two links too long.
Mr. W. C. Blackett asked whether it would not be practicable, in making rough underground surveys
of considerable length, to use a light steel rope, with which they could measure the number of chains,
and the reading of the links could be made with the chain. He did not think that the steel-rope would
have worse properties, as regards shrinking and stretching, than the ordinary chain.
Mr. C. C. Leach said that he had long ago discarded the chain in favour of the steel tape. In the
Ordnance Survey of Great Britain very great care was taken in measuring the base-line on Salisbury
plain, it was done with glass rods and it took about 3 years to measure a length of 3 miles.
Prof. H. Louis said that the horizontal error in practice was often very serious, but in his paper he had
assumed that the chain was been used with every possible care, under which condition horizontal error
could be entirely avoided. For example, it was avoidable under fairly heavy pulls, though he was quite
sure that it played a very important part in errors of surveying. He had,
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after giving the matter considerable attention, come to the conclusion that wire-rope was quite
unsuitable as a measuring instrument : it was wound necessarily in spirals, and it had therefore too
much elasticity. In surface-surveying in Australia, and for underground surveys in America, a steel wire
was employed. A little brass ring was brazed on the steel wire at every tenth link, and a little nick was
made to indicate the exact centre. The surveyor also carried a steel tape with which he measured
accurately from the last nick to the point surveyed to.
The President (Mr. J. G. Weeks), in moving a vote of thanks to Prof. Louis for his paper, said that it
was very useful for the members to know exactly what they were doing when making measurements,
as accuracy was so very important. Many years ago, he had measured a length on his granary-floor
for the purpose of testing the surveying chains, though he might possibly be told now that
measurement on a cement floor would be preferred, as being less liable to expansion or contraction.
The suggestion that every tenth link should be marked on the standard length by which the chains were
tested was perhaps one which Prof. Louis could see his way to have adopted at the Durham College of
Science.
Mr. C. C. Leach seconded the vote of thanks, which was cordially adopted.

Mr. W. C. Blackett, referring to the question of expansion or contraction mentioned by the President,
said that it might possibly be better to have a test-measurement marked on some material which would
be subject to the same variations from temperature as the chain itself.
Mr. Bennett H. Brough (London) thought that by laying down standard lengths at the Durham
College of Science, Prof. Louis had conferred a great benefit upon surveyors in the district, to whom
the standard laid down by the Board of Trade on the north side of Trafalgar Square, London, was
inaccessible.
The conclusion to be drawn from the author’s painstaking investigation was
undoubtedly that when a theodolite was used the chain should be replaced by the steel tape. At the
same time, the chain was so convenient, so safe in unpractised hands, and had given such good
results in filling in details of the Ordnance Survey, that for
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many purposes it could ill be spared. The corrections arrived at by the author with a view to rendering
the chain more trustworthy were consequently most welcome. The need for standardization had long
been recognized. Even in 1750, the German surveyor, Jacob Koebel, described a primitive method of
standardization somewhat as follows : "A rood should by the right and lawful way, and in accordance
with scientific usage be made thus : Sixteen men, short and tall, one after the other, as they come out
of church, should place their left shoes in a line and if you take a length of exactly 16 of these shoes,
that length shall be a true rood, with which you may measure fields.”It was interesting to compare this
quaint method with the author's delicate operations. On the Ordnance Survey, chains had to be
compared with the standard every morning, and a line with an error of 2 links in 1,000 was passed. At
one time on the Ordnance Survey, chains were solely used, and were stretched in wooden trays
between a drawing-post and a weight-post with a pull of 56 pounds. In the continental mining-schools,
the testing of 20 metres chains was conducted by a method somewhat similar to that adopted by the
author. On a solid concrete level surface, an iron post was fixed, upon which one end of the chain was
placed, while the other end was attached to a wire running over a pulley and loaded with a weight of 10
pounds. At a distance of about 20 metres (the length of the chain), a metal plate graduated in
millimetres was let into the floor, and on that could be read with accuracy the division to which the end
of the chain reached. Chains were made in which the central link was so constructed that a correction
of the chain might be effected by the aid of a right-handed and a left-handed screw.
With such
chains, used in conjunction with a spring-balance recommended by the author, results of considerable
accuracy should be obtained.
The spring-balance devised in 1901 by Mr. M. Przyborski* would
appear to be well adapted for the purpose.
Prof. H. Louis agreed entirely with Mr. Brough's views, although he would not like to endorse without
qualification the statement that the chain was safe in unpractised hands ; he had known—and no doubt
Mr. Brough had also known---surprisingly
* A Treatise on Mine Surveying by Mr. Bennett H. Brough, ninth edition, 1902, page 25.
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divergent results obtained by beginners in chaining. As the practical work of chaining had been so
often mentioned in the discussion, he would like to draw attention to an error that did not come within
the scope of his paper, but that might be worth mentioning, namely, the error due to the thickness of

the pin in chaining a long line. This could be entirely avoided by the plan, often adopted by continental
makers, of notching each handle with a notch equal in depth to the radius of the pin. He recommended
this simple plan and was surprised that it was not universally adopted. *
-----------------Awards for Papers.
The Secretary read the following list of papers, communicated during the year 1900-1901, for which
prizes of books had been awarded by the Council to the authors:—
"The Solvent Action of Pyridine on Certain Coals.” By Mr. T. Baker, B. Sc.
"Endless-rope Haulage at Axwell Park Colliery.” By Mr. R. W. Glass, Stud. I. M. E.
"Some Silver-bearing Veins of Mexico.” By Mr. Edward Halse, M. I. M. E.
"Dry and Wet Treatment of Copper-ores.”By Capt. C. C. Longridge, M. I. M. E.
"The Employment of Iron Bars at the No. 6 Pit, Lens Colliery.” By Mr. E. Reumaux.
"A Method of Boring Deposits out of Rising-main Pipes in Shafts.” By Mr. Hugh Ross, M. I. M. E.
"A Flash of Lightning at the Lambton Colliery, D and Lady Ann Pits, on October 2nd, 1900.” By Mr.
Jacob Sharp, M. I. M. E.
"Safety-lamp Cabin at Heworth Colliery.” By Mr. Thomas V. Simpson, Stud. I. M. E.
"Sinking through Swamp, Clay and Sand.” By Mr. William Tattley, M. I. M. E.
"Endless-rope Haulage at Pelton Colliery.” By Mr. Norman M. Thornton, Stud. I. M. E.
-----------------* He would like to draw attention to the fact that a paper was read at the students' meeting of the
Institution of Civil Engineers, on March 14th, 1902, by Mr. H. J. Deane, on "The Use of Long Steel
Wires in Surveying,” which appeared to cover some of the ground which he himself had covered in his
own paper.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
--------------------EXCURSION MEETING OF ASSOCIATES AND STUDENTS.
Held at Woodhorn Colliery, February 20th, 1902.
--------------------Mr. T. V. SIMPSON in the Chair.
--------------------WOODHORN COLLIERY.
Woodhorn colliery, one of the Ashington group of collieries, lies about 1.5 miles east of Ashington,
and between 4 and 5 miles north of the port of Blyth. There are, at present, two shafts, both sunk to
the Plessy coal-seam, at a depth of 864 feet.
Downcast Shaft. —The downcast-shaft is 13 feet in diameter, and is used exclusively for drawing
coals from the Yard seam at a depth of 573 feet.
The winding-engine, fitted with Cornish double-beat drop-valves and trip-gear, has two cylinders,
each 30 inches in diameter by 6 feet stroke, and the drum is 16 feet in diameter. Steam is supplied at
a pressure of 80 pounds per square inch. There are two double-decked cages, each deck taking 2
tubs. The tare of the tubs is about 5 cwts. and the average weight of coal per tub about 9 cwts. Steel

rail-guides, weighing 15 pounds per foot, are fixed to the shaft-buntons by means of cast-steel
sleepers.
The screening-plant and heapstead comprize two vibrating screens for best coal ; two cleaningbelts, 60 feet long by 4. 5 feet wide, running parallel to each other, and a stone-belt is placed between
them.
After being weighed, the full tubs pass into Wood-and-Burnett revolving side-tipplers, placed
immediately over the best-coal screens. The empty tubs, from both tipplers, gravitate to a point, where
they are raised by means of a creeper until they are high enough to run to the back of the shaft.
Directly under the
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best-coal screens a cross belt is placed for elevating small coal to another vibrating-screen, where this
class of coal is further divided into nuts and peas. At the delivery-end of the best coal belts, there are
also further vibrating screens, which can be used for making double nuts, if necessary ; and when not
required for this purpose, by means of dead-plates they form the spouts for easy delivery of the best
coals into the trucks. Beneath the double-nuts screens is another cross-belt for conveying the nuts to
trucks on an adjacent line of rails.
The whole of the screening-plant is driven by shafting and belts by an horizontal engine, with one
cylinder 13 ½ inches in diameter by 24 inches stroke, running at 88 revolutions per minute.
Upcast Shaft. —The upcast-shaft, 15 feet in diameter, is fitted as a winding-shaft in a similar manner
to the downcast-shaft, and is used for raising coals from the Low Main seam at a depth of 780 feet.
The banking arrangements at the surface are described in Mr. C. Liddell's paper. The screening-plant
is an exact duplicate of the plant already described.
The winding-engine fitted with Cornish double-beat drop-valves and trip-gear, has two cylinders, 28
inches in diameter by 6 feet stroke, and the drum is 16 feet in diameter. Steam is supplied at a
pressure of 100 pounds per square inch.
A jack-engine, placed immediately between the two shafts, has two cylinders, 16 inches in diameter
by 26 inches stroke, and the drum, 10 feet in diameter, is geared 3 to 1 on the second-motion shaft.
Pumping-plant. —A double-acting duplex condensing pumping-engine is temporarily fixed in the Main
seam and forces the water to bank from a depth of 500 feet. It has two steam-cylinders, 20 inches in
diameter by 2 feet stroke, working two rams, 9 inches in diameter. Should one side of this engine
need repairs, the other side may be worked independently, and so maintain a partial delivery. It is
capable of delivering 33, 000 gallons per hour.
A Cornish direct-acting steam-pump, with cylinders 8 inches in diameter by 12 inches stroke, fitted
with a suction-condenser, deals with the feeders lying below the Main seam.
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The permanent pumping-plant, in course of erection, will be worked by electric motors. The main
generator is of the six-pole continuous-current compound type, developing 300 amperes at 500 volts
when running at 500 revolutions per minute. The compound engine, driving the generator, has a highpressure cylinder 15 ¾ inches in diameter, and a low-pressure, 25 inches, with a stroke of 33 inches,
and the flywheel, 14 feet in diameter, is grooved for 10 ropes, 1 ½ inches in diameter. The main
cables are carried down the downcast-shaft to the Yard seam, where the main pumps are fixed.

The main pumps comprize : A three-throw horizontal pump with rams, 10 inches in diameter by 15
inches stroke ; and when running at 33 revolutions per minute, it is capable of delivering 400 gallons
per minute against a head of 576 feet. This pump is driven by a shunt-wound, constant-speed
continuous-current motor of 100 horsepower at 470 volts when running at 550 revolutions per minute.
Another three-throw horizontal pump with rams 7 inches in diameter and 9 inches stroke, fixed in the
Low Main seam, when running at 42 revolutions per minute, is capable of pumping 150 gallons per
minute against a head of 315 feet and delivering into the Yard seam. This pump is driven by a
multipolar protected motor of 25 horsepower at 470 volts, when running at 750 revolutions per minute.
There are also two three-throw pumps, with rams, 6 inches in diameter by 9 inches stroke, fixed in
the face of the dip-workings of two different districts in the Yard seam each capable of pumping 100
gallons per minute against a head of 100 feet, when running at 40 revolutions per minute. The motors
for driving these pumps are of the multipolar type yielding 11 ½ horsepower at 450 volts, when running
at 970 revolutions per minute.
Electric Lighting. —A Tyne compound-wound continuous-current dynamo, developing 240 amperes
at 105 volts when running at 670 revolutions per minute, is capable of running 400 lamps of 16
candlepower. This dynamo is run by an engine with two cylinders, each 11¾ inches in diameter by 24
inches stroke, at 120 revolutions per minute.
Ventilation. —A Capell fan, 16 feet in diameter by 5 feet wide,
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is capable of exhausting 200, 000 cubic feet of air per minute at 2½ inches water-gauge when running
at 168 revolutions per minute. The fan is driven by an engine, with a cylinder, 16¾ inches in diameter
by 3 feet stroke, and a flywheel, 12 feet in diameter, running at 84 revolutions per minute.
Compressed-air Plant. —A compressor with air-cylinders, and steam-cylinders, 22 inches in diameter
by 4 feet stroke supplies compressed air for driving dip-pumping and coal-cutting machinery.
Haulage. —The haulage is effected by endless ropes running above the tubs and attached by means
of forks. The engine, situated on the surface, has two cylinders, 14 inches in diameter by 20 inches
stroke, geared 10 to 1, and is supplied with steam at a pressure of 80 pounds per square inch. The
Cadzow driving-pulley, 7½ feet in diameter, is fixed on the third-motion shaft. The main driving-rope
passes down the downcast-shaft and round clutch-pulleys, erected on the shaft-sidings, by which
means the haulage-rope in any district may be stopped without stopping the driving-engine. A drum,
fixed on the second-motion shaft of this engine, when the driving-pulley is out of gear, enables the
engine to be used as a jack-engine for the downcast-shaft.
Winches. —For pump and shaft work, there are:--- Three steam-winches with cylinders 8 inches in
diameter by 12 inches stroke, and double purchase drums 21 inches in diameter by 29 inches wide ;
also a capstan or crab-engine with two cylinders, 12 inches in diameter by 20 inches stroke, and a
drum 4 feet in diameter geared 25 to 1 on the third-motion shaft.
Boilers. —The boiler-shed extends the entire distance between the two winding-engines and contains
nine Lancashire boilers, 30 feet long and 7½ feet in diameter, three of these work at a pressure of 80
pounds, and six at a pressure of 100 pounds per square inch ; and all are fitted with Meldrum forceddraught furnaces for burning duff-coal.

--------------------------Mr. C. Liddell read the following paper on an "Apparatus for closing the Top of the Upcast-shaft
at Woodhorn Colliery":--[121]
APPARATUS FOR CLOSING THE TOP OF THE UPCAST-SHAFT AT WOODHORN COLLIERY.
---------------------------By C. LIDDELL.
---------------------------At the upcast-shaft, at Woodhorn colliery, the fan-drift is placed below the surface-level, and out of
the way of coal-drawing etc. The fan-drift is walled and arched, and the top of the arch is covered
with stones and earth up to surface-level. The fan and its engine are placed some distance from the
shaft and clear of the heapstead.
The shaft is enclosed, above the surface, by means of a rectangular framework, aaaa, built from
iron-girders, bbbb, placed across the top of the shaft ; and four vertical iron-girders, aaaa, are placed
at the corners of this rectangle. They form the skeleton-framework, and also carry the cage-buntons,
cc, and rail-guides to a sufficient height for banking out. They are bolted to cross-girders, and the
whole framework is firmly fixed to the pulley-legs. This arrangement of framework is, of course, very
much like that adopted at most coal-drawing pits ; but as it is erected at the ventilating-shaft, the
arrangement must necessarily be enclosed and made air-tight (Figs. 1, 2 and 3, Plate XII.).
Fig. 1 (Plate XII.) shews that the framework does not cover the whole of the shaft, being about 10
feet by 9 feet inside, while the diameter of the shaft is 15 feet. It will also be noticed that the centreline of the framework is about 17 inches from the centre-line of the shaft. Consequently, there is more
room at one side of the cages in the shaft than at the other, and the extra room is utilized for pipes,
cables, etc.
The top of the shaft and the bottom of the framework is enclosed in a brick building, 52 feet long, by
17½ feet wide, and 25 feet high (Figs 1, 2 and 3, Plate XII.). The walls are 2 feet thick, and the top of
the building is covered with stout planks, d. Each plank is grooved along its sides, and fitted to its
neighbour, an iron-strip being placed in the grooves so as to ensure a
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minimum of air-leakage. Flatsheets are laid upon and attached to the planks, and this forms the
banking-out level. The brickwork is not carried above this level.
The framework is enclosed by rivetting sheet-iron, 3/16 inch thick, to the girders, forming a
rectangular box which extends from the flatsheet-level to the top of the pulley-frame, and just below the
pulleys. The height of the framework above ground-level is about 55 feet. The top is also enclosed,
with the exception of two holes, 12 inches in diameter, left for the passage of the winding-ropes and of
the safety-hooks, when necessary.
[Photograph.
Fig. 4—View of Upcast-shaft at Woodhorn Colliery.
See library for image.]
To allow of the tubs being changed, wooden sliding-doors, ee, are fixed into the framework at the
banking-out level, one door being placed at each end of each cage. These doors are fitted with iron

projecting brackets, ff, and when a cage comes to bank it lifts up its own pair of doors, and allows the
banksman to change the tubs. On the cage being lowered, the doors fall again into their places. Each
door weighs about 1½ cwts.
The brick building, enclosing the lower portion of the framework, allows of cages being changed or
repaired, horses or material being sent down or drawn out of the pit, without causing a great inflow of
air to the fan from bank. The latter condition
[Vol. LI. Plate VII.
To illustrate Mr C. Liddell's Paper on an "Apparatus for closing the Top of the Up-cast Shaft.”etc.
Fig. 1. ---Plan. Fig. 2. ---Longitudinal Section. Fig. 3. ---Cross Section.
See library for image.]
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necessitates an arrangement of double doors, so that at least one may be closed while persons are
entering or leaving the building. A wall, gg, 18 inches thick, is built across one end of the building, fitted
with a doorway, h, 13. 5 feet high and 6 feet wide. This partition-wall divides the building into two
parts, and a doorway of similar size, i, is built into the outer and adjacent wall. A pair of smaller
doors, j and k (7 feet high by 4¼ feet wide), are built into one side of the building, and are used by
persons entering or leaving the enclosed building.
In order further to prevent access of air within the building, the framework is cleaded with wood, ll,
and a pair of large doors, m, and a small door, n, are erected in the wooden cleading. This
arrangement facilitates the opening and shutting of the outer doors.
There are six windows, with iron-frames, built into the side-walls of the building, to admit light in the
day-time. Electric lights are used for night-work.
---------------------------Mr. T. V. Simpson proposed a vote of thanks to Mr. C. Liddell for his interesting paper, and it was
cordially approved.
---------------------------[124]
THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
-----------------------------GENERAL MEETING
Held in the Lecture Theatre of the Literary and Philosophical
Society, Newcastle-upon-Tyne,
April 12th, 1902.
-----------------------------Mr. J. G. WEEKS, President, in the Chair.
------------------------------THE LATE MR. J. L. HEDLEY.
The President (Mr. J. G. Weeks) said that, since the last meeting, they had lost by death one of their
Vice-Presidents, Mr. J. L. Hedley, H. M. inspector of mines for the Newcastle-upon-Tyne minesinspection district. The members would admit that no one could have discharged the delicate duties of
his office with greater firmness and judgment than the late Mr. Hedley had done. In addition to his

duties as one of H. M. inspectors of mines he took great interest in the business of the Institute ; he had
been for many years a member of the Council, and in later years a Vice-President ; and his death was
a very great loss to them in their deliberations. He (the President) moved that a vote of condolence be
addressed to Mrs. Hedley expressing their great regret for her husband's death, and conveying their
condolence and sympathy with her in her bereavement.
Mr. T. W. Benson, in seconding the vote of condolence, said that during the time Mr. Hedley was in
charge of the Newcastle district he had endeared himself to all with whom he was brought into contact.
He did his work most thoroughly, and yet he never interfered capriciously or unnecessarily with collierymanagers in the discharge of their duties.
The vote of condolence was unanimously adopted.
---------------------------------[125]
The Secretary read the minutes of the last General Meeting, and reported the proceedings of the
Council at their meetings on March 22nd and that day.
----------------------------------The following gentlemen were elected, having been previously nominated:--Members—
Mr. Joseph Fenwick Bell, Assistant Manager, 12, Success Cottages, Fence Houses, County Durham.
Mr. Joseph James Burton, Manager, Cargo Fleet Iron Company, Rosecroft, Nunthorpe, R. S. O.,
Yorkshire.
Mr Arthur Crosby, Colliery Manager, 196, Barnsley Road, Pitsmoor, Sheffield.
Mr. Martin Fishback, Mine Superintendent, Banco Minero, Parral, Chihuahua, Mexico.
Mr. Thomas James, Colliery Manager, Cae Duke Colliery, Loughor, near Swansea.
Mr. James Alexander McFarlane, Mine and Smelting-works Manager, Dzansul Copper-mines, Batum,
Southern Russia.
Mr. Samuel Joseph Pollitzer, Licensed Mining Surveyor and Mining Engineer, Temple Court, 146,
King Street, Sydney, New South Wales, Australia.
Mr. Henry Baker Reynolds, Chemical Engineer and Metallurgist, Dzansul Copper-mines, Batum,
Southern Russia.
Mr. Samuel Hulme Rhodes, Patent Agent, 50, Zimmerstrasse, Berlin, Germany.
Mr. George Hardy Stanley, Metallurgist and Mining Engineer, Durham College of Science,
Newcastle-upon-Tyne.
Mr. William Storey, Mechanical Engineer, Urpeth Villas, Beamish, R. S. O., County Durham.
Mr. Harry P. Townsend, Mine Manager, The Penhalonga Proprietary Mines Limited, Umtali,
Rhodesia, South Africa.
Associate—
Mr. William John Charlton, Jun., Colliery Surveyor, 17, First Row, Ashington, Morpeth,
Northumberland,
Students--Mr. P. B. Junor, Jun., Mining Student, Thornley Colliery, Thornley, R. S. O., County Durham.

Mr. John William Robinson, Mining Apprentice, Boldon Colliery Offices, Boldon Colliery, R. S. O.,
County Durham.
Mr. George Henry Hall Scott, Mining Student, Cowpen Colliery, Blyth, Northumberland.
------------------------------Dr. Thomas Oliver read the following paper on "A Visit to the Simplon Tunnel : The Works and
Workmen.”
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A VISIT TO THE SIMPLON TUNNEL : THE WORKS AND WORKMEN.
-------------------------------By THOMAS OLIVER, M. A., M. D, F. R. C. P.,
Newcastle-Upon-Tyne.
---------------------------------Early one morning in the month of May of last year, having previously forwarded his letters of
introduction to the proper authorities, the writer found himself at Iselle, a village on the Italian frontier of
the Alps. Gigantic as the engineering enterprise at the Simplon is admitted by all to be, his visit was
undertaken less with the object of viewing the tunnelling of this well-known Alpine col than of learning
something of the hygienic, medical and social problems raised by the massing together of thousands
of workmen in a remote valley, far from the means of supply, and offering at first the scantiest houseaccommodation.Until recently, Iselle was an obscure hamlet ; to-day, it is a centre of great activity. A
large population has suddenly sprung up in and around the village, thanks to the genius of the men
who are directing the operations, and yet it has happened to this as to so many of the affairs of human
life, that the man who was fore-most in developing the scheme, "whose activity encouraged and
animated the undertaking,” is no longer at the front directing and guiding the operations : Mr. Brandt
died in November, 1899. Of the four lieutenants trained in his school, possessed of similar energy,
and equally devoted to their work as was their master, it was the writer's privilege to meet at Iselle, Mr.
Edward Sulzer-Ziegler, to whom he gladly acknowledges his sense of indebtedness for the trouble
taken in coming from Zurich, for the hospitality extended, and the knowledge imparted.To Dr. Volante,
resident medical officer at Iselle, who also accompanied the writer over the works, he also takes this
opportunity of expressing his thanks.
As far back as 1859 the tunnelling of the Simplon was suggested by Mr. Flachat, but the proposal
was abandoned, owing
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to political complications. The subject was again discussed in 1876, when the St. Gothard [Gotthard]
tunnel was under consideration. Until the St. Gothard was pierced, Switzerland possessed no direct
railway communication southwards, as both the Brenner and Mount Cenis railways pass outside its
boundaries.
Like the Mont Cenis tunnel, that of St. Gothard is driven in a straight line from end to end, and is
constructed for a double line of railway throughout. The actual length of the St. Gothard tunnel is 9.31
miles. In constructing it, the contractors profited by the experience of the 13 years spent in making the
Mont

[Photograph of Fig. 1. ---Simplon Tunnel-Works at Iselle, Italy.
See library for image.]
Cenis railway. Substituting machinery worked with compressed air for hand-labour, they were able to
complete in less than 10 years a length of 9 miles of tunnel, as against the 8 miles of the Mont Cenis.
The construction of the St. Gothard tunnel was attended by great sacrifice of life.Several of the
horses died, and of the workmen it is stated that 600 perished, including the engineer and the
contractor. This enormous mortality was attributed to insufficient ventilation, to the high temperature in
the tunnel which (before the running of the fan) was often as high as 107°Fahr., with 97
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per cent. of moisture, exposure of the miners to the rigours of an Alpine climate on emerging from the
tunnel, want of care on the part of the workmen in not changing their wet clothes, the poor character of
the food supplied, and also to the ravages of intestinal parasite, Anchylostomum duodenale, which,
owing to the uncleanly habits of the miners, gained access through the drinking-water to the alimentary
canal of fellow-workmen and literally speaking sucked the life-blood of its host.
The cost of the St. Gothard tunnel was £2,327, 000 or only 80 per cent. that of the Mont Cenis
railway, although fully 1 mile longer.
The tunnelling of the St. Gothard, which was secured by Germany and Switzerland, diverted to some
extent the traffic of France. On economic as well as on international grounds, the completion of the
Simplon tunnel is awaited with interest, as when the railway is open it may probably bring back to
France some of the trade which she lost through the opening of the St. Gothard route and it will, for
Switzerland at any rate, develop fresh lines of traffic by Milan. It will, in addition, shorten the distance
between Calais and Milan. By the Mont Cenis railway the distance between these two towns is 680
miles, by the St. Gothard 665 miles, while by the Simplon tunnel it will be 585 miles, or nearly 100 miles
shorter than by the longest route.
The Simplon tunnel, which will bring Brigue in Switzerland and Domo d'Ossola [Domodossala] in Italy
into direct railway connection, the distance between the two places being 41 miles, is being made by
Messrs. Brandt, Brandau & Company of Zurich, for the Jura Simplon Railway Company. For several
years, as already mentioned, the matter had been discussed, but the project was dropped, not solely
from the great expense likely to be incurred and for political reasons, but among other things, on
account of the temperatures likely to be met with in the Simplon being much higher than those in the
St. Gothard tunnel. The question of the practicability of the scheme was therefore referred to a small
committee, composed of Mr. Francis Fox, of the firm of Sir Douglas Fox and Partners, London, who
had successfully ventilated the Mersey tunnel ; Mr. Colombo, professor of engineering in Milan,
formerly a minister of Italy ; and Mr. Wagner, of Vienna, director of the state railways of Austria. This
committee
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reported favourably upon the scheme, and expressed the opinion that instead of costing 100,000,000
francs it could be made for 60,000,000 francs, also that instead of requiring 8 years to pierce the
Simplon the work could be accomplished in 5.5 years. Messrs. Brandt, Brandau & Company accepted
the contract for 55,000,000 francs for the tunnel alone, plus 10,000,000 francs more for outside railwaylines, that is, 65,000,000 francs or £2,118,000 for the whole undertaking, and they are bound to finish
the work in 5.5 years, or pay a fine to the Jura-Simplon Railway Company of 5,000 francs for every day

of delay beyond the agreed date. The contract was signed by Messrs. Brandt & Brandau on August
13th, 1898, but, as 3 months' grace was allowed before boring operations were to be commenced, the
actual work did not begin until November 13th of that year, and it must be completed by May 13th,
1904. It was assumed that 2,000 working days would be sufficient to bore through 12 miles of rock.
By working from opposite ends of the mountain the daily average progress was estimated to be 9.8
metres or a little over 30 feet, and it was believed that this rate or more would probably be maintained
over the 5.5 years.
It was with these probabilities before them that Messrs. Brandt & Brandau undertook the work, not
lightly yet hopefully, fully aware of the responsibility and the greatness of the task before them. In
discussing with Mr. Sulzer the prospects of the successful tunnelling of the Simplon the reply which he
gave the writer is characteristic not only of the man himself but of his firm—"we have gained our
experience,” he said, "although not altogether personally, from the tunnelling of the St. Gothard ; we
have profited by its failures ; we have learned from that enterprise how not to make a tunnel, and we
are trying not to repeat its mistakes.”
So strongly impressed were Mr. Sulzer and his colleagues with the importance of having healthy
miners for the work, sufficient house-accommodation for them and their families, and above all good
ventilation in the tunnel, that before even a clod was turned or a piece of rock broken they appointed
two medical men, one at Brigue, the northern or Swiss end of the Simplon, and the other at Iselle, the
southern or Italian end of the proposed tunnel, to examine all applicants for work. It is to the extreme
care given to all hygienic matters connected with the enterprise, the humane
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attention devoted to the workmen, and the fortunate choice two excellent medical men by the company
that, in addition to the great engineering ability of the late Mr. Brandt, of Mr. Sulzer and his colleagues,
as well as to the practical skill and endurance of the workmen, is to be attributed the great success
which until lately has attended the undertaking.
In winter, the Simplon pass is occasionally snowed up for 2 or 3 weeks at a time, very frequently for
5 or 6 days, and consequently traffic over it is impossible. People wishing to reach the north-west of
Italy from Switzerland are therefore obliged to go by the St. Gothard railway, which means an additional
28 hours added to the travelling, to say nothing of the increased expense. When the Simplon tunnel is
open, the train will steam through it in ½ hour.
The distance between the two portals of the Simplon tunnel is 12.26 miles or 64,692 feet. At the end
of April 1901, that is, in 18 months, a little over 3 miles of the tunnel had been constructed, equivalent
to 9,684 feet on the northern side of the Alps, and 7,050 feet on the southern side. The perforation of
the Simplon is being made from opposite sides, and each tunnel will meet in the middle of the
mountain. Mr. L. Ernst* supplies some facts that enable one to compare the "actual advance made at
either end of the tunnel with the daily average that the contractors hoped to make.” On the north side,
the boring-machines at first encountered a tolerably soft stone and as a consequence progress was
rapid enough, often as much as 21.32 feet (6.5 metres) daily, but on reaching the hard rock or gneiss,
of which the greatest part of the mountain is composed, the daily average was only 17.32 feet (5.28
metres). On the south side, the Italian government raised objections to the use of dynamite for
blasting purposes and consequently progress was at first very slow ; but as these obstacles have been
removed, and new machinery driven by water power introduced, the average daily progress in the
middle of last summer was 14.77 feet (4.5 metres).

In the construction of some of the older Alpine tunnels "the boring-chisels, faced with diamonds, cut
their way into the rock,
* Die Umschau, April 13th, 1901, quoted in Nature, 1901, vol. lxiv., page 235
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the motive power being compressed air, the compression being effected by hydraulic machinery. Mr.
Brandt recognized the loss of mechanical power in this arrangement, and decided to use water
pressure direct on the boring-apparatus. At the same time, he dispensed with the diamond-cutting
process, which, by means of rapid rotation, worked its way into the stone as a saw, substituting a hard
steel face to the chisel, which is driven against the rock and rotates slowly, about 6 times a minute. .
.
.
Two boring-machines are mounted on each stand and are worked simultaneously. The
diameter of each chisel is 4 inches (10 centimetres), and it is driven into the rock a distance of 6½ feet
(2 metres). Into the aperture thus formed a cartridge of dynamite is placed and exploded, the rock
shattered by blasting has to be removed, and the boring-machine is then pushed forward and the
operation continued.”*Mr. Francis Fox,† in describing the Brandt rotatory drill, states that it works with a
pressure of 10 tons on the cutting-points, that the drills are driven by hydraulic pressure of 100
atmospheres or 1,470 pounds to the square inch, and as the cutter has a 3/4 inch hole along its centre
all the waste water is discharged right on to the cutting-edges, thus keeping them cool and washing out
a certain amount of debris.
The removal of the masses of rock, broken by the blasting, necessarily involves a great amount of
labour and entails stoppage of the boring-machine until the debris has been cleared away.
In
exploding the blasting-charge, ''liquid air or oxygen has been used with good effect.”The charcoal
covering of the charge is, shortly before its use, steeped in liquid oxygen and the recovery of the
gaseous form is said to have the advantage of mitigating some of the evils that the presence of
carbonic oxide tends to produce.‡ According to Mr. Francis Fox the time taken for each portion of the
attack in the hard Antigorio gneiss is as follows:—Bringing up and adjustment of the drills, 20 minutes ;
drilling, 1¾ to 2½ hours ; charging and firing, 15 minutes ; clearing away debris, 2 hours ; or a total of
between 4½ to 5½ hours, resulting in an advance of 3 feet 9 inches or a daily advance of nearly 19
feet 6 inches. During the month of April, 1901, the daily progress
* Nature, 1901, vol. lxiv., page 235.
† Proceedings of the Royal Institution of Great Britain, 1900, vol. xvi., page 433.
‡ Trans. Inst. M. E., 1900, vol. xix. page 164.
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at each of the two faces averaged 17 feet 3½ inches or a total of upwards of 34 feet, a rate of progress
slightly in advance of the speed estimated by the engineers four years ago.
Two tunnels are being made running parallel to each other at a distance apart, from centre to centre,
of 55 feet 9 inches, and while each will carry a single line of way, only one of the tunnels is being
completed at present. One of the principal features of the Simplon is the much lower altitude of the
rails above the sea-level than in any of the other Alpine tunnels. This altitude is at its highest point
2,314 feet, or 1,474 feet lower than the St. Gothard and 1,934 feet lower than that of Mont Cenis, a
circumstance of considerable importance from a haulage-point of view. At the Swiss or Brigue end the

Simplon is penetrated at the level of the railway ; the gradient there is only 1 in 500 or just sufficient for
drainage, but in the southern portion near Iselle the gradient is 1 in 142.
The contractors have had to contend with very high temperatures in the tunnel. The surface of the
Simplon at its highest point is 6,895 feet above the tunnel or 1,160 feet higher than that of the St.
Gothard. Starting from Brigue, on the Swiss side of the Alps, the railway will rise in the summit of the
tunnel to 2,314 feet above the sea-level. Two parallel tunnels (as already stated) are being made, and
while only one at present is being completed, the other is being utilized for purposes of ventilation. At
every 660 feet inside the mountain, the two tunnels are united by cross-headings, by means of which
air is carried to the face where the miners are working, and as the tunnelling proceeds and fresh crossheadings are made, the older cross-headings are blocked. Fans are kept running to impel air into the
tunnel, so that through these cross-headings fresh air is delivered at the place where the men are at
work, and therefore where it is most required.
Jets of cold water, 15.4 gallons (70 litres) per second, and under a pressure of 100 atmospheres can
also be made to play at the working-faces, and yet despite these precautions, the temperature in the
tunnel has sometimes been as high as 30° Cent. or 86° Fahr. Mr. Sulzer informed the writer that at first
the temperature was often as high as 36°Cent. or 96°Fahr., nearly that of blood-heat in man, but that
through the use of fans,
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the engineers could sometimes keep the temperature as low as 20° Cent. or 68° Fahr.It is common
experience that where the air is kept cool, the men are healthier, and they do more work with less
fatigue.
Close to the main entrance is another short tunnel called the "gallery of direction,” which joins the
main tunnel not very far from the portal at either end of the mountain. These two galleries are
necessary for the proper alignment of the railway ; they contain the observatories, and have been
required owing to
[Photograph: Fig. 2. —Simplon Pass, Iselle, Italy, X X are the Entrances to the Parallel Tunnels.
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the tunnel proper making a distinct curve as it is about to emerge from either end of the mountain. At
Iselle, the gallery of direction joins the main tunnel about 975 feet from the portal. The main tunnel is
fully 18 feet high, while the roof of the gallery of direction is only 7½ to 9 feet from the floor.
At the time of the writer's visit, the gallery of direction at Iselle was being used for taking the miners
by rail into and out of the tunnel and for the removal of the rock broken by blasting. There were 1,500
miners employed on the Italian side, divided into 3 batches working an 8 hours shift, so that there are
always
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500 men working in the tunnel. Consider for the moment what this uninterrupted occupation means, so
far as the atmosphere of the tunnel is concerned : 500 men working hard and loading the air with
impurities, an equal number of miners'l amps giving off a good deal of smoke, also the combustionproducts formed during the explosion of dynamite, and it will be easily recognized from these facts and
the effects of high temperature that the men are not only readily overcome by fatigue ; but on emerging

from the tunnel overheated and exhausted, through working in a somewhat poisoned atmosphere, are
prone to become the victims (among other things) of pulmonary disease and rheumatism. As the
writer stood in the tunnel by which the vitiated air was escaping in dense whitish-grey clouds, he
experienced the sensation that not only had the air a repellent odour, but an indescribably unpleasant
taste, saturated as it was with the products formed by the nitro-explosive compounds. Standing in the
main tunnel, which is the outlet for the bad air, he had placed himself in the worst position possible, and
it would be as unfair to draw conclusions from the condition of the air here as regards the ventilation of
the Simplon tunnel, as it would be to form an opinion of the purity of the air circulating in a northcountry coal-pit, by analysing the air escaping from the upcast-shaft. It is the experience of the
engineers at the Simplon tunnel that the miners are capable of doing in 1½ hours as much muscular
work as other men did during 5 hours in the other Alpine tunnels. For every cubic foot of air that was
sent into the St. Gothard, 50 cubic feet are being introduced into the Simplon tunnel.
The train that brings the workmen out of the tunnel pulls up at a covered, wooden platform so that the
men, wearing their wet clothes, alight from the train without becoming chilled. From the platform most
of the men pass directly into a large wooden building which is suitably warmed inside, and part of this
building is divided off into 32 cubicles, each of which is fitted up with hot and cold water douche-pipes.
In this warm and well ventilated bath-house there are 2,000 cords running up to the ceiling. To the
free end of each cord, as it hangs over a pulley, are affixed a leaden soap-box, also 3 hooks upon
which are suspended the cap, boots and ordinary wearing clothes of a miner who at the time is working
inside the tunnel. On coming out of the

tunnel, the men change their wet clothes in this house, have a warm bath, put on their warm, dry,
wearing-clothes and hang up their wet working-clothes, which are found dry and warm again, the
miners on returning to work on the following day. The men bring their own towels and soap. Mr. Sulzer
told the writer that the firm got the idea of the bath-house and vestiary from a large coal-mine in
Westphalia. The floors of the bath-houses are cemented : they are flushed and well cleaned, after the
departure of each batch of men. The writer found everything in excellent order and extremely clean.
Leading out of the bath-house was a
[Photograph: Fig. 3. —Interior of Bath-house and Vestiary, shewing Cords and suspended clothes.
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laundry for washing the hospital linen, fitted up with the drying arrangements that are usually found in
large and well-conducted laundries.
The next door on the railway-platform opens into the engineers' bath-house. The interior is partitioned
off into small rooms each of which contains a zinc bath, and is provided with spray and douche-pipes,
etc.There is also a room where first aid can be rendered to workmen after an accident.
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As the tunnelling operations of the Simplon, especially at the Italian end, have had to be conducted
in a remote and sparsely populated valley, the contractors have had of necessity to provide houseaccommodation for the workpeople and their families. Most of the workmen are married. Messrs.
Brandt & Brandau prefer married men ; they work better, are more reliable, and they are more likely to
remain. Houses have been erected for both married and unmarried men. The unmarried men live in
a kind of barracks ; some of the rooms contain 4 to 6 beds. Speaking generally the writer found these

rooms very clean. One large, wooden building had been erected to accommodate 120 unmarried
men, but a very large number of the unmarried miners shun barrack-life. It reminds them too much of
their previous military experience when they were conscripts. Some of the rooms in this building have,
therefore, been let to married men with small families. Where this has been done, the writer usually
found one large and one small bed in a room, also a good cooking-stove, along with the few bits of
furniture that the people had scraped together, never very much. For one of these rooms a married
miner pays 7 francs a month. In the unmarried men's rooms there were never fewer than 4 beds. The
company provides the beds and bedclothes, and for the sleeping accommodation thus afforded and for
board, the unmarried miner pays 1 franc a day.
In addition to the above there are numerous small, flat-roofed, wooden houses for married men.
These contain 2 rooms—1 front and back. Sometimes the people who rent these houses take in
lodgers. In the front room, which serves as the kitchen as well as a sleeping room, the writer usually
found one bed, while in the back room there were 2 beds. It is in these houses that overcrowding goes
on to some extent, which the company does its best to discourage. In some of the back rooms for
example, the writer found 3 beds and 1 large crib separated from each other by a space little more than
sufficient to stand in. At Iselle, a short while ago, the company built 60 of these houses.
The hospital at Iselle is a neat, wooden two-storied building and contains 24 beds, 4 of which on the
day of the writer's visit were occupied. The two wards, each of which contains 12 beds, are extremely
clean and well kept. There are bath-rooms leading from the end of the wards. The operation-room is
extremely
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clean and is furnished with a neat, polished, glass cupboard containing surgical instruments, all of the
most modern make. Everything is supplied by the company. It was interesting to observe that in this
remote part of Italy the antiseptic treatment of wounds is carried out with a fidelity that would give
gratification to Lord Lister, and compares most favourably with the system adopted in the largest and
best equipped infirmaries in Britain. The doctor's house is part of the hospital building. There is a
telephone from the hospital to the installation-plant, and from there into the tunnel where the men are
working. All medical
[Photograph: Fig. 4. —Interior of Hospital, Iselle, Italy.
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and surgical help is given to injured married workmen free of charge and without any reduction of their
wages, but the unmarried men pay 1 franc a day for their food since they receive half of their wages.
In Italy, since 1898, there is a law which makes provision for injured workpeople ; Switzerland also has
its Compensation Act. In Italy, the law allows to an injured workman half of his wages and a doctor's
attendance until he is recovered, but if he is permanently incapacitated, the maximum to which he is
entitled is 1,500 times his daily wage or 5 years' income. In the case of an accident, at the Simplon
tunnel,
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incapacitating a workman, there is an enquiry made by a responsible official who reports upon the case
to the firm. A medical report is also furnished.

At Iselle, the workmen are all Italians ; they looked well and seemed to be healthy, wiry men. In the
tunnel, the work goes on day and night, Sundays included. The men on outside work have every
second Sunday off. The miners change their shift every fortnight : the hours of entering the tunnel are
6 a. m., 2 p. m. and 10 p. m. A miner's wages usually runs from 3.60 to 4 francs per day and although
this amount (3s. to 3s. 4d. ) is not large, yet living at Iselle is, considering everything, cheap. There is
no difficulty in getting plenty of workmen and although the wages seem small, yet, when the men are
temperate, they are able to save and to send money home to their relatives in other parts of Italy. To
the miners who are working at the face, Messrs. Brandt & Brandau give a premium when more than
the daily average progress is made, and in a general way it may be stated that the firm is paying the
workmen more than they would receive if engaged in similar work in any other part of Italy. At Iselle,
the workmen at the time of the writer's visit were paid once a month, but if they wished it, they could
obtain an advance at the end of a fortnight. Until recently, the company had stores, where goods
could be bought or got on credit, the company giving coupons to the miners.
So far, the construction of the Simplon tunnel has been remarkably free from loss of life, considering
the large number of men employed at Iselle (nearly 2,000) and the extremely hazardous nature of their
occupation. There had been from November, 1898, until the end of May, 1901, only 6 deaths from
accidents. Three of these deaths occurred in the tunnel, and 3 in making the galleries. Dr. Volante
told the writer that from January to June, 1901, there had been neither death nor permanent injury
consequent upon any accident.
There have been plenty of minor accidents.The most common accidents are those to hands and
fingers, and, next to these, injuries to the head, by falling stones, and injuries to the legs caused by
wagons.
There have been no accidents from explosives, except two : one where a miner in the tunnel had
transgressed the
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company's rules and bored into an old hole which had not been fired, while the other occurred during
the tipping of debris down an embankment. Among the loose stones removed from the tunnel there
had lain concealed some unexploded dynamite. Particular care is now taken not to allow any frozen
dynamite to enter the tunnel.
Of the diseases to which the Simplon miners are especially liable, Dr. Volante considers bronchitis
and rheumatism as the most frequent. Intestinal catarrh, owing to rapid variations most of
temperatures, is also common. Heart disease is rare, owing to fact that before a new hand is taken on
he is medically examined by Dr. Volante. The drinking-water at the Simplon tunnel is good, and as a
consequence there has been no enteric fever in the company's houses. One of the scourges of the St.
Gothard miners was the intestinal parasite Anchylostomum duodenale. It is very strong testimony to
the vigilance of Drs. Volante and Pommata, knowing how very frequently anchylostomiasis is found
among the peasantry and labourers of Piedmont and Italian miners generally, that the workmen at the
Simplon should until now have escaped this pest.
After making as careful an inspection of the works at Iselle as time permitted, the writer drove over
the Simplon pass to Brigue, the Swiss side of the mountain. In good weather the drive over the Pass
is usually accomplished in 10 or 12 hours. On the following day, he called at the office of Messrs.
Brandt & Brandau, close to the tunnel, and, accompanied by Mr. Kleinert, made a round of inspection.
The works here are practically a repetition of those which the writer has described as existing at Iselle.

More men are employed. Of the 3,000 workmen employed at Brigue, 1,500 work in the tunnel, 500
on each shift of 8 hours. Close to the mouth of the tunnel is a long, wooden building with an enclosed
railway-platform. Here the men enter and alight from the railway-trucks that take them into and bring
them out of the tunnel. Here too are the rooms that are set aside for the medical examination by Dr.
Pommata of all applicants for work. In addition, there is a room for rendering first aid to the injured, a
bath-house with vestiary for the workmen similar to that at Iselle, while a little farther down the valley
are the offices and work[140]
shops of the company. At the time of the writer's visit, there was a good deal of water in the tunnel,
especially at the Brigue end. Mr. Kleinert informed the writer that about 75 per cent. of the men took
the baths on coming from work. Ever since a strike, that occurred here in October, 1899, the men
receive their wages weekly. The wages at Brigue are a little higher than at Iselle. The miners are all
Italians. They can make 25s. (30 francs) a week, sometimes more. In May of last year the men were
working in the mountain 3 miles from the portal.
The company's hospital at Brigue is a little larger than that at Iselle. There were 17 patients in the
wards at the time of the writer's visit ; and 5 of the cases were surgical. Leaving the hospital, the writer
proceeded to Naters, the Italian settlement just across the river Rhone, and visited the unmarried men's
canteen and sleeping-house. The large dining-room is capable of accommodating 130 workmen. For
5d. (50 centimes) any workman can get a good meal of soup, meat, vegetables and bread. Eighty
unmarried men were staying in the barracks, which is a two-storied building with central corridors from
which the bedrooms on either side are entered. The rooms and corridors are lit by electricity. For
food and a share of a bedroom the men pay 11d. (1.10) francs) per day, or 1d. more than at Iselle.
The bedrooms are clean, and so too is the bed-clothing. On going to work the men give up the key of
their room to the head-porter, who told the writer that on the whole the miners were well behaved, and
that, comparatively speaking, there had been very few thefts in the barracks.
Here, as at Iselle, there are also rows of low flat-roofed houses for the married men. The houses
were made purposely single storied, so that the men, returning from work when on the night shift, might
enter their homes without disturbing the sleep of the other workmen.
At Brigue, as at Iselle, speaking generally, the writer was struck by the fact that over and above all
the engineering difficulties that had to be grappled with, Messrs. Brandt, Brandau & Company had from
the commencement made hygienic questions their primary consideration, and had made as ample
house-provision for their workmen as they possibly could.
Although the miners at Iselle and Brigue are all Italians, it
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is to be remembered that they have been drawn from various parts of the peninsula, including
Piedmont, Lombardy, Venice, Naples and the south. Speaking different dialects they not only do not
mingle in a friendly way, but they vie with each other in regard to local customs, etc. The presence of
so large a population of Italian workmen on the Swiss side of the Alps raises questions that are both
social and economic, for apart from the tunnelling of the Simplon, Italian workmen have for years past
been emigrating into Switzerland in large numbers and have carried with them their language, habits,
customs and politics, and too often underpaid labour.

Before closing this paper, the writer may briefly allude to two other circumstances that ought to be of
interest to mining-engineers. In June, 1901, a strike occurred at the Simplon tunnel. As is well known,
the supply of Italian labour is abundant, and can be very readily replaced. On June 13th, 1901, the
stonemen refused to work, and absented themselves until the 19th. On June 20th, all the men in the
tunnel had struck work, but by July 6th, most of them had returned. The first strike was preparatory to
the other, although it ought to be mentioned that the stonemen resumed work without having obtained
any of the concessions that they demanded. A certain amount of intimidation had been used. Ninety
per cent. of the workmen were in some mysterious and unaccountable manner persuaded to give up
work without presenting any demand, or offering any explanation to the company. Secretly many of
the men intimated to the firm their willingness to resume work. Two days after the strike commenced a
wellknown socialist—Cattaneo from Milan—appeared at Iselle and presented five demands to Messrs.
Brandt & Brandau. These were: —(1) An increase of pay from 20 to 25 per cent., (2) reduction of
working hours, (3) payment of full wages during incapacity from injury, (4) abolition of coupons for the
stores, and (5) abolition of piece-work.
Before June of last year, the coupon-system had been
abolished ; and Cattaneo, who had arrived from Milan only the day previous to that on which he sent in
his demands, showed himself to be ignorant of the local conditions at Iselle. He had simply constituted
himself the spokesman of the workmen, and framed a series of claims to which he thought the men
were entitled. He based his claims for
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larger wages for the miners upon the dangerous nature of their calling. Only a few months previously
the miners had received an increase of 25 per cent. on their wages for an 8 hours' day. The foremen
were receiving 9s. 2d. (11 francs) daily, miners 5s. (6 francs) and helpers 4s. 2d. (5 francs) but
during the month immediately preceding the strike the men were working 6 hours' shifts and not 8
hours, owing to a large influx of water into the tunnel. The contractors had never refused to listen to
any reasonable demands from the men ; and Cattaneo admitted that Messrs Brandt & Brandau had
shown a humanitarian spirit, and had always exhibited a sympathetic interest in the men during their
illness. He also acknowledged that the workmen at the Simplon were better paid than men similarly
employed elsewhere in Italy. The miners had some months previously been receiving 2s. 11d. (3.5
francs) daily, but for a short period before the strike their wages had been raised. The men who incited
the workmen at the Simplon to strike were receiving smaller wages, yet they themselves did not strike.
They were possessed of only one idea, namely the belief that Messrs. Brandt & Brandau were likely to
pocket £400,000 (10,000,000 francs) out of the undertaking and they, therefore, wanted to make the
firm pay £80,000 (2,000,000 francs) more to the miners in wages. Meanwhile the company paid all
arrears of wages, dismissed the workmen, and opened new lists on July 5th for men who were willing
to resume work. Of the 2,047 workmen who gave up their employment on June 20th, 1,570 men had
returned to work by July 15th. Fifty were not taken on again, while 427, several of whom were the best
workmen, had left Iselle. The strike was brought to a close without violence or bloodshed. From
£2,800 to £3,200 (70,000 to 80,000 francs) were lost in wages, and about 500 of the workmen in one
way or another lost their employment.
Hardly had this episode closed when there occurred what cannot but be regarded as a disaster, and
this is the second point to which the writer intended to allude. Work had been resumed in the tunnel
and rapid progress was being made, for the contractors were some distance in advance of the estimate
as regards time, when, at first gradually and then rather suddenly, there occurred a tremendous inrush
of water into the tunnel. Hitherto the rock had been very hard gneiss. It was known that
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at a particular part of the tunnel a large body of water would be encountered, and that there would be
both trouble and inconvenience from it, but the rush of water into the tunnel during the night of
September 30th, 1901, was greater than was anticipated. The influx did not seem to come from any
accumulation of water on the surface. As the miners had penetrated rock no longer gneiss but
limestone, it was believed that there were large cavities in these beds which were filled with water and
that some of these had been tapped.The water broke into the head of the main tunnel, but it did not
extend into the parallel gallery where the men were still able to carry on their tunnelling operations. By
November 10th an advance was begun by hand-drilling and 5 days afterwards the machine-drills were
again at work in the principal tunnel. Since then there have been frequent inrushes of water, and
progress had been considerably retarded, but despite all obstacles is to be hoped that Messrs. Brandt
& Brandau will on May 13th, 1904, see the undertaking, they have begun, carried to a successful
termination.
-----------------------------------------------Dr. T. Oliver (Newcastle-upon-Tyne) stated that since his paper was written, he had received from
Mr. Francis Fox further information relating to the progress of work in the tunnel. At the end of
February last, the gallery at Brigue had reached 22,025 feet (6,713 metres). If to this be added 591
feet (180 metres) for March, the tunnel at the northern end has advanced 4.5 miles. At the Iselle end,
the distance reached is 14,534 feet (4,430 metres) or just a little less than 3 miles. This makes a total
of 7.5 miles out of the 12.2 miles to be excavated. At the Brigue end, the daily average at present is 20
feet (6 metres) a day.
In a recent letter to the writer, from Dr. Volante of Iselle, it is stated that the quantity of water in the
tunnel as [at] Iselle had not interrupted the work lately to any great extent, and that while there was
water in one of the tunnels, the other, fortunately, was quite dry. The greatest inconvenience of late
had been caused by the miners encountering a very soft and friable stone, which had necessitated new
methods of working. Now that more solid rock had again been met, the hope was expressed that in a
little time the operations would be renewed with the older methods, and lost time regained. The
disaster to the Simplon
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tunnel had been followed by one compensating circumstance, namely, the temperature had been much
lowered, owing to the large quantity of water in the tunnel ; and as a consequence there had been very
much less sickness among the miners than on any previous occasion.
The President (Mr. J. G. Weeks) in moving a vote of thanks to Dr. Oliver for his valuable paper,
remarked that one of the objects of the Institute was the preservation of human life. Dr. Oliver had
shown that the Swiss engineers directing the Simplon tunnel-works had the same object in view, and
had been most successful in accomplishing it. They had started by securing healthy workmen, next
they gave them good air and good water, and finally they saw that they were provided with good
houses and good food. The fewness of accidents was remarkable, considering the number of
workmen employed ; and the engineers were to be congratulated on the success that had attended
their efforts. Very satisfactory progress had been made with the tunnel, seeing that 7.5 miles had
already been completed, leaving only 4.75 miles still to be completed ; it might, therefore, be
reasonably hoped that the great international road would be completed within the fixed time.
Engineers, who assisted in bringing countries into closer communication with each other, were doing

great international work and forwarding civilization.
electrically lighted.

He asked Dr. Oliver whether the tunnel was

Dr. Oliver replied, only to a certain extent.
Mr. T. E. Forster seconded the vote of thanks, which was very cordially adopted.
Dr. Oliver, in acknowledging the vote of thanks, said he had visited the tunnel-works from the hygienic
and social side, and he had been particularly pleased with the successful manner in which the
company had attended to these requirements for their workmen. It redounded greatly to the credit of
the contractors that, up to the present time, there had been so few accidents at the works. Mr. Sulzer
had told him that they were glad to find the hospitals were so large, a remark which shewed the
character of the man and of his firm.
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DISCUSSION OF MR. W. O. WOOD'S PAPER ON "THE SUSSMANN ELECTRIC MINERS' LAMP.”*
Mr. James Ashworth (Derby) wrote that Mr. W. O. Wood, in the concluding paragraphs of his paper,
showed that however desirable a Sussmann or other electric miners' lamp might be, yet that it was
necessary, and in accordance with his experience, to provide oil safety-lamps for the deputies to visit
and examine the working places, before the commencement of and during the shift ; and also that the
putters must use oil safety-lamps, in order that the hewers could use them to examine their workingplaces, if they suspected the presence of gas. Unfortunately, Mr. Wood did not say what type of oillamp he used for the purposes of examination, but one was led to the conclusion that it was not a
modern gas detector oil-lamp ; or a careless man could not have been found with the gauze of his
safety-lamp red-hot, in a place which had suddenly become foul.† This possible occurrence could not
happen with an electric lamp, as Mr. Wood justly observed ; and with equal certainty it might be
asserted that it could not occur with a modern up-to-date safety-lamp, properly designed for the
detection of fire-damp, or for use by putters. Many mining-engineers rightly hold that every workingplace should be provided with at least one lamp which is as capable of making a close examination for
fire-damp, as the lamp used by the deputies who have to make the regular and official examinations for
fire-damp. In connection with this necessity for making close and accurate tests for fire-damp, it is a
most curious fact that the best means for the quick and accurate detection of small percentages of firedamp are to be found in mining districts where very little fire-damp is given off, and not in those districts
which are notorious for huge outbursts, and where the return-air currents are always more or less
fouled by fire-damp. Cases have been made public where the whole of the return-air in the upcastshaft was charged to the extent of 0.5 to 2 per cent. of fire-damp, and yet the safety-lamps used, for
examinations before shot-firing, were the bonneted Clancy, or the bonneted Davy lamp with a movable
glass (which is probably one of the most dangerous forms of safety-lamp used in a fiery mine).
-----------------------------* Trans. Inst. M. E., 1901, vol. xxi., page 189.
† Ibid., pages 193 and 194.
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DISCUSSION OF MR. A. L. STEAVENSON'S PAPER ON "THE CARBONIFEROUS LIMESTONE
QUARRIES OF WEARDALE.”*
Prof. G. A. Lebour (Durham College of Science) wrote that he had read Mr. A. L. Steavenson's paper
with much interest, and he wished that a similar account could be written of every mine and quarry, by
the man who knew most about it. It is stated that the "Main Block" of the thick limestone "consists of 18
beds, for which the quarrymen have separate names.”† The sub-divisions of the rock are really of great
interest, and in his notes he (Prof. Lebour) found the following names, namely:---(20) Fine Posts, (19)
Toby Giles, (18) Crabby, (17) Mucky Posts, (16) Pea Post or Rose Mary, (15) Elsy, (14) Thin Cockle
Post, (13) Thick Cockle Post, (12) Two Toms, (11) Black Beds, (10) Five Thin Posts, (9) Dun Kit
Post, (8) Dun Kit's Bastard, (7) Dun Jim, (6) Stiff Dick, (5) Whaley, (4) Yard Post, (3) Jack Post, (2)
Newcastle Post, and (1) The Bottom Post. Here are 20 or 24 divisions, if No. 10 be counted as 5. Now
he would much like to know whether Mr. Steavenson's 18 beds have the same names as these and
which are which, also the meaning of some of the names. The Pea Post is no doubt so called owing to
the sections of Lithostrotion which look like peas, the Cockle Posts because of the Productus-shells in
them, but several of the others require explanation.
Geologists are now taking up the study of zones in the Carboniferus rocks in real earnest and it is by
noting all the peculiarities of subdivisions like these that the work can be best furthered. Fossils
collected from any one of these courses exclusively would be of great value. It is obvious that each
layer is recognizable in some way, or the quarrymen would not have named them separately.
In Weardale, the Great Limestone is at its thickest—thinning away to the southward into Yorkshire
and to the northward into Northumberland—and therefore it is there that the type-zones should be
carefully worked out first. The beds which one can make out in Tynedale, though much fewer, will
probably represent some of the Weardale beds and we want to know which.
Could Mr. Steavenson state whether the subdivisions, in the
* Trans. Inst. M. E., 1901. vol. xxii page 115.
† Ibid., page 121.
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limestone (especially the minor ones) could be followed from quarry to quarry, and if so, how far ;
whether any are lost or become merged in others ; whether the characters show any change as they
are followed ; etc., —any answers to such questions would be most valuable.
It is suggested that the bed of gannister 100 feet below the Brockwell seam may be the same as that
from which the Dinas bricks of South Wales are made. *This really is inconceivable, though it may of
course be that both beds occupy, accidentally, a somewhat similar position in the Carboniferous series,
though even this is unlikely. To correlate any stratum in the Carboniferous rocks in the North of
England with any deposit in South Wales is, and he firmly believed always would and must be, an
impossibility.
--------------------------------------DISCUSSION OF MR. W. C. BLACKETT'S PAPER ON "A METHOD OF SOCKETING A WINDINGROPE, ETC.”†
Mr. H. W. Hughes (Dudley, Worcestershire) wrote that Mr. Blackett had described in an interesting
manner the actual method adopted by him, and there could be no doubt that it was an improvement
upon the split-socket or any method in which rivets were employed. He had been using solid sockets
or cappings for a number of years, and for guide-ropes, which are tightened by weights, he used the

same method as that described by Mr. Blackett ; but for winding-ropes he preferred to bend back the
strands, as well as to insert a plug. All the cappings were made of best Lowmoor iron, and the larger
ones were always strengthened by shrunk-on bands or rings. The method of capping was as follows :
The end of the rope was cut off and the capping threaded on and pushed some distance up the rope.
Number one strand was bent back forming a loop, and the whole of the wires were threaded beneath
the second strand, brought to the outside again, and then half of their number was cut off. The
remainder were again passed beneath the same strand, and finally the ends were tucked in. This was
repeated with each strand, and finally a conical wedge, about 5 inches long by 0.75 inch in diameter at
its largest point, was driven into the core. The practical result was
* Trans. Inst. M. E., 1901, vol. xxii., page 116.
† Ibid., 1901, vol. xxiii., page 10.
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to form a very near approximation to a conical knot, which was then drawn into the capping. Everything
depended upon the skill of the workman who made the knot, because it is of the greatest importance
that each strand should be evenly and uniformly bent back, in order that it may take its share of the
load ; if not, the strain on each strand becomes unequal, one is pulled out more than another and the
rope shows signs of failing. He had never had a single instance of a capping drawing from the rope,
and under actual tests the worst results had shewn that a capped rope stood 73 per cent. of the total
breaking-strain of the rope.
Mr. W. C. Blackett was pleased to find that Mr. Hughes approved of his method. The bending back
of wires seemed undesirable, and Mr. Hughes supplied one excellent reason, in showing that he was
so dependent on the skill and care of a workman, and even with the greatest care, the strain on the
strands or wires would almost necessarily seem to be unequal. Whereas it would be seen in the ropeend illustrated in the Transactions, with the melted metal run carefully into the wires of the rope, that
the strain naturally became equalised. He (Mr. Blackett) could only suggest that the Institute should
make comparative tests of methods of capping on the principle of "pull devil, pull baker.”
He would
be very pleased to co-operate.
Mr. Herbert Perkin (Leeds) wrote that Mr. Blackett's interesting paper draws attention to a subject of
great practical and scientific value. It is not uncommon in the Midland counties, after turning the wires
back to form the cone in the usual way, to run in a mixture of lead and antimony, and this method is
adopted at the Yorkshire College when testing wire-ropes, and they very rarely draw out of the lead
cone. It would be interesting, if Mr. Blackett would give the composition of the white metal.
Some few years ago, the writer had the opportunity of seeing four samples of rope-capping tested to
destruction in the testing-machine at the Yorkshire College.* The wire-ropes had a breaking strain in
each case of 30 tons and the caps were supposed to be suitable for this strain, the results of the
experiments were as follow:—
* The tests were made by Prof. John Goodman on samples supplied by Prof. Arnold Lupton.
[149]
Method of Attachment.

Breaking
Strain of

Greatest
Load. Tons

Efficiency.
Per Cent.

Remarks.

Eye spliced in.
Capel, with collars, but without rivets.
Capel, with rivets.
Conical socket, with wires bent back,
but without rivets.

Wire-rope.
Tons.
30
30
30

26.7
8.5
14.9

89
28
50

30

10.5

35

The splice gave way.
The rope was pulled out.
The top rivet was sheared, and
the rope was pulled out.
The rope was pulled out.

These tests bear out Mr. Blackett's opening statement as to the need of more efficient capping of
winding and hauling ropes.
-----------------------------------DISCUSSION OF MR. W. B. WILSON, JUNIOR'S, PAPER ON "TAPPING DROWNED WORKINGS
AT WHEATLEY HILL COLLIERY.”*
Mr. Robt. Broom (Fauldhouse) wrote that in opening out workings in the Kiltongue seam at
Heatheryknowe colliery, Lanarkshire, he had occasion to drive to the dip, alongside of old workings full
of water, which levelled out at the pit-bottom ; and as the workings dipped 1 in 6 for 1,800 feet, the
farther they progressed downhill, the greater the head became. The feeder from the old workings was
60 gallons per minute. He used the Mitchell boring-machine, which had been in use in that part of the
country for about ten years or so.†The Kiltongue coal-seam had the following section:—

Roof: Fakey rock
Seam: Hard splint
Blue rib
Free coal
Blaes and fire-clay
Bottom coal, soft
Thill: Hard fire-clay

Ft. In.
—
1 3
0 2
1 0
1 0
3 0
---

The holes were bored in the free coal, 1 foot thick, below the blue rib and above the blaes and fireclay, and there had been no difficulty so far from the holes getting out of their position. The longest hole
which ran off part of the water due to a vertical head of 60 feet was bored for a length of 145 feet,
without taking off any
*Trans. Inst. M. E., 1902, vol. xxiii., page 72.
† This boring-machine is similar in principle to that shewn in Fig. 1.
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coal or removing the machine from its first position. The fact of the rods being hollow to the point of the
drill, and that the machine, at the same time as it cut, forced a proportionate supply of water through
the rods, prevented any clogging, which he considered would be the chief hindrance in using the
Burnside machine. He had bored many holes during the last two years, and he found that a pair of
men could readily bore from 50 to 60 feet per shift of 8 hours. He was in the habit of widening out the
mouth of the hole for a length of 6 feet, and inserting a length of pipe, 3 inches in diameter, fitted with a
tap, by means of glands on the outside, and boring through the pipe with the tap open.

Mr. G. L. Kerr (Glasgow) wrote that, although the Burnside-safety-boring apparatus appeared to
have done the work fairly well under the circumstances, it seemed to him that it was not so suitable for
such work as some other machines used for the same purpose. While he had had no practical
experience of this machine, yet on reading over the description of it and looking at the drawings, it
would appear to be rather a complicated machine for using at such work as tapping wastes. An
apparatus of this kind should have simplicity of structure, combined with efficiency and smooth working.
The defects in the Burnside machine seemed to be:---(1) That the drilling-machine is working on a fixed
or rigid stand ; (2) that a considerable amount of preliminary boring has to be effected before the
Burnside machine can be used, entailing extra labour and expense ; and (3) the difficulty there appears
to be of keeping the rods from running out of the proper angle into the roof. This latter point was
brought out by Mr. Wilson where he stated that : "Considerable difficulty was, at first, experienced in
boring holes as long as was desired, without their penetrating into the roof of the seam.”*Now when this
occurred it entailed much inconvenience, in addition to the extra labour and cost incurred in
withdrawing the rods and starting another hole at the proper angle. This fault, he thought, might be due
to the distance at which the working part of the drilling-machine was placed from the coal-face. The
weight on the rods between the rigid stand and the coal-face would in itself be sufficient to depress the
boring-rods in the entering hole and tend to make them bore in a direction inclining towards the roof.
This defect could in his (Mr. Kerr's) opinion be remedied considerably,
* Trans. Inst. M. E., 1902, vol. xxiii., page 76.
[151]
if the drilling-machine was fitted in some way on to a movable bogie or carriage, so that if could be
moved forward as the boring proceedes. Mr. Wilson did not explain very clearly how the debris was
removed from the boring, all that he said on this point being that "the tap, N, may be left open while
drilling a horizontal hole, in order that the drillings may escape, if there be sufficient water to bring them
out, and the tap, P, may be used for the same purpose in the case of a vertical hole.”He (Mr. Kerr)
would be glad of further information on this point, because in the case of a long hole, if the drillings
were not regularly discharged, the drilling-machine would be soon stopped, and great difficulty would
be encountered in withdrawing the rods.
[ Diagram: Fig. 1. ---Coal-boring Machine. Scale, 2 Feet to 1 Inch.
See library for image.]
In some of the mines in Scotland, where water had to be tapped from waste or waterlogged workings,
a drilling-machine was used which seemed to be simpler in construction and more easily worked than
the one used by Mr. Wilson. He (Mr. Kerr) saw one of these machines at work quite recently in a
colliery in Lanarkshire, and no difficulty was experienced in boring holes 140 and 150 feet in length. *
Several machines of the same type are in use, but they vary very littIe one from the other in the
essential working parts. The drilling-machine consists of a cylinder, c (Fig. 1. ), 1 ½ inches in
diameter, furnished with packing-glands through which a spindIe, s, connected to the boring-rods, is
worked. Fixed on the frame is a pump-chest, d, which is connected to the cylinder, c, by means of an
indiarubber pipe, e, ¾ inch in diameter. In this pump-chest are two small plunger* Practical Coal-Mining, by Mr. G. L. Kerr, page 27 ; and Trans. M. I. Scot., 1891, vol. xiii., page 81.
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pumps, 1 inch in diameter by 1 inch stroke. These pumps are worked by two cranks on the spindle, s,
and are supplied with water by a pipe from a cistern. On the outer end of the spindle is a handle, f, for
working the drilling-machine. The whole apparatus is placed on a tram, running on ordinary pit-rails.
The machine is kept moving forward, while the drilling proceeds by means of a chain fixed on to a
barrel, b, fitted with a ratchet-wheel. The chain passes round two other pulleys, p, p1, fixed to a prop, h ;
and a weight, w, is hung at the other end of the chain. The rods, k, which are hollow, are 7/8 inch in
diameter outside, with an opening ½ inch in diameter, and are made in 6 feet lengths. They are
connected to each other by the ordinary method of screwed ends. The drill, l, also is hollow and 1 ½
inches in outside diameter, and is of the ordinary kind used for drilling holes, except that 1 ½ inches
from the point is an opening which allows the water to escape. In applying this machine, the handle, f,
is rotated, and this in turn works the cranks, g, attached to the two force-pumps, d, which force the
water into the cylinder, c, and thence into the hollow rods, k, which carry it forward : it is discharged
near the point of the drill, I, and flows back through the hole, carrying the drillings along with it. This
continual flow of water in the hole not only enables the machine to discharge the debris automatically,
but it also enables the drills to work more freely and quickly than if the hole were dry. The same
principle is here applied as in the diamond-drill process of boring, where the debris is washed away by
a continuous stream of water. Holes, 170 feet in length, have been bored by this machine without any
difficulty, the rate of cutting varying from 60 to 90 feet per shift of 8 hours, two men being employed at
the work. In a recent boring by one of these machines the hole was drilled for a distance of over 140
feet in a seam dipping about 1 in 6, and where the hole had entered the old workings, it was afterwards
found to have deviated very little from the angle at which it was set away. No special precautions were
taken, with the exception that the machine was kept at the same angle as the dip of the seam. The
machine can be used in either coal or ordinary strata.
It might interest members to know that tapping wastes had also been accomplished by using a
diamond drill, used much in the same way as they are employed at the surface, but of course the plant
for underground work was smaller than that used for drilling
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vertical holes from the surface. At a colliery near Glasgow this method was employed, very
successfully, to tap water in old workings. The power for driving the drill was supplied by a Priestman
oil-engine, developing 3 ½ horsepower, with a consumption of 3 gallons of oil in 8 hours. The speed of
the engine varied from 150 to 250 revolutions per minute, while that of the drill varied from 75 to 125
revolutions per minute. The ignition in the cylinder of the engine was obtained by an electric spark from
a bichromate battery, which served for about 500 hours. The speed of boring in the different strata, per
shift of 8 hours with two men, was in sandstone 30 feet, shale 18 feet, ironstone 15 feet, and coal 47
feet. Better results could no doubt have been obtained, but the place where the drilling was carried on
was very restricted, being at the bottom of a narrow shaft, necessitating the use of short lengths of
rods, which entailed much waste of time in the frequent changing required. This method would, of
course, not be suitable for workings producing fire-damp and where safety-lamps were used, for
(unless the engine and battery were entirely enclosed) the ignition-spark would be sufficient to ignite an
explosive atmosphere.
Mr. Robt. Martin (Portobello) wrote that he was somewhat interested in the subject of Mr. Wilson's
paper, and he had recorded his own experience in the Transactions. * So far as he could judge, the
only want or defect in the drilling apparatus was the absence of some means of washing or removing
the drillings, which in most cases will cause much trouble. This can be readily effected by using hollow

boring-rods, and forcing water through them to the point of the drill by means of a small hand-pump.
The drilling-machine will then be much more easily driven, and one man can perform more work than
two.
The problem of tapping old wastes is much simplified when the locality, pressure and quantity of
water are known. In his (Mr. Martin's) own case, the wastes of three seams were over 100 years old.
The plans and reports were most meagre, contradictory and obscure. In order to develop the colliery it
was necessary to open a large number of faces (stoop-and-room), and that none of them should hole
into the old workings. This was done by driving the rooms, 8 feet wide, with a sufficient number of boreholes in front and flank, much farther ahead than was required by statute.
* Trans. Inst. M. E., 1900, vol. xix., page 69.
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The absence or presence of water in the coal-seam is most deceptive. In his (Mr. Martin's) own
case there was a rush of water, and pressure at first on the miner's shot-holes of 13 ½ pounds per
square inch, and they did not strike any old waste. At another colliery, in the west of Scotland, the
workings which were very wet, gradually became quite dry as they approached an old colliery-waste
with a large head of water.
Mr. W. B. Wilson, jun., replying to the discussion, wrote that the object of the Burnside safety boring
apparatus is, to maintain convenient control over the water or gas when tapped, and not to assist in
boring the holes. It can be, and has been used at some collieries with hollow bore-rods, as suggested,
although he could not say what method was adopted of forcing water through the rods. The machines,
described by Mr. R. Broom and Mr. G. L. Kerr, if used alone, make no provision for controlling the water
or gas when tapped. The forcing of water, through bore-rods into a hole, which is being bored with
the object of proving the absence or presence of water, conceals the first indications of its presence,
and is, therefore, in his (Mr. Wilson's) opinion inadvisable, especially when used without any means of
controlling the flow of water. At Wheatley Hill colliery, provision was made for the removal of the debris
from the bore-holes, by using rods, with a double helical web running round the stem (Fig. 5, Plate IV.
). The rods were frequently drawn out of the hole, and one withdrawal usually cleared the hole of all
debris.
The usual method of wedging a pipe and tap into an enlargement of a bore-hole, was used at
Wheatley Hill colliery on April 1st, 1901, when the pressure of water had diminished to 20 pounds per
square inch. Mr. Henry Nisbet used a similar method at Devon colliery when boring against a waste,
which contained water at a much greater pressure. *
The Burnside safety apparatus can be used as soon as the hole attains a length of 4 feet, although it
is desirable to bore a longer length before enlarging the hole in order to fix the apparatus, as there is
then more probability of the hole travelling in the intended direction.
The difficulty of restraining the holes from entering the roof was not due to the use of the Burnside
apparatus, as the same
* Trans. M. I. Scot., 1891, vol. xiii., pages 82 and 191.
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difficulty existed when that apparatus was not used, and the stand of the drilling-machine (Figs. 4 and
5, Plate IV. ) was fixed 2 ½ feet from the coal-face. The bore-holes, even when set away inclined

downwards towards the bottom of the seam, took the form of a continuous curve, concave side
upwards, through the full length of the hole.
He (Mr. Wilson) might mention that, with the exception of the piston-rod, R, (Figs. 4 and 5, Plate IV.
) the bore-rods formed no portion of the Burnside safety apparatus.
It appeared to him (Mr. Wilson) that holes running so truely as those recorded by Mr. J. T. Forgie and
Mr. Jas. Bain* must be due to some peculiarities in the lamination of the strata in which the boring was
made, as it would be practically impossible to set a drilling-machine with sufficient accuracy to drill so
true, even supposing the measures lay at an invariable inclination, which is improbable.
---------------------------------DISCUSSION OF PROF. H. LOUIS' PAPER ON THE "STANDARDIZATION OF SURVEYOR'S
CHAINS.”†
Mr. E. H. Liveing (London) wrote that the facts and figures contained in Prof. Louis' interesting paper
should be very useful to surveyors who desired to carry out accurate surveying. He fully concurred with
the statement that the ordinary surveyor's chain was only suitable for rough work, such as filling in
surveys. Personally he never used a chain for accurate work. He did not think that stretching or the
opening of the joints were the only causes of increase of length with use, for he had found that even
with brazed links of stout wire, a chain would increase in length, 0.25 to 0.334 inch, in a long survey,
over wet and muddy roads. There were about 600 bearing-surfaces in the links of a common chain
which were always grinding together, and if it were assumed that the grit and water removed only
0.000556 inch at each surface it would more than account for the elongation.
In using the ordinary steel tape for exact underground work he had found it convenient to stretch a
wire or small cord from point to point, with sufficient strain to be practically straight, supports
* Trans. Inst. M. E., vol. xx., page 153
† Ibid., 1902, vol. xxiii., page 85.
[156]
being given at intervals if the span were long. The tape was then stretched, and allowed to rest on the
top of the wire or cord, and its end carefully marked either by a pen and ink or a small screw-clip. The
commencement and termination of each set the survey were, of course, plumb-lines hung from plugs
fixed in the roof, the cord or wire being stretched close to these without quite touching them.
Mr. R. F. Percy (Nottingham) wrote that Prof. Louis had not exaggerated the difficulties of measuring
underground lines of survey, and by determining the coefficients of elongation and shortening of the
steel tape and chain when subjected to variations of temperature, tension and sag, he had supplied
facts which would remove many hazy ideas. He (Mr. Percy) learnt long ago by experience that it was
more difficult to measure lengths correctly than it was to measure angles, and that no reliance must
ever be placed on assistants who had not been specially instructed and trained to the work. Similar
difficulties and doubts arose in office practice, and the question, how far ivory and wooden scales
could be trusted, was one of similar importance.
He had two steel tapes both supposed to be "standards,” though they differed about 0.5 inch in
length. To ascertain the extent of error of these tapes he had found the method of comparison of tape
and scale to be sufficiently effective for practical purposes. It was obvious that if the tape or chain was
a proper and exact multiple of the divided scale used, the necessity of standardization was to a certain
extent avoided. For this purpose he used a tested surveyor's wooden scale, 2 feet long. Upon a
drawing-office table, pieces of paper were pasted 2 feet apart and a 10 feet straight line was drawn

across them ; and by means of the 2 feet scale, a fine pricker and a magnifying glass, a 10 feet length
was laid down. This length was next by suitable means transferred to the tape, and repeated until the
full length of 66 feet was marked out. If the work was done with great care, the 10 feet length laid down
on the table ought to be within 1/50 inch of the true length, and it was unlikely that the total error in the
entire 66 feet length would exceed 1/8 inch. This might appear a clumsy method, and it might be
thought that the doubtful result would not repay the trouble ; but it was certainly worth while for the
surveyor to adopt it, if no reliable standard could be referred to. It should
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be remembered that the probable extent of error was trivial, when compared with the mistakes which
occurred almost invariably and unavoidably in the process of chaining in the mine.
It would be a great advantage to surveyors, if standards were laid down in all large towns, so that
steel tapes and chains could be readily adjusted, and Prof. Louis deserved our thanks for his
assistance in this direction.
Mr. Henry Jepson (Durham) wrote that if any surveyors in the neighbourhood of Durham found any
difficulty in making a suitable standard of their own nearer home, he might mention that they would find
one of a length of 66 feet on the pavement the north side of the Palace Green, Durham. This was used
many years ago by the late Mr. Arthur Beanlands, and was checked and marked more distinctly by
himself (Mr. Jepson) about 20 years ago.
There were several practical reasons for preferring a steel tape to any chain on most occasions,
especially underground, where the overlapping of the small links might pass unobserved. As a rule
too, the light at the front end was reflected by the tape for most of its length, thus showing its position.
From its lightness, it could easily be lifted bodily off the ground and laid in the line intended. For the
same reason a moderate pull practically obviated error from sagging, which over ploughed land or
fallen roads must be considerable where a chain is used. Steel tapes, however, compared with chains,
required to be handled with a certain amount of care, kinking must be avoided, and a sharp jerk was
liable to snap off a handle at the rivetting. They should be well cleaned and oiled after use, as they rust
very rapidly.
Mr. J. T. Stobbs (Stoke-upon-Trent) wrote that the practical limits within which the surveyor's chain
might be relied upon in length-measurement, was one of the first matters brought under his notice in
starting his mining career, and every mine with which he had been connected had a permanent
standard of its own, set out with great care, by which the chains could be tested and adjusted if
necessary. The amount of error creeping into measurements did not arise so much from the
inexactness of the chain itself, as from other causes inseparable from the circumstances under which
distances were measured. We must remember that these measurements were made in the darkness
of the mine, which
[158]
entailed extra care in satisfying oneself that no links were kinked, and that the chain lay straight on the
floor and was directed in a straight line between the points whose distance apart was to be measured.
Combined with the prevailing darkness, the roughness of the ground traversed was very liable to
introduce error, such as the bending of the long links in passing around awkward corners of stone ; the
abnormal stretching of a (short) link due to a sudden stoppage of motion by a link catching under a rail,
on a nail-head, or under a heavy stone, etc. Further, there was the source of error incidental to the

system of marking the end of each chain-length, due to the width of the chalk-line or other distinctive
mark. These difficulties were inherent in the work of measuring underground, whenever it was done on
the floor, and in their presence it seemed to him that to speak of an error of 0. 06 inch in the length of a
standard chain was over-refinement.
The most important and difficult operation—the actual adjustment of chains—was not discussed by
Prof. Louis, and he thought that a few remarks on that subject could not fail to be of practical value.
This adjustment was generally performed by the foreman-blacksmith, and the accuracy with which this
might be done was certainly commensurable with the exactness practicable in mensuration in a mine.
With reference to the use of steel tapes recommended by Prof. Louis, the only conditions under
which they could be used with advantage over the chain, was where it was impossible to measure on
the floor. The tape was certain to require much longer time for the work, and the figures marked on the
tape would be more difficult to discern—especially as the tape became worn. This in itself promoted
the commonest of all errors, namely, errors of observation. He must, therefore, take exception to the
statement that steel tapes should be used wherever theodolites are used. He had known instances
where, from surveys made by theodolite and chain, difficult holings had been made exact to 1 inch,
between shafts 2, 3 and 4 miles apart, and he was of the opinion that such accuracy would satisfy any
mining-engineer, but in order to obtain such results it was necessary to have the skill that only comes
of practice, and unrelaxing care.
Prof. G. R. Thompson (Yorkshire College, Leeds) wrote that a constant measure was necessary
when the surveyor had to make
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surveys at different times and a standard measure when areas, etc., had to be fixed. The constant
measure must be tested against variation so for convenience in this case we also use a standard
measure which can be accurately reproduced. If the surveyor used a chain which was 2 inches too
long, or 1/600th, the area determined would be 1/300th too small, due to error, and a royalty of 600
acres would lose 2 acres. In chain-surveying, the error is usually estimated as 1 part in 1,000 over
good ground, but over sloping ground with the method of stepping it becomes 1/500th or even more.
The same also applied when chaining on the slope, unless the slope of each chained length is
accurately determined and the necessary correction applied.
Assuming that 1/1000th is the error
incidental to ordinary chaining the error in acreage would be 1/500th due to this cause ; a chain tested
to 1/2 inch in 100 feet would add or substract 2/5th as large an error ; and one tested to ¼ inch would
add or subtract only 1/50th as large an error. For ordinary work, we need therefore only test to say ¼
inch in an 100 feet chain, which could be done roughly at the mine or in any open place by laying down
a standard from a new chain or surveying-band. But between this degree of accuracy and that
required for the measurement of a geodetic base-line there is a vast gap. For example, suppose that
we wish to measure our lengths for a traverse or for the base-line of a small triangulation survey with
accuracy, comparable to an angular error of 30 seconds or to 1 part in 7,200, our chain must have a
much smaller error or at 1/5th say 1/36000th or 1/30th inch in 100 feet. It was for such work as this that
the covered standard installed by Prof. Louis was of particular value. Perhaps the following experience
would emphasize the point.
Last June, wishing to determine the base-line of a small triangulation
survey, with a 5 inches theodolite with such accuracy as the above, his students compared the 66 feet
steelband with the municipal standard in George Square, Glasgow. The day on which this was first
attempted was cool, with light winds and drifting clouds which gave fitful gleams of sunshine. Under
these conditions, which might easily have been worse, it was found that the thermometers only
indicated a change of 4° Fahr., while the steelband (assuming that it took the temperature of the

thermometer when clouded) increased 20°Fahr. in temperature when exposed to the sun,
temperature of the band being estimated from the measured expansion. The uncorrected

the
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temperature would introduce an error of 1/10000th, which showed the necessity of testing the chain in
the shade and of using it at the surface only under steady conditions.
There was a clerical error in giving the extension as 0.08 per cent. for a pull of 1 pound* instead of
for a pull of 100 pounds or 0.0008 per cent. for a pull of 1 pound.
Prof. Louis did well to call attention to the great permanent elongation of chains which usually took
place, and to the imperfect method of adjusting such an extended chain, as recorded for chain 1,
which the screwed central compensating link (mentioned by Mr. Brough) did not overcome. Using
chain 1, which was only 0.75 inch too long, an error of 3 inches would be made in 166 feet and an error
of 1.5 inches in 134 feet. The clearness of the graduations and general suitability for taking in surfacedetail probably was the chief reason for the use of the chain ; while underground the fact that rough
usage only made the chain sick—very sick sometimes—and not dead for the time being was probably
the most that could be said in its favour, and so he thought that Prof. Louis was fully justified in his
conclusion.
Regarding the use of steel wires for accurate work mentioned in the discussion, he had long used
galvanized-iron wire in 900 feet lengths for measuring traverse-lines with theodolite, whipping cord
round the wire to indicate the different lines, and measuring each against the level standard. Failing a
long steel-band this was a very accurate method. The objection to all wire methods of measuring was
that unless kept taut the round wire fell into coils and on straightening the coils kinks occurred and the
wire broke. This objection was not shared by flattened steel-bands. In measuring with wire, he used
light, tripod supporting-stands to break the span of the wire so that W ÷ T = 1 ÷ 10 or nearly that. The
tension was 10 pounds, measured by a spring balance. He found that T could be easily measured to
plus or minus 1 pound, which would introduce an error in the sag-correction of 1/14000th or 1/10000th
respectively of the total length.
The correction for sag in chaining, by stepping, could not be applied
in practice when W ÷ T = 0.5, in this case an error of tension of 1.7 pounds in 16 would alter the
correction by nearly 0.5 per cent. of the total length, and he was certain that difficulty would
* Trans. Inst. M. E., 1902, vol. xxiii., page 87.
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be experienced in getting men to judge this tension. His experience with 50 feet spans and station
pole-rests was that the end of the chain could not be held very steady, and that in addition plumbing
rendered accuracy impossible under normal atmospheric conditions at the surface.
Mr. Harold Tarbuck (Ryhope Colliery) wrote that whilst acknowledging the great benefit which Prof.
Louis had accorded to surveyors by placing at their disposal an accurate standard chain length at the
Durham College of Science, in his opinion there was one drawback, and that was the time necessarily
occupied in travelling to and from the college, by those residing at distance, in order to make their
periodical chain-tests. He thought that every colliery should have (and many have) accurate standards
of their own, and he suggested the advisability of using the one at the college as a check on those that
are laid down. With this object he ventured to describe to the members the method which he had
adopted during the past 18 years in connection with various royalty and surface-surveys of which he
had had charge. The instruments that he recommended were:---Two steel bars, each 5 ½ feet long, 1

½ inches wide and having a thickness of 3/8 inch, one side of the bars being chamfered down from
the full thickness to 1/16 inch in a distance of ¾ inch (Figs. 1 and 2, Plate XIII. ).One of the bars is
marked with inches and tenths, and the other one is unmarked, but of the same length of 5 ½ feet,
and each bar is fitted with 2 brass knobs or handles on the upper surface, to facilitate the removal of
the bars, when in use during the marking out of a standard chain-length. The standard steel bars
(Figs. 1 and 2, Plate XIII.) were made by Sir Joseph Whitworth & Sons, Manchester, and, having been
tested and retested, are absolutely correct at 62°Fahr.
The method of marking out a standard chain-length is as follows:---On level ground, preferably under
cover, place five stones, a, each 1 foot deep, 10 inches thick, and 10 inches wide, fitted with square
brass plates, b, at the centre and on the top of each stone, fastened into position, by means of melted
lead, at the respective lengths of 0, 25, 50, 75 and 100 links. Cement-concrete, c, 6 inches thick and
10 inches wide (though not absolutely requisite) fills the space between each of the stones, with the
exception of 1 inch, at each side, and this cavity is afterwards filled with
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well puddled clay, d. Oaken planks, e, 4 inches wide and 1 thick, are embedded in position in the
concrete, with their ends abutting on, but ½ inch short of, each stone. At the centre of the first plate, a
clear cut is marked for zero, and from the centre of it a line is run across the other plates and over the
oaken planks to the end one, in order that the lengths may be measured in a straight line.
One end of a steel standard-bar is applied to the mark on the first plate, the bar itself being laid along
the marked line ; and, leaving it fixed firmly in that position, the other bar is applied to the first one, with
the adjacent ends perfectly flush with each other, and when the second bar is fixed in position, the first
one is removed and the process is repeated, the different lengths being marked with a needle pointer
at the end of 3, 6, 9 and 12 bar-measurements.
[Table 1. —Lengths of Scales and errors for 10 chains, omitted: refer to library]
The British standard temperature being 62°Fahr. if difficulty is experienced in obtaining a regular
temperature of that amount, the difference due either to contraction or expansion can be adjusted by
means of a micrometer, using the figures mentioned in Prof. Louis' paper, namely:—0. 005 inch for
every increase or decrease of temperature of 1°Fahr. for 66 feet.
The standard bar may be applied to other important uses:---(1) Testing scales, and the correctness
of a scale is of as great
[Reference to following page: . Vol. LI. Plate VIII.
To illustrate Mr. Harold Tarbuck's Notes on the "Standardization of Surveyors' Chains.”
Fig. 1. ---Plan of Standard Steel Bar.
Fig. 2. ---Cross-Section of Fig. 1.
Fig. 3. ---Plan of Standard Chain-Lengh.
Fig. 4. ---Side Elevation.
Fig. 5. ---Cross-Section on Line A B of Fig. 3.
Fig. 6. ---Cross-Section on Line C D of Fig. 3.
See library for image.]
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importance as the possession of a chain of correct length. He (Mr. Tarbuck) had tested several ivory
scales made by different makers, and on comparing them with the standard bar, he had obtained the
results recorded in Table I. (2) To mark accurately permanent lengths of 20 chains (or other distances)
both in longitudinal and transverse directions on mounted drawing-paper, previous to plotting any
survey thereon, and thereafter, at any time, the amount of contraction of the paper ---which of course
affects the position of the estate-boundaries, and consequently the amount of royalty-rent due to each
respective owner---may be accurately ascertained.
Among other advantages gained by using standard steel-bars as compared with steel-tapes, when
marking chain or other lengths might be mentioned:—(1) A more correct measurement, and less time
occupied in obtaining it ; (2) the errors due to the effects of pull and of sag are entirely removed ; (3)
the standard bars can be used with advantage for other important purposes in the standardization of
lengths, such as scale-tests, or ascertainment of errors due to contraction or expansion of plan-paper ;
and (4) they afford ready facilities for daily chain-tests, when engaged on large surveys away from
home, or abroad, and especially for those engaged in railway-work.
Prof. H. Louis (Durham College of Science) wrote that he was greatly obliged to the members who
had taken part in the discussion, and was gratified to find that the general concensus of opinion was in
support of the views he had expressed. Mr. Stobbs seemed to be quite alone in not preferring the
steel tape to the chain, when especially accurate work was required. He was obliged to Prof.
Thompson for calling attention to the omission of the words "for a pull of 100 pounds" after the word
"per cent.”* in his paper. Mr. Percy's method of standardising, by means of a scale, should be an
accurate one, but he, for his part, preferred to use specially made trammels, very carefully set. There
was also very much to be said for Mr. Tarbuck's method of employing bars. This latter method had
been brought to a high state of perfection in Germany, where bars were used with both ends chiselshaped, the two edges being perpendicular to each other ; such bars are at times made composite, so
as either to compensate
* Trans. Inst. M. E., vol. xxiii., page 87, line 14.
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for changes of temperature, or else to enable such changes to be accurately determined. For a
description of these he would refer to the wellknown work Elemente der Vermessungskunde, by Mr.
Max. v. Bauernfeind. * He hoped that surveyors would adopt Mr. Tarbuck's suggestion, and use the
standard chain-length at the college to check those laid down at the collieries of the district, and in
order to make it more useful, he had adopted the suggestion made by Mr. Leach and the President,
and had set out a mark at every tenth link.
Personally he did not hold with Messrs. Percy and Tarbuck that the accuracy of scales was as
important as that of chains, because he never trusted his plans except for the very roughest
calculations. He did all his work entirely by co-ordinates, upon the methods and for the reasons given
in his recently published little book.† His practice for many years past had been to calculate the coordinates of all the important points upon mining properties under his charge, to record these in tabular
form, and to use these co-ordinates and not the plans for calculating areas, etc. He could strongly
recommend this method on the score of both accuracy and speed ; obviously by its use errors in
plotting (due to inexact scales, carelessness, shrinkage of paper, etc. ) were rendered harmless, and
any desired degree of accuracy could be attained.

Mr. John M. Liddell (Newcastle-upon-Tyne), as to the provision for fixing and preserving test-marks,
wrote that there was only one desirable method, namely, that of marking the walls of substantial stone
buildings. These marks should be placed upon the walls or close to the walls and at the level of the
floor or of a solid ledge of masonry, so that the chain may be borne level and straight throughout its
length ; the marks should indicate the positions of all the links of the chain as well as the tens and the
ends of the chain, and should have attached a note of the limits of temperature within which steel
chains, etc., should agree with the said marks. Anyone, testing a chain, could then place it in position
and at once perceive an error, the point at which it occurred, and also what corrections were required.
Metallic standards were of course unsuitable. Wooden rods had been used
* 1890, vol. i., page 382.
† Traverse Tables, with an introductory chapter on Co-ordinate Surveying, by Prof. H. Louis, and Mr.
G. W. Caunt, 1901.
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in South Africa for testing in the field, but such pairs of rods (about 7 feet long if he recollected rightly)
were difficult to apply accurately, and as some kinds of wood expanded and contracted longitudinally,
he also thought that wood was undesirable. Two marks in a stone passage in the Government
Buildings at Cape Town were used for a chain-test, and he thought that there was no reason to doubt
the permanence of marks upon a substantial stone basement. For business purposes, in addition to
the standard lengths laid down by Prof. Louis at the Durham College of Science, he suggested that
marks might reasonably be placed on one of the walls of the Institute building, the Town Hall, St.
Nicholas' Cathedral, or any safe building that is convenient of access, and that they should be tested
and stamped by an official of the Board of Trade for public or private use. Similar marks should also
be placed throughout the district at suitable centres, as unless they can be reached without a
troublesome journey, they will often be neglected when they ought to be taken advantage of.
He (Mr. Liddell) could not understand why measures of length are not as much liable to inspection
and correction as measures of weight and capacity by officials of the Board of Trade, and the
advantages to a surveyor of keeping chains of accurate length as against correcting the results of
inaccuracy compiled in old pit plans are immeasurable.
Mr. H. D. Hoskold (Buenos Ayres) wrote that those who have had much practice in surveying for the
object of forming accurate maps and in carrying out railway and other classes of extensive public
works, as also, underground, in mines, are fully aware that correctly observed angles would be
worthless unless equal accuracy could be insured in the measurement of the various lines which would
of necessity enter into any such operations. Prof. Louis had, therefore, rendered great service to
mining-engineers in advancing this important subject, and it is to be hoped that every surveyor in his
district will take advantage of the plan initiated, to compare and correct their measuring chains.
He (Mr. Hoskold) had already indicated* the great amount of accuracy which had already been
achieved in measuring base-lines for various national trigonometrical and other surveys, as also of the
class and comparative excellence of the linear measuring-instruments employed.
* Trans. Inst. M. E., 1900, vol. xix., pages 189 to 200.
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Measuring-chains are generally constructed of iron wire, sometimes galvanized, as also of steel wire.
The ordinary or common measuring-chains, generally adopted, are subject to the errors pointed out by
Prof. Louis, and after considerable use are frequently found to be too long, producing proportional error
in the measured distance. It is evident, therefore, that some facile means of correction is necessary
and should be always ready at hand for reference. Standards should, consequently, exist in every
mining district, similar to that introduced by Prof. Louis, by which measuring-chains could readily be
tested.
Besides the errors indicated in the paper to which surveyor's common measuring-chains are
constantly liable, there exist, also, others of a more temporary nature, equally vitiating, that is, it
frequently happens that the longer links of a chain are bent or shortened by being carelessly trodden
upon by the chainmen ; and also when the chain is drawn through hedges, damp grass-fields, along
dirty and muddy turnpike-roads, and many other similar places in damp weather, and in dirty and wet
roads in mines, the shorter, round, connecting links, generally three in number, joining the longer ones,
are liable to be filled with wet debris, producing what is commonly called kinking or twisting, and so
forming knots in the short links, and this may occur at several points in the chain at the same time, and
so shorten it to a considerable extent. If the surveyor be vigilant and takes the trouble to superintend
the measurement of the lines himself (which he should do) such a shortening of the chain as that
indicated would not be likely to escape attention so easily upon the surface, as it would underground,
where there is less room and light to manipulate. Chainmen may be well trained to measure a given
line backwards and forwards several times with but little or no error, still, we know that towards the end
of a long and laborious days' work, they become tired and careless, and do not possess the same
interest in the result of the survey as the surveyor himself, consequently, if they have no special
superintendence on the part of the surveyor, or some other equally qualified person, such apparently
slight but continuous repeated errors due to kinking, would not appear to them of any consequence,
and so be allowed to pass. When therefore, an underground survey of great importance is undertaken
for the object of forming an accurate plan of the workings in reference to boundary-lines dividing
various properties, and other objects, or for that of driving any long and
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expensive tunnel or heading from two opposite points, then the surveyor should not only be careful
about the extreme accuracy of his angles ; but the measurement of each of the lines as well. Although
a given chain may have been tested by a standard, its use in the cases cited and for other important
work, should never be trusted indiscriminately to chainmen.
The rough usage to which an ordinary measuring-chain is constantly subjected renders elongation of
the three small, round, connecting links inevitable ; but in the best chains, that is, standard chains
made of steel wire, the joints are brazed, which prevents them from opening when great strain is put
upon the chain ; but it does not prevent their change from a round to an elongated or oval form, due to
a constant practice of jerking or applying too much pulling force, which is a general practice of
chainmen. The apparent cure for this defect would be to construct a chain with the shorter connecting
links fewer in number, say, for example, one or two in place of three, making them of an elongated oval
form ; the joints being always brazed. He (Mr. Hoskold) was, however, of opinion that the perfect
chain of the future has to be invented and constructed.
Probably the best way to overcome the elongation of the shorter links in a chain, and the errors due
to them, including that of kinking, would be to reduce the number of the smaller connecting links, say
from three to a single one, making it longer than at present, brazing the joints, and constructing the
longer links forming the body of the chain two or three times the length of the present ones, and so
reduce all the common errors indicated in the same proportion. Besides, it may not be altogether

impossible to construct chains in this way of larger wire drawn from some well-tried metallic alloy, which
may give a greater resistance to the pulling force, and also be as light or lighter in weight than the
ordinary constructed chains.
In order to correct measuring-chains, some surveyors adopt the plan of driving two stout wooden
pegs into the ground, 66 feet apart, from centre to centre, and applying the measuring-chain to it when
necessary and when the chain is found too long, some of the shorter links are removed, in order to
reduce the chain to a proper length ; but this practice is not commendable. When the chain is too short
all the links are examined and straightened, and if still in defect, the difference is allowed for upon the
length of each line.
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Many years ago, he (Mr. Hoskold) adopted the plan of selecting a level place and letting into the
ground, to a depth of 3 feet, two properly prepared stones, 12 inches square in section, and 66 feet
apart from the centre of one to that of the other. A copper plug, 1 inch in diameter, was let into each of
the stones, and a small centre mark made in each. The distance between these marks was set out by
as correct a measuring-tape as could be procured, and then the process was repeated with a 16 feet
levelling-staff. The distance was finally checked with a 6 feet steel standard-bar, 1 inch square in
section, specially constructed by Messrs. Troughton and Simms, London. When it was discovered that
11 lengths of the standard-bar fell short of, or over-reached, the dot placed in the copper plug at the
second stone station, a proper adjustment was made until eleven lengths of the steel bar measured the
line of 66 feet between the dots in the copper plugs. This steel bar was carefully kept in a box free
from great changes of heat or cold. When these stone stations were covered over so as to prevent as
much as possible the effects due to heat and cold, fairly good results were obtained when chains were
compared. Considering, however, that the effects of expansion and contraction due to heat and cold,
in this special case, were not at that period determined, the plan could not be compared with the more
accurate and scientific one now introduced by Prof. Louis.
Instead of a measuring-chain being "so safe, in unpracticed hands,''* as Mr. Bennett H. Brough
asserted, we know, that experience proves just the contrary, in fact, we may safely conclude that
nothing of importance and requiring accuracy would be "safe in unpracticed hands,” and he (Mr.
Hoskold) fully agreed with Prof. Louis in his dictum on this point.
When conducting such surveying operations as were necessary to assist in the construction of the
large topographical map of the Argentine Republic, which he (Mr. Hoskold) published in London, he
had sufficient evidence to show how far the measurements of the various lines could be trusted "to
unpracticed hands.”
--------------------------------Mr. Edward Halse's paper on "Some Silver-bearing Veins of Mexico'' was read as follows:—†
* Trans. Inst. M. E., 1902, vol. xxiii., page 92.
† This paper was read at a general meeting held on December 14th, 1901.
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SOME SILVER-BEARING VEINS OF MEXICO.
(Continued. *)
-----------------By EDWARD HALSE
------------------

Santa Cruz de Alaya, State of Sinaloa.
The small town of Santa Cruz de Alaya, some 60 miles north of the Pacific port of Mazatlan, is
situated on a range of hills forming a part of the western flank of the Sierra Madre, which, in this portion
of the Republic, trends north-west and south-east. Here, a considerable outcrop of calcareous rock is
seen, most probably of Cretaceous age, which hitherto would appear to have been overlooked, as it is
not marked in Dr. F. G. Weidner's geological map of Sinaloa. †
The town of Santa Cruz is between 200 and 300 feet‡ above sea-level, and the surrounding hills
are at an elevation of from 500 to 1,300 feet. The hills and canadas are more or less covered with
bush, which is almost leafless in the dry season, but bursts into a dense mass of vegetation soon after
the rains have set in. In the dry season, the temperature at night ranges from 75° to 85°Fahr. rising to
97°Fahr. in the shade for some hours in the middle of the day. The average temperature at this
season of the year is about 10°Fahr. higher than that of Mazatlan, nevertheless the climate is a fairly
healthy one.
A number of silver-bearing veins course through the limestone-country near Santa Cruz, but, as the
ore is refractory and can probably be treated satisfactorily only by the sodium-hyposulphite process on
a large scale, which necessarily implies the outlay of considerable capital, the developments up to
date have been small in extent, the owners of the various properties contenting themselves with raising
only high-grade ore for exportation, or with
* Trans. Inst. M. E., 1900, vol. xviii., page 370 ; 1901, vol. xxi., page 198.
† Der Staat Sinaloa in Mexiko, 1 in 1, 500, 000, Gotha, Justus Perthes, 1884. This map is incorporated
in the geological sketch-map of Mexico, published by the Geological Institute, for which reason the
latter also shows no Cretaceous rocks in this area.
‡ The heights given in this paper were taken with a small pocket-aneroid barometer, and are therefore
only roughly approximate.
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holding on to the mines in the expectation of a rise in the price of the white metal.
At Santa Cruz, and for some distance to the south of it, lime-stone-rock predominates. Starting from
the hacienda, a little north of the village, and proceeding in a northerly direction along the banks of the
Quila stream, the following rocks are met with, in the order named:—Red clay with boulders,
conglomerates, shale-beds (strike west 22.5 degrees north to east 22.5 degrees south,* dip southward
14 degrees to 18 degrees), thin purple shales (dip southward 25 degrees), beds from 1 to 2 feet thick
of dark-stained grit or quartzite of fine texture (dip south 25 degrees, the main joints of this rock dip
northward 84 degrees), purple shales, conglomerate, a considerable thickness of green and yellow
arenaceous shales (strike east 40 degrees south, the main joints course north 10 degrees east, and dip
westward 41 degrees), similar beds striking north 40 degrees west (the main joints also form an angle
of 60 degrees with the line of bedding and dip westward 43 to 46 degrees), a thick deposit of purple
conglomerate or breccia (apparently basaltic), and limestone-country proper. The latter was no doubt
at one time continuous, and formed an anticlinal with similar rock at Santa Cruz.
The limestone is either homogeneous, or, more frequently, exhibits a number of thin bands of hard
siliceous matter (chert), which give the rock a coarsely ribbon-like structure. Here and there are
intercalations of what appears to be schistose rock. The limestone is at least 2,000 feet thick, and can
be traced to within a few miles of Cosala, in places forming high bluffs. The layers dip in a northerly
direction, or contrary to the schistose rocks and grits farther south. The writer believes that the

limestone belongs to the Middle Cretaceous,† while the remaining beds are of Lower Cretaceous or
possibly of Jurassic age.
The Middle Cretaceous formation of Mexico has suffered far more dislocations than the other
divisions of the same group, owing to the orogenic movements which determined the uplift of nearly all
the lines of relief, and the emersion of the whole superfices of Mexican territory from the Cretaceous
seas.‡
* Directions are magnetic, unless otherwise stated : for variation see Fig. 1, Plate XIV.
† From its resemblance to limestone of this age in other parts of Mexico. See Boletin del Instituto
Geologico de Mexico, Nos. 4, 5 and 6, pages 211 and 212.
‡ Ibid., page 212.
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The limestone-beds of Santa Cruz, speaking generally, strike in a north-westerly and south-easterly
direction, and dip north-eastward. Locally the trend may be within a few degrees of east-and-west, or
even up to 45 degrees north of east and south of west, the dip being to the north, and only occasionally
in a contrary direction.
The principal veins strike through the limestone in a general northerly and southerly (true) direction ;
sometimes the veins course with the country-rock, more frequently they form acute angles with it, and
sometimes they strike right across the bedding-planes.
Durango City is situated 100 miles from the port of Mazatlan on a line directed north 26.5 degrees
east (true) from the latter. The city is on a plain, a little east of the Sierra Madre, but if we mark off on
a map of Mexico two-thirds of the distance and run a line northwards from this point to El Altar, in the
State of Sonora, such will represent for upwards of 600 miles the main axis* of this great range of
mountains in the north-western portion of the republic. This axial line is directed north 37.5 degrees
west (true), so that the chief veins of the district now being described, form an angle of 37.5 degrees,
while other veins are roughly parallel with it. The north-and-south veins, however, are apt to bend
round locally to north-north-west or north-west, while one vein (possibly a branch-vein) trends some
degrees east of north. This will be seen by referring to Fig. 1 (Plate XIV.), which is a sketch-plan of a
few of the veins of this district. The radiated appearance of the veins at and near the Santa Eduvigis
mine is somewhat remarkable.
The north-and-south veins almost invariably dip in a westerly direction, or opposite to the dip of the
beds of limestone. In the only instance observed where both country-rock and vein dip in the same
direction, the actual dip of the former is less by several degrees than that of the latter (Fig. 5, Plate
XIV.). This indicates that when the system of fractures or shear-planes was
* A glance at a map of Mexico will show that this axis is roughly parallel to the peninsula of Lower
California as well as to the Gulf of California. The latter, no doubt occupies a deep depression or
crevasse between the two ranges of mountains, which are of contemporaneous origin. In reality, the
three axes approach each other in a northerly direction, for the axis of Lower California is directed north
30 degrees west (true), and that of the Gulf of California is approximately north 31.5 degrees west
(true).
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formed, which subsequently became mineralized, the lines of least resistance did not correspond with
the bedding-planes.
Fig. 2 (Plate XIV. ) represents a section of the Santa Eduvigis vein, coursing in a general northwesterly to south-easterly direction ; the dip is south-westward 47 degrees, while the country-rock on
the north-east wall dips north-eastward 36 degrees. The dark siliceous layers are traceable right up to
the foot-wall side of the vein. The hanging-wall appears to be dark shaly carbonaceous limestone ; the
vein therefore would seem to occupy a line of fault. The occurrence of black limestone and shale is
usually a sign of poverty in this district.
The country has been considerably disturbed here, for in one cross-cut the limestone-beds strike
north-east and dip north-westward 42 degrees ; in another cross-cut in the same workings the beds are
seen to trend east-and-west and to dip northward 37 degrees. This would seem as if portions of the
country had been bent round horizontally, without being turned over (the dip being always northerly).
The foot-wall of one vein, a little south-west of this point, shows a number of lines (slickensides) which
are almost horizontal, the dip being only a few degrees to the south. Another vein, a little north of the
same point, strikes north 21 degrees east and dips westward 57.5 to 64 degrees, or right across the
beds of the country-rock, which in the northern face of the working, are seen dipping in an inbye
direction, and the nearly horizontal slickensides of the foot-wall are seen to dip a few degrees out-bye
(or in a southerly direction). The ore of this vein is chiefly iron-pyrites with some galena, mispickel and
blende in fine grains in yellow-stained quartz.
The above facts furnish further evidence of horizontal thrusting having taken place in the lodes and
adjoining country.
The Santa Eduvigis vein, at the point examined (Fig. 2) has a width of 4.5 feet ; the ore, consisting
of argentiferous blende with some iron and copper-pyrites and mispickel, with occasional spots or
argentite and ruby-silver, in a matrix of quartz, calcite and some limestone, is confined to a layer from 1
to 2 feet thick on the foot-wall side. The rest of the vein consists of dark limestone veined with calcite
in large crystals.
Fig. 3 (Plate XIV.) represents a north-north-west vein dipping south-south-westward 53 degrees.
The cherty layers of the limestone are clearly seen right up to both walls, dipping north-north[173]
east-ward 40 degrees. The ore, similar to the last, is here confined to pay-streaks, that on the hangingwall being 20 inches thick of calcite, quartz and sulphides. The foot-wall streak is only 6 inches thick.
Between these bands lies ordinary country-rock, the ribbon-like structure of which has been obliterated.
The streaks of ore show a tendency to come together below. Formerly some chloride of silver in small
leaders (hilos) was extracted from the vein.
Fig. 4 (Plate XIV.) is a plan of the same vein where it cuts right across the country. It will be seen that
while the vein dips in a westerly direction, the beds dip northward 36 degrees.
Fig. 5 (Plate XIV.) is a section of a vein striking north 41.5, degrees west, and dipping 56 degrees in
the same direction as the country-rock (the latter dips from 32 to 45 degrees). As in Fig. 2, the dark
siliceous layers are visible only on the foot-wall side.
In one instance, where a vein coursing north 30 degrees west crosses the limestone almost at right
angles to the planes of deposition, a horse of country-rock with cherty layers dipping northward 40
degrees is observed in the upper portion of the section (Fig. 6, Plate XIV.), clearly showing that the vein
was not an open cavity, but was most probably produced by shearing. No doubt most of the veins of
this district were produced in the same way, the country enclosed by the contiguous shear-planes
having become more or less metamorphosed by the mineral solutions which have made their way up
and along these.

The writer visited the district in 1891, again in 1892, and for a third time in 1895. On the last
occasion, he had an opportunity of seeing under what conditions high-grade ore occurs. Fig. 7 (Plate
XIV.) is a cross-section of the deposit. The vein strikes north-west and south-east, and dips southwestward 52 degrees. Some gambucinos working here, struck into high-grade ore and extracted it for
a length of 10 feet. On the hanging-wall is a layer, 6 inches thick, of high-grade ore, similar to that
already mentioned, but containing a greater proportion of argentite and ruby-silver. On the foot-wall
side, separated from the hanging-wall by 4 feet 8 inches of limestone, lies a streak of lower grade or
second-class ore, 4 inches in width. The ore from the hanging-wall streak, hand-picked, assayed as
much as 1,120 ounces of silver per ton, that from the foot-wall side, also hand-picked, assayed 140
ounces to the ton. Cherty layers were visible in the
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centre of the vein, and appeared to be continuous from hanging- to foot-wall, but the country-rock
between the so-called walls was somewhat altered, and was impregnated with ore here and there. On
cross-cutting in a north-easterly direction, 3 feet from the foot-wall, another streak of second-class ore,
from 6 to 12 inches wide was discovered. This would appear to be an instance of a compound
replacement-vein which has been formed along three parallel shear-planes. It is worthy of note that
the high-grade ore is not a continuous bunch or streak, but it comes in and goes out wedge-like or
lenticular masses, which may be from 10 inches to a few feet in length, and is succeeded by countryrock impregnated with ore. The high-grade streak was also found to change its position from one side
of the vein to the other.
The "open-fissure" theory will certainly not apply here, as it fails to apply in so many examples of veinstructure in different regions of the world, and, although there is a roughly handed structure, the bands
are neither continuous nor symmetrical, and there is no evidence of what Prof. Posepny terms "crusted
rock-kernels" to show that even a portion of the lode was once an open space.
By the term "wall" is usually meant the bounding-plane of a lode, or the side of the original fissure, but
some interesting examples of "walls within walls" and of "walls beyond walls" have recently been given
by Mr. T. A. Rickard,* and anyone who has carefully examined the structure of ore-bearing veins can
readily multiply examples for himself. The fact that outside the so-called "wall" of a lode other walls
may occur, sometimes bearing payable ore, shows the necessity of frequent cross-cutting, especially
from those veins which have a compound structure.
Hitherto the district has remained undeveloped, so that it is impossible to say whether the bunches or
shoots of ore have definite pitch in one direction of the strike, but as the main joints as well as the beds
dip in a northerly direction, ore-shoots, if they have any pitch at all, are more likely to follow this than
the reverse direction.
The filling of most of the veins referred to is of medium texture, occasionally exhibiting coarse crystals
or crystalline patches of blende, galena, etc. Another class of vein, usually confined
* "Vein-walls,” Transactions of the American Institute of Mining Engineers, 1896, vol. xxvi., page
193.
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to the solid limestone, consists of very fine-grained argentiferous blende and mispickel, more or less
scattered through country-rock. A typical vein of this class runs north-west and south-east, and dips
from 56 degrees near the surface to 65 degrees at a depth of 55 feet, where the vein is from 3 ¼ to 4
¼ feet in width.
The best ore lies on the hanging-wall side, and is from 9 inches to 1 foot thick.

Some chloride of silver in soft threads was formerly raised from here. The hanging-wall is well-defined,
and with the ore occurs some blue and yellow quartz. From this streak to the foot-wall the filling is
limestone, scattered with very finely-grained sulphides with some oxide of iron and calcite, a thin layer
of the last-named mineral lies on the foot-wall.
Miners in most regions recognize good and bad indications of ore. In this district, a dry black coating
of the colour of roasted coffee, termed miche,* is looked upon as an unfavourable sign, as well as
certain kinds of metallic coatings termed pasta† (paste) : those of a rounded appearance (pasta china),
of a violet colour (pasta morada), or of a lead-coloured greasy appearance (pasta mantecosa) are
disliked, while a black metallic coating (pasta negra) is regarded as a favourable indication.
Although rich patches of ore not infrequently occur, the average silver value of the veins is
undoubtedly low, and they probably do not contain more than from 30 to 40 ounces to the ton, while the
gold in the ore varies from traces up to 5 dwts. to the ton.
Santiago Papasquiero and San Dimas, State of Durango.
About 100 miles north-west of Durango City in the district of Santiago Papasquiero, and crossing
perpendicularly a deep valley, along the bottom of which flows the Quila stream, already mentioned, is
the outcrop of a silver-bearing vein forming a portion of a bold ridge, which, on the north side of the
stream, attains an elevation of about 3,000 feet in a horizontal length of about 5,000
* At Fresnillo, State of Zacatecas, miche is a mixture of galena, blende, and pyrites, the two first being
silver-bearing. It is not liked by the miners.
†In Mexico, pasta is the name generally given to argentiferous ores, as blende, galena, etc., not of high
grade. At Ozamatlan, Michoacan, it is black sulphide of silver (argentite) ; in Chili and in Guerrero,
Mexico, grey copper-ore (tetrahedrite) rich in silver ; at Zacualpan, State of Mexico, silver-bearing ironpyrites. The term pasta is sometimes given to bullion or uncoined silver. Mr. J. B. Guim gives "pedazo
de oro de plata o de otro metal, fundido y sin labrar,”
Diccionario, 1864.In Mexico, plata mista is
silver bullion, and plata pasta is spongy silver after retorting.
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feet. The upper third of this ridge is very steep (43 degrees) while the lower portion slopes towards the
river at an angle of about 27 degrees. It is at and near where these two angles of slope meet that the
principal workings are found. On either side of the ridge, the rocks have been eroded into deep
quebradas or ravines, the average slope of which is some 9 degrees less than that of the ridge itself.
This vein, although in the main of low-grade value, is remarkable for its width, variability in ore-contents
and structure.
The rocks of the district consist of recent eruptives, quartz, hornblende-andesite, andesitic
conglomerate or breccia, and porphyrite (a much altered type of andesite), with interbedded and
intrusive dykes of felsite of the rhyolite group. Locally the country-rock is known as "porphyry" and
"quartzite.”The former name is usually restricted to more or less kaolinized felsite, and the latter to
silicified felsite, or to normal felsite with flow-structure, the latter appearing as very thin brown, green
and yellow layers, giving the rock a finely ribbon-like structure. Sometimes the rock is highly pyritous
without the flow-structure being obliterated.
The vein courses in a general north-westerly to south-easterly direction, the dip being north-eastward
about 65 degrees ; the width varies considerably, and in some places is 50 feet and over. The
veinstone is composed of quartz, calcite and altered country ; the ore consists of argentite, with native

gold and silver (at and near the surface), argentiferous iron-pyrites and some copper-pyrites, and with
galena, chloride of silver (near the surface), and ruby-silver occasionally.
The ore is often composed of wavy black layers alternating with lighter ones, having a conchoidal
texture, and is then known as metal caracol, while at other times it is recognizable only as black spots
and discolorations.
The vein sometimes exhibits a conglomeratic or coarsely-brecciated structure, generally confined to
one wall (Fig. 12, Plate XV.), or it may occur as a band nearer the centre of the vein (Fig. 18, Plate
XV. ). In places the vein, examined with a microscope, shows a true brecciated structure, but more
often it is coarsely banded, seams of ore alternating with more or less altered country-rock.
The strike and dip vary a good deal locally, the former ranging
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from north 34 degrees west to north 67 ½ degrees west, and the latter from from 45 to 70 degrees.
Here and there the walls are well-defined, and sometimes appear to be absent altogether. One or both
walls may be marked by a clay gouge a few inches thick, and, as a rule good ore generally occurs on
this. Sometimes there is a foot or so of red clay on the foot-wall, containing loose pebbles of matrix,
rock and ore (agglomeratic).
The outcrop of the vein on the right bank of the stream strikes north 50 degrees west and dips northeastward 65 degrees, while on the left bank, a few feet lower down, the strike is north 30 degrees west
and the dip the same, which shows that the vein has been dislocated and bent here. The vein on the
right bank forms the foot-wall of a dyke of felsite. Fig. 8 (Plate XIV.) is a sketch-plan of the rocks as
seen at this point. Six felsite-dykes are visible here separated by varying widths of andesite. The
hanging-wall side of the dyke which carries the lode is not sharply defined from the purplish andesite,
there is a passage between the two, patches of andesite are first seen, then alternate layers of
andesite and felsite before the andesite proper is reached. This dyke would therefore appear to be
interbedded.
The strike of the country-rock generally corresponds with that of the vein, but the dips are by no
means always identical. There is a working some distance above the river where both vein and
country strike north 34 degrees west, but the dips are 63 to 75 degrees and 33 degrees respectively ;
here the country-rock exhibits brown and yellow or green and white flow-structure, and in places the
beds are highly pyritous.
On the summit of the hill, the vein courses north 37 degrees west, dips north-eastward 67 degrees,
and appears to follow the strike of the country ; but the beds of the latter dip 78 degrees in the opposite
direction, and another vein, striking north 45 degrees east and dipping south-westward 80 degrees
forms a junction with it. The surface-ores here contain calcite stained green by carbonate of copper
(malachite), and contain some visible gold.
In the north-easterly to south-westerly veins, the shoots of ore have a tendency to pitch northeastward at a high angle, following the dip of the cross-joints.
In the main vein, cross-joints, dipping in the opposite direction, appear to have a favourable influence
on the vein-contents. Fig. 9 (Plate XIV.) is an instance observed in a working 1,875 feet
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above the river. The vein runs north 20 degrees west, and, between two joints, trending east-and-west
and dipping southward 80 degrees, the best ore is found. The joints are lined with red clay, which
flakes off, and the ore is principally of the class known as caracol.

The joints are probably shear-planes which have been formed in a direction oblique to tin the vein
itself, for the master-joints of the country-rock dip northward. These joints are sometimes lined with
several inches of various coloured clays, as light yellow, bright ochre, flesh colour, chocolate or blue,
and the parti-coloured linings as well as the joints themselves are liked by the miners.
Fig. 10 (Plate XIV.) is another instance of local enrichment, determined in this case by a single crossjoint, and occurring 1,635 feet above the river. The vein carries good ore at A, and in the bottom of the
face at B the ore is seen to pinch out to a few inches in width.
Fig. 11 (Plate XIV.) is a rough sketch of a local bunch of ore near the same spot, the axis of which is
horizontal. It is connected at one end with a flat joint filled with clay.
The normal structure of the vein is a roughly banded one, but the bands are unsymmetrical, and
would appear to have been produced by the partial or complete alteration or substitution of the countryrock. Here and there, indeed, the filling is unaltered and consists of parallel layers of felsite showing
flow-structure, but far more frequently there are evidences of considerable alteration having taken
place.
Sometimes, the alteration is in the direction of silification.* Fig. 12 (Plate XV.) is a sketch of an openworking on the lode about 1,760 feet above the river. The best ore is 6 feet thick on what was believed
to be the hanging-wall side of the vein. However, above this are several layers of highly quartzose
country (quartzite †), probably of very low-grade value, while the foot-wall is conglomeratic or
brecciated in structure, consisting of white fragments of felsite and quartz spotted with ore (low-grade).
In Fig. 13, (Plate XV.) sketched in a working 1,635 feet above the river, the best ore, 2 feet wide, is
on the foot-wall side, and consists
* "In rocks rich in silica, such as rhyolite or quartzite, the tendency to silicification (probably by reason of
mass-action) is greater than in more basic rocks in the same district,”
Prof. Waldemar Lindgren,
"Metasomatic Processes in Fissure-veins,” Transactions of the American Institute of Mining
Engineers, 1900, vol. xxx., page 601.
† The term "quartz-rock" would be more appropriate.
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of two bands of ore, several inches thick, separated by about 1 foot of mineralized quartzose countryrock.
On the hanging-wall is a streak of high-grade shipping ore, varying from ½ to 3 or 4 inches in
width.
Near the same spot, the section shown in Fig. 14 (Plate XV.) was exposed. The local strike is north
67 ½ degrees west, and the dip northward 53 degrees. The centre of the vein consists of clay with
lenticular wedges of quartzose country-rock ; the best ore is on the hanging-wall and consists of a paystreak or hilo from 4 to 6 inches thick. Here kaolinization,* as well as silicification, has occurred, and the
vein would appear to have been formed by replacement or substitution.
The lenticular masses of rock afford no evidence of having fallen from one of the walls into an open
space, as there are no signs of "crustification" (Posepny) ; they are evidently altered portions of the
country-rock in situ.
The brecciated structure of Figs. 12 and 18 (Plate XV.) may possibly have been formed by gradual
substitution, portions of the country-rock having survived, as it were, the metasomatic processes ;† but
more probably there was considerable local movement along one wall of the vein, resulting in crushing
and the production of a friction-breccia.
In Fig. 15 (Plate XV.) sketched from the same working, the centre of the vein is occupied by a
lenticular mass of altered felsite, the axis of which would appear to correspond with a shear-plane. The
best ore occurs here on the foot-wall side.

In Fig. 16 (Plate XV. ) from the same workings, the vein is seen to be curved in cross-section, and is
formed of altered country and ore mixed, while a wedge-like mass of rock is seen in the lower
* "Long ago .
.
. Forchammer (1835)) and Bischoff (1855), followed by many more recent
authorities, ascribe kaolinization to the attack of water carrying carbonic acid, and this must be the
correct view for the following reasons:---(1) Kaolinization is in many cases a surface-process, effected
by the weak carbonic-acid solutions of surface-water ; (2) at somewhat greater depths the felspars of
the rocks are often converted by similarly weak carbonic-acid waters into kaolin, sericite, etc., as well
as calcite,” Prof. J. H. L. Vogt, "Problems in the Geology of Ore-deposlts.” Transaction of the American
Institute of Mining Engineers, 1901, vol. xxxi., page [no page number in original]
† About 20 years ago, the writer observed what appeared to be brecciated structure in one of the lead
and zinc-bearing veins of Cardiganshire, South Wales ; on breaking specimens, however, he was
surprised to find that it was in reality a pseudo-breccia, the country (metamorphosed clay-slate of
Silurian age) was not in separate fragments cemented by ore and veinstone, but the pieces were more
or less connected cross-wise as well as longitudinally, so that the mineral solutions would appear to
have first honeycombed the rocks, as it were, and afterwards to have filled the interstitial spaces with
minerals.
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portion of the section. There is no evidence, however, that this mass has fallen from the hanging-wall, it
is country-rock which has been altered in situ.
Fig. 17 (Plate XV.) sketched from a rise in a working about 1,650 feet above the river, shows
considerable kaolinization, a portion of the filling consisting of bands and bunches of red clay,* divided
by greatly altered country-rock. The ore is composed of cavernous quartz, with red oxide of iron in
white and black clay. A lenticular mass of altered felsite is traceable in the vein, wedging out below.
The abrupt bending of the layers on the foot-wall side is remarkable, and is probably the result of local
crushing. Slickensides were observed on the foot-wall dipping 10 degrees in a southerly direction. The
felsite is grey when hard, and blue or white when kaolinized, and in places it is converted into pure
kaolin.
Where the lode consists of highly silicified country (quartz-rock) it is almost invariably of very lowgrade value, but where, on the contrary, there is moderate kaolinization as well, the values in silver and
gold are much higher.
The occurrence of caracol ore has already been mentioned. This ore is generally of low-grade
value and may be in streaks 2 or 3 inches wide on either side of a vein of quartz. The layers may
appear in cross-section as straight lines, or wavy, or of circular form, or they may be contorted and
quite irregular. Examined through a microscope the ore is seen to be composed of a number of thin
siliceous bands. When the black layers are thick the ore is of better grade—the black colour no doubt
indicates the presence of argentite. The ore has frequently a great resemblance to the fluidal structure!
of the felsite-country even to the very colour, and the writer regards it as strong evidence of
replacement of country-rock by quartz and argentite. It is merely another form of silicification, perhaps
of more recent date than that of the of the filling. Fig. 18 (Plate XV.) is one example of its occurrence in
the vein.
Fig. 19 (Plate XV.) shows another occurrence of caracol ore, and its relation to the felsite countryrock showing fiow-structure.
* In this district, the miners term china-clay (kaolin) tofo or chile, reserving the term caliche or cantara
for ordinary white decomposed clay.

† Prof. Grenville A. J. Cole, writing of the banded and fluidal structure of rocks, says:---"Like surfaces of
foliation, both the bands and lines of flow show frequent involutions and contortions,”
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The shoots of ore in this mine are either vertical, or have a tendency to pitch north-westward at a high
angle, following the dip of the main joints.
A little lower down the river, there is an interesting old Spanish working. A double-compartment
shaft, 10 feet by 6 feet, inside measurement, the collar of which, built of solid masonry, is 16 feet high,
has been sunk on one side of the bed of the river (Figs. 20 and 21, Plate XV.), which is covered only
at flood-times. A masonry wing-dam confines the water to one side of the shaft. A vein, 6 feet wide,
coursing north 15 degrees west and dipping eastward 67 degrees crops out along the right bank of the
river. The country-rock consists of grey and purple andesitic breccia, and the ore contains much blende
and iron-pyrites. A branch-vein or feeder, near the shaft, runs about due east-and-west and dips
eastward 70 degrees.
Rich specimens of silver-ore can still be picked out of the dump, and as the ruins of a town exist
here, with a church and streets well laid out, in which a number of arrastres were found, it is reasonable
to conjecture that at the point where the two veins meet a rich shoot of ore was found. Mr. H. G.
Ward* says "the lode was extremely rich in native silver, and in the principal mine solid masses of this
metal had been actually taken out when the progress of the works was stopped by water.”Locally
nothing is known of the mine, or of the inhabitants of the deserted town. A tradition, indeed, exists that
the latter were massacred by Indians early in the nineteenth century, and as the town is built in a
narrow valley, from which escape would have been very difficult if the valley were attacked
simultaneously from both ends, the above tradition may have had its origin in fact.
The Candelaria mine, near San Dimas, has been in bonanza for some years. The main vein courses
north 55 degrees east, dips north-westward 50 degrees, and is from 6 to 8 feet wide. The country-rock
is described as calcareous diorite, but a sample taken by the writer proved, on examination with a
microscope, to be a brecciated felsite. A dyke of basalt, probably of more recent age than the veinfilling, has been met in the mines. The ore consists of argentite, native silver, iron-pyrites, and a little
* Mexico in 1830, 2 volumes.
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galena and gold, forming ribbons and lumps in a hard compact quartz mixed with calcite.
According to Mr. H. G. Ward,* in the old Candelaria mine the ore was found in vertical shoots (clavos
a pique) separated by country-rock. In a horizontal length of 1,375 feet four of these shoots were
found.
The same author states that the mine of Arana (? in the same district) contained between two small
strips of rich ore a cavity filled (like the bovedas† of the mine of Zavalo at Catorce) with a rich metallic
dust, composed almost entirely of gold and silver, also very rich shoots of small extent horizontally but
constant vertically.
Besides the ore and veinstones already mentioned, the following minerals have been found in the
Candelaria mine:---Argentiferous tetrahedrite (grey copper-ore or fahlerz), cuprite (red copper-ore),
carbonate of copper (malachite), hydrous silicate of copper (chrysocolla), cerussite (lead carbonate),

smithsonite (zinc carbonate), and oxides of iron and manganese. In this mine, metal caracol, with a
conchoidal texture, occurs in calcite.
The mine, which has already been worked to a depth of nearly 1,000 feet, can be opened up by
tunnels to a total depth of 3,500 feet.
The composition of the rich ore is as follows, I. being a partial, and II. a complete analysis:—

Gold
Silver
Copper
Lead
Zinc
Antimony
Iron
Manganese
Silica
Lime
Alumina
Carbonic acid
Sulphur
Water
Oxygen and loss

I.
Per Cent.
0.41 )
2.37 )
3.41
6.75
2.46
trace
5. 68
—
74.08
—
—
—
—
—
—
95. 16

II.
Per Cent.
0.55
0.24
0.34
0.92
---1.32
trace
83.00
6.27
0.86
3.01
0.41
0.81
2.26
99. 99

* Mexico in 1830, 2 volumes.
† A chamber-deposit (camara abovedada) in which the ore is of a loose texture (Spanish, a vault or
arch), and bovedal is a variation of the same word.

[Plates IX. – X. --To illustrate Mr. E. Halse's Paper on "Some Silver-bearing Veins of Mexico.” Plans
and cross-sections of the veins described]
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An average assay-value of 111 samples gave 55.86 dollars (gold) per ton. The ore contains no
chloride of silver, and is free-milling. It is said that from 85 to 88 per cent. of its assay-value can be
extracted.* The comparatively high percentages of copper and lime in these analyses is notable. The
samples were evidently of oxidized ore from above water-level.
-----------------------The President (Mr. J. S. Weeks) moved a vote of thanks to Mr. Halse for his valuable notes.
Mr. William Logan seconded the motion, which was very cordially approved.
------------------------* The above facts with regard to the San Dimas mine (which the writer had not time to examine), have
been gleaned mainly from a report published several years ago by the American company working the
mine.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
-----------------------------EXCURSION MEETING,
Held at Washington Colliery, May 13th, 1902
-----------------------------WASHINGTON COLLIERY.
Two shafts, situated about ½ mile from Washington station, on the North-eastern railway, are being
sunk on the dip side, and about 1 mile from Washington colliery. A preliminary borehole was made to
the stone-head, and proved the following strata:—
No

Description of Strata.

1
2
3
4
5
6
7
8

Soil
Yellow sand
Grey sand, full of water
Blue clay
Grey sand, full of water
Clay, with boulders
Loamy clay
Very hard clay, with large boulders

Thickness of
Strata.
Ft. In.

Depth from
Surface.
Ft. In.

1 3
34 6
41 3
0 1
2 4
12 11
5 2
9 7

1 3
35 9
77 0
77 1
79 5
92 4
97 6
107 1

Owing to the occurrence of water-bearing sands to a depth of 79 feet 5 inches, a modification of the
Poetsch freezing-method of sinking has been adopted. The work is being carried out by Messrs.
Gebhardt and Koenig of Nordhausen, Germany, and it is the first attempt ever made to sink shafts by
the freezing process in Great Britain.
The No. 1 pit was sunk in the ordinary way, with a diameter of 24 feet, to a depth of 24 feet. At that
point, twenty-two boreholes were bored in a circle 22 ½ feet in diameter, and temporarily lined with
steel tubes, 6 inches in diameter. Afterwards, flush-jointed steel freezing-tubes, 110 feet long, 4 inches
in diameter, and closed at the lower ends, were inserted in each bore-hole, and the temporary casing
was removed. Smaller and central copper tubes, 1 inch in diameter, for conveying the brine,
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and perforated at the lower ends, were placed inside the freezing-tubes. The tops of the small tubes
are connected to an annular pipe, placed near the top of the shaft, and to the delivery-end of a small
steam-driven pump, which forces the cooled brine down and through them. The tops of the large tubes
are connected to an annular pipe and to the cisterns in which the brine is cooled, whence it is drawn by
the brine-pump.
[Photograh: Fig. 1. —Washington Colliery : Glebe Shafts. See library for image.]
The freezing plant comprizes a horizontal steam-engine, with a cylinder, 18 inches in diameter and
24 inches stroke, driving by belt and shafting two horizontal compressors, which deliver the ammonia at
a pressure of 150 pounds per square inch. The ammonia passes, at this pressure, through 1,600 feet

of 1 inch tube placed in two water-tanks or condensers, through which 4000 gallons of cooled water
circulate per hour, and is mechanically stirred by rotating paddles, and the ammonia becomes liquid.
Immediately after leaving the condensers, the liquid ammonia passes through valves, where the
ammonia is evaporated and the pressure is reduced to 14 pounds per square inch, produced by the
exhausting action of the compressing-pump. At this reduced pressure, the gaseous ammonia passes
along 2,000 feet of 1 inch tubes immersed in three cisterns or refrigerators, and then returns to the
compressor. The refrigerators are filled with brine, which is mechanically stirred by rotating paddles,
the
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solution containing from 21 per cent. in the early stage of the freezing to 26 per cent. of chloride of
magnesium at the present time.
About 6 months were spent in erecting the plant and boring and preparing the bore-holes. Freezing
commenced on March 23rd, 1902, with one compressor, and on April 1st, the second compressor was
started.
The temperature of the brine, at the commencement, varied from —8° to —11°Cent., on
going to the
[Photograph: Fig. 2. ---View of Tops of Freezing-pipes in No. 1 Shaft. See library for image.]
shaft ; and in the return-tubes the temperature varied from ---6.5 Deg. to ---9 Deg. Cent. On April 2nd,
the temperature of the brine fell to ---16 Deg. Cent., and has gradually fallen, until, at the present time,
it is about ---21 Deg. Cent. The brine returning from the shaft is generally about 2 Deg. Cent. warmer
than when entering.
The strata were frozen to a radial distance of about 5 feet, around each pipe ; but as the centre of
the shaft was not frozen the quicksand was easily removed. The sinking at the No. 1. shaft through the
frozen quicksand was commenced on May 5th, and completed on May 19th, and the shaft is being
lined with
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brickwork set in cement, with an inner diameter of 14 feet. Ten men were employed in the sinking of
the shaft through the frozen ground, by picks and wedges, in three shifts of 6 hours each, with 12 hours
'rest, and the sinking proceeded continuously. This shaft will be sunk to a depth of about 720 feet by
ordinary methods, to the Hutton seam.
At No. 2 shaft, boring operations are now proceeding for the purpose of making the bore-holes for the
freezing-pipes.
-----------------------------Mr. A. L. Steavenson moved a hearty vote of thanks to the owners of Washington colliery for their
kindness in allowing the members to see that very interesting freezing system at work. It was fifty
years since he had signed his indentures as a mining-engineer, and yet he was still acquiring valuable
information.
Mr. R. Donald Bain (H. M. Inspector of Mines) seconded the vote of thanks, which was cordially
approved.
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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 14th, 1902.
-------------------------------Mr. J. G. WEEKS, President, in the Chair.
-------------------------------DEATH OF MR. ROBERT ROBINSON.
The President referred in sympathetic terms to the death of Mr. Robert Robinson : one of the oldest
members of the Institute, a Vice-President for many years, and one who had unfailingly taken a great
interest in the Institute and at all times most helpfully assisted in advancing its welfare. He proposed a
vote of condolence and sympathy with Mrs. Robinson and her family, in the irreparable loss that they
had sustained.
Prof. Henry Louis seconded the vote, which was carried unanimously.
----------------------------------The Secretary read the minutes of the last General Meeting, and reported the proceedings of the
Council at their meetings on May 10th and 24th and that day.
----------------------------------The Secretary read the balloting-list for the election of officers for the year 1902-1903.
---------------------------------The following gentlemen were elected, having been previously nominated:—
Honorary Members—
Mr. Frederick Augustus Gray, H. M. Inspector of Mines, 7, Victoria Square, Penarth, near Cardiff.
Mr. William Henry Pickering, H. M. Inspector of Mines, Lawn House, Doncaster.
Members--Mr. Thomas Bousfield, Under-manager, Wallsend Colliery, Wallsend, New South Wales.
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Mr. William Braidford, Jun., Colliery Manager, South Garesfield Colliery, Lintz Green, R. S. O., County
Durham.
Mr. Christopher Robert Corning, Mining Engineer, 36, Wall Street, New York. United States of
America.
Mr. Emiliano De La Cruz, Mining Engineer and Prospector, 9, Calle de Malasana, Madrid, Spain.
Mr. Francis Ivan Leslie Ditmas, Mining Engineer, c/o Colonel F. F. Ditmas, Royal Artillery, Frimley
Green, Surrey.
Mr. Sosthenes Doise, Civil Engineer, Chaton, Seine et Oise, France.
Mr. Francis Theodore Freeland, Mine Manager and Consulting Mining and Mechanical Engineer, P. O.
Box 1016, Aspen, Colorado, United States of America.

Mr. Robert William Heads, Mechanical Engineer, Greenbushes, Western Australia, Australia.
Mr. Robert Hunter, Assistant Inspector of Mines, Gympie, Queensland, Australia.
Mr. John Elias Jones, Consulting Mining Engineer, 1, Holmes and Dun Chambers, Durban, Natal,
South Africa.
Mr. Talbot Richard Lonsdale, Overman, Lamesley, Gateshead-upon-Tyne.
Mr. Harry Arthur Mundle, Mining Engineer, 22, Hood Street, Morpeth, Northumberland.
Mr. Charles H. Powell, Mechanical Engineer, ”Missouri,” Lyons Street, Eagle Junction, Brisbane,
Queensland, Australia.
Mr. William Richard Rumbold, Mining Engineer, Mill House, Holmwood, Surrey.
Mr. Richard Sutcliffe, Mining Engineer and Colliery Manager, Horbury, near Wakefield, Yorkshire.
Mr. Umfreville Percy Swinburne, Mining Engineer, Capheaton, Newcastle-upon-Tyne.
Mr. Jackson Swindle, Colliery Manager, Swalwell, R. S. O., County Durham.
Mr. William Henry Wall, Mechanical Engineer and Colliery Manager, 46, Haliburton Street, Nanaimo,
British Columbia.
Mr. Walter Harvey Weed, Geologist, United States Geological Survey, Washington, D. C., United
States of America.
Mr. Richard Wood, Mining Engineer, Barley Brook Foundry, Wigan.
Associate Members—
Mr. Horace William Jarvis, West Dyke, Coatham, Redcar.
Mr. Arthur Herbert Smith, Broad Street House, London, E. C.
Mr. James Valentine, 1, West View, Horwich, Lancashire.
Associate—
Mr. Thomas Smith, Assistant Under-manager and Surveyor, Netherton Colliery, near Newcastle-uponTyne.
Students--Mr. John Frederick Foggo, Mining Student, Netherton Colliery, near Newcastle-upon-Tyne.
Mr. Francis George Maynard, Mining Student, 5, New Houses, Philadelphia, Fence Houses, County
Durham.
Mr. Harry Palmer, Mining Student, The Manor House, Medomsley, R. S. O., County Durham.
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THE NORTH OF ENGLAND INSTITUTE OF MlNlNG AND MECHANICAL ENGINEERS.
------------------------------------EXCURSION MEETING,
Held at South Durham Collieries, July 11th, 1902.
------------------------------------SOUTH DURHAM COLLIERIES.
I. —Pumping Plant.
The pumping plant comprizes a compound steam-engine, a continuous-current generator, two
electric motors and two high-lift ram-pumps.
(a) Engine. —The horizontal compound Robey engine has high-pressure and low-pressure cylinders,
18 inches and 30 inches in diameter respectively by 40 inches stroke ; and it develops 440 indicated

horsepower, at 90 revolutions per minute and a steam-pressure of 100 pounds per square inch. The
engine, with automatic trip expansion-gear to both cylinders, is fitted with a flywheel, 16 feet in
diameter, grooved for 14 driving-ropes, each 1 ½ inches in diameter.
(b) Dynamo. —The Scott-and-Mountain six-pole generator is constructed for an output of 220,000
watts, or 400 amperes by 550 volts at the terminals, at an approximate speed of 400 revolutions per
minute. The generator is fitted with a pulley, grooved for 14 driving-ropes, each 1 ½ inches in
diameter.
(c) Main Switchboard. —The main switchboard consists of marble panel fitted with the following
instruments and switches:—A double-pole quick-break lever-switch for a current of 500 amperes ; an
automatic overload circuit-breaker suitable for a current of 500 amperes ; an ammeter to read to 500
amperes ; a volt-meter to read to 600 volts ; and a shunt-regulating switch and resistance.
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(d) Cables. ---The main cables, for conveying current from the generator-terminals to the main
switchboard, and from the main switchboard at the Harry pit to the pump switchboard at the John
Henry pit, a distance of 2,550 feet, consist of 4 overhead conductors of bare copper wire, each
conductor being composed of 19 wires of No. 11 standard wire-gauge, and supported on poles with
cross-arms, and earthenware insulators. Two cables, each 450 feet long, for conveying the current
down the shaft to the pumps are composed of 61 wires of No. 13 standard wire-gauge, having a
sectional area of 4 square inches. These cables are insulated with vulcanized bitumen, served with
jute and compound, protected by a double armouring of galvanized-steel wires, and finally covered
with jute and compound.
(e) Main Pumps. —There are two main shaft-pumps, with rams 11 inches in diameter by 18 inches
stroke, each capable of delivering 500 gallons per minute to a height of 400 feet, at an approximate
speed of 28 revolutions per minute. The pumps are rope-driven by the motors.
(f) Electric Motors. —The Scott-and-Mountain multipolar motors for driving the pumps are each
constructed for an output of 120 effective horsepower, at 450 revolutions per minute by a current of 450
volts at the terminals. Each motor is fitted with 10 cotton driving-ropes, for transmitting the power to the
pumps.
(g) Motor-room Switchboards. —Two switchboards are provided, one for each pump, each board
consisting of a marble panel carrying the following instruments and switches :—A double-pole main
switch for a current of 200 amperes ; an automatic overload and no voltage circuit-breaker ; an
ampere-meter to read to 200 amperes ; a volt-meter to read to 600 volts ; and a shunt-regulating switch
and resistance, for varying the speed of the motors.
Two Scott-and-Mountain single-pole liquid-starting switches are provided for starting and stopping
the electric motors.
II. ---Coal-Cutting Plant.
The coal-cutting plant consists of 3 Goolden dynamos with an output of 36,000 watts each at 350
volts.
These are driven by the Robey compound engine recently erected for driving the electric
pumping plant.

[192]
At present, 5 coal-cutting machines of the Goolden bar-type are at work—3 in the Harvey and 2 in
the Hutton seam. One machine in each seam is driven by a 25 horsepower four-pole enclosed motor,
and the others by 18 horsepower two-pole enclosed motors.
This plant was erected by the Electrical Coal-cutting Contract Corporation, and the cutting was done
by that company at a fixed price per ton, but the plant was afterwards bought by the South Durham
Coal Company.
In addition to the coal-cutting plant, the generating plant also driving a three-throw pump, with 6
inches rams, pumping about 100 gallons per minute from dip-workings against a head of 120 feet ; and
a 4 inches Gwynne centrifugal pump is delivering about 130 gallons per minute against a head of 60
feet.
----------------------------------Mr. Fenwick Darling read the following paper on the "Electric Pumping-plant at the South Durham
Collieries"
:—
-----------------------------------[193]
ELECTRIC PUMPING-PLANT AT SOUTH DURHAM COLLIERIES.
------------------------------------By FENWICK DARLING.
------------------------------------The John-Henry pit was sunk to the Main coal-seam, 312 feet deep, about 62 years ago.
The Main and Five-quarter coal-seams were worked from this shaft until 1877, when they were
abandoned, the seams being nearly exhausted. Since that time, the shaft has only been used as a
pumping-station for the purpose of draining these seams : this being effected by means of a Cornish
pumping-engine, with a cylinder, 72 inches in diameter and 8 feet stroke, working a bucket-lift, 21
inches in diameter.
In course of working eastward in the Brockwell seam, from the Harry pit, a fault was encountered,
throwing the seams down to the east, from 270 to 300 feet. A considerable distance was driven
beyond this fault in the Harvey seam, which was found on nearly the same level as the Brockwell
seam.
About 3 years ago, it was decided to sink the John-Henry shaft down to the Hutton seam, by means
of which the Hutton and Low Main seams would be won, and could be worked, on the west or rise side
of the fault, and the Main and Five-quarter coal-seams on the downthrow side.
The shaft being only 12 feet in diameter, there was not room to put in cages sufficiently large to admit
of 2 tubs being drawn on one deck and still to retain the old pumping arrangement ; and it was
necessary that some other system of pumping should be adopted, in order that the shaft should be left
clear for coal-drawing.
There were three methods by which this could have been done:--- (1) A direct-acting steam-pump
could have been placed in the Main coal-seam ; (2) a large air-compressing plant could have been

placed on the surface at the John-Henry pit, with pumps worked by compressed air, in the Main coalseam ; or (3)
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an electric generating-plant could be placed at the Harry pit about ½ mile distant, and the current
carried by cables to pumps placed in the Main coal-seam.
The first scheme was objectionable for several reasons:---The chief being the necessity for erecting
boilers of high pressure at the John-Henry pit, and owing to the upcast shaft being ½ mile distant,
there would of necessity be great difficulty in dealing with the steam in seams with blue-metal roofs.
The second scheme would also have involved a large outlay in air-compressing and boiler-plant at the
John-Henry pit, and probably it would be less efficient in working than an electrically-driven plant.
The third scheme was adopted, and the following are the principal reasons which led to that
decision:—(1) The necessity of increasing the plant on the surface at the John-Henry pit was entirely
avoided ; (2) by keeping the generating-plant at the Harry pit, where a large boiler-plant is already in
existence, a great saving in coal is effected ; and at nights and week-ends, when coal-drawing is not in
operation, there is sufficient steam generated by the waste heat from the coke-ovens to drive the
electric plant ; and (3) the concentration of the plant would allow of better and more efficient
supervision, and reduction of wear-and-tear, by having all the electric plant driven by one thoroughly
efficient and reliable engine.
The generating-plant and pumps are capable of pumping the whole of the water, at present met with
in the seams, at nights ; and, so long as this is the case, very little steam beyond that produced by the
coke-oven gases will be required. It is possible that a considerable increase of water may be
encountered at the large fault, when it is reached in these seams ; and in that case will only be
necessary to erect an additional boiler. By driving the pumps night-and-day there will be no difficulty in
dealing with 1,000 gallons of water per minute during the 24 hours, as well as running the coal-cutting
machines, and the hauling in the Hutton seam, which will be driven by this plant.
The steam-engine, as well as the whole of the plant, is of strong and substantial make, and affords an
ample margin of power.It has been working since January of this year, and has not, as yet, given the
slightest trouble.
--------------------------------------[195]
The President (Mr. J. G. Weeks), in moving a vote of thanks to the owners for their kindness in
allowing the members to visit the South Durham collieries, and to Mr. Fenwick Darling for his interesting
paper, said that the erection of the new plant had been efficiently and economically carried out, and
afforded an excellent example of the work of a skilful engineer.
Mr. Henry Lawrence seconded the resolution, which was cordially approved.
------------------------------------------[1]
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.
--------------------------------------------ORIGIN OF THE CAP GARONNE ORE-DEPOSIT, FRANCE.
Die geschichteten Erzlagerstatten und das Erzlager vom Cap Garonne in Frankreich. By B. Lotti.
Zeitschrift fur praktische Geologie, 1901, vol. ix., pages 281-283.
After discussing the views of, and nomenclature adopted by, various authorities in regard to what are
known as bedded ore-deposits, the author expresses the opinion that many of the sulphidic ores found
among Permo-Triassic rocks are the outcome of mechanical deposition. He considers the copper- and
lead-ores of Cap Garonne, near Toulon, to be a typical instance of this mode of deposition.
They
occur as impregnations in a quartz-conglomerate which is the characteristic basement-bed of the Trias
on the French slope of the Maritime Alps. This bed, from 10 to 26 feet thick, lying almost horizontal, is
worked with profit at Cap Garonne. The metalliferous impregnation is generally limited to the central
portion of the bed, in the form of a lenticular zone which varies in thickness from 2 ½ to 4 feet : the
upper portion the ore-belt consists solely of galena and the lower portion of the decomposition-products
of copper-pyrites (melaconite intermixed with copper-glance).
Sometimes one ore alone is present,
galena, for instance, predominating in the eastern portion of the deposit. Moreover, as one ore tends
to increase the other tends to diminish corespondingly and vice versa. Certain details are cited to
prove that the quartz-pebbles were ore-bearing, before the formation if the conglomerate.
At one
point, the ore-deposit is faulted about 50 feet by a fissure 18 inches wide (filled with barren rockdebris).
The Cap Garonne deposit possesses all the characteristics that prove its genesis by mechanical
deposition from river-waters of quartz and metalliferous ores. These ores were derived from the erosion
of veins of galena and copper-pyrites, etc. Both they and the quartz doubtless occurred originally in the
Cambrian or pre-Cambrian rocks that immediately underlie the Permian of the neighbouring area.
These older Palaeozoic (or perhaps Archaean) rocks are rich in quartz-lenticles and quartz-veins
charged with galena, zinc-blende, copper-pyrites and bournonite. Indeed such ores are still worked at
many localities in their primary matrix, as at Bormettes, Verger, Rielle, Cogolin. etc. At Bormettes, the
metalliferous vein is seen in the workings to end off abruptly against the Permian, and not to cut
through it.
L. L. B.
[2]
A NEW ARSENIC MINERAL, FRANCE.
Sur un Arseniate d'Alumine de la Mine de la Garonne. By A. Lacroix. Bulletin de la Societe Francaise
de Mineralogie, 1901, vol. xxiv., pages 27-30
This mineral comes from the Cap Garonne mine near Hyeres, in the extreme south-east of France.
It occurs as a pale greenish-white crust on a quartzose cupriferous conglomerate. Under the
magnifying glass this crust is seen to possess a crystalline structure, its specific gravity is 3.011, and it
proves to be a hydrated arseniate of alumina. In many respects it resembles very closely the
liskeardite of Liskeard, the formula for which is AlFeAsO4, 2AIFe(OH)3, 5H2O ; and if the Cap Garonne
specimen be not a new species of mineral, it can only be assigned to liskeardite. At the Garonne mine,
the following oxide-minerals occur, in addition to that just described:—Chessylite, malachite, pseudo
malachite, adamite, olivenite, mimetite, chalcophyllite, zeunerite, brochantite and lettsomite.

L. L. B.
PYRITES-DEPOSITS OF SAIN-BEL, RHONE, FRANCE.
Die Schwefelkieslagerstatte von Sain-Bel, Rhone.
By L. De Launay.
Zeitschrift fur praktische
Geologie, 1901, vol. ix., pages 161-170, with 2 maps and 5 sections in the text.
These deposits lie some 12 ½ miles north-west of Lyons, a little south of the small town of L'Arbresle,
and east of the Brevenne river. They form an almost unbroken belt for about 1 ¼ miles, striking north
and south ; and by various isolated, as yet little known patches, their continuity can be traced to the
classic locality of Chessy, some 6 miles farther north, where the cupriferous deposits are now worked
out. [The author, nevertheless, devotes some space to a description of the Chessy occurrence. ] In
places Jurassic strata overlie and conceal the ore-bearing rocks, but very thorough exploration-work is
now being carried out, which is expected to yield exact information as to the real extent of the
metalliferous area. It may be noted in passing that the only copper-deposit in France that has of late
years possessed any industrial importance, namely that of La Prugne, occurs about 43 miles west of
Sain-Bel, along the great Forez fault, among pre-Cambrian and Devonian slates with which are
associated hornblende-schists.
The country-rock of the Sain-Bel deposits consists of chlorite- and hornblende-schists, of which the
age and mutual relationships are still a matter dispute. One portion of the area, the so-called "northern
field,” is not being worked at present, but it is hoped that active operations will recommence there
shortly. Here No. 1 vein, from 8 to 20 feet thick, carries only iron-pyrites. No. 2 vein, separated from
the preceding by 20 feet of barren rock, is 3 ¼ to 5 feet thick, and has a copper-content of about 7 per
cent. Then a fault shifts both veins westward, and No. 1 vein increases in thickness to 22 and 26 feet,
about 5 to 6 feet of which is copper-bearing.
On the other hand, though No. 2 vein increases in
thickness to 6 ½ and 10 feet, it ceases to be cupriferous. The ore-body, called the Masse du
Pigeonnier, was, up to 1872, a considerable factor in the copper-production of Sain-Bel. South of the
St. Gobain shaft lies the so-called "southern field,” now being worked, with an annual output of 320,000
tons of very pure pyrites. This field includes the ore-lenticle of St. Gobain, the great mass or vein of
Bibost, and the lenticles of St. Antoine : none of these have outcrops that are very distinctly marked,
and the Bibost vein was discovered by a mere chance in 1862.
The St. Gobain deposit, at a depth of 544 feet, has a breadth of 10 feet and
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includes copper-pyrites and zinc-blende. The great Bibost "vein,” one of the most considerable masses
of pyrites in the world, varies in thickness from about zero at the outcrop to its maximum of 144 feet at
a depth of 550 feet or so. Already 5,000,000 tons of pyrites have been got from it, and it is estimated
that 8,000,000 tons are still available. The mineral is compact, resembling that of Rio Tinto or San
Domingo, but very much purer —a characteristic which is of importance in connection with the
manufacture of sulphuric acid : in point of hardness it varies considerably. Chemical analysis (a mean
of two) shows the following percentage-composition : sulphur, 52.79 ; iron 46.44 ; gangue, 0.63 ; and
arsenic, very slight traces. Of the two St. Antoine lenticles, the eastern consists of ordinary pyrites, and
the western (separated from the former by 20 feet of barren rock) is a cupriferous and quartziferous
pyrites yielding 35 per cent. of sulphur.
All the ore-bodies first described form a chain striking almost due north and south, regularly
interbedded with the chlorite-schists, and often inter-mingled with the cornes-vertes or hornblendeschists. Unlike the conditions of the pyrites-fields of Spain and Norway, no eruptive rock is exposed in
the immediate neighbourhood of Sain-Bel. The author concludes with a comparative summary of all

the important pyrites-occurrences in Europe, discusses their possible origin, and finally states that "the
genesis of the great pyrites-deposits remains an insoluble and mysterious phenomenon.”
L. L. B.
AGE OF THE MEGGEN PYRITES-DEPOSITS, GERMANY.
Das Vorkommen von Prolecaniten im Sauerlande. By—Denckmann.
Zeitschrift der deutschen
geologischen Gesellschaft, 1900, vol. lii., Protokoll, pages 112-116, with a sketch-section in the text.
By means of the discovery of certain fossils, the author has been able to fix the age of the heavy-spar,
pyrites- and blende-deposits of Meggen as Upper Devonian. He thinks it extremely probable that these
very massive ore-deposits are the alteration-product (metasomatosis?) of the Stringocephaluslimestone, which in that neighbourhood is shrunken to a very small proportion of its usual bulk. If the
strike of these ore-deposits be prolonged far westward, their place will be found to be occupied by
limestone, either unaltered or at most dolomitized.
L. L. B.
PYRITES-DEPOSITS OF THE SILBERBERG, BODENMAIS, BAVARIA.
(1) Der Schwefel- und Magnetkiesbergbau am Silberberge bei Bodenmais. By K. Gruber. (2) Die
Kieslagerstatte im Silberberg bei Bodenmais.
By Ernst Weinschenk.
Abhandlungen der
mathematisch-physikalischcn class der koniglich bayerischen Akademie der Wissenschaften, 1901,
vol. xxi., pages 337-348, and 2 plates ; and pages 349-410, with 4 plates and 2 figures in the text.
The Silberberg rises among the hills of the Upper Bavarian Forest to a height of 3,080 feet above sealevel. It was the scene of mining industry as far back as the fourteenth century, when the ores, which
at the outcrop pass into a porous quartziferous brown haematite, were worked for providing the
neighbouring smithies. The pyrites-deposits were exploited in a very wasteful manner in the eighteenth
century, the miners abandoning one place as soon as they had got out the richest part of the ore, to
start operations in another. At present, the workings extend over a length of 3,600 feet and a breadth
of
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about 400 feet, the lowest point at which ore is now found being 558 feet below the highest. About 40
miners are employed, producing an average annual output of 2,000 tons of ore, got entirely by blasting.
The ore is arranged in small heaps on bundles of fir-faggots, and then roasted (in the summer time).
This preliminary calcination makes it "tender" and easy to detach from the accompanying gangue. The
calcined ore, when still hot, is piled up into heaps of some 300 or 400 tons, and there allowed to
weather for from 3 to 5 years. At the temperature of over 300°Fahr. which is developed in the centre of
the heap, the sulphur sublimes out of the ore, while alkaline double salts of iron are formed, taking up
water and oxygen from the atmosphere. The total weight of the ore is thereby increased by about 30
per cent., and the various components of the heap tend to agglomerate together so firmly that it is
often found necessary to use dynamite to break it up again.
A short description is given of the workings, the largest of which is the so-called "Barbara mine" :
here in course of time a cavity has been made no less than 80 feet high and 33 feet broad, because
two ore-lenticles approached each other so closely that they could be worked together : the thickness
of the ore is said to have been 52 feet or more. So far, only the mountain-peak has been worked and
explored : lower down is an area still untouched, and, despite the old tradition that the ore does not
continue in depth, further search may meet with success.
The second memoir is an elaborate geological and petrographical study of the deposits. These
belong to the category of so-called fahlbands, are indeed a typical example of them—lenticular to

bedded ore-bodies lying conformably within schists somewhat impregnated with ore. As such
fahlbands have (to all appearance) none of the characteristics of veins, they have been hitherto
regarded as undoubtedly contemporaneous with the surrounding country-rock. The author shows, by
sheer weight of evidence, that this view is erroneous : the Silberberg ores are of still more recent origin
than the youngest of the rocks among which they occur. The chief ore is magnetic pyrites, and besides
ordinary pyrites there occur (less abundantly) copper and arsenical pyrites, galena, and zinc-blende.
Among other interesting minerals recorded from the locality are graphite, tinstone, tourmaline, garnet,
etc. The ores are shown to be connected with the injection-zone between granite and schists,
miscalled gneisses : they undoubtedly welled up from deep below as a molten magma, which was
squeezed into the rocks, tore these along the line of least resistance, and settled down quietly among
them as an apparently conformable deposit.
L. L. B.
-----------------------------------------PROBABLE EXTENSION OF ROCK-SALT DEPOSITS IN NORTHERN BAVARIA.
Ueber die mogliche Verbreitung von Steinsalzlagern im nordlichen Bayern.
By Hans Thurach.
Geognostische Jahreshefte, 1900, vol. xiii., pages 107-148, with a map in the text.
This very exhaustive memoir summarizes the reasons, chiefly stratigraphical, for which rock-salt, on
the analogy of similar occurrences in other parts of Germany, may be expected to occur in Northern
Bavaria.
The author deals first with the Zechstein (Permian) formation, and thinks that deep borings would
strike the salt-beds, south-west and west of Kissingen. More importance attaches, however, to the
Middle Muschelkalk. In this formation workable salt-beds occur in no less than five distinct districts in
southern Germany, and the author publishes a map which shows the probable
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extent of the saline deposits in Franconia. The most favourable areas for boring are those which lie
farthest from the south-eastern coast of the old Triassic sea, as for instance along the Main valley,
between Schweinfurt and Gerolzhofen : here the salt-beds would be purest, and reach their greatest
thickness (100 to 130 feet). A boring was put down in an apparently less favourable area, near
Burgbernheim, and struck a salt-bed some 50 feet thick : two other borings in the same neighbourhood
have yielded the same result. The salt is coarsely crystalline, somewhat argillaceous, and is associated
with anhydrite.
Salt-beds may also be looked for in the Keuper, as the occurrence of brine-springs at various
localities seems to prove.
L. L. B.
----------------------------------------COPPER, LEAD AND IRON-ORES AT RAMMELSBERG, NEAR GOSLAR, BRUNSWICK.
Beitrag zur Kenntniss der Erzlagerstatte des Rammelberges bei Goslar.
By Dr. ---Sohle.
Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii., pages 563-568, and 2
plates.
It has long been a moot question how the ore-formation at Rammelsberg originated, and whether it
was produced by sedimentary deposit, or by eruption. Although it belongs to the same type as the
gravel and copper ore-beds at Sulitelma in Norway, and Rio Tinto in Spain, it appears in a sedimentary
deposit of the Middle Devonian period. Some geologists think that solutions containing metals were
thrown up by eruptive forces, and deposited, and that the gravel-beds formed under great pressure are
of volcanic origin, and of later date than the surrounding strata. It is now, however, generally
considered that the Rammelsberg ore-deposits are a true bed, formed at the same time as the

surrounding schist, as the folds in both correspond. This view, which is held by the writer, has been
lately confirmed by the results revealed by the mine-workings.
The deposit, which is worked for copper- and lead-ore and iron-pyrites, consists of an old seam to
the west, and a newer seam to the east, through which nine galleries have been driven and two shafts
sunk to depths of 1,233 feet and 705 feet respectively. Where the two beds join their direction is from
north-west to south-east, while the strata of schist in which the ore is found stretch south-west and
north-east, and dip at an angle of 45 degrees. Thus it is not a fold in the rock, but a fault, although little
trace of it is seen on the surface. The schist is greatly fissured, and calcareous spar has been
deposited in the clefts. A vein of ore marks the junction of the two beds, while the schist, where
intersected by the mine-shafts, shows smoothed surfaces and horizontal streaks. In some levels there
is also evidence of intense pressure and dislocation, with many slips and fissures, but none in the oredeposit, which has simply been bent round the schist, and a few detached pieces displaced. There are
generally two veins of ore, sometimes running side by side, and separated by the schist and sterile
rock. The peculiar formation of the ore curving through the schist shows that it must have been in a
semi-fluid condition when the faulting took place. The latter can be traced for a distance of 320 to 500
feet, but diminishes as it reaches the surface. Here the fracture is interrupted, but there are still signs of
it, in one place it is 8 inches across. It passes through the outflow from a small lake, and is lost in the
hill on the other side. In the bed of the flow, there is a deposit of pyrites, said to belong to the old
seam, of which it may either be the western
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extremity, or a portion torn away. The ore gradually thins out towards the east. The lode of copper-ore
appears at the surface, and widens out as it extends downward. It is 65 ½ feet thick at the bottom,
and 19 to 23 feet thick at the top, and its greatest length is 393 feet. The lead-ore, including the oolitic
ironstone, extends for 984 feet, but it is not equally thick everywhere ; towards the east it also thins out,
and ends in a fissure filled, with loose loam.
As the mining operations follow a winding course to reach the ore, the roof of the schist is only cut
through in two places, one of which shows a lode containing galena, crystalline blende, calcareous
spar and pyrites. The schist in the roof of the seam is much better than that below, and contains quartzcrystals.
There are few actual veins of ore at Rammelsberg, it is mostly found in detached masses or small
beds, but a vein of calcareous spar appears in one place, and another of barytes. Of the two synclinal
flexures the chief is about 200 to 230 feet long, and extends nearly 10 feet below the main gallery.
Another fault is marked by the appearance of sulphate of copper. The lower levels are much contorted
and disturbed, and the conditions under which the ore was deposited are difficult to trace.
It is interesting to note that in the hollows and fissures native copper in a dendritic shape, to a weight
of over 30 pounds, has collected, and is found in a bed of dark blende. Sulphuretted hydrogen gas
must have penetrated fissure in the rock, reached the hollows containing the copper-ore, and aided
perhaps by fermenting wood, and by the crushing process of dislocation, converted it first into oxidized,
and then into native copper. It is not of rare occurrence elsewhere, and pure iron-pyrites is also found
in this mine.
The ores are deposited in the following order, beginning at the bottom ; Lead-ore, blende, copper-ore
and copper-pyrites, and lastly iron-pyrites, but the strata are often mixed, especially near the surface.
The extremities of the beds consist of copper and iron, while the centre is mostly lead. It does not
appear probable that the deposits extend horizontally much beyond the present workings. In the upper
levels, the ore is continually interrupted by strata of schist, while in the lower, it is pure and more
compact—probably owing to elevations and depressions in the original bed of the sea. The ore-

solutions were first deposited in the hollows, allowed to settle and separate, and chemical reactions
took place, before the strata of schist formed over them.
Thus it would appear that the beds of the Rammelsberg were formed in a still sea at the same time
as the Goslar schists, and in connection with a neighbouring deposit of greenstone. The writer
considers that the green-stone broke through the schist, and carried away some of the ores in the form
of solutions, while others remained in the schist. In one of the larger fractures, he found copper and
iron-pyrites and barytes, covered with a layer of malachite. The lodes were the channels formed by the
semi-liquid ores. Thus there have been three periods of formation, the older schist, the greenstone,
and the later beds of schist, which, owing to upheaval, are now the lowest.
B. D.
---------------------------------OOLITIC IRON-ORES OF GERMAN LORRAINE.
Die oolithische Eisenerzformation Deutsch-Lothringems.
By H. Ansel.
Zeitschrift fur praktische
Geologie, 1901, vol. ix., pages 81-94, with a map and 9 sections in the text.
In concluding the treaty of Frankfort in 1871, the demarcation of the Franco-German frontier was so
arranged as to give Germany an overwhelming
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advantage, not only from the strategical, but also from the industrial point of view. The Iron Chancellor
sought the advice of the geological surveyors, and so mapped the boundary that the lion's share of the
iron-ore deposits fell to his country. These deposits cover a large portion of the high tableland that
intervenes between the Meuse and the Moselle : it was in the valleys which cut this plateau (NoveantGorze, Mance, Monvaux, etc. ), that the outcrops of iron-ore were first discovered. The tableland
forms a steep scarp towards the Moselle on the east, slopes gently downward to the west, and upward
from south to north. The lowest formation seen in the district is the Upper Lias, consisting of highly
micaceous marls ; this is overlain conformably by the Dogger.The top of the lower division of this
(Ammonites-striatulus and Astarte-Voltzii beds, 100 to 150 feet thick) is well marked by a pyritiferous
horizon, which forms the base of the iron-ore group.
This group consists of an alternation of
"minettes,” soft sandstones, limestones, and marls : it evidently belongs to the Lower Dogger, being
characterized by such fossils as Trigonia navis, Gryphoea ferruqinea and Ammonites Murchisonae,
and averages 150 feet in thickness. Above this comes the Middle Dogger, more distinctly calcareous,
about 250 feet thick, followed by the same thickness of Upper Dogger, consisting largely of oolitic
freestones.
Drift-deposits of no very great thickness overlie the Dogger, and in some places clays and limestones
with pisolitic iron-ores which are probably of Tertiary age. At one time it was these Tertiary pisolites
that played the chief part in the iron-industry of Lorraine, and a short description of them may be given
by the way. In part they fill "pipes" in the limestone, and in part deep fissures which widen upward into
cavities of considerable area. The ores (partly magnetic) occur in grains, in large nodular masses, and
in blocks : they are brownish concretions with a reddish to blackish-brown streak. Analysis show them
to be, in the main, hydrated oxides of iron almost entirely free from phosphorus. The French miners
used to call these ores "mines,” in contradistinction to the then despised oolitic ores, called
"minettes.”[It may be noted that the last-named appellation is rather unfortunate from the geological
point of view, as that name is already preoccupied for a variety of mica-trap. ]
Turning now to the Jurassic oolitic ores, the author in the first place gives the following table an
analyses of the various seams:—
[Table omitted]

The ores occur as small grains of various form, showing the usual concentric structure of oolite,
spherical, ovoid, or completely irregular, and but seldom pseudomorphous after fossil-fragments.
Thin layers of marl occur within the ore-seams, and sometimes there is a repeated alternation of marl
and ore within a thickness of a few inches. This marl, as well as that which forms the roof and the floor
of the iron-ore formation, is finely laminated, rich in mica, and greyish-blue to green in colour.
Sometimes the roof of a minette-seam is formed by a shelly limestone.
[8]
some 8 to 12 inches thick, and in the Luxemburg opencast mines this is quarried as a building-stone
simultaneously with the hewing of the ore.
The author gives a detailed description of the six seams already mentioned, dividing them into four
groups, the first and lowest-lying of which includes the Black seam and the Brown seam. The Black
seam has been proved to extend right through Lorraine, and is distinguished from all the other oreseams by the pyritous character of its floor : at Deutsch-Oth in the north it is some 13 feet thick,
diminishing in the south at Ars to 4 feet or less. It cannot be worked at a profit just now, but in some
mines (Neufchef, Friede, etc. ) it is got for the purpose of mixing it with the more calcareous ores of the
upper seams, supplementing by its richness in silica their deficiency in that respect. The Brown seam
is closely associated with the Black seam, both in the stratigraphical succession and in chemical
composition. The marl which intervenes between them is never more than 10 and often less than 2 feet
thick, while at Gross-Moyeuvre the two seams coalesce.They form, in the St. Michel mine at DeutschOth, one ore-body 10 to 13 feet thick, which yields an excellent quality of ore. The following chemical
analyses of the Black and Brown seams are tabulated:—
[Table omitted]
Next come the Grey and Yellow seams, the latter being separated from the former by a layer of
ferruginous limestone, 32 inches thick. This Grey seam is industrially the most important of the whole
series ; it is characterized by its roof of shelly limestone and by the occurrence in it of reniform and
nest-shaped calcareous inclusions which contain as much as 30 per cent. of iron. In almost every
instance it can be profitably worked. The Red Calcareous seam is very poor in German Lorraine, but
in Luxemburg it constitutes one of the best ores, yielding 40 per cent. of iron. The highest in the
series and thickest of all is the Red Siliceous seam ; its maximum thickness reaches 42 or 43 feet, and
the quartz-grains which form so large a proportion of it are, some of them, of the size of a bean, and all
are rounded. At Oettingen, this ore contains 36 per cent. of iron and 27 per cent. of silica, while in the
St. Michel pit at Deutsch-Oth, the percentage of iron sinks to 25 and that of silica rises to 33.
The ore-field is traversed by three systems of faults, striking respectively south-west and north-east,
south-east and north-west, and north and south. These faults are of considerable importance ; for
instance, the Deutsch-Oth fault throws down the entire plateau of Aumetz-Arsweiler, and in the St.
Michel mine the downthrow is 395 feet, so that south-east of the fault the ores have to be won by deep
workings, while north-west of it they are got by open-cast workings. The most extensive fault of any is
that of Gorze-Metz, which has been traced for a distance of about 53 miles, with a downthrow varying
from 65 to 490 feet.
The quantity of available ore in this field is estimated, according to the most reliable computations at
2,100,000,000 tons. A close estimate of its duration
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is hardly possible, as the annual output varies greatly : the production has continuously increased of
late, and was reckoned in 1900 at 8,000,000 tons, as compared with 6,973,000 tons in 1899. It will, of
course, be borne in mind that much ore now regarded as unworkable may, with the progress of the
iron-industry, be brought into use, and then the quantity of available ore in this field would total up to a
higher figure than that above cited.
The help and support of the Government are claimed by the author in two directions : (1) the lowering
of railway-tariffs for the transport of ore from the mines to the blast-furnaces in the Rhineland ; and (2)
the provision of cheap water-transport, both to take the ores to the Rhineland and to bring back coke to
the furnaces of Lorraine. This can only be effected by the canalization of the Moselle and the Saare.
The question of the genesis of these ores is discussed at considerable length, and the author
concludes that the whole series represents a succession of mechanical deposits and chemical
precipitates in the ancient bays and gulfs of the Lower Dogger sea. He considers the metasomatic
hypothesis (replacement in situ of the limestones) as quite inapplicable to these ores.
L. L. B.
----------------------------------------THE PISOLITIC IRON-ORES OF LORRAINE.
(1) A propos des Gisements de Minerais de Fer Oolithiques de Lorraine et de leur Mode de Formation.
By Georges Rolland.
Comptes-rendus hebdomadaires des Seances de l'Academie des Sciences,
1901, vol. cxxxii., pages 444-447, with a map in the text.
Referring to his first note on the subject, published in 1898, the author reminds us that these ores
occur in the district of Briey (Meurthe-et-Moselle) at the top of the Upper Lias, and that they consist of
several bands, the most regular and the most considerable of which is the grey band.
Mr. F. Villain considers that they were formed by ferruginous springs welling out from fault-fissures in
the bed of the old Liassic sea. The present author finds, however, that the thickness and distribution of
the ores bear no relationship to the subterranean topography nor to the situation of the faults. In fact,
he shows that the topography of the Liassic sea-bed was entirely different from the present topography,
and that the richest ore-belts are, as a rule, quite independent of the fault-lines.
He concludes that these pisolites are sedimentary in character and of continental origin. They were
probably formed by the precipitation of the carbonate of iron dissolved in sea-water, and this carbonate
and its associates were derived from the decomposition of iron-pyrites and the decalcification of
ferruginous limestones occurring on neighbouring land-surfaces.
(2) Sur l'Origine et le Mode de Formation du Minerai de Fer Oolithique de Lorraine. By Stanislas
Meunier.
Comptes-rendus hebdomadaires des Seances de l'Academie des Sciences, 1901, vol.
cxxxii., pages 1008-1010.
The author disagrees with the conclusions enunciated by Mr. Georges Rolland, that these iron-ore
deposits in the district of Briey were formed at the bottom of the Toarcian sea and that their distribution
was conditioned by current-action. The result of his work, both in the field and in the laboratory, is in
direct conflict with these conclusions. He considers that we are dealing here with a case of chemical
transformation in situ of beds originally calcareous, without any notable change in
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structure. The true history of the deposits, in his view, is as follows:---First of all, in the Toarcian sea
were laid down deposits of calcareous silt more or less clayey and sandy, sometimes almost purely
calcareous. In these were buried shells and other remains of the marine organisms which lived in that
sea. Later on, in consequence of molecular movements set up within the calcareous mass, it became

pisolitic : the calcareous matter arranged itself concentrically around certain nuclei, such as grains of
sand, etc., and all material of a different character perforce filled up the interstices between the oolitic
concretions. At a third stage, the mass was impregnated, no doubt very slowly, with waters containing
soluble salts of iron and alumina, but which might only contain traces of these. The calcareous
molecules acted like traps for intercepting the passage of the metallic matter, and there was thus a
progressive epigenesis of the whole : it retained all the original features of its structure, it retained its
fossils, but was ferruginated and aluminized, and thus passed into the condition of oolitic or pisolitic
iron-ore.
L. L. B.
--------------------------------------------THE SCHWARZENBERG ORE-DEPOSITS, SAXONY.
Die Erzlagerstatten von Schwarzenberg im Sachsischen Erzgebirge.
By R. Beck. Zeitschrift der
deutschen geologischen Gesellschaft, 1900, vol. lii., Protokoll, pages 58-60.
In the neighbourhood of Schwarzenberg, in the Western Erzgebirge, a dome of augen-gneiss forms
the basement-rock. This dome is mantled over by mica-schists, which on the north are overlain
conformably by the phyllites, but faulted against them on the south. The entire anticline is broken
through by the granite-dyke of the Galgenberg and Rackelmann : this is one of the chain of 20 or so
granite-dykes, running south-east and north-west parallel to the Eibenstock-Neudeck granite-massif,
which has altered the schists far and wide by contact-metamorphism. In the altered schists occur the
ore-deposits, forming two concentric belts around the gneiss-dome and the granite. The ores are
intimately associated with crystalline limestones, dolomites, and a rock analogous to the skan of
Sweden, which are interbedded with the schists. The skan, or sahlite-actinolite-rock, seems to be the
true locus of the ore-concentration. Magnetite often occurs with it in regular beds, or interstratified with
the limestones. Red and brown haematites, which may be regarded as alteration-products of the
magnetite are also worked. The other ores are divisible into two distinct groups : (1) the pyrites-blende
group, including iron-pyrites, zinc-blende, argentiferous galena and copper-pyrites, less frequently
arsenical and magnetic pyrites, more rarely still silver-ores such as polybasite, etc., and native silver ;
(2) the stanniferous group, including tinstone in columnar crystals, molybdenite, specular iron-ore, etc.
Where the sahlite-rock is richest in ore it is most highly altered : it was completely saturated with silicic
acid, as shown by the occurrence of jaspery aggregates. The pyritic and stanniferous ores were the
last constituents deposited from the siliceous solutions, which infiltrated the rock, and they filled up all
available interstices, chinks, clefts and fissures : the magnetite, on the other hand, was probably
deposited simultaneously with the main mass of silicates and the limestone.
L. L. B.
-----------------------------------------------------[11]
ORE-DEPOSITS OF KUPFERBERG, SILESIA.
Die Classification der Erzlagerstatten von Kupferberg in Schlesien.
By P. Krusch. Zeitschrift fur
praktische Geologie, 1901, vol. ix., pages 226-229.
These ore-deposits occur in the hornblende-schist area which is bordered on the west by the granitite
of the Riesengebirge and on the north by the so-called "green slates.”Along the line of contact with
these the schists become so rich in epidote and garnet that, in the opinion of some observers, they
almost form a garnet-bed. This abundant occurrence of garnet and other petrographical characters
combine to show that the Kupferberg hornblende-schists lie within a zone of contact-metamorphism,
and the agent of the metamorphism was most probably the granitite.
Lead-ores are found in the green slates, and cupriferous and pyritic ores in hornblende-schists. The
copper-mining industry began in this district as far back as the twelfth century, and flourished until the

time of the Hussite wars. Then, after a long period of decay, it was started again in the seventeenth
century, and continued with varying success until 1849. Since then many attempts have been made to
revive the industry, but despite some very promising trial-drifts, these efforts to give it fresh or at least
increased vitality have been unsuccessful.
The ore-bearing area may conveniently be described as consisting of an eastern, a central, and a
western field, and the deposits are ranged by the author under two categories : ore-beds and ore-veins.
The ore-beds are undoubtedly of contact-origin : they consist of metallic sulphides and oxides with
impregnation-bands, and decrease in proportion as the distance from the granite-massif increases.
Thus, the Unity and Clementine ore-lenticles, of extremely varying thickness, contain magnetic pyrites,
copper-pyrites and bornite. Cubes of iron-pyrites are scattered among the finely-fibrous hornblende of
the gangue and of the contiguous country-rock. Although pyritous ores predominate here, on following
eastward the Rosenstiel vein from the Tony shaft a deposit has been struck, containing much zincblende and proportionately less pyrites. Following the same line, dolomite, limestone, and porphyry
are gone through, and one comes upon a deposit of magnetite, that is an oxide ore. All the oredeposits just described are of the same age as the hornblende-schists themselves.
But we come now to the so-called "blue vein,” which should rather be called the "blue bed.” It is as
old as the contact-deposits just described, but has been affected as regards its infilling and general
characters by the later fissures which traverse it. It occurs in the eastern field, strikes north-north-west,
and dips steeply eastward : its footwall is quartzite, and it is cut off on the south by conglomerates
which contain an extraordinary amount of granitic material. Numerous faults striking in every direction
complicate the stratigraphical relationships here, and both the conglomerate and the quartzite are
separated from the ore-body by fissures which are now in part filled with ore. The blue bed consists,
over a length of 430 feet or so, of massive bornite (copper-ore) exceeding 3 ¼ feet in thickness.
Copper-pyrites is of less common occurrence, but some of the fissures are coated with cobalt-ores,
and the abundant pseudomorphs of quartz after calcspar tend to prove that the mineral solutions which
found their way up from below were originally carbonated, and became siliceous at a later stage.
The true veins of the Kupferberg district are divisible into two groups : (1) Those, the gangue of
which is predominantly hornblende or chlorite, and they do not represent simple fissure-veins ; (2)
simple fissure-veins with a quartzose
[12]
gangue. The first group is the older of the two. To it belong the New Adler west vein, New Adler east
vein, and the Julian vein : these form a complex stockwork, the first-named being characterized by the
association of bitter-spar and the occurrence of traces of cobalt in the copper-ores. In all three, copperpyrites is the principal ore, and fluorspar occurs abundantly in the gangue. Three great parallel faults,
striking east and west, add to the complexity of the geological structure. These veins are of later date
than the granite-apophyses of the Riesengebirge, but earlier than the eruption of the Waldenburg
quartz-porphyries. The Adler group of veins is seamed by subordinate younger veins which are
regarded as ore-carriers, as at the points where they intersect the principal veins these are greatly
enriched. The enrichment may be regarded as of later date than the principal ore-bodies, and
doubtless arose from the mineral solutions percolating along the subordinate veins. On the other hand,
the simple fissure veins, such as the Rosenstiel, where copper-pyrites and other cupriferous ores occur
in a quartzose gangue, do not cut through the zone of contact-metamorphosed rocks alone, but they
also cut through the quartz-porphyries, and are therefore of later-date than these. No doubt they
originated from the thermal springs which were among the phenomena of the moribund phase of the
porphyry-eruption.
L. L. B.

------------------------------------LIGNITE OF VAL DI STERZA, PISA, ITALY.
Lignite di Val di Sterza presso il Botro della Canonica e Rocce che l'accompagnano. By G. D'Achiardi.
Atti della Societa Toscana di Scienze Naturali, Processi Verbali, 1901, vol. xii., pages 170-177, with
a section in the text.
The importance of the recent discovery of lignite in the Upper Miocene brackish-water clays of Val di
Sterza, province of Pisa, lies in the evidence which it affords of the extension of the lignite-field of the
Monterufoli, etc., and the possibility thereby afforded of opening up mines as successful as those of
Poder Nuovo.
The lignite-seam, about 20 inches thick, occurs near the top of the clays, dipping sharply towards the
river Sterza, overlain by red conglomerates, and these in turn by recent alluvial deposits. Near the
outcrop the quality of the lignite is in places detrimentally affected by the presence of a large proportion
of pyrites. It contains 15 per cent. of ash and the author determined its moisture at 12. 29 per cent.,
but he thinks that deeper excavations at levels where the lignite is not affected by pluvial waters or
dirtied by rainwash would yield more satisfactory results. On the whole it is comparable to the lignite
worked at Montebamboli.
Below the lignitiferous clays, there is a great thickness of coarse conglomerates, barren as a rule.
But there is in places interbedded with them a stratum of finer, sandy material with plant-remains, amid
which appears a small seam of lignite. It seems probable that workable lignite will be found at other
localities in the district.
The paper concludes with a description of the results yielded by a microscopic examination of the
pebbles in the above-mentioned red conglomerate overlying the lignitiferous clays.
L. L. B.
--------------------------------------[13]
ORE-DEPOSITS OF BROSSO AND TRAVERSELLA, PIEDMONT.
L'Origine dei Giacimenti Metalliferi di Brosso e Traversella in Piemonte. By V. Novarese. Bollettino
del Reale Comitato Geologico d'Italia, 1901, vol. xxxii., pages 75-93, with 3 figures, in the text.
At Brosso, pyrites and haematite are found, sometimes in association, sometimes not, generally
along the contact-surface of calcareous amygdaloids (calcschists and crystalline limestones) and micaschists. Six or seven different ore-seams have been traced, and the whole mining-field is cut by a
system of seven or eight faults striking north-east, while the rocks strike north-west and dip southward.
These faults evidently existed before the deposition of the metalliferous ores, and their fissures were
the channels along which the ore-bearing solutions travelled. So, the ore-deposits though apparently
interstratified with the calcareous rocks and mica-schists are by no means contemporaneous with
these. There seems reason to infer that the pyrites was deposited on the whole before the haematite.
The Brosso deposits are separated from those of Traversella by an enormous mass of diorite,
hitherto (but erroneously) held to be syenite. Everything goes to prove that this diorite was intruded
among the mica-schists, etc., in part metamorphosing them. At Traversella, as at Brosso, the ore-belt
is marked by the occurrence of lenticles of crystalline limestone and calc-schist among the micaschists, and this chain of lenticles may be traced for many miles. Two groups of deposits constitute the
Traversella mining-field : in both of them the chief ore is magnetite, while pyrites and chalcopyrite play
a subordinate part. The first group (Traversella) is in immediate contact with the intrusive dioritic mass.
Here we find alternate bands of magnetite and dolomitic limestone striking parallel with the surrounding
mica-schists, but cutting the contact-line (with the diorite) at a pretty sharp angle. The second group
(Montajeu) shows the diorite in the form of small dykes associated with porphyritic veins which are

evidently apophyses from a large igneous mass. The diorite-dykes cut through a belt of lenticles of
crystalline limestone mineralized with magnetite.
The history of the origin of these deposits may be summarized as follows:—The diorite was erupted
from below, and during the process of cooling and consolidating induced phenomena of contactmetamorphism in the surrounding rocks. From the igneous magma there escaped gaseous
emanations and vapours, giving rise to a first deposition of metalliferous ores. After this period of
fumaroles and solfatares came the period of thermal springs. The fissures in the rocks caused by the
original eruption favoured the circulation of the thermal waters charged with metalliferous compounds,
and these waters were thus enabled to travel a comparatively considerable distance from the original
focus of eruption. Thus in the deposition of the ores, sublimation played a part, and then the action of
the easily attackable limestones on the waters circulating among them, the final stage being that of
metasomatosis. The dioritic eruption and the subsequent deposition of ores are supposed to have
occurred in Miocene times. A bibliography of the subject is appended to the paper.
L. L.
B.
----------------------------------[14]
THE STANNIFEROUS AND OTHER ORE-DEPOSITS OF CAMPIGLIA MARITTIMA, TUSCANY.
(1) Sulla Genesi dei Giacimenti Metalliferi di Campiglia Marittima in Toscana. By B. Lotti. Bollettino
del Reale Comitato Geologico d'ltalia, 1900, vol. xxxi., pages 327-337, with 2 sections in the text.
Four types of eruptive rocks exist in this area : namely quartziferous trachyte with a glassy base,
quartziferous trachyte with a felsitic base, tourmaline-bearing quartziferous trachyte with
microcrystalline groundmass and porphyritic structure, and schorlaceous granite.
The granite is intrusive in grey crystalline limestones which are believed to be of Rhaetic or Lower
Liassic age. The tourmaline-bearing trachyte traverses in the form of small dykes the undoubted Lower
Liassic white limestones. The metalliferous deposits are on the whole in more direct relationship with
the trachytes than with the granite.
The last-named rock, in the valley of Botro ai Marmi, contains irregular masses of limonite, plainly
derived from minutely crystalline pyrite. The grey marble in contact with the granite is impregnated with
iron-ore.
At Campo alle Buche, some old workings, near the junction of the two rocks yielded to
recent exploration masses of haematite, limonite, carbonate of lead, and traces of tinstone : the deposit
here constitutes a vein striking north and south, and dipping 45 degrees westward. The Eocene
calcareous and argillaceous sedimentaries, which overlie the grey marble, at a short distance from the
granite, are silicified, impregnated with pyrite, and stained by iron oxide. The author mentions many
other outcrops of limonite with traces of haematite, and in especial those of Monte Rombolo and Monte
Valerio, where the iron-ores occur in the white Lower Liassic limestones as well as in the grey marble.
The Monte Valerio deposits are specially noteworthy for the intimate association of the tinstone with the
iron-ore. At the Cento Camerelle, tin and iron-ores crop out among the red Middle Liassic limestones,
and continue into the Lower Liassic : they appear to fill up a nearly horizontal fissure, the tinstone
forming the lower portion of the ore-body.
But the most important ore-deposits of the district are the metallic sulphides (copper, lead and zinc)
associated with the porphyritic trachyte. The country-rock of these metalliferous ores is made up of
pyroxenites with epidote and garnet : in contact with the country-rock, the trachyte passes into a sort of
augitic porphyry, a phenomenon which finds its counterpart in the alteration of the Elban granite
associated with pyroxenic iron-ore deposit in that island.
The metalliferous ores of Campiglia are considered to be of the same age as the eruptive rocks, that
is, post-Eocene : they are undoubtedly connected with the metalliferous deposits, predominantly iron-

ores, of the neighbouring island of Elba, and therefore may be assigned to a period not later than
Upper Miocene.
The sulphides are probably the outcome of the infiltration of siliceous metalliferous solutions, at a
time immediately following on the intrusion and consolidation of the granitic and porphyritic rocks ;
although the author admits as a possible alternative such magmatic differentiation and mineral
segregation as those studied recently by Vogt and De Launay.
The iron oxides are probably the alteration-product of the sulphides, as a result of the intrusion of the
granite among the limestones, and the cassiterite must be assigned to the same order of phenomena.
This mineral was no doubt carried off from the granite by solutions containing alkaline carbonates
[15]
into the fissures of the adjacent limestones, at the same time as the carbonate of iron, which was
subsequently decomposed into oxide.
The Campiglia ore-deposits are favourably situated as regards railway and maritime transport, and
the author hopes for a revival of the long extinct mineral industry in that region.
L. L. B.
(2) Beitrage zur Kenntniss der Erzlagerstatten von Campiglia Marittima (Toscana), insbesondere des
Zinnsteinvorkommens dortselbst. By Alfred Bergeat. Neues Jahrbuch fur Mineralogie, Geologie und
Palaeontologie, 1901, vol. i., pages 135-156, with 2 figures in the text and plate VI.
The stanniferous deposits of Campiglia differ from all other known occurrences of tin-ore in that they
do not appear to be associated with eruptive rocks, but occur in a limestone in association with brown
haematite. The author examined these deposits in 1894, and again in 1900. In the last-named year,
mining activity, which had been in a state of suspended animation for a couple of decades, had revived
(owing doubtless to the phenomenal rise in price of tin), and so the author was enabled to extend his
observations to newly-opened workings. Campiglia is 12 ½ miles distant from Massa Marittima, and
lies in full view of the island of Elba, barely 18 miles away, nor is the distance much greater to the
borax-producing localities of Larderello and Castel-nuovo.
The near vicinity of the town is
characterized by the occurrence of acidic eruptive rocks which have always been correlated with the
remarkable Tertiary volcanic series of Elba, and doubtless belong to the same petro-graphical province
as these. The ore-bearing belt of Campiglia extends over a length of rather more than 3 miles from
Monte Valerio to Monte Calvi. About 1 ¼ miles south-west of the town are concentrated the
stanniferous deposits ; while 2 miles north-west of it, and so to speak cut off from the tin-ore field by the
Marmi valley with its little stream, occur the sulphidic ores (argentiferous galena, pale and dark zincblende, iron and copper-pyrites). These metallic sulphides are intimately associated with cordieritebearing quartz-trachytes, epidote, chlorite, ilvaite, manganiferous pyroxene, quartz, and fluorspar. The
dominant sedimentary rock of the whole district is a well-bedded limestone, a small portion of which is
of Triassic age, but by far the greater part is Lower Liassic. This limestone is metamorphosed into a
snowy white, very fine-grained marble in the vicinity of the quartz-trachyte dykes and the sulphidic ores.
The author discusses the genesis of these ores, and defines them as at once eruptive and
metasomatic.
In some localities, as in the great mine of Monte Rombolo, the sulphidic ore-deposits are capped by a
ferruginous gossan, the ferri-manganiferous augite and ilvaite become dark crumbly masses, from
which iron and manganese oxides have separated out, and presenting at the surface the appearance
of brown haematite.
From the pyrites, as a matter of fact, a good deal of brown haematite is formed, and other
decomposition-products of these sulphidic deposits are aurichalcite, ruby copper-ore, cupriferous

carbonates, calamine, and so forth, but no trace of tinstone has yet been found in them, even by
microscopic examination of the insoluble residues. Quartz, frequently in fine druses with big milky and
water clear crystals, plays an important part in the outcrops.
On the ridge between San Silvestro and Val Temperino are some brown haematite-mines which are
also characterized by the absence of tin-ores.
Coming now to the stanniferous deposits, situated on Monte Valerio and Monte Fumacchio, we
observe first of all that here the mountain-ridge consists of an unaltered, nearly horizontally-bedded
grey or pinkish limestone, of
[16]
somewhat later date than the Temperino marble, in fact probably of Liassic age. This limestone is
occasionally quarried for building purposes, and it is overlain by variegated Upper Liassic slates, with
quartz-nodules.
Throughout this portion of the district eruptive rocks are conspicuous by their
absence. The tin-ore is associated with brown haematite, which occurs either as the infilling of fissures
in the slates or as extremely irregular metasomatic masses in the limestone. It is evident that the orebearing solutions which ate away great cavities in the limestone found their way upward by many
devious courses, and the metalliferous particles that separated out from them as they flowed on
impregnated the neighbouring country-rock over a more or less widespread zone. The bedding-planes
of the limestone do not seem to have been the channels by which these solutions travelled. The author
visited about half a dozen iron-ore workings, and was impressed with the extreme irregularity of the
deposits of Cento Camerelle and Cavine. But the Gotti workings have opened up a true fissure, some
yards broad, which has been so far worked down to a depth of 50 feet or so. On the south-eastern
flank of Monte Valerio is a fine haematite-vein 6 ½ feet thick, with a considerable proportion of tin-ore,
which seems almost to have been formed along a bedding-plane, the dip not exceeding 20 degrees.
From 1873 to 1877, tin-ores-were worked here by a British company, then the enterprise was given up,
and now it has been started again [by the Italians?].
The author describes in detail the brown haematites, which contain from 44 to 60 per cent. of
metallic iron, with only 0.17 to 0.29 per cent. of manganese. The chief constituents of the gangue are
calcspar and kaolin. All the specimens analysed show distinct traces of phosphorus. With regard to the
tin-ore, it is not at first easily distinguished from the brown haematites among which it occurs, irregularly
distributed. Its high specific gravity first put discoverers on the track. The author isolated by chemical
means crystals of tinstone, examined thin slices of the ore under the microscope, and arrived at the
conclusion that these ores are not the result of a secondary concentration or "stanniferous gossan.”
As before mentioned they are in no way associated with eruptive rocks, and the usually characteristic
fluorides and borates, lithium, wolfram, bismuth, and molybdenum-minerals are conspicuously absent.
The Campiglia tin-ores may be compared with the silver-tin deposits of Bolivia and those of Hilbersdorf
and Berthelsdorf near Freiberg, but they are further remarkable for the absence of quartz and for the
abundant occurrence of the ore in the primary stage. Attention is finally drawn to the fact that the
copper-ores of Boccheggiano, Massa Marittima, also are stanniferous.
L. L. B.
-----------------------------------GOLD-MINES OF KOCHKAR, SOUTHERN URALS.
Les Mines d'Or du District de Kotchkar, dans l'Oural du Midi. By N. Wyssotzky. Memoires du Comite
geologique, St Petersbourg, 1900, vol. xiii., No. 3, pages 1-211, with 153 figures and 3 maps.
This district lies on the eastern slope of the Southern Urals, in the Government of Orenburg, some 40
miles south of the railway from Zlatoust to Cheliabinsk. Over a belt 28 miles long and about 13 miles

in breadth, more than 412 mines have been opened up, and what was at one time the scene of a
decaying placer-industry is now a prosperous field of primary auriferous deposits.
The predominant rocks of this region are granites and hornblendic and chloritic schists and
porphyroids. The schists are sometimes traversed by diabasic
[17]
porphyrites and quartz-felsite porphyries. The normal granite, in the auriferous localities, passes into
an altered muscovite-granite or berezite.
Some fragments of pre-Carboniferous and Lower
Carboniferous sedimentaries, which have escaped erosion, occur in some parts of the area, and in the
north little masses of serpentine are wedged in among the granites. The genesis of the primary
auriferous deposits is not traceable to volcanic phenomena but to highly intense metamorphism,
resulting from dislocations which gave rise to local systems of fractures. Modifications in the structure
and mineralogical constitution of the rocks occurred along the fissures, and within these were
precipitated auriferous quartz and sulphides.
The most productive portion of the gold-field is the central or north western division, including about
90 mines : in 1895 and 1896 about 75 per cent. of the total output was got from here. The pyritiferous
quartz-veins, about 750 in number, are here remarkably regular in direction : they are intimately
associated with mylonized granitic rocks, which occur in dyke-like masses amid the ordinary granite.
The veins have generally the aspect of a string of lenticles, and so their thickness varies frequently and
rapidly. The gold occurs, either in the free state in quartz and in the oxidation-products of pyrites, or
combined with the pyrites. The average content is 8 to 10 ½ parts per million, and it pays to work stuff
(in this area) containing as little as 4 or 5 parts of gold per million. The sulphide richest in gold here is
mispickel.
Nearer the outcrop, the deposits, highly decomposed and much oxidized, are
comparatively much richer in gold : the precious metal too is purer than that got from the zone of
sulphides, where it is always in the form of a natural alloy with silver.
The author does not speak with so much hopeful enthusiasm of the other portions of the Kochkar
gold-field : they are not characterized by the same geological features as the portion just described,
and they are only connected with it artificially.
In the south-western area (river-basins of the Kamenka, Teplaya, and Sanarka), about 45 quartzveins, poor in pyrites, have been proved. The gold-content, fairly considerable at the outcrop,
diminishes in depth. No work is being done on these veins at present.
In the south-eastern area, about 40 quartz-veins are known ; they do not contain more than 9 parts of
gold per million, and pyrites is rarely associated with them in the form of small nests.
In the north-eastern (Kamenny-Log) area, a group of about 150 auriferous veins has been worked, by
means chiefly of shallow shafts (the deepest of all is 180 feet). The average gold-content is from 8 to
10 ½ parts per million : the thinnest veins are generally the richest. The country-rock is berezite, with
dykes of quartz-porphyry and orthoclase-porphyry striking north-eastward though the granite.
The poorest part of the whole region is that occupied by the crystalline schists. The Andreyevsky mine
works a quartz-vein which is associated with the Carboniferous Limestone : it is not very rich on the
whole, but is extremely so in places and the gold is frequently crystalline. At this mine, and at three or
four others, auriferous galena occurs.
The placers, being practically exhausted, call for no remark in an abstract, but in the original memoir
they are dealt with pretty fully.
L. L. B.
---------------------------------------[18]

SPHEROIDAL GRAPHITE FROM THE URALS
Sur les Concretions Spheriques de Graphite des Montagnes d' Ilmenj. By W. Vernadsky and A.
Shklarevsky.
Bulletin de la Societe Imperiale des Naturalistes de Moscou, 1900, pages 367-370,
with figures in the text.
These graphitic concretions occur in the granite of the Ilmen Range, and possess a radial
structure.The neighbouring granite is poor in mica while the nuclei of the spheroids are shown by the
authors to consist of crystals of the minerals usually characteristic of granite, namely, orthoclasefelspar, muscovite and biotite-micas, and quartz. Sometimes the innermost nucleus of all is a flake of
graphite. Some more complex concretions exhibit two distinct zones of graphite. In many cases these
spheroids are grouped together into globular masses of graphite. The authors conclude that this
particular form of the mineral is not of pseudomorphic origin, as Rose thought, but is a concretion
formed within the granitic magma in the same way as other well-known spheroidal inclusions in granite.
L. L. B.
--------------------------------------------SAN JUAN DE LAS ABADESAS COAL-FIELD, EASTERN PYRENEES, SPAIN.
Das Steinkohlenbechen von San Juan de las Abadesas in den Ostpyrenaen, By Fr. Hupfeld.
Zeitschrift fur praktische Geologie, 1901, vol. ix., pages 145-146, with a map and section in the text.
This coal-basin lies on the Spanish side of the Eastern Pyrenees, about due north of Barcelona. With
that city Torallas, 1 ½ or 2 miles downhill from the centre of the basin, is connected by a railway some
73 miles in length. The valley-bottom, hereabouts little more than 3,000 feet above sea-level, opens out
to the south through a narrow gorge, while the mountains rise steeply both northward and southward.
The oldest rocks in the district are those which occur in its western portion—the Silurian slates. These
are overlain by the Devonian limestone, whose steep scarps form the well-marked northern boundary
of the coal-field. The basement-bed of the Coal-measures is a not particularly massive quartzite,
above which comes a series of shales and sandstones with interbedded coal-seams. Upon the Coalmeasures follow red conglomerates with intrusive porphyries, assigned by Dr. De Verneuil to the Lower
Trias, but more probably they should be assigned to the Rothliegende. The intrusive rocks, with their
craggy dark-red domes, form an instructive contrast in the landscape with the undulating, grass-grown,
blackish surface-soil of the Carboniferous. The Rothliegende is in its turn overlain by light-coloured,
craggy Lower Tertiary limestones.
The comparatively recent upheaval of the Pyrenees was obviously a great disturbing factor as
regards the lie of the older rocks : but even before that upheaval the Coal-measures had borne the
brunt of the porphyry-eruptions, with the result that the section of the coal-field is a very complicated
one. The measures are known in full detail only in the central portion, while the eastern (Faro Industrial)
and western (Aurora del Pireneo) portions are but little opened up as yet. A great thrust pushed the
Upper Carboniferous far northward, so that the underlying Devonian crops out at many points between
the separated masses of Carboniferous. Then, within the central area, cross-faults have cut up the
field into three parts. The main series of deposits, which lie farther south and deeper down than those
of Faro Industrial and
[19]
Aurora del Pireneo, and are covered by younger strata, have not yet been explored.
The coal is described as of three qualities : meagre in the western portion of the coal-field, semibituminous in the middle, and coking in the eastern portion. The author considers that all originally
formed part of the same group of seams, but this was torn asunder and variously modified by the
disturbances attendant on mountain-building as well as by the eruption of the porphyries. Throughout
the field the coal is very tender : this necessitates elaborate timbering, and the conversion of nearly the

whole of the output into briquettes. The coal is washed, with a loss of about 20 per cent. in volume,
and the three varieties are mixed together to make briquette-fuel.
The quantity of available coal has been much overrated, and the author estimates it at "a few million
tons,” 'but he does not state exactly how many. The cost of production is somewhat high. The wages,
from the Spanish point of view, are liberal : 3s. 2d. to 3s. 7d. per diem for miners below bank, 2s. 9d.
for labourers above bank. Timbering is reckoned to cost 9 ½ d. or more per ton of output. The
expenditure incurred in respect of the conversion of 80 per cent. of the coal into briquette-fuel is not
stated. Under present conditions the author reckons that the ton of briquettes costs, delivered at the
railway-station (point of departure), 15s. 10d. Freight charges are extremely heavy : railway-carriage
for the 73 miles to Barcelona costs 6s. 4d. per ton. Spain is comparatively poor in coal, and therefore
the commodity may command higher selling-prices there than in more favoured countries.
L. L. B.
------------------------------------------THE GENESIS OF IRON-TITANIUM ORES IN NORWAY.
Einige Bemerkungen uber Ausscheidungen von Titaneisenerz in Norwegen. By Carl Fred Kolderup.
Zeitschrift fur praktische Geologie, 1901, vol. ix., page 110.
The author has made a special study of the iron-titanium-ores of the Ekersund-Soggendal district,
and has arrived at the following conclusions with regard to their differentiation:—(1) Diffusion took place
in situ, and the ore is connected with the country-rock by means of various, petrographically speaking,
passage-rocks.
(2) Diffusion at the laccolite-level, followed by an upthrust which pushed the orebody up to the not yet completely solidified surface. Here the junctions appear to be always very
sharply defined. (3) Differentiation in the original magma, followed by eruption, the products of which
filled large, well-defined fissures. The ore is always sharply marked off from the country-rock and the
occurrence of angular fragments is noticeable.
Prof. Vogt has controverted the author’s conclusions, pleading that the difference between the first
and second processes is practically nil. The author points out, however, that there is a difference,
though one rather of degree than of kind. He adduces the evidence which he has found in support of
his third category, also controverted by Vogt.
L. L. B.
SILVER-ORES OF SVENNINGDAL, NORWAY.
Svenningdalens Solvertsgange.
By. J. H. L. Vogt. Norges geologiske Undersogelse, Memoir No.
29, 1900, pages 113-149, with figures in the text and a plate (map and sections).
This silver-field lies about 27 miles south of the small harbour of Mosjoen, is 3500 feet in length, and
comprises 15 to 20 fairly considerable metalliferous
[20]
veins, as well as several smaller ones, which have been worked since 1877. These veins are sensibly
parallel, and, striking east-and-west, cut almost at right angles through the limestones and micahornblende schists.In some cases, moreover, the veins continue into the granite which crops up along
the western border of the district. This is a pale granite, comparatively rich in soda, and the date of its
eruption is believed to have been contemporaneous with that of the mountain-folding : it is certainly of
later age than the limestones and schists.
The metalliferous veins average in thickness 4 to 10 inches, in some few cases they are 40 inches or
more thick, and in places they are shifted or split up at the contact between two rocks of different
texture or physical constitution. It may be noted here that these Svenningdal veins occur in the
immediate proximity of the eastern boundary of a granite-massif, while equally close to the western
boundary of the same massif are the occurrences of galena and zinc-blende of Eiteraakrogen. In other

localities, too, along the coast of the same province (Southern Helgeland) galena, zinc-blende, and
some pyrites occur, always in the vicinity of the granite-boundary. Thus at Hussvik, in the Tjotta district,
the ores occur in the form of impregnations seamed by little granite-dykes. Here the ores were
manifestly deposited before the eruption of the granite, whereas in Svenningdal they were just as
manifestly deposited after it : on the whole, the ores in this area may be regarded as having been
formed at various times during the long epoch of mountain-folding and granitic eruption.The author
points out the tectonic resemblance (in regard to the formation of the fissure-veins) between
Svenningdal and Kongsberg, whereas the mineralogical resemblance lies between the Svenningdal
veins and the pyritous plumbiferous ores of Freiberg. In both cases quartz is the predominant
constituent of the gangue. The chief ores in Svenningdal are argentiferous galena and zinc-blende
with arsenical pyrites, iron-pyrites, copper-pyrites, antimonite, fahlore and some ruby silver-ore. The
Svenningdal deposits may be regarded as somewhat richer than those of Freiberg, the average output
of silver per square foot of vein-surface ranging from 2 to 2 ½ ounces troy, and that of lead from 3 to 4
½ pounds, with moreover about as much zinc as lead, a fair proportion of copper, and traces of gold.
At the Himmelfahrt mine at Freiberg, the output of silver is about a third of this, though the output of
lead is about quadruple.
The veins in Svenningdal were no doubt filled by sublimation from below. It will be noted in this
connection that, although they cut through limestones, the chief gangue-mineral is quartz. The richest
finds are at points where the veins intersect, but the distribution of the ores is more irregular and
capricious than is the rule in similar occurrences. Up to the present, two companies (working
respectively from 1877 to 1886 and from 1882 to 1899) have got out of these deposits 535,297 ounces
of silver.The great fall in the price of that metal in the first half of the last decade (1890-1895) caused
some contraction, though not entire suspension, of mining-development in Svenningdal. The oredeposits of this district are, with the single exception of those of Kongsberg, the sole representatives
hitherto discovered in the Scandinavian peninsula of the "old silver-lead vein-group.'' It is evident that
the ridging-up of the mountains of Northern Norway was locally accompanied by the deposition of
metalliferous ores, in a manner analogous to the genesis of the ores of the Erzgebirge and the Harz.
L. L. B.
----------------------------------[21]
OCCURRENCE OF ZINC-IRON GAHNITE IN SWEDEN
Gahnit fran Snuggens Koppargrufva i Helsingland.
By Herman Hedstrom. Geologiska Foreningens i
Stockholm Forhandlingar, 1901, vol. xxiii., pages 42-44.
The mineral occurs at the Snuggen copper-mine, in Farila parish, in the province of Helsingland,
Sweden, in association with iron-, copper-, and magnetic pyrites in quartz-veins. The country-rock is
garnetiferous grey gneiss. The crystals of gahnite range in size up to about 4/5 inch, they are
sometimes octahedra, frequently combined with rhombododecahedra or twinned, black or blackishgreen, opaque, with a glassy to greasy lustre.
Chemical analyses showed the following average
percentages:—Zinc oxide, 32.11 ; iron oxides, 9.44 ; magnesia, 2.47 ; alumina, 55.85 ; silica, 0.12 ;
and a trace of lime. The author proposes to express its composition by the following formula:—
FeFe2O4 + 10FeAl2O4 + 44ZnAl2O4 + 7MgAl2O4. This makes the sixth locality for the mineral in
Sweden, the other five localities where it has been found being all in Dalecarlia.
L. L. B.
--------------------------------------------MINERAL WEALTH OF WESTERN ANATOLIA, ASIA MINOR.

Kurze Mittheilungen uber Lagerstatten im westlichen Anatolien.
By K. E. Weiss. Zeitschrift fur
praktische Geologie, 1901, vol ix., pages 249-262, with a map and 9 figures in the text.
Meerschaum. —The author visited the Sarysu and Sepechi mines, which between them account for
a large proportion of the total output.The mineral occurs in nodules, together with fragments of
serpentine and some bits of lime-stone, in a soft tuff-like breccia of a grey, or more commonly a
reddish-brown colour. The meerschaum-nodules are as a rule not larger than a fair-sized apple, but
sometimes they measure 100 cubic inches or more. As to the thickness of the meerschaum-bearing
stratum, it varies between 10 and 130 feet, and this is overlain by from 7 to 100 feet of barren rock
which contains much serpentine. Mining-operations are conducted in an extremely primitive and
unpractical fashion by the neighbouring villagers, and the Ottoman Government only grant concessions
covering very small areas.
Chrome Iron-ore. —This mineral is of widespread occurrence in Western Anatolia, where it is
invariably associated with serpentine in deposits of very irregular form. There are two districts where it
is most actively worked : namely (1) near the south-western coast of the province, not far from the
island of Rhodes ; and (2) south of the Bithynian Mount Olympus, some 45 miles north-west of Kiutahia
railway-station. The biggest deposit seen by the author was that of Daghardy, where the mass of ore
measures 122, 000 cubic feet and yields on assay 50 to 56 per cent. of chromium oxide. The stuff is
soft and easily dug out. It would seem that, on the whole, the Anatolian deposits confirm the inference
drawn by Prof. Vogt from the Norwegian occurrences, namely, that the volume of the ore-body is
proportional to that of the serpentine-massif in which it occurs.
Very little progress has been made
with underground mining so far, most of the workings being opencast.The annual output in the district
south of Mount Olympus amounts to 16,000 tons at least, and if we add to this total the output of the
remainder of Anatolia it will be found that the prevailing idea that the world's annual output amounts
only to 20,000 tons is hardly justified by the facts.[The author does not
[22]
mention the estimated total for Anatolia.]Mining operations are suspended, for climatic reasons,
between the end of November and the beginning of April.
Emery. —More of this is got in Anatolia than in Naxos. The author visited several of the chief mines,
but never found the mineral in its original matrix. It occurs in lumps, the biggest of which are about the
size of a child's head, embedded either in a rich red-brown earth, or more frequently (associated with
fragments of crystalline limestone) in a reddish-brown clayey limestone of later date. This emerylimestone-breccia fills swallow-holes, shallow underground caves, and fissures in the limestone near
Alajly and Hassan Chaushlar, some 40 miles south-east of Smyrna. The mineral in that neighbourhood
is pretty well worked out, but great quantities are being got from the deposits between Assisie and
Sokia, 50 miles south of Smyrna. The author remarks that, although he believes the concession for
mining emery is in British hands, the methods of working made on him an unfavourable impression of
wastefulness.
Argentiferous Galena. —This ore occurs at numerous localities in the west and south of Asia Minor,
generally at the contact between limestones and eruptive rocks. The only deposits that are at present
being worked on a large scale are those of Bulgardagh (40 miles north of Mersina) and Balia-Maden
(100 miles north-north-east of Smyrna, and about 115 miles south-west of Constantinople). In the
Balia-Maden ore-field a great stretch of augite-andesite is bordered on the south by the Carboniferous
Limestone. The quartziferous and metalliferous contact-zone varies in breadth from 6 to 16 feet. The
limestone near the contact is in part silicified, but barren ; in the andesite on the other hand, there are
often considerable accumulations of quite pure galena, which seem to be connected with fissures
sensibly parallel to the metalliferous contact-zone. In the workings visited by the author he constantly

saw outcrops of pure galena, some of them 3 feet or more in breadth. On the other hand, ore does
occur in the limestone at those points where it underlies the andesite. Besides argentiferous galena
the ore-bodies contain zinc-blende and much pyrites. The mines are worked under Greek
management, and 1,600 workpeople are employed there. The annual output averages 7,000 tons ot
galena (containing 70 per cent. of metallic lead, and 0.125 of silver), 3,000 tons of raw lead (smelted at
the mines, yielding 0.18 per cent. of silver), 3,000 tons of blende (containing 40 per cent. of zinc), and
a few hundred tons of calamine and copper-pyrites.
The author further visited the ore-deposits of Dumbeltek and Quechdere, south of Kirmasti. Here the
now abandoned workings showed geological conditions similar to those of Balia-Maden.
But he
especially recommends exploration-work in the district of Menteshdere, 18 ½ miles north-west of the
railway-terminus of Soma, where galena, blende and copper-pyrites appear to occur in workable
quantities. On the other hand, a trial-drift, 5 ½ miles north of Bayndyr railway-station (east-south-east
of Smyrna), opening up a vein of argentiferous galena 12 to 16 inches thick, which cuts through the
mica-schists in the steep hillside, has not yielded very hopeful results.
Antimonite. —The Gomekchiftlik mine, on the south-western slope of the Kysil Dagh, is farmed out
for 13 years to Greek contractors, who pay a royalty to the Sultan's Civil List on every ton of ore
produced. They employ 100 work-people for a season of 8 to 9 months, and the output for that period
averages 500 tons of picked ore. The antimony-glance occurs in a complex of small veins and in
strings of pockets, in a cherty, sometimes calcareous, gneissose looking rock. The workings are very
shallow opencast.
On the north-western slope of the Baliamboli Dagh, some 60 miles east[23]
south-east of Smyrna, is the Chinlikaya antimonite-mine. This has been worked for several years under
very capable Greek management. The output in 1898 for 130 workpeople was about 500 tons of raw
ore.The antimonite occurs in veins cutting through crystalline schists.
The poorer deposits of Demirkapu, Sulukkoi, and Ivrindi are briefly described.
Borax. ----The borax-mines of Sultanchair, worked by a British company, are on the post-road leading
from Panderma harbour to Balikesser, about 7 miles south of Susurlu. The pandermite or boracite
occurs in Tertiary sedimentaries, lying in a basin surrounded by steep hills of gabbro, granite and
crystalline schists. The productive bed consists of a brownish to bluish-grey gypsum, in places overlain
by as much as 250 feet of strata ; and boracite-nodules of very variable size are dispersed in the
gypsum, forming between 10 and 20 per cent. of the whole mass of the productive bed. Where this
bed is thickest the percentage of boracite seems to increase in proportion. The yearly output ranges
from 10,000 to 15,000 tons. The conditions of working are favourable, and the management very
capable.
Mercury. —About 112 miles south-west of Tire, near the village of Habibler, cinnabar occurs in
fissures in clay-slates without any associates except a little iron-ochre, and in a vein where it is
associated with iron-pyrites and limonite. It is doubtful whether mining operations would pay for any
length of time.
Along the Baliamboli-Dagh, at no very great distance from the Tchinlikaja antimonite-mine referred to
above, are various occurrences of cinnabar (especially near Halikoi) which appear to the author very
promising.
Lithographic Stone. —These stones occur in great massive beds, north of Mikhalich, also east of
Kirmasti and south of the Abullonia Lake. The last-named district is favourably situated in regard to
transport facilities, as the lake, which is navigable, communicates by a navigable channel with the Sea
of Marmara.

Brown Coal. —This fuel is found at several localities in Anatolia. The occurrences near Kirmasti and
Gemlik may be dismissed as of no industrial importance. South-west of Chai railway-station, at a depth
of only 5 feet belowground, a seam has been proved more than 6 ½ feet in thickness. The coal is hard,
with a conchoidal fracture, and has 2/3 of the calorific power of good bituminous coal. Near Soma, the
terminus of a branch line from Manissa (Magnesia), brown coal was worked on a small scale until
about 5 years ago. The specimens seen by the author were of good quality, but rather crumbly. In
places the seam is said to reach 30 feet in thickness, and there is room for further and more extensive
mining operations.
At Kure (between the railway-stations of Eskishehir and Biledshik), at Mandshilik and Soke (or
Sokra) good thick seams of brown coal are actively worked. At Mandshilik, the seam, about 30 feet
thick, has been proved over a length of 2 ½ miles. It occurs in clay-slates, and contains 30 per cent. of
ash, a percentage which the author thinks might well be diminished by careful sorting of the coal.
Miscellaneous. ---Among the still unexhausted mineral resources of Western Anatolia the author
further describes briefly the iron-ores of Vierla and Bazarkoi, the manganese-ores of Mudania, Sechkoi,
Balia-Maden and Ushak, the arsenical pyrites of Tire and Darmanlar, the copper-ores of ArghanaMaden, Hairie and Bulbuldere, the zinc-ores of Kirasliyaila and Berghama, and the precious opals of
Karamandsha.
L. L. B.
---------------------------------------------[24]
COAL-FIELDS OF SHANSI AND CENTRAL HONAN, NORTHERN CHINA.
(1) Etude geologique sur le Nord de la Chine.
By F. Leprince-Ringuet.
(2) Note sur la Flore
houillere du Chansi. By R. Zeiller. Annales des Mines, 1901, series 9, vol. xix., pages 346-430,
with 8 figures in the text and 3 plates ; and pages 431-453, and 1 plate.
In 1898-1899, the first-named author was instructed by the French Ministry of Foreign Affairs to join
an expedition sent out to China by the Credit Lyonnais. He travelled through the provinces of Chili,
Shansi, Shensi, Honan and Hupe, from Peking to Hankow. In the first place, he gives a fairly detailed
summary of Baron F. von Richthofen's observations and conclusions in regard to the geology of
Northern China, and in regard to the formation of the loess. He then shows how his own observations
have led him either to amplify or to modify the Baron's description. From these observations we may
select the following particulars concerning:—
(1) Tai-yuen-fu Coal-field, in Shansi. —East of the city of that name the beds dip regularly 10
degrees westward, and form a continually repeated succession of red and green shales, grey and
white grits and limestones, followed by massive Coal-measure grits with which are thrice intercalated
carbonaceous coal-bearing shales. These are separated by grits with reniform ochreous concretions
from the Carboniferous Limestone, which here consists of grey beds with bituminous black patches and
massive beds of black marble. Though Baron F. von Richthofen speaks of several coal-seams, it is
pointed out that only one is really worked, and that where it is not less than 40 inches thick. Its
thickness varies from 18 inches to about 8 feet, but the natives aver that in places it is as much as 15
feet. In quality the coal varies greatly, and frequently it is impregnated with or capped by pyrites, or
native sulphur, of sulphates of iron. The amount of volatile matter undergoes a sudden change once
one crosses a line, marked by the Honan chain, from the east to the west of Shansi. In fact, the seams
of the south-western portion of the province are anthracitic, and they preserve more or less that
character along the western boundary of the plain of Tai-yuen-fu ; while east of Ping-ting-chow one
comes upon a belt of bituminous coal. A table of 19 analyses of coal is given, 8 or which are
reproduced from Baron F. von Richthofen's publications. Out of the 11 varieties brought back by the

author, 2 are stated to have yielded excellent coke and 2 are anthracites ; the maximum percentage of
ash is 21.2. the minimum 5.3.
(2) The Coal-measures of Central Honan. —Here greyish-black limestones, largely oolitic and
crystalline, are overlain by red clays, grits, and black shales with coal-seams. These are succeeded by
quartzites. The small coal-basin described by the author is greatly disturbed, broken up, cut by faults,
and seamed with eruptive dykes, etc., of comparatively recent age.
Prof. Zeiller examined the plant-remains brought back from the Shansi coal-fields by the author of
the first paper, and found among them specimens of Calamites, Lepidodendron, Stigmaria, Cordaites,
etc., which lead him to the conclusion that the coal-bearing beds in that province are of PermoCarboniferous age, that is, higher than the true Coal-measures—as we understand the term in this
country. He also thinks that the same age should be assigned to the coal-bearing beds of Kaiping in
Chi-li and to those of Ponn-hsi-hu in the Liao-tung peninsula.
The papers are illustrated by useful geological sketch-maps and sections, and a plate of the
Carboniferous plants.
L. L. B.
-----------------------------------[25]
COAL-FIELDS OF SHANTUNG, CHINA.
Zur Geologie von Schantung.
By—Koerfer. Zeitschrift der Deutschen geologischen Gesellschaft,
1900, vol. lii., Protokoll, pages 109-112.
The author visited southern Shantung, whereas Baron F. von Richthofen's famous explorations had
been confined to the western and northern districts. The Palaeozoic strata, which in this province
originally made up a regular succession of conformable formations, have been shattered into several
blocks by a series of great faults. The oldest fault runs parallel with the mountain boundary of central
Shantung, and the mass of strata north of it is cut up by numerous transverse faults. Of these the two
most important, one running nearly due north and south, west of Poshan ; and the other running northnorth and south-south-east near Changking, have divided the Coal-measures into three separate fields
: the Poshan-Chichuan coal-field in the Hsianfuho valley, the coal-field which lies south of the eruptive
massif of Chanshan, and the Changkiu-Putsuen coal-field. The southernmost portion of the firstnamed coal-field is cut off by an east-and-west fault, and forms the coal-basin of Haishan. South of the
Taishan range lies the coal-field of Laiwu, which is cut by several cross-faults. The coal-outcrop in the
Lutsuin basin, at the headwaters of the Iho, may be regarded as the easterly prolongation of the Laiwu
field. A third main fault runs parallel with the southern boundary fault of this field, and between the two
faults extends the long narrow coal-bearing belt of Haintai.
The Ichufu coal-field lies south of the east-and-west faults which mark off the mountain-tract of
central Shantung : the region is flat, covered with drifts, and the lie of the measures is not easy to
determine, but the author believes that the coal-field is cut into three portions by faults striking north
and south.
North of the city of Ihsien is a coal-basin, small in area, but remarkable for the purity of the mineral
and the thickness of the seams. The Coal-measures are overlain by porphyritic red sandstones and
conglomerates, probably of Permian age. The author foreshadows the publication of a fuller report of
the result of his researches in Shantung.
L. L. B.
--------------------------------------MINERAL RESOURCES OF YUN-NAN SOUTHERN CHINA.

Exploration geologique des Provinces chinoises voisines du Tonkin. By A. Leclere. Association
francaise pour l'Avancement des Sciences, Compte Rendu de la 29eme Session, Paris, 1900, part ii.,
pages 916-926, with a map in the text.
The author, a mining-engineer, travelled through Tongking and the frontier-provinces of southern
China from December, 1897 to July, 1899, with the object of studying on behalf of the French
Government the probabilities of mineral traffic from China on the projected extension of the French
Indo-Chinese railways.
He describes only such mineral deposits as appear likely to repay working on a large scale but
points out the occurrence of a great number of deposits of less importance. It is true that the
arseniferous deposit of Ta-li-fu and the cobaltiferous veins of Tong-chuan, though reckoned among the
latter category are of immediate interest.
Innumerable coal-deposits are scattered through the country from the frontier between China and
Annum up to the Blue river, where they join on with the Mesozoic and Carboniferous basins of Szechuen.
Coal of very variable quality is worked by the Chinese at a great many different horizons :
thus the
[26]
Rhaetic coal, which is anthracitic on the coast of Tongking, is in China very bituminous and of good
combustible quality. It is sold on the Chinese markets for about 8s. 4d. per ton. The semi-bituminous
Coal-measure coal of Tu-tse is somewhat high in ash, but is all used in situ for the manufacture of
coke.
The copper-mines of Yun-nan have been worked for more than 1,000 years. They are an Imperial
monopoly, and forests have been gradually destroyed over vast areas in order to furnish woodcharcoal for smelting the ores. The present annual output has dropped to about 1,500 tons, and, as far
as Chinese methods of working are concerned, it may be reckoned that the ore-deposits are well nigh
the limit of exhaustion. But with deep-level mines worked on the modern European plan, it is not
improbable that this province might become one of the chief centres of copper-production in the world.
The stanniferous deposits of the Mong-tse region are actively worked by a mining population of
about 30,000 souls. These deposits occur at altitudes of 8,000 feet or more above sea-level, and are
connected with the expansion amid the limestones of cupriferous veins. The tin is smelted with woodcharcoal but is not so pure as that of the Malay Peninsula : much of it is sent down by the Red river, to
be refined at Hongkong.
Even if ore-deposits are to all appearance worked out and abandoned by the Chinese, it does not
follow that Europeans will be free to start mining operations in those localities. To enable them to do
that, special legislation would be necessary. On the whole, the author is hopeful that the extension of
the French Indo-Chinese railways into southern China will prove a profitable undertaking.
L. L. B.
-----------------------------------------GRAPHITE-DEPOSITS OF CEYLON.
Die Graphitlagerstatten der Insel Ceylon. By Ernst Weinschenk. Abhandlugen der Mathematischphysikalischen Classe der koniglich Bayerischen Akademie der Wissenschaften, 1901, vol. xxi.,
pages 279-335, with 3 figures in the text and 3 plates.
The author gives a few introductory statistics to show that the graphite-deposits of Ceylon are far and
away the most important in the whole world. He bases his study on the unique collection, in regard to
number and perfection of specimens, brought back from the island in 1897 by Dr. Grunling.
A sketch of the orography and geology of the island is followed by a description of the appearance
and character of the graphite and the petrography of the rocks in which the graphite-veins occur. These

rocks are chiefly granulites, the intrusive character of which appears to the author incontestable, and
remarkable in that they retain an extraordinary constancy of structure despite great variations in
mineralogical composition. He regards the graphite as genetically related to the granulites, and in no
possible way derived from the slow metamorphism of coal. Furthermore, the hypothesis that longburied sedimentary deposits with organic remains might have been in some way involved in volcanic
processes starting deep down below the surface, and that thus the necessary carbon was obtained is,
after consideration, dismissed, and there remains only the conclusion that the graphite-forming
substance was itself a constituent of the molten magma. The first portion of the erupted magma in
cooling formed contraction-fissures within its mass, through which presently uprose pegmatitic and
quartzose fluids, and then vapours containing carbonic oxide and cyanides, thus forming a complex of
graphitic veins. In later times when thrusting and folding of the rocks took place, this soft yielding
mineral saved them (by
[27]
receiving, as it were, the first shock, and acting as a sort of cushion or buffer) from the full effects of
dynamo-metamorphism, and so the granulites have retained unimpaired their original structure.
The author's investigations with regard to the Ceylon graphite confirm him in the general conclusions
that graphite, wherever it may be found, is not the normal terminus of a series beginning, say, with peat
; that coal is not altered into graphite by gradually active processes, but that in all instances the change
may be traced up to volcanic agencies working swiftly and with tremendous energy. The reasons for
these conclusions must be sought in an attentive perusal of the exhaustive memoir, of which these few
lines can give attentive but an inadequate idea.
L. L. B.
-----------------------------------AURIFEROUS DEPOSITS OF THE ACHINSK-MINUSSINSK DISTRICT, SIBERIA.
Ueber die Goldlagerstatten des Atschinsk-Minussinskischen Kreises in Sibirien. By A. Saytzeff.
Centralblatt fur Mineralogie, Geologie, und Paloeontologie, 1901, pages 136-139.
The primary auriferous deposits of this region are by no means similar in character : thus, in the
Achinsk neighbourhood, rich gold-bearing quartz-veins, in places very thick, traverse the diorites and
syenites, as at the Joannovsky mine and in the God's Gift mine : in the latter visible native gold occurs
in the syenite itself. The quartz-veins which traverse the augite-porphyrite and granitite are barren.
The best known primary deposits in the Minussinsk district are in the Tibik river-basin, along the
Magonak, the Beja, and other streams. It is true that thick quartz-veins are found in the Tuim riverbasin, but these have yielded no gold so far.
Nevertheless, the researches made among the
auriferous placers of the Tuim basin indicate that the original source of the gold, that is, primary
deposits, cannot be far off, and will be inevitably discovered sooner or later.
With regard to the auriferous quartz-veins of the Tibik basin, there is an intimate relationship
between them and the various eruptive rocks—syenite-porphyry, augite-syenite-porphyry, sometimes
too augite-porphyrite. The quartz-veins occur here in granitic rocks, near the hanging-wall or the
footwall of syenite-porphyry dykes ; or at the contact between the syenite-porphyry (which usually
forms the hanging-wall, rarely the foot-wall, of the vein) and the granites or the gneisses. In the
Polesny mine, the foot-wall of the quartz-vein consists of augite-porphyrite. The veins form distinct
complexes, of which two are nearly at right angles one to the other : the pitch is very steep, and the
quartz often contains oxidized compounds of copper, pyrites, etc., besides in places visible gold, and
talc at the salbands.
The incomplete data so far available are very promising as to the extension of veins containing
payable quantities of gold in the same direction as the eruptive rocks. It is believed that a similar

relationship between auriferous veins and eruptive rocks has not been observed elsewhere in Siberia ;
but it will constitute a very useful indicator for the gold-miner, at any rate, in the regions described.
L. L. B.
--------------------------------------[28]
ZINC-ORE DEPOSITS IN ALGERIA.
Sur la Willemite d'Algerie et du Congo.
By A. Lacroix.
Bulletin de la SocieteFrancaise de
Mineralogie, 1900, vol. xxiii., pages 255-257.
In Algeria, especially in the province of Constantine, occur a great number of zinc-ore deposits amid
limestones whose age ranges from the Lias to the Eocene. The ore is usually smithsonite, compact,
finely granular or concretionary, rich in geodes encrusted with mammillary fibrous layers of the same
mineral of very varied colouring. Distinct crystals are extremely scarce : the ore forms the infilling of
fissures, or occurs in bedded masses. True calamine, in the crystalline form at least, is of rare
occurrence.
The author especially draws attention to an important zinc-ore deposit at Bu-Thaleb, south-west of
Setif, in the province of Constantine. It fills fissures in the Jurassic limestone, and is also interbedded
with limestones and marls. Exploration-work only has been done here so far, and it has proved that the
deposit consists chiefly of zinc-silicates (willemite), with some galena, cinnabar, etc. The willemite
occurs in the form of small colourless prismatic crystals, sometimes stained red by haematitic
inclusions : in geodes, the willemite is often covered by a milky white crust, consisting of lamellae of
calamine.
It may be noted that willemite has also been found in the dioptase-deposit of Minduli, in the French
Congo.
L. L. B.
------------------------------------------METALLIFEROUS DEPOSITS OF AMBATOFANGEHANA, MADAGASCAR.
Sur les Mineraux des Gites Metalliferes d'Ambatofangehana, Madagascar. By A. Lacroix. Bulletin de
la Societe Francaise de Mineralogie, 1900, vol. xxiii., pages 248-251.
At the above-mentioned locality, in the province of Ambositra, the Malagasy work a copper-ore
deposit which occurs among crystalline limestones interbedded with mica-schists. The ores obtained
are erubescite, chalcopyrite, malachite, chessylite, etc. At the outcrop the erubescite is traversed by
green veinlets which often consist of chrysocolla, but in some cases of brochantite, a mineral not easily
distinguishable at the first glance from malachite : it is really a sulphate of copper, and is attacked by
acids without leaving any residue. Brochantite is known only from a very few localities, and the author
considers the present occurrence worthy of the attention of prospectors. An extremely cobaltiferous
asbolite is associated with some of the chessylite obtained from this mine.
North-east of Ambatofangehana, between the Vato and the Manandona, veins of very fine galena,
in broad lamellae, occur. At the outcrop the galena passes into colourless or black cerussite, some of
which has been shown to contain a fairly high proportion of silver : this is the first recorded occurrence
of silver in Madagascar.
South-east of Ambatofangehana sandstones have been found impregnated with psilomelane, and
more to the east are pegmatites with great plates of amazonite.
About 4 miles from Ambositra is a serpentine (highly altered Iherzolite), the fissures of which are
impregnated with a nickeliferous magnesian silicate, recalling in many respects the noumeite of New
Caledonia, though not so rich in nickel as that ore.
L. L. B.
---------------------------------------------------

[29]
KAOLINITE, ETC., OF NOSSI-BE, MADAGASCAR.
Sur la Kaolinite cristallisee de Nossi-Be.
By A. Lacroix.
Bulletin de la Societe Francaise de
Mineralogie, 1901, vol. xxiv., pages 34-35.
Crystalline kaolinite, long considered somewhat of a rarity, appears, on the contrary, to be a fairly
frequent associate of metalliferous veins. In the contrary, north-eastern portion of the island of NossiBe, near Ankalampobe, recent exploration has revealed the occurrence of small veins of galena and
blende, with a calcitic gangue, striking through Liassic shales.
The galena is well crystallized, the blende rarely so, though here and there it occurs in reddish
yellow, translucent masses which cleave easily. The calcitic gangue contains many geodes,
encrusted with rhombohedra of calcite, or spangled with cubes of pyrites : sometimes these geodes are
filled with kaolinite, in which are involved crystals of galena and blende. The kaolinite is made up of
hexagonal lamellae which can be easily rubbed away one from the other between the fingers : its
optical properties and chemical composition are those of ordinary kaolinite.
L. L. B.
----------------------------------------------------ORE-DEPOSITS IN THE ARGENTINE REPUBLIC.
Comunicaciones Mineras y Mineralogicas.
By Guillermo Bodenbender.
Boletin de la Academia
Nacional de Ciencias en Cordoba, 1900, vol. xvi., pages 206-223, 273-292.
The author refers to the wolfram-mines of the Cerro de la Puerta, Calamuchita, abandoned in 1895,
re-opened in 1898, but with unsatisfactory results despite great progress in methods of working. It was
found that the wolfram diminished considerably in depth, while the barren quartz proportionately
increased. Moreover the excessive hardness of the quartz augmented the difficulties of working.
New finds of wolfram have been made in the Sierra de Cordoba at Caracas, at Puerta de la Talita
(where a vein of galena is associated with the quartz and wolfram), at La Brillante, etc., and the author
is hopeful that these will have results of practical importance. He then gives a detailed description of
one of the most considerable wolfram-mines in the Argentine, that of Los Condores, in the Sierra de
San Luis. It is situated at an altitude of 2,300 feet, about one league west of the village of Dolores.
The sierra consists mainly of Archaean crystalline schists with a general north-and-south strike, and a
very steep easterly dip, sometimes all but vertical. Granites and andesites break through these schists,
and the eruption of the former seems to date from about Permo-Carboniferous times. The quartz-vein
which is worked at the Condores mine runs through phyllites (which in that locality are highly charged
with acicular tourmaline crystals). North of the mine, pegmatites and quartz occur among the phyllites,
the former exhibiting tourmaline and garnet-crystals. All these occurrences point to contactmetamorphism. The visible outcrop of the vein is about 2,000 feet in length, its least breadth is 2
inches, and its mean breadth at a depth of 65 feet is about 3¼ feet. One of the peculiarities of this
deposit is the abundance of spheroidal yellow concretions averaging 4 inches in diameter and wrongly
termed by the miners "wolfram-ochre"; the author has analysed them, and declares that they contain no
wolfram, but are simply iron-ochre of excellent quality, intimately mixed with flakes of mica. The
wolfram itself belongs to the variety rich in iron and poor in manganese, and contains tantalic or niobic
acid.
[30]
About 1 ¼ miles south of the Condores mine is that of La Aguila, where the gangue is in part quartz
and in part pegmatite. Where it becomes pegmatitic, the wolfram gradually dies out altogether. In

some parts of this deposit copper- and iron-pyrites occur abundantly, the latter being visibly auriferous.
Associated with these is a cupriferous carbonate of bismuth, a pale green mineral with greasy lustre.
The total monthly production of these two mines is estimated at about 20 tons, and the output is all
exported to Europe.
The author points out the genetic relationship of the wolfram-deposits with the eruption of the
granite, and the subsequent welling-forth of siliceous thermal waters. He considers that fluorine, in the
form of hydrofluorosilicic acid (?) has played an important part in the formation of the wolfram.
Deposition took place at some time between the Archaean period and the Permo-Carboniferous period.
He concludes this series of notes with a set of rules as to the best way of discovering and
determining wolfram-deposits.
In his second memoir he describes the mica of the Sierra de Cordoba, which occurs in flakes large
enough to make it worth working : no serious attempt seems to have been made in this direction so far.
Coming then to the Sala mine, province of San Luis, he says that here occurs a quartz-vein of a
maximum breadth of 6 ½ feet, striking north-west and cutting through schist or gneiss. He describes
the composition of this vein as follows : first, bands of quartz containing limonite and a small proportion
of gold, then a siliceo-ferruginous gangue with masses of plumbocalcite containing molybdenic and
phosphoric acids, while in the cavities of the gangue occur also vanadinite and copper silicate with
molybdenic acid. There is also a zone of lead sulphate, and the centre of the vein is formed by a band
of coarse-grained galena about 1 ½ inches thick.
So much for one boring : in another tentative
boring enormous masses of plumbocalcite have been got out, associated with wulfenite and
vanadinates of lead. The origin of these metalliferous deposits evidently arose from the infiltration of
the rocks by thermal waters, in connexion with the eruption of granite and the formation of pegmatite.
The Piedra Baya galena-mine is situated in the department of San Martin, between Las Aguadas
and Bajo de Velis. The ore is got from a quartz-vein, in workings which have proceeded down to a
depth of about 65 feet. There is reason to believe that the vein becomes impoverished deeper down.
L. L. B.
------------------------------------------THE AURIFEROUS DEPOSITS OF TIPUANI, BOLIVIA.
Note sur les Gisements de Tipuani, Bolivie. By Maurice Frochot. Annalesdes Mines, 1901, series 9,
vol. xix., pages 149-185 and 1 plate.
The author gives in the first place a summary of the physical geography and economic conditions of
Bolivia, which country he regards as practically a terra incognita. With an area three times as large as
that of France, it has a population of barely 2,000,000 souls, and since the unsuccessful war waged
with Chile in 1879-80 it has been cut off from the Pacific seaboard. The mining-code is very liberal,
machinery and all materials necessary for working mines can be imported free of duty, and the free
export of gold was sanctioned by the legislature in 1883. As an additional inducement to foreign
capitalists,
[31]
the author expresses the opinion that the present political tranquility of the country is not likely to be
disturbed for a long time to come.
At present the gold-production of Bolivia is extremely small (17,361 ounces in 1899), and the only
working on a scale of industrial importance that the author knows of is the Araca mine in the province
of Le Paz.There gold is got from the crushings of an enormous quartz-vein. At a few localities, the
alluvial deposits are washed for gold by the natives, whose methods and appliances are of the most
primitive description.

Nevertheless, auriferous rocks cover in Bolivia a wide area, and may be mapped out in two great
belts.The first of these, running north-west and south-east, begins in the province of Munecas, cuts
across those of Larecaja, Yungas, Inquisivi, and the department of Cochabamba, and terminates in the
province of Santa Cruz, the eastern extremity of Bolivia. The other belt, beginning in the south-west in
the province of Lipez, passes by the south of Tupiza and Cinti, meets the first belt in the province of
Santa Cruz, and then strikes across the frontier into Brazil. The richest deposits are in the north-west,
and especially along the eastern slope of the Cordillera de La Paz. The Rio Tipuani, a tributary of the
Mapiri, flows from south-west to north-east through the northern portion of the province of Larecaja
(department of La Paz) and along its valley occur the deposits which, the author says, are unanimously
regarded as containing the greatest mineral wealth of any in Bolivia.
The predominant rock of the
country is a hard, slightly ferruginous clay-slate forming the base of the mountains.
It is
unconformably overlain by conglomerates and red and yellow clays. All these beds are auriferous ; but
erosion, in this region of huge mountains, has taken place on so gigantic a scale, that the true original
bed-rock of the gold remains undiscovered. We are really dealing with a succession of placers, the
first series of which lie buried under sand and rough pebble-beds. These rough pebble-beds constitute
a false bed-rock, known locally as "lama-benches'': and their conditions of deposition appear to have
been especially favourable to the accumulation of auriferous particles swept down from high altitudes.
Another "false bedrock" is the cangalli, a ferruginous quartz-conglomerate, which is overlain by a bed of
extremely rich gold-bearing sand from 12 to 40 inches thick : this yields 1 ounce per batea, or 1 ounce
in every 180. It seems possible that below the cangalli still richer placers will be found, resting perhaps
on the true bed-rock. The presence of fragments of pyritous quartz is regarded as a good indicator of
the richness of a placer. The gold is scattered about in the sands and loams, in the form of small
flattened lenticles and oval flakes, and possesses a vivid yellow coloration, especially characteristic of
the Tipuani gold. Large nuggets are of rare occurrence.
The auriferous deposits of Tipuani may be classified as follows:—(1) The cangalli ; (2) the deposits
formed at the present river-level ; (3) the deposits formed at a higher altitude than the present riverlevel ; and (4) the placers among the neighbouring mountains, forming enormous alluvial masses amid
which the precious metal is scattered irregularly. Auriferous quartz-veins are all but unknown in the
Tipuani district : the author did, however, see one on a small mining property, but no work has been
done at it so far. The placers at present river-level have been extensively worked, but in the ravines
there are miles of sandy deposits which will repay working for many years to come.
The general section of the beds at Tipuani is described somewhat as follows in descending order. —
[32]
Feet.
1. Soil (humus), several inches thick
2. Red clay with rolled pebbles, and fragments of quartz and
slate, about,
13
3. First venerillo or gold-bearing sand from
1.25 to 2
(This bed rests upon a thin layer of rolled pebbles, the false bed-rock or "lama-bench.”)
4. Red clay, as before, from
6.50 to 13
5. Second venerillo averaging
1.67
(Sometimes it is as much as 5 feet thick.
It rests upon a false bed-rock similar to that
mentioned above. )
6. Clay of unknown thickness
(This rests upon the true bed-rock, in the vicinity of which there must be a fabulously rich
auriferous layer. )

The author says that there is plausible evidence of the existence of the hypothetical rich layer. At
Tipuani, a mere scratching of the soil will often reveal the venerillo or pay-gravel : this yields on an
average 12 parts of gold per million of 0.384 ounce troy per ton, but some is quoted as containing
1.792 ounces per ton.
The history of the mineral industry in this area is given in some detail, and it appears that successful
working was carried on a large scale by Senor Villamil Blanco, a miner who had studied thoroughly the
country, and obtained the help of several capitalists. But on his death in 1867 the industry rapidly
declined, and then ceased altogether. A German company attempted to revive it, but met with the
same ill-luck as that which had befallen an English company in the same area in 1826. Want of local
knowledge is assigned as the chief reason for both failures.
The only rational method of working these deposits is hydraulicking. Water is abundant : all that is
needed is to build aqueducts and lay out the necessary pipe-systems. The great mass of material
which could then be brought under treatment would amply repay the initial cost. Timber would have to
be brought from a distance.
This auriferous region is at present derelict, from the mining point of
view, simply because in Bolivia the necessary working capital is not forthcoming.
Another obstacle to be borne in mind is the absence of roads. The district is uninhabited, and
between it and the sea lie the parallel ranges of the Eastern and Western Cordilleras, which at present
can only be crossed on foot and that with some difficulty. The single, badly kept mule-path, along the
Tipuani, cuts across 13 lateral valleys on its way down : and for taking a pack of 24 pounds from La
Paz the native Indian carriers charge 8s. or 10s.As to hand labour, the author recommends the
importation of East Indian coolies, the climate being unsuitable for blacks, and the natives themselves
being very indifferent workmen.
L. L. B.
-----------------------------------------APOLOBAMBA GOLD-FIELDS, BOLIVIA.
Ueber seine Reise nach den Goldfeldern des Apolobamba-Gebirges. By C. Malsch.Verhandlungen
des deutschen wissenschaftlichen Vereins zu Santiago de Chile, 1900, vol. iv., pages 337-340.
In this mountain-region, enormous conglomerate-beds, sometimes over 300 feet thick, rest upon
quartzites and schists. They are evidently the result of the erosion of that portion of the Andes by
atmospheric agencies, and the gold
[33]
occurs in the argillaceous sandy material which binds the pebbles together. It is in the form of spangles
and flakelets, and doubtless originates from the quartz-veins which seam the phyllites, the mica- and
the talc-schists of the higher ranges. Nevertheless it is rarely found in the placers in actual association
with the quartz : this is greyish-blue in colour, and where auriferous, also contains pyrites. The richest
mines are those of the Poto [? Pata] tableland ; they are worked on the hydraulic system, and the
necessary water-supply is obtained from neighbouring mountain-lakes. All the apparatus is imported
from California, packed in sections.
At Poto the auriferous conglomerate are divisible into two groups ; the upper with small loosely
cemented pebbles generally poorer, and the lower, with big, strongly cemented pebbles generally
richer in gold. Nevertheless in the upper group are two veneros or bands from 2 to 4 feet thick, which
contain about 0.03125 ounce per cubic foot : whereas the average content of the auriferous
conglomerates is barely more than a tenth of that.
Evidences abound that in former ages, thousands upon thousands of the native Indians worked
away large masses of gold-bearing conglomerates in this region, and yet there remain countless

millions of cubic feet of the material still untouched, likely to prove extremely lucrative if mined by
hydraulicking.
L. L. B.
--------------------------------------------RELATIONSHIP BETWEEN THE NEW YTTRIUM-MINERAL, HUSSAKITE, AND SO-CALLED
XENOTIME, BRAZIL.
Hussakit, ein neues Mineral, und dessen Beziehung zum Xenotim, By E. H. Kraus and J. Reitinger.
Zeitschrift fur Krystallographie, 1901, vol. xxxiv., pages 268-277, with a figure in the text.
The authors examined some rare earths from Brazil, and isolated from these some fresh honeyyellow to dark-brown transparent crystals, forming small prisms about 0.118 inch long and 0.078 inch
broad. They belong to the tetragonal bipyramidal system, exhibit glassy lustre, are of hardness 5 and
specific gravity 4.587.
They show extraordinarily strong double refraction, and chemical analysis
proves that they are formed by a sulphato-phosphate (general formula : SO3, 3P2O5, 3R2O3), hitherto
unknown in nature. The authors call this mineral hussakite, in honour of Dr. Hussak, of Sao Paulo.
3R2O3 represents yttrium, erbium, and gadolinium oxides, with the following respective percentages :
43.43, 14.82, and 1 99.
Further research led them to the conclusion that the yttrium-ore from the same locality as the new
mineral, and hitherto called xenotime, was really a pseudomorph after hussakite, intermediate between
it and true xenotime. It was not merely an yttrium orthophosphate, but contained a certain proportion
(about 2 ¾ per cent.) of sulphate. Moreover, they regard the opaque, non-sulphated xenotimes as also
pseudomorphs after hussakite, in which the sulphates have been finally leached out by the percolation
of natural waters.
L. L. B.
---------------------------------------------PLACER-DEPOSITS OF PUNTA ARENAS AND NORTHERN TIERRA DEL FUEGO, CHILE.
Die Goldseifen bei Punta Arenas und im nordlichen Feuerland.
By R. Pohlmann, Verhandlungen
des deutschen wissenschaftlichen Vereins zu Santiago de Chile, 1900, vol. iv., pages 307-318.
The placer-deposits around Punta Arenas have been known and profitably worked for some
decades, but the occurrence of gold on the southern coast
[34]
of Tierra del Fuego was not established until the end of the "eighties.”
It was first found near
Ushuaia, then on Navarino and Lennox Islands (where gold-seekers reaped a rich harvest in 1892 and
1893). Still more recently gold has been discovered in the valleys which cut through the high plateau of
North-western Tierra del Fuego, such as those of Rio del Oro and Rio Oscar : in that district no less
than 500 persons were washing the alluvia for gold in February, 1900. The frequent dearth of water in
the dry season (summer) is, however, an obstacle which proves in some cases insurmountable. The
placers are usually worked by small syndicates of 2 to 5 men, who share the output between them at
fixed intervals. Some concessionaires, however, hire a number of workpeople for the season (October
to May) and pay them monthly, the average wage being 60 dollars (Chilian) or £12 per mensem and
board. The so-called "American" or canalization-system is in vogue.
The gold occurs almost invariably in a very fine state of division, and the find of a nugget of any size
is a rare event. Such a find did occur on the Rio de las Minas in 1900, the nugget weighing 3.81
ounces troy. Among the minerals associated with the gold are iron-pyrites (common in Rio de la Minas,
Punt Arenas ; but rare in Tierra del Fuego), magnetite, titanite, hematite, quartz, zircon, felspar,
hornblende, augite, epidote, more rarely tourmaline and kyanite.
There appears to be no doubt that the original matrix of the gold was a crystalline mica-schist. Now,
the placers lie upon a bed rock of Tertiary age, generally an arkose. (In the Rio de las Minas valley the
Tertiary sedimentaries are well exposed, with oyster-beds at their lower and lignite-bands at their upper

horizons).
There is then no apparent geological connexion between the gold and the rocks of the
region in which the placers occur, but crystalline schists form the dominant rock of the Brunswick
Peninsula and neighbouring-areas, far to the west and south-west of the gold-fields. The conclusion is
forced upon us that the material of the placers was brought to the area where they now occur by icetransport, during the Glacial period, when the Brunswick Peninsula, etc., was covered by mighty
glaciers : these filled up the Straits of Magellan, and streamed out into the ocean at either end. The
placers are really the outcome of the working up by aqueous agencies of the ancient ground-moraine :
in a word, they are fluvio-glacial deposits.
Besides the placers mentioned in the foregoing paragraphs, the following occurrences may be
mentioned : gold is got on the sea-coast near Cape Virgenes (amalgamation), on Isla Nueva, Agustin,
Bertrand and Scott Islands. Though it occurs also on Pikton, Barneveld, Wellington, Loff, Specksattel
and Grevy Islands, in none of these last-named instances are the prospects hopeful from a commercial
point of view.
L. L. B.
------------------------------------ORE-DEPOSITS OF TERRE-NEUVE AND GONAIVES, HAYTI.
Beitrage zur Geologie Haitis, 1V. Die Erzfundstatten von Terre-Neuve und Gonaives, By L. GentilTippenhauer. Petermanus Mittheilungen, 1901, vol. xlvii., pages121-127, with figures in the text and
plate X., map.
The rediscovery of these long-neglected deposits dates only from 1898. An analysis made by order
of the Haytian Government of a specimen of iron-ore obtained in that year from the neighbourhood of
Terre-Neuve yielded 90.9 per cent. of iron oxide (63.52 per cent. of metallic iron, 5.7 per cent. of
silica, and insignificant percentages of manganese and phosphorus. The composition of the ore recalls
in every respect that of the iron-ores worked at Jurugua in Cuba. Specimens of copper-ore yielded on
analysis 10 per cent. of copper, but richer specimens were soon afterwards obtained, yielding 20 to 40
per cent. of
[35]
copper. An American company then took the matter up, but in a very half-hearted way, and no serious
attempt was made to work the deposits.
In November, 1900, the present author being engaged on bridge-building in the neighbourhood
undertook a little prospecting work on his own account. The difficulties of this are especially great in
Hayti, as no reliable maps are to be got, and the traveller must make his own map as he goes along.
On plotting out the map, which accompanies the memoir here summarized, the author found that all
the ore-deposits seen by him are ranged along one belt striking north-west and south-east. Now this
direction coincides with that of the eruption-fissures which characterize a large portion of North-western
Hayti. By following the strike, outcrops of ore were discovered by the author at many new localities.
The eruptive rocks (andesites, trachytes, and phonolites) occur in the area here described along two
lines, one running through Terre-Neuve, the other nearer the sea-coast. Even where the molten rock
did not burst its way through to the surface, the evidence of volcanic phenomena is seen in the
disturbed condition of the overlying limestones, in the survival of hot springs, and in the occurrence of
gypsum (the outcome of sulphureous volcanic emanations acting on the sedimentary limestones?).
The limestones are of Tertiary age, they are overlain by old beach-deposits, and volcanic eruptions
appear to have begun during the period of deposition of the former, continuing till comparatively recent
times. The author considers that an ore-bearing or metalliferous magma was poured out through the
eruption-fissures during one of the later phases : it occurs only in the central belt, and is seen to have
broken through the older dark andesites and the yellow trachytes. More recent outpourings of
porphyritic andesites hardly affected the ore-deposits, as they did not take place in the central belt.

Of all the ores that the author observed in situ, that cropping out at Jeanty was the richest. It
consisted of a "dyke" of iron- and copper-ores cutting through andesite : from the surface downward the
carbonates soon pass into sulphides. Blocks of iron-ore lie strewn about in the hills and valleys of the
Louis district, some of them weighing 80 tons. At N'enboulaye, a vein was seen, 12 inches or so thick,
exactly comparable with the Jeanty "dyke.” The author mentions other occurrences at Hilaire, Bassin
David Meme, etc., and deduces the general law (for this area) that the metalliferous vapours
precipitated copper-ores at the contact of the metalliferous magma with the Tertiary sediments or with
the older eruptives, and also at the contact between the latter two.
He thinks that mining on a large scale will pay at such localities as Jeanty and (Bassin) David. At
Hilaire, a huge iron gossan covers what is probably an excellent cupriferous deposit. From these
localities a ton of ore can be sent to Gonaives harbour (by pack-mules) for 7 dollars (say 28s.). Thence
to the United States, the freight per ton is 3 dollars (12s. 4d.). The author reckons that a ton of ore
worth 30 dollars (£6 2s. 8d.) can be placed on the market at New York after costing 12 dollars (£2 9s.
3d.) for transport and shipping expenses.The margin is sufficient to allow of profitable mining
operations, and the Haytian government are disposed to be very liberal in the matter of mining
concessions or leases.
The gypsum-veins that occur in the plain of Port a Pimet are of no economic value. The thermal
springs (sulphuretted), some 4 ½ miles from the sea coast are frequented by the natives, but the
bathing establishment set up a century ago by the French has been allowed to fall into ruins.
At Corydon and Moysnor, there are some salt-works along the sea-shore.
L. L. B.
---------------------------------------[36]
BOUNDARY CREEK DISTRICT OF BRITISH COLUMBIA.
The Boundary Creek District, British Columbia.
By W. M. Brewer. The Engineering and Mining
Journal (New York), 1901, vol. Ixxi., page 389.
Besides the principal mines, there are a large number of mineral claims and prospects ; in fact, the
entire country from a short distance east of Grand Forks, northward for about 12 miles, thence
westward about the same distance, and southward to the vicinity of Greenwood, has been pretty
thoroughly prospected and staked out. Owing to the heavy snow, it was impossible to make any
thorough study of the geology at the time of the writer's visit, so he confined his attention to the group
of mines controlled by the Graves Mines Syndicate in the vicinity of the town of Phoenix. These are
located on the summit forming the watershed of the Kettle river.
Some of the characteristics of the ore-bodies are unique. The outcrops consist of magnetite carrying
low copper-values, and a small percentage of lime in the gangue. It has been determined by assay
and smelting that the copper-values and the percentage of lime increase with the depth to such an
extent as to render the ore not only commercially valuable but also self-fluxing ; while the percentage
of sulphur remains so low that no roasting is necessary previous to charging the furnaces. At the
same time, the average percentage of iron, together with the surface-ores, which are practically all iron,
is sufficient to form the matte, thus obviating the necessity of adding other iron-ore to the smeltercharge. The result of this combination reduces the smelting cost to a minimum, and as all the motive
power at the smelter is furnished by water, it is readily seen that the problem of treating these lowgrade ores is practically solved. Until a geological survey has been made, it is impossible to determine
whether these ore-bodies belong to contact-deposits or veins, or whether they belong to wide
mineralized zones, the mode of deposition of the ore being from displacement. Probably the latter is
the more nearly correct hypothesis. The country-rock shows mineralization even beyond the foot-wall

of the ore-body. This mineralization appears to increase gradually, until at a point a few feet from the
foot-wall it has become so strong that pay-ore is encountered.
X. Y. Z.
-----------------------------------------A MEXICAN COAL-FIELD.
Las Esperanzas Coal-mines, Mexico. By Edwin Ludlow. The Engineering and Mining Journal (New
York), 1901, vol. Ixxi., page 331, with 2 illustrations.
Owing either to the poor quality of the coal, or the geographical environment of the deposit, the coalfields of Mexico have been little exploited, coal being largely imported from the United States. In the
summer of 1899, however, Prof. Gardiner, of New York, examined a tract of land lying in the next valley
south of the Sabinas valley, near the station of Barroteran, 88 miles from Eagle Pass. He found that it
contained a bed of coal ranging from 6 to 8 feet thick, lying at an inclination of from 8 to 15 degrees,
and representing some 50,000,000 tons of workable coal of a good quality.
The coal in this basin belongs to the Cretaceous period, it seems to be very regular in formation.
The coal is well adapted for steam purposes, and has been used at puddling-furnaces at Durango.
X. Y. Z.
------------------------------------------[37]
SOUTH-EASTERN ALASKA AS A GOLD-FIELD.
Gold-mining in Alaska. By Prof. H. van F. Furman.
Mines and Minerals (Scranton, Pennsylvania),
1901, vol, xxi., pages 433-436, with 4 illustrations in the text.
In 1900 the writer examined a number of gold-mines in South-eastern Alaska, and he now gives a
description of the country, its mines, and its prospects. He controverts the prevailing idea that this part
of Alaska is very cold, and points out that, owing to the influence of the Japan current, the climate along
the shore-line is comparatively temperate, the mercury seldom falling below zero or rising above
80°Fahr.Proceeding into the interior however, the climate changes, the winter furnishing extremes of
cold and the summer months being very warm. The topographical conditions and the exuberant timbergrowth render prospecting work very difficult and, generally, prospecting is accompanied by unusual
hardships and expense. The country has only been roughly prospected along the shore, and,
occasionally, for a distance inland not exceeding 2 or 3 miles. The writer estimates the annual rainfall
at upwards of 100 inches, and rivers, streams and waterfalls are abundant. This is a fact of great
economic importance, as the working of the low-grade gold-ores demands cheap and convenient
waterpower.
The main mountain-ranges are principally composed of granite and syenite. Flanking these
mountains are those descending to the shore. These latter are probably of Carboniferous age ; they
consist principally of schists and slates, and are intersected by dykes of diorite, porphyry, syenite and
greenstone. lnterbedded with the slates and schists are occasional beds of quartzite. The country has
been the scene of extensive glacial action.
Mining has so far been confined to the operation of a number of low-grade gold-quartz deposits, and,
in a small way, some placer-mining. The most prominent mine and the largest producer has been the
Alaska-Treadwell, located on Douglas island, opposite Juneau, and the connected companies. All of
these mines are located on the same great vein or dyke, in places 400 feet in width. The operations on
Douglas island are the only ones that have so far proved highly remunerative.
Silver Bow basin, about 3 miles east-north-east of Juneau, is a considerable depression excavated
by an ancient glacier and subsequently occupied by a lake. These lake-beds are auriferous, and
constitute the placer-mine of the American Company, which has been worked by hydraulic mining for

nine years, and is said to have produced about £73,000 (350,000 dollars) in gold bullion. Most of the
placer-gold has doubtless come from the quartz-deposits on the hill-sides to the south. The quartzdeposits of Silver Bow basin occur in schists, and consist of quartz-stringers and lenses. The stringers
vary from 1/16 inch to 4 feet in width, and are very irregular. This mineralized zone is about 2000 feet in
width.
In Sheep Creek basin, the deposits are on this same zone, and similar to those of Silver Bow. The
lenses, however, appear larger and more concentrated, and silver predominates in the ores, whilst the
ores of Silver Bow basin carry principally gold.
The Berners Bay district is about 40 miles north-west of Juneau. The most extensive workings here
are on the Comet, an auriferous quartz-vein 3 feet in width. This mine has been opened to a depth of
470 feet, and is said to have produced £96,500 (463,000 dollars), of which £92,000 (443,000 dollars)
was in the form of gold bullion. This mine has produced some beautiful specimens of free-gold quartz,
the gold occurring as wire and crystalline gold.
[38]
The ores being mostly free-milling gold-quartz, the method of treatment is stamp-milling followed by
concentration of the sulphides on Frue vanners. So far as developed, the ores are low-grade, varying
in value from 8s. 4d. to 50s. (2 to 12 dollars) per ton. This condition has resulted in the erection of
large modern mills mostly operated by water-power generated by Pelton wheels. Some of the mills are
operated by steam, however.
X. Y. Z.
-----------------------------------------THE CAPE NOME GOLD-DEPOSITS.
Notes on Nome, and the Outlook for Vein-mining in that District.By Forbes Rickard. The Engineering
and Mining Journal (New York), 1901, vol. Ixxi., pages 275-276, with 1 illustration in the text.
The importance of the beach-mining in the Cape Nome district has in 1900 been overshadowed by
the richer developments in the gulches of the foot-hills which back the coastal shelf. The beach of
Nome, with its layers of "black" and "ruby" sand is, in a few words, a re-assortment by gravity of the
disintegrated materials of the slates and schists of the hills immediately behind the coastal shelf. The
term "dry seepage" has been very aptly applied in reference to these horizontation phenomena. The
schists and slates of Cape Nome are very much altered, more or less gold-bearing, sediments : the
term "saprolite" has been used in making classification of similar rocks. They are profusely seamed
with calcite, contain much pyrite, and many thin quartz-veins.
The rocks are largely graphitic,
attesting the inclusion of organic matter in their sedimentation, since transformed ; and they are much
broken and sheared. The disintegration of such a rock in such a climate must have been very rapid,
and must be measured by thousands of feet added to the present surface. The gold of the beachsands is very much water-worn, flat and very fine ; that of the gulch-placers is unusually coarse, whilst
the gold of the workings in the tundra intervening between the beach and gulch-diggings is
intermediate in coarseness.
The gold losses in both beach and gulch-workings are heavy. In the writer's observation, the gravels
abound in a ferruginous clay and the gold is much coated with iron oxide, the two together robbing
many sluices of their golden burden. Also, in connection with gulch-mining, the writer observe that on
Anvil creek, the magnetite-particles, or black sand, diminish perceptibly as one goes up stream, and
the gold is redder and more angular. The first condition argues a more active oxidation of the ironminerals of the rock, with decomposition of magnetite into sulphide and then into oxide of iron. The
second condition indicates the lesser travel of the gold-particles.

The tundra of Nome is a raised beach—a platform of erosion and deposit. The placer-material of the
gulches has been deposited, only to be moved along by the running waters of thaws and rains, redeposited and swept along by a new current, alternately finding lodgment and impelled seaward until at
last it comes to comparative rest in the ocean, but still subject to the ebb and flow of the tide (which
makes a good start toward the concentration of the garnet- and magnetite-sand) until by gradual
upheaval of the land it merges into the tundra.
Whether classified as bench, bar, gulch- or beach-placers, the gold is derived from magnetite and its
related pyrite—pyrite being easily derived from magnetite by decomposition, connects this mineral in
the same process. The close association of magnetite and gold is thereby explained. And since both
[39]
pyrite and gold are derived by the decomposition of auriferous magnetite, they have here a common
origin.
The formation of pyrite from an auriferous magnetite has been suggested by Mr. Hutton to
have the effect of liberating the contained gold, and this suggestion is very useful in explanation of the
occurrence of gold and the associated phenomena in the Nome district. The writer cites other
instances illustrating this peculiar gold association, and he remarks that they very plainly evidence
some existing relation between the precious metal and the iron-mineral, although magnetic sand in
itself is not necessarily gold-bearing.
X. Y. Z.
----------------------------------------SUBMARINE OIL-WELLS IN CALIFORNIA.
Submarine Oil-wells in California.
By W. G. Young. The Engineering and Mining Journal (New
York), 1901, vol. Ixxi., page 54.
Unique among the oil-districts of California is that of Summerland, where wells are sunk in the bed
of the ocean, and the underlying deposits of petroleum pumped from submarine pools. The district
contains in all about 325 producing wells. Nearly two-thirds of these have been sunk on the beach and
headlands, whilst the rest are submarine wells. Those on shore are drilled in the usual way, whilst
those in the ocean are drilled and operated through wharves and trestles extending out into the sea. In
all, 17 of these wharves have been built, the longest being about 1,250 feet.
The demonstrated portion of the Summerland oil-field is a productive area extending 1 mile along the
beach, running about 600 feet inland from the shore-line and about 350 feet into the sea. Some
experimental work has been done outside these limits, but not sufficient to provide any conclusive
result either way. The farthest inland producer was obtained at about 600 feet from the shore. But, as
a general rule, the wells sunk farthest out from the shore have proved better producers than the inland
wells, and also yield a better quality of oil. There is considerable indication that the oil-bearing sand
extends a great distance into the ocean.
Another distinctive feature of the Summerland wells is their unusual shallowness. The inland wells
run from 125 to 300 feet deep. The submarine wells vary from 200 to 500 feet in depth ; they are more
prolific, and the gravity of the oil is higher than that obtained from the inland wells.
The prevailing contract-price for drilling is about 4s. 2d. (1dollar) per foot up to 300 feet, after which
a fraction more is asked.
X. Y. Z.
----------------------------------------------GEORGIA GOLD-MINING DEVELOPMENTS.
Georgia Gold-mining Developments. By Wilber Colvin. The Engineering and Mining Journal (New
York), 1900, vol. Ixx., pages 401-402, with an illustration
The veins in general are nearly vertical, and in many cases increase in size and richness with depth.
They are of all thicknesses, from a few inches to 50 feet, and some are masses of ore with only thin
partitions of non-auriferous rock. The principal rocks are gneisses and schists, mica-schists and horn-

blende, and have generally been referred to the Archaean age. Many of the mica-schists are
garnetiferous, and in the gold-districts, the garnets often contain gold. The schists themselves
sometimes contain gold. Interlaced among the gneisses and mica-schists are sheared belts of
hornblende that appear to be remains of ancient dykes, introduced before the action which produced
the shearing and changed many of the rocks. Frequently these
[40]
hornblende-dykes are the walls of veins of auriferous rock. A few granite-dykes are also observable.
The veins are said to be true fissure-veins ; no limit downward has ever been found ; and, so far, no
diminution of the size or richness has been found. A large number of samples taken at random from
ore-dumps of the Dahlonega Consolidated Gold-mining Company showed an average of about 30s.
(7.27 dollars) per ton. The average assay of 25 samples taken from as many points in another group of
mines is about 32s. (7.66 dollars) per ton. The State geologist reports that the average assay of
samples taken by him from five veins of another large mine was about £4 12s. (22.12 dollars) per ton
of ore. Experiment seems to prove that by the chlorination or cyanide processes from 95 to 97 per cent.
of the gold can be saved.
X. Y. Z.
--------------------------------------------------SERPENTINE-MARBLES OF WASHINGTON.
Serpentine-marbles of Washington.
By Prof. D. A. Lyon.
Mines and Minerals (Scranton,
Pennsylvania), 1901, vol. xxi., page 349.
A remarkable deposit of serpentine-marble is situated about 8 miles west of Valley, a siding on the
Spokane Falls and Northern railroad, and about 60 miles north of the city of Spokane. The deposit
appears as a great dyke, over 300 feet in width and 250 feet in depth. It is thought that the dyke lies on
an angle of 45 degrees and that it is dipping toward the heart of the mountain. The deposit may be
traced along the bench of the mountain for 1,500 feet until a sharp precipice is reached. At the bottom
of this precipice, down a narrow canon and 1,000 feet below the quarry-floor, the deposit again crops
out, and is of as beautiful a colour and of as high a quality as where it is now being worked. The footwall is a heavy crystalline black marble, with white markings—itself a beautiful stone.
X. Y. Z.
-----------------------------------------------------GOLD AND SILVER TELLURIDES OF WESTERN AUSTRALIA.
(1) Ueber einige Tellurgoldsilberverbindungen von den Westaustralischen Goldgangen. By Dr. P.
Krusch. Centralblatt fur Mineralogie, Geologie, und Palaontologie, 1901, vol. i., pages 199-202.
The tellurium-ores of Western Australia occur in the form of veins in highly schistose amphibolites,
which indeed are almost entirely made up of needles of hornblende, and are doubtless the
representatives of basic eruptive rocks which have undergone extreme dynamo-metamorphism. As a
rule, these veins show a salband only on the foot-wall side, while at the hanging wall they pass
gradually into the neighbouring country-rock.
Thus we find a belt of amphibolite strewn with
fragments of quartz and gold-telluride, lying in no particular direction. In the upper portion of the mass,
the tellurides have suffered a certain amount of decomposition, and native gold has separated out
along rock-fissures.In the deeper portion, below the water-level of the country, the tellurides are so rich
that a ton of vein-stuff has yielded up to 61 ounces of gold.
The author obtained at the Paris International Exhibition a mass of material from one of the West
Australian Commissioners, and subjected it to chemical analysis, with the result that he was able to
distinguish four different silver-gold tellurides. No. 1 containing 28.55 per cent. of gold, 9.76 per cent.
of silver, and 60.83 per cent. of tellurium, he identifies as sylvanite, with the
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formula AuAgTe2. It is silvery white, and splits easily.This is the first record of typical sylvanite from
Western Australia. No. 2, dull bronze-yellow, with a yellowish-grey streak and conchoidal cleavage, is
calaverite.
It contains 37. 54 per cent. of gold, 2.06 per cent. of silver, and 58.63 per cent. of
tellurium. In point of chemical composition it resembles more closely the calverites analysed by Prof.
Dana, than the ores hitherto recorded from Kalgoorlie. No. 3 is especially abundant in the tellurideveins of Western Australia. It is steely grey to iron-black, has a conchoidal fracture, and is identifable
as petzite, corresponding to the formula (AgAu)2Te. The percentage-composition is : gold, 24.33 ;
silver, 40.70 ; and tellurium, 32.60. No. 4 is bluish-grey, shows signs of cleavage, and corresponds to
the formula (AgAu)5Te3. The percentage composition is : gold, 15.06 ; silver, 45.95 ; and tellurium,
36.90.
This ore appears to constitute a new occurrence : unlike the other three, it contains no
selenium, but it does contain small proportions of antimony and zinc (which they do not). All four ores
contain varying proportions of copper, iron, nickel, and sulphur.
From the foregoing analyses, the author concludes that there is a relationship between the coloration
and the composition of the telluride-ores of Western Australia. Lighter coloration indicates ditellurides,
comparatively high in tellurium and gold, and low in silver. Darker coloration indicates monotellurides,
comparatively high in silver and low in gold and tellurium.
(2) Die Tellurerze Westaustraliens. By P. Krusch. Zeitschrift fur prahtische Geologie, 1901, vol. ix.,
pages 211-217.
These ores were discovered in 1896 in the Great Boulder main reef, Hannans District, and the first
find was rapidly followed by several others, with the result that the gold-production of Western Australia
soon increased in undreamt-of proportions. The geological structure of the region within which the
tellurium-ores occur is comparatively simple : upon the Archaean rocks which form the greater portion
of the West Australian plateau are superposed Cambrian, Silurian, Devonian, Carboniferous, Mesozoic
and Cainozoic sedimentaries, but, from the point of view of the gold-miner the old Archaean series is
the most important. This series is divisible according to age into three groups : (1) the granitic rocks,
(2) the gneisses, and (3) the slates, which range in parallel belts striking north and south, and dipping
gently north-westward. They are in many places broken through by granitic and dioritic dykes. The
westernmost belt, ranging from the Murchison river to the southern coast, consists of soft clay-slates
and quartzites, much seamed by the aforesaid dykes, and in it occur rich quartz-veins bearing lead-,
copper- and zinc-ores, iron-pyrites and graphite. The next belt, forming the western slope of the
Darling range, runs also from the southern coast to the Murchison, then follows that river in a northeasterly direction for about 200 miles, and extends from the Robinson range eastward and northeastward as far as the Lyons river. This belt consists of hard crystalline rocks, chiefly gneisses and
schists,
among which are intrusive diorite- and quartz-dykes containing small quantities of ironpyrites and a little gold. Quartz-porphyry dykes also occur, bearing tinstone with tourmaline and titanit ;
and the weathering of these dykes has given rise to the Greenbushes stream-tin workings. At
Bridgetown a graphite-deposit some 20 feet thick occurs among talc-schists. The third or great granitebelt lies about 100 miles east of the western coast, is 100 miles broad, and it too ranges from the
southern coast to the Murchison river. No metalliferous deposits of economic value have been found
within it, but east of it lies a fourth belt, the first gold-bearing belt, 20 miles broad.
[42]
Here auriferous, cupriferous, and ferruginous quartz-veins occur among hornblende-, mica-, and talcschists. Then follows the fifth, or second granite-belt, parallel to the first and similar to it in character.

Then we come to the sixth, or second gold-bearing belt, of extraordinary richness, the eastern limits of
which are yet unknown. The rocks are similar to those of the first auriferous belt, but are still more
folded and broken up. The gold-fields in these belts form an uninterrupted sequence over 14 degrees
of latitude, from the southern coast up to Spit Point and Cape Lambert on the north-western coast, a
sequence which cannot be paralleled elsewhere in Australasia.
From the point of view of their genetic relationships the auriferous deposits vary greatly, but Dr.
Schmeisser's classification and division of the veins as (1) simple quartz-veins, and (2) composite veins
has been followed by all other writers on the subject.
The tellurides are almost exclusively confined to the composite veins. These generally have a
salband at the foot-wall, and for the rest consist of highly altered country-rock seamed by numerous
veinlets of quartz and stringers of ore. The country-rock is usually hornblende-schist, though chlorite-,
mica- and talc-schists sometimes occur, and there are isolated instances of quartzite and sandstone. It
seems possible that the amphibolite or hornblende-schist is really a crushed and altered diabase.The
composite gold-telluride-bearing veins occur chiefly around Coolgardie, Kalgoorlie, and in the Broad
Arrow, Bardock and Bulong vein-group.Their most considerable development is around Kalgoorlie,
where their predominant strike is north-and-south with a westerly dip.(The veins which strike east-andwest are generally much poorer.)The thickness ranges from 3 ¼ to 65 feet ; nevertheless the outcrops
are not as easily recognizable as are those of the simple quartz-veins which stand up like walls. Both
veins and country-rock in the levels near the surface are highly decomposed. The altered countryrock is a soft, brick-red or yellow, ferruginous, clayey-talcose mass, wherein the veins occur as more or
less cellular aggregates bearing native gold. The gold-telluride was doubtless split up, the gold going
at first into solution and being then reprecipitated as a finely pulverulent substance, forming stellate
deposits on the fissure-walls, etc. Sometimes it assumes a mosslike or spongy structure ; but it also
occurs in thin flakes and lumps of the most various forms and dimensions, which must be regarded as
the outcome of secondary concentration. The average gold-content of the veins is 10 ounces and
more (per ton), while the interstitial country-rock contains from traces up to 1 ounce (per ton). In the
deep levels occur the well-known tellurides of gold, silver, and mercury, so often analysed and
described as sylvanite, calaverite, kremerite, petzite, hessite, coloradoite, and kalgoorlite. The author
gives a summary of Messrs. Gibb Maitland's and Rickard's results (chemical analyses), and then
tabulates his own, based on specimens given to him by Commissioner Holroyd. Among these he
distinguished five different ores, one of which he believes to be so far unique. It corresponds to the
formula (AgAu)5Te3, containing 15.06 per cent. of gold, 45.95 of silver, 1.16 of copper, 36.9 of
tellurium, and minute quantities of iron, nickel, antimony and zinc. It seems to occupy an intermediate
position between the monotellurides (sylvanite and calaverite) and the ditellurides (petzite and hessite).
The other metalliferous minerals found in the deep levels are galena (often associated with native
gold, though it is regarded as an indicator of the impoverishment of the vein), auriferous pyrites,
arsenical pyrites, vanadinite, and zinc-blende (in small quantities, but regarded at Coolgardie as a
good gold-indicator). Bismuth and bismuthite are of rare occurrence ; sulphidic
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copper-ores are found at Kalgoorlie, and native copper is mentioned from Coolgardie.
An iron-black mineral which is associated with the tellurides was analysed and proved to be, instead
of a peculiar variety of gold-telluride as hitherto supposed, an arsenical copper-ore which approaches
in composition enargite (Cu3AsS4). It contains 41.69 per cent. of copper, 16.87 of arsenic, 4.3 of
antimony, 4.76 of iron, 2.68 of zinc, 28.43 of sulphur, and minute quantities of gold, silver, nickel, lead
and tellurium.

The author discusses the origin of these telluride-ores of Western Australia, summarizing the views
of the chief authorities on the subject, and dismisses in that regard the hypothesis of magmatic
differentiation. He holds that the ores were precipitated from mineral solutions, which filled up fissures
in the country-rock after its consolidation, and probably were the outcome of the same tectonic
processes as those which impressed on the rocks their schistose structure. These fissure-veins have
been thought to date back to Palaeozoic times but their true age is still a matter of dispute. It is pointed
out that in other continents where gold-tellurides occur, they are invariably in genetic association with
eruptive rocks of comparatively recent date.
Now, such younger eruptives do occur in Western
Australia. Moreover, the West Australian tellurides are in some cases mercury-bearing, and in those
cases in other countries where the genesis of mercury can be traced to eruptive rocks, these eruptives
are always of late date. So the author inclines to the opinion that the gold-tellurides of Western
Australia are the product of the thermal activity which was a late phase of the Tertiary eruptions. They
do not belong to the same group as the gold-quartz veins (the older argentauriferous group) ; these
were similarly the outcome of eruptive phenomena, but phenomena which took place at an epoch
incalculably more remote than those which originated the telluride-ores.
(3) Sur les Tellurures d'Or et d'Argent de la Region de Kalgoorlie (Australie occidentale).
By Ad.
Carnot.
Comptes-rendus hebdomadaires des Seances de l'Academie des Sciences, 1901, vol.
cxxxii., page 1298-1302.
At the request of Mr. Holroyd, one of the West Australian Commissioners at the Paris International
Exhibition, the author made detailed analyses of specimens of the Kalgoorlie tellurides (presented by
Mr. Holroyd to the Museum of the Paris School of Mines).
Nine analyses are tabulated. No. 1, yielding 60.45 per cent. of tellurium, 29.85 per cent. of gold,
and 9.18 of silver, corresponds to the formula (AuAg)Te2, which is that of the sylvanite of Offenbanya,
Transylvania. Nos. 2a and 2b averaging 55 per cent. of tellurium, 25.45 of gold, and 15.12 of silver,
with 3.4 per cent. of mercury, correspond to the formula (AuAgHg)2Te3. This is a new mineral, for
which the author proposes the name coolgardite. Nos. 3a and 3b (a non-crystalline dark-grey brittle
substance) correspond to the formula (AuAgHg2)Te, averaging 32.66 per cent. of tellurium, 23.79 of
gold, 41.29 of silver, and 2.13 of mercury. The author points out that petzite, to which these
percentages otherwise correspond, contains no mercury, whereas Mr. Pittman's kalgoorlite contains
10.86 per cent. of mercury. Despite the enormous difference in the mercury-percentage, the author is
inclined to assign mineral here described to kalgoorlite. No. 4 differs mainly from sylvanite in that it
contains only 4.82 per cent. of silver, and is probably assignable to calaverite : it is a yellowish (and in
places, a blackish) grey mineral, with conchoidal fracture, but no proper cleavage. No. 5 approaches
more nearly coolgardite in molecular composition, but contains small proportions of other
[44]
metals than those hitherto mentioned, namely, 1.2 per cent of antimony, 0.88 per cent. of copper, and
0.9 per cent. of iron. It contains, moreover, 37 06 per cent. of gold and 4.71 per cent. of silver. Nos.
6a and 6b refer to a substance which recalls certain anthracites in general appearance, and is most
probably an aggregate of coolgardite and kalgoorlite.
L. L. B.
-------------------------------------------ASSAYING OF BISMUTH.
Bismuth Assay. By A. W. Warwick and T. D. Kyle. The Engineering and Mining Journal (New York),
1901, vol. Ixxi., page 459.
A modification of the usual process has been devised by Dr. Pattison Muir, and 40 minutes suffice
to complete a determination ; results agree with ordinary care to within 0.1 per cent., and with extreme

care to within 0.05 per cent. ; and no delicate manipulations are required. The usual standard solution
used in iron-determinations can be used, although a dilute solution is better for very accurate work.
The process consists of the following operations : (1) Solution in nitric acid ; (2) precipitation as bismuth
oxalate ; (3) conversion of the normal oxalate into basic oxalate by boiling with water ; (4) solution of
the basic bismuth oxalate ; (5) titrating the hot solution with potassium permanganate. Before
recommending this process the writers investigated the influence of metals upon the accuracy of the
assay, and the influence of the variation of conditions. At the outset, they found that the solution of the
basic oxalate in hydrochloric acid gave a very erratic end-point, and that the solution of basic oxalate in
sulphuric acid was too slow and gave a low result. They therefore used hydrochloric acid to dissolve
the oxalate, neutralized with ammonia, and made quite acid with dilute sulphuric acid. This simple
modification results in the titration being as direct and clear as an ordinary iron assay : one half of one
drop, or 0.05 cubic centimetre, showing the end-point. The mode of making a complete assay by this
method is then described in detail by the writers, and actual results are tabulated, showing that the
method is quite accurate, and suitable for all ordinary commercial work.
X. Y. Z.
--------------------------------------------IMPROVED GAS-ANALYSING APPARATUS.
Eine neue Modification des Apparates zur Gasanalyse.
By Eduard Hankus. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii., pages 81-83.
This instrument is based on the principle of a combined Orsat apparatus, and may be used not only to
detect foul air in mines, but also for analysing blast-furnace gases. The air in mines is generally
determined by analysing for carbon dioxide, oxygen, carbon monoxide and methane, but the heavy
hydrocarbon (CnH2n) and hydrogen, which are also present, are not shown. The writer claims to
determine the amount of all these gases, and by a more rapid method of absorption than the Orsat.
The apparatus consists of a water-jacketed measuring-vessel, with a scale marked to hundredths by
volume, and having a thermometer attached ; a levelling-bottle, four absorption-bottles with water-seal,
a U tube for burning the hydrogen, and a combustion-tube connected to an electric battery to determine
the percentage of methane. Each of the absorption-bottles has a three-way cock at the top, and carries
a vertical capillary tube resting on a glass plate ; the absorption-fluid must be brought to a known level
in this tube,
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before beginning the test.The gas passes down the tube, and is broken up by the plate as it passes
through the fluid.
The sample of gas to be tested is first drawn into the measuring-vessel by means of the levellingbottle, and by manipulating the cocks in the usual way. The temperature of the water in the jacket
being noted, connection is then made to the first of the absorption-bottles, containing a solution of
potash. The gas passes down through the central capillary tube, and up through the absorption-fluid in
small bubbles. The percentage-volume of carbon dioxide absorbed, as shown by the diminution in
volume when the gas is returned to the measuring-vessel, can then be read off the scale. If the gas
contains 2 per cent. of carbon dioxide, it must be passed once through the absorption-bottle; if the
percentage is higher, twice is necessary. With the ordinary Orsat apparatus, the process lasts rather
longer.
The second bottle, for the absorption of the methane and of the heavy hydrocarbons (CnH2n) contains
highly concentrated sulphuric acid, giving off crystals at 32° Fahr. Absorption takes place slowly,
because the acid is thick, and the gases must also be returned to the vessel containing the potash
solution, before the process is complete. If the sulphuric acid is fresh and strong, to pass a gas

containing 4 per cent. of heavy hydrocarbons four or five times through it, and once or twice through
the potash, is sufficient. Oxygen is absorbed in the third vessel with pyrogallic acid ; the gas must be
passed in from three to six times, according to the amount that it contains. In the fourth bottle, the
carbon monoxide is absorbed in an ammoniated solution of cuprous chloride. If large quantities are
present, as in generator-gas, it must, in the Orsat apparatus, be passed in about thirty times.
According to the writer, it is only necessary to pass the gas three or four times into his apparatus, for
fairly complete absorption. Neither ammoniated nor muriatic solution of cuprous chloride will wholly
absorb all the carbon monoxide, but the quantity left is so small that it may be neglected. Before
reading the contraction of the gas off the scale in the measuring-vessel, it must again be passed
through the solution of potash, to condense the rest of the ammonia.
The U tube for burning the hydrogen is partly filled with palladium sponge and asbestos, and the gas
before entering is mixed with air or oxygen in the measuring-vessel. If it contains small quantities of
hydrogen and methane, from 10 to 20 parts of air are sufficient ; if more, some of the gas may be
diluted with 9 times its volume of air before combustion. It is generally sufficient to pass the gas three
times through the palladium, which at ordinary temperature soon becomes red-hot, and care must then
be taken not to burn the methane as well as the hydrogen. After combustion the contraction of the gas
multiplied by 0.67 gives the percentage of hydrogen. To burn the methane the gas is admitted four
times in succession to the last vessel, and fired electrically. The contraction divided by 2 gives the
quantity of methane, or the resulting carbon dioxide may be absorbed with potash, and the contraction
divided by 3. The remainder of gas gives the percentage of nitrogen.
B. D.
-------------------------------------------------APPARATUS FOR DETERMINING THE OXYGEN IN GASES.
Apparat zur Bestimmung des Sauerstoffes in Gasen. By Karl Molterski. Oesterreichische Zeitschrift
fur Berg- und Huttenwesen, 1899, vol. xlvii., page 164.
The oxygen in the air of the Witkowitz coal-mine in Moravia is determined by means of this
apparatus. The absorption-vessel is filled with phosphorus,
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and surrounded with black paper. It is connected by a three-way cock to the measuring-vessel, which
contains 50 cubic centimetres, and carries a scale marked to tenths of a cubic centimetre. The
measuring-vessel, levelling-bottle a thermometer and an agitator are placed in a cooling-tank, and
there is a supply of water to force the gas from one vessel to the other. It is first admitted to the
measuring-vessel, and the temperature read off, then passed into the absorption-vessel. Absorption
lasts about 3 minutes and is complete when the level of water in the central tube is undisturbed. It
takes place most quickly at a temperature of 68° Fahr. ; at 59° Fahr. all the oxygen cannot be
absorbed.
B. D.
-----------------------------------------------------EXISTENCE OF BORON IN COAL AND ITS ACCOMPANYING ROCKS.
L'existence du Bore dans la Houille et dans le Terrain Houiller du Bassin de Saint-Etienne.
By—
Mayencon. Societe de I'Industrie Minerale, Comptes Rendus Mensuels, 1901, pages 51-52.
If powdered coal, soot, etc., be heated to boiling-point with nitric hydrochloric acid, the operation
being stopped before complete evaporation, and if alcohol be added to the capsule, a flame of
decidedly green colour will be noticed in the dark, on the mixture being ignited, thus, indicating the
presence of boron.
It may be supposed that other coals and their accompanying rocks, beside those of Saint Etienne
contain boron ; but, not being in possession of the necessary samples, the author contents himself with

stating that he found boron in an anthracite used for firing his stove, and also in a specimen of graphite
contained in his collection.
J. W. P.
------------------------------------------------------OPTICAL DETERMINATION OF ORES.
Zur optischen Bestimmung der Erze.
By Johann Koenigsberger.
Centralblatt fur Mineralogie,
Geologie, und Palaontologie, 1901, vol. i., pages 195-197, with a figure in the text.
The author describes an arrangement whereby he obtains polarized light of an intensity of 0.003, that
of natural light being taken as unity. On to a microscope-tube provided with an internal nicol, he screws
a vertical illuminator, that is, a totally-reflecting right-angled revolving prism, and next to this the
objective.
Between the nicol and the vertical illuminator he introduces a Savart plate (consisting of
two plates of calcspar cut at an angle of 45 degrees to their axes, laid crosswise, and 0.238 inch thick),
so orientated that the bands appear in the centre of the field of view. By way of light he uses a
Welsbach lamp or a sodium-flame, and a concentrating lens. On the microscope-bench he places an
ordinary mirror : the bands of the Savart plate should not be visible in reflected light. He claims that he
can distinguish iron-glance from magnetite, and marcasite from pyrite, by means of the coloured or
black interference bands : these are perceived by the time that a portion of the light reflected from the
surface of an anisotropic crystal returns to the microscope.
The author hopes to work out his system more fully, and finally to make it available in mining
practice.
L. L. B.
----------------------------------------[47]
ANOMALIES OF TERRESTRIAL MAGNETISM IN THE GOVERNMENT OF KURSK, RUSSIA.
Deux Sondages profonds et les Anomalies du Magnetisme terrestre dans le Gouvernement de Koursk.
By S. Nikitin. Bulletin du Comite Geologique, St. Petersbourg, 1900, vol. xix., pages 1-26.
As a result of scientific researches extending over a period of a quarter of a century, it has been
shown that the anomalous terrestrial magnetism, discovered by Prof. Smirnow in the Government of
Kursk in 1874, is not manifested only at a small number of isolated points, but ranges with considerable
intensity over vast areas. There are, it is true, certain foci of maximum intensity, as at Nepkhaievo
(district of Bielgorod), Kochetovka (district of Oboyane), Krasnoye (district of Korocha), and Nikolaievka
(district of Schigry). Certain data are available to prove that the phenomenon is prolonged eastward
into the Government of Voronezh.
At Kochetovka, the needle indicates the existence of a local magnetic pole, and Leyst and Popow
held that there must be enormous masses of iron at a depth no greater than 660 feet from the surface
at that locality, as well as at two other magnetic centres (Nepkhaievo and Krasnoye). The Russian
Geological Survey being rather sceptical as to the occurrence of these masses of ore at the localities
indicated, two borings were put down to a depth of 1,200 feet. They pass through Lower Tertiary sands
and clays, Cretaceous chalk, marls and sandstones, but failed to reveal any eruptive or crystalline
rocks or any magnetic ores.
It is evident that the anomalies of terrestrial magnetism are due to causes more complex than had
been supposed, and that it behoves us to make a closer study of all the circumstances which may in
any degree affect the earth's magnetic currents and cause them to deviate from their normal course.
L. L. B.
------------------------------------------THE LANGER HANGING-COMPASS.
Das Langer'sche Hangezeug zur Verwendung des Compasses in Gegenwart von Eisen. By—
Brathuhn. Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii., pages 537-539,
with 5 illustrations in the text.

There are three hanging-compasses at present used in Austria, namely, the Braunsdorf, the Penkert,
and the Reichelt and Lehmann. All of them have hooks, which are hung on to the two cords forming
the angle, and the compass is adjusted by a slide to the point where the two cords cross. If, however
the cords are at different inclinations, the position of the needle will be altered, and the compass no
longer true. It is to obviate this difficulty that the Langer compass has been introduced.
It consists of a pendulum with a small circular frame, in which the compass is suspended, the whole
hanging from a ball-and-socket joint. The top of the pendulum ends in a small point, held in position by
a spring, and the point, axis of the pendulum, centre of the circle, and lower weight must all be in the
same vertical line. The horizontal circle holding the compass turns on pivots at right angles to the axis
of the pendulum. The box of the compass fits into it, and can be adjusted to any given position.
By this compass, great accuracy in measuring the angles is said to be obtained. The hook
supporting the apparatus is attached to a lever so arranged that it can be tightened down on to the
measuring-line, and screwed in the direction of the revolving axis of the circle, and the position of the
instrument
[48]
as it hangs may be varied in accordance with every movement of the line. The pendulum is slipped into
a frame in two parts, which opens with a joint to receive it. The point of the rod above the ball is the
zenith of the angle to be measured, and the line must be stretched tight exactly over this point. This is
effected by a moveable circle of brass on the outside of the frame, carrying a clip ; by turning the circle
the line can be laid straight over the point. Lengths can be measured along the line. The Langer
compass can be used in any mine where there is no iron, a single centreing of the line being sufficient.
It will give any angle ; the swing of the pendulum stops in a few seconds after the line has been
tightened. The instrument, which is illustrated by drawings, costs about £8 in Austria.
B. D.
INSTRUMENT FOR EASILY TAKING THE STRIKE AND DIP OF STRATA.
Stratometer : Apparat zur leichten Bestimmung des Streichens und Einfallens der Gesteinsschichten.
By Prof. —Leyendecker. Gluckauf, 1901, vol. xxxvii. pages 72-73, with 1 illustration in the text.
This pocket-instrument consists of two thin boards, 5 inches (12 centimetres) high by 3 inches (8
centimetres) wide, connected by hinges so as to open like a book, and kept at right angles when a
jointed link connecting their edges is drawn to a straight line. One of the boards has a circular opening,
in which a magnetic compass is so set that it can turn round an axis parallel with the shorter sides ; and
in the other board is a quadrant-shaped opening, the circular edge of which is divided into 90 degrees,
while to the centre of the quadrant, towards the hinged edge and one of the shorter sides, is attached
the cord of a small plummet, so that its point joins the scale when the board is placed upright. In order
to take the strike and dip of a bed of rock, quickly and with sufficient exactitude, the instrument must
be placed on the surface of the rock and turned until the point of the plummet falls on the scale ; and
for this purpose a surface no larger than the hand is sufficient, provided it represents the prevailing
strike and dip. The compass must then be turned round the now horizontal axis until it assumes a
horizon position, which can easily be ascertained by the free play of the needle, when the strike can be
read off from the compass and the dip from the quadrant.
J. W. P.
----------------------------------------------OZOKERITE AND PETROLEUM-INDUSTRIES OF BORYSLAW, EASTERN GALICIA.
Die Erdwachs- und Petroleum-Industrie Boryslaws. By—Seiffert. Zeitschrift fur das Berg-, Huttenund Salinen-wesen im Preussischen Staate, 1901, vol. xlix., pages 87-96.

The petroleum-belt of Galicia covers an area on the northern and north-eastern slopes of the
Carpathians of about 250,000 acres, the richest portion of which lies around Schodnica and Boryslaw.
The occurrence of ozokerite in veins which go deep down is especially characteristic of the last-named
locality. Workable quantities of mineral wax occur also at Dzwiniacz, Pomiarki, and Starunia, but they
are of quite secondary importance in comparison with the occurrence at Boryslaw.
This town lies in the Dniester river-basin, at the very foot of the Carpathians, 1,180 feet above sealevel. The ozokerite is found in the Miocene
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salt-clays, a series of bluish clays, sand and sandstones in which occur also gypsum, rock-salt and
sulphur.
The actual ozokerite-belt occupies here an area of only about 104 acres, but of late the
occurrence of mineral wax has been determined outside this area as well. On the south the Miocene
formation is bounded by the Oligocene menilite-shales : these strike parallel with the Carpathians, of
which they form the outermost edge, and dip from 15 to 45 degrees. The author's own researches
contradict the hitherto prevalent assumption that the Miocene of Boryslaw lies in a syncline ; and he
points out that the ozokerite-veins continue upward into the most recent Tertiary clays, where they split
up and die out.
The ozokerite-industry here may be said to date from the beginning of the seventies : the perusal of
its history reveals a course of events very like that with which we are familiar in the case of some other
mineral-industries. First a sudden boom, followed by wild speculation, wasteful methods of mining the
amassing of wealth by a few men, the untold misery of countless others. No less than 12,000 shafts
were put down within an area of 60 acres, such was the greed of the small landowners and of the
miners to whom they sold their land in little plots.
As neither ozokerite nor petroleum fell within the category of minerals of which the Austrian Mining
Code took cognizance, mining regulations were applicable, and the ordinary law was insufficient to
cope with the illegality and disorder which presently ensued. Drunkenness was rife, and murders were
frequent. Special legislation enforced in 1884 did not entirely mend matters, and the author considers
that the real reform only dates from the mining regulations for ozokerite-mines promulgated on
September 16th, 1897. Meanwhile the possessor of each little plot hastened to get all that he could out
of his shaft, careless whether it would afterwards fall in and make further working impossible or no : he
felt safe until February 21st, 1900, when all workings would have to be put and kept in proper order, in
accordance with the regulations drawn up by the government on the advice of a committee of experts.
The application of these regulations has all but caused an insurrection in the district, as thousands of
incompetent labourers were thrown out of work at a single blow.
At present, three separate companies work the ozokerite by means of 14 shafts on the most
approved principles and with modern plant. As a good deal of forewinning, etc. has now to be done,
the output has provisionally decreased, while the price of mineral wax is rising. Exploration-work is
going on at a depth of 650 feet below the surface, a level which could not be approached by the
unmethodical miners of former days. Another heritage of those bad times is the influx of water into
the workings, which is only kept down by continuous pumping. The evolution of a pit-gas, consisting of
a mixture of methane, heavy hydrocarbons, carbon dioxide, carbon monoxide, and sulphuretted
hydrogen, is of such frequent occurrence as to necessitate very careful ventilation : actual explosions
of any importance have not been recorded, but people have been suffocated or poisoned (126 cases
between the years 1886 and 1896). About 2,500 competent miners (Poles, Ruthenians, and Jews)
are now employed, and a notable increase in this number may be looked for ere long. Above bank
the daily wage is 1s. 3d. for 10 hours' work, and below ground 2s. 2d. for an 8 hours' shift. The
multifarious religious holidays make awkward breaks in the continuity of labour.

With the revival of the ozokerite-industry may be coupled the enormous development of the
petroleum-industry in this neighbourhood. The oil is got by means of borings which increase in depth
from south-east to north-west, a
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proof of the general north-westerly dip of the strata. The output at present is estimated at about 148
tons monthly. The extent of the oil-producing area has not yet been determined, as every year fresh
discoveries are made.
Geologically three zones are distinguished, all belonging to the Miocene
formation : (1) the uppermost and richest, now practically exhausted, down to the depth of 262 feet
from the surface ; (2) the middle zone, between the depths of 1,375 and 1,705 feet ; and (3) the lower
zone, between the depths of 1,970 and 2,460 feet.
In 1899, the output of 80 borings amounted to 16,000 tons, of a value of about £147,000, to produce
which 600 workpeople were employed. Railway communication is excellent, in sharp contrast with the
very bad roads of the district. Foreign enterprise (Belgian, French, British and Dutch) is very prominent
in the matter of new borings and new companies, but very little German capital has been put into the
district so far.
The author considers that a great future lies before the ozokerite- and petroleum-industries of
Boryslaw.
L. L. B.
----------------------------------------METHOD OF WORKING SALT IN THE SALT-DISTRICT NEAR SALZBURG, AUSTRIA.
Ueber die Umgestaltung des alpinen Salzbergbaues.By August Aigner. Oesterreichisch Zeitschrift fur
Berg- und Huttenwesen, 1899, vol. xlvii., pages 463-466, with 1 illustration in the text.
The salt extracted by the present methods of dissolving it out with water has only increased from 3
per cent. to 8 or 10 per cent. during the last fifty years, and the quantity thus produced cannot be
increased without danger to the mines. These salt-mines in their ramifications resemble a spider's
web, and the deeper the workings are carried, the greater the difficulty and cost of supporting them.
Hence the proportion borne by the percentage of salt raised, to the cost of working, will diminish rather
than increase. On the other hand, much more and cheaper salt is required in chemical and other
industries than formerly. The deeper the workings, the more difficult it becomes to raise the 10 per cent.
of salt which forms the margin of profit, and as the need of brine increases, one level after another of
the mines must be abandoned, until the cost of working is altogether prohibitive. It has been proposed,
after hermetically closing the deepest levels, to flood a whole mine with its adits, galleries and weirs,
and to drain off all the brine through a single outlet. This might ruin the mine, and cause it to fall in
completely, and it would be impossible to dam up the brine, and prevent it from percolating through the
fissures and being lost. Nor could the vast quantity of brine in northern Germany take the place of the
comparatively scanty store of rock salt in Upper Austria. The latter, on account of its central position,
and the height at which it is found, should be carefully worked, whatever the difficulties, and there is still
abundance of salt in the mines, particularly at Aussee, Hallstadt, and Hallein, although they have been
worked for 800 years.
This residuum of salt is now left untouched, after only about 3 per cent. has been removed, for want
of a practical method of working it, and the levels have to be supported, while mining is carried deeper
and deeper.
The system is simple and apparently cheap, but it will eventually result in far greater
expense, and may cause a catastrophe, while to keep the mines going from 200 to 300 men are
required. Clearly such a method must be abandoned, not all at once, but gradually superseded by
some better system.
[51]

The writer has already explained how, by excavation and watering, 51 per cent. more of the total
salt-bearing rock (Haselgebirge), and 39 per cent. more of the salt could be extracted, without going
deeper into the mine than at present. He proposes to work the rock-salt in parallel levels, leaving
enough of it standing to support the mine and to excavate all the remainder. It must then be sorted, the
polyhalite, which forms excellent manure, separately treated, and the remainder crushed and dissolved
in water to convert it into full-graded brine. This seems a simple process, yet the few practical
experiments hitherto made have failed.To succeed, they should be carried out on the same lines as
when artificial brine is made in weirs by dissolving salt in water. But instead of soaking the rock-salt,
either above or below ground in a series of vats or weirs, the writer considers that there should be one
central place in each mine dissolving the brine, and that the available water-power should be utilized to
work, crush, and bring the rock-salt to the surface. His process consists of first excavating the mine,
the salt being worked dry, and no water admitted, and then dissolving the product to obtain artificial
brine. By these means 50 per cent. of the residuum left in the old workings is recovered, the mines
are not worked at a great depth, and there are no extensive levels and galleries to support.
Experiments on these lines have been carried out since 1863, and have hitherto failed for two
reasons, first the lack of electric transmission, to utilize the abundant water-power throughout the salt
district, and secondly the want of a good hydraulic cement. The latter difficulty has now been
overcome, and solid structures, impervious to water, can be erected in mines. For the proposed
method the following conditions are necessary:—
To offer as large a surface as possible of rock-salt to the action of the water. Hence it must be
ground very small in a mill, several good types of which are available. The powder must then be fed
into a central shaft, and water admitted simultaneously to dissolve it. The two are thus brought into
contact, and the brine with the turbid residuum sinks to the bottom. To produce a gradual solution, the
central shaft is fitted with baffles throughout its length. Lastly, the dissolving process must be
continuous, water and salt being fed in at the top of the shaft, while the brine and deposit are drawn off
at the bottom through a pipe into settling or clearing-vats. All these processes can be carried out in
one central shaft, sunk in the middle of the mine, a drawing of which is given in the paper. As there
shown, it is 190 feet deep, and has a square section of about 5 feet by 5 feet. It is built of concrete, and
a mixture of Portland cement, and the deposit from the rock-salt itself forms a strong and suitable
material. A mill to grind the rock-salt must be erected near the top of the shaft, and here the stuff, after
sorting out the polyhalite, is ground, and conveyed by a creeper to the shaft.On the opposite side fresh
water continually runs in over the crushed rock-salt and dissolves it, and as the two fall down the shaft,
the salt is said to be completely dissolved before reaching the bottom. The brine is carried off through a
branch-pipe to a deeper weir, many of which are at hand in every salt-mine, and here it is left a long
time for the deposit to settle. The concrete-shaft must be strengthened with iron-plates where the
pressure is greatest. These may be made to fit into wooden ledges, and can be easily taken out.To
clean the shaft, clear water may be run through it, but it is large enough to admit a man. A sump at the
bottom is necessary, which must be periodically cleaned.
The writer suggests as an alternative, to divide the shaft perpendicularly into two, and make it into
two vertical side-by-side shafts, communicating below through the sump. Into the one shaft which
contains the baffles, the
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crushed rock-salt and water are fed at the top ; the discharge is arranged at the bottom of the second
shaft.At the top of the latter is a pump, which pumps back the weak brine as it rises, into the first shaft,
and thus keeps it circulating, while the strong solution of brine and the thick residuum flow off at the

bottom. A uniform ratio should be maintained between the quantities of water and rock-salt fed into the
one shaft, and the brine pumped from the other.
To calculate the cost of such a method of working the salt-mines, the yearly production of brine is
taken at about 2,000,000 cubic feet. To produce 3 ½ cubic feet of brine requires nearly ½ cubic foot of
rock-salt.For this quantity, 1,060 cubic feet of water per day will be necessary, if the ratio of salt to
water is as 1 to 7.A 30 horsepower mill will be required to grind this amount of rock-salt to a size of 1
millimetre in 24 hours, and a shaft of the above dimensions to dissolve it in the way described. For the
power, besides the mill a 30 horsepower turbine, and two 30 horsepower electric motors will be
needed, in addition to the usual pumping-plant. The total cost, including the labour of 18 men, is
reckoned by the writer at about 2.2 shillings per cubic foot of salt.
The chief advantage of this system is not, however, its economy in money, but that by its means the
salt-mines may be worked more cheaply, efficiently, and safely, and on a more regular system in future.
The writer trusts that the new century may open with a determined effort to abandon the present
pernicious methods, and to extract these rich stores of salt on the scientific and economical principles
here indicated.
B. D.
--------------------------------------------VERESPATAK AND ORLA MINES, TRANSYLVANIA.
Die geologischen Verhaltnisse des Verespataker Grubenbezirkes und des Orlaer Szt-Kereszt
Erbstollens. By Alexander Gesell. Jahresbericht der koniglichen Ungarischen Geologischen Anstalt
fur 1898 [1901], pages 178-188.
The district here dealt with, although it covers an area of barely 890 acres, forms the chief centre of
gold and silver-mining in the county of Also-Feher. The predominant sedimentary rock of the district is
the Eocene Carpathian Sandstone with its accompanying red and blue clays ; through it and above it
rise masses of trachyte belonging to three different periods of eruption. Two parallel hill-ranges are
conspicuous features, the eastern consisting of andesite and normal trachyte, the western of quartztrachyte or dacite. Beyond the eastern range rise the two Detunatas, masses of andesitic basalt.
The Orla mines are worked for gold and silver in three different kinds of rock : (1) Tertiary
horizontally-bedded rocks with which are associated thrust conglomerates or breccias ; (2) auriferous
Carpathian Sandstone, which dips at angles varying from nil to 60 degrees ; and (3) orthoclase-quartztrachyte or dacite. The metalliferous ores occur in veins and reefs, those in the sandstone striking
generally northward. In the dacite the veins are very very narrow and their strike varies considerably.
The usual associates of gold here are iron- and copper-pyrites, fahlore, zinc-blende, quartz and
calcspar. A favourable sign of the presence of gold is the impregnation of the country-rock with a
metalliferous ore, chiefly pyrites. The veins which tend to flatten out towards the horizontal are always
richer than the steeply pitching veins, and this is explained on the hypothesis that the metalliferous
solutions which by infiltration filled the rock-fissures deposited their contents more slowly and tranquilly
in the flat than in the steep fissures.
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The native gold-silver alloy occurs in scales in the calcspar, or on the walls of druses in flaky crystals
and moss-like aggregates. The native gold of this district generally assays to 16. 5 carats fine. The ironpyrites is frequently auriferous and the three varieties of country-rock previously mentioned are more or
less impregnated with gold in the neighbourhood of the fissures. As a rule the richest occurrences are
where the steep and the flat veins intersect and where the country-rock is moderately hard. It is
interesting to note that in the case of the Katroneza reef, gold forms the cementing-material of the
breccia.

The mines are worked at depths varying from 46 to 328 feet below the surface, and it is questionable
whether it would pay to open up deep-level mines, on account of the increased cost of pumping and
haulage consequent thereon. In any case, the author recommends that no decision be taken till trialborings have been made down to the basement or crystalline rocks : these would show how far the
veins or reefs extend in depth.
L. L. B.
--------------------------------------------THE OCCURRENCE AND UTILIZATION OF AMBER.
Ueber das Vorkommen und die Verwendung des Bernsteins. By P. Dahms. Zeitschrift fur praktische
Geologie, 1901, vol. ix., pages 201-211, with 3 figures in the text.
The author points out that the probable age of the true amber or succinite of the Baltic coast of
Germany is Eocene, but its original matrix or locus has never yet been traced. It is true that succinite
occurs in association with other varieties of amber and organic remains in the so-called (Lower
Oligocene) "blue earth" of north-western Samland, and it is often a characteristic constituent of the driftmarls over the whole of the area occupied by them.
Details are given as to the Lower Oligocene rock-succession in north-western Samland, and a typical
section is figured. The amber found in the overlying Miocene may be regarded as a remanie derivative
from the Oligocene glauconitic earths. So too it has been washed out of the Miocene into the glacial
drifts, and out of these into sub-recent alluvial deposits.
The old Eocene forests are then described, from the conifers of which amber was doubtless derived
; in these forests, the "pathological condition" of the trees was the rule, healthy growth being the
exception.It was by a kind of normal reaction against the injuries inflicted upon them by wind and
weather, vegetable parasites and saprophytes, insects, etc., that the trees exuded the resin which now
forms amber. This process probably went on for many centuries. Besides succinite there are varieties
of fossil resin distinguished as gedanite (which presents on its surface a dusty, rubbed appearance),
krantzite, glassite (generally brown, and semi-opaque by reason of numerous little spherical
inclusions), stantiennite or black resin, and beckerite or brown resin. The two last-named varieties are
absolutely opaque.The true amber or succinite is transparent, translucent. or translucent merely along
edges. Yellow is its prevailing colour, but there are many gradations to orange and jacinth-red.Some
specimens are brown, violet, green, milky to chalky white, or water-clear.It is distinguisned from all
other fossil resins by its high percentage of succinic acid, 3 to 8.
A map showing the area over which amber is known to occur in Europe includes the coast of East
Anglia in the west, and the northern shores of the Caspian in the east ; it reaches the Arctic Ocean in
the north and the Black Sea in the south.
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A short summary is given of the works wherein this widespread occurrence is dealt with, and a very
full, though even so, incomplete list of the Prussian localities is tabulated.
The author then enters into the statistics of the amber-industry, and describes briefly some of the
methods of preparation and "improvement" of the raw material for commercial purposes (such as
simmering in oil, compression of small fragments into the mass known as "ambroid, ''etc.).
L. L. B.
--------------------------------------MINES OF THE ATLIN DISTRICT, BRITISH COLUMBIA.
The Quartz-lodes of the Atlin District, British Columbia.
By R. H. Stretch. The Engineering and
Mining Journal (New York), 1900, vol. Ixx., pages 370-372, with map and plan.
Two years ago, this region was unexplored, and even to-day, actual surveys give but a skeleton.
Precise delineation of minute geological features of a region having an area of 2,400 square miles

cannot be given ; but in general terms all the country south-west of a line drawn through the middle of
Lake Bennett nearly parallel to the Lynn Canal watershed is granitic, with a broad flank of schists,
quartzites, and diabases on the north-east flanks of this backbone, followed in ascending series in the
north-east, broken only by a minor granitic axis near the head of Surprise Lake, which is more or less
parallel to the major coastal uplift. The coast granites have fissured the sedimentary rocks and show
many intrusive tongues, so that they are of comparatively recent age, while both granites and
sedimentaries are seen to be cut in the Skagway valley by dykes of quartz-porphyry.
Similar
phenomena may therefore be expected in other localities not yet explored. Many large areas of the
sedimentary series have suffered but little tilting. No fossils appear to have been found as yet. At many
points throughout the region, ancient beach-terraces cling to the mountain-sides up to an altitude of
500 feet.
The ores assay well, from £1 5s. to £10 8s. (6 to 50 dollars) chiefly in gold, and the oxidized
arsenical outcrops show well in free gold. On the Lake Too-chi slopes, these ores seem to have
formed fairly good placers, showing that in all probability large numbers of similar lenses have been
worn down by the glaciers at the heads of these canyons.
Considerable masses of native copper occur in an easily traceable dyke (?) associated with quartz.
At the extreme south end of Lake Atlin, outcrops of nickel silicate have been found extending on both
sides of a small stream for 2 or 3 miles. All the ores so far seen from localities near Lake Atlin show
profound structural and chemical changes in the rock-formation ; all are found in a series of schists,
quartzites, and diabases, cut by dykes, and the tendency to pass into serpentines is everywhere
present. From localities further east, the writer has seen very fine samples of auro-argentiferous
galena in white quartz giving assays of about 0.6 of gold and 45 ounces of silver to the ton. In the
country between Taku Arm and Goat Island, a fine series of complex ores have been found carrying
apparently grey copper, arseno-pyrite and galena in a quartz-gangue.
X. Y. Z.
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APPENDICES.
--------------------1. ---NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE
TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND FOREIGN
PUBLICATIONS.
---------------------MINING INDUSTRY OF GREECE.
Das Berg-, Hutten- und Salinenwesen Griechenlands.
By A. Cordella.
Zeitschrift fur das Berg-,
Hutten- und Salinenwesen im Preussischen Staate, 1901, vol. xlix., pages 351-382.
The first part of this memoir deals with all known occurrences of useful minerals in the Hellenic
kingdom, and the geological and other characteristics of the deposits. The second part is devoted to
the statistics of output, and also those of import of fuel, etc., necessary for the treatment of ores and for
metallurgy in general.
The third part is a historical sketch of the gradual development of mining and
metallurgical industry in Greece ; a point upon which none can be better qualified to speak than the
author, who is a mining-engineer resident in Athens, formerly general manager of the Laurium mines,

and personally connected with the industry in that country since 1861.That year was marked by the
issue of a mining code, based on French mining legislation ; and thenceforward up to 1882, hundreds
of concessions were granted. From 1882 to 1891, the Hellenic government stopped any further such
grants ; between 1891 and 1898, five concessions in all were granted, and then in 1898 the Zaimis
ministry granted more than 40, with the intention of promoting mining enterprise.The present
government is busied with the preparation of a new mining code, based on Prussian legislation.
The occurrences of gold are of no practical importance. Silver-ores have been worked among the
liparite-rocks of Milos. Lead-ores are worked at Mykonos and Siphnos, as well as in Laurium
(argentiferous) : they are found at many other localities. Zinc-ores are worked in Euboea, Antiparos,
Siphnos and Laurium ; workings in other localities have been abandoned. Copper-ores are worked in
the Othrys mountains, and exploration-work has been done on them in many other places. Rich ironores are worked in Antiparos, Scriphos, Thermia, Siphnos, Skyros and Laurium, also near Athens and
Marathon ; manganese-ores in Milos, Andros and Laurium, and they have been recently discovered at
Othrys and Arolos.
Among the serpentines and gabbros, rocks of very widespread occurrence in Greece, chromite is
constantly found. In many places, the deposits have been worked out, but mining operations are still in
progress at Lamia (ore containing 30 per cent. of oxide of chromium) and Triangli in Thessaly. Rich
chrome-iron-ore deposits with magnetite- and copper-ore are stated to occur at Neochori in the Pelion
range. The corundum or emery-mines of Naxos are State property, and the right to work them belongs
to the communes of
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Apiranthia and Koronis ; the State pays to these communes about 32s. for every metric ton of emery
produced and delivered to its agents. So too the gypsum-quarries on Milos are State property : the
mineral is usually purchased for for "plastering" the resinous wines of the country.
No workable deposits of rock-salt have been found in Greece as yet, and about 28,000 metric tons
yearly are evaporated from sea-water in salt-pans along the coast. This salt is a Government
monopoly. The pure dry salt of Milos constitutes an exception : it is got from warm brine-springs.
Brown-coal or lignite is worked in the younger Tertiary deposits of Euboea, Oropos and Megara. In
the first-named island, the rich mines of Kumi are less than 4 ½ miles distant from the coast, and show
seams, from 3 ½ to 11 ½ feet thick, extensively developed in the Pliocene beds. The lignite-deposit of
Oropos is 23 feet thick.Moreover lignite has been recently discovered near Athens itself, and at
Makirkomi, Gardiki, etc.
Native sulphur has been got from weathered porous trachytes at Pherlingos on the eastern side of
Milos, for the past 40 years. It occurs in thick bed-like masses, and is treated on the spot in Doppioni
ovens.
Greece is extremely rich in statuary and other marble. Both varieties are still being quarried in
Paros, and the quarries of Naxos, Skyros, Euboea, Attica, the Peloponnesus and Thessaly are of
considerable industrial importance. It is interesting to note that many of these are worked by English
companies.
From the tables of statistics, the inference may be drawn that, while the zinc-production of the
country has declined, the output of iron-ore has increased enormously. The decline in zinc is largely
attributable to the pinching-out in depth of the great ore-deposits of Kamaresa, and the rich ores of
former years, which were wont to yield 60 per cent. of metallic zinc on roasting, are now very scarce.
On the other hand, the plumbiferous and manganiferous iron-ores discovered within the last 15 years in
the northern and eastern portions of the Laurium mining-field seem likely to furnish a large output for a
long time to come.

The modern development and revival of mining industry in Greece may be said to date from the year
1864, when a French company started works at Ergasteria with the view of smelting for lead the
materials of the enormous cinder- or slag-heaps left by the ancients around the old silver-mines of
Laurium : these slags amounted to more than 1,500,000 tons, containing from 5.5 to 14 per cent. of
lead and a fair amount of silver. From this it was an easy step to work fresh ore-deposits in the same
area, not to speak of the heaps of formerly rejected vein-stuff found round old shafts, etc. (6,700,000
tons containing up to 10 per cent. of lead and 2 ½ parts per 1,000 of silver).
The geology of the Laurium district may be briefly stated as a succession of micaceous clay-slates
and limestones of Cretaceous age overlying crystalline mica-schists and marble. Among these occur
the ore-deposits, partly in narrow veins, and partly as "contact-zones.”
The marble is the "farewell
rock" of the metalliferous series, and itself chiefly contains zinc-ores. The hematites of Siphnos,
Kythnos and Grammatiko are in the main fissure-veins in limestone : these ores do not continue into
the underlying mica-schists.
L. L. B.
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COAL-MINING AND METALLURGICAL INDUSTRIES OF RUSSIA.
Die Metallurgische und die Kohlen-industrie in Russland. By E. Davidson. Zeitschrift fur das Berg-,
Hutten- und Salinenwesen im Preussischen Staate, 1901, vol. xlix., pages 114-76.
The first portion of this exhaustive paper (which is compiled from an official publication issued under
the auspices of the Imperial Ministry of Finance) deals with the more recent developments of the ironindustry in Russia. Up to the end of the seventies, mostly foreign materials and machinery, imported
duty free, were used in building the railways ; but the Government then stepped in, and besides issuing
decrees which compelled the railway-companies to give their orders to the hitherto neglected homeproducers, itself gave large orders for locomotives, wagons and rails, established premiums for
locomotives built entirely of Russian materials, and for steel rails made from Russian ores, and raised
the duty on foreign engines and tenders. Nevertheless, the statistics after seven years showed that out
of 21,250 miles of railway, only about one-third was laid with "Russian" steel rails, and the greater
number of these were made by working up old foreign iron rails : the percentage of genuine homemade steel rails from Russian ores on the Russian railways being only 23.9. To secure this meagre
result, the Government had paid away £2,258,612 in premiums.
Meanwhile in Poland, the successive raising of the import duties on foreign pig-iron in 1884, 1885,
1886 and 1887, fostered the growth of the native iron-industry in that portion of the Russian empire.
Coal is got in the Sosnowice-Dombrowo basin, and rather poor iron-ores from the provinces of Radom
and Kjeletz, coke alone being imported from Silesia on account of the unsuitability of the native coal for
coking purposes. Ore is brought from Krivoi Rog in southern Russia to enrich the Polish ores. A brief
description is given, with statistics of output, etc., of the principal ironworks, rolling-mills, and
engineering shops in western Poland, testifying to the enormous industrial development which has
taken place there within the last fifteen years.
But the vast area of the Donetz coal-basin and the rich iron-ore deposits (67 per cent. of metallic
iron) of the province of Yekaterinoslav (not to speak of its manganese-ores, limestones, dolomite and
refractory earths) seemed to mark out southern Russia as the natural centre of a great iron- and coalindustry. At intervals from 1797 to 1870, the Government made a series of attempts, mainly
unsuccessful, to start ironworks on its own account ; and then it was decided as a last resource to
encourage private enterprise. Between 1870 and the middle of the eighties, only two ironworks existed
in southern Russia, belonging to the New Russian Company (founded by a British subject) and Mr. D.
A. Pastuchow. The then available supply of iron-ore was too small to permit of continued development

of the industry, but the situation was saved by the discovery of new ore-deposits at Krivoi Rog. This
discovery was due to the indomitable energy and perseverance of a local landowner, Mr. A. N. Paul.
The Russian government and Russian capitalists proving alike sceptical and obdurate, he obtained the
help of foreign capital, and from that time may be said to date the vast industrial development which is
in process of transforming southern Russia. At present, 29 blast-furnaces are at work, and 12 more are
in process of erection : all but 3 or 4 of these are financed by foreign capitalists. The foregoing
numbers include only the larger works—there is in addition quite a swarm of small factories, machineshops and rolling-mills, but no pig-iron is produced at these smaller establishments. With regard to the
production of pig-iron in the whole of Russia, that was nearly quintupled
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between 1885 and 1898, and among the iron-producing countries of the world, Russia advanced from
the seventh place which she occupied in 1887 to the fifth place in 1898, leaving Belgium and AustriaHungary (once her superiors) far behind. This progress is mainly traceable to western Poland and
southern Russia.
Elaborate comparative statistics are tabulated of the production of iron and steel in
the various districts of the empire, and it is plain that the Ural is not likely to regain its former
predominance in that respect (at least as regards steel). About 68.6 per cent. of the total consumption
of these metals in Russia is of home production, 31.4 per cent. being imported from foreign countries.
Thus, despite the fact that the Russian output has increased more than fivefold since 1870, the
demand has outstripped the supply. And yet, calculating according to the number of inhabitants,
Russia comes last in the list of great consumers of pig-iron. It is true that prices there remain in a
relatively high level : for one thing, the cost of production is greater than in western Europe, and the
feverish activity of the demand helps to stiffen the market. In the matter of technical efficiency, the
ironworks of southern Russia can challenge comparison with the best of any country.
Compared with other districts, the Urals, despite the fine quality of its ores, is at a disadvantage (1) in
the matter of fuel, wood and wood-charcoal being the staple fuel, though it is possible that the use of
naphtha may bring about great changes ; (2) in the heavy cost of transport and often unsatisfactory
means of communication ; (3) in want of enterprise and backwardness in technical matters (as, for
example, the continued use in many cases of cold blast). It has been pointed out that there are still vast
forests which could be made available for fuel, and these would allow of new ironworks being erected
in the Urals, but the details given in the paper show that a general "smartening-up" is necessary, in
point of technical efficiency, for the metallurgical industry there to have any hope of competing
successfully with its rivals elsewhere.
Turning then to the coal-industry, the author remarks that its extraordinary development in southern
Russia and western Poland is intimately associated with that of metallurgy in the same areas, it is in
fact both a cause and a consequence. From one quarter to one third of the quantity of coal sent off by
railway from the Donetz basin is consumed by iron- and steel-works : moreover, 125,000 truck-loads of
coal are used annually by similar works established close to the collieries.
The Dombrowo coal-field in Poland has increased its output ninefold within the last 20 years, and the
entire coal-production of the Russian Empire increased from 4,504,301 tons in 1886 to 9,167,273 tons
in 1896—nearly the whole of this total came from the Dombrowo and Donetz basins. But that, even so,
the demand far exceeds the supply may be inferred from the statistics of imports : the importation of
coal reached a culminating-point between 1883 and 1885, then sank somewhat till 1893, when it began
again to increase, and now overtops the totals of 1883-85. Most of the imported coal comes in by the
Baltic ports : importation by the Black Sea appears to be stationary, not to say declining.
A list is given of 15 of the principal collieries of the Donetz basin, with their estimated output for
1899.
This represents three-quarters of the total annual output of that coal-field, the remaining 73

smaller collieries accounting for only a quarter of the output. The greater number of the chief collieries
belong to foreign capitalists. The amount produced for each workman employed is at present smaller
than in western Europe, as the most advanced technical methods are only slowly making their way, in
the Donetz at least. In the Dombrowo coal-field technical efficiency is more highly developed, and coal
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is being worked at deeper levels. As the smaller concerns are being gradually absorbed into bigger
companies, the above-mentioned disadvantage is by way of being overcome. The detailed list of the
chief collieries of the Dombrowo basin shows that 9 out of 18 pits are worked by foreign companies,
and they account for five-sevenths of the total output of that basin.
The question of cost of production and selling-prices of Russian coal is discussed at some length,
and the author then proceeds to consider the future which lies before the metallurgical industry in that
country. The latest forecast as to the probable duration of the Krivoi Rog ore-deposits predicts their
exhaustion within 27 years, but the author is hopeful that they can be supplemented and ultimately
replaced by the ores got from the Donetz basin, from the Kerch Peninsula, from Korsak-Mogila and
other localities in southern Russia, and from Transcaucasia. Moreover, by that time, the Ural and the
Donetz will be possessed of greater facilities for interchanging coal and iron-ore than at the present day
: he considers, for instance, that it will pay to bring by rail into the Donetz the enormously rich ores of
Bakal. He dismisses the idea of importing foreign ores as unsuitable to the particular natural conditions
of the Russian empire, and claims that with Russian ores alone, other centres of metallurgical industry
can be created within the empire besides that of southern Russia.The practical monopoly at present
enjoyed by the last-named region is not altogether desirable from the economic stand-point, and
foreign capital and enterprise are infusing new life into northern Russia and the Ural.
L. L. B.
-----------------------------------------DONETZ COAL-FIELD, RUSSIA.
Contribution a l'Etude du Bassin houiller du Donetz, Russie meridionale. By A. Fouret. Comptesrendus mensuels des Reunions de la Societe de l'Industrie Minerale, 1901, pages 80-83, and 3
plates.
Geological maps of the Donetz coal-field show as its western boundary a line following a little to the
west the railway between Marioupol (a port on the Sea of Azov) and Slaviansk, passing through
Jassinovataia, Constantinovka, Droujkovka and Kramatorovka ; but the object of the present paper is
to show that this boundary may be set back towards the west by nearly 25 miles, thus increasing by
about 80 square miles the extent of this vast coal-field, which is now credited with an area of 1,280
square miles. The author calls this addition the Krasnogorovka district from the name of the most
important village that occupies its apparent centre.
Explorations made since 1889 have shown that the eastern group of seams continue regularly on
the west ; and several important seats of working have lately been founded on the west of the railway
mentioned above, being connected with it by standard-gauge branches, so that the development of the
collieries may be said to have constantly progressed from east to west during the last twenty years.
The western group is much disturbed by a large fold, which may be said to cause it to make a right
angle with the southern group of which it is, however, undoubtedly the continuation ; and this group
comprises a great many seams (that are worked at several points) generally occurring at slight depths,
the Coal-measures being overlain by a slight cover of sterile rocks.
The number of seams comprising the Donetz coal-field is put at 100 ; and they contain the whole
series of coals from anthracite to lignite. It may be observed generally, though not absolutely, that the
coals become more and more
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bituminous from west to east ; and, indeed, as working has been carried deeper, seams have been
encountered affording coal suitable for making gas and blast-furnace coke. Most of the seams are
characterized by a low ash-content with a rather high content of sulphur and volatile matter ; and,
generally speaking, they can all be utilized for industrial purposes. The following table gives a mean of
the leading particulars of the coals in the three groups of seams:—
Group.

East
East-north-east
West

Ash.
per cent.

Sulphur.
per cent.

Coke.
per cent.

Volatile Matter.
per cent.

3.25
4.65
3.86

0.92
1.77
1.93

66.09
57.31
47.20

27.46
33.60
48.90

J. W. P.
-------------------------------------COAL-MINING ON THE ISLAND OF SAGHALIEN.
Der Steinkohlenbergbau auf der Insel Sachalin. By F. F. Kleye. Oesterreichische Zeitschrift fur
Berg- und Huttenwesen, 1900, vol. xlviii., pages 573-577.
Although the coal-deposits at Due, comprising several 2 to 3 feet seams, have been worked in an
irregular manner ever since 1852, the difficulty in the way of obtaining concessions (owing to the
attitude of the authorities of the penal settlement), and other causes, have hindered the development of
the mining industry until very recently, and it was only in 1899 that the shipments of Due coal attained
the amount of 1.5 million poods (of 33 pounds).
A second coal-field was opened up in 1891 at Mgatsch, the output from which totalled 800,000
poods in 1899. Two other deposits have been found at the mouth of the river Ssurutura, on the east
coast, and between the rivers Sertunai and Noijassi, but are not worked, there being no good harbour
at the former place, whilst in the other case the coal-seams are full of gas and faults.
Due coal belongs to the class of sintering coals, and is considered the best coal in the East for forge
and factory purposes, but is too full of smalls and too smoky for marine boilers. The heating value (airdry) is 8,249 calories ; and the yield of coke, 65 per cent. Mgatsch coal, on the other hand, is harder
and larger, does not sinter, and produces merely a light, greyish smoke. Tests made with this coal in
the Russian Pacific fleet shewed that it was good for steam-raising, the flame being regular and of
medium length, and the consumption about 20 per cent below Due or Takasima coal, whilst, unlike the
latter, there is no corrosion of the fire-brick furnace-linings. The heating power is 7,174 calories ; and
the percentage of combustible matter 87.93, with 10.2 per cent. of ash, and 1.87 per cent. of moisture.
Compared with Cardiff steam-coal, the consumption is as 13 to 10.
In view of the mutually complementary character of Due and Mgatsch coals, the two producing
companies have arrived at a working agreement, it being found that a mixture of the two kinds gives a
better steam-raising product than either alone, with less smoke, being in fact only about 10 per cent.
inferior to Cardiff steam-coal.
C. S.
-------------------------------------[61]
TIN-ORE DEPOSITS IN BOLIVIA.

L'Etain en Bolivie. By Maurice Frochet. Annales des Mines, 1901, series 9, vol. xix., pages 186222.
The present annual output of the Bolivian tin-mines averages 3,000 tons, but it is thought that, if fully
worked, with all the necessary plant, etc., they could produce as much as 100,000 tons of barilla or
crushed ore per annum. The recent rise in the price of tin has stimulated the working of the Bolivian
deposits to an extent previously unknown, and there are now 35 tin-mines at work in that country.
Dearness of fuel, bad roads, the great cost of the upkeep of machinery and the high wages
commanded by such workmen as can be trusted to look after the machinery "take the gilt-edge off" the
mine-owners' profits. Even then the small margin of profit is still further reduced by taxes and export
duties : such is the pitiful picture limned by the mine-owner anxious to obtain special exemptions from
the State. Nevertheless the growing demand for tin, due to its extended application in various
industries, will make that metal one of the principal sources of the future wealth of Bolivia.
The tin-producing districts are grouped along the western slope of the inland Cordillera, east of the
Bolivian plateau, from latitude 16 degrees south to 21 degrees south, over a length of about 300 miles.
No such deposits are known in the coastal Cordillera, nor in Peru nor Chile. The district which at
present yields the largest output is that of Oruro : the geological conditions are varied in the extreme,
and each mine reveals different features, both, in that respect and in the matter of quantity and quality
of ore. The Huanuni mine is credited with two-thirds of the entire annual production of Bolivia. Here
the veins are very irregular and seem to form a sort of stockwork in Mount Poscovi (10,500 feet) and
the beds across which they cut are much faulted. In a neighbouring slate-mountain, the principal veins
recur, but are there associated with arsenical pyrites.
The mineralization of the veins varies too ; while in most cases at depths of 130 and 160 feet the
cassiterite gives place to stanniferous pyrites, one of the principal veins which crosses the summit of
mount Poscovi, is filled with pure tinstone down to a depth of 650 feet or more. The pyrites is crushed
and roasted (the fuel used being taquia or lama-dung, with about 20 per cent. of the calorific power of
coal), before being washed. Some 9 miles south of Huanuni are the mines of Challa and Apacheta.
Here, an extraordinarily thick vein occurs (25 to 30 feet) which can in parts, where pyritiferous, be dug
out with a spade. In this neighbourhood, too, are many stream-tin deposits or veneros, a few of which
have been worked in a rather perfunctory way. About 50 miles north-west of Oruro lies Colquiri, where
the Spaniards used to work the silver-ores, but neglected the tin. This is a remark which applies to a
great many similar ore-deposits all over Bolivia : the old Spanish workings are plainly seen to have in
part exhausted the silver-bearing veins, while the cassiterite-veins close at hand remain untouched to
the present day. In the great mountain-massif of Tres Cruces (20,000 feet above sea-level), the
Sayaquiri vein is worked ; it is 25 feet thick, and the cassiterite of rather poor quality is associated with
iron-pyrites and wolfram, sometimes, however, the ore is crystallized and assays to 70 per cent of
metallic tin. But these veins are so high up in the mountains that they are covered with snow for a good
half of the year, and they are inconveniently far from any streamlet that could be used for washing the
ore, etc. The Avicaya mines are very productive and there the country-rock is a compact porphyry. The
veins are regular, and the ore is of good quality. The tendency of the cassiterite to pass in depth into
stanniferous pyrites is very general in Bolivia.
[62]
In the department of La Paz, the mines of Milluni, Huayna Potosi and Chacaltaya are all situated on
one ore-belt, some 12 miles in length. The veins appear to be of very recent origin, for they occur very
near fossiliferous gypsum-bearing beds and red clays which have been faulted by the disturbances that
ridged up the neighbouring Andes. No doubt the same disturbances produced the great fissures now
filled with tin, bismuth, iron, silver, lead and zinc-ores, amid slates of Silurian or even pre-Silurian age.

At Milluni, out of 15 proved veins, only two or three have been worked up to the present, and at Huayna
Potosi, out of a similarly large number, only two veins have been touched. The recent influx of new
capital will bring about great changes in this respect.
At Viloca near Araca, rather more than 60 miles from La Paz, some very rich stanniferous veins have
been discovered lately. The frequent association of bismuth with the tin-ore seems to be a marked
characteristic of these deposits in the department of La Paz.
In the famous district of Potosi, tin is a very common associate of silver. Some mines have been
worked for tin, but are now abandoned (Porco, Marangua and Ocuri) : yet payable veins, hitherto
untouched, are abundant.
The author then describes the treatment to which the ore is subjected in Bolivia to make it available
for export. It is sorted, crushed, washed over sieves, etc., until a very concentrated ore is obtained. The
methods employed are slow, and involve much manual labour (which is cheap). Of late years,
however, improved mechanical arrangements have been introduced, and much machinery has been
imported from the United States. Some of the poorer ore is roasted, besides being sorted and washed.
The actual workers in the mines are cholos or half-breeds. The native Indians are only employed on
such work as befits unskilled labourers or navvies : they are paid 2s. to 2s. 6d. per day of 12 hours,
and the women (who wash the ore) 1s. 3d. to 2s. Miners' wages range from 3s. to 4s. 2d. per diem.
Heavy export-duties are levied on tin (whether in metal bars or in the form of the concentrated ore,
barilla) and on bismuth, and as they constitute an important item in the Bolivian revenue, it does not
appear likely that they will be repealed. The railway from Oruro to Antofagasta on the Pacific coast (but
in Chilian territory) being now open, freights are more reasonable than formerly, the present rate being
65s. per ton. To this must be added the cost of bringing the ore by pack-mules or lamas from the
mines down to Oruro. In conclusion, it may be interesting to note that Bolivian tin-ores are not directly
associated with plutonic granites, but they appear to have some genetic relationship with the thermal
springs (holding metallic sulphides in solution) which were the outcome of the Cretaceous and Tertiary
volcanic eruptions.
L. L. B
---------------------------------------------MINING AT ROSSLAND, BRITISH COLUMBIA.
Mining Practice at Rossland, British Columbia : The Methods of Development at War Eagle and Centre
Star. By R. B. Brinsmade. Mines and Minerals, (Scranton, Pennsylvania), 1901, vol. xxi., pages
363-367, with 18 illustrations in the text.
Mining in Rossland has been in some part carried out by engineers from Butte, Montana, but the
different geological and topographical conditions prevalent at Rossland have necessitated a radically
different method from that in use at Butte City. The practice followed at the Centre Star and
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War Eagle mines is typical of the methods of the camp, and is, in the main, the practice outlined by the
writer. The country-rock is a hard igneous formation, mostly diorite, containing the fissure- and shearveins worked. The strike of the veins is east and west, with a dip to the north of 50 to 70 degrees.
The rock is very dense, hard to drill, and tough to break, causing a large bill for drilling and powder ; but
to compensate, no timbering is required to support the excavations. The values of gold and copper are
contained in pyrite, chalcopyrite and pyrrhotite, distributed through the pay-shoots in irregular masses.
The mines have been developed by running inclines along the dip of the vein and from these inclines
driving horizontal drifts along the strike at intervals of 125 feet. The stopes vary from 5 to 13 feet in
width.
The vein-structure is complicated by numerous dykes and faults and the diamond-drill is
employed to find the continuation of the vein, as well as to evaluate the ore-bodies when discovered.

Two sizes of diamond-drills are used, one with a bit of 2 1/8 inches outside and 1 3/8 inches corediameter, and the other with 2 1/8 inches outside and 15/16 inch core-diameter. The machines, being
seldom used for boring over 300 feet deep, are set on two vertical bars jack-screwed against the rockwalls, and are run by compressed air from the percussion-drill mains. The holes are cored throughout ;
the core-barrel is 5 feet long, but in careful sampling it is sometimes pulled out for every 6 inches of
advance. The drilling-engines are screw-fed, and fitted for 300, 700, and 1,000 revolutions per inch of
advance. Their ordinary speed is 300 revolutions per minute. Water is pumped through the drill by a
small independent boiler-feed pump run by compressed air. The average progress is 1 foot per hour.
When drilling in ore, sludge-samples are taken by running the discharged water into a tin-pail in which
the sludge settles out. The Rossland rock is very hard on bits and diamonds ; it occupies the time of a
skilful bit-setter to keep one drill running and the wear of carbons is somewhat less than 1/64 carat per
foot of hole drilled. Each bit will drill about 12 feet only before re-setting is necessary.
The writer describes the methods of drifting, stoping, raising, etc., employed at Rossland. In a
particular case of wide stoping, a large ore-body was attacked in successive sections, the drills were
set on tripods, the holes were 5 feet deep, and as many as 100 holes were blasted on the bench at one
firing. The square-set method of timbering has been adopted for the wide stopes of the Centre Star
mine. This is similar to the system pursued in the wide veins of Butte, with the exception that the
timber in Rossland is used as a platform for drilling and loading, and has little or no function as a
support of the excavation.
X. Y. Z.
--------------------------------------------GOLD-MINES OF OVALLE, CHILE.
La Mineria en Ovalle. Anon. Boletin de la Sociedad Nacional de Mineria, 1901, series 3, vol. xiii.,
pages 28-29.
The district of Ovalle forms part of the province of Coquimbo, and lies on the Pacific coast, a few
miles south of the estuary of the Limare. The principal group of ore-bodies is formed by three parallel
veins, striking south-east and north-west at intervals of a few feet, and varying in thickness from 23 to
39 inches. There have been worked irregularly down to a depth of 160 feet or so, yielding at that depth
30 parts of gold per million, but there the workings were stopped on account of defective ventilation and
the increased cost of labour the deeper down one got. The present owners have.
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not sufficient capital to work the mines in accordance with modern methods, and they content
themselves with taking out of the surface-workings the ore that was not considered good enough by the
old miners. The gangue is soft, easily crushed, and contains very little pyrites : the country-rock is slate.
There is, however, a mine about ¼ mile away from those first described, which is regularly worked
by means of shafts and galleries, and is the only one so worked in the district. So far they have only
gone down to a depth of 200 feet below the surface. The vein is parallel with those of the principal
group, and varies in thickness from 30 to 40 inches. A small amalgamation-plant, with a Huntington
stamp has been erected here, and power is furnished by means of a Babcock-and-Wilcox tubular
boiler. The ore contains, at the depth
mentioned, 20 parts of coarse gold per million, which on
treatment yields 60 to 65 per cent. of fine gold (of grade 850 to 870). Of the remaining 35 per cent., it
is calculated that about three-quarters could be recovered by the MacArthur-Forrest process. The fuel
used (a sort of cactus) is cheap and abundant : the cost per horsepower per 24 hours is about 11d.
There is a small harbour about 1 mile from the mine, which has already been used for landing
machinery. The mine-waters (used for the boiler and for the amalgamation-plant) contain a good many
salts in solution ; in very rainy seasons the amount of water in the workings becomes inconvenient, but
in ordinary seasons the water which has to be dealt with in the mines does not exceed 875 cubic feet

per diem. Miners' wages average 1s. 10d. a day, plus a ration of food of the value of about 4d. Many
other veins are being worked in the district, but in so superficial a manner that, although the quartz is
rich in gold, they yield very little profit.
L. L. B.
-----------------------------------ZINC-LEAD DEPOSITS OF SOUTH-WEST ARKANSAS.
The Zinc-lead Deposits of South-west Arkansas. By Wm. B. Phillips. The Engineering and Mining
Journal (New York), 1901, vol. Ixxi., pages 431-432.
The zinc-lead mines of Sevier county, Arkansas, are now being developed. The vein appears to be a
true fissure in black slate ; it is from 3 to 6 feet wide, bears a few degrees east of north, dips northward
at 45 degrees, is persistent and strong, and carries more mineral in the lower than in the upper levels.
In the neighbourhood, belts of black slate having the same bearing are traceable for miles and form
the valleys of the region. At intervals, they are traversed by igneous dykes, and diamond drilling will
determine the influence of these upon the nature and occurrence of the ore. There is no present
evidence of the faulting of the ore-body.The ore is a mixture of zinc-blende, galena, chalcopyrite and a
little pyrite, with willemite and smithsonite sparingly present. The gangue is well crystallized quartz and
fragments of slate torn off the walls.
The separation of zinc-blende from the iron-bearing minerals by water classification is a difficult, if not
impossible, task. The problem will have to be attacked from another direction and it is thought that the
most
encouraging outlook is towards roasting and subsequent magnetic separation. The basis of
sale of zinc-ore at Joplin is 60 per cent. of zinc and 1 per cent. of iron. For each 1 per cent. of zinc
below 60 and for each 1 per cent. of iron above 1, there is a penalty of 4s. 2d. (1 dollar) per ton. It is
therefore of the utmost importance that the zinc-ore should be as free from iron as possible. The writer
does not know of a more interesting problem in concentration,
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nor one of greater importance, than the separation of iron-bearing minerals from zinc-blende.The
results already attained by roasting and magnetic separation are most promising.
X. Y. Z.
-------------------------------------WASHINGTON COUNTY COAL-FIELDS, PENNSYLVANIA.
Developments in the Washington County Coal-fields, Pennsylvania. By W. G. Irwin. The Engineering
and Mining Journal (New York), 1901, vol. Ixxi., page 404.
The Ellsworth Coal Company (an adjunct of the Illinois Steel Company) has within the last two or
three years bought 16,000 acres of coal-lands on Pigeon creek, near Bentleysville. Two shafts have
already been opened, and the town of Ellsworth founded. All power required is supplied by
compressed air and electricity.
From the cutting of the coal by machine to the dumping of the coal
into railway-cars, there is the greatest economy in all the processes of mining. At the present time, 6
tons of coal per minute can be hoisted from each mine, and the Company will have 9 shafts of this
pattern and capacity, and these, when completed, will give an output of 54 tons per minute, or more
than 75,000 tons per day of 24 hours.
X. Y. Z.
-----------------------------------------------------ELECTRIC ROCK-BORING MACHINES AT HALLSTATT, AUSTRIA.
Elektrische Gesteinsdrehbohrmaschinen in Hallstatt. By C. Schraml.Oesterreichische Zeitschrift fur
Berg- und Huttenwesen, 1899, vol. xlvii., pages 237-238.

At the Hallstatt salt-mines, experiments are now being made with different types of electric boringmachines, for the selection of one suited to the peculiar strata in the mountainous salt-district of Upper
Austria. The chief difficulty is caused by the frequent appearance of larger or smaller masses of very
hard anhydrite in the salt-bearing rock, which offer resistance to the thrust of the machine. Three
machines are now being tested, a Siemens and Halske, and two from the Union Electric Company. A
fourth by Mr. Bornet is also to be tried, his hand-boring machines being already used in these mines.
In the Siemens machine, the electro-motor is coupled direct, instead of transmitting the power
through a flexible shaft. The thrust of the borer is regulated by a rope brake attached to the nut of the
spindle, so arranged that by turning a screw the action is adjusted to the nature of the rock to be
pierced. A constant current of 1 kilowatt is required, which is sufficient if the rock be not too hard. The
machine has been working continuously for nearly a year, driving headings.
In the Union machine (Anger type) the speed of the electro-motor is transmitted to the spindle of the
borer by wheels geared 5.5 to 1. Variations in the thrust to suit different hardnesses of rock are
effected partly by varying automatically the speed of revolution of the motor with varying loads, and
partly by an arrangement by which the speed of revolution and the thrust of the borer can be reduced,
when passing through very hard rock.
This solidly constructed machine has also been working 9 months and the results, if the rock be not too
hard, are satisfactory. For harder rock, especially anhydrous gypsum, it has not always been found
sufficiently powerful. The speed of the borer has now been reduced, by making the proportion of the
wheels 10 to 1, and this improved type has been successfully driven for two
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months, through rock-salt interspersed with tough and very hard anhydrite. The speed of revolution
being diminished, the thrust is not so violent, but more steadily maintained than before, and a current of
only 2 kilowatts is required.
B. D.
--------------------------------------------------DENSITE.
(1) Explosifs de surete.Application de l’Article 20 de l’Arrete royal du 13 Decembre, 1895, Circulaire
ministerielle du 27 Octobre, 1900. Annales des Mines de Belgique, 1901, vol. vi., pages 182-183.
(2) Explosifs de surete.Densites D et E.
Arrete ministeriel du 28 Janvier, 1901. Annales des Mines
de Belgique, 1901, vol, vi., page 184.
The minister has placed the explosives, "Densite D" and "Densite E,” on the permitted list, of the
following compositions:—

Trinitroluol (sic)
Nitrate of Strontium
Nitrate of Ammonium

Densite D.
8.5
10.4
81.1

Densite E.
5.84
11.42
82.74

J. W. P.
---------------------------EXPLOSION OF BLASTING-FUSES IN A MORAVIAN MINE.
Explosion von Sprengkapseln am
Tief bauschachte bei Mahrisch-Ostrau.By Dr. —
Fillunger.Oesterreichische Zeitschrift fur Berg- mid Huttenwesen, 1899, vol. xlvii., pages 16-17.
A disastrous explosion of blasting-fuses, in which two workmen were killed, took place lately in the
Witkowitz coal-mine in Moravia. At 3 p. m., a loud report was heard from the magazine, a vaulted
chamber in the mine, about 30 feet long and 10 feet high, and containing 5,000 blasting-fuses, or about

15 pounds of explosives. When an entry was effected, it was found that the iron pillars supporting the
roof were blown away, the roof was lifted, and a hole, 1.5 feet deep and about 3 feet square, had been
made in the cemented floor. The body of one man was found close by, while the other had been blown
to pieces by the force of the explosion. Shortly before the disaster, the magazine storekeeper had sent
for the carpenter to open one of the chests containing the fuses. Another man, who accompanied him,
had left the two in the magazine, and had not been gone 2 minutes before he heard the report. The
actual time which elapsed was 110 seconds.
The blasting-fuses in this mine are packed in two chests, one within other, the space between being
filled with cotton-wool. Both chests, the outer and the inner, are bolted down with iron screws about 1
½ inches long. The capsules are packed in sets of 50 in leaden boxes, and well secured with paper
wrappings. Experiments showed that the carpenter could not, in the given time, have loosened the
screws of the outer chest, cleared away the paper, and reached the capsules themselves. Therefore,
the explosion must have taken place before the inner chest was opened, presumably while it was being
opened ; hence the body of the unfortunate carpenter, who was in all probability bending over the
chest, was blown to pieces. Since the chests could only be opened by loosening the screws, it may be
assumed that it was the turning of a screw in the inner chest which caused the explosion. The
inference is that, when the chest was closed down in the factory, one of these screws had been put in
crooked, so that the point
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projected downwards. As the carpenter gripped it, possibly he inadvertently screwed it slightly further
in, and thus caused it to come in contact with the explosive end of a capsule.
This theory was confirmed by the fact that a number of screws, more or less crooked, were found in
other chests, and in one or two cases a similar catastrophe was only barely averted. As both of the
men had been accustomed for years to handle the chests, the accident could not be attributed to
ignorance on their part, nor, in view of the position of the chest in the magazine, could a heavy weight
have fallen upon it. Whether the catastrophe really took place under these circumstances or not, it is
certain that accidents may happen in this way, so long as the inner chest containing the capsules is
bolted with screws 1 ½ inches long. The writer desires to draw attention to the matter, that some other
method of closing these chests may be adopted, and he mentions two other accidents which to his
knowledge have occurred, and may probably be ascribed to the same cause.
B. D.
---------------------------------------FIRING BLASTING-CHARGES BY MEANS OF ACCUMULATORS.
Accumulator-Minenzundung.
By Johamn von Lauer.
Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1900, vol. xlviii., pages 537-539, and 1 plate.
Recent experiments with the author's accumulator for shot-firing have shewn that, by replacing the
old band-conductor with 0.1 inch cable composed of 19 thin copper wires covered with hemp and
enclosed in a plaited insulator, the number of shots that can be fired simultaneously is increased to 9 at
a distance of 150 feet (50 metres), 5 to 6 at 300 feet (100 metres), and 3 to 4 at 500 feet (150 metres),
using platinum glow-igniters connected direct with the cable by iron wires 40 inches long and 0.025
inch (0.6 millimetre) in diameter.
Further experiments, made with a view to ascertaining the most
favourable conditions for connecting the igniters to the cable by clamp connections, instead of direct,
led to the conclusions : that it is best to connect each igniter to the cable by means of a clamp, or in
pairs where the number is large, but that to connect three or more igniters with one branch leading the
cable is inadvisable, owing to the increased resistance thus produced.
C. S.

-----------------------------RECENT SINKINGS IN THE RUHR DISTRICT.
Neuere Schachtbohrungen im Ruhrbezirk By L. Hoffmann. Gluckauf, 1901, vol. xxxvii., pages
369-373, and 1 plate.
Adolf von Hansemann Colliery. —The sinking of No. III. shaft through quicksand down to 24 ½ feet
(7.5 metres), Grey Marl from that depth to 727 feet (221.5 metres), Upper Greensand to 738 feet (225
metres),
White Marl to 826 ¾ feet (251.75 metres), and Lower Greensand to 833 feet (254.75
metres), with a clear diameter of 17 feet (5.2 metres), was begun, on August 8th, 1894, by a sinkingtower. Boring with the small trepan to a diameter of 9 feet 6 inches (2.9 metres) was started on August
10th, 1896, and finished at the depth of 832 ¼ feet (254.53 metres) on December 5th ; and the
widening out to the diameter of 16 ½ feet (5. 05 metres) was effected between December 20th, 1896,
and October 5th, 1897. The mean monthly advance with the small trepan was 48 ½ feet (14.83
metres) and the maximum 59 ¾ feet (18.22 metres), while the respective figures for the widening out
were 16. 75 feet (5.1 metres) and
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25 ½ feet (7.86 metres). Altogether 21 ½ months were spent in boring, giving a mean monthly
advance of 8 ¾ feet (2.72 metres), which is the greatest speed hitherto attained in the Ruhr District,
except in the case of the Dahlbusch shafts.
Scharnhorst Colliery (No. I. shaft), passing through similar strata, was sunk in 1873 with a clear
diameter of 16 feet 4 inches (5 metres) to the depth of 384 feet (117 metres), and afterwards
abandoned at the demand of the Mines Authority, because at about 230 feet (70 metres) so much
water was encountered as eventually to attain 6,600 gallons (30 cubic metres) per minute; and the
pumping of this quantity caused all the streams to run dry for several miles round. On the colliery
coming into possession of the Harpen Company, it was decided to continue the sinking by the KindChaudron method ; but great difficulty was encountered in removing the four pumps below the waterlevel, the work being effected by divers under a pressure of 53 pounds per square inch (3.6
atmospheres). A further difficulty was the breaking of the shoes cast on the inside of the tubbing-rings
for carrying the buntons and this was effected, under water, from the surface, by means of a kind of
battering ram, weighing 3 cwts. (150 kilogrammes), slung from a rope and moved up and down, while
being guided by a frame that could be let down to the place required. The mean monthly advance of
the boring was only 5 ½ feet (1.66 metres), this poor result being accounted for partly by difficulties
with water, and partly by the slight height of the portion of shaft bored.
Preussen Colliery. —The No. I. shaft passed through quicksand down to 23 feet (7 metres), Grey
Marl from that depth to 960 feet (292.64 metres), Upper Greensand to 969 feet (295.34 metres), White
Marl to 1,128 feet (343.9 metres), Lower Greensand to 1,171 feet (356.1 metres) and Bunter
Sandstone from that depth to 1,213 feet (369.74 metres), and was for the most part 17 feet (5.2
metres) in diameter ; but, on account of the shaft not being truly round, it was not possible to give the
tubbing an inside diameter of more than 13 ½ feet (4.1 metres).
Boring was begun on August 2nd,
1897, with the small trepan, to a diameter of 8 ½ feet (2.6 metres) while the large trepan, weighing
more than 22.3 tons, had a diameter of 15 ¾ feet (4.83 metres) ; and, to prevent a stoppage of the
boring through breakage of the large trepan, the boring of the advance shaft and that to the full
diameter followed one another in lengths of about 98 ½ feet (30 metres). The boring was finished on
August 18th, 1900, having occupied almost exactly three years ; and the total depth, 1,223 ¾ (373
metres), is the greatest that has hitherto been attained by a bored shaft, the mean monthly advance of
12 ½ feet (3.85 metres) being comparatively high considering the great depth.

As the moss stuffing-box for the Kind-Chaudron method weighed, with its accessories, about 80
tons, there could be no question of erecting it on the surface and lowering it by rods to the water-level ;
and accordingly the separate parts were let down by a winch and put together underground, for which
purpose a platform was put up about 311 ¾ feet (96 metres) above the water-level, while an annular
space was excavated round it. The tubbing 498 ¾ feet (152 metres) high, weighed altogether 1,560 ½
tons, a weight which has never been exceeded in any other bored shaft in the Ruhr district. With a
thickness of 3 ¾ inches (95 millimetres), the greatest weight of a tubbing ring was 41.2 tons, the false
bottom weighing 19 tons ; and for this great depth the weight must have been still greater if the bottom
had not been, for the first time in this case, cast of steel instead of iron.
Preussen Colliery. —The sinking of No. II. shaft was begun in May, 1897, 196 ½ feet (60 metres)
distant from No. I. shaft, to a clear diameter of 17 feet
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(5.25 metres), first by a sinking-tower of 22 feet (6.7 metres) inside diameter ; and this method was only
abandoned when the stratum was neared owing to which No. I. shaft had been drowned. After a
depth of 853 feet (260 metres) had been attained, blasting brought about a water inburst of about 5,940
gallons (27 cubic metres) per minute, so that in a few hours the shaft was filled with water up to 262 ½
feet (80 metres) below the surface.
As all the objects used in sinking had been attached to ropes, the shaft was soon cleared ready for
boring ; and the headgear had been originally designed in such a manner that it could be employed for
the Kind-Chaudron method. Boring was begun on May 24th, 1898, and concluded on January 25th,
1901 giving a mean monthly advance of 11 feet 5 inches (3.5 metres). The tubbing, of 14 feet 1 inch
(4.4 metres) inside diameter, and 387 ¾ feet 118. 16 metres) high, weighed altogether 1,370 tons ;
and each ring, varying in thickness from 3 inches (75 millimetres) to 4 ¼ inches (105 millimetres)
weighed from 12.65 to 16.5 tons, while the false-bottom, of cast-steel, weighed 22 tons. The lastnamed thickness of the rings comes very near the maximum limit for cast-iron, because with any
considerable increase the contraction on cooling would set up too great a strain.
J. W. P.
------------------------------------------TAKING UP THE BORINGS OF BORED SHAFTS.
Einrichtung zur Entfernung des Bohrschmandes aus Bohrschachten.
Anon. Gluckauf, 1901, vol.
xxxvii., page 280, with vertical and horizontal sections.
Suspended from the winding rope in a bored shaft is a cylindrical sheet-iron chamber, sliding by
means of four shoes on guides at the ends of two diameters crossing one another at right angles ; and
for facilitating its rise and descent the top and bottom of the cylinder are connected tightly with open
tubes, while a floor at about one-third of the height carries an electromotor and a rotary pump, whose
suction-pipe passes through the hollow shaft of the boring-tool, which is made to revolve by spur-andmitre gear driven by the electro-motor.If the borings should be too coarse to pass through the pump,
the latter can be disconnected for their removal by other means, and if it be preferred to drive the
boring-tool by rods, the latter pass through a stuffing-box in the centre of the cylindrical chamber,
although the electro-motor still drives the rotary pump, the borings passing up the delivery pipe of the
latter.
J. W. P.
----------------------------------------------REPAIRING TIMBER-TUBBING WITH CEMENT.
Charbonnage d'Abhooz et Bonne Foi-Hareng, Siege d'Abhooz : Impermeabilisation d'un Cuvelage en
Bois par Injection de Ciment.
By E. Fineuse.
Annales des Mines de Belgique, 1901, vol. vi.,
pages 179-181.

No. 2 air shaft was deepened from 242 ¾ feet (74 metres) to 689 feet (210 metres), 187 ½ feet
(57.2 metres) having been driven upwards ; but the old portion was in a very bad state, the timbertubbing, 55 ¾ feet (17 metres) long, at the top of the Coal-measures allowing large quantities of
water—sometimes 77,034 gallons (350 cubic metres) daily—to escape, while a masonry crib at its
base diminished the sectional area of the shaft to so great an extent that it required removal. Thirty
years ago, this timber-tubbing had been lined for a height of 19 ¾ feet (6 metres), where it passes
through the gravel, with an inner tubbing of cast-iron. In 1895, the same method was adopted for the
winding-shaft at a cost of £6,000 (150,000 francs). It was estimated that
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a similar lining of the timber-tubbing of the air-shaft would cost about £2,000 (50,000 francs) ; and this
work would probably have been undertaken had not the manager received information of the Portier
method for repairing shafts, which was applied at a cost of only £212 (5,300 francs).
The method consists in injecting very fine and slow-setting cement behind the tubbing, the cement
filling the space between it and the rock as well as the fissures in the rock. The cement is prepared on
the surface ; and the mixture, as thick as practicable, is led by pipes, 1.18 inches (3 centimetres) in
diameter, to the place in the tubbing that has to be repaired, and where holes have been bored and
cocks placed. The liquid cement is injected behind the tubbing at a pressure of 21½ pounds per
square inch (1 ½ atmospheres) which is quite sufficient ; and it was sometimes found necessary to
prevent this pressure from being maintained too long, through fear that the tubbing might be burst. A
hand-pump, connected with the pipes leading the cement is used for flushing them with water after
each cessation of work, and for removing any obstruction.
About 10 feet (3 metres) above the lower crib of the tubbing, 15 tons of cement were injected ; and 5
hours afterwards the quantity of water was reduced to 2,200 gallons (10 cubic metres) daily. On the
morrow, after 1 ton of cement had been injected immediately below the upper crib, the water-flow
became slower, and injection was stopped so as not to bring too great pressure under the crib,
although care had been taken to bore a few holes in it for the escape of water. Lastly, on the following
day, 2 ½ tons of cement were injected under the crib of the cast-iron tubbing, after which the daily
leakage was reduced to 330 gallons (1 ½ cubic metres). J. W. P.
-----------------------------------------SUITABILITY OF VARIOUS KINDS OF WOOD FOR PIT-PROPS.
Untersuchungen uber die Gebrauchsfahigkeit verschiedener Holzarten zu Grubenstempeln.
By —
Dutting and — Quast. Zeitschrift fur das Berg- Hutten- und Salinen-Wesen im Preussischen Staate,
1900, vol. xlviii., pages 181-206, and 2 plates.
These investigations were conducted by representatives of the Government departments of mining
and forestry, with the object of determining the absolute relative values of different kinds of wood and
the influence of drying upon their durability and crushing strength especially. In order to avoid abnormal
results, thoroughly sound props, without defective spots, as uniform as possible in diameter, were
selected. Five pieces of each kind of prop were examined, the total number tested being : 475 beech
props, 335 each of oak, fir and pine props, 110 each of birch, acacia and larch props, and 30
hornbeam props ; or altogether 1,840 props.
The props were felled in February, 1898, carefully selected, measured without bark, numbered and
piled up crosswise in order to dry as thoroughly as possible. In order to determine the influence of
different modes of stacking upon drying, a limited number of 4 pieces each of fir and beech props were
piled as above crosswise under cover. A second similar lot was placed slopingly point upwards, and a
third similar lot point downwards. For eight weeks, these props were weighed weekly, the results being
as follows:---

Method of Storage.
Piled crosswise
Set point downwards
Set point upwards

Loss of Weight during 8 Weeks.
Beech Props.
Fir Props.
Per cent.
Per cent.
18.3
15.2
15.4
14.1
14.2
15.5
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Table I. ---Results of Experiments on Beech and Oak
[Table omitted] See library for image of Table I.
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Table II. ---Results of Experiments on Pine and Fir.
[Table omitted] See library for image of Table II.
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Table III. ---Results of Experiments on Larch, Birch, Acacia, and Hornbeam.
[Table omitted] See library for image of Table III.
In the experiments, the props were submitted to hydraulic pressure in an iron frame until breaking
occurred. Fracture in the majority of the props commenced by bending ; more rarely, and rather in the
case of green than in that of seasoned wood, by the splitting of the wood-fibres. Fracture was therefore
almost invariably caused by buckling. It did not, however, seem possible to calculate the results of
these experiments by means of the formulae usually employed for buckling. These formulae depend
upon the theory of elasticity, and therefore are only true within elastic limits, and not up to fracture.
Furthermore, these formulae are only applicable to columns, whose length is more than fifteen times
the diameter, a case that never only exceptionally occurred in the props used for these experiments.
Although it was not possible, however desirable it might have been, to employ props of absolutely
equal diameter, the only resource left was to
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determine the resistance to crushing of the material per square centimetre (0. 155 square inch), and
thus to compare the different kinds of wood. The results recorded in Tables I., II. and III. show, almost
throughout, a certain degree of crushing strength that decreases with the length, which is not
surprising, having regard to the unequal structure of wood, but cannot be expressed by a definite
mathematical formula ; therefore for the different lengths the average strength has been calculated
without any regard to such weakening effect of length.
Tables I., II. and III. summarize the most important results contained in the several tables attached
to the paper.
The following conclusions may be drawn:—

(1) On account of the great divergencies in the results, definite numerical conclusions cannot be
given. It may nevertheless be asserted that under favourable circumstances beech is one of the most
resistant of woods, whilst the crushing-strength of oak has been over-estimated by miners.
(2) Thorough drying, which is favoured by blazing and barking at the proper time, and which
diminishes the cost of freights by lessening the weight, also increases the density, capacity for warning
before breaking, durability and inclination to splintery fracture.
(3) The toughness as indicated by the slowly returning pressure-gauge is less in the case of conifers
than in other woods.
(4) Woods that have a true heart-wood, especially oak and acacia, resist the decomposing influences
of the return-air longest. Coniferous woods, such as pine and larch, resist the effects of the return-air
longer than hornbeam, beech and birch, which are destroyed most rapidly. Conifers cannot, however,
be looked upon as woods suitable for lasting a long time in roadway timbering. Older coniferous wood
would be more durable.
(5) The influence of the return-air is indicated perhaps firstly in the tendency to short fracture ; next in
decrease of strength, toughness and capacity for warning before fracture. Thick props are more
affected than thin ones.
(6) The extent to which the capacity for giving warning before fracture is affected by moisture cannot
be definitely determined.
(7) With sound woods sufficiently dried, the fracture is always splintery. Normally it occurs in the
middle ; in other cases it occurs in defective spots ; and in the case of coniferous woods, chiefly at the
resinous knots of the branches. In other woods, the fracture is determined less by branches and windshake than by bends.
(8) The specific weight, depending as it does upon moisture, naturally varies within very wide limits.
Birch and beech appear to be the heaviest ; after this, oak, acacia, hornbeam, fir, larch and pine.
H. L.
----------------------------------------PROTECTION OF THE SURFACE FROM SUBSIDENCE.
Der Schutz der Oberflache gegen Gefahrdung durch den Bergbau, nach der neuesten Spruchpraxis.
By Th. Andree. Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii., pages
525-531.
In 1886, it was enacted in Austria that mine-owners were to take all necessary precautions to avert
any damage to the property of others.
This was opposed to the view till then held of the relation
between the mineowner and the ground-landlord, according to which the former was only compelled to
take such steps to protect the surface as were required to avoid
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danger to life and property, and were compatible with the objects of working the mine. In consequence
of this regulation, it was decided in 1897 that the ground-landlord might compel the mine-owner to take
such measures of safety as would secure his property against every kind of damage, thus practically
allowing him to put a stop to mining, as soon as it came under his ground. New regulations therefore
provided that it was only necessary to protect the surface in such a way that it could still be used for the
same purpose as before, and that the mine-owner was not obliged to acquire permanent possession of
the ground. Compulsory expropriation was also permitted.
During the interval elapsing between the two regulations, there were constant appeals and
complaints.
These were not wholly set aside by the later regulations, because they did not clearly
assert that the mines were independent of the surface. A vital point was whether it was necessary so

to protect the surface that the ground could be used in the same way as heretofore, or whether the
mine-owner was obliged to make it safe if used for another purpose, such as building. In 1898,
however, the highest Austrian court upheld a decision compelling the mine-owner to take such
precautions that if, in course of time, the ground were required for building, there should be no difficulty.
It is this decision which the writer controverts. Land is rather easily authorized for building in Austria,
and is sometimes allotted without the mine-owner being able to intervene. Thus, the mine might
conceivably be at the mercy of the ground-landlord, and that although his property had never
previously been worth building on. He might even demand this protection if the ground were not
ultimately used for building. If such were the rule, most coal-mines in Austria would have to stop work.
In mining laws, a sharp distinction is drawn between damage to another's property and endangering
and jeopardizing that property, but the courts apparently consider the least damage done to the surface
as constituting a danger to its safety. The writer maintains that the two are not the same, and he cites
a case where, a question arising 40 years ago of extending the mines under a town in Moravia, the
houses were examined, and the walls of several found to be already cracked. These fissures, although
exactly like those caused by mines, were the result of defective foundations and bad building-material.
Nevertheless most of these houses are still standing, thus proving that a house may be actually
damaged and yet safe. The original object of mining regulations was doubtless not unduly to fetter
that industry, but to enable or even compel the mine-owner to extract the produce of the mine, and with
certain minerals this cannot be done without affecting the surface. In the Ostrau district, however, all
kinds of buildings, railway-stations, waterworks, etc., are erected over mines with perfect safety.
Where ground after being properly supported can only be used as arable land, and thus the rent from
it is lowered, the mere diminution in the value of the land can, according to present regulations, enable
the ground-landlord to stop the mine. The right of expropriation would not avail, because few mineowners are rich enough to buy up all the land above their mine. At present, the mine-owner is
compelled at considerable loss, to leave pillars of valuable coal standing to support the mine. If the
ground is really unfit for use, expropriation is doubtless the only remedy, but the process is too slow for
the rapid development of a mine in Austria, and should be expedited.
B. D.
-----------------------------------------------[76]
TRANSIT-ARRANGEMENTS AT AN AMERICAN COKE-PLANT.
The New Coke-plant of the Eureka Fuel Company in the Klondike Region, Pennsylvania : A Complete
Modern Plant.
By J. P. Brennen
Mines and Minerals (Scranton, Pennsylvania), 1901, vol. xxi.,
pages 385-388, with a map and 7 illustrations in the text.
The coal-field operated by the Eureka Fuel Company comprises some 6,500 acres. On the eastern
limits, ideal conditions occur for the development of drift-mines, whilst on the west, shafts are required.
The Leckrone and Footedale plants, each comprising 400 coke-ovens, are in operation ; a third plant is
under construction at Buffington embracing a similar number of ovens, and a fourth 400 coke-ovens
plant is projected in the valley of Cat's Run, near Masontown. In their essential features, the plants are,
or will be, similar, and the Leckrone plant may be taken as a typical instance of the elaborate
arrangements made for easy and efficient transit at the mines.
At Leckrone, the No. 1 drift has 525 acres of coal tributary to it, all of which is self-draining. The
grades on haulage-roads are in favour of the load, the main haulage being driven on the butt at an
inclination of about 1 in 28. The main headings are lighted with incandescent lamps, and electric
locomotives will be used. The main haulage-roads are laid with 55 pounds, and the butt-headings with
25 pounds steel rails.

The mine-cars run from the drift, by gravity, 550 feet to the foot of an incline, whence they are hauled
to the tipple by an electrically driven sprocket-chain, dogs on the chain engaging in brackets on the carbottoms. The incline rises 1 in 4, is 250 feet long, and the dogs are spaced so that 11 wagons can be
placed on the chain at once. The cars are emptied into the bin by two Phillips dumps, the empty cars
being automatically returned to the top of the incline, and there caught by a similar sprocket-chain
descending the incline. From the foot of the incline, the cars run by gravity by a kip-track to the driftmouth.
The coal-bin has a capacity of 1,000 tons ; it is 60 feet high from the foundation to the dumping-floor,
and 17 ½ feet from the foundations to the rail of the lurry track under the bin. It is a steel structure
throughout.
Provision is made for the loading of screened coal into cars, and independent sidings
are laid. From this steel-bin to the coke-ovens, a steel trestle, 200 feet long, carries the track for the
lurries. Each lurry is provided with an electric motor, the trolley-wire on the coke-ovens being carried
on gas-pipe poles attached at the bottom to an extension from the cast-iron ties under the rails. The
coke-ovens are built on a grade of 1 in 100 in favour of the loaded lurry and loaded coke-car. The
coke-yards are 33 feet wide, the yard-walls being 10 feet above the loading track.
Electricity is, almost exclusively, the form of power used at these plants, and steam is supplied by
tubular boilers, 6 feet in diameter by 20 feet long.
X. Y. Z.
------------------------------------------------------BALANCE-LIFT FOR CAGING OPERATIONS.
Note sur une Balance Briart installee au Puits No. 6 des Charbonnages de la Russie meridionale, a
Gorlowka. By A. Lebrun. Revue Universelle des Mines, etc., 1901, vol. liv., pages 98-105, and 1
plate.
Gorlowka colliery, 958 feet (292 metres) deep, in the south of Russia, is served by a 700 horsepower
winding-engine ; and the four-decked cages have two tubs on each deck, each tub holding 0. 5 ton of
coal. When the tubs were
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changed by hand, underground and on the surface, the maximum output was 140 tubs per hour ; but
since the balance-lift has been introduced 200 tubs are wound regularly, while 306 tubs per hour have
been wound for 5 consecutive hours. With a steam-pressure on the piston of 44 pounds per square
inch, the engine is capable of raising 4 tons, so that 8 tubs (each containing ½ ton of coal) can be
taken up at a lift ; but, with this pressure, the engine cannot lift 8 full tubs, if 2 of them contain stone.
The lift, occupying the sump which has been enlarged for the purpose, is suspended from two chains
passing over sheaves and double-grooved pulleys (keyed upon a brake-shaft), their other ends being
connected with the guide-rods of the counter-weights, so that the whole system is suspended from this
shaft. The lift-platform is made of four oaken timbers, 8 inches (20 centimetres) square, jointed and
bolted together ; and for deadening shocks, while compensating the play caused by a stretching of the
cage-chains, the timbers have been covered with old ropes. The maximum load carried by one of the
lift-chains is equal to three-fourths of the dead weight, plus the useful load, that is, 6 ¾ tons. The
circumference of the double-grooved pulleys is equal to their maximum travel, so as to prevent a link
from riding over another when the chain is wound up.The brake-blocks are brought together against the
sheave by a right-and-left-handed screw worked by a hand-wheel.
When the balance-lift is at rest, the counter-balance weights are upon their seats, and the upper
platform is at the onsetting level, so that the lower deck of the cage, on being set down, comes exactly
to the level of the landing, and the first counter-balance weight should balance the total dead-weight of

½ ton. When two full tubs are substituted for empty tubs, the excess of weight given by the total load
permits, on the brake being eased, the descent of the platform and consequently the rising of the first
counterbalance weight until the latter butts against the second. As the distance from one counterbalance weight to another is equal to that between the decks of the cage, the second deck then comes
to the caging-level, and the same thing occurs for the third caging operation ; but for the fourth, the
cage stops when the platform reaches the bottom of its travel.
The stretching of the chains and
irregularity of the loads require the regulating action of the brake, which lowers and stops the balanceplatform with great precision. The caging operations at the bottom of the shaft are effected with ease
and rapidity, being generally finished before those at bank, which last from 28 to 32 seconds.
J. W. P.
----------------------------------------CLOSING THE ENDS OF WINDING-CAGES.
Charbonnages d'Oignies-Aiseau : Fermeture des Cages.
By C. Minsier.
Annales des Mines de
Belgique, 1901, vol. vi., pages 170-172, with a drawing in the text.
The closing arrangement consists of a system of bars forming equal rhomboidal figures, articulated
at their summits, and another series of bars arranged transversely, resting on the summits of the
rhomboidal figures for preserving their shape.
The guard, which is worked from the inside as well as the outside of the cage, is attached to the
cage, and when not in use is protected from injury, while it is light and simple.
J. W. P.
------------------------------------------[78]
FLAT MANILLA ROPES FOR WINDING FROM GREAT DEPTHS.
Etude theorique et pratique sur I'Emploi des Cables plats en Aloes (Abaca) comme Engins
d'Extraction a grande Profondeur. By Charles Vertongen. Revue Universelle des Mines, etc., 1901,
vol. liv., pages 1-98, 151-205, and 264-291 ; with a figure in text and 3 plates.
The object of this essay is (1) to modify the section formerly proposed by the author and
consequently the formulae for fixing the dimensions, longitudinal section and weight of the ropes ; (2) to
apply these new formulae to the calculation of the radii of winding upon the pulley, the number of
revolutions made by the winding-pulleys, the angular and winding speeds, the moments of resistance
during a lift with one and with two cages, and the dimensions of the winding-engine cylinders ; (3) to
render the application of these formulae very simple and practical by adding tables easy of reference ;
(4) to show by diagrams the law governing the different variable values according to the depth and the
rope-tensions adopted ; (5) to establish, with a view to winding from great depths, the relation existing
between the number of strands in the rope and the total load to be raised, so as to avoid too great
strain when the rope is bent round the pulley, and thus ensure a normal life to the ropes ; (6) to seek,
for the various tensions adopted, the maximum depth for which it is possible, at the same time, to
satisfy the condition of equal effective moments of resistance at the beginning and at the end of a lift,
and also that of being able to stow a sufficient reserve of rope at the centre of the winding-pulley, while
subsidiarily showing that, as regards ropes of equal resistance, those calculated in accordance with the
author's formulae increase this limit from 23 to 26 per cent. ; (7) to show by diagrams the proportional
variation of the effective resistance during the lift with respect to the moment of the mean effort, for
various depths and rope-tensions, when winding with one and also with two cages ; (8) to show that
these diagrams are constant when the depth, the extreme tensions and the ratio of the deadweight to
the total load are constant ; and these diagrams are independent of the total load to be raised and the
number of strands composing the rope ; (9) to show by actual applications that the ratio of the dead-

weight to the total load varying within the usual limits is from 0.5 to 0.6, with given depth and extreme
tensions ; (10) to settle the exact formulae of the mechanical work to be exerted for raising the total
load, or a fraction thereof with only one rope and without the balancing effect of the other rope ; (11) to
also settle the exact formulae giving the moment of the maximum effort produced by raising the total
load, or a fraction thereof with one rope without the balancing effect of the other ; and (12) to show by a
complete application the manner of proceeding in order to determine all the conditions of the problem
without resorting to the tables given by the author.
The author's observations lead him to give the following figures for the proportional tensions to be
adopted for different depths:—
Depths.
Feet
Metres

Less than

From

to

From

to

From

to

Above

1,300
400

1,300
400

2,000
600

2,000
600

2,600
800

2,600
800

3,200
1,000

3,200
1,000

Tension in pounds per square inch (mean).
Pounds

960

1,100

1,210

1,365

1,450

Tension in kilogrammes per square centimetre (mean).
Kilogrammes

60-75

75-80

80-90

90-102

102

J. W. P.
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SHAFT-BARRIERS AT THE SAINT-ETIENNE COLLIERIES.
Note sur differents Types de Barrieres automatiques employees a la Division du Treuildes Houilleres
de Saint-Etienne.
By C. Faure.
Comptes-rendus Mensuels des Reunions de la Societe de
I'Industrie Minerale, 1901, pages 47-49, and 3 plates.
Extensible Barriers. —These barriers consist of a series of open-jointed diamond-frames like lazy
tongs, so that a vertical motion of 2.6 inches (65 millimetres) gives a horizontal displacement of 47
inches (1.2 metres).
The barrier is closed by means of a counter-weighted lever, which is raised by
the descent of the cage, and the barrier is simultaneously opened.
This barrier has the advantage of being automatic ; but it also has the disadvantage of not opposing a
sufficient obstacle to runaway tubs, which readily put it out of shape.
Guillotine-barrier. —The guillotine-barrier weighs about 176 pounds (80 kilogrammes) and is attached
by a chain passing over a pulley to a balance-weight of 264 pounds (120 kilogrammes), while another
chain, also passing over a pulley, connects this last-named balance-weight with another (guided by a
special rail) having the same weight as the barrier. While the cages are not at the landing, the
difference of weight is in favour of the barrier and the guided balance-weight, so that the heavier of the
two balance-weights is lifted, the landing being then closed ; but when the cage arrives at the bottom it
receives the smaller guided counterweight on its roof, and the weight of 264 pounds then raises the
barrier. In both cases, the available difference of weight is 88 pounds (40 kilogrammes) ; and the
upward travel is limited by the lower barrier butting against the floor of the upper landing.
Intermediate Landings. —The barrier rolls on an inclined rail ; and, perpendicular to the barrier, a rod
comes between two small iron brackets attached to the plate in the middle and drilled with holes, into
which the hook of the chain for fastening the tubs in the cage is passed, and holds the barrier in this
position so long as the cage is at the landing.
J. W. P.
------------------------------------------------HAULING-GEAR FOR MINES.
Neue Fordereinrichtungen.
By Ig. Gossel.
Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1899, vol. xlvii., pages 277-279, and 6 figures.

(1) Safety-catch. —The writer has invented an apparatus which is used on the rope-driven narrowgauge railway at the Victoria shaft near Dux, Bohemia, where the gradient is 1 in 9, and from 1,000 to
1,100 trucks pass over it in one working day.The apparatus consists of two parts:—The releasing-gear
and the safety-apparatus.
The former consists of a wooden frame below the sleepers, carrying a
revolving shaft, a lever and a balance-weight. The lever projects above the rails, and each truck, as it
passes, strikes against it, and sets the weight swinging. If the truck is going at ordinary speed, the
weight swings to and fro and comes to rest. But if the truck strikes the lever violently, as when it has
slipped, and is going too fast, the lever rotates completely on its axis, and strikes up the signallinglever. The latter carries two arms, the shorter of which establishes connection with the electric wires,
and rings a bell in the engine-room.
The longer arm of the same lever works the safety-apparatus for stopping the truck. This consists of
a block of wood placed below the sleepers, having
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a notch into which a double-armed lever, rotating on a central axis, fits like a latch. If the truck runs
down too rapidly, the balance-weight strikes against this block of wood, and causes the lever to catch
into the truck-wheel. The truck presses down the lever as it passes up the rails, it is only when going
down that it catches in it, and as the latch is held in position by wooden blocks, it cannot get loose. The
alarm being given by the electric bell, the truck is released by pulling it upwards by hand, by means of
the chain or rope, when the catch falls down of itself. Drawings of the arrangement are attached to the
paper.
(2) Automatic Switch. —To shunt a tub from one set of rails on to one of two other lines is often
necessary ; and if the points are shifted by hand, it causes delay and inconvenience. To meet this
difficulty, the writer has devised a method for automatically shunting tubs, right and left alternately, on
to the two different sets of rails, the tubs themselves shifting the points as they pass.
The two external rails, slightly inclined outward, run upon an iron bed-plate. The points are formed by
levers having two arms of unequal length, revolving on centres, and connected by iron bars and
movable joints.
The distances between the points are so arranged that when the one is resting
against the one rail the other is open, so that if the left point is touching the outer rail, the right point is
free of the corresponding rail. Thus, a tub coming along is guided into the left rail, the first set of wheels
find the left point open, and continue along the outer rail, while the right wheels find the corresponding
point closed. As the wheels come into contact with the revolving levers, shifting the points, the right
wheel changes the direction, and the left wheel follows. The right point is open and the left closed, in
readiness for the next truck passing over, which reverses the action.
The distances between the
points and the revolving levers must be carefully adjusted to suit the wheels of the tubs. Two tubs
cannot be run immediately behind each other, but a sufficient distance, at least the length of a tub must
be allowed between them. There is also a short curved continuation of the points, by means of which
tubs going in different directions, can pass without difficulty. The apparatus, which is illustrated by
drawings, has been working satisfactorily for some months at the Victoria mine.
B. D.
------------------------------------------------------LAMP-TESTING APPARATUS AT THE JOHANN SHAFT, KARWIN.
Lampenuntersuchungs-Apparat am Johannschachte in Karwin.
By L. Volf. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, 1901, vol. xlix., pages 4-10, and 1 plate.
The apparatus is a modification of that designed by Dr. Schondorf, and has the shape of an irregular
V, one limb being perpendicular, so that the effect of vertical, as well as inclined, currents on the safetylamp can be investigated.

A gas-reservoir was formed in part of a gallery by means of a triple-wall dam, about 3 feet (1metre)
thick. The gas, collecting in this chamber, has an almost constant composition, namely:—Methane,
99.27 per cent. ; carbon dioxide, 0.4 per cent. ; oxygen, 0.2 per cent. ; nitrogen, 0.13 per cent. ; and
carbon monoxide, nil. The gas is conducted from the collecting reservoir, through about 3,000 feet
(1,000 metres) of 2 inches pipe, into a double cylindrical storage-tank, holding about 300 cubic feet (9
cubic metres) from which it is supplied to the testing-apparatus through a weighted-bell pressure
regulator.
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The tester consists of three lengths of tube, of rectangular cross-section (10 inches by 8 inches), the
central portion being detachable and capable of modification so as to form either a straight length of
about 14 feet or an irregular V. The safety-lamp to be tested is placed in this central portion of the
apparatus and rests on a plate, situated in front of a (4 inches by 5 inches) iron nozzle fitted with a
diaphragm (0.83 inch perforations) to prevent lighting-back from the lamp to the gas-supply. A strong
pane of glass, let into the wall of the tube, enables the lamp to be viewed during the test, and flapdoors are provided to allow free vent to the gases in the event of explosion. The flow of gas and air
through the tester is regulated by means of a Koerting injector placed in the front-end of the apparatus,
before an air-diaphragm of ¼ inch brass-plate pierced with 20 equal apertures. The admission of gas
is controlled by a pressure-gauge, and its admixture with the indrawn air is effected by passing it
through 20 small perforated pipes inside the tube, the mixing being further assisted by several sets of
baffle-plates. By this means, both the velocity and the gas-content of the air-current within the
apparatus can be modified as desired, the volume of gas and air corresponding to different degrees of
depression, as recorded by the pressure-gauges, having been calculated and tabulated.
C. S.
-------------------------------------------PNEUMATIC INTERLOCKING OF AIR-DOORS.
Note sur un Enclenchement pneumatique applique aux deux Portes d'une Galerie d'Introduction de
Remblais dans un Puits de Retour d'Air. By—Faure. Comptes-rendus Mensuels des Reunions de la
Societe de l'lndustrie Minerale, 1901, pages 49. 51, and 2 plates.
If the ventilating pressure, at the ventilating doors, be 1.60 inches (40 millimetres), and each of the
doors is fitted with a bolt carried by a piston with an area of 2 ½ square feet (0.25 square metre) ; and
if the sides of the piston communicate with each side of the double doors, a pressure of 22 pounds (10
kilogrammes) will be exerted on the piston. A balance-weight of 11 pounds (5 kilogrammes) should be
arranged, tending to move the piston in the contrary direction. The piston will then be impelled by a
pressure of 11 pounds in one direction and drawn by a force of 11 pounds in the other direction.
When both doors are in the closed position, the bolts are held back by the balance-weights, because,
owing to want of tightness between each piston and its case, but at the same time perfect tightness in
the pipes, there is the same pressure on both sides of the piston. If the first door be opened, so soon
as the indiarubber-cushion has uncovered the end of the corresponding pipe, the piston is immediately
pushed forward, its hind face being put into communication with the atmosphere and its front face
remaining in communication with the mine ; and if this door be closed, so soon as the indiarubbercushion comes against the end of the pipe, equilibrium will be set up, and the counterweight will
almost immediately withdraw the bolt. If the second door be opened, the same result will be obtained
with equal rapidity. If an exact interlocking of the door be effected, the difficulty resulting from attempts
to open both doors simultaneously may be avoided with almost absolute certainty.
The pneumatic interlocking of air-doors can be employed in curved galleries. The system is
absolutely automatic ; and two doors, far apart or near together, may be interlocked with facility.

J. W. P.
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ELECTRIC FIRE-DAMP INDICATOR.
Sur un Grisoumetre electrique.
By G. Leon.
Comptes-rendus hebdomadaires des Seances de
l'Academie des Sciences, 1901, vol. cxxxii., pages 1408-1410.
This indicator is distinguished in the first place from that invented by Prof. E. H. Liveing, in that it
does not depend on the difference of luminosity exhibited by two platinum-wires heated by an electric
current, and placed one in pure air and the other in the atmosphere to be tested, but on the difference
of electric resistance shown by two such wires similarly placed. These wires are heated up to about
1,800°Fahr. by the same current, and are connected with a galvanometer the needle of which moves
over a hundred divisions of the scale for every 50 milliamperes. The resistances are so adjusted that
the needle remains at zero when the instrument is in pure air. When the atmosphere is vitiated by pitgas, the needle moves about 2 divisions for every thousandth part of pit-gas in the air. Experiments
made underground show that the deviations of the galvanometer maintain a fairly constant ratio to the
variations in percentage of fire-damp, and laboratory experiments made with atmospheres containing
increasing proportions of coal-gas up to 5 per cent., show that this constant ratio may be predicated of
fire-damp until very near the percentage recognized as explosive.
On the other hand, the galvanometer-deviations vary rapidly with the current furnished by an electric
accumulator. It is thought, however, that the current can be kept within 2 ½ per cent. of absolute
constancy, and this would involve only an error of 10 per cent. in the estimations. Moreover, if a
resistance of 0.015 ohm be introduced into the circuit, and connected with the galvanometer by means
of a commutator, it will enable the observer to verify the constancy of the current and to make the slight
corrections necessary in the readings.
When these are being taken, a movable screen protects the
platinum-wire against air-currents.
In conclusion, the author points out that this indicator may be used for measuring all combustible
gases, such as hydrogen and carbon monoxide, and makes it possible to set up fire-damp-measuring
observatories, wherever convenient for scientific purposes or desirable for the security of those
employed underground.
L. L. B.
---------------------------------------------------SEISMOLOGICAL OBSERVATORIES AND THE EVOLUTION OF FIRE-DAMP.
Rapport relatif a la Creation de Stations Sismiques pour l'Etude des Conditions de Degagement du
Grisou.
By E. Lagrange.
Bulletin de la Societe Belge de Geologie, de Paleontologie et
d'Hydrologie, 1901, vol. xv., pages 159-166.
A technical committee of the Brussels Geological Society resolved to set up a seismological station
in the workings of the Agrappe colliery, in combination with another aboveground, situated on a
neighbouring massif which so far has not been invaded by the miner. This is occupied by the wood of
Colfontaine, a fairly extensive belt of forest which separates the coal-districts of, Wasmes, Le Grand
Hornu, etc., from the agriculture areas on the north, and is on the line of the Great Eifel fault.
In the meanwhile, the management of the Agrappe colliery are setting up a laboratory for the study
of fire-damp, and this will greatly help in studying the relationship which is believed to exist between
seismic phenomena and the evolution of fire-damp.
The author points out that the ancient and more compact rocks of the
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earth's crust are as a rule less violently shaken by earthquakes than the overlying more loosely
compacted rocks. On the other hand, if a loose porous mass of alluvium or sand is exceptionally thick,
and extends over a wide area, the propagation of a seismic wave therein is gradually checked until it
dies away to nothing.
Evidently that is why the great North German plain is rarely disturbed by
considerable earth-shocks. He goes on to argue that the proposed seismological station in the wood of
Colfontaine should be set up as far away from the great fault as possible, either north or south of it. In
fact he indicates a preference for another locality, Quenast, where a great mass of intrusive porphyry
pierces the Palaeozoic strata. The estimated cost of the seismological station at the Agrappe colliery
itself is as follows:—Von Rebeur-Ehlert pendulum, £50 ; timepiece and recorder, £16 ; photographic
paper (automatically unrolling), £12 ; general expenses in setting up the apparatus, etc., £12 ; and cost
of supervision, unforeseen expenses, etc., £10. But it is pointed out that magnetic recorders are
desirable as well, and it is not expected that the initial £100 will anything like suffice to carry the work to
a practical conclusion.
In the discussion on the foregoing report it was practically decided to purchase a second pendulum,
to be set up for purposes of comparison at the Colfontaine station ; and to defray this and other
supplementary expenditure the Brussels Society relies upon aid from the Provincial Council of Hainaut
and from the Belgian Government, both of which bodies appear to be impressed with the importance of
the proposed observations.
L. L. B.
-------------------------------------------PUMPING AND SPRAYING ARRANGEMENTS AT THE BRUCH COLLIERY.
Wasserwirthschaft der Gewerkschaft Brucher Kohlenwerke.
By A. Padour. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, 1901, vol. xlix., pages 77-82, and 1 plate.
Pumping-engine. —After being in work for several years, the 1,000 horsepower pumping-engine at
the Johann, Moriz, and Gutmann shafts of the Bruch colliery was found to have so far reduced the
influx of water into the workings as to lead to risk of fire from the resulting dryness of the lignite coal, in
addition to which the water had increased in hardness from 6 degrees to 16 or 19 degrees and become
unfit for boiler-use without purification. It was therefore decided to centralize the pumping-plant at the
Johann shaft, the water from the newly acquired Pluto and Paul shafts being led through a drainagegallery into the sump, and that from the other two shafts being delivered by syphons. The new tandem
compound condensing pumping-engine drives a differential Riedler pump lifting 660 gallons (3 cubic
metres) of water per minute at a working speed of 80 revolutions. It is erected in an underground
chamber formed by taking out a pillar of coal, 56 feet long by 23 feet wide and 20 feet high, the rockpressure being supported by a number of pillars, 5 feet by 40 inches, made of seasoned timbers and
embedded in cement. The temperature of the engine-room is kept down to 28°Cent. between the high
and low-pressure cylinders, and to 38°Cent. at the receiver, by a powerful ventilating current, assisted
by two Koerting injectors, the radiation of heat from the cylinders being diminished by lagging.
The drainage-gallery, between the Pluto and Johann shafts, is closed by a strong compound dam,
containing a settling-tank and provided with a
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pass-bye closed by convex iron doors capable of resisting a pressure of 15 atmospheres.
Part of the pumped water is softened with lime and soda and used for boiler-feed, a 5 inches main,
5,000 feet (1, 500 metres) long, delivering 130 gallons (600 litres) per minute to the Pluto shaft, 88
gallons (400 litres) per minute being led to the new works at Maria Ratschitz, through 4,000 feet (1,200
metres) of 4 and 5 inches pipe ; whilst a 2 ¾ inches pipe, 5,700 feet (1,760 metres) long, delivers 35
gallons (160 litres) per minute to the Gutmann shaft, which also receives 65 gallons (300 litres) per
minute of unpurified water for spraying.

Spraying. —Since 1894, a total length of 150,000 (44,920 metres) of pipe---varying in diameter
between 6 inches and 1 inch—for spraying the dusty galleries, has been laid down in these workings.
The pit-water used for this purpose at the Pluto, Paul and Ratschitz shafts is collected in reservoirs and
distributed by compressed air or duplex steam-pumps at the Gutmann shaft, the water is stored in an
iron cylinder connected with the spraying pipes ; and at the Moriz shaft the spraying-water is drained
from a stratum of water-bearing gravel and stored in a reservoir for use.
Branch-pipes are laid in nearly every gallery, especially those in work, and at each joint a small
spraying hole (0.083 to 0.166 inch) is bored in the pipe and can be stopped by a wooden plug. In each
working-place, a 1 inch pipe is fitted at the end with a gaspipe-cap containing a small (0.12 to 0.25
inch) hole ; this cap can be replaced by a hose-pipe when required. The requirements of the mine in
respect of spraying tax the full capacity of the water-supply, mere intermittent spraying being
insufficient to prevent danger from fire. The holes 20, 25 or 30 feet (6, 8 or 10 metres) apart, deliver
jets of water-spray, either against the roof, walls or diagonally across the gallery, and from 520 to 560
holes (each spraying 2 to 8 pints per minute) and 20 hose-pipes are in use every day.The spray-holes
in the main headings are about 30 feet (10 metres) apart, but only about one in fifteen of these is left
open during the week, although the whole are kept at work on Sundays. Except in the main headings
where gulleys are provided, the water runs over the floor of the workings.
In particularly dangerous places, the spray-holes are set close together (at intervals of about 3 feet)
for a distance of 65 feet (20 metres), and discharge in all directions so as to form a wet zone, the water
on the sole being also banked up to a depth of ½ inch to 1 inch, in order to cool the air and prevent
dust and ignition.
The tendency of this coal to oxidize results in a considerable accession of temperature in the
ventilating current, the increase commencing about 1,600 feet (500 metres) from the intake-shaft in the
summer (22° to 25°Cent. ), and attaining the maximum (2 ½ °to 32 ½ °Cent. ) at 6,000 feet (1,800
metres), the average increase being therefore 1°Cent. per 600 feet (170 metres) ; in the winter, the
rise begins nearer the shaft, the initial and final temperatures being 12°and 28 ¼ °Cent., corresponding
to a rise of 1°Cent. per 430 feet (130 metres).The spraying water has a temperature of 22°to 24
degrees Cent. and cools the air 2°, but measures are being taken to introduce the water at 12° to
15°Cent. and so cool the air by 4° to 5°.
C. S.
------------------------------------------[85]
SPRINKLING DUSTY GALLERIES AT THE ANNA AND CARL SHAFTS OF THE KOLNER
BERGWERKS-VEREIN COLLIERY AT ALTENESSEN.
Einrichtungen zur Unschadlichmachung des Kohlenstaubes auf den Schachten Anna und Carl des
Kolner Bergwerks-Vereins zu Altenessen. By—Winkhaus. Gluckauf, 1901, vol. xxxvii., pages 189194, with 4 figures in the text.
The following arrangements have been adopted for sprinkling the dust arising from several of the
seams worked at the Anna and Carl shafts, Altenessen. The daily output from the former shaft is 806
tons, and from the latter 1080 tons, of which 69 per cent. and 81 per cent. respectively are got from
seams provided with sprinkling appliances.
The water used, that trickling through the walls of the shaft, is caught in gutters and conveyed to
reservoirs. The Anna shaft water contains 105 parts of solid matter (gypsum with traces of salt) per
100,000, while that in the Carl shaft contains 96 parts, chiefly of salt and a small amount gypsum. At
the Carl shaft, the reservoir, which is on the 480 feet (146 metres) level, about 180 feet above the
highest gallery to be sprinkled, consists of a cemented brick-tank made by damming an old cross-cut,
and holds about 22,000 gallons (100 cubic metres), one day's consumption ; and it is fitted at the inlet-

end with a filtering layer of broken coke. In the Carl shaft, the water-tank, in the 656 feet (200 metres)
level, holds 45,000 gallons (205 cubic metres), and is preceded by a clarifying overflow-tank ; the daily
consumption of water here is about 14,300 gallons (65 cubic metres).This tank being incapable of
supplying water to the upper part of the workings, an old pump-sump, on a higher level (about 160
feet), has been converted into a reservoir, and receives the water dropping from the winding-shaft, the
other being fed from the ventilating-shaft. In the Anna shaft, a single main on the third level supplies all
the branches and sprinkling-nozzles.
Only three sizes of pipes, unions and valves, are employed, namely, 2 inches 51.5 millimetres) in
diameter for those in the shaft, 3 inches (76.5 millimetres) in diameter in the cross-cuts and main roads,
and 1 inch (25 millimetres) in diameter for pipes in the seams. The pipes are of wrought-iron, welded
and galvanized inside and out, in 16 feet (5 metres) lengths, and tested to 600 pounds per square inch.
The valves, of red brass, are fitted at the junctions of every sub-main and branch, so that the supply
may be cut off in each section and sub-section treated. The valves supplying the hose-jets are of ½
inch bore and either fitted with threaded ends for the hose-pipe or with Feller rubber joints, which are
self-tightening and answer better than the usual screw collar.
High-pressure hose is used, ½ inch (13 millimetres) in bore and 1/5 to ¼ inch (from 5 to 6
millimetres) thick. The sprinkling-nozzle, with a pressure of 150 pounds per square inch (10
atmospheres), will moisten a length of 50 feet (15 metres) from each point. Accordingly, 100 feet (30
metres) has been chosen as the distance apart of the several cocks, for thoroughly damping the roads
by means of a hose 3 ¼ feet (1 metre) long. The larger number of cocks required by this arrangement
is of slight consequence, in comparison with the great advantage of only using a short instead of a long
length of hose.
No special officials are appointed to supervise the distribution-pipes, the overman of each district
being held responsible. The laying and connecting of the ordinary pipes is made by the sprinklingmaster (Spritzmeister) ; while unions, T pieces, etc., are connected by fitters, especially appointed to
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the work. Locked chests running on wheels and containing the necessary tools, are provided in the
various districts. The sprinkling of the roads, inclines and upbrows is done by the Spritzmeister ; but
that of the working-places, including the last faces of the roadways, so far as they can be reached by
the furthest hose of the pipe-line, is effected by the workmen. The following rules have been drawn up
for the guidance of the sprinkling-master:--(1) Workmen appointed for damping the coal-dust must every day so thoroughly sprinkle all the
roadways and airways, rises passes and inclines in the district entrusted to their care that no dry coaldust can be anywhere present.
(2) Especially must they take care that any coal-dust behind props or bars, behind brattices and
at the faces be sufficiently damped.
(3) In working-places, not in operation, damping of the face and neighbourhood must also be
effected by the sprinkling-master, while the roof, face, lying coal and neighbourhood, must be damped
by the workmen in the case of working-places in operation.
(4) Defects in the pipe-line and other arrangements for sprinkling, so far as they cannot at once
be made good by the sprinkling-master, must be immediately reported to the overman or his
representative ; and each sprinkling-master must also notify the overman or his representative when
any defect or deficiency in the sprinkling arrangements prevents him from discharging his duty.
In the Anna shaft, the total length of piping amounts to 9 ½ miles (15,686 metres) of which 41,000
feet (12,000 metres) are 1 inch branch pipe ; and 42,000 feet (12,850 metres) of gallery are sprinkled.
The total cost amounted to about £1,800 for pipes and £110 for the water-tank.

In the Carl shaft, the piping covers a length of 12 miles (19,028 metres), 47,500 feet (14,570 metres)
being 1 inch pipe ; and the length of headings treated is 60,500 feet (18,500 metres). The cost in this
case is nearly £2,200 for the pipes and £500 for the reservoirs. The working expenses per ton of coal
worked from sprinkled workings amount to 1 ¾ d. and 1 ½ d. in the Anna and Carl shafts respectively.
J. W. P. and C. S.
------------------------------------------------------AIR-BREATHING APPARATUS : PNEUMATOPHORE.
Outillage tres simple et tres sur, d'Application aussi rapide que facile, pour rendre inoffensifs le
Sejour et le Travail de l'Homme dans les Atmospheres irrespirables contaminees par des Gaz
deleteres.
By A. Chauveau and J. Tissot.
Comptes-rendus hebdomadaires des Seances de
I'Academie des Sciences, 1901, vol. cxxxii., pages 1532-1537.
The essential feature of this apparatus is an arrangement for separating the current of inspired air
from that of expired air. It fulfils to the letter the following conditions, all of which the authors regard as
indispensable:--(1) Adaptability to the normal and customary passages by which the currents of
inspired and expired air travel, namely, to the nasal cavities and not to the buccal cavity.
(2) The
most complete approximation practicable, to the inlet of the air in the organism, of the system of valves
which condition the separation of the two air-currents. The purpose of this is to avoid any prolongation
of the channel common to both of them, whereby the quantity of vitiated air drawn into the lungs at
each inspiration
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would be increased.
(3) Extreme mobility of the valves, which should be designed in such a way as
to obviate any adhesion to the contours of the orifices which it is their function to open and close
alternately. (4) Reduction of the volume and weight of the apparatus to such a point that its presence
is imperceptible (as a burden) to the wearer. At the same time, it is so firmly attached as to suffer no
undue displacement by reason of the movements of the wearer.
Glass nozzles are thrust into the nostrils and communicate by thin india-rubber tubing with the main
apparatus.This consists of a transverse tube, so made that it can be taken to pieces for cleaning, etc.,
and within it are the two systems of valves : thin aluminium-discs, loosely jointed, fitting exactly on the
bevelled edges of their corresponding orifices, but never sticking to them. The apparatus is fixed in
front of the mouth, the chin serving as a support, and united by ligatures to a leathern skull-cap fixed on
the head. In cases where it is necessary to go through poisonous atmospheres in mines, etc., the
needful provision of fresh air is kept up, by attaching a flexible tube of adequate length and diameter to
the apparatus : with an increase in length of tubing the diameter must be increased. Experiments have
shown that in this way a man may remain without danger for 1 hour or more in an atmosphere charged
with carbonic oxide, etc.The authors' experiments further tend to show that the skin, of itself, is not by
any means a ready absorbent of poisonous gases.
L. L. B.
----------------------------------WOODEN AND MASONRY DAMS IN MINES.
(1) Holzmauerungen in die Grube.
By A. Hubner.
Oesterreichische Zeitschrift fur Berg- und
Huttenwesen, 1901, vol. xlix., pages 115-117, and 3 figures.
Under the conditions prevailing in the fiery pits of northern Bohemia, where the rock-pressure is
considerable and the coal is worked on the chamber system with packed headings, the provision of
insulating dams for restricting outbreaks of fire, etc., is a matter of importance. The use of wood for this
purpose was first introduced into the district by the author, in 1893, after other materials such as brick-

ends, broken stone, ashes, etc., had proved imperfect. The wood used consists of ordinary round pitprops or old sleepers, 24 to 40 inches in length and 3 to 6 inches thick, barked, trimmed of knots,
sound in the heart, and well-seasoned. The usual method of building the insulating dams is to
commence at the time of laying out the working chamber, and clear out the sole of the gallery (at the
site of the dam) until firm rock is reached for laying a foundation of stone- or brick-work. The walls are
also bricked in contact with the solid rock, the preparatory masonry being arranged in the form of a
segment leaving the open diameter from 4 to 6 inches wider than the rest of the gallery, in order to
allow for the results of rock-pressure. The wooden pillars are then erected. usually 30 to 36 inches in
breadth, the spaces between the round timbers being well filled with mortar, and finally the top layer is
wedged up tight against the roof. Strong wooden double doors are made ready for closing the passage
in case of emergency. When the worked-out chamber is left to subside, the passage-way in the dam
is filled up with round timbers and well plastered to make it as far as possible gas-tight. The plaster
requires renewal at intervals, when cracked by the effects of rock-pressure. When any tendency to
spontaneous ignition is observed in the gallery, or fire-damp is detected, spraying should be employed ;
and in any case all dusty cracks
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in the walls must be well stopped with plaster and the walls, roof and sole coated with mortar for about
1 foot round the dam.
For dams intended to last for a number of years, the wood be protected from rotting by impregnation,
or the dams built of masonry, in which case the wooden fittings must be preserved by coating with
sodium silicate or the like. This class of compound dam has proved successful for main air-doors,
airway-crossings, etc., the planks and inserted timbers in conjunction with round timbers set against the
roof, taking up a good portion of the rock-pressure and protecting the doorposts. Where the roof is
likely to crumble, flat lining timbers are advisable. The construction of these wooden dams is quicker
than when masonry is used, and nearly as cheap.
C. S.
(2) Verdammungsbauten beim Pfibramer Hauptwerke.
By Franz Mladek. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, 1901, vol. xlix., pages 117-119, and 5 figures.
In order to save the expense of pumping out an abandoned heading, it was decided to erect a
tapering wooden dam composed of 102 blocks of pine, 8 ½ feet long, planed and fitted true, and
covered with tarred canvas, before being set up in position. Each layer was tightened by ramming in
the key-wedge ; and, in addition, 102 beech wedges, 30 inches long, together with a number of iron
wedges, were driven in on the face next the water. The dam, however, proved leaky under the heavy
water-pressure (nearly 23 atmospheres) and had to be replaced by one of rammed concrete and
masonry, the latter 4 feet thick and convex, backed by 80 inches of rammed concrete and a brick arch
(1 ½ bricks thick) also convex on the side next the concrete. Slag-bricks and cement-mortar were
used, and the concrete was composed of 1 part (volume) of cement, 2 parts of granulated slag and 3
parts of gravel. The fissured character of the rock necessitated a very careful preparation of the
abutment and the plastering of the walls with mortar, faced with cement, all round for 8 feet on the
water side. A 3 ½ inches drainage-pipe and a 5/8 inch air-pipe, both strengthened with iron-rings,
were laid through the dam. This dam effectually keeps back the water, though the pressure has
attained 24 ½ atmospheres. It cost about £200, as compared with a charge of nearly £400 per annum
for pumping.
Other dams have been constructed in these workings, for the formation of underground reservoirs of
compressed air (pressure 4 to 5 atmospheres) for working drills, pumps, etc., the dams consisting of

two brick walls enclosing a core of rammed concrete. No blasting is allowed in the vicinity of these
dams.
C. S.
-----------------------------------------------------KLEY PUMPING-ENGINE IN AN IDRIAN MINE.
Die Kley'sche Wasserhaltungs-Dampfmaschinenanlage am Franzschachte in Idria.
By Karl
Habermann. Oesterreichische Zeitschrift fur Berg- und Hutten-wesen, 1899, vol. xlvii., pages 27-32,
and 2 plates.
This mine was originally served by two pumping-engines driven by water. As these were fifty years
old, and the power was not sufficient to keep the water under, a new plant was designed in 1885. A
temporary pumping-engine was started in 1886, and the larger plant completed in 1895, the shaft
having been enlarged and walled.
A Woolf compound beam-engine of the Kley type was selected, in which the speed could be varied
from 1 to 12 revolutions per minute. It is guaranteed to lift 44 cubic feet of water 885 feet high per
minute, at a speed of
[89]
6 revolutions. Both the cylinders are jacketed with boiler-steam.The diameter of the high-pressure
cylinder is 31.8 inches and stroke 49 inches ; the diameter of the low pressure cylinder is 39.4 inches
and stroke 6.56 feet ; and the ratio of the volumes of the two cylinders is as 1 to 2.44. The length of the
beam is 33 feet 8 inches and it works three pumps, the total weight of which is 65 tons. The engine is
vertical-condensing double-acting ; it has six valves with varying expansion and compression, and the
beam is placed below the cylinders.The pumps work with pauses between the strokes, the pistons
being then in the lowest positions. A small pump drains the condensation-water from the jackets, and
returns it to the boilers. The centrifugal governor regulates the speed, 12 ½ revolutions per minute
being the maximum. The beam, weighing about 18 ½ tons, transmits the power from the cylinders to
the plunger-pumps. The cut off varies from 25 to 53 per cent.By means of a cataract-governor
combined with the valve-gear, the speed can be either continuous or intermittent.
The cataractgovernor, consisting of a small vertical single-acting oil-pump, acts only during the pauses. As it is
made to play during the descent of the motor-pistons, there is no pause at the lower dead point. It also
acts by stopping the engine automatically, in case of need.
The shaft for the pumps was sunk in 1792, and was afterwards lined with masonry throughout its
whole depth of 911 feet. In one part, the thickness of the walling had to be increased to about 6 feet, to
resist the pressure of the stone (slate and breccia), and the inrush of water. The bottom of the shaft
was laid in concrete, and artificial reservoirs were constructed to catch the water, and to prevent the
shaft from being flooded while the work was proceeding. To collect the water in the mine, and convey
it to the pumping-engine underground, channels were made and faced with masonry at various levels.
The shaft is now perfectly dry.
It is in four divisions, two for winding, one for the workmen, and one for the water-pumps and pipes.
The water in the mine is raised to the Florian level, 55 feet below the surface, by three lifts of plungerpumps, acting at three different levels. Two are Rittinger forcing-pumps, the third and lowest is a
plunger-pump.
The upper piston of the highest lift is so arranged that it raises water, both in its
ascent and descent. The first set of pumps descends to the third level, a depth of 402 feet, and the
head of water is 344 feet. It has two plunger-pumps, the first 12 ½ inches, and the second and lower
about 17 inches in diameter. The second lift of the pumps descends to the ninth level, at a depth of 738
feet ; it has also two plunger-pumps, and the head of water is 328 feet. The lowest lift of the pumps
reaches the eleventh level, 902 feet lower. It has suction-valve chests, and the head of water is 173
feet. It carries one plunger about 18 inches in diameter. The pumps are fixed upon girders. The water

is raised from the lowest to the middle level through a pipe about 16 inches in diameter. There is an
overflow pipe, should more water be brought up than can be dealt with by the next lift, which delivers to
the upper pumps through a somewhat smaller pipe. The forked pump-rods, weighing 65 tons, are
connected to the beam by girders and cross-heads of the best steel. The weight of the pumps, and of
the ascending column of water is 80 tons. Care was taken that the pumps raised water in their ascent
as well as their descent, and that there was no downward thrust. The writer lays stress on the fact that
the lower dead-point is in this engine passed through at diminished speed, and the pumps begin their
lift at gradually
increasing speed, as the pistons rise. The division of power secured by this distribution of the steam is
considered of special importance. The advantages of the Kley-Woolf system as compared with the
ordinary compound engine is
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shown in a series of diagrams, while others, taken of the movement of the pump-rods, mark its much
more gradual increase of speed.
The boilers of the elephant type comprise two upper, and four lower tubes. The total heating-surface
is 1,076 square feet ; boiler-pressure, 7 atmospheres ; evaporation, 2 ½ to 3 pounds of water per
square foot of boiler heating-surface ; and total delivery of steam per hour, 2,640 to 3,300 pounds.
Experiments were made in 1895 and 1896 to determine the consumption of the engine. The
combustible used was partly wood, partly Sagor coal ; 6 trials were made with the former, and three
with the latter. The wood was beech containing 42.65 per cent. of carbon and 14.7 per cent. of water,
and having a heating value of 6,058 British thermal units per pound ; it evaporated 2.9 pounds of water
per pound of wood. The engine ran at 8 to 9 revolutions per minute, the mean indicated horsepower
varied from 130 to 150, and the steam-pressure was 6 ½ atmospheres. The consumption of wood was
about 8. 5 pounds and of steam 27. 8 pounds per indicated horsepower per hour, including the jacketsteam, etc. In the second experiment made three months later, the consumption of wood was 6. 3
pounds per indicated horsepower per hour, and the mean consumption of steam 23 pounds per
indicated horsepower per hour. Coal was used in the third series evaporating 4 ½ times its weight of
water ; the consumption was 4.8 pounds and of steam 21.4 pounds per indicated horsepower per hour.
Having been a year at work, the engine naturally ran better. The best test of economy is, however, the
daily work of an engine. A table shows the consumption of this engine for two years, which works out at
30 pounds of steam per horsepower per hour ; but, its extremely slow speed, 4 to 8 revolutions per
minute, must be taken into account. The total cost of the plant was about £11,200, and of the engine
and beam alone £4,150.
B. D.
--------------------------------------------------SCREENING AND MAKING A GIVEN SAMPLE OF COAL.
Charbonnage de Gosson-Lagasse, Siege No. 2 : Triage des Charbons. By H. Hubert. Annales des
Mines de Belgique, 1901, vol. vi., pages 175-178.
Formerly the so-called unscreened coals (tout-venant), both for house and industrial purposes, were
constituted by the coal as brought up from the mine, tipped into wagons or boats after a summary
picking : the sample being, if required, improved by addition of the larger sizes of bituminous coal
separated from that destined for washing. A new plant, capable of dealing, with 100 tons per hour, has
been erected near the existing washery, for separating and again uniting the different sizes in the
desired proportion. The chief reasons for this change are of two kinds:—On the one hand, the now
almost exclusive working of thin seams with shale-bands renders efficient cleaning necessary ; and on
the other, the very varied composition of so-called unscreened coal renders it difficult practically to

avoid delivering either an inferior sample, that gives rise to complaint, or one better than that contracted
for in order to avoid complaints. In addition, the arrangements were designed to effect, by a single
plant, the operations that were before performed separately at three installations, namely:—(1) A
preliminary separation of the screened bituminous coal from the slack to be washed ; (2) preparation
and loading of the so-called unscreened coal sent off by rail ; and (3) the same for that despatched by
water, while at the same time every effort was made to reduce labour and breakage to a minimum.
The coal is classed by the screens into six sizes, which are remixed in the desired proportion in the
loading-hopper, the slope of which only just permits
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the coal-mixture to slide at a moderate speed ; and, along all the carrying-belts except that of the dust
up to 19/32 inch (15 millimetres) gauge, are arranged steps for the pickers, who separate the stone
and the coal mixed with shale intended for firing the boilers. For the boats, the small coal of the desired
composition falls, on leaving the measurer, on to inclined conveyors which raise it to the top of two
large storing-bins, arranged vertically above a trench the bottom of which is on a level with the
shipping-dock. In this trench run trucks, holding about 1.2 tons, and discharging at the bottom, which
receive separately their slack or screened coal ; and, as the boats carry at least 90 tons, the mixture
becomes sufficiently re-formed. The sizes of screened coal intended for the boats are united on a
horizontal conveyor, which leads it into a wide and inclined hopper descending into the abovementioned trench. The measuring-cylinders, the working of which is checked several times in a day,
permit, for deliveries by wagon, of obtaining the exact composition desired ; and for the boats, the
composition is determined by the number of trucks for each size, slack and screened coal. In one as in
the other case, the slack remains of the desired proportion, independently of the great variations in the
working that occur in the course of a day, and which are equalized by receivers and sliding-shutters,
the surplus coal of any size being sent to the washing-floor.
J. W. P.
-----------------------------------------ECONOMIC CONDITIONS OF THE IRON-INDUSTRY IN LOMBARDY.
Etude sur les Conditions economiques de l'Industrie Siderurgique en Lombardie. By—Babu. Annales
des Mines, 1901, series 9, vol. xix., pages 333-337.
The ancient iron-industry of Lombardy is not merely passing through a critical phase, it is simply
dying out for ever. From east to west the principal ore-deposits are found in the Val Trompia, in the
lower portion of Val Camonica, in the neighbourhood of the Lake of Ideo, in the middle portion of the
same valley and in the upper portions of Val di Scalve and Val Seriana. The ores occur as veins in red
grits of Lower Bunter age and in mica-schists of Carboniferous age : the gangue is generally
quartzose, the average thickness 15 inches, and the content in metallic iron 45 per cent. On the other
hand, in the formation known as servino (Upper Bunter), the ores occur rather as beds, three of which,
averaging 4, 6 and 3 ¾ feet respectively have been worked in Val Trompia. They are, however, much
faulted and in many places barren. The cost of extraction of the ores varies from 8s. 4d. to 12s. 6d.
per ton, and their price delivered at the furnace ranges from 10s. to 33s. per ton. The Lombard blastfurnaces are of very small capacity and the fuel used is charcoal : a couple of blast-furnaces (as we
know them in this country) would suffice to account for the annual ore-production of the entire province.
This production at its possible maximum could not exceed 30,000 tons, and could never, therefore,
form the basis of a staple industry. Moreover the variable, but generally high, price of imported coke is
another adverse factor.
At the Castro and Tavernole works, efforts have been made to compete with British wrought-iron and
sheet-iron, but these can be placed on the market at Genoa cheaper than the iron made in Lombardy.

Similar attempts to manufacture steel by the Martin-Siemens process have been defeated by German
imports. The only metallurgical industry, that appears nowadays likely to live in Lombardy, is the
working-up of scrap-iron, etc., brought from elsewhere in the works at Dango, Castro, Carcina and
Vobarno.
L. L. B.
-----------------------------------------------[92]
TESTING PITCH FOR BRIQUETTES.
Apparat zur Prufung von Pechsorten fur die Briguettefabrication.
By Otto Binder. Oesterreichische
Zeitschrift fur Berg- und Huttenwesen, 1899, vol. xlvii., pages 279-280, and 1 figure.
In most of the briquettes now made, pitch produced from tar by distillation in retorts is used to bind
them.
The quality of this tar, whether obtained from lighting-gas works, or from coke-ovens, and that
of the coal from which it is made, vary greatly, and a testing-apparatus has long been wanted.
Pitch should contain very little ash, and in this respect does not need to be tested ; its melting-point
and viscosity are its most important characteristics when used for briquettes. It is generally considered
sufficient to determine the quality of pitch from its melting-point, although, as it has really no definite
melting-point, but passes gradually from a stiff to a soft and thence to a fluid condition, satisfactory
results are seldom obtained. Hence the writer has invented a testing-apparatus, consisting of a small
vertical cylinder containing an inner hollow cylindrical tube, with six small openings into an outer tube
where the heat is applied. It is surmounted by a ram, working up and down in a frame, exactly fitting
into the inner tube. By means of a lever, fulcrum, and running weight, any given pressure upon the tube
can be exerted and read off on a scale.
To make a test, the cylindrical tube is first heated by gas-jets or hot air, and the necessary
temperature being attained, the pitch mixed with sand is placed in it, the ram pressed down, and a
sample briquette thus manufactured. The mixture of sand and pitch must be first heated, and
continually stirred ; when black and well mixed the process is complete. If a strong thermometer be
used to stir it, the proper temperature can be seen at a glance. Instead of sand, coal may be used, if
care be taken that it is crushed to a uniform size. The writer tested mixtures of sea-sand containing
from 3.8 to 9 per cent. of pitch. The briquette containing 5.6 per cent. was firm and smooth, those with
a smaller percentage were less so, and as the percentage of pitch diminished they became looser and
more brittle. The higher the percentage of pitch, the firmer, darker, and more polished were the
briquettes. These results agree with those obtained in practice. An advantage of this method of testing
is that the samples are of the same size, namely, 0.60 inch in diameter, and of the same consistency,
and a standard is afforded for the different kinds of pitch. The briquettes may afterwards be fired on a
small experimental grate, or tested in the heat of the sun for cohesion.
B. D.
-----------------------------------------------------HEMINWAY PROCESS OF COKING COAL.
Improved Heminway Process of coking Coal in Beehive Coke-ovens as used at the Plant of the
Universal Fuel Company. By Dr. R. S. Moss. Mines and Minerals (Scranton, Pennsylvania), 1901,
vol. xxi., pages 412-414, with plans, sections, and illustration in the text.
This improvement relates to the method of coking in a beehive-oven, and has for its object not only
the production of a good sound metallurgical coke from so-called non-coking coals, but also
improvement in the practice of coking generally. The writer considers it possible to obtain good results
from coke whose structure is not exactly similar to the recognized form, and also to alter the cellstructure at will by intelligent manipulation during the time of coking.
It is known that whilst the ordinary Heminway method increases the
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rapidity of combustion, yet the coking is uneven, the upper layers of coke getting burnt whilst one is
waiting for the lower layers to coke. To overcome this and other difficulties met with in the Heminway
process, the writer has made various improvements. Instead of blowing air from an opening having the
pipe-diameter, the exit is enlarged by making it of an elliptical shape, raised slightly on the lower side
instead of horizontal, thus blowing the air in a slightly upward direction into the oven and at a height
above the mass of coal sufficient to protect it against combustion of the fixed carbon by a cushion of
volatile matter between the coal and the air-supply. At a point at least 3 feet distant from the centre of
the air-exit, a second air-supply, also elliptical in shape, is placed in an almost horizontal plane, thus
completing combustion of the volatile matter escaping the lower air-supply. This form of exit ensures a
better and more even mixture of air and combustible gas. Of course, this arrangement by itself would,
by reason of the increased heat above the coal, only aggravate the trouble met with in the Heminway
process. To meet this difficulty, the writer builds a flue from the inside of the oven just below the
trunnel-head, carrying it down the outside of the oven and under the bottom, starting near the front,
continuing along the bottom of the back, and again passing outside to a main flue built between the
ovens.
Twelve flues built under the oven equalize the heat from front to back, and by carrying the
waste-gases from the top to underneath the floor, the temperature from top to bottom is more nearly
equalized ; the evolution of the volatile matter from the lower layers is increased, and the increased
combustion required for these gases is obtained by opening the valves connected with the air-supply.
This increased combustion in turn gives an increased quantity of heat, and thus the time of coking is
reduced, whilst a more even coke, and one entirely free from black ends is obtained.
It is an advantage to build a double floor on the bottom of the oven to retain the heat, and one must
also build the flue-floors of sufficient thickness to prevent undue loss of heat below. A yet more
intimate mixture of air and gases is obtained by adding four openings in the oven on a level with and in
favour of the one lower oval opening, and in such a manner that lines drawn from the lower sides of the
openings will strike a point in the oven just below the trunnel-head. If necessary, two more openings
may be added in favour of the one upper opening, these being directly opposite each other and almost
horizontal with the face of the oven. But even in this case, in itself a great advance on the original
method, we have an oven hottest at the top, cooler at the bottom, and coolest in the centre. To
overcome this, the writer has arranged to pass air, waste-gases, or both together, under the bottom
and up through the mass of coal in the oven by means of flues, or perforated tiles, or any arrangement
that will allow the air or gases to pass up through the whole bottom of the oven.The importance of this
perforated bottom cannot be overestimated, although like all other improvements, it can be made
worse than useless by ignorant operation.
A battery of 24 coke-ovens on the foregoing lines has been erected and is producing results
exceeding even the writer's own anticipations. Using duff-coal which costs 1s. 0 1/2d. (25 cents) per
ton at the mine, a 5 tons charge of so-called non-coking Illinois coal can be coked in 24 hours, and the
coke is of superior quality. It is anticipated that with the perforated bottom, and intelligent management,
the number of so-called non-coking coals will be further reduced, besides reducing the time of coking
all coals now coked, coking a 7 tons charge in 36 hours equal to 72 hours coke, improving the quality
and increasing the yield simultaneously.
X. Y. Z.
------------------------------------------------------------[94]

REFRACTORY OR FIREPROOF MATERIALS.
Feuerfeste Massen.
By Dr. —Steger.
Zeitschrift fur das Berg-, Hutten- und Salinenwesen im
Preussischen Staate, 1901, vol. xlix., pages 96-106.
The author points out that the industry which concerns it with the preparation of refractory materials
has undergone no startling changes of late years, for the reason that no fresh discoveries have been
made in the way of raw material. On the other hand, continuous progress has been accomplished in
regard to mechanical processes of manufacture, while the chemical side of the industry has been
confined to the working-out of the ideas the long ago mooted by such masters as Seger and Bischof.
Magnesia-bricks. —The difficulties connected with these are easily overcome, provided that the
components which form the cementing-material exist at the outset in a very fine state of division. The
best magnesites for such purposes are those that contain a sufficient percentage of cementing-material
in the shape of iron oxide, etc. (such as those of Styria), while purer magnesites cannot be kneaded at
a white heat into sufficiently compact stone. Certain British and German processes are described
whereby this difficulty is in some cases successfully overcome, and the use of electric furnaces now
permits the liquefaction of alkaline earths hitherto regarded as unmeltable.
Chromite-bricks. —But if magnesites differ vastly in composition, still more so does chrome iron-ore,
the raw material for chromite-bricks, as shewn by the 27 chemical analyses tabulated by the author.
The best raw material for making such bricks is that which contains the highest proportion of chromium
oxide, as precisely this compound melts with extreme difficulty : the impurities present in the ore act
very well as cementing-matter.
Some American and German patents are described, mainly directed
to the provision of this cementing-matter when it is not naturally present in adequate proportions.
Chromite-bricks do not enjoy any great popularity, because the chrome iron-ore of even one locality
varies to such an extent that an average fixed composition cannot be relied on, and this is a factor of
capital importance in the manufacture of fire-bricks.
Moreover the price of the brick is too high.
At
one time, it was used as a parting layer between magnesia and Dinas-bricks, but it has been found that
the separating layer can be dispensed with, as good Dinas-bricks are not corroded by magnesia-bricks.
Dinas-bricks. —The chief quality expected of a high-class Dinas-brick is that it shall contain the
largest possible amount of silica, and as this is precisely characteristic of the British article, the Dinasbricks from England command the market. The addition of a certain amount of cementing-matter is a
sine qua non, as silica is of itself a highly fusible substance. In this connection the author describes
briefly certain British and German patents.
Carborundum has become recently known as a good refractory material : coal, silica and salt are
fused together in an electric furnace, and produce a compound containing about 69 per cent. of silica
and 30 per cent. of carbon. The price is high, and the material is largely used as a fireproof enamel : it
is also proof against acidic corrosion.
L. L. B.
-------------------------------------------PYRITIC SMELTING.
The Province of Pyritic Smelting.
By Herbert Lang.
The Engineering and Mining Journal (New
York), 1901, vol lxxi., pages 589-590 and 617-618.
It has often been asked, and doubtless will often be asked again, what is the dividing-line between
pyritic and ordinary blast-furnace smelting?
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The writer states that it is very narrow and very clearly marked. The essential difference is that the
pyritic furnace forms oxides from sulphides (in particular the oxide of iron from pyrite within the furnace)
while the other does not. It is not the heat resulting from this effective breaking up of the sulphides
which characterizes the process, for this may be obtained in other ways. Any means whatever of

decomposing the sulphides inside the stack will be a part of pyritic smelting, even though applicable in
a measure to systems running on the old plan. In fact, the mere change of the charge of an ordinary
furnace may convert it into a pyritic furnace.
And since the addition of a little silica to the charge,
converts ordinary matting under common conditions into pyritic smelting, this fact alone is sufficient
refutation of the notion that the pyritic process is not a general process applicable to almost all the
conditions where the ordinary method is applicable, besides been applicable to many where the
ordinary is not. The writer believes that the work of every ordinary furnace, with certain exceptions,
could be done better by pyritic furnaces. The exceptions apply to furnaces run on charges deficient
either in silica or combustible sulphides ; charges very high in silica which require a very acid slag, may
also be excepted, for such slags have not as yet been produced in this form of smelting, although they
are often handled by means of the hot-blast, which hot-blast, however, does not necessarily imply
pyritic smelting.
The principle involved in the acidity of the charge was discovered independently by several workers,
including the writer, who will discuss the matter more fully hereafter. This principle is certainly designed
to make its way into almost universal practice ; it is one of the mainsprings of the pyritic process,
inasmuch as by its aid cold-blast pyritic workers are able to effect a desirable concentration of their
product. Hence, irrespective of the advantages or disadvantages of the hot-blast, we possess a means
of concentrating the matter which belongs exclusively to the pyritic process, while at the same time it
can be applied to the ordinary method without alteration of furnace, etc. In either case, the work
partakes of the pyritic character, and the writer cannot perceive any hampering conditions which
prevent the method from being considered a general one.
At the first introduction of the pyritic process, it was thought that the method was most applicable to
heavy sulphide-ores containing little or no intermixed gangue-matter and having an abundance of
sulphur and oxidizable metals. But experience has shown that the conditions of cost of fuels, fluxes.,
etc, overshadow the condition of the chemical composition of the charge. In the case of such a
substance as iron-pyrites, whose combustion evolves vast stores of heat, but whose fusion generates
large quantities of matte, the process succeeds best when the charge contains but one-third or 35 per
cent. of pyrites. Charges may be made up of a vast variety of ores, sometimes totally without fluxes,
and at other times with more flux than ore. A list of various charges is given, comprising examples
taken from actual practice, showing a wide range of materials has been subjected to the pyritic
influences with success and profit. These experimental results prove, amongst other things, that in
order to obtain high concentrations, the charges must be stiffened up with silica to the highest
permissible extent.
The points of this valuable paper may be summarized as follows:—(1) The difference between coldblast pyritic and ordinary matting consists only in the make-up of the smelting mixture ; (2) the ordinary
process can probably produce more acid slags, and so far as shown by present practice, more basic
slags also, than the pyritic method ; (3) the application of the hot-blast saves
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fuel and increases the daily capacity of the pyritic furnace, but leaves the process still subject to the
same limitations as regards the proportions of silica ; (4) mixtures deficient in sulphides cannot be
successfully treated by pyritic smelting, because they would produce no matte ; (5) silica governs the
concentration of pyritic charges, and mixtures deficient in silica cannot be properly concentrated in the
pyritic way ; (6) matte may be concentrated by fusion in the pyritic stack, but not in the ordinary ; and
(7) iron seems to pass into the pyritic slags as singulo-silicate ; and lime seems to form bi-silicates,
mainly or wholly, in the pyritic stack.
X. Y. Z.
----------------------------------------------------------

MODIFIED SIEMENS AND HALSKE PROCESS.
The Extraction-plant of the Arlington Copper Company.
By A. Von Zwaluwenberg.
The
Engineering and Mining Journal (New York), 1901, vol. lxxi., page 661.
The copper-mine of the above company at Arlington, New Jersey, has attracted much attention lately,
and is now nearly ready for operation. The ore consists of sandstone and shale impregnated with
several compounds of copper. It is to be treated by a method varying little in principle from the Siemens
and Halske process, but differing considerably in the method of manipulation. The ore will first be fed
into a large Comet crusher, then dried by heat from the waste-gases of the roasting furnace, then
rolled, then, pulverized, and then elevated to the feed-hopper of a Brown straight-line roasting-furnace.
The principal object of the roasting is not the removal of sulphur, the ore not being expected to average
more than 5 per cent. of this element, but to render some of the iron insoluble, and to effect other
changes in the material necessary to successful lixiviation. While still hot, the roasted material will be
charged into circular leaching-tanks, 30 feet in diameter, in which the copper will be extracted by the
action of a solvent consisting originally of dilute sulphuric acid, but, after being used for sometime,
containing considerable ferric sulphate. The solution containing the dissolved copper will be subjected
to electrolysis, the copper being obtained in metallic form and ferric sulphate regenerated at the anode,
thus rendering the liquor available for the extraction of copper from a fresh portion of ore. Practical
results of this new process are awaited with considerable interest.
X. Y. Z.
-----------------------------------------------------------ACTION OF NATURAL IRON SULPHIDES AND NATIVE SULPHUR ON COPPER AND SILVER AT
ORDINARY TEMPERATURES.
Chemische Reaction der naturlichen Eisensulfide und des gediegenen SchwefeIs au Kupfer und Silber
bei gewohnlicher Temperatur.
By J. Struver.
Centralblatt fur Mineralogie, Geologie, und
Palaeontologie, 1901, pages 401-404.
All the experiments here described were repeated several times, in order to eliminate possible
errors, and all the operations were conducted in a dark room.
Ordinary pyrites acts slowly, but marcasite and magnetic pyrites produce immediate blackening of
the two metals (silver and copper). No action whatever has been observed in the case of platinum,
lead, zinc, tin, iron, steel, nickel, antimony or bismuth. All these metals too, including silver and copper,
are unaffected by the presence of either cobaltites, arsenical pyrites, antimony-glance or orpiment.
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One condition of comparatively rapid action appears to be the presence of compounds rich in
sulphur, an inference supported by the fact that native sulphur itself acts with greater energy and
rapidity than any sulphur-compound on silver and copper, though not on the other metals enumerated
above. It is sufficient to place a crystal or a fragment of sulphur on a small sheet of silver or copper to
produce immediate blackening, and in the course of a few hours a crystalline uniform black film
spreads over the whole of the metallic surface in contact with the sulphur, whence it extends gradually
in all directions. The author points out that the metals from which he has obtained positive results are
just those which in nature form by preference sulphides of the formula M2S. Experiments made
respectively with a well-cleaned gold coin and sulphur, and with mercury and sulphur, yielded negative
results.
On a sheet of lead, well cleaned and polished, was laid a crystal of native sulphur. After a few days
the whole surface (except the portion covered by the crystal) became dull, and this portion retained its
lustre for several weeks. The author also experimented with native arsenic on copper and silver, but its
contact with these metals yielded no visible results.

It is permissible to conclude that sulphur combines directly with the silver and copper, forming a
crystalline compound ; while in the case of the natural iron sulphides, the contact of silver or copper
initiates a process of dissociation, the final result of which is the combination of a certain amount of
freed sulphur with the silver or copper.
L. L. B.
----------------------------------------------SILVERED VERSUS PLAIN COPPER PLATES.
Electro-silvered versus Plain Copper-plates.
By James R. Cooper. The Engineering and Mining
Journal (New York), 1901, vol. Ixxi., page 330.
The difference in economy between plain copper and silvered plates depends entirely on the purity of
the copper used in the plain plates.The principal impurity that causes trouble is oxygen. It is understood
by gold-millers that the softest copper is the best for amalgamated plates : other things being equal, the
copper which carries the least oxygen is the softest, and the writer is of opinion that a deoxidized
copper-plate can be produced which is equal in every particular to a silvered plate.
X. Y. Z.
------------------------------------------------AGITATION-PROCESS FOR CYANIDING SLIMES.
The Agitation-process for Cyaniding Slimes.
By Charles S. Hurter. The Engineering and Mining
Journal (New York), 1901, vol. Ixxi., pages 82-83, with 2 illustrations.
The problem that presented itself to the Cochiti Gold-mining Company, Bland, New Mexico, was how
to treat successfully a low-grade slime without going to too great expense. After a trial of various
processes, it was decided to use as an agitator a mixture of steam and compressed air.The agitationtank (described fully in the original text) takes a charge of 3 or 3 ½ tons of pulp and 6 tons of solution.
The steam and air pass first into a 3 inches distributing pipe, and from it to 1 inch pipes that pass
through the tank as close to the bottom as possible. These pipes are placed 6 inches apart, and have
perforations on the underside at 6 inches intervals, thus giving an even agitation all over the tank.
Compressed air alone was at first used,
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but the pipes clogged, and the solution became too cold to give a good extraction of values in a
reasonable length of time. The air is delivered to the 3 inches pipe at a pressure of about 60 pounds
per square inch, and the steam at about 30 pounds.Twenty-four hours are sufficient to extract 94 per
cent. of the total values, using a solution of 3 pounds of cyanide of potassium to the ton.However, it
was only possible to recover 80 per cent. without filter-presses, which could not be used on account of
the expense. About 60 pounds of lime are suspended at the surface of the solution in a bucket of
coarse-wire screen. A large excess of lime is used, because in addition to neutralizing any acidity in
the ore, the effect is to make the slimes settle much more quickly in the settlers.By these means and
proper sluicing, etc., enough gold and silver is recovered to bring the total extraction up to 80 per cent.
The expense of recovering the remainder would exceed the profit.By this process, the total cost of
treatment is 4s. 2d. (1 dollar) per ton of pulp treated. The advantages of the steam-and-air method
over mechanical agitation consist of the absence of machinery, belts, etc., the small amount of repairs
needed, and the small amount of power (0.1 horsepower per ton per day) required to secure perfect
agitation.
X. Y. Z.
------------------------------------------------------CYANIDING STAMP-MILL TAILINGS IN WESTERN AMERICA.

Cyaniding Stamp-mill Tailings in Western America : A Description of the Dexter Gold-mining
Company's Plant at Tuscarora, Nevada.
By Wm. Magenau. Mines and Minerals (Scranton,
Pennsylvania), 1901, vol. xxi., pages 299- 301, with 1 figure in the text.
The Dexter Gold-mining Company of Salt Lake City, Utah, has a plant at Tuscarora, in Elko County,
Nevada, which may be called a typical western plant, whilst yet possessing some novel features.
The plant treats tailings from a 40 heads stamp-mill. The ore carries 85 per cent. of silica and 10 per
cent. of iron.
The richer ore carries much clayey material, requiring the use of much water in the
stamp-batteries. Each of the settlers (designed to separate the sands from the slimes) is fitted with a
Butters-and-Mein automatic revolving distributor, an appliance first used in South Africa, 7 years ago.
It consists of a number of radiating 2 inches pipes of various lengths, centreing in an inverted coneshaped receiver mounted on bearings at the tank-centre ; the stream of tailings being discharged into
the receiver finds outlet through the radiating pipes, each of which is bent to a right angle a few inches
from the end. The reaction of the discharge from the pipes causes the whole appliance to revolve,
distributing the material uniformly through the water-filled tank.
In a correctly designed plant, the
overflow from the tank, carrying with it the slimy portion of the tailings, goes into an annular trough,
thus giving the largest possible cross-section to the overflowing stream and carrying out the minimum
quantity of sand.A settler having been filled and drained, its contents are trammed into the leaching
department.It is found that a 5 days' leach gives the maximum average extraction. The system of
continuous percolation is used ; there is but one strength of solution and but one set of solution-pipes.
The drain-cocks below the filter-bottoms are left wide open, and the solution is run in on the top as fast
as it will run through the charge. A novel feature here observed is the mode of adding the cyanide
required to keep the solution at standard strength. This ore uniformly consumes 1 ½ pounds of cyanide
of potassium per ton treated, and that quantity of cyanide per ton
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of ore in a tank ready for its first wetting with solution is placed in a perforated tin tray 24 inches square
and 6 inches deep.
This tray is placed on top of the ore-charge under the pipe admitting solution,
and the flow of the latter is started at such a rate that the ore is submerged at just the time when all the
cyanide is dissolved.
This plan was introduced to allow for the varying amounts of moisture retained
in the sands ; it ensures a full strength of solution at the commencement of leaching, and works well on
this very uniform material.
Formerly, the leached and washed residues were removed by shovelling
through bottom-holes into cars beneath. Now, water-pressure being available, V shaped sheet-iron
launders are placed under the tanks, and residues are sluiced out by means of a hose and nozzle.
With a water-pressure of 60 pounds per square inch, one man can sluice out 50 tons in 1 ½ hours.
The precipitation-department is adjacent to, and below the level of, the leaching-tanks ; the pregnant
solution flows directly into the zinc-boxes, practically no intermediate tank being used. Ten rows of
zinc-boxes each with ten compartments, measuring 12 inches by 12 inches by 10 inches, are used.
The entering solution carries 0.97ounce of silver and 0.082 ounce of gold per ton ; flowing through the
loosely-packed boxes at an approximate rate of 3.1 tons per hour, it leaves with 0.1ounce of silver and
0.01 ounce of gold, or 88.7 per cent. is precipitated.
Considering the low grade of the entering
solution, and the careless way in which the zinc-shavings are distributed, this seems remarkably good
work, and is, in fact, quite contrary to what the writer's previous experience would have led him to
expect.
The Bull Run Mining Company is also erecting a cyanide-plant, designed to get a quick extraction of
values by agitation and by use of the combined decantation and vacuum-filter systems, and to handle
the tonnage more economically than can be done when sand and slimes receive separate treatment.
X. Y. Z.

------------------------------------------SADTLER PROCESS FOR TREATING ZINC-BEARING ORES.
The Sadtler Process for treating Zinc-bearing Ores.
By Benjamin Sadtler.
The Engineering and
Mining Journal (New York), 1900, vol. Ixx., pages 368-369.
There is a large amount of zinc-ores carrying precious metals, which have been excluded from
treatment in ordinary precious-metal smelters on account of its choking them, as well as rendering the
slags less fusible and causing them to retain a larger proportion of precious-metal values. Such ores,
also, would not work in ordinary furnaces for zinc-distillation, because, as a rule, they contain so much
iron and lead as to make them corrode and destroy the retorts. This is mainly due to the fact that the
characteristic zinc-product of the precious-metal mines is of the variety known as marmatite, containing
so much iron as a component part that it cannot be separated by any of the usual magnetic processes.
After numerous experiments, the writer succeeded in preparing retorts with a thin basic lining which
resists corrosive action, enabling him, after roasting the ore, to distil off the zinc and save it, and to
leave the gold, silver, copper and iron-ores in the residue, also about 80 per cent. of the lead.
This
residue, being oxidized and containing some carbon and about 5 cent. only of the zinc left in it, is
desirable to precious metal-smelters and readily smelted by them at low expense.
In order to test thoroughly the resistance of the retorts to corrosion, two separate runs of 89 and 42
days were made. Both tests were entirely satisfactory.
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In the first test, a small furnace, containing 30 full-size retorts lined with various basic ingredients, was
used, and after being carefully fired up in the furnace was charged with ore.
During the run, 10
retorts were lost by breakage, but none were corroded.
The breakages were chiefly due to the
inexperience of the workmen.
This gave a daily loss of one in 267 against the daily loss in Missouri,
running on ores containing no appreciable quantity of iron, of 3 per cent. The ore treated in this case
was very different from Missouri ore, in which it was their rule to place in the retort a charge containing
not more than 2 per cent of iron, or 3 per cent. of lead, the loss by corrosion otherwise being too rapid.
The ore treated in this test, however, ran, in the raw ore, from 16 to 30 per cent. of iron, from 1 ½ to
13 per cent. of lead, from 2 to 9 per cent. of silica, and from 16 to 37 per cent. of zinc. The silver ran
from 5 to 17 ounces, and the gold from 4s. 2d. to 45s. 10d. (1 to 11 dollars).The zinc produced
showed no gold or silver, these metals appearing to remain entirely in the residue.
It showed from
0.52 to 1.12 per cent. of lead and from 0.06 to 0.12 per cent. of iron, both of these impurities being
well within the limit allowed by first-class spelter.
The residue was perfectly oxidized, containing
some little carbon and all the gold, silver, copper and iron present in the ore and practically the whole of
the lead. It contained from 4.2 to 8.5 per cent. of zinc on the smelter returns. As rather dirty slack
coal had to be used, the silica in the residue ran somewhat higher than would be the case in practice,
where a washed, or a pure slack coal would, of course, be used.
The spelter produced from the run
was reported to be of good quality, and suitable for refining purposes.
After describing the second test, which was deemed equally satisfactory, and which dealt with
several lots of ore and concentrates from Colorado and Montana, the writer deals with some
comparatively minor details, and concludes by remarking that the cost of the process is simply that of
ordinary zinc-roasting and distillation plus the cost of 4d. to 6d. (8 to 12 cents) each for lining the
retorts, which is more than offset by the greater life of the retorts as above shown, and by the fact that
the roasting is cheaper because there is no necessity to roast so closely. The profits come from the
fact that these composite ores can be purchased more cheaply than the pure zinc-ores of Missouri and
elsewhere, and the gold, silver, and other valuable metals in the residue make it a saleable and
profitable product.
X. Y. Z.

-------------------------------------------------------------FRASCH ELECTROLYTIC PROCESS FOR REFINING NICKEL.
The Frasch Electrolytic Process for Refining Nickel. Anon. The Engineering and Mining Journal
(New York), 1901, vol. Ixxi., pages 428-429, with 3 illustrations of the apparatus.
In a previous article, *this process for refining nickel was partly described, one of the advantages of
this invention consisting in the simultaneous recovery of caustic alkali and the salts of metals from ores
or matte.
To treat copper-nickel ore and matte, and bring the metals therein contained into solution, the matte is
used for an anode in an electrolytic bath ; a solution of an alkali-salt forms the electrolyte, and ordinary
carbon or copper-cathodes are employed.
Caustic soda and a solution of the corresponding salts of
the metals forming the matte are obtained, the sulphur
* Trans. Inst. M. E., 1899, vol. xix., page 556.
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remaining as concentrated residuum.
The metallic solution thus obtained is subjected to electrolysis
in a series of baths, all having matte anodes, and, preferably copper cathodes.
The anodes consist
of disintegrated matte and are arranged so that the electrolyte passes through the body of the anode
through a suitable diaphragm,
past the cathodes, and through an overflow on to the anode of the
bath next in series, and so on through any desired number of baths.
The least electropositive metal
(in this instance, copper) represented in the electrolyte is deposited at the cathodes in the passage of
the electrolyte past the cathodes, care being taken that the tension of the electric current does not
greatly exceed the electrochemical requirements for copper, the solvent agent represented in the
electrolyte as liberated dissolving a corresponding quantity of fresh metals from the metal-bearing
anode of each bath.
By the repeated deposition of copper only, and re-saturation with the
compound metals of the anode, the electrolyte becomes more and more saturated with the other
metals and impoverished in copper, until a point of saturation is reached convenient for the recovery of
the metals other than copper. To remove the last quantities of copper retained therein, the electrolyte
in its passage through the bath last in series is not allowed to pass the cathodes, but is made to
circulate through the anode only and below a diaphragm, permitting only enough of the electrolyte to
pass through the diaphragm as will ensure complete exhaustion of the copper still contained in the
electrolyte at the cathodes.
The solution derived from the cathode-section of the bath last in series
then contains only nickel, iron and cobalt. The iron is removed by chemical treatment, and the nickel
may be separated from the cobalt by electrolysis or by chemical means.
The nickel salt is formed by absorbing ammonia in a solution of a nickel salt (such as the sulphate or
chloride) until the nickel is transformed into the corresponding ammonium salt.
The nickelammonium salt thus obtained is of great purity, and may be directly employed for nickel-plating and
other purposes.On present determination, its chemical formula is Ni(NH3)2Cl2 + 4NH3. It is purple in
colour, crystalline and very hygroscopic.Precipitated, it forms a fine powder of minute crystals ;
dissolved to saturation in hot water, large crystals quadratic in form and sapphire in colour are formed
on cooling.Exposed to dry air, part of its ammonia evaporates, and the colour changes to green.
Exposed to moist air, it absorbs moisture, liquefies, and forms a dark green solution. It is readily soluble
in water, forming a blue solution, and parting with some ammonia.Boiled in aqueous solution, a green
precipitate is formed.The dry salt smells slightly of ammonia, and, if moistened, develops the odour
strongly. It differs from the normal nickel-ammonium chloride or sulphate in the great excess of
ammonia that it contains.
X. Y. Z.
----------------------------------------------

METHOD OF CONVERTING SALT INTO BRINE BY SATURATION.
Eine andere Methode zur Aufsiedung vorzeitig an der Bruchgrenze angelangter Laugwerker im
Salzthone.
By Paul Sorgo.Oesterreichische Zeitschrift fur Berg- und Huttenwesen, 1899, vol.
xlvii., pages 584-585, with 2 illustrations in the text.
The writer assumes that in some salt-mines the limit of production has been reached in a horizontal
direction, but that there is still a considerable amount of salt to be extracted from the roof of the level.
Here therefore a new working is started, the size of which depends on the amount of salt[102]
bearing rock, the angle at which the lower level can be worked with safety and other conditions. This
upper working may be excavated either by injection, or by blasting, or by both methods. In the first
case, the dissolving solution is passed continuously through an open pipe, run off into a vat, and there
allowed to settle ; in the second, the rubbish and chippings from the excavations are left in the circular
space surrounding the old workings, to support the new part.
Before the water is admitted, the vats
to receive the brine are carried up to the roof from which the salt is to be extracted.Both workings, the
upper and the lower, are then filled with
brine, and water is injected, either continuously or
intermittently, according to the amount of salt in the rock. If the brine has to be run off while the work
is proceeding, both workings should be filled afresh with saturated brine, up to the top of the roof, the
water being allowed gradually to eat away the salt.The writer does not consider a shaft necessary to
admit the water and brine : a small artificial salt-lake or pond will fulfil the purpose.Another writer says
that both the brine-water, and that injected for dissolving the salt, should drain off along vertical lines
previously determined.
Sterile rock is not necessary for the salt-lake, it may be made in saliferous
clay if proper care be taken.Unfortunately it has not yet been found possible to test this method in an
actual salt-mine, but laboratory-experiments have given very good results.It is applicable to all saltmines in mountainous regions, even if the rock be very much fissured.
B. D.
---------------------------------------GAS-FIRED PORTLAND CEMENT.
A New Portland Cement-mill in the Gas-fields of Kansas.
By G. P. Grimsley. The Engineering and
Mining Journal (New York), 1901, vol. Ixxi, page 205, with 2 illustrations.
For ten years, natural gas has been used in Kansas for household purposes, but its use for
manufacturing has been limited.Within the past three years, the centre of zinc-smelting has been
moved from the coal-fields to the gas-belt, and a number of brickyards have also been started.The first
Portland cement in Kansas was made at the new mill in Iola, comprising four buildings constructed of
steel, brick and cement.Two of these contain three No. 5 Gates crushers, 21 rotary kilns, and 42 Griffin
grinding-mills.
The others contain the physical and chemical laboratories, electrical headquarters,
machine-shop, and store-room. About 1,000 tons of limestone and shale are used per 24 hours, giving
a daily production of 3,500 barrels of cement.
Natural gas is used to drive the engines, to dry the material, and to burn the cement.There are six 300
horsepower gas-engines and three of 150 horsepower. At present the aggregate horsepower used is
2,600, supplied by 13 gas-engines, using about 5,000,000 cubic feet of gas per day.
X. Y. Z.
--------------------------------------------PRESERVATION OF BUILDING-MATERIAL.
Preservation des Constructions en Metal, Bois ou Pierre.
By L. Kirsch. Revue Universelle des
Mines, etc., 1901, vol. Iiii., pages 83-93.

A new paint that may be of any desired tint, called "Zonca,” which is absolutely weather-proof and
preserves every kind of material from the action of dry or damp heat, acids, and gases, is composed of
46 per cent. of
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cementing substance and 54 per cent. of solid matters, for the most part constituted by zinc oxide, with
traces of clay, iron, silica, sulphuric acid, lime and magnesia.
This paint, after an exposure of 72
hours to a temperature of 100° Cent., only lost 1.02 per cent. of its weight, while it was neither
cracked nor blistered when applied to vessels in which water was boiled for several hours.
Possessing the consistency of ordinary oil-paint, with a slight smell of turpentine, zonca forms no
deposit after standing for several months, while, laid on by an inexperienced hand, it produces a
perfectly united surface without showing any brushmarks.
The fresh paint can be exposed to the
direct action of flame without taking fire ; and a lighted match inserted therein is at once
extinguished.The plunging of a red-hot iron bar into the paint only caused its surface to rise ; and
alcohol spread over it can be ignited without communicating the fire, this substance only becoming
inflammable if heated above 180° Cent.
J. W. P.
----------------------------------------BOILER-ACCIDENTS IN FRANCE IN 1899.
Bulletin des Accidents d’Appareils a Vapeur survenus pendant l’AnnEe 1899. Anon. Annales des
Mines, 1900, series 9, vol. xviii., pages 516-545.
Of the 50 accidents dealt with in this exhaustive summary of official documents, 1 took place in a
colliery, 1 in a metalliferous mine, and 6 in ironworks and other metallurgical establishments.The other
42 accidents are evenly distributed among factories dealing with various branches of industry, railwayshops, electric-power plant, and agricultural machinery.
The accident which occurred on August 10th, 1899, at the Ostricourt colliery, Pas de Calais, was
caused by overheating of the boiler as a result of deficiency of water.The boiler had been purchased
second-hand ; the plates were 0.374 inch thick, and showed a rent some 6 ½ feet in length.
The
indicators of water-level consisted of a glass tube and a magnetic gauge with alarm-whistle.There is
reason to believe that the magnetic indicator had been tinkered at, in such a way that the whistle would
not sound.No injury to life or limb resulted from this accident.
On November 21st, 1899, two men sustained mortal injuries from the bursting of a boiler at the
metalliferous mines of Pontpean, Ille-et-Vilaine. The boiler was on the De Naeyer system,
manufactured in 1891, and tested for the last time in September, 1893.It had been standing idle for a
fortnight, and had been put in use again the day before the disaster ; but was almost immediately
stopped on account of leakages.The accident was due to the rupture of an anchor-bolt, which appears
to have sustained an undue amount of jarring.
The whole arrangement of the apparatus rather lent
itself to an accident of the kind, and tended to heighten its disastrous effect.
With regard to the causes assigned for the whole of the 50 accidents, they are divided into three
categories, and in 13 cases an accident is assignable to more than one of these categories.The first
comprises defects in the setting or build of the boiler—13 accidents ; the second, defective conditions
of maintenance—19 accidents ; and the third, bad usage of the apparatus—26 accidents. Moreover in
5 cases, the cause of the accident is not clearly determinable. With regard to bad usage, there are no
less than 14 cases of superheating and 6 of excessive pressure. It is interesting to note that water tube
boilers are responsible for 14 out of the 50 accidents enumerated, with a loss of 7 lives, the total loss of
life by these accidents in France in 1899 amounting to 25.Moreover 20 persons were seriously injured.
L. L. B.

------------------------------------------[104]
LOSS OF PRESSURE IN PIPES LEADING COMPRESSED AIR.
Calcul de la Perte de Charge dans les Canalisations d'Air comprime.
By A. Halleux. Annales des
Mines de Belgique, 1901, vol. vi., pages 3-20, with figures in the text.
Independently of the scientific interest, there is practical importance in possessing the means for
correctly calculating the loss of pressure in a line of pipes for leading compressed air, or better still, in
being able to determine, for a given loss of pressure, the diameter of pipes required to transmit a given
power.
Hitherto, the formulae employed or proposed for calculating the loss of load have been
empirical ; but the author considers that, basing his study on thermodynamics, he has arrived at a
correct formula.When the difference of level between the beginning and end of an air-pipe is slight in
comparison with its length he proposes the use purely and simply of the following formula, which will
involve no error:—
P2 =√{P12 – (2C.L.P2.RT)/(D.g.S2) }
P1 and P2 being respectively the initial and final pressure in kilogrammes per square metre ; C, the
coefficient of friction of air on iron, found by calculation to be 0.0075 ; P, the weight of air passing per
second expressed in kilogrammes ; T, its absolute temperature in Centigrade degrees ; R, the
constant 29.27 found by Gay-Lussac for air ; L, the length and, D, the diameter of the pipe in metres,
and, S, its sectional area in square metres.
If, however, the difference of level is considerable, the
experimenter can, according to the importance of the power-transmission, either (1) employ the above
formula, which will lead to a too slight value for the final pressure, or (2) calculate the pressure P2 for
the vertical member of the pipe-line by the same formula, and add to this value the increase of
pressure due to the difference of level, which increase will be calculated under the supposition that the
fluid is static.
J. W. P.
---------------------------------------------------DANGER IN LUBRICATING THE CYLINDERS OF AIR-COMPRESSORS WITH RAPE-OIL.
Gefahr bei der Rubolschmierung in Luftpresscylindern.Anon.Zeitschrift fur das Berg-, Hutten- und
Salinenwesen im Preussischen Staate, 1900, vol. xlviii., pages 178-180.
On June 8th, 1899, two miners, who were engaged in boring shot-holes in the Concordia ironore-mine
near Dermbach with a compressed-air drill, working under a pressure of 4 to 6 atmospheres, noticed a
strong smell in the escaping air, and attempted to withdraw, but only one succeeded, the other being
overcome by the foul air and dying on the spot.
The cause of death was ascertained by the postmortem examination to be carbon-monoxide poisoning.
As an influx of this gas from the surrounding
shale appeared impossible, attention was directed to the compressed air from the drill, more especially
since a disagreeable smell, like burnt oil, accompanied by an irritant action on the eye, had been
previously noticed by the miners.It was then ascertained that for several weeks the air-compressor
cylinder had been lubricated with rape-oil, in the absence of the usual mineral oil ; and it was found
that, on reverting to the latter, the aforesaid smell ceased.
This threw suspicion on the rape-oil, the
inference being that the latter had suffered decomposition into acrolein, which in turn furnished carbon
monoxide ; and
[105]

to confirm this opinion tests were made in order to determine the temperature in the compressorcylinder and the behaviour of the oil under the influence of heat.When distilled at the ordinary pressure
at an average temperature of 89 degrees Cent. neither the above oil (which was found to be
adulterated with train oil), nor other crude and purified rape oils, yielded any weighable quantities of
carbon monoxide, but on carrying out the distillation at higher temperatures and under pressure, the oil
in question—at 166° Cent. and an excess pressure of 0.2 atmosphere—furnished 1.6 per cent. of
carbon monoxide, and in the case of a purified oil the amount of this gas increased with the
temperature and pressure, until at 291°Cent. and 1.3 atmosphere excess pressure, the percentage
reached 5.8.
Thus, the poisonous gas produced by the decomposition of the oil in the compressorcylinder, had evidently accumulated in the poorly ventilated working-place in the Concordia mine, in
sufficient quantity to prove fatal.
C. S.
----------------------------------------ELECTRIC WINDING-ENGINE.
Charbonnage de la Nouvelle-Montagne, Siege Tincelle : Machine d'Extraction et Ventilateurs mus par
l’Electrcite.By H. Hubert. Annales des Mines de Belgique, 1901, vol. vi., pages 173-175.
The winding-engine and a Guibal fan, 13 feet (4 metres) in diameter, are driven by electro-motors of
30 and 90 effective horsepower at the speed of 750 and 500 revolutions per minute respectively,
supplied from two alternating-current dynamos each of 65 kilowatts, and a tension of 2,200 volts. The
line, 6,500 feet (2,000 metres) long, connecting the Tincelle colliery with the generating-station, is
composed of three hard copper wires of 0.024 square inch (16 square millimetres) sectional area.
The electro-motor of the winding-engine is fitted with a starter and a reversing interrupter, which latter,
consisting of two copper-plates on an insulated shaft, is capable of closing the circuit, in one or other
direction, by the lifting of twelve spring-contacts, the plates and contacts for the various phases being
separated by a glass plate.When the plates are in the vertical position the circuit is interrupted ; and on
turning the shaft right or left, by means of a lever on the outside, to the extent of 90 degrees, and by
acting on the resistance, the electro-motor is made to revolve in the desired direction.
The starter is
composed of iron spirals contained in a perforated plate box, carrying on one of its sides an interrupter
with horizontal axis, one and the same lever working the shafts of the starter and interrupter. When
this lever is in mid-position, the primary and secondary currents are interrupted ; and moving the lever
in one direction closes the primary circuit, when the lever makes a slight lateral movement, leaves the
interrupter, and engages with the starter, while further movement of the lever introduces resistance
into the secondary circuit so that the motor takes on its normal speed.
When the lever is brought
back, the circuit is first interrupted and then re-established for working in the opposite direction, this
arrangement preventing any mistake on the part of the engineman.It is arranged to wind, with one or
other cage separately, or with both together, by two flat manilla ropes.
J. W. P.
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ELECTRICAL TRANSMISSION FROM COAL-MINES.
Electrical Transmission from Coal-mines.By Fred. Wilson Hart.Electrical World and Engineer (New
York), 1901, vol. xxxvii., pages 345-349, with 7 illustrations.
While the transmission of power over long distances is not unusual where the source of power is water,
very few attempts have been made to transmit electric power from plants located at coal-mines, and
the following notes of one of the latest of these attempts are of interest.
About 3 years ago, the

Cochiti Gold-mining Company erected a large cyanide-mill at its Albemarle mine, Bland, New Mexico.A
large Corliss engine was installed for driving the crushers, rolls, screens, etc., cord-wood being used for
fuel.
Owing to the rapid development of the mine, it became necessary about 2 years ago to
increase the capacity of the mill, but the question of fuel was an important one.
Wood-fuel was not
only expensive, but the supply at the price was limited.
To use coal was impracticable, as it would
have had to be hauled by wagon for 25 miles over a rough mountainous country ; and within a radius
of 50 miles there was no water-power available.An examination was therefore made of the coaldeposits belonging to the Santa Fe Rail road at Madrid, New Mexico, and as the coal could be had at a
nominal price, it was decided to install a modern steam-plant at Madrid and transmit the power
electrically to the Cochiti Company's mine, a distance of 32 miles.
While the conditions of the comparative cost of fuels were favourable for the Cochiti plant, its isolated
location, the rough mountainous country across which the pole-line had to be constructed, and the lack
of feed-water of any kind at the coal-mines, made the cost of construction much greater than would be
required for the average plant. The feed-water supply was the one point on which the success of the
plant seemed to depend.
The coal company at Madrid had, at times, to ship water in tank-cars a
distance of 40 miles.
This was not practicable for a power-plant, and a 4 inches pipe-line was
therefore built from the power-house to the Galisteo river, a distance of 14,000 feet.
The Galisteo is
a typical Mexican arroyo in which 11 months of the year there is no sign of water on the surface, but
which has a heavy underflow at a depth of 3 or 4 feet.A crib was built under the quicksand in which the
water was collected, and a 48 hours' test demonstrated that a supply of 250,000 gallons per day could
be obtained.
The pole-line is designed to carry eventually two circuits of No. 4 wire, the three wires of each circuit
being placed at the points of an equilateral triangle, the distance between wires being 24 inches. The
telephone-circuit of No. 12 hard-drawn copper is placed 5 feet below the power-circuits.The powercircuits are transposed every ½ mile, the telephone every 5 poles. No difficulty is experienced from
induction on the telephone-circuit. The poles are spaced 100 feet apart, and under normal conditions
are 28 feet long.
But as the line crosses several arroyos at right angles, and for several miles is
constructed through a narrow rocky caňon, poles varying from 20 to 40 feet long were sometimes used
to reduce the strain due to vertical angles.
At arroyos, subject annually to heavy floods, it was necessary to support the line on towers located on
the banks as far as practicable above the water-level.
These spans are about 400 feet long, and
hard drawn wire is used at such points. The energy lost in the line when delivering 600 kilowatts to
the mine is 8 ½ per cent.
It was with great difficulty that a survey of the line could be made through the caňon alluded to, on
account of its rough and precipitous sides ;
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and the construction of the line presented several obstacles, such as blasting holes in rock-ledges
where there was hardly room for a man to stand ; hauling poles with tackle several hundred feet up the
sides of the caňon ; material having to be carried on men's backs for long distances over sections
where pack mules were not available, etc.On one section, the heavy pine-timber made it necessary to
clear a right of way for several miles, some 6,000 trees being cut down.An idea may be formed of the
character of the country from the fact that there is but one point on the line where water can be
obtained, and but one where there is a house within many miles.
The total cost of supplying power with the steam-plant, using cord-wood as fuel, hoisting and milling
200 tons per 24 hours was £45 8s. (218 dollars).The cost of doing the work with electric power
generated at Madrid, and transmitted 32 miles, is £11 4s. (53 ¾ dollars) per day for hoisting and
treating 300 tons, which is a half more ore than that handled by the old steam-plant. (These figures do

not, in either case, include interest and depreciation).The saving made demonstrates that under
favourable conditions electric power generated at coal-mines can be transmitted over long distances
and successfully compete with steam-power.
X. Y. Z.
---------------------------------------DANGERS IN THE WITWATERSRAND MINES.
The Preservation of Life in the Witwatersrand Mines.
By T. Lane Carter.
The Engineering and
Mining Journal (New York), 1902, vol. Ixxiv., page 279.
The dangers from running rock-drills in the Witwatersrand mines are considered under four heads:—
(1) Dust. —The writer believes that dust is the most fatal danger, and that it does not receive the
blame which it deserves.
In making out the annual mortality-returns, the indirect causes of death are
seldom noted.The most unintelligent miner knows the dangers of a treacherous roof or of poor
dynamite, but it seems impossible to make him realize the slow but sure dangers of dust.
No doubt
coal-miners live for years in atmospheres as dusty as those of the gold-mines ; but the two kinds of
dust are very different. Coal-dust is soft and friable, whereas quartzite-dust is exceedingly sharp and
incisive.The miner works in this atmosphere of dagger-like dust for a long while, before he realizes the
damage done to his constitution.When the dust settles on the lungs, cutting of the tissues commences,
and after a while he begins to cough.The lacerated lung is unable to resist the bacteria of tuberculosis,
and consumption, or "miners' complaint,” carries him off.
Two remedies have been suggested:—(1) To prevent the formation of dust as much as possible ; and
(2) to compel the miners to use approved respirators.A small jet of water, playing on a dry hole, is
proposed to prevent the dust rising from a drill at work.The very fine dust produced by blasting is more
difficult to overcome : it settles all over the stopes, and is disturbed when the stuff is shovelled away.
If the men could be forced to wear respirators always the difficulty would vanish.Some medical officers
recommend that all white employees should be strictly compelled to wear them.
This may be
carrying the idea too far, but miners who run rock-drills in rises or drives should certainly be forced to
use respirators at all times.Not so much attention is given to the Kaffirs as to the white miners, for the
simple reason that scarcely any of them stay long enough at the mines to suffer from the adverse
conditions.
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(2) Exposure. —This is the next cause of the mortality among underground workmen.
The climate
necessitates the choice of the best wearing-apparel.
Pneumonia is easily contracted, and is very
dangerous.
A miner will work in a close warm stope till he is dripping with perspiration, and then stand near the
exhaust-pipe of a rock-drill in order to cool down, and one cannot wonder that pneumonia attacks
him.The more careful miners wear good woollen underclothing and warm sweaters all the year round.
(3) Falls of Rock. —These are responsible for comparatively few deaths.
As a rule, the hangingwalls are all that can be desired, requiring little or no timber, but only an occasional pillar here and
there.The generality of this rule is one of the wonderful things about mining in this country. In places,
however, where the roof is really bad, the best practice is to leave pillars in the stopes and not to build
pack-walls after the material is all removed, for no matter how carefully the packing is done, it never
answers as well as a pillar left in situ.
(4) Explosives. —The number of accidents from the use of explosives would be reduced almost to nil,
if sufficient care were exercised by the miners.As a general rule, this class of accident occurs either
through sheer carelessness on the part of the miner, or to undue eagerness on his part to get back to
the working-face after a blast.

The dangers of mining are practically confined to the underground work. Notwithstanding the deadly
nature of the potassium-sodium-cyanide solutions, accidents in the cyanide works are remarkably
few.This immunity is largely due to the practice of placing the cyanide tanks out in the open air, and
keeping the solution-sheds well ventilated, so that all danger from hydrocyanic acid gas is completely
avoided.
X. Y. Z.
----------------------------------------------------MINING LAW IN TURKEY.
The Minerals of the Ottoman Empire.
By H. R. Jastrow.The Engineering and Mining Journal (New
York), 1901, vol. Ixxi., pages 620-621.
Although the mineral resources of the Ottoman empire are both rich and various, their development is,
for a number of well-known reasons, very limited.
The greatest hindrance is possibly found in the
many government restrictions imposed.For example, the right to exploit a mine must be secured
through a royal irade, the request for which must be accompanied by an application for a permit to
prospect.
The prospector must guarantee his responsibility for all damages inflicted, and some
responsible person must be bond for the fulfilment of this guarantee.
The privilege of prospecting is
granted for a period not exceeding 2 years, while the final concession for the exploitation of chrome,
manganese and other ores is granted for a period of 99 years.Every mine must pay a ground tax of
about 10d. per acre (10 piastres per hectare) ; and, on the exportation of lead, copper, antimony, zinc,
etc., the Government claims 5 per cent. of the value, and 1 per cent.
export-duty.Chrome and
manganese-ores and borax pay a tax of 15 per cent., and 1 per cent. export-duty. On all ores from the
mines of Balia, however, a rebate of 3 per cent. is allowed. The holder of a prospecting permit has
further the privilege of exporting up to 100 tons of ordinary ores, and up to 2,000 tons of chrome-ore
and manganese-ore as sample shipments without payment of tax, but must deposit, as guarantee of
his good intentions, double the regular tax, which is refunded to him when the ores leave the country.
X. Y. Z.
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II. ---BAROMETER, THERMOMETER, Etc., READINGS FOR THE YEAR 1901.
-------------------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 H. M.
Inspectors of Mines, and are also printed upon the diagrams (Plates XXXV. and XXXVI. ) recording the
meteorological observations.
The times recorded are Greenwich mean time, in which midnight equals 0 or 24 hours.
---------------------Table I. ---Summary of Explosions of Fire-damp or Coal-dust in the several Mines-lnspection districts
during 1901.

Mines-inspection Districts.
Cardiff
Durham
Ireland
Liverpool
Manchester
Midland
Newcastle-upon-Tyne
Scotland, East
Do.West
Southern
Staffordshire, North
Do. South
Swansea
Yorkshire
Totals

No.
5
2
0
1
1
0
0
0
5
1
2
1
2
1

Fatal Accidents.
Deaths.
95
2
0
4
4
0
0
0
7
2
6
2
2
1

21

Injured.
12
3
0
0
10
0
0
0
7
3
0
1
10
1

125

47

Non-fatal Accidents.
No.
Injured.
5
5
1
2
1
2
0
0
2
2
7 *†
9
8
12
29
46
33
45 †
2
6
3
4
9
9
11
15
9†
10
120*†

167 †

* Including an explosion by which no persons were injured.
†These figures do not agree with those recorded in Mines and Quarries ; General Report and Statistics
for 1901, part I., pages 28 and 29.
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Table II. —List of Fatal Explosions of Firedamp or Coal-Dust in Collieries in the several Mlnesinspection Districts during 1901.
1901
Jan.16,

12.0

Mines-inspection
Districts.

Colliery.
Ystradgynlais

Swansea

“ 23,8.0

Kirkwood

Scotland, West

“ 25,7.45

Haughhead

Do.

“ 27,

22.0

Holytown (No. 8 Pit)

Do.

Feb.

28,

Blaendare Slope

Southern

Mar.3

25,7.0

Dinas (Old Level)

Cardiff

Sandbach

Staffordshire, North

Orrel

Liverpool

April 2

12.30

1, 17.30

“ 1,7.30
May6,

Tursdale

Durham

“ 16,7.15

13.0

Gilmilnscroft (No. 3 Pit)

Scotland, West

“ 24,5.10

Universal

Cardiff

“ 27,

Talk-o’-th’-Hill

Staffordshire, North

Meiros

Cardiff

July8,6.30

Stoneclough

Manchester

“ 20,

11.0

Fochriw

Cardiff

Aug.

19,

Hamstead

Staffordshire, South

New Dale

Yorkshire

19.30

June 26,

“ 26,8.30

17.0

23.15

Deaths.

No. of
Persons
Injured.

1
1
2
1
2
4
2
4
1
1
81
4
1
4
1
2
1

4
0
3
0
3
2
0
0
2
3
1
0
5
10
2
1
1

Sept. 10,
“ 18,

17.25

1545

Nov. 12,

17.0

Dec.9, 7.45

Llanbradach

Cardiff

Pencoed

Swansea

Edmondsley

Durham

Cornsilloch (No. 3 Pit)

Scotland, West

8
1
1
2

2
6
1
1

125

47

Table III. —List of Non-fatal Explosions of Fire-damp or Coal-dust in Collieries in the several Minesinspection Districts during 1901.

1901.
Jan. 14, 0.15
“ 15,10.30
“ 21,11.0
“ 23,7.45
“ 29, 4.0
“ 29,21.30
“ 30, 0.30
“ 30, 6.15
“ 30,7.45
“ 31,6.30
“ 31,14.15
Feb. 4, 9.30
“ 5, 11.30
“ 13,9.0
“ 14,8.0
“ 15, 7.0
“ 15,8.0
“ 15, 22.0
“ 19,9.30
“ 24, 23.0
“ 25,8.0
“ 25, 10.30
Mar. 1, 8.0
“ 1, 13.0

Colliery
Bebside
Roman Camp (Oil-shale)
Shut End
Redburn (No. 1 Pit)
Newfield
Blantyre Ferme
Crigglestone
Hartshay
Montgomerie-field (No. 2 Pit)
Wallyford
Monkland
Ravenshall (No. 43 Pit)
Caprington (No. 40 Pit)
Gospel Oak.
Bradley
Corby Craigs (No. 4 Pit)
Walsall Wood
Bradley
Sandbach
Pildacre
Jarrow
Fergushill (No. 28 Pit)
Quarry House
East Holywell

Mines-inspection
Newcastle-upon-Tyne
Scotland, East
Staffordshire, South
Scotland, Wes
Durham
Scotland, West
Yorkshire
Midland
Scotland, West
Scotland, East
Do
Scotland, West
Do.
Staffordshire, South
Do.
Scotland, West
Staffordshire, South
Do.
Staffordshire, North
Yorkshire
Ireland
Scotland, West
Yorkshire
Newcastle-upon-Tyne

No. of
Persons
Injured.
1
1
1
1
2
1
1
1
1
1
1
1
2
1
1
2
1
1
1
1
2
1
1
1
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Table III. —Continued.

1901.
Mar 2, 6.30
“ 2, 7.15
“ 2, 8.0
“ 5, 8.30

Colliery
West Silkstone
Glengraig
Braichycymmer, Darren
Gelynog

Mines-inspection
Yorkshire
Scotland, East
Swansea
Cardiff

No. of
Persons
Injured.
1
2
2
1

“ 7, 6.0
“13, 12.30
“13, 4.30
“15, 14.30
“18, 16.0
“20, 6.30
“ 20, 7.15
“21, 22.30
“22, 13.0
“24, 3.30
“29, 0.10
“30, 9.0
April 1, 7. 0
“ 1, 17.15
“ 3, 8.0
“17, 7.30
“24, 16.30
May 2, 8.30
“ 4, 11.0
“ 5, 23 0
“ 7, 9.0
“15, 22.30
“31, 6.45
June 1, 0. 30
“ 4, 9.30
“ 4, 20.20
“ 10, 10.0
“ 11, 12.0
“ 12, 12.0
“ 17, 10.0
“ 21, 8.30
“ 24, 7.10
“ 25, 6.30
“ 26, 8.0
July2, 15.0
“ 3, 4.0
“ 4, 18.30
“ 12, 2.0
“ 15, 9.30
“ 19, 14.50
“ 28,
“ 29, 15.30
“ 30, 11.0
Aug. 5, 14.0
“ 6, 5.0
“ 6, 6.15
“ 8, 7.30
“ 13, 19.0
“ 22, 15.20
“ 24, 7.40

Stoneclough
Bridgeness
Fochriw
Whitfield
Glynea
Farm (No. 3 Pit)
Whitehill (No. 1 Pit)
Kinniel
Cadder (No. 17 Pit)
Crigglestone
Seaton Burn
South Wales
Dalmeny (Oil-shale)
Walkinshaw (No. 2 Pit)
Meiros
Caerbryn
Blindell’s Black Vein (Glyn)
Orbiston (No. 2 Pit)
Pantycelyn
Kippax
Newliston (Oil-shale)
High Hazels
Bridgeness
Glencraig
New Hermand (Oil-shale)
Lanemark (No. 2 Pit)
Philpstoun (Oil-shale)
Victoria (No. 2 Pit)
Kenmuirhill (No. 2 Pit)
Lanemark (No. 2 Pit)
Glencraig
Sutton
Farme (No. 3 Pit)
Calder
Bannockburn (No. 2 Pit)
Oakbank (Oil-shale)
East Holywell
Coedcae
Montgomerie-field (No. 2 Pit)
Swanwick
Clay Cross
Oakwood (No. 27 level)
Stanrigg
Forkneuk (Oil-shale)
Woodhall
Chickenly Heath
West Sleekburn
Bank (No. 1 Pit)
Westburn (No. 2 Pit)
Fishley

Mancheste
Scotland, East
Cardiff
Staffordshire, North
Swansea
Scotland, West
Do.
Scotland, East
Scotland, West
Yorkshire
Newcastle-upon-Tyne
Southern
Scotland, East
Scotland, West
Cardiff
Swansea
Southern
Scotland, West
Swansea
Yorkshire
Scotland, East
Yorkshire
Scotland, East
Do.
Do.
Scotland, West
Scotland, East
Scotland, West
Do.
Do.
Scotland, East
Midland
Scotland, West
Yorkshire
Scotland, West
Scotland, East
Newcastle-upon-Tyne
Cardiff
Scotland, West
Midland
Do.
Swansea
Scotland, East
Do.
Scotland, West
Yorkshire
Newcastle-upon-Tyne
Scotland, West
Do.
Staffordshire, South

1
1
1
2
1
1
1
3
3
1
2
2
1
1
1
1
4
3
1
1
1
1
2
2
2
2
1
1
1
1
1
1
1
2
1
1
1
1
1
1
0*
1
2
1
1
1
1
1
1
1

“ 26, 6.0
“ 26, 7 20
“ 26, 7.45
“ 26, 11.0
“ 30, 1.0
Sept. 3, 14.0

Monkland
Stanrigg
Highhouse (No. 1 Pit)
Foxley (No. 3 Pit)
Tirydail
North Elswick

Scotland, East
Do.
Scotland, West
Do.
Swansea
Newcastle-upon-Tyne

1
6
1
2
2

* This explosion was due to electricity, and occurred on Sunday when no one was in the mine.
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Table III. —Continued.

1901.
Sept.6, 20.0
“12, 11.30
“ 13,9.30
“ 17, 11.0
“ 23,3.0
“ 27, 12.0
Oct. 3, 7.0
“ 4, 11.0
“ 8, 10.30
“16, 6.0
“ 21, 6.30
“ 22, 14.0
“ 24, 8.0
“ 24, 18 0
“ 28, 19.30
“ 31, 12.30
Nov. 2, 5.0
“ 2, 7.0
“ 12,15.0
“ 14,14.0
“ 23, 9.30
“23,22.0
“25, 6.0
“ 27, 11.30
“27, 15.0
Dec. 5, 18.30
“6, 0.45
“ 6, 14.0
“ 6, 18.0
“ 9, 8.0
“ 10,23.30
“ 11,13.30
„12,10.0
“ 13, 7.30
“ 20, 0.40

Colliery
Glencraig
Norton Cannock
Souterhouse (No. 1 Pit)
Kenmuirhill
Devon
Hamilton Palace (No. 1 Pit)
Carsehead (No. 2 Pit)
Haugh (No. 2 Pit)
Barglachan (No. 2 Pit)
Gartness
Bowhill
Penygraig
Roman Camp (Oil-shale)
Blaen-cae-Gurwen
Hulton
Bentley
Caergynydd
Kelty
Bridgeness
Brownhill
New Cwmgorse
Bradley
Grange
Wester Queenslie
Duffryn Rhondda
Barrington
Shirebrook
Walkinshaw (No. 2 Pit)
Addison Pit
North Motherwell
Cotes Park
Pumpherston (Oil-shale)
Velinfran
Bourtreehill (Capringstone, No. 6
Pit)
Bridgeness

Mines-inspection
Scotland, East
Staffordshire, South
Scotland, West
Do.
Scotland, East
Scotland, West
Do.
Do.
Do
Scotland, East
Do.
Cardiff
Scotland, East
Swansea
Manchester
Staffordshire, South
Swansea
Scotland, East
Do
Do.
Swansea
Staffordshire, South
Staffordshire, North
Scotland, West
Swansea
Newcastle-upon-Tyne
Midland
Scotland, West
Newcastle-upon-Tyne
Scotland, East
Midland
Scotland, East
Swansea
Scotland, West
Scotland, East

No. of
Persons
Injured.
1
1
1
1
2
4
4
1
1
2
1
1
1
3
1
1
1
1
2
1
1
1
1
1
1
2
1
2
2
2
3
1
1
1
2

“30, 8.0

Shirebrook

Midland

2
167
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
----------------ANNUAL REPORT OF THE COUNCIL, 1901-1902.
The North of England Institute of Mining and Mechanical Engineers was initiated on July 3rd, 1852, ”at
a meeting of colliery-owners, viewers and others interested in the coal-trade, .
.
.
. for the
purpose of forming a society, to meet at fixed periods and discuss the means for the ventilation of
mines, for the prevention of accidents, and for general purposes connected with the winning and
working of collieries ;" under the title of "The North of England Society, for the Prevention of Accidents,
and for other Purposes connected with Mining.” Of the 44 gentlemen attending that meeting, 7 survive,
and 4 of them (Messrs. Charles William Anderson, Cuthbert Berkley, John Daglish and Thomas
Douglas) are still members of the Institute.
The celebration of the Jubilee of the Institute will be held on September 16th next, and, at the
invitation of the Council, The Institution of Mining Engineers will conjointly hold their annual meeting.
The following table shews the progress of the membership in successive decades:—
Year ending August 1st.
Honorary Members
Members
Associate Members
Associates
Students
Subscribers
Totals

1862.
16
295
15
326

1872.
24
618
64
14
720

1882.
22
669
115
13
819

1892.
24
545
35
34
35
18
691

1901.
28
880
122
116
57
23
1,226

1902.
25
893
109
122
66
23
1,238

Although 93 gentlemen have been elected during the past year, there has only been a slight increase
in membership, due to the exceptional number of members who have died, and also to the names of a
considerable number of members, etc., having been removed from the register by the Council.

The deaths (22) include the following:---Honorary members, Messrs. John Laidler Hedley (who had
served on the Council, and had been a Vice-President), William Beattie Scott, Emile Vuillemin and
Frank Newby Wardell. Members, Messrs. Telford Edwards, Robert Fowler, Edward Gledhill, Walter
Thomas Goolden, James Walker Kirkby, Walter Jaeger Koehler, Henry Ryan Lewis, Walter Merivale,
Frederick Cardell Pengilly, William Ridley, Robert Robinson (who had served on the Council, and had
been a Vice-President), John Roscamp,
[vi]
Eustace Smith, Ralph Thompson Swallow and Henry Wallace. Associate members, Messrs. Arthur
Robert Boyle and William Christopher Cockburn. Associate, Mr. William Henderson
The following gentlemen (36) have ceased to be members during the past year:—Members,
Messrs. William Ackroyd, Enrique Allchurch, Oakley Archer, Ernest F. Ayton, Thomas George Davies,
James Archibald Dewhurst, John Hubert Dewhurst, Uriah Dudley, Alfred S. Edgecombe, James
Andrew Harvey, Charles Hoffman, Frederick John Holman, John Holt, junr., Gerald Hopkins, Farquhar
Lambert, G. Hamilton Lloyd, Herbert Lloyd, W. H. C. Lovely, George Macfarlane, William Henry
Mascall, William Moses, C. W. Sibold and Alfred Godden Smith.
Associate members, Messrs. William J. Gilbert, William Hamilton, junr., Albert Hodgson, John J.
Meiklejohn, James Linn Sherlaw, Hialmar Sjogren, Erling Einar Thiis, Henry B. Warren and W. H.
Wesley, senr.
Associates, Messrs E. Herbert Clifford, William Crown and Charles B. Saner.
Student, Mr. Richard Nash Pearson.
The Library has been maintained in an efficient condition during the past year, and the books are
now more readily accessible by reference to the card-index.The additions by donation, exchange and
purchase, include 314 bound volumes, 151 pamphlets, reports, etc., and the Library now contains
about 8,943 volumes and 2,640 pamphlets.
Members would render valuable service to the profession by the donation of books, reports, plans, etc.,
to the Library, where they would be available for reference.
The Lecture-theatre is being altered and decorated, and will be ready for use during the Jubilee
meeting.
The three years' course of lectures for colliery-engineers, engine-wrights, apprentice mechanics, etc.,
at the Durham College of Science has proved very successful.
The lectures are delivered on
Saturday afternoons, and the next course will commence in October next.
The entire course is as
follows:—
1902-1903.
Michaelmas Term, (1) Transmission of Power, and (2) Pumping and Ventilation.
Epiphany Term, (3) Metallurgy of Iron and Steel, and (4) Mining Machinery (chiefly used underground).
1903-1904. Michaelmas Term, (5) Mensuration, and (6) Chemistry of Fuel. Epiphany Term, (7)
Strength of Materials, and (8) Experimental Mechanics.
1904-1905.
Michaelmas Term, (9) Theoretical Electricity, and (10) Electrical Engineering.
Epiphany Term, (11) Steam-engines and Boilers, and (12) Haulage and Winding.
Several owners of collieries have paid the fees (£1 10s. per annum) and railway-expenses of pupils
attending the classes from their collieries.During the past year, the lectures of Michaelmas term on
Theoretical Electricity and Electrical Engineering were attended by 111 and 110 students respectively :
77 sat for examination and 67 passed.
During Epiphany term, the lectures on the Steam-engine and
Haulage and Windin were attended by 91 students, of whom 68 sat for examination 55 passed.
Prizes have been awarded to Messrs. James Wray and Arthur Hepburn.Certificates have been
awarded to the
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following students who have completed a three years’ course:—Messrs. William Alderson, William
Pinkney Armstrong, Alfred Clark, John George Crowder, William Cummings, Thomas Henderson,
Arthur Hepburn, Ernest Horler, George William Maddison, James Oswald, William Wainwright and
James Wray. Mr. James Wray has received the first prize during each year of his course.
General and Subject-matter Indices to volumes i. to xxxviii. of the Transactions have been published,
and will facilitate references to papers.
A Subject-matter Index of Mining, Mechanical and Metallurgical Literature for the Year 1900, has been
issued to the members, and will afford access to a large mass of technical literature.
By a mutually advantageous arrangement with the Literary and Philosophical Society of Newcastleupon-Tyne, the members of either institution are permitted to refer to the books in the Library of the
other. The members are also accorded free access to the Museum of the Natural History Society of
Newcastle-upon-Tyne.
Mr. John Daglish continues to represent the Institute as a governor of the Durham College of Science,
which was jointly founded in 1871 by the University of Durham and the North of England Institute of
Mining and Mechanical Engineers.
Mr. T. E. Forster represents the Institute on the Council of the
Durham College of Science, and the President (Mr. John G. Weeks) is also an ex-officio member.
Mr. J. H. Merivale will again represent the Institute at the Conference of Corresponding Societies of the
British Association for the Advancement of Science, to be held in Belfast in September, 1902.Prof. H.
Louis is the representative of the Institute on the Science & Art and Scholarships Committees of the
Northumberland County Council.Mr. W. Cochrane represents the Institute upon the board of directors
of The Institute and Coal-trade Chambers Company, Limited.
The representatives of the Institute upon the Council of The Institution of Mining Engineers during the
past year were as follows:—Messrs. Henry Armstrong, R. Donald Bain, John Batey, W. C. Blackett,
Bennett H. Brough, T. Forster Brown, A. G. Charleton, William Cochrane, Thomas Douglas, William
Galloway, John Gerrard, Reginald Guthrie, John L. Hedley, A. C. Kayll, Henry Lawrence, C. C. Leach,
Henry Louis, J. H. Merivale, John Morison, Henry Palmer, Frank R. Simpson, A. L. Steavenson and
John G. Weeks.
The following additional exchanges of Transactions have been arranged during the year:—
Le Mois Scientifique et Industriel, Paris.
American Philosophical Society.
Societe d'Encouragement pour l'lndustrie Nationale.
The Institution of Electrical Engineers.
Prizes of books have been awarded to the writers of the following papers communicated to the
members during the year 1900-1901:--[viii]
“The Solvent Action of Pyridine on Certain Coals.” By Mr. T. Baker, B. Sc.
"Endless-rope Haulage at Axwell Park Colliery.”By Mr. R. W. Glass, Stud. I. M. E.
"Some Silver-bearing Veins of Mexico.” By Mr. Edward Halse, M. I. M. E.
"Dry and Wet Treatment of Copper-ores.” By Capt. C. C. Longridge, M. I. M. E.
"The Employment of Iron Bars at the No. 6 Pit, Lens Colliery " By Mr. E. Reumaux.
"A Method of Boring Deposits out of Rising-main Pipes in Shafts.” By Mr. Hugh Ross, M. I. M. E.

"A Flash of Lightning at the Lambton Colliery, D and Lady Ann Pits, on October 2nd, 1900.” By Mr.
Jacob Sharp, M. I. M. E.
"Safety-lamp Cabin at Heworth Colliery.” By Mr. Thomas V. Simpson, Stud. I. M. E.
"Sinking through Swamp, Clay and Sand.” By Mr. William Tattley, M. I. M. E.
"Endless-rope Haulage at Pelton Colliery.” By Mr. Norman M. Thornton, Stud. I. M. E.
The papers printed in the Transactions during the year are as follows:—
"A Method of Socketing a Winding-rope, and its Attachment to a Cage without, the Use of Ordinary
Chains.” By Mr. W. C. Blackett, M. I. M. E.
"Mechanical Undercutting in Cape Colony.” By Mr. John Colley, M. I. M. E.
"Electric Pumping-plant at South Durham Collieries.” By Mr. Fenwick Darling, M. I. M. E.
"Memoir of the late George Baker Forster.” By Mr. R. H. Forster.
"Memoir of the late George Clementson Greenwell.” By Mr. G. C. Greenwell, M. I. M. E.
"Some Silver-bearing Veins of Mexico.” By Mr. Edward Halse, M. I. M. E.
"Apparatus for closing the Top of the Upcast-shaft at Woodhorn Colliery.” By Mr. C. Liddell, Stud. I.
M. E.
"Note on a Mineral Vein in Wearmouth Colliery.” By Prof. Henry Louis, M. I. M. E.
"Standardization of Surveyors' Chains.” By Prof. Henry Louis, M. I. M. E.
"Report of the Delegate to the Conference of Delegates of Corresponding Societies of the British
Association for the Advancement of Science, Glasgow, 1901. By Mr. John H. Merivale, M. I. M. E.
"A Visit to the Simplon Tunnel : the Works and Workmen.” By Dr. Thomas Oliver.
"The Carboniferous Limestone Quarries of Weardale.” By Mr. A. L. Steavenson, M. I. M. E.
"Auriferous Gravels and Hydraulic Mining.” By Mr. William S. Welton, M. I. M. E.
"Tapping Drowned Workings at Wheatley Hill Colliery.” By Mr. W. B. Wilson, Jun., M. I. M. E.
Mr. James Stirling, government geologist and mining representative of Victoria, delivered an
interesting lecture on "Mines and Mining in Victoria,” illustrated by lantern-slides.
The award of the Greenwell medals will be made for approved papers communicated during the past
year “recording the results of experience, and the deductions and practical suggestions of the writers
for the avoidance of accidents. ''
As no papers have been received in competition for the prize offered by Mr. Clarence R. Claghorn for
an approved essay on "The Action, Influence and Control of the Roof in Longwall Working,” the
Council will select another subject for papers in competition for this prize.
The rooms of the Institute have been used during the year by the following societies, etc. :—Clerks'
Provident Association, the Durham College of Science, National Telephone Vocal Society and the
Tyneside Students' Association.
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Excursions have been made to South Durham, Washington and Woodhorn collieries, and to the
Parson Byres quarries, and the thanks of the members have been accorded to the owners of these
collieries and works.
Members are desired to send copies of any unpublished sections of strata in the counties of
Northumberland and Durham, in order that they may be incorporated in a supplementary volume to An
Account of the Strata of Northumberland and Durham, as proved by Borings and Sinkings.
A committee has been appointed to investigate and report upon labour-saving machines and tools
used in cutting and boring coal and rock.

The members are to be congratulated on the success that has attended the formation of The Institution
of Mining Engineers, which has now completed its thirteenth year. Meetings have been held during
the past year in the Glasgow district in September, 1901, and in London in May, 1902.
--------------------------------------REPORT OF THE FINANCE COMMITTEE.
The Finance Committee submit herewith a statement of accounts for the twelve months ending June
30th, 1902.
The total receipts during that period were £2,813 2s. 6d. Of this amount, £24 18s. 0d. was paid as
balance of life-composition in lieu of annual subscriptions ; £102 8s. represent subscriptions paid in
advance, and £10 has been received from Mr. Clarence R. Claghorn as a prize to be offered for a
paper ; leaving £2,675 16s. 6d. as the ordinary income of the year, as compared with £2,582 11s. 7d.
in the previous year.
The expenditure amounted to £2,443 9s. 4d. as compared with £2,115 10s. 10d., the ordinary
expenditure for last year.
This increase is principally due to expenditure incurred in connection with
the publication of the General and Subject-matter Indices to the Transactions and the Subject-matter
Index of Mining, Mechanical and Metallurgical Literature for the Year 1900, and the additional sum paid
to The Institution of Mining Engineers on the increased membership. Deducting the total expenditure
from the income for the year, leaves a balance of £369 13s. 2d. ; and this added to the sum of £637
13s. 10d. brought from the previous year, gives a credit-balance of £1,007 7s. 0d.
During the year £180 10s. have been written off the amount of subscriptions and arrears.
The
amount of subscriptions for the year 1901-1902 still unpaid is £271 19s. and for previous years £47 4s.
The cost of the alterations to the Lecture-theatre, ordered by the Council, will come into the accounts
for the year 1902-1903. There will also be in that year, considerable expenditure in connection with the
Jubilee of the Institute, but the Committee hope to be able to provide the necessary funds out of the
balance in hand and the surplus income for the coming year.
Thomas Douglas.
August 2nd, 1902.
-----------------------[x]
The Treasurer in Account with The North of England Institute of Mining and Mechanical Engineers. for
the year ending June 30th, 1902.
Dr.
June 30th, 1901.
£ s. d.
£ s. d.
To Balance at Bankers
593 6 10
,, ,, in Treasurer's hands
44 7 0
-------------637 13 10
June 30th, 1902.
To Dividend of 7.5 per cent. on 179 Shares of £20 each in The
268 10 0
Institute and Coal-trade Chambers Company, Limited, for the year
ending June 30th, 1902
“ Interest on Mortgage of £1, 400 with the Institute and Coal-trade
49 0 0
Chambers Company, Limited
-------------317 10 0
To Sale of Transactions
77 0 6
To Subscriptions for 1901-1902 as follows:---

706 Members
87 Associate Members
93 Associates
47 Students
58 New Members
2 New Members (not yet elected)
7 New Associate Members
13 New Associates
20 New Students

@ £2
@ £2
@ £1
@ £1
@ £2
@ £2
@ £2
@ £1
@ £1

2s.
2s.
5s.
5s.
2s.
2s.
2s.
5s.
5s.

20 Subscribing Firms

To Life Composition:—
1 New Member

Less—Subscriptions for current year paid in advance
at the end of last year

Add—Arrears received

Add—Subscriptions paid in advance during the
current year

1,482 12 0
182 14 0
116 5 0
58 15 0
121 16 0
4 4 0
14 14 0
16 5 0
25 0 0
----------------2,022 5 0
88 4 0
----------------2,110 9 0
24 18 0
-----------------2,135 7 0
100 14 0
-----------------2,034 13 0
225 11 0
-----------------2,260 4 0
102 8 0
-------------------

To Technical Index
To Mr. C. R. Claghorn for Prize

2,362 12 0
46 0 0
10 0 0
-----------------3,450 16 4

[xi]
June 30th, 1902.
By Annual Report
“ Banker's Charges
“ British Association for the Advancement of Science Expenses of
Delegate
“ Circulars, etc.
“ Cleaning Wood Memorial Hall, Offices, etc.
“ Electric Light and Gas
“ Expenses of General Meetings
“ Fire Insurance
“ Fuel
“ Furniture and Repairs

£

s.
31 17
21 4
9 0

d.
6
0
0

50 0
29 7
31 17
6 15
12 4
16 9
62 4

1
5
0
6
3
5
6

£

Cr.
s. d.

“ Illustrations
“ Incidental Expenses
“ Index to Transactions
“ Library—Books
“ “ Binding
“
“
“
“
“
“
“
“
“
“
“
“
“
“
“

Petty Cash
Postages—Circulars
“ Correspondence
“ Publications

6 17 4
8 17 0
100 0 0
£45 17 4
43 7 11
------------£39 9 1
21 11 2
45 6 10
--------------

Prizes for Papers
Rates and Taxes
Rent of Offices
Reporting of General Meetings
Salaries, Wages, Auditing, etc.
Stationery, etc.
Technical Index
Telephone Rent
Travelling Expenses
Water Rate
Wood Memorial Hall : Alterations

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

By Balance at Bankers
“ “ in Treasurer's hands
“ Outstanding Amounts due for Authors' Excerpts

89 5 3
8 19 9

106 7 1
24 13 9
6 4 7
24 9 2
13 2 6
471 13 7
27 14 11
3 17 3
2 17 0
2 19 0
5 15 8
49 13 0
---------------1,224 7 4
5 4 6
-----------------

949 17 6
56 8 6
1 1 0
---------------

1,224 6

6

1,219 2 10
-----------------2,443 9 4

1,007 7 0
---------------£3,450 16 4

We, having examined the above account with the books and vouchers relating thereto, certify that, in
our opinion, it is correct.
JOHN G. BENSON AND SON.
Chartered Accountants.
Newcastle-upon-Tyne,
August 2nd, 1902.
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Dr. The Treasurer in Account with Subscriptions, 1901--1902.
£
To 880 Members.

s.

d.

£

s.

d.

49 of whom have paid Life Compositions.
831
1 Member paid Life Composition
830
4 not included in printed list.
834
To 122 Associate Members,
8 of whom have paid Life Compositions.
114
To 116 Associates,
5 of whom have paid as New Members.
111 Associates
To 57 Students
2 of whom have paid as New Members.
55
1 of whom has paid Life Composition.
5 of whom have paid as New Members.
111 Associates
To 57 Students
2 of whom have paid as New Members.
55
1 of whom has paid Life Composition.
54 Students
To 23 Subscribing Firms
To 58 New Members
To 2 New Members, not yet elected,
60
To 7 New Associate Members
To 13 New Associates
To 20 New Students

24 18 0

@ £2 2s.

1,751

8

0

@ £2 2s.

239

8

0

@ £1 5s.

138 15

0

@ £1 5s.

138 15

0

@ £1 5s.

67 10
96 12
121 16
4 4

0
0
0
0

@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £1 5s.
@ £1 5s.

To Arrears, as per Balance Sheet 1900-1901
Add—Arrears considered irrecoverable, but since paid

14 14 0
16 5 0
25 0 0
------------------2,500 10 0
297 0 0
63 1 0
---------------

To Subscriptions paid in advance

3601 0
----------------2,860 11 0
102 8 0
------------------£2,962 19 0

[xiii]
Paid

By 706 Members. paid @ £2 2s.
By 96 “ unpaid @ £2 2s.
By8 “dead @ £2 2s.

£ s. d.
1,482 12 0

Unpaid

£

s.

Struck off list

d.

£

s.

d.

16 16

0

201 12 0

By 24 “ struck off list @ £2 2s.
834
By1 Member, paid Life Composition
By 87 Associate Members, paid @ £2 2s. . .
By 17 ““ unpaid @ £2 2s. .
By 1 ““ dead @ £2 2s. .
By 9 ““ struck off list
114
By 93 Associates, paid @ £1 5s.
By 15 “ unpaid @ £1 5s.
By 3 “ struck off list@ £1 5s.
111
By 47 Students, paid @ £1 5s.
By 6 “ unpaid @ £1 5s.
By 1 “ struck off list @ £1 5s.
54
By 20 Subscribing Firms, paid
By 3 “ “ unpaid
23
By 58 New Members, paid @ £2 2s.
By 2 New Members, not yet elected, paid @ £2 2s.
60
By 7 New Associate Members, paid @ £2 2s.
By 13 New Associates, paid @ £1 5s.
By 20 New Students, paid @ £1 5s.

By Arrears

By Subscriptions paid in advance

50
24 18
182 14

8

0

0
0
35 14 0
2 2 0
18 18 0

116

5

0
18 15 0
3 15 0

58 15 0
7 10 0
1
88

4

5 0

0
8

8 0

121 16 0
4 4 0
14 14 0
16 5 0
25 0 0
---------------2,135 7 0
225 11 0
-------------2,360 18 0
102 8 0
--------------2,463 6 0

---------------271 19 0
47 4 0

--------------93 4 0
87 6 0

-------------319 3 0

-------------180 10 0
319 3 0
2,463 6 0
---------------£2,962 19 0

[xiv]
General Statement, June 30th, 1902.
Liabilities.
Subscriptions paid in advance during the current year
Ditto in the previous year

The Institution of Mining Engineers

£ s. d.
102 8 0
4 4 0
---------------106 12 0
9 10 0

£

s.

d.

Printing and Stationary

120 0 0
-----------------

236 2 0
100 0 0
10 0 0
12, 073 1 2
-----------------£12, 419 3 2

George Clementson Greenwell Prize Fund
Mr. Clarence R. Claghorn : Prize for Essay
Capital

Assets
Balance of Account at Bankers
“ in Treasurer’s hands
Author’s Excerpts

£ s. d.
949 17 6
56 8 6
1 1 0
--------------

£

Arrears of Subscriptions
179 Shares in the Institute and Coal-trade Chambers
Company, Limited (at cost)
Investment with the Institute and Coal-trade Chambers
Company, Limited (Mortgage)

4,100 0

0

1400 0

0

-----------------(Of the above amount, £1,013 14s. is due to Life
Subscriptions Account. )
Value of Transactions and other Publications, as per Stock
Account
Books, Pictures, Maps, Furniture and Fittings

s.

d.

1,007 7
319 3

0
0

5,500 0

0

442 13 2
5,150 0 0
-----------------£12, 19 3 2

We, having examined the account with the books, vouchers and securities relating thereto, certify
that, in our opinion, it is correct. We have accepted the assets, books, pictures, maps, etc., and
Transactions and other Publications as valued by your Officials.
JOHN G. BENSON AND SON,
Chartered Accountants.
Newcastle-upon-Tyne
August 2nd, 1902
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LIST OF COMMITTEES APPOINTED BY THE COUNCIL,
1902-1903.
--------

Mr. T. W. Benson.
Mr. W. Cochrane.
Mr. J. Daglish.

Finance Committee.
Mr. T. Douglas.
Mr. T. E. Forster.
Mr. W. Logan.

Mr. J. H. Merivale.
Mr. J. B. Simpson.
Mr.J. G. Weeks.

Mr. George May.
Mr. R. S. Anderson.
Mr. T. E. Forster.

Library Committee.
Mr. T. Y. Greener.
Mr. J. H. Merivale
Mr. John Shiel.

Mr. R. Donald Bain.
Mr. T. W. Benson.

Prizes Committee.
Mr. T. E. Forster.
Mr. C. C. Leach.

Mr. R. Donald Bain.
Mr. G. F. Bell.
Mr. T. W. Benson.

Arrears Committee.
Mr. M. H. Douglas.
Mr. A. C. Kayll.
Mr. John Simpson.

Mr. R. Donald Bain.
Mr. E. Bainbridge.
Mr. W. C. Blackett.
Mr. M. Walton Brown.
Mr. H. F. Bulman.
Mr. M. H. Douglas.

Cost Cutting Committee.
Mr. T. E. Forster.
Mr. T. Y. Greener.
Mr. M. R. Kirby.
Mr. Philip Kirkup.
Mr. C. C. Leach.
Prof. H. Louis.

Mr. G. F. Bell.
Mr. W. C. Blackett.

Mr. R. Donald Bain.
Mr. T. W. Benson.

Mr. R. Donald Bain.
Prof. G. A. Lebour.

(c) Geological.
Prof. H. Louis.
Mr. J. H. Merivale.

Mr. W. Cochrane.
Mr. T. E. Forster.

Mr. J. H. Merivale.
Mr. F. R. Simpson.

Mr. J. G. Weeks.
Mr. R. L. Weeks.

Mr. George May.
Mr. J. H. Merivale.
Mr. J. Morison.
Mr. H. Palmer.
Mr. R. F. Spence.
Mr. J. G. Weeks.

Reference Committee for Papers to Read.
(a) Coal Mining.
Mr. C. C. Leach.
Mr. John Simpson.
Mr. W. Logan.
Mr. A. L. Steavenson.
Mr. George May.
(b) Metalliferous Mining.
Mr. W. Cochrane.
Prof. H. Louis.

Mr. Sidney Bates.
Mr. W. C. Blackett.
Mr. C. S. Carnes.

Mr. John Simpson.
Mr. J. G. Weeks.

Mr. J. H. Merivale
Mr. A. L. Steavenson.

Mr. John Simpson.

(d) Mechanical and Electrical Engineering.
Mr. J. K. Guthrie.
Mr. J. H. Merivale.
Mr. H. Lawrence.
Hon. C. A. Parsons.
Mr. C. C. Leach.
Mr. A. L. Steavenson
(e) Civil Engineering.
Prof. H. Louis.
Mr. M. W. Parrington.
(f) Chemical.

Mr. J. B. Simpson.
Mr. A. L. Steavenson.

Prof. P. P. Bedson.
Sir Lowthian Bell, Bart.

Mr. W. Cochrane.
Mr. B. Dodd.

Prof. H. Louis.

N. B. —The President is ex-officio on all Committees.
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OFFICERS,

1902- 1903.

----Past-Presidents (ex-officio).
Sir LINDSAY WOOD, Bart., The Hermitage, Chester-le-Street.
Mr. JOHN DAGLISH, Rothley Lake, Cambo. R. S. O., Northumberland.
Sir LOWTHIAN BELL, Bart., D. C. L., F. R. S., Rounton Grange, Northallerton.
Mr, W. COCHRANE, Oakfleld House, Gosforth, Newcastle-upon Tyne.
Mr. J. B. SIMPSON, Bradley Hall, Wylam-upon-Tyne.
Mr. A. L. STEAVENSON, Durham.
Mr. THOMAS DOUGLAS, The Garth, Darlington.
Mr. GEORGE MAY, The Harton Collieries, South Shields.
Mr. WILLIAM ARMSTRONG, Wingate, County Durham.
Mr. J. G. WEEKS, Bedlington, R. S. O., Northumberland.
PRESIDENT.
Sir LINDSAY WOOD, Bart., The Hermitage, Chester-le-Street.
VICE-PRESIDENTS.
Mr. R. DONALD BAIN, H. M. Inspector of Mines, Durham.
Mr. T. W. BENSON. 24, Grey Street, Newcastle-upon-Tyne.
Mr. CUTHBERT BERKLEY, Highfield House, Durham.
Mr. W. C. BLACKETT, Acorn Close, Sacriston, Durham.
Mr. T. E. FORSTER, 3, Eldon Square, Newcastle-upon-Tyne.
Mr. WILLIAM LOGAN, Langley Park Colliery, Durham.
RETIRING VICE-PRESIDENTS (ex-officio).
Mr. J. H. MERIVALE, Togston Hall, Acklington, Northumberland.
Mr. M. W. PARRINGTON, Wearmouth Colliery, Sunderland.
Mr. W. O. WOOD, South Hetton, Sunderland.
COUNCILLORS.
Mr. R. S. ANDERSON, Benwell View, Bentinck Road, Newcastle-upon-Tyne.
Mr. SIDNEY BATES, The Orange, Prudhoe-upon-Tyne.
Mr. GEORGE FRED. BELL, H. M. Inspector of Mines, 20, Wentworth Place, Newcastle-upon-Tyne.
Mr. CHARLES S. CARNES, Howlish Hall, Bishop Auckland.
Mr. BENJAMIN DODD, Bearpark Colliery, near Durham.
Mr. M. H. DOUGLAS, Usworth Colliery, Washington, R. S. O., County Durham.
Mr. T. Y. GREENER, West Lodge, Crook, Darlington.
Mr. JAMES K. GUTHRIE, 73, Cleveland Road, North Shields.
Mr. T. E. JOBLING, Bebside, Northumberland.
Mr. A. C. KAYLL, Gosforth Newcastle-upon-Tyne.
Mr. PHILIP KIRKUP, Leafield House, Birtley, R. S. O., County Durham.
Mr. H. LAWRENCE, 7 and 8, Post Office Chambers, Newcastle-upon-Tyne.
Mr. C. C. LEACH, Seghill Colliery, Northumberland.
Mr. JOHN SHIEL, Sniperley Hall, near Durham.
Mr. F. R. SIMPSON, Hedgefield House, Blaydon-upon-Tyne.
Mr. J. SIMPSON, Heworth Colliery, Felling, R. S. O., County Durham.
Mr. E. O. SOUTHERN, Ashington Colliery, near Morpeth, Northumberland.
Mr. R. L. WEEKS, Willington, County Durham.
TREASURER.
Mr. REGINALD GUTHRIE, Neville Hall, Newcastle-upon-Tyne.
SECRETARY.
Mr. M. WALTON BROWN, Neville Hall, Newcastle-upon-Tyne.

AUDITORS.
Messrs. JOHN G. BENSON and SON, Newcastle-upon-Tyne.
BANKERS.
Messrs. LAMBTON and COMPANY, Newcastle-upon-Tyne.
-----------[xvii]
LIST OF MEMBERS
AUGUST 2, 1902.
-----------PATRONS.
His Grace the DUKE OF NORTHUMBERLAND.
The Most Noble the MARQUIS OF LONDONDERRY.
The Right Honourable the EARL OF LONSDALE.
The Right Honourable the EARL OF DURHAM.
The Right Honourable the EARL GREY.
The Right Honourable the EARL OF RAVENSWORTH.
The Right Honourable the EARL OF WHARNCLIFFE.
The Right Reverend the LORD BISHOP OF DURHAM.
The Very Reverend the DEAN AND CHAPTER OF DURHAM.
WENTWORTH B. BEAUMONT, Esq.
BARON BARNARD.
-------------HONORARY MEMBERS.
*Honorary Members during term of office only.
Date of Election.
1 The Right Honourable the EARL of RAVENSWORTH, Ravensworth Castle, Gateshead-upon-Tyne
Nov. 3, 1877
2*J. B. ATKINSON, H. M. Inspector of Mines, 18, Merchiston Gardens, Edinburgh
3*W. N. ATKINSON, H. M. Inspector of Mines, Barlaston, Stoke-upon-Trent
4*R. DONALD BAIN, H. M. Inspector of Mines, Durham
5*Prof. P. PHILLIPS BEDSON, Durham College of Science, Newcastle-upon-Tyne. Transactions sent
to c/o Basil Anderton, Public Library, Newcastle-upon-Tyne
6 THOMAS BELL, 15, The Valley, Scarborough
7*Prof. G. S. BRADY, Durham College of Science, Newcastle-upon-Tyne. Transactions, etc., sent to
Mowbray Villa, Sunderland
8 JOSEPH DICKINSON, 3, South Bank, Sandy Lane, Pendleton, Manchester
9*C. LE NEVE FOSTER, Royal College of Science, South Kensington, London, S. W.
10 Prof. WILLIAM GARNETT, 116, St. Martin's Lane, London, W. C.
11*Sir ARCHIBALD GEIKIE, Director-General of the Geological Survey of the United Kingdom, 28,
Jermyn Street, London, S. W.
12*JOHN GERRARD, H. M. Inspector of Mines, Worsley, Manchester
13*Rev. H. PALIN GURNEY, Principal, Durham College of Science, Roseworth, Gosforth, Newcastleupon-Tyne
14*HENRY HALL, H. M. Inspector of Mines, Rainhill, Lancashire
15*Prof. A. S. HERSCHEL, Observatory House, Slough, Bucks
16*Prof. G. A. LEBOUR, Durham College of Science, Newcastle-upon-Tyne. Transactions, etc., sent
to Radcliffe House, Corbridge-upon-Tyne
17*Prof. HENRY LOUIS, Durham College of Science, Newcastle-upon-Tyne.
Transactions sent to
The Secretary, Durham College of Science, Newcastle-upon-Tyne
18*J. S. MARTIN, H. M. Inspector of Mines, The Vikings, 16, Durdham Park, Bristol
19 Sir CHARLES MARK PALMER, Bart., 37, Curzon Street, London, W.
Transactions sent to the
Mechanics'Institute, Jarrow-upon-Tyne
20*JOSEPH T. ROBSON, H. M. Inspector of Mines, 80, Walter Road, Swansea
21*J. M. RONALDSON, H. M. Inspector of Mines, 44, Athole Gardens, Glasgow 8

Aug. 4,
Aug. 4,
Dec. 12,
Feb. 10,

1888
1888
1896
1883

Dec. 12, 1896
Nov. 6, 1875
Dec. 13,
Aug. 4,
Nov. 24,
June 11,

1852
1888
1894
1898

June 11, 1892
Jan. 19, 1895
March 4, 1876
Aug. 3, 1872
Nov. 1, 1879
Dec. 12, 1896
Aug. 4, 1888
Feb. 12, 1898
Aug. 4, 1888
Aug. 4, 188

[xviii]
Date of Election.

22*A. H. STOKES, H. M. Inspector of Mines, Greenhill, Derby
23*PROF. H. STROUD, Durham College of Science, Newcastle-upon-Tyne
24*JETHRO JUSTIMAN HARRIS TEALL, Director of the Geological Survey of the United Kingdom, 28,
Jermyn Street, London, S W.
25*Prof. ROBERT LUNAN WEIGHTON, Durham College of Science, Newcastle-upon-Tyne.
Transactions, etc., sent to 2, Park Villas, Gosforth, Newcastle-upon-Tyne
--------------------

Aug.
Nov.
Aug.

4, 1888
5, 1892
3, 1901

April 2, 1898

MEMBERS.
Marked * have paid life composition.

1 Aburrow, Charles, P. O. Box 534, Johannesburg, Transvaal
2 Adams, Henry Hopper, Takapuna, Auckland, New Zealand
3 Adams, Phillip Francis Burnet, c/o Adams and Twiddy, Klerksdorp, South Africa
4 Adamson, Thomas, Kurhurbaree Colliery, Giridih, Bengal, India
5 Agassiz, Alexander, Museum of Comparative Zoology, Cambridge, Massachusetts, U. S. A.
6 Ahern, John, Charters Towers, Queensland, Australia
7 Ainsworth, J. W., Bridgewater Trustees Colliery, Walkden, Bolton, Lancashire
8 Aitkin, Henry, Falkirk, N. B.
9 Akerman, Ernest, Minas de Cala, por Santa Olalla, Huelva, Spain
10 Allan, John F., Apartado de Correo, No. 121, Mexico, D. F.
11 Allison, J. J. C., Woodland Collieries, Butterknowle, R. S. O., Co. Durham
12 Anderson, C. W., Cleadon Park, Sunderland
13 Anderson, R. Hay, Apartado Postal, 866, Mexico, D. F.
14 Anderson, R. S., Benwell View, Bentinck Road, New- castle-upon-Tyne (Member of Council)

15 Angus, James, Ochiltree House, Ochiltree, Ayrshire, N. B.
16 *Angwin, B., c/o A. H. Smith, Broad Street House, London, E. C.
17 Appleby, Harry Walton, c/o Gibbings and Baker, Cheapside, Bradford
18 Appleby, W. R., Minnesota School of Mines, The University of Minnesota, Minneapolis,
Minnesota, U. S. A.
19 Archer, T., 11, Regent Terrace, Gateshead-upon-Tyne
20 Archer, William, Victoria Garesfield, Lintz Green, Co. Durham
21 Armstrong, Henry, 4, Ridley Place, Northumberland

Street, Newcastle-upon-Tyne

22 Armstrong, William, Wingate, Co. Durham (Past-President, Member of Council)
23 Ashcroft, Edgar Arthur, 82, Victoria Street, London, S. W.
24 Ashmore, G. Percy, 59, Lansdowne Street, Hove, Sussex
25 Ashworth, John. 8, King Street, Manchester
26 Atherton, James, 13, Mawdsley Street, Bolton
27 Atherton, Thomas William Turner, Rosslyn, Elmers End Road, Anerley, London, S. E.
28 Atkinson, R. H. M. Buddle
29 Aubrey, R. C., The Pooley Hall Colliery Company, Polesworth, Tamworth
30 Austin, W. Lawrence, P. O. Box 941, Denver, Colorado, U. S. A
31 Auton, Robert, Birtley, Co. Durham

Date of Election and
of Transfer
Feb. 13, 1892
April 10, 1897
Oct. 12, 1901
Feb. 10, 1894
Feb. 9, 1895
Aug. 3, 1901
Dec. 14, 1895
March 2, 1865
Aug. 5, 1899
A. M. Feb. 10, 1883
M. June 8, 1889
A. M. Feb. 13, 1886
M. June 8, 1889
Aug. 21, 1852
Aug. 4, 1894
S. June 9, 1883
A. M. Aug. 4, 1888
M. Aug. 3, 1889
Oct. 8, 1892
Nov. 24, 1894
Oct. 8, 1898
April 14, 1894
July 2, 1872
A.Aug. 6, 1892
M. Aug. 3, 1895
A. M. April 14, 1883
M. June 8, 1889
S. April 7, 1887
M. Aug. 6, 1870
Aug. 3, 1895
Feb. 13, 1897
April 25, 1896
Aug. 1, 1896
A. M. June 11, 1898
M. Dec. 10, 1898
April 10, 1897
Feb. 5, 1870
June21, 1894
Dec. 8, 1900

[xix]

32 Bailes, E. T., Wingate, Ferryhill

Date of Election and
of Transfer
A. M.June 7, 1879
M. June 8, 1889

33 Bailes, T., Jesmond Gardens, Newcastle-upon-Tyne
34 Bailey, Archibald Duncan, c/o The Tharsis Sulphur and Copper Company, Limited, 136, West
George Street, Glasgow 8
35 Bailey, Edward Trenholm, Royal Colonial Institute,
Northumberland Avenue, London, W. C.
36 Bain, Harry Foster, Idaho Springs, Colorado, U. S. A.
37 Bain, R. Donald, H. M. Inspector of Mines, Durham (Vice-President, Member of Council)
38 Bainbridge, Emerson, 4, Whitehall Court, London, S. W.
39 Bainbridge, Emerson Muschamp, Ashfield House, Sutton Road, Hucknall Huthwaite
40 Baldwin, Ivo William, Oakleigh, Ruardean, Gloucester-Shire
41 Ballard, Robert, 35, Wood Lane, Shepherds Bush, London, W.
42 Banks, Thomas, 60, King Street, Manchester. Transactions sent to 17, Park Avenue, Eccles,
near Manchester
43 Barber, George Marriott, Pacific Smelting Company, Limited, Taltal, Chile, South America
44 Barnard, Robert, Bhalgora, Jharia P. O., E. I. Railway, Bengal, India
45 Barrass, Matthew, Hedley Hill Colliery, Waterhouses, Co.
Durham

46 Barrett, C. R., Whitehill Hall, Chester-le-Street

47 Barrow, William, Seaton Burn Colliery, Dudley R. S. O., Northumberland
48*Bartholomew, C. W., Blakesley Hall, near Towcester, Northants
49 Barton, Henry, Central Bank Chambers, Leeds
50 Batchelor, Owen Salusbury, Kamloops, British Columbia
51 Bates, Sidney, The Grange, Prudhoe-upon-Tyne (Member of Council)
52
53
54
55

Bates, Thomas L., Cranbrook, Corrimal Street, Wollongong, New South Wales
Batey, John, St. Edmunds, Coleford, Bath
Batey, John W., Beech Grove, West Ryton-upon-Tyne
Baumgartner, W. O., South Hetton, Sunderland

56 Bawden, James Barnet, c/o Edward Chester and Company, Limited, P. O. Box 136,
Kalgoorlie, Western Australia
57 Bawden, William John, New Bultfontein Diamond Mining Company, Limited, Beaconsfield,
South Africa
58 Bayldon, Daniel Henry, 13, Austin Friars, London, E. C. F
59 Bayliss, Ernest J., No. 12, Castello, Madrid, Spain
60 Bell, George Fred., H. M. Inspector of Mines, 20, Wentworth Place, Newcastle-upon-Tyne
(Member of Council)
61 Bell, Joseph Fenwick, 12, Success Cottages, Fence Houses, Co. Durham
62 Bell, Sir Lowthian, Bart., D. C. L., F. R. S., Rounton Grange, Northallerton (Past-President,
Member of Council)
63 Bell, Walter, c/o Pyman, Bell and Company, Hull
64 Bennett, Alfred H., Dean Lane Collieries, Bedminster,

Bristol

65 Bennett, Henry, Rio Tinto Mines, Huelva, Spain

Oct. 7, 1858
Oct. 8, 189
A. M. June 13, 1896
M. June 12, 1897
Dec. 10, 1898
S. March 1, 1873
M. Aug. 5, 1876
S.Dec. 3, 1863
M.Aug. 1, 1868
Feb. 8, 1902
Feb. 10, 1900
April 10, 1897
Aug. 4, 1877
April 28, 1900
Dec. 11, 1897
S.Feb. 9, 1884
A.Aug. 1, 1891
M. Dec. 8, 1900
S. Nov. 7, 1874
A. M. Aug. 7, 1880
M. Dec. 11, 1886
Feb. 8, 1902
Dec. 4, 1875
Oct. 13, 1900
June 8, 1901
A. Feb. 8, 1890
M. June 8, 1895
Feb. 12, 1898
Dec. 5, 1868
Feb. 9, 1901
S. Sept. 6, 1879
M. Aug. 3, 1889
Dec. 11, 1897
Oct. 14, 1899
Feb. 8, 1890
April 13, 1901
A. M. Aug. 6, 1887
S. Sept. 6, 1879
M. Aug. 3, 1889
April 12, 1902
July 6, 1854
S. Oct. 8, 1889
M. Feb 10, 1894
A. M. April 10, 1886
M. June 8, 1889
Dec. 9, 1899

[xx]

66 Benson, J. G., 12, Grey Street, Newcastle-upon-Tyne
67 Benson, T. W., 24, Grey Street, Newcastle-upon-Tyne (Vice-President, Member of Council)
68 Berkley, Cuthbert, Highfieid House, Durham (Vice-President, Member of Council)

Date of Election and
of Transfer
Nov. 7, 1874
Aug. 2, 1866
Aug. 21, 1852

69 Berkley, Frederick, Hamsterley Colliery, Ebchester, R. S. O., Co. Durham
70 Berkley, R. W., Marley Hill, Swalwell, R. S. O., Co. Durham

71 Bigg-Wither, Harris, The Mount, Gathurst, near Wigan, Lancashire
72 Bigland, Hubert Hallam, 10, Lish Avenue, Whitley, R. S. O., Northumberland
73 Bigland, J., Henknowle, Bishop Auckland
74 Binks, John Charles, Desford Coal Company, Limited, Bagworth, near Leicester
75 Bishop, James, 27, Lambton Quay, Wellington, New Zealand
76 Black, W., Lovaine House, Lovaine Place, Newcastle-upon-Tyne
77 Blackburn, William Stevenson, Aire Villas, Astley, Woodlesford, near Leeds
78 Blackett, W. C., Acorn Close, Sacriston, Durham (Vice- President, Member of Council)

79 Blaiklock, Thomas Henderson, Newton Cap : Colliery, near Bishop Auckland
80 Blakemore, W., 10, St. Luke Street, Montreal, Canada
81 Bolam, Philip, Seaton Burn Colliery, Newcastle-uponTyne
82 Bolton, Edgar Ormerod, Executor of Colonel Hargreaves, Colliery Offices, Burnley
83 Bolton, H. H., Newchurch Collieries, near Manchester
84 Borlase, W. H., Greenside Lodge, Glenridding, near Penrith
85 Bousfield, Thomas, Wallsend Colliery, Wallsend, New South Wales
86 Bowles, Joseph George, Lyle Street, Ladysmith, Natal, South Africa
87*Bracken, Thomas Wilson, 5, North Terrace, Newcastle-upon-Tyne
88 Bradford, George, Newton House, Darlington
89 Bramwell, Hugh, Great Western Colliery, near Pontypridd, Glamorganshire

90 Braschi, Victor M., Bajos de Portacoeli, No. 11, Apartado, 830, City of Mexico, Mexico
91 Breakell, John E., La Mina "Estrella"de Bolivar, Ibaque, Tolima, Republic of Colombia, South
America. Transactions sent to Brassington-by-Wirksworth, Derbyshire
92 Breakell, Thomas, Brassington, near Derby
93 Breckon, J. R32, Norfolk Street, Sunderland
94 Breidenbach, Theodore, Rat Portage, Ontario, Canada
95 Brewer, William Morten, Molson's Bank Chambers, Vancouver, British Columbia
96*Brinell, Johan August, Fagersta, Sweden
97 Britten, T. J., P. O. Box 494, Johannesburg, Transvaal
98 Broad, Wallace, c/o Hongkong and Shanghai Banking Corporation, Shanghai, China
99 Broja, Geheimer Bergrath Richard, 77, Kaiser-Wilhelmstrasse, Breslau, Germany

A. M.
M.
S.
A. M.
M.

Dec. 9, 1882
June. 8, 1889
Feb. 14, 1874
Aug. 7, 1889
June 8, 1880
Jan 19, 1895
Dec. 14, 1901
June 3, 1857
April 28, 1900
April 13, 1889
April 2, 1870
Dec. 10, 1887
S. Nov. 4, 1876
A. M. Aug. 1, 1885
M. June 8, 1889
April 13, 1901
Oct. 12, 1895
A. Dec. 12, 1891
M. Aug. 3, 1895
April 12, 1890
Dec. 5, 1868
Aug. 4, 1894
June 14, 1902
Oct. 12, 1901
Oct. 14, 1899
Oct. 11, 1890
S. Oct. 4, 1879
A. M. Aug. 6, 1887
M. Aug. 3, 1889
A. M. Feb. 12, 1898
M. Aug. 6, 1898
April 25, 1896
Feb. 11, 1893
Sept 3, 1864
Dec. 10, 1898
April 2, 1898
June 9, 1900
June 21, 1894
April 28, 1900
Nov. 6, 1880

[xxi]

100 Bromly, A. H., 18, Eldon Street, London, E. C.
101 Broome, George Herbert, Kaitangata, New Zealand
102*Brough, Bennett H., Cranleigh House, near Addlestone,

Surrey

103 Brough, Thomas, New Seaham Colliery, Sunderland

104 Brown, Douglas Philip, Oakley, Carysfort Road, Boscombe
105 Brown, Jethro Longridge, Shotton Colliery, Castle Eden, R. S. O., Co. Durham
106 Brown, Myles, c/o Robert Brown, West View Terrace, Butterknowle, R. S. O., Co. Durham
107 Brown, M. Walton, 10, Lambton Road, Newcastle-upon- Tyne (Secretary, Member of Council)

Date of Election and
of Transfer
Nov. 24, 1894
Oct. 9, 1897
A. M. Dec. 10, 1887
M. June 8, 1889
S. Feb. 1, 1873
A. M. Aug. 2, 1879
M. June 8, 1889
June11, 1898
Aug. 3, 1901
June 8, 1901
S. Oct. 7, 1871
M. Aug. 3, 1878

108 Brown, Richard Henry, Sydney Mines, Cape Breton, Nova Scotia, Canada
109 Brown, Robert Oughton, Elswick Collieries, Newcastleupon-Tyne

110 Brown, Thomas Forster, Springfoot, Stoke Bishop, Bristol
111 Brown, Westgarth Forster, Cefn Coed, Malpas, near Newport, Monmouthshire
112 Bruce, John, Port Mulgrave, Hinderwell, R. S. O., Yorkshire

113 Bryham, William, Bank House, Wigan
114 Buckle, Christopher Ernest, Ajjampur, Kadur District, Mysore Province, South India
115 Buglass, J., Stobswood, via Acklington, Northumberland
116 Bulkley, F. Groendycke, Denver, Colorado, U. S. A.
117 Bulman, E. H., The Red and White Rose Gold Mining Company, P. O. Box 414, Bulawayo,
Rhodesia, South Africa
118 Bulman, H. F., Barcus Close, Burnopfield, R. S. O., Co. Durham

119 Bunkell, Henry B., P. O. Box 1463, Johannesburg, Trans-Vaal
120 Bunning, C. Z., c/o Borax Consolidated, Limited, Constantinople, Turkey

121*Burls, Herbert T., c/o H. S. King & Company, 65, Cornhill, London, E. C.
122*Burn, Frank H, West Stanley Colliery, Stanley, R. S. O., Co. Durham

123 Burne, Cecil Alfred, Copiapo Mining Company, Copiapo, Chile, South America
124 Burnett, Cuthbert, Grange Iron Works, Durham
125*Burns, David, Vallum View, Burgh Road, Carlisle
126 Burrows, J. S., Green Hall, Atherton, near Manchester
127 Butt, Thomas Philip Edward, P. O. Box 538, Johannesburg, Transvaal
128 Butters, Charles, 20, Bishopsgate Street Within, London, E. C.
129 Cameron, Ian, The Tharsis Sulphur and Copper Company, Limited, 136, West George Street,
Glasgow
130 Campbell, H. H., Sutton Hall, St. Helen's, Lancashire
131 Campbell-Johnston, R. C., Nelson, British Columbia
132 Carey, Gaspard Robert de Mussenden, Nile Valley Company, c/o Bank of Egypt, Assouan, Egypt

Feb. 9, 1901
S. Oct. 8, 1892
A. Aug. 3, 1895
M. Oct. 12, 1891
Aug. 1, 1861
S. Aug. 6, 1887
M. Aug. 5, 1893
S. Feb. 14, 1874
A. M. Aug. 7, 1880
M. June 8, 1889
Dec. 8, 1900
Feb. 10, 1900
A. Dec. 10, 1892
M. Aug. 3, 1895
Oct. 12, 1895
Feb. 13, 1892
S. May 2, 1874
A. M. Aug. 6, 1881
M. June 8, 1889
April 8, 1893
S. Dec. 6, 1873
A. M. Aug. 5, 1882
M. Oct. 8, 1887
Feb. 9, 1889
S. Feb. 9, 1889
A. Aug. 4, 1894
M. Aug. 3, 1895
S. Aug. 4, 1894
M. Aug. 3, 1901
June 8, 1895
May 5, 1877
S. Oct. 11, 1873
M. Aug. 4, 1877
Dec. 11, 1897
Feb. 10, 1894
Aug. 4, 1894
Jan. 19, 1895
Nov. 24, 1894
Oct. 12, 1901

[xxi]i

133 Carnes, Charles Spearman, Howlish Hall, Bishop Auckland (Member of Council)
134 Carr, T., Lilywhite Terrace, Four Lane Ends, Hetton-le-Hole, R. S. O., Co. Durham
135 Carr, Wilson S., 13, Mosley Street, Newcastle-upon-Tyne
136 Carroll, James, Charters Towers, Queensland, Australia Dec. 10, 1898
137 Chalmers, J. A., c/o J. S. Sheldrick, 96, Gresham House, Old Broad Street, London, E. C.
138 Chambers, Arthur Leo, P. O. Box 83, Gwelo, Rhodesia, South Africa
139 Chambers, J. S., 5, Little Italiansky, St. Petersburg, Russia
140 Chambers, R. E., The Nova Scotia Steel Company, Limited, Bell Island, Newfoundland
141 Champneys, Arthur Thornton, Times Gold Mining Company, Limited, Melmoth, Zululand, South
Africa
142 Channing, J. Parke, 34, Park Place, New York City, U. S. A.
143 Chaplin, George Plunkett, 2a, Calle de Dolores, No. 18, Mexico, D. F.

Date of Election and
of Transfer
Aug. 1, 1891
Feb. 10, 1894
Dec. 14, 1901
Dec. 9, 1893
Feb. 8, 1902
Oct. 10, 1896
June 9, 1900
Oct. 14, 1899

S.

April 25, 1896
Feb. 15, 1896

A. M.
M.
144 Charleton, A. G., 5, Avonmore Road, Kensington, London, W.
145 Charlton, William, Guisbrough, Yorkshire
146 Charlton, William, Linares, Provincia de Jaen, Spain
147 Charlton, William John, Ashington Colliery, Morpeth, Northumberland
148 Cheesman, E. Taylor, Claravale Colliery, Ryton-upon-Tyne
149 Cheesman, Herbert, Hartlepool
150 Cheesman, I. T., Throckley Colliery, Newburn, R. S. O., Northumberland
151 Cheesman, Nicholas, Throckley Colliery, Newburn, R. S. O., Northumberland
152 Chester, Edward Descou, 120, Bishopsgate Street Within, London, E. C.
153 Childe, Henry S., 59, Westgate, Wakefield
154 Claghorn, Clarence R., Wehrum, Indiana County, Pennsylvania, U. S A.
155 Clark, Henry, Inglenook, Norton, Stockton-upon-Tees
156 Clark, Robert, Hyderabad Deccan Company, Limited, Secunderabad, India
157 Clark, R. B., Springwell Colliery, Gateshead-upon-Tyne
158 Clark, William, Cranbury Lodge, Park Lane, Wigan
159 Clark, William Henry, 108, Cantonment, Kampthee, Central Provinces, India
160 Claudet, Arthur C., 6 and 7, Coleman Street, London, E. C.
161 Clifford, William, Jeanette, Pennsylvania, U. S. A.
162 Clough, James, Bomarsund House, Bomarsund, Bedlington, R. S. O., Northumberland

163 Cochrane, B., Union Club, Newcastle-upon-Tyne
164 Cochrane, W., Oakfield House, Gosforth, Newcastle-upon-Tyne (Past-President, Member of
Council)
165 Coghlan, F. M., Catorce, S. L. P., Mexico
166 Colley, John, Green Mine, Indwe, Cape Colony, South Africa
167 Collins, Arthur Launcelot, 702, Salisbury House, Finsbury Circus, London, E. C.
168*Collins, Horatio, P. O. Box 245, Johannesburg, Trans-Vaal

Oct. 9, 1897
Dec. 8, 1900
Aug. 6, 1892
Feb. 12, 1898
April 8, 1893
April 25, 1896
A. Aug. 2, 1890
M. Aug. 6, 1892
Aug. 6, 1892
Feb. 1, 1873
Dec. 8, 1900
Aug. 3, 1901
A. M. Feb. 12, 1887
M. Aug. 3, 1889
Aug. 5, 1899
April 8, 1899
Feb. 15, 1896
S. May 3, 1873
M. Aug. 4, 1877
Dec. 10, 1898
April 28, 1900
Aug. 3, 1895
Feb. 9, 1873
S. April 5, 1873
A. M. Aug. 3, 1878
M. June 8, 1889
Dec. 6, 1866
Aug. 1, 1861
Dec. 9, 1893
Feb. 9, 1901
Feb. 13, 1892
Aug. 4, 1894

[xxiii]

169*Collins, H. B., Auchmbothie, Kilmalcolm, R. S. O., Renfrewshire
170 Collins, William Francis, P. O. Box 170, Coolgardie, Western Australia
171 Colquhoun, T. Grant, Beal Bank House, Acklington, Northumberland
172 Commans, R. E., 6, Queen Street Place, London, E. C.
173 Comstock, Theo. B., Prescott Development Syndicate, Limited, 535, Stimson Block, Los
Angeles, California, U. S. A.
174 Cook, J., Washington Iron Works, Washington, Co. Durham
175 Cook, Joseph, Jun., Washington Iron Works, Washington, Co. Durham
176 Cook, James Falshaw, Washington Iron Works, Washington, R. S. O., Co. Durham
177 Cook, J. Watson, Binchester Hall, Bishop Auckland
178 Cooke, Henry Moore Annesley, The Ooregum Gold Mining Company of India, Limited, Oorgaum,
Province of Mysore, India
179 Corbett, V. W., Chilton Moor, Fence Houses
180 Corlett, George Stephen, Wigan
181 Coste, Eugene, 34, Madison Avenue, Toronto, Ontario, Canada
182 Coulson, F., Sherburn, Durham
183 Coulthard, Francis, c/o J. R. Gunson, 25, King Street, Whitehaven
184 Coulthard, John, Brunnerton, Greymouth, New Zealand
185 Cowper-Coles, Sherard Osborn, Grosvenor Mansions, Victoria Street, Westminster, London, S.
W.

Date of Election and
of Transfer
April 14, 1894
April 10, 1897
Dec. 14, 1898
Nov. 24, 1894
Feb. 13, 1897
May 8, 1869
Oct. 9, 1897
Feb. 12, 1898
Oct. 14, 1893
Dec. 12, 1896
Sept. 3, 1870
Dec. 12, 1891
June 9, 1900
S. Aug. 1, 1868
M. Aug. 2, 1873
June 8, 1889
April 8, 1899
Dec. 9, 1899

186 Cox, John H., 10, St. George's Square, Sunderland
187 Crankshaw, Joseph, 11, Ironmonger Lane, London, E. C.
188 Craster, Walter Spencer
189 Craven, Hiram, Jun., Sunderland
190 Crighton, John, Bramhall House, Hazel Grove, Stockport
191 Crone, Charles Herbert, Killingworth, near Newcastle-upon-Tyne
192 Crone, J. R., Tudhoe House, via Spennymoor
193 Crookston, Andrew White, 188, St. Vincent Street, Glasgow
194 Crosby, Arthur, Post Office, Dundee, Natal, South Africa
195 Cross, William Haslam, 77, King Street, Manchester
196 Croudace, Thomas, Lambton Lodge, Lambton, Newcastle, New South Wales
197 Cruz y Diaz, Emiliano de la, Malasana, 9, Madrid, Spain
198 Currie, Walter, P. O. Box 220, Bulawayo, Rhodesia, South Africa
199 Curry, Michael, Cornsay Colliery, Durham
200 Cutten, William Henry, Dunedin, New Zealand
201 Daggar, Henry James, c/o W. D. Jones, High Street, Marrickvill, New South Wales
202 Daglish, John, Rothley Lake, Cambo, R. S. O., Northumberland (Past-President, Member of
Council)
203 Daglish, William Charlton, Littleburn Colliery, near Durham
204 Dakers, W. R., Tudhoe Colliery, Spennymoor, Durham
205 Dale, Sir David, Bart., West Lodge, Darlington
206 Dan, Takuma, c/o Mitsui Mining Company, No. 9, Yamashiro-cho, Tokio, Japan

Feb. 6, 1875
Aug. 5, 1899
Dec. 8, 1900
April 12, 1890
June 11, 1898
Oct. 14, 1899
Feb. 1, 1868
Dec. 14, 1895
A. M.Aug. 7, 1897
M. April 12, 1902
Feb. 8, 1902
Nov. 6, 1862
June14, 1902
April 25, 1896
Aug. 6, 1898
Aug. 5, 1899
Oct. 12, 1901
Aug. 21, 1852
Dec. 12, 1896
A. M. Oct. 14, 1882
M.Aug. 3, 1889
Feb. 5, 1870
April14, 1894

[xxiv]

207 Daniel, Peter Francis, Greymouth, New Zealand
208 Danks, Andrew, P. O. Box 83, Newcastle, Natal, South Africa
209 Darby, J. H., Pen y Garth, Brymbo, Denbighshire
210 Darling, Fenwick, South Durham Colliery, Eldon, Bishop Auckland
211 Darlington, James, Black Park Colliery, Ruabon, North Wales
212 Davey, George, 219, Ladbroke Grove, Notting Hill, London, W.
213 Davey, Henry, 3, Princes Street, Westminster, London S. W.
214 Davies, David, Cowell House, Llanelly, South Wales
215 Davis, Charles Henry, 99, Cedar Street, New York City, U. S. A.
216 Davis, Kenneth, Bebside Colliery, Northumberland
217 Daw, Albert William, 11, Queen Victoria Street, London, E. C.
218 Daw, John, Jun., 4, Gunnersbury Avenue, Ealing, London, W.
219 Dees, J. Gibson, Floraville, Whitehaven
220 Dees, R. R., Newcastle-upon-Tyne
221 Delmas, Julian R., Success Villa, Assensole, Bengal, India
222 Delprat, G. D., The Broken Hill Proprietary Company, Limited, Broken Hill, New South Wales
223 Denny, G. A., General Mining and Finance Corporation, Limited, Marshall Square,
Johannesburg, Transvaal
224 Dickinson, Arthur, Warham Road, South Croydon, Surrey
225 Dietzsch, Ferdinand, 652-655, Salisbury House, London Wall, London, E. C.
226*Dingwall, William Burliston-Abigail, Paz Mines, P. O. Box 113, Matehuala, S. L. P., Mexico
227 Ditmas, Francis Ivan Leslie, Machine Gun Commander, 32nd Regiment Imperial Yeomanry,
Field Force, SouthAfrica
228 Dives, Robert, Industries Office, Acutts Arcade, Durban, Natal, South Africa
229 Dixon, D. W., Lumpsey Mines, Brotton, Saltburn-by-the-Sea
230 Dixon, Jonathan, Westport Coal Company, Limited, Denniston, New Zealand
231 Dixon, Joseph Armstrong, Shilbottle Colliery, Lesbury, R. S. O., Northumberland
232*Dixon, James S., Fairleigh, Bothwell, N. B.
233 Dixon, R., Sankey Wire Mills and Ropeworks, Warrington

Date of Election and
of Transfer
April 8, 1893
Aug. 3, 1901
Feb. 9, 1901
Nov. 6, 1875
S. Nov. 7, 1874
M. Aug. 4, 1874
June 10, 1893
Oct. 11, 1873
Dec. 9, 1899
Oct. 13, 1900
April 13, 1889
June 12, 1897
Dec. 14, 1895
Oct. 13, 1883
Oct. 7, 1871
Oct. 14, 1889
Feb. 10, 1894
Dec. 8, 1894

A.
M.

April 14, 1894
Aug. 5, 1899
Aug. 4, 1900
June 11, 1898
June 14, 1902
Feb. 8, 1902
Nov. 2, 1872
Oct. 13, 1894
Dec. 14, 1901
Aug. 3, 1878
June 5, 1875

234 Dixon, William, Cleator, Cumberland
235 Dobb, T. G., Brick House, West Leigh, near Manchester
236 Dobbs, Joseph, Jarrow Colliery, Castlecomer, Co. Kilkenny
237 Dodd, Benjamin, Bearpark Colliery, near Durham (Member

of Council)

238 Dodd, M.

239*Donkin, W., Vereeniging Estates, Vereeniging, Transvaal

240 Dormand, Ralph Brown, Cambois House, Cambois, Blyth
241*Douglas, C, P., Thornbeck Hill, Carmel Road, Darlington
242 Douglas, James, 99, John Street, New York City, U. S. A.
243 Douglas, M. H., Usworth Colliery, Washington, R. S. O., Co. Durham (Member of Council)
244 Douglas, T., The Garth, Darlington (Past-President, Member of Council)

April 10, 1897
Dec. 8, 1894
April 14, 1894
S. May 3, 1866
M. Aug. 1, 1868
S.Dec. 4, 1870
A. M.Aug. 7, 1880
M. June 8, 1889
S. Sept. 2, 1876
A. M. Aug. 7, 1880
M. Jun.8 , 1889
A. Dec. 9, 1893
M. Aug. 3, 1901
March 6, 1869
Oct. 14, 1899
A. M. Aug. 2, 1879
M. Aug. 3, 1889
Aug. 21, 1852
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245 Doyle, Patrick, Indian Engineering, 7, Government Place, Calcutta, India.
to c/o F. E. Robertson, 8, Great George Street, Westminster, London,
S. W.

Transactions sent

246 Dunbar-Anderson, Kingsley, P. O. Box 34, Salisbury, Rhodesia, South Africa
247 Dyson, T. Ingleby, The Lloyd Copper Company, Limited, Burraga. New South Wales
248 Eastlake, Arthur W., Caenwood House, Grove Road, Clapham Park, London, S. W.
249 Echlin, Edward, Kabwet, Upper Burma
250 Ede, Henry Edward, 256, Eccleshall Road, Sheffield
251 Eden, C. H., Penallt, Sketty, R. S. O., Glamorganshire
252 Edwards, Edward, Maindy Pit, Ocean Coal Company, Ton Pentre, South Wales
253 Edwards, Herbert Francis, 104, Stanwell Road, Penarth, Glamorganshire
254 Eissler, Manuel, 46, Rue Vital, Passy, Paris
255 Eliet, Francis Constant Andre Benoni Elie du, Controleur des Mines, a Cananarive,
Madagascar
256 Ellis, W. R., Wigan
257*Elsdon, Robert William Barrow, c/o Henry S. King and Company, 65, Cornhill, London. E. C.
258 Elwen, Thomas Lee, Brandon Colliery, Durham
259 Embleton, H. C, Central Bank Chambers, Leeds
260 Embleton, T. W., The Cedars, Methley, Leeds
261 Engel, Konrad Ernst Richard, Friedrichstrasse, 2, Essen, Ruhr, Germany
262 English, John, Garesfield Colliery, High Spen, Lintz Green, R. S. O., Co. Durham
263 Epton, W. Martin, The Village Main Reef Gold Mining Company, Limited, P. O. Box 1091,
Johannesburg, Transvaal
264 Esuman-Gwira, John Buckman, Cape Coast Castle, West Africa
265 Etherington, J., 39a, King William Street, London Bridge, London, E. C.
266 Evans, George Henry, Breckenridge Colorado, U. S. A.; and Bohemian Club, San Francisco,
Californio, U. S. A.
267 Evans, Lewis, New Modderfontein Gold Mining Company, Limited, Mine Office, Benoni,
Transvaal
268 Everard, J. B., 6, Millstone Lane, Leicester
269 Fairley, James, Craghead and Holmside Colliery, Chester-le-Street
270 Faithful, William, Greymouth, New Zealand
271 Fellows, Alfred, The Bede Metal and Chemical Company, Limited, Hebburn, Newcastle-uponTyne
272*Fenwick, Barnabas, 37, Osborne Road, Newcastle-upon-Tyne

Date of Election and
of Transfer
A. M. March 1, 1879
M. Aug. 3, 1898
Dec. 8, 1900
Feb. 9, 1895
June11, 1892
Dec. 14, 1901
July14, 1896
June14, 1890
Feb. 9, 1895
Oct. 12, 1901
Feb. 15, 1896
Aug. 3, 1901
June 1, 1878
April13, 1901
Oct. 13, 1888
April14, 1894
S. Sept. 2, 1865
M. Aug. 1, 1868
April28, 1900
Dec. 9, 1899
Oct. 12, 1895
April 2, 1898
Dec. 9, 1893
June 9, 1900
Oct. 14, 1893
March 6, 1869
A. M. Aug. 7, 1880
M. Aug. 3, 1889
Dec. 8, 1900
June13, 1896
Aug. 2, 1866

273 Fergie, Charles, Drummond Colliery, Westville, Nova Scotia
274 Ferguson, C., Walbottle Colliery, Scotswood-upon-Tyne
275 Ferguson, D., c/o James Ferguson, 140, Hyndland Drive, Kelvinside, Glasgow
276 Ferguson, James, P. O. Box 253, Johannesburg, Transvaal
277 Fernau, John James Constant, Nenthead House, by Alston, Cumberland
278 Field, Edwin Richard, Prells Buildings, Collins Street, Melbourne, Victoria, Australia
279 Fieuzet, Eugene, 4, Rue Saint Blaise, Bagueres de Bigorre, Haute Pyrenees, France

Dec. 9, 1893
Feb. 12, 1898
A. M. Dec. 8, 1883
M. Aug. 3, 1889
Dec. 12, 1896
Dec. 10, 1898
April 28, 1900
Dec. 14, 1901
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280 Figari, Alberto, Apartado, 405, Lima, Peru
281 Fisher, Edward R., Blaina Lodge, Llandebie, R. S. O., Carmarthenshire
282 Fletcher, James, Whickham and Bullock Island Coal Company, Limited, Carrington, New
South Wales
283 Fletcher, Lancelot, Brigham Hill, Cockermouth
284 Fletcher, Leonard Ralph, The Hindles, Atherton, near Manchester
285*Fletcher, Walter, The Hollins, Bolton, Lancashire
286 Flint, John, Radcliffe House, Acklington, Northumberland
287 Foote, Arthur de Wint, North Star Mines, Grass Valley, California, U. S. A.
288 Ford, Mark, Washington Colliery, Washington Station, Co. Durham
289 Ford, Stanley H., P. O. Box 38, Krugersdorp, South African Republic
290 Forrest, J. C., Holly Bank Colliery, Essington, Wolverhampton
291 Forster, Alfred Llewellyn, 5, Haldane Terrace, Newcastle-upon-Tyne
292 Forster, John Henry Bacon, Cramlington Colliery, Northumberland

293 Forster, Thomas E., 3, Eldon Square, Newcastle-upon-Tyne
Council)

(Vice-President, Member of

294 Foster, John Sutherland, Blaenau Festiniog, North Wales
295 Frecheville, William, North Breach Manor, Ewhurst, Surrey
296 Freeland, Francis Theodore, P. O. Box 1016, Aspen, Colorado, U. S. A.
297 Frossard, J. D., Orthes, Basses Pyrenees, France
298 Fryar, John William, Sherwood Colliery, Mansfield
299 Fryar, Mark, Denby Colliery, Derby

300 Fryar, William, Inspector of Mines, Brisbane, Queensland, Australia
301 Fryer, George Kellett, Littletown Colliery, near Durham
302 Galloway. T. Lindsay, 43, Mair Street, Plantation, Glasgow
303 Galloway, William, Cardiff
304 Gallwey, Arthur Payne, c/o Edward Chester and Company, Limited, 120, Bishopsgate Street
Within, London, E. C
305 Gardiner, E. T., Hoppyland House, Albert Hill, Bishop Auckland
306 Geddes, George H., 21, Young Street. Edinburgh
307 Gerrard, John, H. M. Inspector of Mines, Worsley, Manchester
308 Gifford, Henry J., Minas de Passagem, Ouro Preto, Brazil
309 Gilchrist, J. R., Garesfield Colliery, Lintz Green, Newcastle-upon-Tyne

310 Gill, Hugh Llewellyn, c/o Bennie, Teare and Company, Woodward Street, Coolgardie, Western
Australia

Date of Election and
of Transfer
April 25, 1896
A. M. Aug. 2, 1884
M. Aug. 3, 1889
Dec. 9, 1893
A. M. April14, 1888
M. June 8, 1889
Aug. 5, 1899
Dec. 14, 1895
Jan. 19, 1895
Feb. 13, 1897
Aug. 3, 1895
June 10, 1893
April 12, 1884
June 8, 1901
S. Nov. 24, 1894
A. Aug. 7, 1897
M. Feb. 10, 1900
S. Oct. 7, 1876
A. M. Aug. 1, 1885
M. June 8, 1889
Dec. 9, 1899
Feb. 15, 1896
June 14, 1902
Dec. 14, 1895
A. June 14, 1890
M. June 12, 1897
S.Oct. 7, 1876
A. M. Aug. 4, 1883
M. June 8, 1889
April 10, 1897
Dec. 14, 1901
Sept. 2, 1876
April 23, 1887
S.Oct. 2, 1880
.M. Oct. 10, 1891
Dec. 8, 1894
Oct. 1, 1881
S. March 5, 1870
M. Aug. 1, 1874
Oct. 14, 1893
S. Feb. 3, 1877
A. M. Aug. 1, 1874
M.June 8, 1889
April 8, 1889

311 Gillman, F., Plattenstrasse, 68, Zurich (V. ), Switzerland
312 Gipps, F. G. de Visme, Pirie Buildings, Broken Hill, New South Wales
313 Goldsworthy, Arthur, Linares, Provincia de Jaen, Spain

A. M. Dec. 8, 1894
M.June 8, 1895
April 25, 1896
Aug. 3, 1895

[xxvii]

314 Goldsworthy, Christopher, Grampound Road, Cornwall
315 Goodwin, Robert Harvey
316 Goodwin, William Lawton, School of Mining, Kingston, Ontario, Canada
317 Gore, Henry, Victorian Gold Estates, Limited, 395, Collins Street, Melbourne, Victoria, Australia
318 Gough, George Henry, Umaria, B. N. Railway, Central Provinces, India
319 Gouldie, Joseph, The Gill, Bromheld, Brayton, S. O., Cumberland
320 Graham, Edward, Jun., Bedlington Colliery, Bedlington, R. S. O., Northumberland
321 Graham, F., West Hunwick Colliery, Hunwick, R. S. O., Co. Durham
322 Grave, Percy, Chihuahua, Mexico
323 Greaves, J. O., Westgate, Wakefield
324 Greener, George Alfred, 20, Limetree Avenue, Blurton Road, Fenton, Stoke-upon-Trent
325 Greener, Henry, South Pontop Colliery, Annfield Plain, R. S. O., Co. Durham
326 Greener, T. Y., West Lodge, Crook, Darlington (Member of Council)

327 Greenwell, Allan, 49, Essex Street, Strand, London, W. C.
328 Greenwell, G. C., Poynton, near Stockport
329 Gregorie, Charles, 19, Pembroke Terrace, Cardiff
330 Gregson, G. Ernest, 11, Chapel Street, Preston, Lancashire
331 Gresley, W. S., 115, Radbourne Street, Derby
332 Grey, C. G., Ballycourcy, Enniscorthy, Co. Wexford
333 Grey, Frederick William, Dashwood House, 9, New Broad Street, London, E. C.
334 Griffith, N. Maurice, Westminster Chambers, Wrexham
335 Griffith, N. R, Westminster Chambers, Wrexham
336 Griffith, William, Waterloo House, Aberystwyth, South Wales
337 Grimshaw, E. J., Bispham, Huyton, Liverpool
338*Grundy, James, 15, Clevedon Road, North Shore, Blackpool
339 Guthrie, James K., 73, Cleveland Road, North Shields (Member of Council)
340 Haddock, W. T., 4, Elmwood Street, Sunderland

341*Haehner, Paul, Bilbao, Spain
342 Haggie, D. H., Wearmouth Patent Rope Works, Sunderland
343 Haggie, Peter Sinclair, Gateshead-upon-Tyne
344 Hague, Ernest, Castle Dyke, Sheffield
345 Hair, Thomas Chicken, Bede House, Hebburn-upon-Tyne
346 Halbaum, Henry Wallace Gregory, 19, Bute Terrace, Low Fell, Gateshead-upon-Tyne
347 Hall, Frederick, Fernleigh, Highfield, Workington
348 Hall, George William, Coolgardie, Western Australia
349 Hall, John Charles, 72, Dundas Street, Monkwearmouth, Sunderland
350 Hall, M., Lofthouse Station Collieries, near Wakefield

Date of Election and
of Transfer
June 12, 1897
Oct. 13, 1900
Feb. 11, 1899
April 28, 1900
Aug. 4, 1900
Aug. 5, 1893
Aug. 1, 1896
April 28, 1900
Oct. 13, 1900
Aug. 7, 1862
Feb. 10, 1900
A. M. Dec. 9, 1882
M. Aug. 3, 1889
S. July 2, 1872
A. M. Aug. 2, 1879
M. June 8, 1889
Aug. 4, 1900
S. March 6, 1869
M. Aug. 3, 1872
Oct. 9, 1897
A. M. Dec. 8, 1894
M.Feb. 9, 1895
A. M.Oct. 5, 1878
M.Aug. 3, 1889
May 4, 1872
July 14, 1896
S. Nov. 24, 1894
M.Feb. 11, 1899
Aug. 1, 1867
Dec. 9, 1893
Sept. 5, 1868
June 13, 1896
Aug. 3, 1889
S. Oct. 7, 1876
A. M. Aug. 1, 1885
M. June 8, 1889
April 28, 1900
March 4, 1876
A. M.April 14, 1883
M. Aug. 3, 1889
S. March 2, 1878
M. Aug. 3, 1878
Dec. 9, 1899
April 8, 1899
Oct. 14, 1893
Dec. 12, 1896
A. Dec. 14, 1889
M. Aug. 3, 1895
Sept. 5, 1868

351 Hall, M. S., 8, Victoria Street, Bishop Auckland
352 Hall, Tom, Ryhope Colliery, via Sunderland
353 Hall, William F., Haswell Colliery, Haswell, via Sunderland

Feb. 14, 1874
June 8, 1889
May 13, 1858
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354 Hallas, G. H., Huyton, near Liverpool

355 Hallimond, William Tasker, Jumpers Deep, Limited, P. O., Cleveland, near Johannesburg,
Transvaal
356 Halse, Edward, c/o Senores J. M. and E. Montoya, Puerto Berrio, Republic of Colombia,
South America
357 Hamilton, E., Rig Wood, Saltburn-by-the-Sea

358*Hancock, H. Lipson, Moonta Mines, South Australia
359 Hancock, H. R., Ivymeade, Burnside, South Australia
360 Hann, Robert, Jun., Clanton House, 3, Elizabeth Street,
361 Hannah, David, Brynderwen, Ferndale, South Wales
362 Hare, Samuel, Murton Colliery, via Sunderland

Newcastle Road, Sunderland

363 Harle, Peter, Page Bank Colliery, Co. Durham
364 Harle, Richard, Browney Colliery, Durham
365 Harle, Robert Alfred, Wallsend Colliery, Wallsend-upon-Tyne
366 Harris, David, Elands Laagte Collieries, Limited, Elands Laagte, Natal, South Africa
367 Harris, G. E., Margherita, Debrugarh, Upper Assam
368 Harris, Howard, P. O. Box 311, Durban, Natal, South Africa
369 Harris, W. S., Kibblesworth, Gateshead-upon-Tyne

370 Harrison, C. A., North Eastern Railway, Newcastle-upon-Tyne
371 Harrison, G. B., Swinton, near Manchester
372 Harrison, W. B., Brownhills Collieries, near Walsall
373 Haselden, Arthur, Linares, Provincia de Jaen, Spain
374 Haselden, Eugene Kinnaird, Jardines No. 3, La Carolina, Provincia de Jaen, Spain
375 Hassall, Joseph, Abbey Villa, Kenilworth, near Cape Town, South Africa
376*Hawker, Edward William, 8, Alma Chambers, Adelaide, South Australia
377 Hay, J., Jun., Widdrington Colliery, Acklington
378 Heads, Robert William, Greenbushes, Western Australia
379 Hedley, Robert Bertram, c/o W. Zimpel, Hay Street, Perth, Western Australia
380 Hedley, Septimus H., Langholme, Roker, Sunderland

381Hedley, William, Eighton Lodge, Low Fell, Gateshead-upon-Tyne
382 Heinze, F. Aug., Trail, British Columbia
383 Henderson, Charles, Cowpen Colliery, Blyth, Northumberland
384 Henderson, Joseph J.
385 Hendy, J. C. B., Etherley, via Darlington
386 Hepburn, Wheldon, Littletown Colliery, near Durham

Date of Election and
of Transfer
S. Oct. 7, 1876
A. M. Aug. 4, 1883
M. Aug. 3, 1889
Dec. 14, 1889
A. M.June 13, 1885
M. Aug. 3, 1889
S. Nov. 1, 1873
A.M. Aug.3, 1879
M. June 8, 1889
Dec. 14, 1895
A. M. Aug. 4, 1894
M.Nov. 24, 1894
Oct. 14, 1895
Feb. 9, 1895
S. Aug. 2, 1879
M. Aug. 1, 1891
Oct. 8, 1892
April 7, 1877
A. April 14, 1894
M. Oct. 12, 1901
A. M.June 12, 1897
M.April 13, 1901
Feb. 10, 1894
Aug. 7, 1897
S. Feb. 14, 1874
A. M. Aug. 7, 1880
M. June 8, 1889
June 21, 1894
Aug. 6, 1892
April 6, 1867
A. M. Dec. 11, 1897
M. April 2, 1898
A. M.Dec. 11, 1897
M. June 11, 1898
April 3, 1901
Oct. 12, 1869
S. Sept. 4, 1869
M. Aug. 4, 1874
June 14, 1902
Feb. 8, 1902
S. Feb. 15, 1879
A. M. Aug. 1, 1885
M. Aug. 3, 1889
Feb. 13, 1897
Dec. 11, 1897
Dec. 9, 1899
June 13, 1891
Oct. 14, 1893
Aug. 3, 1895

387 Herrmann, Henry J. A., 37, Walbrook, London, E. C.
388 Heslop, C., Woodside, Marske Mill Lane, Saltburn-by-the-Sea
389 Heslop, Grainger, North Moor House, Sunderland
390 Heslop, Michael, Rough Lea Colliery, Wellington. Co. Durham

Dec. 10, 1898
S. Feb. 1, 1868
M. Aug. 2, 1873
Oct. 5, 1872
A. Feb. 10, 1894
M.June 21, 1894
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391 Heslop, Septimus, New Beerbhoom Coal Company, Limited, Asansol, Bengal, India
392 Heslop, Thomas, Randolph Colliery, Evenwood, Bishop Auckland

393 Heslop, William Taylor, St. George's Coal and Estate Company, Limited, Manager's Office,
Hatting Spruit, Natal, South Africa
394 Hewitson, Thomas, Ivanhoe Gold Corporation, Limited, Boulder, Western Australia
395*Hewitt, G. C, Serridge House, Coalpit Heath, near Bristol
396 Hewlett, A., Haseley Manor, Warwick
397 Hewlett, Erne, Ammanford Colliery Company, Limited,
Ammanford, R. S. O.,
Carmarthenshire
398 Higson, Jacob, 18, Booth Street, Manchester
399 Hill, Albert James, New Westminster, British Columbia
400 Hill, William, 40, Wellington Road, Edgbaston, Birmingham
401*Hilton, J., Woodcock Hall, Newburgh, near Southport
402 Hilton, Robert Stuart, c/o The Clay Cross Company, Clay Cross, near Chesterfield
403 Hilton, T. W., Wigan Coal and Iron Company, Limited, Wigan
404 Hobson, J. B., Cariboo Hydraulic Mining Company, Limited, Vancouver, British Columbia
April 25, 1896
405 Hobson, Moses, Hartley House, Coundon, Bishop Auckland
406 Hodge, Francis, c/o John Whitworth, Camborne, Cornwall
407 Hodgson, Jacob, Cornsay Colliery, Co. Durham
408 Hogg, C. E., 34 and 36, Gresham Street, London, E. C.
409 Holberton, Walter Twining, Copiapo, Chile
410 Holliday, Martin F., Langley Grove, Durham
411 Hollings, James Spencer, Brymbo, near Wrexham
412 Homersham, Edwin Collett, c/o Bewick, Moreing and Company, Broad Street House, New
Broad Street,
London, E. C.
413 Homersham, Thomas H. C., Vulcan Iron Works, Thornton Road, Bradford
414 Hood, A., 6, Bute Crescent. Cardiff
415 Hooper, Edward, Salisbury House, London Wall, London, E. C.
416 Hope, Edmund Louis, Dandot, Ihelum, Punjaub, India
417 Hopkins, Edward, 13, Harrington Gardens, London, S. W.
418 Hopwood, William, Oak House, Buckley, Chester
419 Horswill, Frederick J., 1218, Chesnut Street, Oakland, California, U. S. A.
420 Hosking, George Frederic Charles, Helensville, New Zealand
421 Hoskold, Carlos A. Lynes, First Engineer, Inspector of the National Department of Mines and
Geology, Calle Charcas, 1222, Buenos Aires, Argentine Republic J
422 Hoskold, H. D., Inspector General of Mines of the Argentine Republic, and Director of the
National Department of Mines and Geology, Buenos Aires, Argentine Republic
423 House, John, Rosebridge and Douglas Bank Collieries Company, Limited, Wigan
424 Howes, Frank T., Hyderabad (Deccan) Company, Limited, Secunderabad, India
425 Hudson, James O., Menzies, Western Australia

Date of Election and
of Transfer
Oct. 12, 1895
S. Oct. 2, 1880
A. M.Aug. 4, 1888
M. Aug. 3, 1889
Aug. 3, 1895
Dec. 9, 1899
June 3, 1871
March 7, 1861
Oct. 10, 1896
Aug. 7, 1862
A. M.Dec. 10, 1898
M. Dec. 8, 1900
A. M. June 9, 1883
M. Aug. 3, 1889
S. Dec. 7, 1867
M.Aug. 6, 1870
April 28, 1900
Aug. 3, 1865
A. Aug. 5, 1893
M. Aug. 3, 1901
April 14, 1894
June 8, 1895
Oct. 12, 1895
June 9, 1900
May 1, 1875
Oct. 14, 1899
Feb. 9, 1901
Aug. 6, 1898
May 2, 1861
A. M. June 4, 1881
M. April 14, 1894
Oct. 9, 1897
Oct. 8, 1889
Aug. 3, 1901
Oct. 14, 1899
Dec. 8, 1900
une 8, 1895
April 1, 1871
June 13, 1896
A. Dec. 10, 1892
M. Oct. 14, 1893
April 2, 1898

426 Humble, William, Lawson Street, Hamilton, Newcastle, New South Wales
427 Humphris, Henry, Blaenau Festiniog, North Wales

Oct. 14, 1893
Oct. 13, 1900

[xxx]

428 Hurst, George, 9, Framlington Place, Newcastle-upon-Tyne
429 Hutchinson, John William, Willow Lodge, Abram, near
Wigan, Lancashire
430 Jackson, W. G., Prestwick, Witley, Surrey
431 Jaffrey, Thomas, Water Works, Bundaberg, Queensland, Australia
432 Jaffrey, William, 3, Victoria Street, London, S. W.
433 James, Thomas, Cae Duke Colliery, Loughor, near Swansea
434 James, William Henry Trewartha, 38, Aberdare Gardens, West Hampstead, London, N. W.
435 Jefferson, Frederick, Whitburn Colliery, South Shields
436 Jenkins, Charles Warren Bowen, Mines Development Syndicate, late Fraser's G. M., Southern
Cross, Western Australia
437 Jenkins, W., Ocean Collieries, Treorchy, Glamorganshire
438 Jepson, H., 39, North Bailey, Durham

439 Jobling, John William, Clifton Cottage, Burnley, Lancashire
440*Jobling, Thomas E., Bebside, Northumberland (Member of

Council)

441*Johns, J. Harry, Ferreira Gold Mining Company, Limited, P. O. Box 1021, Johannesburg,
Transvaal
442 Johnson, J., York Terrace, Doncaster Road, Stairfoot, near Barnsley
443 Johnson, W., Hall Garth, Carnforth, Lancashire

444 Johnston, J. Howard, c/o Backus and Johnston, Lima, Peru, South America
445 Joicey, W. J., Sunningdale Park, Berkshire
446 Jones, John Arthur, Gijon, Asturias, Spain
447 Jones, Jacob Carlos, Wollongong, New South Wales
448 Jones, Thomas, 1, Princes Street, Great George Street, London, S. W.
449 Judd, Henry Alexander, Lake View South Gold Mine, Kalgoorlie, Western Australia
450 Justyne, William Percy, 29 Princess Street, Albert Square, Manchester
451 Kanda, Reiji, Shikaibetsu Silver and Lead Mines, Yoichi, Hokkaido, Japan
452 Kay, Robert, South Tanfield Colliery, Stanley, R. S. O., Co. Durham
453 Kayll, A. C, Gosforth, Newcastle-upon-Tyne (Member of Council)
454 Kayser, H. W. Ferdinand, Launceston, Tasmania
455 Kebler, Julian A., Boston Building, Denver, Colorado, U. S. A.
456 Keighley, Frederick Charles, Uniontown, Fayette
County), Pennsylvania, U. S. A.
457 Kellett, Matthew H., St. Helen's Colliery, Bishop Auckland
458 Kellett, William, Portland Bank, Southport
459 Kennedy, Prof. George Thomas, King's College, Windsor, Hants County, Nova Scotia
460 Kerr, David Gillespie, Marmora, Ontario, Canada
461 Kidd, Thomas, Jun., Linares, Provincia de Jaen, Spain
462 Kirkegaard, Peter, Canadian Goldfields, Limited, Deloro, Hastings County, Ontario, Canada

[xxxi]

Date of Election and
of Transfer
S. April 14, 1883
M. Aug. 1, 1891
Oct. 14, 1899
June 7, 1873
Dec. 10, 1898
Feb. 13, 1897
April 12, 1902
Dec. 12, 1896
Dec. 11, 1897
Oct. 9, 1897
Dec. 6, 1862
S. July 2, 1872
A. M. Aug. 2, 1879
M. June 8, 1889
June 13, 1896
S. Oct. 7, 1876
A. M. Aug. 4, 1883
M. June 8, 1889
June 21, 1894
March 7, 1874
S. Feb. 14, 1874
A. M. Aug. 2, 1879
M. June 8, 1889
Feb. 10, 1894
March 6, 1869
April 8, 1893
Aug. 6, 1892
June 12, 1897
Oct. 8, 1898
Dec. 8, 1900
A. M. Aug. 4, 1894
M.Nov. 24, 1894
Aug. 4, 1894
S. Oct. 7, 1876
M. Aug. 3, 1889
Nov. 24, 1894
June 13, 1896
Aug. 4, 1900
S. April 11, 1891
M. Aug. 3, 1895
June 1, 1878
A. M. Oct. 10, 1896
M. April 2, 1898
Aug. 4, 1900
Aug. 3, 1895
April 28, 1900

463 Kirkup, Austin, Newbottle Colliery, Bunker Hill, Fence Houses
464 Kirkup, J. P., Burnhope, Lanchester
465 Kirkup, Philip, Leafield House, Birtley, R. S. O., Co. Durham (Member of Council)

466 Kirsopp, John, Jun., c/o Federico Kohly, No. 4, Carlos III., Havana, Cuba
467 Kirton, Hugh, Kimblesworth Colliery, Chester-le-Street

468 Klauke, Josef, Barrow Collieries, near Barnsley
469 Klepetko, Frank, Butte, Montana, U. S. A.
470*Knowles, Robert, Ednaston Lodge, near Derby
471 Kondo, R., 7, Setomoncho, Nihonbashi, Tokio, Japan
472*Kwang, Kwong Yung, Chinese Engineering and Mining Company, Limited, Linsi Colliery,
Tangshang, North China
473 Lamb, R. O., Hayton, How Mill, Carlisle
474 Lancaster, John, Ashlawn, Rugby
475 Lancaster, John, Auchenheath, R. S. O., N. B.
476 Lancaster, Joseph, 16, Nelson Street, Dalton-in-Furness
477 Landero, Carlos F. de, c/o Real del Monte Company, P. O. Box 1, Pachuca, Mexico
478*Laporte, H., 55, Rue de la Concorde, Brussels
479 Larsen, Axel, 39, Clarendon Road, Holland Park, London, W.
480 Laverick, John Wales, Thornley House, Thornley,

R. S. O., Co. Durham

481 Lawn, James Gunson, South African School of Mines, Kimberley, South Africa
482 Lawrence, H., 7 and 8, Post Office Chambers, Newcastle-upon-Tyne (Member of Council)
483 Lawrence, H. L., 19, Walpole Terrace, Brighton
484 Laws, W. G., Town Hall, Newcastle-upon-Tyne
485 Leach, C. C, Seghill Colliery, Northumberland (Member ofS. March 7, 1874 Council)
486 Lebour, G. A., Durham College of Science, Newcastle-upon-Tyne.
Transactions sent to
Radcliffe House, Corbridge-upon-Tyne
487 Leck, William, H. M. Inspector of Mines, Cleator Moor, Cumberland
488 Lee, J. W. R. 70, St. Helen's Gardens, North Kensington, London, W, .
489 Leech, Arthur Henry, 11, King Street, Wigan
490 Lewis, John Dyer, H. M. Inspector of Mines, 183, Richmond Road, Roath, Cardiff
491 Lewis, Sir William Thomas, Bart., Mardy, Aberdare
492 Liddell, John, Kimberley Mine, De Beers Consolidated Mines, Limited, Kimberley, South Africa
493 Liddell, J. M., 3, Victoria Villas, Newcastle-upon-Tyne

494 Linday, George, Blackett Colliery, Haltwhistle
495 Linday, Robert, Netherton Coal Company, Limited, Netherton Collieries, Newcastle-upon-Tyne
496 Lindop, A. B., Westport Coal Company, Limited, Denniston, Westport, New Zealand
497 Lishman, R. R., Bretby Colliery, Burton-upon-Trent
498 Lishman, T., Hetton Colliery, Hetton-le-Hole, R. S. O., Co.

Durham

Date of Election and
of Transfer
S. April 9, 1892
M. June 12, 1897
April 11, 1891
S. March 2, 1878
A. M.Aug. 7, 1886
M. Aug. 3, 1889
June 9, 1900
S. April 7, 1877
A. M. Aug. 1, 1885
M. June 8, 1889
Feb. 13, 1897
Oct. 13, 1900
April 10, 1886
June 21, 1894
June 8, 1895
Aug. 2, 1866
March 2, 1865
Sept. 7, 1878
Oct. 13, 1900
Feb. 15, 1896
May 5, 1877
A. M. April 27, 1895
M. Feb. 9, 1901
A. M. Dec. 9, 1882
M. Aug. 3, 1889
July 14, 1896
Aug. 1, 1868
April 8, 1893
Oct. 2, 1880
A. M. Aug. 6, 1881
M. Aug. 4, 1883
Feb. 1, 1873
Nov. 24, 1894
Aug. 5, 1893
Feb. 9, 1901
Oct. 9, 1897
Sept. 3, 1864
July 14, 1896
S. March 6, 1875
A. M. Aug. 6, 1881
M. June 8, 1889
June 10, 1893
A. Dec. 8, 1894
M. Feb. 8, 1902
Dec. 9, 1893
S. June 9, 1883
M. Aug. 1, 1891
S. Nov. 5, 1870
M. Aug. 3, 1872

[xxxii]
Date of Election and

499 Lishman, Tom Alfred, Harton Colliery, Tyne Dock, South Shields

500 Lishman, William, Holly House, Witton-le-Wear
501 Lishman, W. Ernest, Rothbury House, Gosforth, Newcastle-upon-Tyne
502 Lisle, J., El Bote Mine, Zacatecas, Mexico

503 Little, Gilbert, Transport Appliance Works, Smethwick, Birmingham
504 LittleJohn, Albert, c/o Scott, Henderson and Company,
Loftus Street, Sydney, New South
Wales
505 Liveing, E. H., Langford, near Biggleswade, Bedfordshire

506 Livesey, John, Rose Hill Colliery, Bolton, Lancashire
507 Llewellin, David Morgan, Glanwern Offices, Pontypool
508 Lockwood, Alfred Andrew, 46, Marmora Road, Honor Oak, London, S. E.
509 Logan, William, Langley Park Colliery, Durham (Vice-President, Member of Council)
510 Longridge, Captain Cecil Clement, Swan House, Great Swan Alley, Copthall Avenue, London,
E. C
511 Longridge, Jethro, Burradon and Hazelrigg Collieries, South Gosforth, Newcastle-upon-Tyne
512 Lord, Edward Iveagh, Greymouth, Westland, New Zealand
513*Louis, D. A., 77, Shirland Gardens, London. W.
514 Louis, Henry, 11, Windsor Terrace, Newcastle-upon-Tyne
515 Lowdon, Thomas, Hamsteels, near Durham
516 Lupton, Arnold, 6, De Grey Road, Leeds
517 MacArthur, John S., 45, Renfield Street, Glasgow
518 MacCabe, H. O., c/o N. K. Ewing, Perth, Western Australia

519 McCarthy, E. T., c/o Colonel Pigott, Archer Lodge, CharlesRoad, St. Leonards-on-the-Sea
520 McCreath, J., 208, St. Vincent Street, Glasgow
521 McDonald, John Alexander, c/o James E. Macdonald, 4, Chapel Street, Cripplegate, London,
E. C.
522 McGeachie, Duncan, West Wallsend, New South Wales
523 Mackintosh, James
524 Maclaren, James Malcolm, Office of the Geological Survey, Calcutta, India
525 McMurtrie, George Edwin James, Radstock, near Bath
526 McMurtrie, J., Radstock Colliery, Bath
527 McNeill, Bedford, 25a, Old Broad Street, London, E. C.
528 Maddison, Thomas R., Durkar House, near Wakefield

529 Maddison, W. H. F., The Lindens, Darlington
530 Mammatt. J. E., 1, Albion Place, Leeds
531 Manning, Arthur Hope, P. O. Box 88, Heidelberg, Transvaal
532 Markham, G. E., Gloucester Villa, Darlington

533*Marriott, Hugh Frederick, c/o H. Eckstein and Company, P. O. Box 149, Johannesburg,
Transvaal
534 Martin, C. W., Newbottle Colliery Offices, Fence Houses
535 Martin, Henry W., Trewern, Dowlais, Glamorganshire
536 Mason, Francis Herbert, Queen Building, Hollis Street, Halifax, Nova Scotia

of Transfer
S.Nov. 24, 1894
A. Aug. 7, 1897
M. April 13, 1901
April 1, 1858
June 10, 1893
S. July 2, 1872
A. M. Aug. 3, 1878
M. June 8, 1889
April 27, 1895
S.Nov. 24, 1894
A. Aug. 2, 1897
M.Feb. 10, 1900
S.Sept. 1, 1877
A. M. Aug. 2, 1884
M. Aug. 3, 1889
April 13, 1901
May 14, 1881
June 12, 1897
Oct. 5, 1867
.Aug. 1, 1896
Dec. 14, 1889
Dec. 12, 1896
April 8, 1893
Feb. 15, 1896
Dec. 14, 1889
Nov. 6, 1869
April 8, 1893
S. Sept. 7, 1878
A. M. Aug. 7, 1880
M. Aug. 3, 1889
A. M. Oct. 8, 1887
M. Aug. 3, 1889
March 5, 1870
June 9, 1900
Nov. 24, 1894
Oct. 12, 1895
April 28, 1900
S. Aug. 2, 1884
M. Dec. 12, 1891
Nov. 7, 1863
Dec. 11, 1897
S. March 3, 1877
A. M. Aug. 6, 1881
M. June 8, 1889
June 14, 1890
Aug. 3, 1865
Dec. 11, 1897
S. Dec. 4, 1875
A. M.Aug. 7, 1880
M.June 8, 1889
Dec. 12, 1896
Aug. 6, 1892
Oct. 9, 1897
June 8, 1895
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537 Mathieson, Alexander, Hetton Colliery, Carrington, near Newcastle, New South Wales
538 Matthews, D. H. F., H. M. Inspector of Mines, Hoole, Chester
539 Matthews, J, c/o R. and W. Hawthorn, Newcastle-upon-Tyne
540 Matthews, R. F., Lartington Hall, Darlington March 5, 1857
541 Mawson, R. Bryham, Bickershaw House, Bickershaw, near Wigan.
542 May, George, The Harton Collieries, South Shields (Past-President, Member of Council)
543 Mein, Henry Johnson, Carterthorne Colliery, Toft Hill, Bishop Auckland
544 Meldrum, J. J., Atlantic Works, City Road, Manchester
545 Mellon, Henry, Brook Lea, Askam-in-Furness
546 Mellors, Paul, Locksley House, Sherwood Rise, Nottingham
547 Merivale, J. H., Togston Hall, Acklington, Northumberland (Retiring Vice-President, Member of
Council)
548 Metcalf, A. T., United Reefs (Sheba), Limited, Eureka City, De Kaap, South Africa
549 Meysey-Thompson, A. H., Sun Foundry, Leeds
550 Middleton, Robert, Sheep Scar Foundry, Leeds
551 Miller, George Appleby Bartram, Barnsley House, Leighton Road, Southville, Bristol
552 Miller, James, Minas de Sao Bento, Santa Barbara de Matto Dentro, Minas Geraes, Brazil
553 Miller, J. P. K., H. C. Frick Coke Company, Scottdale, Pennsylvania, U. S. A.
554 Mitchinson, R., Pontop Colliery, Annfield Plain, R. S. O., Co. Durham
555 Molengraaff, Gustaaf Adolf Frederik, Hilversum, Holland
556 Monckton, G. F., School of Mines, Vancouver, British Columbia
557 Montgomery, Alexander Kauri Freehold Gold Estates, Limited, Opitonui, Coromandel, New
Zealand
558 Moore, R. T., 142, St. Vincent Street, Glasgow
559 Moore, R. W., Somerset House, Whitehaven
560 Moore, William, Loftus Mines, Loftus-in-Cleveland, R. S. O.
561 Moreing, C. A., 20, Copthall Avenue, London, E. C.
562 Morison, John, Cramlington House, Northumberland
563 Morland-Johnson, Edward Thomas, c/o H. T. Johnson, Railway Road, Urmston, near
Manchester
564 Morris, William. Waldridge Colliery, Chester-le-Street
565 Morse, Willard S., Apartado A, Aguascalientes, Mexico
566 Mort, Arthur, North Western State Railways Collieries, Sharigh, Baluchistan, India
567*Morton, H J., 2, Westbourne Villas, Scarborough
568 Mountain, William C., Forth Banks, Newcastle-upon-Tyne
569 Muir, John James, Mount Lyell Comstock Mine, North Lyell P. O., Tasmania
570 Mundle, Arthur, Bank Chambers, 24, Grainger Street West, Newcastle-upon-Tyne
571 Neave, Henry Edward, Victoria, British Columbia
572 Ness, William Waters van, 622-623, Salisbury House,
573 Nevin, John, Littlemoor, Mirfield, Normanton

London Wall, London, E. C.

Date of Election and
of Transfer
Nov. 5, 1892
Nov. 24, 1894
A. M. April 11, 1885
M.Aug. 3, 1889
June 11, 1892
March 6, 1862
Dec. 9, 1899
Nov. 24, 1894
April 25, 1890
April 8, 1899
May 5, 1877
June 21, 1894
A. M. April 3, 1889
M.Aug. 3, 1889
Aug. 1, 1891
June 13, 1896
Aug. 4, 1894
Dec. 14, 1895
Feb. 4, 1865
Oct. 14, 1899
A. M. July 14, 1896
M. Dec. 10, 1898
Dec. 9, 1899
Oct. 8, 1892
S. Nov. 5, 1870
M. Aug. 4, 1877
A. M. Nov. 19, 1881
M. Aug. 3, 1889
Nov. 7, 1874
A. M. Dec. 4, 1880
M. Aug. 3, 1889
April 10, 1897
Oct. 8, 1892
June 13, 1896
Dec. 9, 1899
Dec. 5, 1856
April 9, 1892
Aug. 5, 1899
S. June 5, 1875
M. Aug. 4, 1877
A. M. Aug. 1, 1896
M. Dec. 12, 1896
A. M. Aug. 7, 1897
M. Dec. 11, 1897
S. May 2, 1868
M. Aug. 5, 1871

[xxxiv]
Date of Election and
of Transfer

574 Newbigin, H. Thornton, 2, Lovaine Place, Newcastle-upon-Tyne
575 Nicholson, Arthur Darling, H. M. Inspector of Mines, 14, Chatsworth Square, Carlisle

576 Nicholson, J. Cook, City Road Tool Works, Newcastle-upon-Tyne
577 Nicholson, J. H., Cowpen Colliery Office, Blyth

578 Nicholson, Marshall, Middleton Hall, Leeds
579 Noble, Thomas George, Sacriston Colliery, Durham
580 Nomi, Aitaro, Namazuta Colliery, Province of Chikuzen, Japan
581 North, F. W., 60, Cheapside, London, E. C.
582 Oakes, Francis James, Jun., 58, Pearl Street, Boston, Massachusetts, U. S. A.
583 Gates, Robert J. W., Rewah State Collieries, Umaria, C. India, Bengal Nagpur Railway

584 O'Donahue, Thomas Aloysius, 113, Dicconson Street, Wigan
585 Oldham, George, 25, Western Hill, Durham
586 Ornsby, Edward Thomas, 3, St. James' Road, Benwell, Newcastle-upon-Tyne
587 Ornsby, Robert Embleton, Seaton Delaval Colliery, Northumberland
588*Oshima, Rokuro, Hokkaido Colliery and R. R. Company, Sapporo, Japan
589 Paley, George, De Beers Mines, Kimberley, South Africa
590 Palmer, Claude B., Wardley Hall, near Newcastle-upon- Tyne
591 Palmer, Henry, Medomsley, R. S. O., Co. Durham

592 Pamely, C., York House, Chepstow
593 Panton, F. S., Casa Montana, Puerto Oratava, Tenerife
594 Parish, Charles Edward, 4, Park Road, Harlesden, London, N. W.
595 Parker, Thomas, Wellington Pit, Whitehaven
596 Parrington, M. W., Wearmouth Colliery, Sunderland (Retiring Vice-President, Member of
Council)
597 Parsons, Hon. Charles Algernon, Heaton Works, Newcastle-upon-Tyne
598 Pascoe, Thomas, New Options, Limited, Harrautville, Victoria, Australia
599 Paterson, Andrew James, P. O. Box 20, Maryborough, Queensland, Australia
600 Paterson, George Alexander, Ooregum Gold Mine, Oorgaum, Province of Mysore, India
601 Peake, R. C., Cumberland House, Redbourn, Herts.

602 Pearse, John Walter, 34, Boulevard de la Villette, Paris XIX., France
603 Pease, Sir J. W., Bart., Mutton Hall, Guisbrough, Yorkshire
604 Peel, Robert, New Brancepeth Colliery, Durham

Oct. 13, 1894
S. June 13, 1885
A. Aug. 4, 1894
M. Feb. 12, 1898
Feb. 10, 1894
S. Oct. 1, 1881
A. Aug. 3, 1889
M. April 8, 1893
Nov. 7, 1863
A. Feb. 13, 1892
M.June 8, 1895
Aug. 5, 1899
Oct. 6, 1864
Feb. 10, 1900
S.Feb. 10, 1883
A. M. Aug. 1, 1891
M. Dec. 12, 1891
A. M. Dec. 14, 1895
M. Oct. 9, 1897
Nov. 5, 1892
Dec. 8, 1900
June 11, 1898
April 10, 1897
Oct. 12, 1901
A. M. Nov. 5, 1892
M. June 8, 1895
S. Nov. 2, 1878
A. M.Aug. 4, 1883
M.Aug. 3, 1889
S. Sept. 5, 1868
M.Aug. 5, 1877
S. Oct. 5, 1867
M.Aug. 4, 1874
Feb. 10, 1900
June 10, 1899
S. Dec. 1, 1864
M. Aug. 6, 1870
A. M. June 12, 1886
M.Aug. 3, 1889
A. M. April 10, 1897
M. June 12, 1897
June 11, 1898
Oct. 12, 1901
S. Feb. 7, 1880
A. M. Aug. 7, 1886
M. Aug. 3, 1889
June 10, 1899
March 5, 1857
Aug. 6, 1892
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605 Peile, William, Southampton Lodge, Oakleigh Park, Whetstone. London, N.
606 Percy, C. M., King Street, Wigan
607 Peterkin, John Alexander, c/o E. Dorning and Son, 41, John Dalton Street, Manchester

Date of Election and
of Transfer
S. Oct. 1, 1863
M. Aug. 6, 1870
Dec. 14, 1895
S. June 12, 1897

608 Pile, William, Cambrian Collieries, Limited, Castle Buildings, Durban. Natal, South Africa
609 Pingstone, George Arthur, P. O. Box 445, Bulawayo, Rhodesia, South Africa
610 Plummer, John, H. M. Inspector of Mines, Bishop Auckland
611 Pollitzer, Samuel Joseph, Temple Court, 146, King Street, Sydney, New South Wales
612*Poore, G. Bentley, c/o H. Eckstein and Company, P. O. Box 149, Johannesburg, Transvaal
613 Porter, John Bonsall, McGill University, Montreal, Quebec, Canada
614 Potter, C. J., Heaton Hall, Newcastle-upon-Tyne
615 Prest, J. J., Hardwick Hall, Castle Eden, Durham
616 Price, Francis Holborrow Glynn, Longlands Place, Swansea
617 Price, S. R., c/o A. W. Price, Drury Lane Chambers, Mosley Street, Newcastle-upon-Tyne

618 Price, S. Warren, The Wern, Peterstone Super Ely, near Cardiff
619 Pringle, John Archibald, P. O. Box 155, Johannesburg, Transvaal
620*Prior, Hon. Edward G., Victoria, British Columbia
621 Pritchett, C. W., Jun., P. O. Box 393, Denver, Colorado, U. S. A.
622 Rae, J. L. C., Sydney Harbour Collieries, Balmain, Sydney, New South Wales
623 Ramsay, J. A., Harperley Hall, Tantobie, R. S. O., Co. Durham
624 Ramsay, William. Tursdale. Co. Durham
625 Randolph, Beverley S., Frostburg, Maryland, U. S. A.
626 Ravenshaw, H. W., 110, Cannon Street, London. E. C.
627 Redmayne, R. A. S., The University, Birmingham
628 Redwood, Boverton, Glenwathen, Church End, Finchley, London, N.
629 Rees, D. J. Arthur, c/o F. Napier White, H. M. Inspector of Mines, 9, Mirador Crescent.
Swansea
630 Rees, Robert Thomas, Glandare, Aberdare, South Wales
631 Rees, William Thomas, Maesyffynon, Aberdare, South Wales
632 Reid, A. H., 20, South African Chambers, St. George's Street, Cape Town, South Africa
633 Reid, Francis, 13, Railway Arches, Westgate Road, Newcastle-upon-Tyne
634 Renwick, T. C., Lumley Thicks, Fence Houses
635 Rhodes, C. E., Car House, Rotherham
636 Rhodes, F. B. F., National Smelting and Refining Company, South Chicago, Illinois, U. S. A.
637 Rich, Francis Arthur, Karangahake, Auckland, New Zealand
638 Rich, William, Trevu, Camborne, Cornwall
639 Richard, George Anderson, Mount Morgan, Queensland, Australia

A. Aug. 3, 1901
M. Aug. 3, 1901
Aug. 7, 1897
A. M.June 11, 1898
M. Dec. 10, 1898
June 8, 1889
April 12, 1902
A. M.Dec. 10, 1898
M.April 8, 1899
Dec. 8, 1900
Oct. 3, 1874
Feb. 9, 1901
June 10, 1899
S. Nov. 3, 1877
A. M. Aug. 1, 1885
M. Aug. 3, 1889
Aug. 3, 1895
Dec. 10, 1898
Feb. 7, 1880
Dec. 9, 1893
Oct. 14, 1899
March 6, 1869
Sept. 11, 1875
Aug. 4, 1894
Feb. 15, 1896
S. Dec. 13, 1884
M. Dec. 12, 1891
June 21, 1894
Aug. 4, 1900
Aug. 7, 1897
A. M.Oct. 9, 1897
M. Feb. 12, 1898
June 21, 1894
April 9, 1892
April 14, 1894
Aug. 4, 1883
Feb. 10, 1894
Aug. 5, 1899
A. M. June 9, 1888
M. Aug. 3, 1889
June 11, 1898
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640 Richards, T. J. Manod House, Bridge Street, Aberystwyth, South Wales
641 Richardson, H., 89, Ashley Gardens, Westminster, London, S. W.
642 Richardson, Nicholas, Holywell House, Backworth,
Northumberland

643 Richardson, Robert, Blaydon Main Colliery, Blaydon upon-Tyne
644 Ridley, N. B., 2, Collingwood Street, Newcastle-upon-Tyne
645 Ridyard, J., Hilton Bank, Little Hulton, Bolton-le-Moors, Lancashire
646 Ritson, U. A., 15, Queen Street, Newcastle-upon Tyne
647 Robbins, Percy Arthur, De Beers Consolidated Mines, Limited, Kimberley, South Africa

Date of Election and
of Transfer
Oct. 10, 1896
March 2, 1865
S. Dec. 12, 1896
A. Aug. 3, 1901
M.Dec. 14, 1901
-A. Feb. 8, 1890
M. Aug. 3, 1895
June 8, 1895
Nov. 7, 1874
Oct. 7, 1871
Oct. 12, 1901

648 Robert, Philip Rhinelander, Greenland, Ontonagon County, Michigan, U. S. A.
649 Roberts, James, Jun., Perran House, Perranporth, R. S. O., Cornwall
650 Roberts, Robert, Oakley Slate Quarries Company, Limited, Blaenau Festiniog, North Wales
651 Roberts, Stephen
652 Robertson, Andrew, 49, Mining Exchange, Ballarat, Victoria, Australia
653 Robertson, D. A. W., Metropolitan Colliery, Helensburgh, near Sydney, New South Wales
654*Robertson, J. R. M., Linton, Milson's Point, Sydney, New South Wales
655 Robertson, W., 141, St. Vincent Street, Glasgow
656 Robeson, Anthony Maurice, c/o H. Eckstein and Company, P. O Box 149, Johannesburg,
Transvaal
657*Robins, Samuel M., Nanaimo, British Columbia
658 Robinson, George. Boldon Colliery, R. S. O., Co. Durham
659 Robinson, G. C., Brereton and Hayes Colliery, Rugeley, Staffordshire
660 Robinson, John, The Grange, Haydock, near St. Helen's, Lancashire
661 Robinson, John, High Hedgefield, Blaydon-upon-Tyne
662 Robinson, J. B, Colliery Offices, Tow Law, R. S. O., Co. Durham
663 Robinson, John Thomas, South Medomsley Colliery, Dipton, R. S. O.
664 Robinson, Robert Dobson, Tamworth Colliery Company, Tamworth, Warwickshire
665 Robinson, Timothy, Ryhope Colliery, via Sunderland
666 Robson, J. S., Butterknowle Colliery, via Darlington
667 Robson, T. O. S.Sept. 11, 1875
668 Ronaldson, J. H., c/o British African Gold Dredging Company, P. O. Box 430, Durban, Natal,
South Africa
669 Ross, Hugh. Croxdale Colliery Office, Durham
670 Ross, J. A. G., 11, Royal Arcade, Newcastle-upon-Tyne
671 Rothwell, Samuel, 21, Chorley New Road, Bolton, Lancashire
672 Routledge, W. H., Woodfield Park, Blackwood, Mon- mouthshire

673 Rowe, William Henry, 9, Earl Terrace, Douglas, Isle of Man
674 Rowlands, William Edward, 16, Penmaier-Glas Road, Aberystwyth, South Wales
675 Rowley, Walter, 20, Park Row, Leeds

Feb. 10, 1900
Dec. 14, 1895
Oct. 12, 1895
April 28, 1900
Aug. 7, 1897
Aug. 6, 1892
Aug. 2, 1890
March 5, 1870
June 13, 1896
Oct. 12, 1895
June 10, 1899
Nov. 5, 1870
Aug. 1, 1896
Feb. 10, 1900
Aug. 5, 1893
Feb. 13, 1892
Feb. 9, 1901
Feb. 8, 1902
May 15, 1862
A. M. Aug. 2, 1884
M. June 8, 1889
Aug. 6, 1892
Aug. 6, 1892
July 2, 1872
Dec. 9, 1899
S. Oct. 7, 1876
A. M. Aug. 1, 1885
M. June 8, 1889
June 13, 1896
June 9, 1900
Aug. 5, 1893
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676 Russell, Robert, Coltness Iron Works, Newmains, N. B.
677 Rutherford, W., Lindum House, Gateshead-upon-Tyne
678 Rutherford, William, Jun., South Derwent Colliery, Annfield Plain, R. S. O., Co. Durham
679 Saint, William, H. M. Inspector of Mines, Kersal Bank, Higher Broughton, Manchester
680* Saise, Walter, Gujiadih House, Giridih, E. I. R., Bengal, India
681 Sam, T. B. F., c/o F. and A. Swanzy, Cape Coast Castle, West Africa
682 Samborne, John Stukely Palmer, Timsbury House, Bath
683*Samwell, Nicholas, King Prempeh Treasure Mines, Limited, c/o G. H. Ennis and Company,
Sekondi, West Africa
684 Saunders, David William Alban, Worcester Chambers,
Swansea
685 Saunders, William Thomas, The Pahang Corporation, Limited, Sungei Lembing, Kuantan, via
Singapore
686*Sawyer, A. R., P. O. Box 2233, Johannesburg, Transvaal.
Transactions sent to 26, Budge
Row, Cannon Street,
London, E. C.
687 Schroller, William, c/o Simon-Carves Bye-Product Coke Oven Construction and Working
Company, Limited, 20, Mount Street, Manchester
688 Scott, C. F., Newbell, Leadgate, R. S. O., Co. Durham

Date of Election and
of Transfer
Aug. 3, 1878
Oct. 3, 1874
Feb. 9, 1901
Oct. 10, 1896
A. M.Nov. 3, 1877
M.Aug. 3, 1889
Aug. 5, 1893
Aug. 1, 1891
April 13, 1901
A. M. Feb. 12, 1898
M. June11, 1898
June 12, 1897
S.Dec. 6, 1873
A. M.Aug. 2, 1879
M.June 8, 1889
Aug. 4, 1894
S. April11, 1874
M. Aug. 4, 1877

689 Scott, Elgin, Ropienka Oil Wells, Ropienka, Galicia, Austria
690 Scott, Ernest, Close Works, Newcastle-upon-Tyne
691 Scott, Edward Charlton, Woodside Cottage, Totley Rise, near Sheffield
692 Scott, F. Bowes, 2 and 3, Birch Lane, London, E. C.
693 Scott, Joseph, Ngahire, via Greymouth, New Zealand
694 Scott, Joseph S., Trimdon Hall, Trimdon Grange, R. S. O.,

Co. Durham

695 Scoular, G., St. Bees, Cumberland
696 Selby, John Baseley, Leigh, Lancashire
697 Settle, Joseph Burton
698 Severs, Joseph, North Walbottle, Newburn, R. S. O., Northumberland
699 Severs, William, Beamish, R. S. O., Co. Durham
700 Sharp, Jacob, Lambton House, Fence Houses
701 Shaw, F. George
702*Shaw, James, Stanley House, Kent Town, Adelaide, South Australia
703 Shaw, J. Leslie, Somerset House, Whitehaven
704 Sheafer, A. Whitcomb, Pottsville, Pennsylvania, U. S. A.
705 Shiel, John, Sniperley Hall, near Durham (Member of Council)
706 Shipley, T. B., 18, Green's Buildings, Johannesburg. Transvaal.
Transactions sent to c/o
Andrew Reid and Company, Limited, Newcastle-upon-Tyne
707 Shute, C. A., 7, Dixon Terrace, Darlington
708 Simon, Frank, c/o The African Banking Corporation, Limited, Durban, Natal, South Airica
709 Simpson, C. L., Engine Works, Grosvenor Road, Pimlico, London
710 Simpson, F. L. G., Mohpani Coal Mines, Gadawarra, C. P., India
711Simpson, F. R., Hedgefield House, Blaydon-upon-Tyne (Member of Council)

Aug. 4, 1894
April 9, 1892
A. Oct. 8, 1892
M.Feb. 11, 1899
Dec. 14, 1895
Aug. 5, 1893
S. Nov. 19, 1881
M. April 9, 1892
July 2, 1872
April 25, 1896
Dec. 11, 1897
June 8, 1901
A. Nov. 5, 1892
M. Dec. 8, 1900
Dec. 14, 1901
June 10, 1893
Dec. 12, 1896
Oct. 8, 1892
Aug. 4, 1894
May 6, 1871
A. M. Aug. 2, 1884
M. Aug. 3, 1889
April 11, 1874
Dec. 14, 1895
April 8, 1893
A. M.Dec. 13, 1884
M. Aug. 3, 1889
S. Aug. 4, 1883
M. Aug. 1, 1891

[xxxviii]

712 Simpson, Gilbert Pitcairn, 3, Cornwall Terrace, Regent's Park, London, NW.
713 Simpson, J., Heworth Colliery, Felling, R. S. O., Co. Durham (Member of Council)
714 Simpson, J. B., Bradley Hall, Wylam-upon-Tyne (Past-President, Member of Council)
715 Skertchley, Sydney A. R., Albuhera, Marlborough Road, South Croyden, Surrey
716 Sladden, Harry, P. O. Box, 2844, 6, Barnato Buildings, Johannesburg, Transvaal
717 Slinn, T., 40, Park Avenue, Whitley, R. S. O., Northumberland
718 Slooten, William van, 52, Sidney Place, Brooklyn, New York U. S. A.
719 Smailes, Jno., Hebburn Colliery, Newcastle-upon-Tyne
720 Smart, A., c/o Frazer and Chalmers, Limited, Erith, Kent
721*Smith, R. Clifford, Ashford Hall, Bakewell
722 Snyder, Frederick T., 400, Monon Building, Chicago, Illinois, U. S. A.
723 Sopwith, A., Cannock Chase Collieries, near Walsall
724 Southern, E. O., Ashington Colliery, near Morpeth (Member of Council)

725 Southern, John, Heworth Colliery, Felling, R. S. O., Co.

Durham

726 Southern, R. W. A., 33, The Parade, Cardiff
727 Southworth, Thomas, Hindley Green Collieries, near Wigan
728 Sparkes, J. S., 55, Richmond Road, Cardiff
729 Spence, R. F., Backworth, R. S. O., Northumberland

Date of Election and
of Transfer
Oct. 10, 1896
S. Dec. 6, 1866
M. Aug. 1, 1868
Oct. 4, 1860
April 13, 1901
Nov. 24, 1894
July 2, 1872
Feb. 13, 1897
June 8, 1895
Feb. 10, 1894
Dec. 5, 1874
April 8, 1899
Aug. 6, 1863
S. Dec. 5, 1874
A. M. Aug. 1, 1885
M. June 8, 1889
A. Dec. 14, 1889
M.. April 8,1899
Aug. 3, 1865
May 2, 1874
April 9, 1892
S. Nov. 2, 1878
A. M. Aug. 2, 1884
M. Aug. 4, 1889

730 Spencer, Francis H., Bonanza Gold Mining Company, P. O. Box 149,
Transvaal
731 Spencer, John, Westgate Road, Newcastle-upon-Tyne
732 Spencer, John W., Newburn, near Newcastle-upon-Tyne
733 Squire, J. B., 20, Victoria Street, Westminster, London, S. W.
734 Stansfeld, Harold Sinclair, Rainford Colliery, near St. Helen's, Lancashire

Johannesburg,

735 Stanton, John, 11 and 13, William Street, New York, U. S. A.
736 Steavenson, A. L., Durham (Past-President, Member of Council)
737 Steavenson. C. H., Redheugh Colliery, Gateshead-upon-Tyne

738 Stevens, A. J., Uskside Iron Works, Newport, Monmouthshire
739 Stevens, James, 9, Fenchurch Avenue, London, E. C.
740 Stewart, William, Tillery Collieries, Abertillery, Monmouthshire
741 Stobart, F., Biddick Hall, Fence HousesS. Aug. 2, 1873
742 Stobart, H. T., Wearmouth Colliery, Sunderland

743 Stobart, W., Pepper Arden, Northallerton
744 Stobart, William Ryder, Etherley Lodge, Darlington
745 Stoiber, Edward G., c/o Prof. Regis Channenet, President,
Colorado, U. S. A.
746 Stoker, Arthur P., Ouston House, near Chester-le-Street

State School of Mines, Golden,

747 Stone, Arthur, Heath Villas, Hindley, Wigan

Dec. 13, 1890
Dec. 4, 1869
May 4, 1878
June 8, 1895
A. M. Oct. 13, 1888
M. Aug. 3, 1889
June 8, 1895
Dec. 6, 1855
S. April 14, 1883
A. Aug. 1, 1891
M. Aug. 3, 1895
April 8, 1893
Feb. 14, 1885
June 8, 1895
A. M.Aug. 5, 1882
M.June 8, 1889
S. Oct. 2, 1880
A. M. Aug. 4, 1888
M. Aug. 3, 1889
July 2, 1872
Oct. 11, 1890
A. M. Oct. 12, 1895
M. Feb. 15, 1896
S. Oct. 6, 1877
A. M. Aug. 1, 1885
M. Aug. 3, 1889
June 13, 1896
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748 Storey, William, Urpeth Villas, Beamish, R. S. O., Co. Durham
749 Straker, J. H., Howden Dene, Corbridge-upon-Tyne
750 Streatfield, Hugh S., Ryhope, near Sunderland
751 Stuart, Donald M. D., Redland, Bristol
752 Sulman, Henry Livingstone, 44, LondonWall, London, E. C.
753 Sutton, William, Baltic House, Balham Hill, London, S. W.
754 Swallow, Frederick Charles, Glenroy, Nuneaton
755 Swallow, J., Catchgate, Annfield Plain, R. S. O., Co. Durham
756 Swan, H. F., Walker Shipyard, Newcastle-upon-Tyne
757 Swinburne, Umfreville Percy, Capheaton, Newcastle-upon-Tyne. Transactions sent to The Tati
Concessions,
Limited, Francistown, Tati, Matabeleland, South Africa
758 Swinney, Alfred John George, Lorne Villa, Elm Road, Sidcup, Kent
759 Symons, Francis, Ulverston, Lancashire
760 Tate, Simon, Trimdon Grange Colliery, Co. Durham
761 Tattley, William, Crummer Road, Newton, Auckland, New Zealand
762 Tatum, Lawrence W., 424, New York Life Building, Chicago, Illinois, U. S. A.
763 Taylor, Alfred Henry, Ngunguru Coal Mines, Kiripaka, via Auckland, New Zealand
764 Taylor, T., Quay, Newcastle-upon-Tyne
765 Teasdale, Thomas, Middridge, via Heighington, R. S. O.
766 Telford, W. H., Hedley Hope Collieries, Tow Law, R. S. O., Co. Durham

Date of Election and
of Transfer
April 12, 1902
Oct. 3, 1874
A. M. June 8, 1889
M. Aug. 3, 1889
June 8, 1895
Feb. 11, 1899
April 28, 1900
A. April 14, 1894
M. Dec. 8, 1900
May 2, 1874
Sept. 2, 1871
A. M. Aug. 4, 1894
M.June 14, 1902
June 11, 1898
Feb. 11, 1899
Sept. 11, 1875
Aug. 3, 1895
A. M. Aug. 7, 1897
M. Dec. 11, 1897
Dec. 14, 1901
July 2, 1872
April 9, 1892
S. Oct. 3, 1874
A. M. Aug. 6, 1881
M. June 8, 1889

767 Tennent, Robert, H. M. Inspector of Mines, Westport, New Zealand
768 Thomas, Arthur, Zalamea la Real, Huelva, Spain
769 Thomas, Ernest Henry, Oakhill, Oadlys, Aberdare, South Wales
770 Thomas, Iltyd Edward, Glanymor, Swansea
771 Thomas, J. J., Hawthorn Villa, Kendal
772 Thomas, Richard, Brown's Duckenfield Collieries, Minmi, Newcastle. New South Wales
773 Thomas, Trevor Falconer, 9, Mount Stuart Square, Bute Docks, Cardiff
774 Thomlinson, William, Seaton Carew, R. S. O.
775 Thompson, Charles Lacy, Farlam Hall, Brampton Junction,

Cumberland

776 Thompson, Francis William, 15, Wood Street, Bolton, Lancashire
777 Thompson, John G., Bank House, Collins Green, Earlestown, Lancashire
778 Thompson, John William, Greenfield House, Crook, R. S. O., Co. Durham
779 Thompson, W., 1 and 2, Great Winchester Street, London, E. C.
780 Thomson, John, Eston Mines, by Middlesbrough
781 Thomson, Joseph F., Manvers Main Colliery, Rotherham
782 Todd, John T., Blackwell Collieries, Alfreton

783 Tonkin, J. J., Linares, Provincia de Jaen, Spain
784 Touzeau, E. M., 30 and 31, St. Swithin's Lane, London, E. C.
785 Trelease, W. Henwood, Asmara, Eritrea, Red Sea, via Aden
786 Trevaille-Williams, T., Johannesburg Consolidated Investment Company, Limited, P. O. Box
590, Johannesburg, Transvaal

Oct. 8, 1898
Aug. 7, 1897
Feb. 10, 1900
Feb. 10, 1900
June 21, 1894
Feb. 11, 1899
A. M. Feb. 12, 1898
M. Aug. 6, 1898
April 25, 1896
A. M. Feb. 10, 1883
M. Aug. 3, 1889
June 8, 1895
June 8, 1895
A. June 10, 1893
M. Feb. 10, 1900
Aug. 4, 1888
April 7, 1877
Feb. 6, 1875
S. Nov. 4, 1876
A. M. Aug. 1, 1885
M. June 8, 1889
Oct. 14, 1893
Aug. 6, 1892
April 8, 1893
Dec. 10, 1898
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787 Tulip, Samuel, Bunker Hill, Fence Houses
788 Turnbull, John James, East Indian Coal Company, Limited, Jherria P. O., District Manbhoom,
Bengal, India
789 Tye, Alfred Tennyson, Candelaria Mining Company, San Pedro, Chihuahua, Mexico
790*Tyers, John E., c/o The Hyderabad Deccan Company, Limited, Secunderabad, East India
791 Tyrrell, Joseph Burr, Dawson, Yukon Territory, Canada
792 Tyzack, David, Bellingham, Northumberland
793 Upton, Prescott, P. O. Box 1026, Johannesburg, Transvaal
794 Varty, Thomas, Skelton Park Mines, Skelton, R. S. O., Cleveland
795 Vaughan, Cedric, Hodbarrow Iron Ore Mines, Millom, Cumberland
796 Vaughan, John, Balaclava House, Dowlais, Glamorganshire
797 Veasey, T. F., 5, Copthall Buildings, London, E. C.
798 Veasy, Harvey C., Burrakur Coal Company, Limited, Barakar, Bengal, India
799 Verney, George, Doubovais, Balka Krivoi, Russia
800 Verschoyle, William Denham, 513, Third Avenue, Seattle, Washington, U. S. A.
801 Vezin, Henry A., P. O. Box 256, Denver, Colorado, U. S. A.
802 Vitanoff, George N., Sophia, Bulgaria
803 Vivian, John, Vivian's Boring and Exploration Company, Limited, 42, Lowther Street,
Whitehaven
804 Waddle, Hugh, Llanmore Iron Works, Llanelly, South Wales
805 Wadham, E., Millwood, Dalton-in-Furness
806 Wadham, Walter Francis Ainslie, Millwood, Dalton-in-Furness
807 Wales, H. T., Western Mail Chambers, Cardiff
808 Walker, Henry Blair, Cassell Coal Company, Springs, Transvaal
809 Walker, James Howard, Bank Chambers, Wigan
810 Walker, J. S., Pagefield Iron Works, Wigan, Lancashire

Date of Election and
of Transfer
June 12, 1897
Feb. 12, 1898
June 8, 1901
A. M. Dec. 10, 1877
M. Aug. 3, 1889
Feb. 10, 1900
Feb. 14, 1874
June 12, 1897
Feb. 12, 1887
Dec. 10, 1892
Feb. 12, 1898
Oct. 12, 1895
June 21, 1894
Oct. 8, 1898
Dec. 11, 1897
June 21, 1894
A. M. April 22, 1882
M. Aug. 3, 1889
March 3, 1877
Dec. 13, 1890
Dec. 7, 1867
Dec. 10, 1898
Feb. 11, 1893
Oct. 9, 1897
Dec. 9, 1899
Dec. 4, 1869

811 Walker, Sydney Ferris, 12, Leinster Square, London, W.
812 Walker, Thomas A., Pagefield Iron Works, Wigan, Lancashire
813 Walker, William, Jun., H. M. Inspector of Mines, Durham
814 Walker, William Edward, Lowther Street, Whitehaven
815 Wall, Henry, Rowbottom Square, Wallgate, Wigan
816 Wall, William Henry, 46, Haliburton Street, Nanaimo, British Columbia
817 Wallwork, Jesse, Bolton Road, Atherton, Lancashire
818 Walsh, G. Paton, 564, Heirengracht, Amsterdam, Holland
819 Walton, J. Coulthard, Writhlington Colliery, Radstock, via Bath

820 Walton, Thomas, Habergham Colliery, Burnley
821 Ward, A. H., Raneegunge, Bengal, India
822 Ward, H., Rodbaston Hall, near Penkridge, Stafford
823*Ward, T. H., Giridih, E. I. R., Bengal, India
824 Watkyn-Thomas, W., Workington
825 Watson, Claude Leslie, Elliot Colliery, New Tredegar, via Cardiff

June 11, 1898
June 8, 1895
Aug. 3, 1889
Nov. 19, 1881
June 8, 1895
June 14, 1902
Feb. 9, 1895
Nov. 24, 1894
S. Nov. 7, 1874
A. Aug. 6, 1881
M. June 8, 1889
Aug. 3, 1895
April 14, 1894
March 6, 1862
A. M.Aug. 5, 1882
M. Aug. 3, 1889
A. M. Feb. 10, 1883
M. Aug. 3, 1889
Dec. 8, 1900
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826 Watson, Edward, East Cannock Colliery, Hednesford, Staffordshire
827 Watson, Thomas, Trimdon Colliery, Trimdon Grange
828 Watts, J. Whidbourne, P. O. Box 179, Barberton, Trans-Vaal
829 Watts, William, Sheffield Corporation Water Department, Little Don Valley Works, Engineers
Office, Langsett, near Penistone
830 Webster, Alfred Edward, Manton, Worksop, Notts
831 Webster, H. Ingham, Ebworth Park, near Stroud, Gloucestershire
832 Weeks, J. G., Bedlington, R. S. O., Northumberland (Past-President, Member of Council)
833 Weeks, R. L., Willington, Co. Durham (Member of Council)
834*Weinberg, Ernest Adolph, c/o F. N. Yarwood, 16,
O'Connell Street, Sydney, New South
Wales
835 Wells, Joseph Fleetwood. Kamloops, British Columbia
836 Welton, William Shakspeare, Elm Road, Wembley, Middlesex
837 Western, C. R., Queen Anne's Mansions, Westminster, London, S. W.
838 Westmacott, P. G. B., Rose Mount, Sunninghill, Berks.
839 White, C. E., Wellington Terrace, South Shields

840 White, Frederick Napier, H. M. Inspector of Mines, 9, Mirador Crescent. Swansea
841 White, H., Walker Colliery, Newcastle-upon-Tyne
842 White, J. F., 15, Wentworth Street, Wakefield
843 Whitelaw, John, 46, Albany Street, Edinburgh
844 Widdas, C., North Bitchburn Colliery, Howden, Darlington
845 Wight, Edward S., Taupiri Coal Mines, Limited, Mine Manager's Office, Huntly, near Auckland,
New Zealand
846 Wight, Robert Tennant, Hallbankgate, Milton, Carlisle
847 Wight, W. H., Cowpen Colliery, Blyth
848 Wilbraham, Arthur George Bootle, Mina de San Domingos, Mertola, Portugal

Date of Election and
of Transfer
S. Feb. 13, 1892
M. Aug. 4, 1894
Oct. 11, 1890
Dec. 12, 1896
June 13, 1896
June 12, 1897
A. M. April 14, 1883
M.Aug. 3, 1886
Feb. 4, 1865
A. M. June 10, 1882
M. Aug. 3, 1889
A. M.Feb. 12, 1898
M. Oct. 8, 1898
Aug. 5, 1899
Dec. 14, 1901
June 10, 1893
June 2, 1866
S. Nov. 4, 1876
A. M. Aug. 1, 1885
M. Aug. 3, 1889
June 11, 1898
S. March 2, 1867
M. Aug. 5, 1871
S. July 2, 1872
M. Aug. 2, 1873
Feb. 5, 1870
Dec. 5, 1868
A. M. Dec. 12, 1885
M. Aug. 3, 1889
Oct. 13, 1900
Feb. 3, 1877
S. Dec. 11, 1897
M. Feb. 8, 1902

849 Wilkins, William Glyde, Westinghouse Building, Pittsburg, Pennsylvania, U. S. A.
850 Wilkinson, John T., East Howle Colliery, via Ferryhill, Co. Durham
851*Wilkinson. William Fischer, Consolidated Goldfields of South Africa, Limited, 8, Old Jewry,
London, E. C.
852 Williams, Alpheus Fuller, De Beers Consolidated Mines, Limited, Kimberley, South Africa
853 Williams, Ernest, c/o Bewick, Moreing and Company, Board of Executors Buildings, Wale
Street, Cape Town, South Africa
854 Williams, Gardner F., De Beers Consolidated Mines, Limited, Kimberley, South Africa
855 Williams, H. J. Carnegie, The Voel Mines (Merioneth), Limited, Dolgelley, North Wales
856 Williams, Luke, Mount Reid Mining Company, Limited, Mount Read, Tasmania
857 Williams, Richard, The Johnsons Reef Gold Mines Company, California Gulley, Bendigo,
Victoria, Australia
858 Williams, Robert, 30, Clements Lane, Lombard Street, London, E. C.
859 Williams, Samuel Herbert, 23, Somerset Avenue, Winthrop, Massachusetts, U. S. A.

Dec. 11, 1897
Dec. 8, 1900
Oct. 10, 1896
Oct. 12, 1901
Oct. 10, 1891
Oct. 12, 1895
Oct. 12, 1895
April 10, 1897
A. M. June 13, 1896
M. Aug. 1, 1896
June 13, 1896
July 14, 1896
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860 Wilson, Archibald Laurence, The New Ravenswood,
Australia
861 Wilson, Arthur P., Mansion House Chambers, Queen

Limited, Ravenswood, Queensland,
Victoria Street, London, E. C.

862 Wilson, James, Wellington House, Edmondsley, Chester-le-Street, Co. Durham
863 Wilson, Joseph R., 941, St. Bernard Street, Philadelphia, Pennsylvania, U. S. A.
864 Wilson, Lloyd, Flimby Colliery, Maryport
865 Wilson, Nathaniel, Colonial Assurance Chambers, 30, St. George's Street, Cape Town, South
Africa
866 Wilson, P. O.
867 Wilson, W. B., Horden Dene, Easington, Castle Eden,
R. S. O., Co. Durham
868*Wilson William Brumwell, Jun., Wheatley Hill Colliery, Thornley, R. S. O., Co. Durham
869 Wilson-Moore, Aubrey Percy, Sheba Queen Gold and Exploration, Limited, Barberton,
Transvaal
870 Wilson-Moore, Cuninghame, Poste Restante, Durban, Natal, South Africa
871 Winchell, Horace V., Butte, Montana, U. S. A.
872 Winstanley, Robert, 42, Deansgate, Manchester
873 Wood, C. L., Freeland, Forgandenny, Perthshire
874 Wood, Ernest Seymour, c/o The Bengal Coal Company, Limited, 5 Fairlie Place, Calcutta,
India
875 Wood, John, Coxhoe Hall, Coxhoe, R. S. O., Co. Durham

876* Wood, Sir Lindsay, Bart., The Hermitage, Chester-le-Street (President, Member of Council)
877 Wood, Robert Arna, c/o Harrison, Barber and Company, Limited, 18, Queen Victoria Street,
London, E. C.
878 Wood, Thomas, North Hetton Colliery Office, Moorsley, Hetton-le-Hole, R. S. O., Co. Durham
879 Wood, W. H, Coxhoe Hall, Coxhoe, R. S. O., Co. Durham
880 Wood, W. O., South Hetton, Sunderland (Retiring Vice-President, Member of Council)
881 Woodburne, T. J., Bultfontein Mine, De Beers Consolidated Mines, Limited, Kimberley, South
Africa
882 Woolcock, J. H., 49, Lowther Street, Whitehaven
883 Wormald, C. F., Mayfield Villa, Saltwell, Gateshead-upon-Tyne
884 Worsdell, Wilson, North Eastern Railway Company, Gateshead-upon-Tyne
885 Wright, Sidney Bristow, c/o Ponsonby and Bolton, Queen Street, Melbourne, Australia
886 Wrightson, Sir Thomas, Bart., Stockton-upon-Tees
887 Youll, Gibson, South Waratah Colliery, Newcastle, New South Wales
888 Young, Harben Robert, c/o Serjeant J. C. Young, c/o Director of Works, Johannesburg,

Date of Election and
of Transfer
A. M June 12, 1897
M.April 2, 1898
A. M. Aug. 3, 1889
M. June 10, 1899
April 13, 1901
Oct. 12, 1895
Jan. 19, 1895
Dec. 9, 1899
Dec. 9, 1893
S. Feb. 6, 1869
M. Aug. 2, 1873
Feb. 9, 1901
Oct. 14, 1899
Feb. 10, 1900
Nov. 24, 1894
Sept. 7, 1878
Aug. 3, 1854
Oct. 10, 1891
S. June 8, 1889
A. Aug. 4, 1894
M. Aug. 3, 1895
Oct. 1, 1857
April 10, 1897
S.Sept. 3, 1870
M. Aug. 5, 1871
Aug. 6, 1857
Nov. 7, 1863
Feb. 10, 1894
June 10, 1893
A. M. Dec. 8, 1883
M. Aug. 3, 1889
Oct. 14, 1899
April 28, 1900
Sept. 13, 1873
Oct. 12, 1901
Feb. 9, 1901

Transvaal
889 Young, Henry William, Greymouth, New Zealand
890 Young, James, 4, Granville Road, Jesmond, Newcastle-upon-Tyne
891 Young, John A., 3, Fountain Avenue, Gateshead-upon- Tyne
892 Young, John Huntley, Wearmouth Colliery, Sunderland
893 Zumbuloglon, G. C., Mahmoudie-Han, Stamboul, Turkey

Dec. 12, 1896
Oct. 9, 1897
A. M.Dec. 10, 1887
M. Aug. 3, 1889
June 21, 1894
S. Feb. 14, 1891
A. Aug. 4, 1894
M. Aug. 3, 1895

----------------------------------[xliii]
ASSOCIATE MEMBERS.
Marked *have paid life composition.

1 Ahier, Philippe Davidson, 3, Alder Street, Seaforth, Liverpool
2 Alder, William, 3, Beech Avenue, Whitley, R. S. O., Northumberland
3 Armstrong, J. H, St. Nicholas'Chambers, Newcastle-upon-Tyne
4 Armstrong, T. J., Hawthorn Terrace, Newcastle-upon-Tyne
5 Atkinson, Alfred, 12, Pape Buildings, Newcastle-upon-Tyne
6 Atkinson, G. B., Prudential Assurance Buildings, Mosley Street, Newcastle-upon-Tyne
7 Banks, Charles John, Chelsea Lea, Orrell Lane, Aintree, Liverpool
8 Barrett, William Scott, Abbotsgate, Blundellsands, Lancashire
9*Bell, Hugh, Middlesbrough-upon-Tees
10 Blair, James Ernest, 1, Wool Exchange, Basinghall Street, London, E. C.
11 Broadbent, Arthur Cecil, 39, Hyde Park Gate, London, S. W.
12 Broadbent, Denis Ripley, 5, Albert Street, Lower Grosvenor Place, London, S. W.
13 Brutton, P. M., 17, Sandhill, Newcastle-upon-Tyne
14 Burdon, A. E., Hartford, Bedlington, R. S. O., Northumberland
15 Burn, Charles William, 28, Fawcett Street, Sunderland
16 Capell, Rev. G. M., Passenham Rectory, Stony Stratford
17*Carr, William Cochran, Benwell Colliery, Newcastle-upon-Tyne
18*Chewings, Dr. Charles. 85, Edward Street, Norwood, South Australia
19 Cleland, E. Davenport, Bayley Street, Coolgardie, Western Australia
20 Cochrane, Ralph D., Hetton Colliery Offices, Fence Houses.
Transactions sent to W.
Cochrane, Willington Colliery Office, Willington, Co. Durham
21 Collopy, Capt. Charles J., D. S. O., Bethune's Mounted Infantry, Field Force, Orange River
Colony, South Africa
22 Cooper, R. W., Newcastle-upon-Tyne
23 Cory, Clifford J., c/o Cory Brothers and Company, Limited, Cardiff
24 Davidson, Louis, 8, Burdon Terrace, Newcastle-upon-Tyne
25 Douglas, Benjamin, Rhodesia Exploration and Development Company, Limited, Main Street,
Bulawayo, Rhodesia, South Africa
26 Eccles, Edward, King Street, Newcastle-upon-Tyne
27 Edwards, F. H, Forth House, Bewick Street, Newcastle-upon-Tyne
28 Ellam, Albert Spencer, c/o Box, British P. O., Shanghai, China
29 Elliot, Sir George, Bart.
30 Fairless, Joseph, Mineral Traffic Manager, North Eastern Railway Company, Newcastle-uponTyne
31 Ferguson, C. A., P. O. Box 1301, Johannesburg, Transvaal
32 Foster, T. J., Coal Exchange, Scranton, Pennsylvania, U. S. A.

Date of Election and
of Transfer
Oct. 14, 1899
Oct. 12, 1901
Aug. 1, 1885
Feb. 10, 1883
April 13, 1901
Nov. 5, 1892
Feb. 12, 1898
Oct. 14, 1899
Dec. 9, 1882
June 9, 1900
Feb. 9, 1901
Oct. 14, 1899
Oct. 13, 1900
Feb. 10, 1883
June 11, 1898
Oct. 8, 1892
Oct. 11, 1890
April 25, 1896
June 13, 1896
June 1, 1878
Dec. 10, 1898
Sept. 4, 1880
Dec. 11, 1897
Oct. 14, 1899
Aug. 6, 1898
Oct. 13, 1894
June 11, 1887
April 25, 1896
April 2, 1898
June 10, 1899
July 14, 1896
Dec. 12, 1891

[xliv]
Date of Election and

33 Gibson, James, c/o W. E. Robarts, Acutts Arcade, Durban. Natal, South Africa
34 Gibson, Thomas William, Bureau of Mines, Toronto Ontario, Canada
35*Graham, John, Findon Cottage, Sacriston, Durham
36 Green, John Dampier, P. O. Box 340, Johannesburg, Transvaal
37 Gregson, Jesse, Australian Agricultural Company, Newcastle, New South Wales
38 Griffin, Noel, Geelong Gold Mines, Gwanda, Matabeleland, South Africa
39 Gue. T. R., P. O. Box 520, Halifax, Nova Scotia
40 Gummerson, James M., 35, Birkbeck Road, Acton, London, W.
41Guthrie, Reginald, Neville Hall, Newcastle-upon-Tyne (Treasurer, Member of Council)
42 Harris-Edge, H. P., Coalport Works, Shifnal, Salop
43 Haswell, William Spence, 47, Esplanade, Whitley, R. S. O., Northumberland
44 Hedley, J. Hunt, John Street, Sunderland
45 Heeley, George, 61, Kyle Park, Uddingston, near Glasgow
46 Henderson, C. W. C., The Riding, Hexham
47 Henzell, Robert, Northern Oil Works, Newcastle-upon Tyne
48 Hildred, Willows, 7, Voltaire Street, Clapham, London, S. W.

49 Hodgetts, Arthur, c/o A. H. Thornton, 116, Church Hill Road, Handsworth, Birmingham
50 Holland, Williamson, 36, Orchard Terrace, Rochdale Road, Heywood, Lancashire
51 Holliday, Henry, Consett Iron Company, Limited, Blackhill, Co. Durham
52 Hopper, J. L., Wire Rope Works. Thornaby-upon-Tees
53 Humphreys-Davies, G., 8, Laurence Pountney Hill, Cannon Street. London. E. C.
54 Hunter, C. E., Selaby Park, Darlington
55 Innes, Thomas Snowball, Crown Chambers, Side, Newcastle-upon-Tyne
56 James, Henry M., Colliery Office, Whitehaven
57 Jeans, J. Stephen, 165, Strand, London, W. C.
58 Jeffrey, Joseph Andrew, c/o The Jeffrey Manufacturing Company, Columbus, Ohio, U.
S. A.
59 Jeffries, Joshua, Greta Collieries, Greta, New South Wales
60*Joicey, James John, Heathfield, Sydenham Hill, London, S. E.
61 Kidson, Arthur, c/o Glaholm and Robson, Limited, Rope Manufacturers, Sunderland
62 Kirkby, William, c/o H. C. Embleton, Central Bank Chambers, Leeds
63 Kirkup. Frederic O., Langley Park, Durham
64 Krohn, H. A., 103, Cannon Street, London, E. C.
65 Lamb, Edmund George, Borden Wood, Liphook, Hants.
66 Lishman, George Percy, Bunker Hill, Fence Houses, Co. Durham
67 Lorenz, Theodor, Samarinda, East Coast, Dutch Borneo
68 Lumsden, John Alder, Rewah State Collieries, Umaria, C. P., India

of Transfer
Dec. 9, 1899
June 8, 1901
Oct. 9, 1897
Dec. 14, 1901
Aug. 6, 1898
Feb. 13, 1897
Feb. 15, 1896
June 10, 1899
Aug. 4, 1888
June 8, 1901
April 13, 1901
June 13, 1891
Dec. 14, 1895
Dec. 9, 1882
April 11, 1891

June 9, 1900
Oct. 9, 1897
Feb. 13, 1897
Feb. 12, 1898
Dec. 8, 1888
Oct. 8, 1892
April 27, 1895
Dec. 10, 1898
June 10, 1893
April 2, 1898
Dec. 11, 1897
Dec. 10, 1898
Oct. 10, 1891
April 8, 1899
April 2, 1898
S. April 9, 1892
A. M. April 25,1896
Oct. 14, 1893
Feb. 12, 1898
Aug. 4, 1900
June 9, 1900
Dec. 11, 1897

[xlv]
Date of Election and
of Transfer

69 Macleod, Peter Joseph, Technical School, Hobart, Tasmania
70 Marshall, Dr. P., University School of Mines, Dunedin, New Zealand
71 Newbery, Frederick, 230, Camden Road, London, N. W.
72 O'Connor, Arthur, K. C., Monaise, Fernwood Road, Newcastle-upon-Tyne
73 Palmer. A. M., Newbrough Lodge, Fourstones, Northumberland
74 Pavitt, Harold Hastings, Greymouth, New Zealand
75 Perkins, Charles, Carham Hall, Coldstream, N. B.
76*Pickup, P. W. D., Rishton Colliery, Rishton, near Blackburn
77 Pringle, John, c/o Russo-Chinese Bank. Newchwang, China
78*Proctor, John H., 29, Side, Newcastle-upon-Tyne

April 13, 1901
June 12, 1897
April 2, 1898
Feb. 8, 1902
Nov. 24, 1894
Feb. 9, 1901
Aug. 6, 1892
Feb. 12, 1898
Feb. 13, 1897
June 8, 1889

79 Ridley. J. Cartmell, 1, Bentinck Terrace, Newcastle-upon-Tyne
80 Ridley, Viscount, Blagdon, Northumberland
81 Ritson, J. Ridley, Burnhope Colliery, Lanchester
82 Robinson, Walter Francis, Greymouth, New Zealand
83 Rogerson, John E., Oswald House, Durham
84 Rosen, John, P. O. Box 1647, Johannesburg, Transvaal
85 Saunders, G. B., Saunders, Todd and Company, Maritime Buildings, King Street,
Newcastle-upon-Tyne
86 Scott, John Henry, 1157, Burnaby Street, Vancouver, British Columbia
87 Scott, John Oliver, The Glebe, Riding Mill-upon-Tyne
88 Searle, John Thomas Luxton, Vants Drift Hotel, near Dundee, Natal, South Africa
89 Smith, C. A., 23, Rectory Terrace, Gosforth, Newcastle-upon-Tyne
90 Steuart, Douglas Stuart-Spens, c/o A. O. Chudleigh, 54, Old Broad Street, London, E.
C.
91 Stewart, Samuel, 16, Great George Street, Westminster, London, S. W.; and
Parkhurst, Park Road, Wallington, Surrey
92 Stokes, H. G., Silver Spur Silver Mines, Texas, via Stanthorpe, Queensland, Australia
93 Stowell, William, 11, Queen Street, Newcastle-upon-Tyne
94 Strange, Harold Fairbrother, Johannesburg Consolidated Investment Company,
Limited, P. O. Box 590, Johannesburg, Transvaal
95 Tharp, J. Montagu E. S., 12, Erys Road, Eastbourne
96 Thompson, Oswald, Hendon Lodge, Sunderland
97 Todd, James, West View House, Durham
98 Tonge, James, Jun., 149, Church Steeet, Westhoughton, Lancashire
99 Tunnington, Albert, Colonia, Limited, Moodie's Creek, near Barberton, Vaal River
Colony, South Africa
100 Turner, Charles Edward
101 Wall, G. Young, Halmote Court Office, New Exchequer Building, Durham
102 Walmesley, Oswald, 2, Stone Buildings, Lincoln's Inn, London, W. C.
103 Weatherburn, John, Meynell House, Rowlands Gill, Newcastle-upon-Tyne

Feb. 11, 1893
Feb. 10, 1883
S. April 11, 1891
A. M.Aug. 3, 1895
April 2, 1898
June 8, 1895
Dec. 10, 1898
Jan. 19, 1895
Aug. 5, 1899
Dec. 11, 1897
Feb. 11, 1899
Dec. 8, 1894
June 10, 1899
Feb. 12, 1898
Dec. 11, 1897
June 11, 1898
Dec. 11, 1897
April 13, 1901
June 10, 1899
Aug. 6, 1892
Dec. 14, 1901
Oct. 9, 1897
Aug. 6, 1898
Nov. 24, 1894
June 8, 1895
Oct. 13, 1894

[xlvi]
Date of Election and
of Transfer

104 Whitehead, Thomas, Brindle Lodge, near Preston, Lancashire
105 Williams, Thomas J.
106 Wilson, Anthony, Thornthwaite, Keswick, Cumberland
107*Wood, Arthur Nicholas Lindsay, The Hermitage, Chester-le-Street
108 Wrightson, Wilfrid Ingram, Neasham Hall, Darlington
109 Yates, Frederick Blakeley, 2, Mount Street, Manchester

June 12, 1897
April 2, 1898
Feb. 10, 1900
July 14, 1896
Dec. 9, 1899
June11, 1898

-------------------------ASSOCIATES.
Marked *have paid life composition.
Date of Election and
of Transfer

1 Allport, E. A., 89, Dodworth Road, Barnsley, Yorkshire
2 Archdale, Hewan, Church Street, Quebec, near Durham
3 Archer, M. W., High Priestfield, Lintz Green, Co. Durham

S. April 14, 1894
A. Aug. 4, 1900
Feb. 8, 1902
S. June 8, 1895
A. Aug. 4, 1900

4 Armstrong, William P., Bewicke Main, Birtley, R. S. O., Co. Durham
5 Barker, John Dunn, 23, Cobden Terrace, Brandon Colliery, R. S. O., Durham
6 Battey, Thomas, Percy Terrace, Backworth Colliery
7 Bayldon, Harold Cresswell, c/o Bechuanaland Exploration
Company, Limited,
Bulawayo, Rhodesia, South Africa
8 Beckett, James, 16, Church Street, Dunston-upon-Tyne
9 Bell, John, Wardley Colliery, Newcastle-upon-Tyne
10 Bell, Thomas, White Lea Colliery, Crook, R. S. O., Co. Durham
11 Bell, W. Ralph, Wearmouth Colliery, Sunderland
12 Berkley, Robert, 11, Co-operative Terrace, High Spen, Lintz Green, R. S. O., Co.
Durham
13 Bewick, George, 44, Thomas Street, Coundon Grange, Bishop Auckland
14 Booth, F. L., Ashington Colliery, Morpeth
15 Bowes, Thomas, Pontop House, Annfield Plain, R. S. O.
16 Bowman, Frank, Ouston Colliery Office, Chester-le-Street, Co. Durham
17 Carroll, John, Newfield House, Newfield, Willington, Co. Durham
18 Clark, Thomas, Dipton Colliery, Lintz Green Station Oct. 11, 1890
19 Clough, John, 1, Melton Terrace, Seaton Delaval Colliery, R. S. O., Northumberland
20 Cockburn, Edmund, 27, Bolckow Street, North Skelton, Skelton-in-Cleveland,
Yorkshire
21 Cockburn, Evan, Page Bank Colliery, via Spennymoor, Co. Durham
22 Corbett, Vincent. 2, Grey Terrace, Ryhope, via Sunderland
23 Cowx, H. F., Thornley Collieries, via Trimdon Grange, R. S. O.
24 Coxon, S. G., 121, Sunderland Street, Houghton-le-Spring, Co. Durham
25 Coxon, William B., Langley Park Colliery, Durham
26 Dakers, John, 32, South Street, Brandon Colliery, Durham
27 Danskin, Thomas, Springwell Colliery, Gateshead-upon-Tyne
28 Davis, James E., South Medomsley Colliery, Dipton, R. S. O., Co. Durham

Dec. 14, 1901
Aug. 5, 1899
Oct. 13, 1894
S.April 2, 1898
A. Aug. 3, 1901
Oct. 8, 1898
Feb. 8, 1890
Aug. 6, 1898
Oct. 13, 1894
Dec. 14, 1901
April 10, 1897
S.Feb. 10, 1894
A. Aug. 4, 1900
Feb. 13, 1892
June 8, 1895
Feb. 12, 1898
Feb. 13, 1897
Dec. 11, 1897
Aug. 5, 1893
June 11, 1898
April 14, 1894
Feb. 9, 1901
S.Feb. 12, 1898
A. Aug. 2, 1902
Aug. 5, 1899
Dec. 10, 1898
Feb. 12, 1898

[xlvii]
Date of Election and
of Transfer

29 Davison, Francis, 37, Hedley Hill Terrace, Waterhouses, Co. Durham
30 Daykin, George, 116, High Gurney Villa, near Bishop Auckland
31Denton, John. Montgomery Chambers, Hartshead, Sheffield
32 Dodds, William, Bewicke Main Colliery, Birtley, R. S. O., Co. Durham
33 Draper, William, Silksworth Colliery, Sunderland
34 Dunnett, Samuel, 20, Hambledon Street, Blyth, Northumberland
35 Eltringham, G., Eltringham Colliery, Prudhoe-upon-Tyne, R. S. O.
36 Elves, Edward, Middridge Colliery, Heighington, R. S. O., Co. Durham
37 Emmerson, George, Brandon Colliery near Durham
38 Falcon, Michael, 33, Bute Street, Treorchy, South Wales
39 Fawcett, Edward, Middle Street, Walker-upon-Tyne
40 Fewster, John, 4, Belgrave Terrace, Felling, R. S. O., Co. Durham
41 Finney, Joseph, Elswick Collieries, Newcastle-upon-Tyne
42 Forster, Frank, 22, Gowland Terrace, Wheatley Hill Colliery, Thornley, R. S. O., Co.
Durham
43 Gordon, George Stoker, Louisa Terrace, West Stanley

Feb. 12, 1898
July 14, 1896
S. June 21, 1894
A. Aug. 4, 1900
Dec. 14, 1901
Dec. 14, 1889
June 8, 1895
Dec. 8, 1894
June 13, 1896
Oct. 8, 1898
S. Oct. 13, 1894
A. Aug. 4, 1900
June 11, 1892
Feb. 13, 1897
Aug. 6, 1898
Feb. 8, 1902
Feb. 15, 1896

44 Greene, Charles C., Eston Mines, near Middlesbrough-upon-Tees
45 Hall, Joseph Percival, Edmondsley Colliery, Chester-le-Street
46 Hampson, Alexander, St. Helen's Colliery, Bishop Auckland
47 Handyside, William Jun., 4, Brandling Terrace, Felling-upon-Tyne
48 Hare, George, Seghill Colliery, Northumberland
49 Hedley, A. M., Medomsley, R. S. O., Co. Durham
50 Henderson, William, Ravensworth Colliery, near Gateshead-upon-Tyne
51 Herriotts, Joseph George, 15, Gladstone Terrace, Binchester, Co. Durham
52 Herron, Edward, Holly Terrace, Stanley, R. S. O.
53 Heslop, William, Hunwick, Willington, Co. Durham
54 Hornsby, Demster, Choppington Colliery, Scotland Gate, R. S. O., Northumberland
55 Howe, James, Jun., East Cross Street, Langley Park, Durham
56 Hughes, James Nicholson, Hedley Hill Colliery, Waterhouses, Co. Durham
57 Hunter, A., 2, Abbotsford Terrace, South Shields
58 Hunter, Christopher, Cowpen Colliery Office, Blyth, Northumberland
59 James, Alexander A., Croxdale, near Durham
60 Jeffery, Albert J., 6, Bowlby Street, Houghton-le-Spring, R. S. O., Co. Durham
61 Johnson, James, Hawthorn Lodge, East Boldon, R. S. O., Co. Durham
62 Johnson, William, Framwellgate Moor, Durham
63 Kearton, Christopher, Buckhill Colliery, Great Broughton, Cockermouth, Cumberland

S.Feb. 15, 1899
A. Aug. 3, 1901
S. Oct. 9, 1897
A. Aug. 2, 1902
Feb. 12, 1898
June 12, 1897
Feb. 12, 1898
Nov. 24, 1894
Oct. 12, 1901
April 28, 1900
Feb. 15, 1896
Oct. 8, 1898
Feb. 12, 1898
Feb. 11, 1899
Feb. 12, 1898
Feb. 13, 1897
Dec. 10, 1892
June 10, 1893
April 28, 1900
Aug. 6, 1898
Aug. 6, 1892
Aug. 5, 1899

[xlviii]
Date of Election and
of Transfer

64 Kellett, Robert, 1, Brighton Terrace, Sherburn Hill, Durham
65 King, Fred., 1, Shankhouse Row, Shankhouse, near Cramlington, Northumberland
66 Lightley, John, Dene View House, Rosehill, Willington-upon-Tyne
67 McCarthy, Michael Dodds, Fourth Street, Urpeth, Ouston, Chester-le-Street, Co. Durham
68 MacKinlay, Edward, 20, Fourth Street, Heworth Village, Felling, R. S. O., Co. Durham
69 Manderson, John Tom
70 Marr, Joseph, Chopwell, Lintz Green, R. S. O., Co. Durham
71 Marr, James Heppell, Malton Colliery, near Durham
72 Marshall, John, 109, Manchester Road, Tyldesley, near Manchester
73 Mason, Benjamin, Burnopfield Colliery, Burnopfield R. S. O., Co. Durham
74 Melville, John Thomas, 9, Regent Road, Gosforth, Newcastle-upon-Tyne
75 Milburn, William, Birtley White House, near Chester-le-Street
76 Miller, J. H., South Hetton, Sunderland
77 Minto, George William, Perkins Ville, Chester-le-Street
78*Mitchell-Withers, William Charles, 10, Lawson Road, Sheffield
79 Morland, Thomas, New Herrington, Fence Houses
80 Morson, Farrer William, Glenholm, Crook, R. S. O., Co. Durham
81 Murray, Frank Douglas, Jumpers Deep, Limited, P. O. Box 1056, Cleveland Station,
Johannesburg, Transvaal
82 Naisbit, John, No. 48, Tudhoe Colliery, Spennymoor
83 Nelson, George Catron, Garesfield Colliery, near Lintz Green, R. S. O., Co. Durham
84 Nisbet, Norman, Harraton Colliery, Chester-le-Street, Co. Durham
85 O'Keefe, J. E., Linton Colliery, Morpeth, Northumberland
86 Owen, William Rowland, 24, Market Street, Millom, Cumberland
87 Parkin, Thomas Wakefield, 17, Gowland Terrace, Wheatley Hill Colliery, Thornley, R. S. O., Co.

Feb. 12, 1898
S.Oct. 8, 1892
A. Aug. 4, 1900
April 25, 1896
Dec. 14, 1901
June 11, 1892
Feb. 13, 1897
Oct. 13, 1900
Feb. 13, 1897
Feb. 12, 1898
April 11, 1891
April 8, 1899
June 8, 1895
Dec. 8, 1894
Oct. 10, 1891
S. April 28, 1900
A. Aug. 2, 1902
Feb. 11, 1899
Aug. 4, 1900
S. Aug. 7, 1897
A. Aug. 2, 1902
April 27, 1895
Feb. 8, 1902
S. Nov. 24, 1894
A. Aug. 3, 1901
April 13, 1901
Feb. 12, 1898
Feb. 8, 1902

Durham
88 Parkinson, W., 6, Ivy Terrace, South Moor, Chester-le-Street
88 Pedelty, Simon, Littletown Colliery, Durham
90 Peel, J. W., Thornhill Collieries, near Dewsbury, Yorkshire
91 Phelps, Charles, Kimblesworth Colliery, Chester-le-Street, Co. Durham
92 Pratt, G. Ross, Springwell Colliery, Gateshead-upon-Tyne
93 Proctor, Thomas, Woodhorn Colliery, Morpeth
94 Ramsay, John, Tursdale Colliery, Ferryhill
95 Ramsay. J. G., Page Bank Colliery, via Spennymoor, Co. Durham
96 Raw, John, Hunwick, Willington, Co. Durham
97 Ridley, George D., Tudhoe Colliery, Spennymoor
98 Rivers, John, Bow Street, Thornley Colliery, Durham
99 Robinson, Richard, 10, Wilson Terrace, Broughton Moor, near Maryport, Cumberland

June 13, 1891
Dec. 10, 1892
S.Aug. 4, 1894
A.Aug. 4, 1900
Aug. 3, 1901
June 8, 1895
Oct. 13, 1894
April 27, 1895
Dec. 10, 1892
Aug. 5, 1899
Feb. 8, 1890
Feb. 9, 1895
April 13, 1901

[xlix]

100 Robson, William, Jun., Byers Green House, Byers Green, Spennymoor, Co. Durham
101 Rochester, William, Ryton Barmoor, Ryton-upon-Tyne
102 Sample. J. B., Beamish Colliery, Pit Hill, R. S. O., Co. Durham
103 Severs, Jonathan, Stanley, R. S. O., Newcastle-upon-Tyne
104 Simpson, R. R., Office of the Geological Survey, Calcutta,

India

105 Simpson, Thomas V., Throckley Colliery, Newburn, R. S. O., Northumberland
106 Snowdon, Thomas, Jun., Oakwood, Cockfield, R. S. O., Co.

Durham

107 Southern, Stephen, Heworth Colliery, Felling, R. S. O., Co.

Durham

108 Stokoe, James, Ravensworth Colliery, Low Fell, Gateshead-upon-Tyne
109 Stokoe, John George, Coalburn, Hepscott, Morpeth
110 Swallow, Ralph Storey, Langley Park Colliery, Durham
111 Swallow, W. A., Tanfield Lea, Tantobie, R. S. O., Co. Durham
112 Tarbuck, Harold, Ryhope Colliery, near Sunderland
113 Thompson, Joseph, North Biddick Colliery, Washington Station, Co. Durham
114 Thornton, Norman, Pelton Colliery, Chester-le-Street
115 Turner, George, Tindale Terrace, Roachburn Colliery, Brampton Junction, Carlisle
116 Urwin, John, Inkerman House, Usworth Colliery
117 Wainwright, William, Heworth Colliery, Felling, R. S. O., Co. Durham
118 Walker, Joseph Henry, 1, Elms North, Sunderland
119 Watson, Thomas, East Hedley Hope, Tow Law, R. S. O.
120 Widdas, Frank, Shiremoor, Northumberland
121 Willis, Henry Stevenson, Lead Company's Office, Middleton-in-Teesdale, by Darlington
122 Wilson, R. G., Pelton Colliery, Chester-le-Street
----------------------------------STUDENTS.

Date of Election and
of Transfer
S. June 11, 1892
A. Aug. 3, 1895
Dec. 10, 1898
S. Jan. 19, 1895
A. Aug. 4, 1900
S. June 8, 1895
A. Aug. 4, 1900
S. Aug. 3, 1895
A. Aug. 2, 1902
S.Dec. 14, 1895
A. Aug. 2, 1902
S. June 12, 1897
A. Aug. 3, 1901
S. Dec. 14, 1895
A. Aug. 3, 1901
Nov. 24, 1894
Dec. 9, 1899
Dec. 9, 1899
S. Dec. 9, 1893
A. Aug. 1, 1901
Feb. 15, 1896
April 8, 1893
S. April 27, 1895
A. Aug. 2, 1902
June 8, 1895
Feb. 15, 1896
April 2, 1898
S. Oct. 13, 1900
A. Aug.2, 1902
Aug. 3, 1895
Dec. 8, 1900
S.Feb. 13, 1892
A. Aug. 4, 1900
Aug. 6, 1896

1 Armstrong, William, Jun., Wingate, R. S. O., Co. Durham
2 Bell, William, 19, East Parade, Newcastle-upon-Tyne
3 Borrow, Frank Kendall, 38, Nevern Square, London, S. W.
4 Brandon, Geoffry, Eastfield, Earsdon, Northumberland
5 Brown, Edward Otto Forster, Westview, Cramlington, Northumberland
6 Clark, Nathaniel, J., 1, Hawthorn Terrace, Pelton Fell, Chester-le-Street, Co. Durham
7 Clive, Robert, Loftus Mines, Skinningrove, Carlin How, R. S. O., Cleveland
8 Crofton, Charles Arthur, 2, South View, St. Helen's, Bishop Auckland
9 Dickinson, Archibald, 13, St. Matthew Street, Burnley, Lancashire
10 Dixon, George, Dunston Colliery Office, Gateshead-upon-Tyne

Date of Election
June 11, 1898
Feb. 13, 1897
Oct. 8, 1898
Dec. 8, 1900
Dec. 14, 1901
April 13, 1901
Feb. 10, 1900
Dec. 10, 1898
Dec. 14, 1901
June 13, 1896

[l]

11 Dixon, George, Seghill Colliery, Seghill, Northumberland
12 Eddowes, Hugh M., c/o Robinson Deep Gold Mining Company, P. O. Box 1488, Johannesburg,
Transvaal
13 Felton, John R., West Stanley Colliery, Stanley, R. S. O., Co. Durham
14 Gidney, William H., 9, Ravensbourne Terrace, South Shields
15 Glass, Robert William, Craigielea, Whickham, R. S. O., Co. Durham
16 Greenwell, Alan Leonard Stapylton, South Durham Colliery, Eldon, Bishop Auckland
17 Harbit, William Denham, 32, High Street, Wallsend-upon-Tyne
18 Harper, George Octavious, Cardiff Square, High Spen, Lintz Green, R. S. O., Co, Durham
19 Heaps, Christopher, 12, Richmond Terrace, Gateshead-upon-Tyne
20 Holliday, Norman Stanley, Langley Grove, Durham
21 Howson, Charles, c/o Miss Harland, 38, Edwin Street, Houghton-le-Spring, Co. Durham
22 Jacobs, Lionel Asher, 3, Thornhill Park, Sunderland
23 Jaeger, Bernard, 9, Littleburn Lane, Langley Moor, near Durham
24 Jay, William Clouston, Greymouth, New Zealand
25 Jones, Walter, Thornley Colliery Office, Thornley, R. S. O., Co. Durham
26 Jones, William, Hamsteels Colliery, near Durham
27 Kirby, Matthew Robson, c/o A. L. Steavenson, Holywell Hall, Durham
28 Latimer, Hugh, South Durham Colliery, Eldon, Bishop Auckland
29 Liddell, Christopher, Woodhorn Colliery, Northumberland
30 Locke, Donald, c/o C. R. Bidwill, Featherstone, Wairarapa, New Zealand
31 Logan, Reginald Samuel Moncrieff, Royal Grammar School, Newcastle-upon-Tyne
32 MacGregor, Donald, Seghill Colliery, Seghill, Northumberland
33 MacGregor, James Malcolm, Cowpen Colliery Office, Blyth
34 Marley, Frederick Thomas, 237, Albert Road, Jarrow-upon-Tyne
35 Merivale, Charles Herman, Togston Hall, Acklington, Northumberland
36 Middleton, H. W., Trimdon Colliery, R. S. O., Co. Durham
37 Milburn, Edwin Walter, Beach Hill, Oughterside, near Maryport, Cumberland
38 Milburne, John Etherington, Collingwood Street, Coundon, Bishop Auckland
39 Minns, Thomas Tate, Jun., 53, Railway Terrace, New Herrington, Fence Houses
40 Musgrove, William, Throckley Colliery Office, Throckley Colliery, near Newcastle-upon-Tyne
41 Nesbit, John Straker, Cramlington Collieries, Northumberland
42 Oliver, Ernest Hunter, Cornsay Colliery, Co. Durham
43 Oswald, George Robert, 106, Senhouse Street, Maryport, Cumberland
44 Palmer, Meyrick, The Manor House, Medomsley, R. S. O., Co. Durham

Date of Election
Feb. 9, 1901
Oct. 8, 1898
June 8, 1901
April 13, 1901
June 10, 1899
Oct. 8, 1898
Dec. 10, 1898
Feb. 8, 1902
Feb. 10, 1900
April 10, 1897
Dec. 14, 1901
Aug. 4, 1900
June 12, 1897
Feb. 9, 1901
Feb. 9, 1901
Aug. 4, 1894
June 9, 1900
Feb. 15, 1896
Dec. 14, 1901
Feb. 9, 1901
Feb. 9, 1901
Feb. 9, 1901
Oct. 14, 1899
Oct. 8, 1898
June 9, 1900
Aug. 4, 1894
Feb. 10, 1900
Oct. 14, 1899
April 10, 1897
June 8, 1895
Oct. 9, 1897
Feb. 8, 1902
June 9, 1900
June 8, 1901

[li]

45 Parrington, T. E., Hill House, Monkwearmouth
46 Pattison, Charles Arthur, 16, Stanhope Road North, Darlington
47 Raine, Fred. J., Station Road, Birtley, R. S. O., Co. Durham
48 Richardson, Frank, Orchard House, Gateshead-upon-Tyne

Date of Election
Aug. 3, 1895
April 13, 1901
Feb. 15, 1896
Oct. 12, 1901

49 Richardson, Sydney, Charlton Villa, Ovingham-upon-Tyne, Northumberland
50 Ridpath, Tom R., Medomsley, R. S. O., Co. Durham
51 Roberton, Edward Heton, Seaton Delaval Colliery, Newcastle-upon-Tyne
52 Robinson, George Henry, Jun., Asturiana Mines, Limited, Coradoya, Asturias, Spain
53 Robinson, Stanley, Bunker Hill, Fence Houses1
54 Rogers, John, Greenhead, via Carlisle
55 Roose, Hubert F. G., Inglenook, Dormans Park, East Grimstead, Sussex
56 Rutherford, Thomas Easton, South Derwent Colliery, Annfield Plain, Co. Durham
57 Sharpley, Harold, c/o Percival Hadkinson, Smyrna, Asia Minor
58 Stewart, William, Milnthorp House, Sandal, Wakefield
59 Stratton, H. S., Park View, Forest Hall, Newcastle-upon-Tyne
60 Tate, Robert Simon, Trimdon Grange, R. S. O., Co. Durham
61 Tate, W. O., Office Street, Shotton Colliery, Castle Eden, R. S. O., Co. Durham
62 Tweddell, John Smith, Seaton Delaval Colliery, Northumberland
63 Walton, Arthur John, Seghill Colliery, Northumberland
64 Welsh, Arthur, 40, Hall Street, New Seaham Colliery, Sunderland
65 Wraith, Alfred Osborn, Moor House, Spennymoor, R. S. O., Co. Durham
66 Young, George Ellis, Kimblesworth Colliery, Chester-le-Street, Co. Durham

Oct. 9, 1897
June 8, 1901
April 13, 1901
Dec. 9, 1899
Oct. 12, 190
April 8, 1899
Dec. 9, 1899
June 10, 1899
Dec. 8, 1900
Oct. 8, 1898
Feb. 9, 1895
Aug. 3, 1901
Oct. 12, 1895
Feb. 13, 1897
Feb. 12, 1898
Aug. 1, 1896
June 9, 1900
Aug. 3, 1901

-----------------------------------

SUBSCRIBERS.
1 Owners of Ashington Colliery, Newcastle-upon-Tyne.
2 Birtley Iron Company (3), Birtley.
3 Bridgewater Trustees (2), Bridgewater Offices, Walkden, Bolton-le-Moors, Lancashire.
4 Marquess of Bute, Bute Estate Offices, Aberdare, South Wales.
5 Butterknowle Colliery Company, Darlington.
6 Cowpen Coal Company, Limited (2), F, King Street, Newcastle-upon-Tyne.
7 Earl of Durham (2), Lambton Offices, Fence Houses.
8 Elswick Coal Company, Limited, Newcastle-upon-Tyne.
9 Harton Coal Company, Limited (3), Harton Collieries, South Shields.
10 Hetton Coal Company (5), Fence Houses.
11 Joicey, James, and Company, Limited (2), Newcastle-upon-Tyne.
12 Lambton Collieries, Limited (2), E, Queen Street, Newcastle-upon-Tyne.
13 Marquis of Londonderry (5), c/o V. W. Corbett, Londonderry Offices, Seaham Harbour.
14 North Brancepeth Coal Company, Limited, Crown Street Chambers, Darlington.
15 Owners of North Hetton Colliery (3), Fence Houses.
16 Ryhope Coal Company (2), Ryhope Colliery, near Sunderland.
17 Owners of Seghill Colliery, Seghill, Northumberland.
18 Owners of South Hetton and Murton Collieries (2), 50, John Street, Sunderland.
19 Owners of Stella Colliery, Hedgefield, Blaydon-upon-Tyne.
[lii]
20 Owners of Throckley Colliery, Newcastle-upon-Tyne.
21 Owners of Victoria Garesfield Colliery, Victoria Garesfield Colliery, Lintz Green, Co. Durham.
22 Owners of Wearmouth Colliery (2), Sunderland.
23 Westport Coal Company, Limited (2), Manager, Dunedin, New Zealand.
--------------------------ENUMERATION.

Honorary Members
Members
Associate Members
Associates
Students
Subscribers
Total

August. 2, 1902.
25
893
109
122
66
23
--------1,238
---------

Members are desired to communicate all changes of address, or any corrections or
omissions in the list of names, to the Secretary.
[liii]
BRIEF SYLLABUS
of the
THREE YEARS'COURSE OF LECTURES
for
COLLIERY ENGINEERS, ENGINEWRIGHTS, APPRENTICE
MECHANICS AND OTHERS.
----------------------------------The Council of the North of England Institute of Mining and Mechanical Engineers, in collaboration with
the Council of The Durham College of Science, have arranged a course of Lectures for Colliery
Engineers, Enginewrights, Apprentice Mechanics and others, to be delivered at The Durham College
of Science, Newcastle-upon-Tyne.
The course will extend over three winter sessions, and involves attendance for about 24 Saturday
afternoons, from 4 p. m. to 6 p. m. during each session. Students can enter any of the courses,
each series of Lectures being, as far as possible, entirely independent of the others, and constituting a
complete course upon its own subject.
It is desirable that Students should not be less than 17 years of age.
The delivery of the next course of Lectures will commence on October 4th, 1902.
The fee for the
series of four courses given during each session is £1 10s.
Examinations will be held at the end of each course in the respective subjects. Certificates will be
granted to those Students who attend satisfactorily and pass the Examinations throughout the three
years'course, and Prizes will be awarded annually to the two Students who do best in the aggregate
Examinations of the year.
During the session 1901-1902, the Students attended with commendable regularity, but the
proportion who sent in home work was less than it should have been. The Council recommend that
colliery owners and others, who send Students to these classes, should insist upon home work being
done regularly.
A number of colliery owners have agreed to pay the fees and (or) train fares of some of their
employees whom they propose to send to the course of Lectures.
Any further information will be supplied on application to Mr. F. H. Pruen, Secretary, Durham
College of Science, Newcastle-upon-Tyne, or Mr. M. Walton Brown, Secretary, North of England
Institute of Mining and Mechanical Engineers, Neville Hall, Newcastle-upon-Tyne.

---------------------------------MICHAELMAS TERM, Commencing October 4th, 1902.
Transmission of Power. —4.5 to 4.55 p. m.
Lecturer—Mr. H. R. Cullen, B. A.
Work and power ; different forms of energy, its storage, transformation and transmission ; simple
machines, friction and lost work, efficiency of machinery ; methods of transmitting power, shafting and
bearings, spur-and-bevel wheels, rope gearing, hydraulic transmission, compressed-air transmission ;
the steam-engine and boiler ; comparison of different methods.
[liv]
Pumping and Ventilation. —5.10 to 6 p. m.
Lecturer—Professor Henry Louis, M. A., A. R. S. M.
Elementary notions of drainage, dams, reservoirs ; syphons ; baling ; arrangement of pumps, driving,
starting and working pumps ; pipes ; bucket-pumps ; plunger-pumps ; details, balance-bobs, anglebobs, spears, catches etc. ; pump-valves ; direct-acting pumps ; electric, pneumatic and hydraulic
pumps.
Principles of ventilation ; movement of air-currents ; measurement of air-currents, anemometers,
water-gauges ; natural ventilation ; ventilating appliances, fans, furnaces ; distribution of air-currents,
splitting currents, doors, stoppings, regulators ; general considerations affecting ventilation.
EPIPHANY TERM, Commencing January 10th, 1903.
Metallurgy of Iron and Steel. —4.5 to 4.55 p. m.
Lecturer—Mr. G. H. Stanley, A. R. S. M.
The nature of the raw materials used in the manufacture of iron and steel. Chemical composition of
coal and other fuels.
The phenomena of combustion.Gaseous fuel and gas-producers.
Fireresisting materials.
The ores of iron. The blast-furnace ; conversion of pig-iron into wrought-iron
and steel.
The puddling process and the various methods of steel making.
The structure and
nature of steel ; hardening and tempering.
Mining Machinery (Mainly Machinery used Underground). — 5.10 to 6 p. m.
Lecturer—Professor Henry Louis, M. A., A. R. S. M.
Methods of conveying power underground, comparison of methods : compressed air, electricity, water,
steam, ropes. Air-compressors, simple and stage compressors.
Diagrams.
Valve construction.
Cooling. Receivers and fittings. Pipes.
Percussion and rotary rock-drills and their construction.
Dynamos and motors used for underground operations.
Sparking and its dangers. Leads. Rockdrills. Coal-cutting machinery of various types. Heading-machines. Underground hauling, winding
and pumping engines. Miscellaneous applications.
1903-1904. —MICHAELMAS TERM.
Mensuration.
Lecturer—Principal H. P. Gurney, M. A., D. C. L., F. G. S.
Lengths, triangles, similar figures, chords, arcs and circumferences of circles. Areas of plain figures :
rectangles, parallelograms, triangles and rectilinear figures ; circles, sectors and segments of circles ;
Simpson's rule ; similar figures.
Volumes of solid figures ; parallelopiped, right prism, right circular
cylinder, ring and pipe, right pyramid, right circular cone and sphere.
Areas of surfaces of solids ;
plane surfaces, right circular cylinder, right circular cone and sphere. Mechanical mensuration.

The Chemistry of Fuel.
Lecturer— Mr. F. C. Garrett, M. Sc., F. C. S.
Nature of fuels in general.
The chemistry of carbon and its oxides.Natural and artificial fuels,
gaseous fuels, gas-producers. Calorific power and calorific intensity of fuel. Pyrometry.
1903-1904. —EPIPHANY TERM.
Strength of Materials (with Experimental Illustrations).
Lecturer—Mr. H. R. Cullen, B. A.
Materials used in construction :—Cast-iron, wrought-iron, steel, brass, brick, stress and strain.
Strength under tension, compression, shearing and bending.
Breaking and working strengths ;
factors of safety ; the effect of live loads ; extension and compression under loads ; behaviour of
material under stress ; effect of length of specimens.
The lectures will be illustrated by actual experiments on the 100 tons testing-machine in the
Engineering Laboratory.
[lv]
Experimental Mechanics.
Lecturer—Mr. R. J. Patterson, M. Sc.
Introductory definitions, with illustrations ; force and work, and their measurement ; power ;
horsepower ; principle of the conservation of energy.
Machines for changing the magnitude and the
direction of force ; workshop appliances, lever, single and double purchase winches, pulleys, inclined
plane and screw, screwjack ; friction, efficiency of machines.
Graphical representation of forces.
Specific gravity and its determination by the hydrostatic balance. The atmosphere and the pressure it
exerts ; the barometer ; lifting and forcing pumps.
1904-1905. —MICHAELMAS TERM.
Theoretical Electricity.
Lecturer—Mr. R. J. Patterson, M. Sc.
Magnetism ; lines of magnetic force, magnetic field ; distinctive magnetic properties of iron and steel.
Electricity ; production of an electric current ; magnetic, chemical and heating effects of the current ;
measurement of current strength, electro motive force and resistance ; practical electrical units, the
ampere, volt and ohm ; Ohm's Law.The principle of the dynamo and the electric motor.
Electrical Engineering.
Lecturer—Mr. W. M. Thornton, D. Sc, M. I. E. E.
Systems of measurement, current, voltage, resistance, practical instruments, magnetic induction,
continuous-current dynamos, details of construction, motors, methods of connecting and testing
dynamos and motors, alternating currents, incandescent and arc lamps, secondary cells, mains,
cables, wiring of buildings and mines, applications of electric-motive power in mining.
1904-1905. —EPIPHANY TERM.
The Steam Engine.
Lecturer—Mr. H. R. Cullen, B. A.
Heat, its measurement and transfer ; saturated steam ; pressure and temperature of steam ;
expansion of steam ; the indicator and indicator-diagrams ; horsepower, indicated and effective ; simple
forms of the steam engine, valves and the distribution of steam, governors ; compound and triple-

expansion engines ; efficiency of the steam engine ; steam boilers, combustion and draught ;
evaporative power of coal.
Haulage and Winding.
Lecturer—Professor Henry Louis, M. A., A. R. S. M.
Main haulage-roads, animal traction, self-acting inclines, engine-planes, main-and-tail-rope haulage,
endless-rope or endless-chain haulage ; haulage-engines, plant and appliances, underground haulageengines ; electric, hydraulic and pneumatic engines ; secondary haulage.Onsetting and banking.
Winding-engines, cages, ropes, safety appliances, pulley-frames, heapsteads, surface arrangements.
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LIST OF TRANSACTIONS AND JOURNALS OF SOCIETlES
Etc., IN THE LIBRARY.
* Exchanges. † Exchanges. ‡ Presented
*Academie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique, Brussels. Annuaire,
complete from 1882. Bulletin, complete from vol. iii.
‡ Acetylene Association, London. Proceedings, complete.
Acts of Parliament.
‡ African Review, London. Complete from vol. ix., 1896.
*American Academy of Arts and Sciences, Boston.
Memoirs, complete to vol. xii., parts 1 to 4,
1893. Proceedings, complete.
‡ American Engineer and Railroad Journal, New York City. Vol lxvii., 1893 (incomplete) ; vol. Ixviii,
1894 ; vol. lxix., 1895 (incomplete) ; and complete from vol. lxxv., part 12.
‡ American Gas Light Journal, New York City. Complete from vol. lxxv., no. 22.
*American Institute of Mining Engineers, New York City.Bulletin, nos. 1 and 2. Transactions, complete
from 1871.
‡ American Machinist, New York City. Complete from 1894.
‡ American Manufacturer and Iron World, Pittsburg. Complete from vol. Ixx.
*American Philosophical Society, Philadelphia.Proceedings, complete from vol. xl.,no. 165.
*American Society of Civil Engineers, New York City.
Proceedings, complete from vol. i., 1872.
Transactions, complete from vol. i., 1872, except pages 1-152 of vol i.
*American Society of Mechanical Engineers, New York City. Transactions, complete from 1880.
*Annales des Mines, Paris. Journal, complete, except vols. xxxi. to xxxviii.
Memoires complete
except series 1, 2, 3 and 4.
Lois, Decrets, etc., complete, except series 1 2, 3 and 4, and series 7,
vol. i., and pages 149 to end of vol. v.
† Annales des Mines de Belgique, Brussels. Memoires, complete.
*Annales des Ponts et Chaussees, Paris.
Memoires et Documents, complete from series 6. Lois,
Decrets, etc., complete from series 6. Personnel, complete from 1881.
*Annales des Travaux Publics de Belgique, Brussels. Complete, except vols. vii. and viii.
*Anthracite Coal Operators'Association, New York City. Complete from August, 1897.
Arms and Explosives, London. Complete, from 1892.
*Association des Ingenieurs sortis de l'Ecole de Liege, Liege. Annuaire, complete. Bulletin, complete.
‡ Association of Engineering Societies, Philadelphia. Journal, complete, except vols. i. and vii. (out
of print).

*Atti della Societa Toscana di Scienze Naturali, Pisa.
Memorie, complete from 1877. Processi
Verbali, complete, except vol. vii., pages 171-198 (out of print).
*Australasian Association for the Advancement of Science, Sydney, New South Wales. Reports,
complete.
† Australasian Institute of Mining Engineers, Melbourne. Transactions, complete from vol. i.
‡ Australian Mining Standard, Melbourne. Complete from vol. xi., no. 355.
‡ Automobile Club of Great Britain and Ireland, London. Journal, complete from vol. iv., no. 13.
‡ Automotor Journal, London. Complete from vol. vi., no. 1.
Barometer Readings, taken in the Wood Memorial Hall of the North of England Institute of Mining and
Mechanical Engineers, Newcastle-upon-Tyne. Complete from 1873.
*Barrow Naturalists'Field Club, Barrow. Complete from vol. i.
Berg-und Huettenmannische Zeitung, Leipzig.Complete from vol. xlii., 1883.
Berg-und Huttenmannisches Jahrbuch der Bergakademien zu Leoben und Pribram und der Koniglichungarischen Bergakademie zu Schemnitz, Vienna. Complete from vol. xxxi., 1883.
‡ Bibliographie des Sciences et de l'lndustrie, Paris. Complete from commencement, 1898.
*Birmingham Philosophical Society, Birmingham. Proceedings, complete.
‡ Board of Trade Journal, London. Complete from 1886.
‡ Boletin Minero y Comercial, Madrid. Complete from 1898.
‡ Boring and Drilling, London. Complete.
‡ British Association for the Advancement of Science, London.Complete from 1831.
‡ British Association of Waterworks Engineers, London. Transactions, complete from vol. v., 1900.
‡ British Columbia. Annual Report of the Minister of Mines, Victoria. Complete from 1898.
‡ British Columbia Mining Record, Victoria. Complete from vol. v., 1899.
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‡ British Guiana.
Department of Mines, Georgetown, Demerara.Report of the Commissioner of
Mines for the year 1893-94.
‡ British Refrigeration and Allied Interests, London. Complete from vol. i., except vol. iii., nos. 19
and 24.
† British Society of Mining Students, Radstock.Journal, complete.
Brown's Export List, Newcastle-upon-Tyne.Complete from 1853.
*Bulletin Russe de Statistique Financiere et de Legislation, St. Petersbourg. Complete from 1895.
‡ California State Mining Bureau, Sacramento.Annual Reports of the State Mineralogist, 5th to 12th.
Bulletin, complete, except No. 14.
‡ California, University of, Berkeley. Bulletin of the Department of Geology, complete from vol. iii.
‡ Cambridge University Library, Cambridge.Annual Reports of the Library Syndicate, 1886, and
complete from 1893 (except 1898 and 1900).
‡ Canada, Department of Colonization and Mines, Quebec. Reports on Mining Operations in the
Province of Quebec, complete from 1898.
‡ Canadian Electrical News and Engineering Journal, Toronto.Complete from vol. xi., no. 11.
‡ Canadian Engineer, Toronto. Complete from vol. viii., no. 20.
*Canadian Institute, Toronto. Annual Reports, complete from 1887. Transactions, complete, with
the exception of vol. i., series 1 (The Canadian Journal), parts 6, 7, and 10 ; vol. xv., series 2 (The
Canadian Journal), parts 5 and 7; vol. i., series 3 (Proceedings of the Canadian Institute) ; and vol.
iii., series 3 (Proceedings of the Canadian Institute), parts 1, 3, and all after 4.
† Canadian Mining Institute (late Federated Canadian Mining Institute), Ottawa. Journal, complete
from vol. i., 1896.

Canadian Mining Manual and Mining Companies Yearbook, Ottawa. Complete from 1890-91.
Canadian Mining Review, Ottawa. Complete from vol. xi.
‡ Canadian Society of Civil Engineers, Montreal. Transactions, complete from vol. xiv.
‡ Cape of Good Hope. Department of Agriculture, Cape Town.
Reports of the Inspector of Mines,
Kimberley, etc., for the years 1889, 1890 and 1892 to 1895.
‡ Cassier's Magazine, London. Complete from vol. viii.
† Chemical and Metallurgical Society of South Africa, Johannesburg. Proceedings, complete from vol.
i. Journal, complete from vol. i.
‡ Chemical Trade Journal, Manchester. Complete from vol. xxix., no. 757.
Chesterfield and Midland Counties Institution of Engineers, Chesterfield. Transactions, complete.
*Cleveland Institution of Engineers, Middlesbro'. Proceedings, complete from 1869.
‡ Coal and Iron, London. Complete from vol. iii.
*Colegio de Ingenieros de Venezuela, Caracas.El Ingeniero, complete from vol. i.
‡ Colliery Guardian, London. Complete from vol. i., except vols. ix. to xiii.
‡ Colliery Journal and Mining Engineer, Glasgow. Complete from vol. i., no. 1.
‡ Colliery Manager, London. Complete from 1885.
Colliery Manager's Pocket-Book, Almanac and Diary, London.
1874, 1887, 1891, 1894, and
1896 to date.
*Colonial Museum and Geological Survey of New Zealand, Wellington.Geologica Reports, complete
from 1870 to 1891, except for 1873-74. Palaeontology of New Zealand, part 4.
Museum and
Laboratory Reports, complete from 1868.
Meteorological Returns and Reports, complete from 1868
to 1886, with the exception of those for 1873-74 and 1885-86.Miscellaneous Publications, complete,
with the exception of nos. 1, 2, 12, 13, 16, 17, and 19 to 28.
Colonial Reports. Annual and Miscellaneous Series. Complete from commencement, 1891.
Comite Central des Houilleres de France, Paris. See France.
‡ Compressed Air, New York City. Complete from vol. i., 1896, except vol. i., nos. 1 and 12 ; and
vol. iii., no. 9.
*Connecticut Academy of Arts and Science, New Haven. Transactions, complete.
‡ Contract Journal and Specification Record, London. Complete from vol. v.
‡ De Beers Consolidated Mines, Limited, Kimberley.Annual Reports, complete from
the first, 1889.
De Ingenieur. See Koninklijk Instituut van ingenieurs.
Digest of Physical Tests and Laboratory Practice, Philadelphia. Complete.
Dinglers Polytechnisches Journal, Stuttgart. Complete from vol. ccxlvii., 1883.
Diplomatic and Consular Reports, Foreign Office, London.
Annual Series, complete from 1883.
Miscellaneous Series, complete from 1886.
‡ Durham University Calendar, Durham. Complete from 1873, except for the years
1881 and 1891.
‡ Electrical Review, New York City. Complete from vol. xxxix., no. 20.
‡ Electrical Times, London. Complete from vol. xxi, no. 550.
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‡ Electricity and Electrical Engineering, London. Complete from vol. xv., no. 45
‡ Engine. Boiler, and Employers' Liability Insurance Company, Limited, Manchester. Chief Engineer's
Reports, complete from 1880.
Engineer, London. Complete from 1856, except vols. xxvii. to xxxii.
*Engineering, London. Complete from 1866, except vols. vii. to xii.

*Engineering and Mining Journal, New York City. Complete from vol. xx. 1875.
*Engineering Association of New South Wales, Sydney.
Minutes of Proceedings, complete from
1885 to vol. xi. for 1895-96.
Engineering Magazine, Chicago. Complete.
‡ Engineering News, New York City. Complete from vol. xlvi., no. 46.
‡ Engineering Times, London. Complete from vol. i., 1899.
*Engineers' Club of Philadelphia, Philadelphia. Proceedings, complete from 1880
‡ Engineers'Gazette, London. Complete from vol. ix.
Explosives.Annual Reports of His Majesty's Inspectors of Explosives, London. Complete from the
first, 1875.
‡ Export Review and International Trades Advertiser, Stuttgart.
Vol. i., no. 1, and complete from
vol. ii.
Feilden's Magazine. Complete from vol. i., 1899.
Foreign Office Reports, London. See Diplomatic and Consular Reports.
‡ Foundry Trade Journal, London. Complete from vol. i.
‡ France. Comite Central des Houilleres de France. Annuaire, complete from 1900.
‡ France. Statistique de l'lndustrie Minerale et des Appareils a Vapeur en France et en Algerie, Paris.
Complete from 1890.
† Franklin Institute of the State of Pennsylvania, Philadelphia.Journal, complete from vol. lv.
Gas Institute (formerly British Association of Gas Managers), London.
Proceedings etc., complete
from 1863 to 1889.
‡ Gas World, London. Complete from vol. xxxv., no. 903.
General Mining Association of the Province of Quebec. Journal, complete to 1895.
*Geological and Natural History Survey of Canada, Montreal. Complete, except Mesozoic Fossils,
vol. i., part 4 ; and Palaeozoic Fossils, all after vol. ii., part 1, except vol. iii., part 1.
† Geological Institution of the University of Upsala, Upsala. Bulletin, complete.
*Geological Society, London. Quarterly Journal, complete from 1843.
*Geological Society of Australasia. Transactions, vol. i., parts 1 to 6, 1892.
*Geological Society of South Africa, Johannesburg. Transactions, complete from vol. i.
*Geological Survey of India, Calcutta.
Memoirs, complete.
Records, complete.
Palaeontolgia
Indica, complete.
*Geological Survey of Iowa, Des Moines. Annual Reports. complete from vol. i.
† Geological Survey of New South Wales, Department of Mines, Sydney.
Records, complete from
1889. Mineral Resources, complete from 1898.
‡ Geological Survey of Newfoundland, St. Johns.
Report on the Mineral Resources of the Island for
1901.
Geological Survey of Pennsylvania, Philadelphia. Complete.
† Geological Survey of the Colony of Natal, Pietermaritzburg.
Annual Reports, complete from the
first, 1899.
† Geological Survey of the United States, Washington.
Annual Reports, complete from vol. ii.
Bulletin, complete. Monographs, complete. Geologic Atlas, complete, except folio 6.
*Geological Survey of Victoria, Melbourne.Reports, complete, except publications after Report of
Progress for 1883.
*Geologiska Forening, Stockholm. Forhandlingar, complete from 1872.
*Geologists' Association, London. Proceedings, complete from 1859.
*Gluckauf, Essen. Complete from 1883. Jahresbericht des Vereins fur die bergbaulichen Interessen
im Oberbergamtsbezirk Dortmund, complete from 1892, except for 1893.
Hazell's Annual, London. Complete from 1900.

Hull Scientific and Field Naturalists Club, Hull. Transactions, vol. i., no. 1.
‡ Illinois.
Bureau of Labour Statistics, Springfield.
Biennial Reports, 1880, and complete from
1892. Annual Coal Reports, 1885, 1888, 1891, 1895. and complete from 1897.
‡ Imperial Institute Journal, London. Complete from vol. i., 1895.
‡ lndia. Annual Reports of the Inspection of Mines, Calcutta. Complete from 1894.
‡ Indian and Eastern Engineer, Calcutta. Vol. iii., 1887, nos. 1-13 ; vol. v., 1888, nos. 1-24 ; and
complete from vol. ix., 1901, no. 6.
‡ Indian Engineering, Calcutta. Complete from 1887.
‡ Industries, Durban. Complete from vol. i., 1900 ; except vol. ii., no. 3.
Industries and Iron, London. Complete from vol. xv.
*Institut Geologique de Mexique, Mexico. Boletin, complete from 1895.
*Institution of Civil Engineers, London. Minutes of Proceedings, complete from 1837.
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*Institution of Civil Engineers of Ireland, Dublin. Transactions, complete from 1845.
‡ Institution of Electrical Engineers, London. Journal, complete from vol. xxxi.
*Institution of Engineers and Shipbuilders in Scotland, Glasgow.
Transactions, complete from 1857,
except vol. ii.
*Institution of Junior Engineers, London. Transactions, complete from vol. i.
† Institution of Mechanical Engineers, London. Proceedings, complete from 1847.
†Institution of Mining and Metallurgy, London. Transactions, complete from vol. i.
† Institution of Mining Engineers, Newcastle-upon-Tyne. Transactions, complete from vol. i., 1889.
*Institution of Naval Architects, London. Transactions, complete.
International Association for Testing Materials, Zurich. Reports, etc., from 1898.
† Inventors'Review and Scientific Record, London.
Complete, except vol. i., nos. 1 to 12 ; vol. ii.,
nos. 13, 14 and 23 ; vol. iii., nos 5 and 6 ; vol. iv., nos. 7 to 12 ;vol. v., nos. 7 and 12 ; vol. vi., nos.
4, and 8 to 12 ; vol. vii., nos. 1 to 3, 5, 6, and 9 to 12 ; vol. viii., nos. 1 to 3.
Iron and Coal Trades Review, London. Complete from vol. iii., 1869.
*Iron and Steel Institute, London. Journal, complete from 1871.
‡ Italy. Rivista del Servizio Minerario, Roma. Complete from 1897.
* Jaarboek van het Mijnwezen in Nederlandsch Oost-Indie, Amsterdam. Complete from 1878.
* Jahrbuch fur das Berg- und Huttenwesen im Konigreiche Sachsen, Freiberg. Complete, except
1878.
* Jernkontorets Annaler, Stockholm. Complete from 1900.
* Kaiserlich Leopoldinisch-Carolinische Deutsche Akademie der Naturforscher, Halle. Complete from
vol. xxxvi.
*Kaiserlich-koniglich Geologische Reichsanstalt, Vienna.
Jahrbuch, complete from 1850, except
1851 to 1862 and 1870 to 1874.
Verhandlungen, complete from 1867, except 1886, no. 15.
Abhandlungen, complete from vol. i. ; except vol. iii., pages 1 to 42 ; vol. vii. ; vol. xii., all except
parts 1, 2 and 3 ; vol. xiii., all except part 1 ; vol. xvi., all except part 1 ; vol. xvii., all except parts 1,
2, 3 and 4 ; and vol. xviii., all except part 1.
* Kaiserliche Akademie der Wissenschaften, Vienna.
Sitzungsberichte, complete from vol. xlix.,
except Mathematik, Physik, Chemie, etc., vols. lx. to lxiv.
‡ Kalksandsteinfabrikation, Berlin. Complete from 1902.
* Kansas, The University Geological Survey of.Annual Reports, complete from vol. ii.
Mineral
Resources, complete from 1897.Bulletin (late Kansas, Lawrence, University Quarterly), complete from
vol. viii., no. 1.

*Koniglich Preussischen Geologischen Landesanstalt und Bergakademie zu Berlin,
Berlin.
Jahrbuch, complete from vol. i., except vols. iii. to xii.
*Koniglich Ungarische Geologische Anstalt, Budapest.Jahresberichte, from 1882. Mittheilungen,
complete.
*Konigliche Bayerische Akademie der Wissenschaften, Munchen. Abhandlungen der Mathematischphysikalischen Classe, complete except vols. vi. and vii. Sitzungs-Berichte, complete.
* Koninklijk Instituut van Ingenieurs,
's-Gravenhage.De Ingenieur, complete from 1900.
Jaarverslag, complete from 1899-1900, no. 1.
Notulen der Vergaderingen, complete from 1881.
Verhandelingen, complete from 1881.
‡ Kritischer Vierteljahresbericht uber die Berg- und Huttenmannische und verwandte Literatur,
Freiberg in Sachsen. Complete from vol. xviii., no. 4.
‡ Kynoch Journal, Birmingham. Complete.
‡ Labour Gazette, Board of Trade, London. Complete.
† Lake Superior Mining Institute, Houghton. Proceedings, complete from vol. i., 1893.
‡ L'Echo des Mines et de la Metallurgie, Paris. Complete from 1895.
*Le Genie Civil, Paris. Complete from 1880.
*Le Mois Scientifique et Industriel, Paris. Complete.
*Liverpool Engineering Society, Liverpool. Transactions, complete from 1881.
‡ Liverpool Geological Association, Liverpool.
Transactions, complete from 1880 to vol. x., 1890,
except vols. iv. and viii.
*Liverpool Geological Society, Liverpool. Proceedings, complete from 1860.
‡ Liverpool Self-propelled Traffic Association, Liverpool.Reports of Trials, complete from 1898.
‡ London and West Country Chamber of Mines, London. Records, complete from vol. i, 1901.
‡ London Mining Gazette of the London Chamber of Mines, London.
Complete from vol. i., 1899,
to vol. ii., 1900, no. 2.
*L'Union des Charbonnages, Mines et Usines Metallurgiques de la Province de Liege, Liege.
Complete from 1872.
‡ Machinery Market and Exporter, London. Complete from 1895.
*Magyarhoni Foldtani Tarsulat, Budapest. Foldtani Kozlony, complete from 1871.
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*Manchester Association of Engineers, Manchester. Transactions, complete from 1887
*Manchester Geographical Society, Manchester. Journal, complete from vol. vi
†Manchester Geological Society, Manchester. Transactions complete from vol. i., 1840.
*Manchester Literary and Philosophical Society, Manchester. Memoirs, complete except all
volumes in first series. Proceedings, complete from 1857.
‡Manchester Steam Users'Association, Manchester. Memoranda by the Chief Engineer, complete
from 1898.
‡Mariner and Engineering Record, London. Complete from vol. xix., 1898
*Maryland Geological Survey, Baltimore. Complete from vol. i.
*Maryland Weather Service, Baltimore.Complete from vol. i.
†Massachusetts Institute of Technology, Society of Arts, Boston. Technology Quarterly, complete
from vol. xi.
*Master Car-Builders'Association, Chicago. Proceedings, complete from 1882.
‡ Mechanical Engineer, Manchester. Complete.
‡ Mechanical Progress, Manchester. Complete.
*Memorial des Poudres et Salpetres, Paris. Complete from vol. ii.

‡ Metallgesellschaft and the Metallurgische Gesellschaft A-G., Frankfort-on-Main.
Statistical Compilations of Lead, Copper, Spelter, Tin, Silver, Nickel, Aluminium and Quicksilver,
complete from 1891.
*Midland Institute of Mining, Civil and Mechanical Engineers, Barnsley.
Transactions complete
from 1869.
Mineral Industry, its Statistics, Technology and Trade, in the United States and other Countries, New
York City. Complete from vol. i., 1892.
Mineral Industry of the United Kingdom, London.
Annual General Reports complete from 1894 to
1896.
Mineral Statistics of the United Kingdom, London (now Mines and Quarries : General Report and
Statistics). Complete from 1853 to 1896.
*Mineralogical Society of Great Britain and Ireland, London. Journal, complete from 1876.
Mines, List of Mines Worked, London. Complete.
Mines, List of Plans of Abandoned Mines, London. Complete.
‡ Mines and Minerals, Scranton, Pennsylvania.Complete from vol. viii.
Mines and Quarries, London. General Report and statistics, complete from 1897.
*Mining Association and Institute of Cornwall, Camborne.
Transactions, complete to vol. iv., part
1, 1893.
‡ Mining Engineering, London. Complete from vol. i., 1897.
*Mining Institute of Scotland, Hamilton. Transactions, complete.
Mining Journal, London. Complete from vol. xviii.
‡Mining Reporter, Denver, Colorado. Complete from vol. xliv., 1901.
†Mining Society of Nova Scotia, Halifax. Transactions, complete.
‡Missouri Geological Survey, Jefferson City. Vols. iv. to vii.
*Monmouthshire Colliery Officials'Association, South Wales.Journal, complete from vol. i., 1897.
‡Mount Bischoff Tin Mining Company, Tasmania.
Half-yearly Reports, complete from the 46th,
1896.
‡Mysore Geological Department, Madras, India.Memoirs complete from vol. i.
Records, complete from vol. i. Reports of the Chief Inspector of Mines, complete from 1898.
‡Natal. Department of Mines, Pietermaritzburg. Reports on the Mining Industry, 1890-91, 189192, and complete from 1898.
National Association of Colliery Managers, Derby. Transactions, complete.
*Natural History Society of Northumberland and Durham, Newcastle-upon-Tyne. Transactions,
complete from 1838.
*Naturforschende Gesellschaft zu Freiburg im Breisgau, Freiburg.
Transactions, complete from
1886.
Neues Jahrbuch fur Mineralogie, Geologie, und Palaontologie, Stuttgart.Complete from 1883 to
1897, except Supplement, part 1.
†New South Wales, Annual Report of the Department of Mines, Sydney. Complete from 1881.
*New York Academy of Sciences, New York City.Annals, complete from 1879.
Memoires, vol. i., part i. ; vol. ii., parts 1and 2. Transactions, complete from 1881, except vol. iii.
*New Zealand Institute. Wellington.
Transactions and Proceedings, complete, except vol. ii.
(1869), vol. iii. (1870) and vol. iv. (1871).
New Zealand Institute of Mining Engineers, Auckland (now amalgamated with the Australasian
Institute of Mining Engineers). Transactions, vols. i. and ii.
*New Zealand Mines Department, Wellington. Reports, complete from 1879. New Zealand Mines
Record. Complete from vol. i., 1897.
Newcastle Chronicle Yearbook, Newcastle-upon-Tyne. Complete from 1897, except 1899.

Newcastle Daily Journal, Newcastle-upon-Tyne. Complete from March, 1869.
‡Norges geologiske undersogelse, Kristiania. Complete from No. 1, 1891.
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*North-East Coast Institution of Engineers and Shipbuilders, Newcastle-upon-Tyne. Transactions,
complete from vol. i., 1884.
*North Staffordshire Institute of Mining and Mechanical Engineers,
Newcastle-under-Lyme.
Transactions, complete, except vol. ii.
‡Northumberland and Durham Miners'Permanent Relief Fund, Newcastle-upon-Tyne. Annual
Reports, complete from 1878.
*Nova Scotia Department of Mines, Halifax.Reports, complete from 1862.
*Nova Scotian Institute of Natural Science, Halifax.Proceedings and Transactions, complete from
vol. vi., 1883.
*Oberhessische Gesellschaft fur Natur- und Heilkunde, Giessen. Complete from 1847, except vol.
iii.
Oesterreichische Zeitschrift fur Berg- und Hutten-wesen, Vienna. Complete from vol. xxxi.,
1883.Vereins-Mittheilungen, complete from 1883.
Official Year Book of Scientific and Learned Societies, London. Complete from 1884.
‡Ontario Bureau of Mines, Toronto. Reports, complete from 1891.
‡Page's Magazine, London. Complete from vol. i., 1902.
*Patent Office, London.
Abridgements of Specifications, complete.
Illustrated Official Journal,
complete. Report of Patent, Design and Trade Mark Cases, complete from vol. vi.
*Patents and Patentees of Victoria, Melbourne. Indexes, complete from vol. i., 1854.
‡Pennsylvania.
Department of Internal Affairs, Harrisburg.
Reports of the Bureau of Mines,
complete from 1897.
Pennsylvania.
Reports of Inspectors of Mines from 1870-1882 and 1892-1896 (now included in
the Reports of the Bureau of Mines).
Pott's Mining Register and Directory, North Shields. 1888-90, 1893-98, 1900 to date.
‡Power, New York City. Complete from vol. xxii.
‡Practical Engineer, Manchester. Complete from 1887.
‡Quarry, London. Complete from vol. vi., no. 70.
‡Queensland. Annual Report of the Under Secretary for Mines, Brisbane. Complete from 1897.
‡Queensland Government Mining Journal, Brisbane. Complete from vol. i., no. 1.
‡Railway and Engineering Review, Chicago. Complete from vol. xli., no. 48.
‡Railway and Locomotive Engineering, New York City. Complete from vol. xiv., no 12.
*Reale Comitato Geologico d'ltalia, Roma. Bollettino, complete from 1870.
Reports of H. M. Inspectors of Mines, London. Complete from 1870.
Reports to the Secretary of the Board of Trade upon the Working of the Boiler Explosions Acts, 1882
and 1890, London. Complete.
Revista Minera, Metalurgica, y de Ingenieria, Madrid.Complete from vol. xxxiv., 1883.
Revue de la Legislation des Mines en France et en Belgique, Paris. Complete from 1884.
*Revue Technique, Paris. Complete from 1894.
†Revue Universelle des Mines, de la Metallurgie, etc., Liege.
Complete, except series 1, vol. xiv.
(1863).
*Rochester Academy of Science, Rochester. Proceedings, complete from vol. i.
*Royal Cornwall Polytechnic Society, Falmouth. Annual Reports, complete from 1870.

*Royal Dublin Society, Dublin.
Economic Proceedings, vol. i., parts 1 and 2. Proceedings,
complete from 1856. Transactions, complete from 1877.
*Royal Geological Society of Cornwall, Penzance. Transactions, vol. i., vol. v., and complete from
vol. viii.
*Royal Institute of British Architects, London.
Transactions, vol. i., part ii., 1842. and complete
from 1854, except 1857 to 1862, 1867 to 1870, and 1873 to 1876. Journal of Proceedings, complete
from 1881, except new series, vol. i., 1893-94. Kalendar, complete from 1889.
*Royal Institution of Cornwall, Truro. Journal, complete from 1856.
*Royal Institution of Great Britain, London. Proceedings, complete from 1851.
*Royal Philosophical Society of Glasgow, Glasgow. Proceedings, complete from 1841.
*Royal Scottish Society of Arts, Edinburgh. Transactions, complete from vol. ix., 1872.
*Royal Society, London. Proceedings, complete from 1800.
*Royal Society of Canada, Montreal. Proceedings and Transactions, complete from 1882.
*Royal Society of Edinburgh, Edinburgh. Proceedings, complete from vol. xi., 1880.
*Royal Society of New South Wales, Sydney. Journal and Proceedings, complete from vol. vii.
*Royal Society of Victoria, Melbourne. Transactions, complete, except vols. i. and vi.
*Royal United Service Institution, London. Journal, complete from 1857, except nos. 4 and 70 (out
of print).
*Russian Journal of Financial Statistics, St. Petersburg.Complete from 1900.
*Sanitary Institute of Great Britain, London. Transactions, complete from 1880.
‡Science and Art of Mining, Wigan. Complete from 1890.
‡Science Siftings, London. Complete from vol. xxi.
Scientific American, New York City. Complete from 1893.
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Seismological Society of Japan, Yokohama. Transactions, complete from 1880.
‡Shipping World and Herald of Commerce, London. Complete from vol. i. ; except vols. xv. and
xvi., incomplete.
*Smithsonian Institution, Washington, U. S. A.
Annual Report of the Board of Regents, complete
from 1862.
*Sociedad Nacional de Mineria, Santiago, Chile. Boletin, complete from vol x., no. 18 1898.
*Societe Belge de Geologie, de Paleontologie et d'Hydrologie, Brussels.
Bulletin, complete from
vol. i., 1887.
‡Societe d'Encouragement pour l'Industrie Nationale, Paris. Bulletins, complete from vol. ci., no. 6
*Societe de l'lndustrie Minerale, St. Etienne. Bulletin, complete from vol. vii., series 2. Comptesrendus, complete from 1877. Atlases, complete from vol. vi.
*Societe'des Ingenieurs Civils de France, Paris.
Memoires, complete from 1849. Comptes-rendus,
complete from 1879.
*Societe des Ingenieurs des Mines, St. Petersbourg. Bulletin, complete from no. 12.
1897, except nos. 1, and 3 to 5, 1898.
*Societe des Ingenieurs sortis de l'Ecole Provinciale d'Industrie et des Mines du Hainaut, Liege.
Memoires, complete from 1850.
*Societe Geologique de Belgique, Liege. Annales, complete from 1874.
*Societe Geologique de France, Paris.
Memoires, complete from series 3, except vol iii., part 2.
Bulletin, complete from beginning, except series 2.
*Societe Geologique du Nord, Lille. Annales, complete from vol. vii., except vol. ix (out of print).
*Societe Industrielle du Nord de la France, Lille. Bulletin, complete from no. 30 1880.

*Societe Scientifique Industrielle de Marseille, Marseille. Bulletin, complete.
‡Society of Arts, London. Journal, complete from vol. xlix., no. 2556.
*Society of Chemical Industry, London. Journal, complete from 1882.
*Society of Engineers, London. Transactions, complete from 1861.
*South African Association of Engineers and Architects, Johannesburg.
Proceedings, complete
from vol. i.
‡South African Republic.
Chamber of Mines, Johannesburg.
Annual Reports, 1890, 1893, and
complete from 1895.
†South African Republic. Reports of State Mining Engineer for 1896, 1897, and 1898.
‡South Australia.Department of Mines, Adelaide.Reports of the Government Geologist from 1883, with
exceptions.
‡South-Eastern Union of Scientific Societies, London. Transactions (The South-Eastern Naturalist),
complete from 1901.
South Staffordshire and East Worcestershire Institute of Mining Engineers. Transactions, complete
from 1875 to 1890.
South Staffordshire Institute of Iron and Steel Works Managers, Stourbridge (Now Staffordshire Iron
and Steel Institute).
*South Wales Colliery Officials'Association, South Wales. Journal and Proceedings, complete from
1895.
†South Wales Institute of Engineers, Cardiff. Transactions, complete from vol. i., 1857.
*Staffordshire Iron and Steel Institute, Tipton. Proceedings, complete.
*Stahl und Eisen, Dusseldorf. Complete from vol. xiv.
‡Steamship, Leith. Complete from 1889.
‡Stevens'Indicator, Hoboken, New Jersey. Complete from vol. vi., 1889.
‡Stone, New York City. Complete from vol. xxiii.
‡Street Railway Review, Chicago. Complete from vol. xi., no. 12.
Subject Matter Index of Technical and Scientific Periodicals.
Compiled by Dr. R. Rieth by the
Order of The Imperial Patent Office, Berlin. Complete from 1892.
*Surveyors'Institution, London. Transactions, complete from 1868.
‡Tasmania.
Annual Reports of the Secretary of Mines, from 1898-99. Annual Reports of the
Surveyor-General and Secretary for Land, from 1898-99.
The Progress of the Mineral Industry of
Tasmania, from quarter commencing April 1, 1898.
*Teknisk Ugeblad, Udgivet af Den Norske Ingenior—og Arkitekt-Forening og Den Polytekniske
Forening, Kristiania. Complete from vol. iii.
‡Texas, University of, Austin. Mineral Survey, Bulletin, complete from no. 1, 1900.
Times, London. Complete from March, 1869.
Times Index, London. Complete from January, 1864.
Trade and Navigation Accounts, London. Complete from 1865.
‡U. S. A.
Department of Labour, Washington.
Bulletin, complete from no. 37, 1901. Annual
Report of the Commissioner of Labour, complete from the sixteenth, 1901
‡U. S. A.
Department of State, Washington.
Consular Reports, vol. xliii., no. 158 ;vol. xlvi., no.
170 ; and complete from vol. lxviii., no. 256.
‡U. S. A.
Department of the Navy, Washington.
Annual Report of the Chief of the Bureau of
Steam Engineering, complete from 1891.
*U. S. Naval Institute, Annapolis. Proceedings, complete from vol. viii., 1882.
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*U. S. Patent Office, Washington. Official Gazette, complete from vol. lxviii., 1894.
‡University of Durham Philosophical Society, Newcastle-upon-Tyne.
Proceedings, complete from
vol. i.
Vereins-Mittheilungen. See Oesterreichischen Zeitschrift fur Berg- und Huttenwesen, Vienna.
*Victoria
Department of Mines, Melbourne. Reports, complete from 1874. Special Reports,
complete from 1892.
Gold-fields of Victoria, Mining Record, complete from 1897 ; Monthly Return,
complete from 1898.
*Victoria. Patent Office, Melbourne. See Patents and Patentees of Victoria.
‡Victoria. The Chamber of Mines, Melbourne. Annual Report, complete from the second, 1900.
*Victorian Institute of Surveyors, Melbourne.
Transactions and Proceedings, complete from vol. i.,
except vol. ii.
‡Water, London. Complete from vol. iv., 1902.
*West of Scotland Iron and Steel Institute, Glasgow. Journal, complete from vol. iv.
‡West Virginia Geological Survey, Morgantown. Complete from vol. i., 1899.
‡Western Australia, Department of Mines.
Annual Progress Report of the Geological Survey,
complete from 1899. Geological Survey, Bulletin, complete from no. 1.
Gold Mines Statistics, complete from 1896.
Monthly Statistical Abstract, complete from no. 1.
Reports, complete from 1895. Statistical Register, complete from 1898. Supplement to the
Government Gazette, complete from 1901.
*Western Society of Engineers, Chicago. Journal, complete from vol. i.
Whitaker's Almanac, London. Complete from 1894.
*Wisconsin Academy of Sciences, Arts, and Letters, Madison. Transactions, complete.
*Wisconsin Geological and Natural History Survey. Bulletins, complete from no. 1.
‡Wurttembergischen Geometer Vereins, Stuttgart. Mitteilungen, complete from 1900.
Zeitschrift des Vereines Deutscher Ingenieure, Berlin. Complete from vol. xxvi., 1883.
*Zeitschrift fur das Berg-, Hutten- und Salinen-Wesen im Preussischen Staate, Berlin. Complete from
1854.
*Zeitschrift fur Praktische Geologie, Berlin. Complete from 1893.
---------------------------------The Library comprises over 9,000 Volumes, etc., treating of Geology, and Mining,
Mechanical, and Civil Engineering.
August 2nd, 1902.
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CHARTER OF THE NORTH OF ENGLAND INSTITUTE OF
MINING AND MECHANICAL ENGINEERS.
------------FOUNDED 1852.
INCORPORATED NOVEMBER 28th, 1876.
-------------Victoria. by the Grace of God, of the United Kingdom of Great Britain and Ireland, Queen, Defender
of the Faith, to all to whom these Presents shall Come, Greeting :
Whereas it has been represented to us that Nicholas Wood of Hetton, in the County of Durham,
Esquire (since deceased) ; Thomas Emerson Forster, of Newcastle-upon-Tyne, Esquire (since
deceased) ; Sir George Elliot, Baronet (then George Elliot, Esquire), of Houghton Hall, in the said
County of Durham, and Edward Fenwick Boyd, of Moor House, in the said County of Durham, Esquire,

and others of our loving subjects, did, in the year one thousand eight hundred and fifty-two, form
themselves into a Society, which is known by the name of The North of England Institute of Mining and
Mechanical Engineers, having for its objects the Prevention of Accidents in Mines and the
Advancement of the Sciences of Mining and Engineering generally, of which Society Lindsay Wood, of
Southill, Chester-le-Street, in the County of Durham, Esquire, is the present President. And whereas it
has been further represented to us that the Society was not constituted for gain, and that neither its
projectors nor Members derive nor have derived pecuniary profit from its prosperity ; that it has during
its existence of a period of nearly a quarter of a century steadily devoted itself to the preservation of
human life and the safer development of mineral property ; that it has contributed substantially and
beneficially to the prosperity of the country and the welfare and happiness of the working members of
the community ; that the Society has since its establishment diligently pursued its aforesaid objects,
and in so doing has made costly experiments and researches with a view to the saving of life by
improvements in the ventilation of mines, by ascertaining the conditions under which the safety lamp
may be relied on for security ; that the experiments conducted by the Society have related to accidents
in mines of every description, and have not been limited to those proceeding from explosions ; that the
various modes of getting coal, whether by mechanical appliances or otherwise have received careful
and continuous attention, while the improvements in the mode of working and hauling belowground, the
machinery employed for preventing the disastrous falls of roof underground, and the prevention of
spontaneous combustion in seams of coal as well as in cargoes, and the providing additional security
for the miners in ascendin and descending the pits, the improvements in the cages used for this
purpose, and in the safeguards against what is technically known as “overwinding,” have been most
successful in lessening the dangers of mining, and in preserving human life ; that the Society has held
meetings at stated
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periods, at which the results of the said experiments and researches have been considered and
discussed and has published a series of Transactions filling many volumes, and forming in itself a
highly valuable Library of scientific reference, by which the same have been made known to the public,
and has formed a Library of Scientific Works and Collections of Models and Apparatus, and that
distinguished persons in foreign countries have availed themselves of the facilities afforded by the
Society for communicating important scientific and practical discoveries, and thus a useful interchange
of valuable information has been effected ; that in particular, with regard to ventilation, the experiments
and researches of the Society, which have involved much pecuniary outlay and personal labour, and
the details of which are recorded in the successive volumes of the Society's Transactions, have led to
larg and important advances in the practical knowledge of that subject, and that the Society's
researches have tended largely to increase the security of life ; that the Members of the Society
exceed 800 in number, and include a large proportion of the leading Mining Engineers in the United
Kingdom. And whereas in order to secure the property of the Society, and to extend its useful
operations, and to give it a more permanent establishment among the Scientific Institutions of our
Kingdom, we have been besought to grant to the said Lindsay Wood, and other the present Members
of the Society, and to those who shall hereafter become Members thereof, our Royal Charter of
Incorporation. Now know ye that we, being desirous of encouraging a design so laudable and salutary,
of our especial grace, certain knowledge, and mere motion, have willed, granted, and declared, and
do, by these presents, for us, our heirs, and successors, will, grant, and declare, that the said Lindsay
Wood, and such others of our loving subjects as are now Members of the said Society, and such
others as shall from time to time hereafter become Members thereof, according to such Bye-laws as
shall be made as hereinafter mentioned, and their successors, shall for ever hereafter be, by virtue of

these presents, one body, politic and corporate, by the name of "The North of England Institute of
Mining and Mechanical Engineers,” and by the name aforesaid shall have perpetual succession and a
Common Seal, with full power and authority to alter, vary, break, and renew the same at their
discretion, and by the same name to sue and be sued, implead and be impleaded, answer and be
answered unto, in every Court of us, our heirs and successors, and be for ever able and capable in the
law to purchase, acquire, receive, possess, hold, and enjoy to them and their successors any goods
and chattels whatsoever, and also be able and capable in the law (notwithstanding the statutes of
mortmain) to purchase, acquire, possess, hold and enjoy to them and their successors a hall or house,
and any such other lands, tenements, or hereditaments whatsoever, as they may deem requisite for
the purposes of the Society, the yearly value of which, including the site of the said hall or house, shall
not exceed in the whole the sum of three thousand pounds, computing the same respectively at the
rack rent which might have been had or gotten for the same respectively at the time of the purchase or
acquisition thereof.
And we do hereby grant our especial license and authority unto all and every
person and persons and bodies politic and corporate, otherwise competent, to grant sell, alien, convey
or devise in mortmain unto and to the use of the said Society and their successors, any lands,
tenements, or hereditaments not exceeding
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with the lands, tenements or hereditaments so purchased or previouslv acquired such annual value as
aforesaid, and also any moneys, stock securities, and other personal estate to be laid out and disposed
of in the purchase of any lands, tenements or hereditaments not exceeding the like annual value. And
we further will, grant, and declare, that the said Society shall have full power and authority, from time
to time to sell, grant, demise, exchange and dispose of absolutely, or by way of mortgage, or
otherwise, any of the lands, tenements, hereditaments and possessions, wherein they have any estate
or interest, or which they shall acquire as aforesaid, but that no sale, mortgage, or other disposition of
any lands, tenements, or hereditaments of the Society shall be made, except with the approbation and
concurrence of a General Meeting. And our will and pleasure is, and we further grant and declare that
for the better rule and government of the Society, and the direction and management of the concerns
thereof, there shall be a Council of the Society, to be appointed from among the Members thereof, and
to include the President and the Vice-Presidents, and such other office-bearers or past office-bearers
as may be directed by suc Bye-laws as hereinafter mentioned, but so that the Council, including all exofficio Members thereof, shall consist of not more than forty or less than twelve Members, and that the
Vice-Presidents shall be not more than six or less than two in number. And we do hereby further will
and declare that the said Lindsay Wood shall be the first President of the Society, and the persons
now being the Vice-Presidents, and the Treasurer and Secretary, shall be the first Vice-Presidents,
and the first Treasurer and Secretary, and the persons now being the Members of the Council shall be
the first Members of the Council of the Society, and that they respectively shall continue such until the
first election shall be made at a General Meeting in pursuance of these presents. And we do hereby
further will and declare that, subject to the powers by these presents vested in the General Meetings of
the Society, the Council shall have the management of the Society, and of the income and property
thereof, including the appointment officers and servants, the definition of their duties, and the removal
of any of such officers and servants, and generally may do all such acts and deeds as they shall deem
necessary or fitting to be done, in order to carry into full operation and effect the objects and purposes
of the Society, but so always that th same be not inconsistent with, or repugnant to, any of the
provisions of this our Charter, or the Laws of our Realm, or any Bye-law of the Society in force for the
time being.And we do further will and declar that at any General Meeting of the Society, it shall be
lawful for the Society, subject as hereinafter mentioned, to make such Bye-laws as to them shall seem

necessary or proper for the regulation and good government of the Society, and of the Members and
affairs thereof, and generally for carrying the objects of the Society into full and complete effect, and
particularly (and without its being intended hereby to prejudice the foregoing generality), to make Byelaws for all or any of the purposes hereinafter mentioned, that is to say : for fixing the number of VicePresidents, and the number of Members of which the Council shall consist, and the manner of electing
the President and Vice-Presidents, and other Members of the Council, and the period of their
continuance in office, and the manner and time of supplying any vacancy therein ; and for regulating
the times at when General Meetings of the Society and Meetings of the Council shall be held,
[lxvii]
Bye-Laws.
and for convening the same and regulating the proceedings thereat, and for regulating the manner of
admitting persons to be Members of the Society, and of removing or expelling Members from the
Society, and for imposing reasonable fines or penalties for non-performance of any such Bye-laws, or
fo disobedience thereto, and from time to time to annul, alter, or change any such Bye-laws so always
that all Bye-laws to be made as aforesaid be not repugnant to these presents, or to any of the laws of
ou Realm.And we do further will and declare that the present Rules and Regulations of the Society, so
far as they are not inconsistent with these presents, shall continue in force, and be deemed the Byelaws of the Society until the same shall be altered by a General Meeting, provided always that the
present Rules and Regulations of the Society and any future Bye-laws of the Society so to be made as
aforesaid shall have no force or effect whatsoever until the same shall have been approved in writing
by our Secretary of State for the Home Department.
In witness whereof we have caused these our
Letters to be made Patent.
Witness Ourself at our Palace, at Westminster, the 28th day of November, in the fortieth year of our
reign.
By Her Majesty's Command.
CARDEW.
[Great Seal of the United Kingdom]
----------------------------------------------------------------BYE-LAWS.
---------I. —Constitution.
1. —The North of England Institute of Mining and Mechanical Engineers shall consist of Members,
Associate Members and Honorary Members. The Institute shall in addition comprise Associates and
Students.
2. —The Officers of the Institute, other than the Treasurer and the Secretary, shall be elected from the
Members and Associate Members, and shall consist of a President, six Vice-Presidents, and eighteen
Councillors, who, with the Treasurer and the Secretary (if Members of the Institute) shall constitute the
Council.
All Past-Presidents shall be ex-officio Members of the Council, so long as they continue Members or
Associate Members of the Institute ; and Vice-Presidents who have not been re-elected or have
become ineligible from having held office for three consecutive years, shall be eco-officio Members of
the Council for the-following year.

II. —Qualifications of Members, Associate Members, Honorary Members, Associates and Students.
3. —Members. —Every candidate for admission into the class of Members, or for transfer into that
class, shall come within the following conditions:—He shall be more than twenty-three years of age,
have been regularly educated as a Mining or Mechanical Engineer, or in some other
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branch of Engineering, according to the usual routine of pupilage and have had subsequent
employment for at least two years in some responsible situation as an Engineer, or if he has not
undergone the usual routine of pupilage, he must have been employed or have practised as an
Engineer for at least five years.
This class shall also comprise every person who was an Ordinary
Member, Life Member, or Student on the first of August, 1877.
4. —Associate Members shall be persons connected with or interested in Mining or Engineering, and
not practising as Mining or Mechanical Engineers, or in some other branch of Engineering.
5. —Honorary Members shall be persons who have distinguished themselves by their literary or
scientific attainments, or who have made important communications to the Society.
6. —Associates shall be persons acting as under-viewers, under-managers, or in other subordinate
positions in mines, or employed in analogous positions in other branches of Engineering.
7. —Students shall be persons who are qualifying themselves for the profession of Mining or
Mechanical Engineering, or other branch of Engineering, and such persons may continue Students
until they attain the age of twenty-five years.
III. —Election and Expulsion of Members.
8. —Any person desirous of becoming a Member, an Associate Member, an Associate or a Student,
shall be proposed according to the proper Form in the Appendix, in which Form the name, usual
residence, and qualifications of the candidate shall be distinctly specified.
The Form must be signed
by the proposer and at least two other Members or Associate Members, certifying a personal
knowledge of the candidate, who shall himself sign the undertaking contained therein.
Any person qualified to become an Honorary Member shall be proposed according to the proper Form
in the Appendix, in which Form the name, usual residence, and qualifications of the candidate shall be
distinctly stated. This Form must be signed by the proposer and at least five other Members or
Associate Members, certifying a personal knowledge of the candidate, who shall himself sign the
undertaking contained therein, and the Council shall have the power of defining the time during which,
and the circumstances under which the candidate shall be an Honorary Member.
Any Associate or Student desirous of becoming a Member, shall be proposed and recommended
according to the proper Form in the Appendix, in which Form the name, usual residence, and
qualifications of the candidate shall be distinctly specified. This Form must be signed by the proposer
and at least two other Members or Associate Members, certifying a personal knowledge of the
candidate, who shall himself sign the undertaking contained therein, and the proposal shall then be
treated in the manner hereinafter described.
Every proposal shall be delivered to the Secretary, and by him submitted to the next meeting of the
Council, who, on approving the qualifications, shall determine if the candidate is to be presented for
ballot, and if it is so determined, the Chairman of the Council shall sign such proposal.
The same
shall be read at the next Ordinary General Meeting, and afterwards be exhibited in the Institute's Hall
until the following Ordinary General Meeting, when the candidate shall be balloted for.
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A Student may become an Associate at any time after attaining the age of twenty-one years.
9. —The balloting shall be conducted in the following manner:—Each Member or Associate Member
attending the meeting, at which a ballot is to take place, shall be supplied (on demand) with a list of the
names of the persons to be balloted for, according to the proper Form in the Appendix, and shall strike
out the names of such candidates as he desires shall not be elected, and return the list to the
scrutineers appointed by the presiding Chairman for the purpose, and such scrutineers shall examine
the lists so returned, and inform the meeting what elections have been made.
No candidate shall be
elected unless he secures the votes of two-thirds of the Members and Associate Members voting.
10. —Notice of election shall be sent to every person within one week after his election, according to
the proper Form in the Appendix, and the person elected shall send the amount of his annual
subscription, or life composition, within four months from the date of such election, which otherwise
shall become void.
11. —Every Member having signed a declaration according to the proper Form in the Appendix, and
having likewise made the proper payment, shall receive a certificate of his election, according to the
proper Form in the Appendix.
12. —Any Member, Associate Member, Associate or Student elected at any meeting between the
Annual Meetings shall be entitled to all Transactions issued in the Institute's year, so soon as he has
signed and returned a declaration according to the proper Form in the Appendix, and paid his
subscription.
13. —The Transactions of the Institute shall not be forwarded to those whose subscriptions are in
arrear on the first of November in each year.
14. —Any person whose subscription is more than one year in arrear shall be reported to the Council,
who shall direct application to be made for it, according to the proper Form in the Appendix, and in the
event of its continuing one month in arrear after such application, the Council shall have the power,
after remonstrance by letter to his last recorded address in flhe books of the Society, according to the
proper Form in the Appendix, of declaring that the defaulter has ceased to be a Member.
15. —In case the expulsion of any person shall be judged expedient by ten or more Members or
Associate Members, and they think fit to draw up and sign a proposal requiring such expulsion, the
same being delivered to the Secretary, shall be by him laid before the next meeting of the Council for
consideration.
If the Council, after due inquiry, do not find reason to concur in the proposal, no entry
thereof shall be made in any minutes, nor shall any public discussion thereon be permitted, unless by
requisition signed by one-half of the Members or Associate Members of the Institute ; but if the Council
do find good reason for the proposed expulsion, they shall direct the Secretary to address a letter,
according to the proper Form in the Appendix, to the person proposed to be expelled, advising him to
withdraw from the Institute.
If that advice be followed, no entry on the minutes nor any public
discussion on the subject shall be permitted ; but if that advice be not followed, nor an explanation
given which is satisfactory to the Council, they shall call a General Meeting for the purpose of deciding
on the question of expulsion ; and if a majority of the Members and Associate Members present at such
meeting (provided
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the number so present be not less than forty) vote that such person be expelled, the Chairman of that
meeting shall declare the same accordingly, and the Secretary shall communicate the same to the
person according to the proper Form in the Appendix.
IV. —Subscriptions.

16. —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, and
afterwards on the first Saturday in August of each year.
17. —Any Member, Associate Member, Associate or Student may at any time, compound for all future
subscriptions by a payment in accordance with the following scale:—
Under 30 years of age, the sum of
£31
Over 30 „ „ „
27
„ 40 „ „ „
24
„ 50 „ „ „
21
„ 60 „ , , „
17
or on such other conditions as the Council may, in writing, accept.
Every person so compounding
shall be a Member, Associate Member, Associate or Student for life, as the case may be.
Any
Associate Member, Associate or Student so compounding who may afterwards be qualified to become
a Member, may do so, by election in the manner described in Bye-law 8.
All compositions shall be
deemed capital money of the Institute.
18. —In case any Member, Associate Member or Associate, who has been long distinguished in his
professional career, becomes unable, from ill-health, advanced age, or other sufficient cause, to carry
on a lucrative practice, the Council may, on the report of a Sub-Committee appointed by them for that
purpose, if they find good reason for the remission of the annual subscription, so remit it. They may
also remit any arrears which are due from a Member, or they may accept from him a collection of
books, or drawings, or models, or other contributions, in lieu of the composition mentioned in Bye-law
17, and may thereupon release him from any or all future subscriptions, and permit him to resume his
former rank in the Institute.
19. —Owners of Collieries, Engineers, Manufacturers, Railway Companies, and Employers of labour
generally, may subscribe annually to the funds of the Institute, and each such subscriber of £2 2s.
annually shall be entitled to tickets to admit two persons to the rooms, library, meetings, lectures, and
public proceedings of the Society ; and for every additional £2 2s., subscribed annually, two other
persons shall be admissible ; and each such subscriber shall also be entitled for each £2 2s.
subscription to have a copy of the Transactions of the Institute sent to him.
V. —Election of Officers.
20. —The President, Vice-Presidents, and Councillors shall be elected at the Annual Meeting in
August (except in cases of vacancies) and shall be eligible for re-election to any office, with the
exception of any President who may have held office for the two immediately preceding years, or VicePresident who may have held office for the three immediately preceding years, and such six
Councillors as may have attended the fewest
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Council Meetings during the past year, and when any such attendances are equal, the Council shall
decide between them ; but any such Member or Associate Member shall be eligible for re-election after
being one year out of office.
Any Retiring Vice-President or Councillor who may be ineligible for re-election shall nevertheless be
eligible to any other office.
21. —Each Member and Associate Member shall be at liberty to nominate in writing, and send to the
Secretary not less than eight days prior to the Ordinary General Meeting in June, a list, duly signed, of
Members and Associate Members suitable to fill the offices of President, Vice-Presidents, and
Members of Council for the ensuing year.
The Council shall prepare a list of the persons so

nominated, together with the names of the Officers for the current year eligible for re-election, and of
such other Members and Associate Members as they deem suitable for the various offices. Such list
shall comprise the names of not less than thirty persons. The list so prepared by the Council shall be
submitted to the Ordinary General Meeting in June, and shall be the balloting list for the annual election
in August. (See proper Form in the Appendix. ) A copy of this list shall be posted at least seven days
previous to the Annual Meeting to every Member and Associate Member, who may erase any name or
names from the list, and substitute the name or names of any other Member or Associate Member
eligible for each respective office ; but the number of names on the list, after such erasure or
substitution, must not exceed the number to be elected to the respective offices.
Papers which do
not accord with these directions shall be rejected by the scrutineers. The votes for any Member who
may not be elected President or Vice-Presidents shall count for them as Members of the Council, but in
no case shall he receive more than one vote from each voter.
The Chairman shall appoint four
scrutineers, who shall receive the balloting papers, and, after making the necessary scrutiny, destroy
the same, and sign and hand to the Chairman a list of the elected Officers. The balloting papers may
be returned through the post, addressed to the Secretary, or be handed to him, or to the Chairman of
the meeting, so as to be received before the appointment of the scrutineers for the election of Officers.
22. —In case of the decease, expulsion, or resignation of any Officer or Officers, the Council, if they
deem it requisite that the vacancy shall be filled up, shall present to the next Ordinary General Meeting
a List of persons whom they nominate as suitable for the vacant office or offices, and a new Officer or
Officers shall be elected at the first succeeding Ordinary General Meeting.
23. —The Treasurer and the Secretary shall be appointed by the Council, and shall be removable by
the Council, subject to appeal to a General Meeting.
One and the same person may hold both these
offices.
VI. —Duties of the Officers and Council.
24. —The President shall take the chair at all meetings of the Institute, the Council, and Committees, at
which he is present (he being ex-officio a member of all), and shall regulate and keep order in the
proceedings.
25. —In the absence of the President, it shall be the duty of the senior Vice-President present to
preside at the meetings of the Institute, to keep order, and to regulate the proceedings. In case of the
absence of
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the President and of all the Vice-Presidents, the meeting may elect any Member of Council, or in case
of their absence, any Member or Associate Member present, to take the chair at the Meeting.
26. —At Meetings of the Council, five shall be a quorum. The minutes of the Council's proceedings
shall be at all times open to the inspection of the Members and Associate Members.
27. —The Treasurer and the Secretary shall act under the direction and control of the Council, by
which body their duties shall from time to time be defined.
28. —The Council may appoint Committees for the purpose of transacting any particular business, or
of investigating any specific subject connected with the objects of the Institute.
Such Committees
shall make a report to the Council, who shall act thereon, and make use thereof as they see occasion.
VII. —Communications and Memoirs.
29. —All papers shall be sent for the approval of the Council at least twenty-one days before a General
Meeting, and after approval, shall be read before the Institute.
The Council shall also direct whether

any paper read before the Institute shall be printed in the Transactions, and immediate notice shall be
given to the writer whether it is to be printed or not.
30. —The copyright of all papers communicated to, and accepted for printing by the Council, and
printed within twelve months, shall become vested in the Institute, and such communications shall not
be published for sale or otherwise, without the written permission of the Council.
31. —Twenty copies of each paper printed by the Institute shall be presented to the author for private
use.
32. —All proofs of reports of discussions, forwarded to any person for correction, must be returned to
the Secretary within seven days from the date of their receipt, otherwise they will be considered correct
and be printed off.
33. —The Institute is not, as a body, responsible for the statements and opinions advanced in the
papers which may be read, nor in the discussions which may take place at the meetings of the Institute.
VIII. —Meetings of the Institute.
34. —An Ordinary General Meeting shall be held on the first Saturday of every month (except January
and July) at two o'clock, unless otherwise determined by the Council ; and the Ordinary General
Meeting in the month of August shall be the Annual Meeting, at which a report of the proceedings, and
an abstract of the accounts of the previous year, shall be presented by the Council.
35. —All donations to the Institute shall be acknowledged in the Annual Report of the Council.
36. —A Special General Meeting shall be called whenever the Council may think fit, and also on a
requisition to the Council, signed by ten or more Members or Associate Members. The business of a
Special Meeting shall be confined to that specified in the notice convening it.
37. —The Members, Associate Members, Honorary Members, Associates and Students, shall have
notice of, and the privilege to attend, all Ordinary General Meetings and Special Meetings.
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38. —Every question, not otherwise provided for, which shall come before any meeting, shall be
decided by the votes of the majority of the Members and Associate Members then present.
39. —Invitations shall be forwarded to any person whose presence at the discussions the Council may
think advisable, and strangers so invited shall be permitted to take part in the proceedings but not to
vote.
Any Member or Associate Member shall have power to introduce two strangers (see proper Form in
the Appendix) to any General Meeting, but they shall not take part in the proceedings except by
permission of the meeting.
IX. —Property of the Institute.
40. —The Funds of the Society shall be deposited in the hands of the Treasurer, and shall be
disbursed or invested by him according to the direction of the Council.
41. —The Institute Hall and Reading Room shall be open to the Members, Associate Members,
Honorary Members, Associates and Students on every week day, from 10 a. m. to 5 p. m., except on
such special day or days when the Council shall think it expedient to close the rooms and suspend the
circulation of Books.
Books shall be issued according to regulations from time to time approved by
the Council.
42. —No duplicate copies of any portion of the Transactions shall be issued to any Member, Associate
Member, Associate or Student, unless by order from the Council.
X. —Alteration of Bye-laws.

43. —No alteration shall be made in the Bye-laws of the Institute, except at the Annual Meeting, or
at a Special Meeting for that purpose, and the particulars of every such alteration shall be announced
at a previous Ordinary Meeting, and inserted in its minutes, and shall be exhibited in the room of the
Institute fourteen days previous to such Annual or Special Meeting, and such Meeting shall have power
to adopt any modification of such proposed alteration of the Bye-laws.
I hereby approve the foregoing Bye-laws.
M. W. RIDLEY,
One of Her Majesty's Principal Secretaries of State,
Whitehall,
23rd September, 1898.
----------APPENDIX TO THE BYE-LAWS.
-----------FORM A, Member or Honorary Member.
A. B. [Christian Name, Surname, Occupation, and Address in full], born on theday of18 , being
desirous of belonging to The North of England Institute of Mining and Mechanical Engineers, I
recommend him, from personal knowledge, as a person in every respect worthy of that distinction,
because—
[Here specify distinctly the qualifications of the Candidate, according to the spirit of Bye-laws 3 or 5. ]
On the above grounds, I propose him to the Council as a proper person to belong to the Institute.
SignedMember or Associate Member.
Dated this
day of190
[lxxiv]
Appendix. ----Bye-Laws.
We, the undersigned, concur in the above recommendation, from personal knowledge, being
convinced that A. B. is in every respect a proper person to belong to the Institute.
} Two Members or Associate
} Members, or by Five Members
} or Associate Members in the
} case of the nomination
} of an Honorary Member.
-------------------------------[Undertaking to be signed by the Candidate. ]
I, the undersigned, do hereby promise that, in the event of my election, I will be governed by the Royal
Charter and Bye-laws of the Institute for the time being, or as they may hereafter be altered, amended,
or enlarged under the powers of the said Royal Charter ; and that I will promote the objects of the
Institute as far as may be in my power, and will not aid in any unauthorised publication of the
proceedings, and will attend the meetings thereof as often as I conveniently can ; provided that
whenever I shall signify in writing to the Secretary that I am desirous of withdrawing my name
therefrom, I shall (after the payment of any arrears which may be due by me at that period) cease to
belong to the Institute.
Signed
Dated this
day of190
------------------------------------

[To be filled up by the Council. ]
The Council, having considered the above recommendation, present A. B. to be balloted for as
aMember of The North of England Institute of Mining and Mechanical Engineers.
SignedChairman.
Nominated at the Ordinary General Meeting
190.
Passed by the Council
190.
Elected at the Ordinary General Meeting
190. Age, years.
---------------------------------------FORM B, Associate Member, Associate or Student.
A. B. [Christian Name, Surname, Occupation, and Address in full], born on theday of18
, being
desirous of belonging to The North of England Institute of Mining and Mechanical Engineers, I
recommend him, from personal knowledge, as a person in every respect worthy of that distinction, and
propose him to the Council as a proper person to belong to the Institute.
Signed
Member or Associate Member.
Dated this
day of190
We, the undersigned, concur in the above recommendation, from personal knowledge, being
convinced that A. B. is in every respect a proper person to belong to the Institute.
}Two Members
} or
} Associate Members.
-------------------------------------[Undertaking to be signed by the Candidate. ]
I, the undersigned, do hereby promise that, in the event of my election, I will be governed by the Royal
Charter and Bye-laws of the Institute for the time being, or as they may hereafter be altered, amended,
or enlarged under the powers of the said Royal Charter ; and that I will promote the objects of the
Institute as far as may be in my power, and will not aid in any unauthorised publication of the
proceedings, and will attend the meetings thereof as often as I conveniently can ; provided that
whenever I shall signify in writing to the Secretary that I am desirous of withdrawing, my name
therefrom, I shall (after the payment of any arrears which may be due by me at that period) cease to
belong to the Institute.
Signed
Dated thisday of190.
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[To be filled up by the Council. ]
The Council, having considered the above recommendation, present A. B. to be balloted for as a
of The North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Nominated at the Ordinary General Meeting .
190 .
Passed by the Council
190 .
Elected at the Ordinary General Meeting
190 . Age, years.
------------------------------------FORM C, Transfer to Member or Associate Member.
A. B. [Christian Name, Surname, Occupation, and Address in full], born on theday of18,
at
present a
of The North of England Institute of Mining and Mechanical Engineers,
being desirous of becoming a Member of the said Institute, I recommend him, from personal
knowledge, as a person in every respect worthy of that distinction, because—

[Here specify distinctly the qualifications of the Candidate, according to the spirit of Bye-laws 3 and 4. ]
On the above grounds, I propose him to the Council as a proper person to be admitted aMember.
Signed
Member or Associate Member.
Dated this
day of
190 .
We, the undersigned, concur in the above recommendation, from personal knowledge, being
convinced that A. B. is in every respect a proper person to be admitted aMember.
} Two Members
} or
} Associate Members.
----------------[Undertaking to be signed by the Candidate. ]
I, the undersigned, do hereby promise that, in the event of my election, I will be governed by the Royal
Charter and Bye-laws of the Institute for the time being, or as they may hereafter be altered, amended,
or enlarged under the powers of the said Royal Charter ; and that I will promote the objects of the
Institute as far as may be in my power, and will not aid in any unauthorised publication of the
proceedings, and will attend the meetings thereof as often as I conveniently can ; provided that
whenever I shall signify in writing to the Secretary that I am desirous of withdrawing my name
therefrom, I shall (after the payment of any arrears which may be due by me at that period) cease to
belong to the Institute.
Signed.
Dated this
day of
190 .
----------------[To be filled up by the Council. ]
The Council, having considered the above recommendation, present A. B. to be balloted for as aM
ember of The North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Nominated at the Ordinary General Meeting
190 .
Passed by the Council
190 .
Elected at the Ordinary General Meeting
190 . Age, years.
-----------------FORM D.
List of the names of persons to be ballotted for at the Ordinary General Meeting on the
day of
190 .
Members:—
Associate Members:—
Honorary Members:—
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Associates:--Students:--Strike out the names of such persons as you desire should not be elected, and hand the list to the
Chairman.

----------------FORM E.
Sir, —I beg leave to inform you that on the
day of . you were elected a
of The North
of England Institute of Mining and Mechanical Engineers.
In conformity with its Bye-laws your
election cannot be confirmed until your first annual subscription be paid, the amount of which is
£
, or, at your option, a life-composition in accordance with the following scale:—
Under 30 years of age, the sum of
£31
Over 30 „ „ „
27
„ 40 „ „ „
24
„ 50 „ „ „
21
„ 60 „ , , „
17
If the subscription is not received within four months from the present date, the election will become
void under Bye-law 10.
All annual subscriptions are due on the first Saturday in August of each year.
I am, sir, yours faithfully,
Dated
190.
Secretary.
-----------------FORM F.
The North or England Institute of Mining and Mechanical Engineers.
Founded 1852. Incorporated by Royal Charter, A. D. 1876.
These are to certify that A. B. [Christian Name, Surname, Occupation, and Address in full] was
elected a Member of The North of England Institute of Mining and Mechanical Engineers, at an
Ordinary General Meeting held on the
day of
. 190 .
Witness our hands and seal this
day of
190 .
President.
[Seal]
Secretary.
-----------------FORM G.
Sir, —I am directed by the Council of The North of England Institute of Mining and Mechanical
Engineers to draw your attention to Bye-law 14, and to remind you that the sum of £
of your
annual subscriptions to the funds of the Institute remains unpaid, and that you are in consequence in
arrear of subscription.
I am also directed to request that you will cause the same to be paid without
further delay, otherwise the Council will be under the necessity of exercising their discretion as to using
the power vested in them by the Article above referred to.
I am, sir, yours faithfully,
Secretary.
Dated
190 .
-----------------FORM H.
Sir, —I am directed by the Council of The North of England Institute of Mining and Mechanical
Engineers to inform you that, in consequence of non-payment of your arrears of subscription, and in
pursuance of Bye-law 14, the Council have determined that unless payment of the amount £
is
made previous to theday ofnext, they will proceed to declare that you have ceased to be a Member of
the Institute.
But, notwithstanding this declaration, you will remain liable for payment of the arrears due from you.
I am, sir, yours faithfully,
Secretary.

Dated

190

.
------------------
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FORM I.
Sir—I am directed by the Council of The North of England Institute of Mining and Mechanical Engineers
to inform you that, upon mature consideration of a proposal which has been laid before them relative to
you, they feel it their duty to advise you to withdraw from the Institute, or otherwise they will be obliged
to act in accordance with Bye-law 15.
I am, sir, yours faithfully,
Secretary.
Dated
190.
-----------------FORM J.
Sir, —It is my duty to inform you that, under a resolution passed at a Special General Meeting of The
North of England Institute of Mining and Mechanical Engineers, held on the
day of
190
according to the provisions of Bye-law 15, you have ceased to be aof the Institute.
I am, sir, yours faithfully,
Secretary.
Dated
190.
-----------------FORM K, Balloting List.
Ballot to take place at the Annual Meeting on
190
at Two o'clock, p. m.
The names of persons for whom the voter does not vote must be erased, and the names of other
persons eligible for re-election may be inserted in their place, provided the number remaining on the list
does not exceed the number of persons to be elected.
------------------President—Not more than One Name to be returned, or the vote will be lost.
----------- President for the current year eligible for re-election. *
-----------} New Nominations. *
-----------}
Vice-Presidents—Not more than Six Names to be returned, or the vote will be lost.
The Votes for any Member who may not be elected President or Vice-Presidents shall count for them
as Members of the Council, but in no case shall he receive more than one vote from each voter. Any
list returned with a greater
-----------} number of Names than
-----------} Vice-Presidents for the current year eligible for re-election. One President,
-----------} Six Vice-Presidents, or
-----------} Eighteen Councillors,
-----------} New Nominations.Will be rejected by the Scrutineers
-----------} as informal, and the Votes will
Council—Not more than Eighteen Names to be returned, or the vote will be lost.
-----------}
-----------}
-----------}
-----------}
-----------}

-----------} Members of the Council for the current year eligible for
-----------} re-election.
-----------}
-----------}
-----------}
-----------}
-----------}
-----------}
-----------}
-----------} New Nominations.
-----------}
-----------}
-----------}
*To be inserted when necessary.
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Ex-Officio Members of the Council for the ensuing year:-------------}
-----------} Past-Presidents.
-----------}
-----------}
-----------}
-----------}

Retiring Vice-Presidents.

Bye-law 21.
Each Member and Associate Member shall be at liberty to nominate in writing and send to the
Secretary not less than eight days prior to the Ordinary General Meeting in June, a list duly signed, of
Members and Associate Members suitable to fill the offices of President, Vice-Presidents, and
Members of Council for the ensuing year.
The Council shall prepare a list of the persons so
nominated, together with the names of the Officers for the current year eligible for re-election, and of
such other Members and Associate Members as they deem suitable for the various offices. Such list
shall comprise the names of not less than thirty persons. The list so prepared by the Council shall be
submitted to the Ordinary General Meeting in June, and shall be the balloting list for the annual election
in August. (See proper Form in the Appendix. ) A copy of this list shall be posted at least seven days
previous to the Annual Meeting to every Member and Associate Member, who may erase any name of
names from the list, and substitute the name or names of any other Member or Associate Member
eligible for each respective office ; but the number of names on the list, after such erasure or
substitution, must not exceed the number to be elected to the respective offices.
Papers which do
not accord with these directions shall be rejected by the scrutineers.
The votes for any member who
may not be elected President or Vice-Presidents shall count for them as Members of the Council, but in
no case shall he receive more than one vote from each voter.
The Chairman shall appoint four
scrutineers, who shall receive the balloting papers, and, after making the necessary scrutiny, destroy
the same, and sign and hand to the Chairman a list of the elected Officers. The balloting papers may
be returned through the post, addressed to the Secretary, or be handed to him, or to the Chairman of
the meeting, so as to be received before the appointment of the scrutineers for the election of Officers.

Names substituted for any of the above are to be written in the blank spaces opposite those they are
intended to supersede.
The following Members are ineligible from causes specified in Bye-law 20:—
As President
As Vice-Presidents .
As Councillors
FORM L.
Admit
of .
to the Ordinary General Meeting on Saturday, the
(Signature of Member, Associate Member, Associate or Student)
The Chair to be taken at Two o'clock p. m.
I undertake to abide by the Bye-laws of The North of England Institute of Mining and Mechanical
Engineers, and not to aid in any unauthorised publication of the Proceedings.
(Signature of Visitor)
Not transferable.
------------------------------[lxxix]

THE COMPOSITION OF CERTAIN BRITISH COALS. *
------------------------------By Prof. HENRY LOUIS, M. A., A. R. S. M., F. I. C., F. G. S.
------------------------------On account of complaints that appear to have been rife for some time respecting the quality of some of
the coals shipped from Great Britain to Sweden, the Swedish Board of Ironmasters (Jernkontor)
decided to investigate the question of the composition of authentic samples of such British coals as
were most largely used in Sweden. The matter was placed in the hands of Mr. Axel Wahlberg, head of
the testing department of the Stockholm Technical High School, and the writer was commissioned by
this gentleman to procure authentic samples of certain coals, a list of which was supplied from Sweden;
and the writer subsequently added a few more to this list for the sake of completeness. It will be noticed
that the investigation is practically confined to coals that have a reputation for their steam-raising
qualities, as the Jernkontor was interested almost exclusively in steam-coals.
The sampling of coal is always a difficult matter, owing to the fact that the structure of even a small
piece of coal is never uniform throughout, and that it is usually large pieces that have to be sampled. In
this case, the object was to obtain representative samples of the coals as shipped, not as they occur in
the seams, hence the samples were drawn either from below the screens or picking-belts as the case
might be, or from the railway-waggons standing ready on the colliery-sidings ; they are, therefore,
samples of the coal as prepared for shipment, after they have been screened, cleaned, etc., and the
character of the sample depends accordingly not only on the intrinsic nature of the seams, but also
upon the manner in which the operations of cleaning and screening are carried out.
The samples as
taken were placed in bags, sealed, and sent direct to Mr. Wahlberg to be analysed and tested.

The analytical work was performed by the chemist to the testing-department, Mr. Geennar Dillner.The
methods of analysis employed were mainly based on suggestions from the writer, in making which he
had the benefit of the valuable assistance of his colleague, Dr. P. P. Bedson, whose methods of coal
analysis are embodied therein.The methods used were briefly as follows:—
* Read at the General Meeting held on April 28th, 1900.
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Moisture-Determination. —The pulverised coal was left over phosphoric anhydride at the ordinary
temperature, until the weight remained constant.
Proximate Analysis. —(a) Fixed carbon and volatile matter.
Two grammes of finely divided coal
were heated in a covered platinum-crucible for 4 minutes over a Bunsen flame, and for 4 minutes more
over the blowpipe.
The loss of weight is the amount of volatile matter.
The character of the flame
and of the coke were noted. (b) Ash. Two grammes of finely divided coal were heated in a platinumdish over a Bunsen burner, at first gently, afterwards more strongly till all the coal was completely
burnt, and no black specks were visible in the residual ash. The colour of the ash was noted.
In
recording the results of the analyses, the percentage of ash, as determined on the moist coal, should
have been calculated upon the dry coal for the ultimate analysis, but the correction thus introduced
was so small (rarely extending to the first decimal place) that it was not thought necessary to
recalculate these values.
Sulphur-Determination. —(Eschka method. )—One gramme of finely divided coal was mixed intimately
with 0.5 gramme of anhydrous sodium carbonate and 1 gramme of calcined magnesia in a platinumdish, and the mixture was covered with 0.5 gramme of magnesia.
The mixture was-heated in the
open dish in a muffle till the coal was burnt and no black specks remained.After cooling, the mass was
extracted with boiling water in a beaker ; after digestion for 0.5 hour the solution was filtered, 10 cubic
centimeters of bromine-water and 5 cubic centimetres of hydrochloric acid were added, the liquid
boiled, and the sulphuric acid present was determined by precipitation as baric sulphate.
Ultimate Analysis. —About 0.3 gramme of the dry coal was burnt in a current of oxygen gas and the
carbonic acid and water produced were collected in the usual way, and from their respective weights
the proportions of carbon and of hydrogen were ascertained.
Nitrogen was determined by the
Kjeldahl method : 1 gramme of coal was heated gently with concentrated sulphuric acid, and
subsequently with potassium sulphate, until all of the carbon was oxidized ; the liquid produced was
cooled, soda-lye added in excess, and the ammonia produced was distilled off and taken up in
decinormal sulphuric acid.
The free acid was determined by adding potassium iodide and iodate,
and
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[Table omitted, showing:
No. of sample. Name of colliery. Proximate percentage analysis. (Moisture. Ash. Volatile Matter.
Fixed Carbon. ) Remarks. Ultimate Percentage Composition of Dried Coal, (Carbon. Hydrogen.
Nitrogen. Oxygen. Sulphur. Ash. ) Calorific Effect.
See library for image of Table I.]
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titrating the free iodine with a decinormal solution of sodium thio-sulphate.
Calorific Power. —This was determined by burning the dry coal in a Berthelot-Mahler bomb
calorimeter.
All the determinations were made in duplicate, and agreed very closely ; and the averages of the
results obtained are given in Table I.
Certain details as to the taking of these samples are shown in Table II.
[Table II. omitted showng:
Date on which Sample was taken in 1899. Name of Colliery. Name of Coal or of Coal-seam.]
Note. —Samples 1 to 25 were taken by the writer ; No. 26 was sent to him by Messrs. Mackie Koth
& Co., of Leith ; Nos. 27 and 28 by Messrs. Watts, Williams & Co., of Cardiff ; and No. 29 by Messrs.
William Perch & Co., of Cardiff.
The writer wishes to take this opportunity of thanking the owners, managers, etc., connected with the
above collieries, for their courteous assistance in enabling him to take the samples in question.
------------------------------------[lxxxiii]
Mr. R. A. S. Redmayne (Seaton Delaval) said that for several years he made analyses of coals at a
Durham colliery, where he adopted the process of analysis described by Prof. Louis in his paper.
Analyses were of great advantage, especially in regard to meeting the complaints from customers for
coal.
The Chairman (Mr. T. Douglas) said that the commercial importance of analyses was recognised by
many firms, who maintained their own laboratories and chemists to make independent investigations.
Mr. R. A. S. Redmayne said that the most difficult point with which he had to contend was in making
a correct estimate of the moisture in coal, as so much depended upon the state (wet or dry) of the
samples.
Prof. H. Louis said that he had taken all the samples of coal, referred to in his paper, at intervals of
about 2 feet either along the screens or picking-belts or from railway-waggons standing on the collierysidings—pieces were taken in this way and broken down where necessary, until a final sample
weighing about 7 pounds was obtained.
Mr. J. H. Ashton wrote that he was not at the Waleswood colliery when Prof. Louis took the sample,
so that he could not say what portion of the seam was selected.He did not consider that the analysis
made in Sweden was in any way reliable.
An analysis of the hard steam coal (dried at 230° Fahr. ) had been made by Mr. C. H. Bothamley, of the
Yorkshire College, as follows :
Per Cent.

Carbon
Hydrogen
Oxygen and Nitrogen
Sulphur
Ash

79.30
4.77
11.86
0.88
3.19

Mr. T. R. Nicholas wrote that he disputed the correctness of the analysis of the Denaby Main coal.
It
should be remembered that Prof. Louis did not himself make these analyses, and it was more than
probable that the samples had got mixed.He was prepared to send further samples to any analyst, to
substantiate this statement.
The Chairman (Mr. T. Douglas) moved that a vote of thanks be accorded to Prof. Louis for his valuable
paper.
The vote of thanks was cordially approved.
---------------------------Blank page.
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INDEX TO VOL. LI.
---------Explanations.
The—at the beginning of a line denotes the repetition of a word ; and in the case of Names, it includes
both the Christian Name and the Surname ; or, in the case of the name of any Firm, Association or
Institution, the full name of such Firm, etc.
Discussions are printed in italics.
"Abs.”signifies Abstracts of Foreign Papers at the end of the Proceedings.
"App.”signifies Annual Report of the Council, etc., at the end of the Volume.
---------A.
Accidents, boilers, France, 1899, abs. 103. 189.
Accounts, 10 ; app. x.
Accumulators for firing blasting- charges, abs. 67. 189
Agitation process for cyaniding slimes, abs. 97.
Aigner, August, method of working salt in salt-district near Salzburg, Austria, abs. 50.
Air-breathing apparatus, pneumatophore, abs. 86.
Air-compressor cylinders, danger of lubricating with rape-oil, abs. 104. .
Air-doors, pneumatic interlocking, abs. 81.
Alaska, Cape Nome, gold-deposits, abs. 38.
—, south-eastern, gold-field, abs. 37..
Algeria, zinc-ore deposits, abs. 28.
Amber, occurrence and utilization, abs. 53.
Andree, Th., protection of surface from subsidence, abs. 74.
Annual general meeting, 1. -

—report of council, 2 ; app. v.
--- --- ---finance committee, 8 ; app. ix.
Ansel, H., oolitic iron-ores of German Lorraine, abs. 6.
Apparatus for closing top of upcast-shaft, Woodhorn colliery, 121.
Argentine Republic, ore-deposits, abs. 29.
Arsenic mineral, France, abs. 2.
Ashworth, James, Sussmann electric miners' lamp, 145.
Asia Minor, western Anatolia, mineral wealth, abs. 21.
Assaying of bismuth, abs. 44.
Associate members, election, 22, 68, 92,
--- ---, list, app. xliii.
Associates, election, 16, 22, 68, 92, 125,
---, list, app, xlvi.
Attachment of winding-rope to a cage without use of ordinary chains, 76, 147
Auriferous deposits, Bolivia Tipuani, abs. 30.
--- ---, Siberia, Achinsk-Minussinsk district, abs. 27.
--- gravels and hydraulic mining, 45
Australia, western, gold and silver tellurides, abs. 40, 41, 43.
Austria-Hungary, Bruch colliery, pumping and spraying arrangements, abs. 83
--- ---, Carniola, Idrian mine, Kley pumping-engine, abs. 88.
--- ---, eastern Galicia, Boryslaw, ozokerite and petroleum-industries, abs. 48.
-- ---, Hallstatt, electric rock-boring machines, abs. 65.
--- ---, Karwin, Johann shaft, lamp- testing apparatus, abs. 80.
--- ---, Moravia, explosion of basting-fuses in a mine, abs. 66.
--- ---, Salzburg, method of working salt in salt district near, abs. 50.
--- ---, Silesia, Kupferberg, ore-deposits, abs. 11.
--- ---, Transylvania, Verespatak and Orla mines, abs. 52.
Award for papers, 116
Axwell Park colliery, endless-rope haulage, 18.
[2]
B.
Babu, L., economic conditions of iron-industry in Lombardy, abs. 91.
Balance-lift, caging operations, abs. 76.
Barometer, thermometer, etc., readings, 1901, abs. 109.
Beck, R., Schwarzenberg ore-deposits, Saxony, abs. 10.
Benson, T. W., death of John Laidler Hedley, 124.
Bergeat, Alfred, stanniferous and other ore-deposits of Campiglia Marittima, Tuscany, abs. 15.
Binder, Otto, testing pitch for briquettes, abs. 92.
Bismuth, assaying, abs. 44.
Blackett, W. C, feeding of horses, with special reference to colliery studs, 60, 62, 63, 86.
---, method of socketing a winding-rope, and its attachment to a cage without use of ordinary chains,
76.
—Discussion, 82, 147.
—, standardization of surveyors'chains, 113, 114.
—, tapping drowned workings at Wheatley Hill colliery, 105.
Blasting-charges, firing by accumulators, abs. 67.

Blasting-fuses, explosion in a mine, Austria, Moravia, abs. 66.
Bodenbender, Guillermo, ore-deposits in the Argentine Republic, abs. 29.
Boilers, France, accidents, 1899, abs. 103.
Bolivia, Apolobamba, gold-fields, abs. 32.
—, tin-ore deposits, abs. 61.
—, Tipuani, auriferous deposits, abs. 30.
Borings of bored shafts, taking up, abs. 69.
Boron in coal, etc., abs. 46.
Boundary Creek district,
British Columbia, abs. 36.
Brathuhn, ---, Langer hanging-compass, abs. 47.
Brazil, new yttrium-mineral, hussakite, and so-called xenotime, relationship, abs. 33.
Brennen, J. P., transit-arrangements at an American coke-plant, abs. 76.
Brewer, W. M., Boundary Creek district of British Columbia, abs. 36.
Brine, conversion from salt by saturation, abs. 101.
Brinsmade, R. B., mining at Rossland, British Columbia, abs. 62.
Briquettes, testing pitch for, abs. 92.
British Association For The Advancement of Science, report of delegate to conference of delegates of
corresponding societies, Glasgow, 1901, 92.
British coals, composition of certain, app. lxxix.
British Columbia, Atlin district, mines, abs. 54.
--- ---, Boundary Creek district, abs. 36.
--- ---, Rossland, mining, abs. 62.
Broom, Robert, tapping drowned workings at Wheatley Hill colliery, 149.
Brough, Bennett H., standardization of surveyors’ chains, 114.
Brown, M. Walton, barometer, thermometer, etc., readings for the year 1901, abs. 109.
Building-material, preservation, abs. 102. Bye-laws, app. lxvii.
C.
Cages, winding, closing ends of, abs. 77.
Caging operations, balance-lift, abs. 76. .
Cape Colony, mechanical undercutting 38.
Carboniferous limestone quarries of Weardale, 17, 23, 146.
Carnot, Ad., gold and silver tellurides of western Australia, abs. 43.
Carter, T. Lane, dangers in the Witwatersrand mines, abs. 107.
Cement, gas-fired Portland, abs. 102.
—, repairing timber-tubbing. abs. 69
Ceylon, graphite-deposits, abs. 26.
Charter, app. lxiv.
Chaveau, A., and J. Tissot, air-breathing apparatus : pneumatophore, abs. 86.
Chile, Ovalle, gold-mines, abs. 63.
—, Punta Arenas, placer-deposits, abs. 33..
—, Tierra del Fuego, northern, placer-deposits, abs. 33.
China, Honan, coal-field, abs. 24.
---, Shansi, coal-field, abs. 24,
---, Shantung, coal-field, abs. 25.
---, Yun-nan, mineral resources, abs. 25.

Coal, boron in, abs. 46.
---, British composition of certain, app- lxxix.
---, Heminway process of coking, abs. 92.
---, screening and making a given sample, abs. 90.
Coal-dust, spraying arrangements, Austria, Bruch colliery, abs. 83.
--- ---, sprinkling dusty galleries, Germany, Altenessen, Kolner Berg-werks-Verein colliery, Anna and
Carl shafts, abs. 85.
Coal-fields, China, Honan, abs. 24.
--- ---, ---, Shansi, abs. 24.
--- ---, ---, Shantung, abs. 25
--- ---, Mexican, abs. 36.
--- ---, Russia, Donetz, abs. 59.
[3]
Coal-fields, Spain, Eastern Pyrenees, San Juan de las Abadesas, abs. 18.
— —, United States of America,
Pennsylvania, Washington county, abs. 65.
Coal-mining, island of Saghalien, abs. 60.
— — and metallurgical industries, Russia, abs. 57.
Coke-plant, American, transit-arrangements, abs. 76.
Colley, John, mechanical undercutting in Cape Colony, 38.
—Discussion, 44.
Colliery engineers, brief syllabus of course of lectures, app. liii
Colvin, Wilber, Georgia gold-mining developments, abs. 39.
Committees, 1902-1903, app. xv.
Compass, Langer hanging, abs. 47.
Composition of certain British coals, app. lxxix.
Compressed air, loss of pressure in pipes leading, abs. 104
Cooper, James R., silvered versus plain copper plates, abs. 97.
Copper-ore, Germany, Brunswick, Goslar, Rammelsberg, abs. 5.
Coppar plates, silvered versus plain, abs. 97.
Copper at ordinary temperatures, action of natural iron sulphides and native sulphur, abs. 96.
Cordella, A., mining industry of Greece, abs. 55.
Corresponding societies of the British Association for the Advancement of Science, report of delegate
to conference of delegates, Glasgow, 1901, 92.
Council annual report, 2 ; app. v.
---of The Institution of Mining Engineers, election of representatives on, 15.
Cyaniding slimes, agitation-process, abs. . 97
---stamp-mill tailings, western America, . abs. 98.
D.
D'Achiardi, G., lignite of Val di Sterza,. Pisa, Italy, abs. 12.
Daglish, John, death of Emile Vuillemin, 92.
Dahms, P., occurrence and utilization of amber, abs. 53.
Dams, wooden and masonry, in mines, abs. 87, 88.
Darling, Fenwick, electric pumping plant at South Durham collieries, 193.
Davidson, E., coal-mining and metallurgical industries of Russia, abs. 57.

Deaths, John Laidler Hedley, 124.
—, Robert Robinson, 188.
—, William Beattie Scott, 67.
Deaths, Emille Vuillemin, 92
---, Frank Newby Wardell, 67.
Denckmann, ---, age of Meggen pyrites- deposits, Germany, abs. 3.
Densite, abs. 66.
Dip of strata, instrument for easily taking strike and, abs. 48.
Drowned workings, Wheatley Hill colliery, tapping, 95, 149.
Durham College of Science, lectures for colliery engineers, etc., brief syllabus, app. liii.
Dutting, ---, and --- Quast, suitability of various kinds of wood for pit-props, abs. 70
E.
Election of members, etc., 15, 21, 68, 91, 125, 188.
—— officers, 1
--- --- ---, students, 18.
--- --- representatives on council of The Institution of Mining Engineers, 15.
Electric fire-damp indicator, abs. 82. 190.
— miners' lamp, Sussmann, 145.
— pumping-plant, South Durham collieries, 103. 1901,
Electric winding-engine, abs. 105,
Electrical transmission from coal-mines, . abs. 106.
Endless-rope haulage, Axwell Park colliery, 18.
Excursion meetings, 17, 117, 184,
Explosion, Orrell colliery, abs. 110.
Explosions of fire-damp or coal-dust, abs. 109.
F.
Faure, C., pneumatic interlocking of air-doors, abs. 81.
—, shaft-barriers at Saint-Etienne collieries, abs. 79.
Feeding of horses, with special reference to colliery studs, 60, 82. .
Fillunger, Dr. ---, explosion of blasting-fuses in a Moravian mine, abs. 66.
Finance committee, annual report, 8 ; app. ix.
Fineuse, E., repairing timber-tubbing with cement, abs. 69.
[4
Fire-damp, evolution of, and seismological observatories, abs. 82.
--- --- indicator, electric, abs. 82.
--- --- or coal-dust, explosions, 1901, abs. 109.
Fireproof or refractory materials, abs. 94.
---, new arsenic mineral, abs. 2.
Forster, George Baker, memoir, 69.
Forster, R. H., memoir of the late George Baker Forster, 69.
---Discussion, 75.
Forster, T. E., feeding of horses, with special reference to colliery studs, 63.
—, memoir of the late George Clementson Greenwell, 34.
—, tapping drowned workings at Wheatley Hill colliery, 104.

Fouret, A., Donetz coal-field, Russia, abs. 59.
France, boilers, accidents, 1899. Abs. 103.
---, Cap Garonne, origin of ore-deposit, abs. 1.
---, Lorraine, pisolitic iron-ores, abs. 9
---, Rhone, Sain-Bel, pyrites-deposits, abs. 2.
---, Saint-Etienne collieries, shaft- barriers, abs. 79.
Frasch electrolytic process for refining nickel, abs. 100.
Frochot, Maurice, auriferous deposits at Tipuani, Bolivia, abs. 30.
---, tin-ore deposits in Bolivia, abs. 61.
Furman, H. Van F., south-eastern Alaska as a gold-field, abs. 37.

G.
Gas-analysing apparatus, improved, abs. 44.
Gas-fired Portland cement, abs. 102.
General meetings, 1, 17, 18, 21, 67, 91, 117, 124, 184, 188, 190.
Gentil-Tippenhauer, L., ore-deposits of Terre-Neuve and Gonaives, Hayti, abs. 34.
Germany, Altenessen, Kolner-Bergwerks-Verein colliery, Anna and Carl shafts, sprinkling dusty
galleries, abs. 85.
---, Bavaria, Bodenmais, Silberberg, pyrites-deposits, abs. 3. .
—, —, northern, rock-salt deposits, probable extension, abs. 4.
---, Brunswick, Goslar, Rammelsberg, copper, lead and iron-ores, abs. 5.
—, Lorraine, oolitic iron-ores, abs. 6.
—, Meggen, age of pyrites-deposits, abs. 3.
---, Ruhr district, recent sinkings, abs. 67.
—, Saxony, Schwarzenberg, ore-deposits, abs. 10.
Gesell, Alexander, Verespatak and Orla mines, Transylvania, abs. 52.
Glass, R. W., endless-rope haulage at Axwell Park colliery. ---Discussion, 18.
Gold and silver tellurides, western Australia, abs. 40, 41, 43.
Gold-fields, Alaska, Cape Nome, abs. 38.
--- ---, ---, south-eastern, abs. 37.
--- ---, Bolivia, Apolobamba, abs. 32.
Gold-mines, Chile, Ovalle, abs. 63.
--- ---, Russia, southern Urals, Kochkar, abs. 16.
---- ---, United States of America, Georgia, abs. 39.
Gossel, IG., hauling gear for mines, abs. 79.
Graphite, spheroidal, Russia, Urals, abs. 18
Graphite-deposits, Ceylon, abs. 26.
Gravels, auriferous, and hydraulic mining, 45.
Greece, mining industry, abs. 55.
Greenwell, George Clementson (1), memoir, 32.
Greenwell, George Clementson (2), memoir of the late George Clementson Greenwell (1), 32. --Discussion, 34.
Grimsley, G. P., gas-fired Portland cement, abs. 102.
Gruber, K., pyrites-deposits of the Silberberg, Bodenmais, Bavaria, abs. 3.
Guthrie, J. Kenneth, standardization of surveyors’ chains, 113.
H.

Habermann, Karl, Kley pumping-engine in an Idrian mine, abs. 88.
Halleux, , A., loss of pressure in pipes leading compressed air, abs. 104.
Halse, Edward, some silver-bearing veins of Mexico, 169.
Hankus, Eduard, improved gas-analysing apparatus, abs. 44.
Hart, Fred. Wilson, electrical transmission from coal-mines, abs. 106.
Haulage, endless-rope, Axwell Park colliery, 18.
Hauling-gear for mines, abs. 79.
Hayti, Gonaives, ore-deposits, abs. 34.
---, Terre-Neuve, ore-deposits, abs. 34.
Hedley, John Laidler, death, 124.
Hedstrom, Herman, occurrence of zinc-iron gahnite in Sweden, abs. 21.
Heminway process of coking coal, abs. 92.
[5]
Henderson, C. W. C, feeding of horses, with special reference to colliery studs, 87.
Hoffmann, L., recent sinkings in Ruhr district, abs. 67.
Honorary members, election, 15, 188.
— —, list. app. xvii.
Horses, feeding of, with special reference to colliery studs, 60, 82.
Hoskold, H. D., standardization of surveyors' chains, 165.
Hubert, H., electric winding-engine, abs. 105.
—, screening and making a given sample of coal, abs. 90.
Hubner, A., wooden and masonry dams in mines, abs. 87
Hughes, H. W., method of socketing a winding-rope, and its attachment to a cage without use of
ordinary chains, 147.
Hupfeld, Fr., San Juan de las Abadesas coal-field, eastern Pyrenees, Spain, abs. 18.
Hurter, Charles S., agitation-process for cyaniding slimes, abs. 97.
Hussakite, new yttrium-mineral, and so-called xenotime, Brazil, relationship, abs. 33
Hydraulic mining, auriferous gravels, 45.
I.
Institution of Mining Engineers, election of representatives on council of, 15.
Iron-industry, Italy, Lombardy, economic conditions, abs. 91.
Iron-ores, France, Lorraine, pisolitic, abs. 9.
— ---, Germany, Brunswick, Goslar, Rammelsberg, abs. 5.
--- ---, —, Lorraine, oolitic, abs. 6.
Iron-titanium ores, Norway, genesis, abs. 19.
Irwin, W. G., Washington county coal-fields, Pennsylvania, abs. 65.
Italy, Lombardy, iron-industry, economic conditions, abs. 91.
---, Piedmont, Brosso, and Traversella, ore-deposits, abs. 13.
---, Pisa, Val di Sterza, lignite, abs. 12.
---, Tuscany, Campiglia Marittima, stanniferous and other ore-deposits, abs. 14, 15.
J.
Jastrow, H. R., mining law in Turkey, abs. 108.
Jepson, Henry, standardization of surveyors’ chains, 157. etc.,
Journals and transactions of societies, in library, app. lvi.

K.
Kaolinite, etc., Madagascar, Nossi-Be, abs. 29.
Kerr, G. L., tapping drowned workings at Wheatley Hill colliery, 150.
Kirkup, Philip, feeding of horses, with special reference to colliery studs, 84
—, method of socketing a winding-rope, and its attachment to a cage without use of ordinary chains,
82.
—, tapping drowned workings at Wheatley Hill colliery, 103, 105.
Kirsch, L., preservation of building-material, abs. 102.
Kley pumping-engine, Idrian mine, abs. 88. .
Kleye, F. F., coal-mining on island of Saghalien, abs. 60.
Koenigsberger, Johann, optical determination of ores, abs. 46.
Koerfer, ---, coal-fields of Shantung, China, abs. 25.
Kolderup, Carl Fred, genesis of iron-titanium ores in Norway, abs. 19.
Kraus, E. H., and J. Reitinger, relationship between the new yttrium-mineral, hussakite, and socalled xenotime, Brazil, abs. 33.
Krusch, P., gold and silver tellurides of western Australia, abs. 40, 41.
---, ore-deposits of Kupferberg, Silesia, abs. 11
Kyle, T. D., and A. W. Warwick, assaying of bismuth, abs. 44.
L.
Lacroix, A., kaolinite, etc., of Nossi-Be, Madagascar, abs. 29.
—, metalliferous deposits of Ambatofangehana, Madagascar, abs. 28
---, new arsenic mineral, France, abs. 2.
Lacroix, A., zinc-ore deposits in Algeria, abs. 28
Lagrange, E., seismological observatories and evolution of fire-damp, abs. 82.
[6]
Lamp-testing apparatus, Austria, Karwin, Johann shaft, abs. 80.
Lang, Herbert, pyritic smelting, abs. 94.
Langer hanging-compass, abs. 47.
Lauer, Johann von, firing blasting-charges by means of accumulators, abs. 67.
Launay, L. de, pyrites-deposits of Sain-Bel, Rhone, France, abs. 2.
Lawrence, Henry, method of socketing a winding-rope, and its attachment to a cage without use of
ordinary chains, 82.
Leach, C. C., feeding of horses, with special reference to colliery studs, 63, 88.
—, standardization of surveyors' chains, 112, 113
—, tapping drowned workings at Wheatley Hill colliery, 103.
Lead-ores, Germany, Brunswick, Goslar, Rammelsberg, abs. 5.
Lebour, G. A., carboniferous lime-stone quarries of Weardale, 146.
Lebrun, A., balance-lift for caging operations, abs. 76
Leclere, A., mineral resources of Yun-nan, southern China, abs. 25.
Leon, G., electric fire-damp indicator, abs. 82.
Leprince-Ringuet, F., Shansi and central Honan, northern China, abs. 24.
Leyendecker, Prof. ---, instrument for easily taking strike and dip of strata, abs. 48.
Library, list of transactions and journals of societies, etc., app. lvi.
Liddell, C., apparatus for closing top of up-cast shaft at Woodhorn colliery, 121.

Liddell, John M., standardization of surveyors’ chains, 164.
Lignite, Italy, Pisa, Val di Sterza, abs. 12.
Liveing, E. H., standardization of surveyors’ chains, 155.
Lotti, B., origin of the Cap Garonne ore-deposit, France, abs. 1. .
---, stanniferous and other ore-deposits of Campiglia Marittima Tuscany, abs. 14.
Louis, Henry, composition of certain British coals, app. lxxix.
---Discussion, app. lxxxiii.
---, mineral vein in Wearmouth colliery, 35. ---Discussion, 37.
.---, standardization of surveyors’chains, 107. ---Discussion, 112, 155.
Lubricating cylinders of air compressors with rape-oil, danger, abs. 104.
Ludlow, Edwin, Mexican coal-field, coal-fields of abs. 36.
Lyon, Prof. D. A., serpentine-marbles of Washington, abs. 40.
M.
Madagascar, Ambatofangehana, metalliferous deposits, abs. 28.
—, Nossi-Be, kaolinite, etc., abs. 29
Magenau, Wm., cyaniding stamp-mill tailings in western America, abs. 98.
Malsch, C., Apolobamba gold-fields, Bolivia, abs. 32.
Manilla ropes, flat, for winding from great depths, abs. 78.
Martin, Robert, tapping drowned workings at Wheatly Hill colliery, 153
Mayencon, —, existence of boron in coal and its accompanying rocks, abs. 46.
Mechanical undercutting, Cape Colony 38.
Members, election, 15, 21, 68, 91, 125 188.
—, list, app. xviii.
Memoir, George Baker Forster, 69
—, George Clementson Greenwell, 32.
Merivale, J. H., feeding of horses, with special reference to colliery studs, 88.
Merivale, J. H., report of delegate to conference of delegates of corresponding societies of British
Association for the Advancement of Science, Glasgow, 1901, 92.
Mettalliferous deposits, Madagasgar, Ambatofangehana, abs. 28.
Metallurgical and coal-mining industries, Russia, abs. 57.
Meunier, Stanislas, pisolitic iron-ores of Lorraine, abs. 9.
Mexico, coal-field, abs. 36.
---, some silver-bearing veins, 169
Mining, hydraulic, auriferous gravels, and, 45.
Minsier, C., closing ends of winding-, cages, abs. 77.
Mladek, Franz, wooden and masonry dams in mines, abs. 88. .
Molterski, Karl, apparatus for determining the oxygen in gases, abs. 45.
Moss, Dr. R. S., Heminway process of coking coal, abs. 92.
N.
Nickel, Frasch electrolytic process for refining, abs. 100.
Nikitin, S., anomalies of terrestrial magnetism in Government of Kursk, Russia, abs. 47.
Norway, genesis of iron-titanium ores, abs. 19.
---, Svenningdal, silver-ores, abs. 19.
Novarese, V., ore-deposits of Brosso and Traversella, Piedmont, abs. 13.
[7]

O.
Officers, election, 1.
—, 1902-1903, app, xvi.
—, students', election, 18.
Oil-wells, submarine, California, abs. 39.
Oliver, Dr. Thomas, visit to the Simplon tunnel : the works and workmen, 126.
---Discussion, 143.
Optical determination of ores, abs. 46.
Oria and Verespatak mines, Austria-Hungary, Transylvania, abs. 52.
Oxygen in gases, apparatus for determining, abs. 45.
Ozokerite and petroleum-industries, Austria-Hungary, eastern Galicia, Boryslaw, abs. 48.
P.
Padour, A., pumping and spraying arrangements at Bruch colliery, abs. 83.
Papers, awards for, 116.
Parrington, M. W., feeding of horses, with special reference to colliery studs, 62.
—, mineral vein in Wearmouth colliery, 37
Parson Byres quarries, Weardale, 17.
Patrons, app. xvii.
Percy, R. F., standardization of surveyors' chains, 156.
Perkin, Herbert, method of socketing a winding-rope, and its attachment to cage without use of
ordinary chains, 148.
Petroleum and ozokerite-industries, Austria-Hungary, eastern Galicia, Boryslaw, abs. 48.
Phillips, Wm. B., zinc-lead deposits of south-west Arkansas, abs. 64.
Pipes leading compressed air, loss of pressure, abs. 104.
Pit-props, suitability of various kinds of wood, abs. 70
Pitch, testing for briquettes, abs. 92.
Pneumatic interlocking of air-doors, abs. 81
Pneumatophore, air-breathing apparatus, abs. 86. .
Pohlmann, R., placer-deposits of Punta Arenas and northern Tierra del Fuego, Chile, abs. 33.
Portland cement, gas-fired, abs. 102
Preservation of building-material, abs. 102
Pumping and spraying arrangements, Austria, Bruch colliery, abs. 83.
Pumping-engine, Kley, Idrian mine, abs. 88.
Pumping-plant, electric, South Durham collieries, 193.
Pyrites-deposits, France, Rhone, Sain- Bel, abs. 2.
--- ---, Germany, Bavaria, Bodenmais, Silber berg, abs. 3.
--- ---, ---, Meggen, age of, abs. 3. .
Pyritic smelting, abs. 94.
Q.
Quarries, carboniferous limestone, Weardale, 17, 23, 146.
—, Parson Byres, 17, 28.
Quast, ---, and --- Dutting, suitability of various kinds of wood for pit-props, abs. 70.
R.
Rape-oil, danger of lubricating cylinders of air-compressors with, abs. 104.
Redmayne, R. A. S., standardization of surveyors'chains, 113.

—, tapping drowned workings at Wheatley Hill colliery, 104, 105.
Refining nickel, Frasch electrolytic process, abs. 100.
Refractory or fireproof materials, abs. 94
Reitinger, J., and E. H. Kraus, relationship between the new yttrium-mineral, hussakite, and socalled xenotime, Brazil, abs. 33.
Report of delegate to conference of delegates of corresponding societies of British Association for the
Advancement of Science, Glasgow, 1901, 92.
Representatives on council of The Institution of Mining Engineers, election, 15.
Rickard, Forbes, Cape Nome gold-deposits, abs. 38.
Robinson, Robert, death, 188.
Rock-boring machines, electric, Austria, Hallstatt, abs. 65.
Rock-salt deposits, Germany, Bavaria, northern, probable extension, abs. 4.
Rolland, Georges, pisolitic iron-ores.of Lorraine, abs. 9.
Russia, coal-mining and metallurgical industries, abs. 57.
---, Donetz, coal-field, abs. 59.
---, Government of Kurst, terrestrial magnetism, abs. 47.
---, southern Urals, Kochkar, gold-mines, abs. 16.
---, Urals, spheroidal graphite, abs. 18
Rutherford, W., endless-rope haulage at Axwell Park colliery, 19.
[8]
S.
Sadtler, Benjamin, Sadtler process for treating zinc-bearing ores, abs. 99.
Saghalien island, coal-mining, abs. 60
Salt, Austria, Salzburg, method of working, abs. 50.
—, converted into brine by saturation, abs. 101.
Saytzeff, A., auriferous deposits of the Achinsk-Minussinsk district, Siberia, abs. 27.
Schraml, C., electric rock-boring machines at Hallstatt, Austria, abs. 65.
Scott, William Beattie, death, 67.
Screening and making a given sample of coal, abs. 90.
Seiffert, —, ozokerite and petroleum industries of Boryslaw, eastern Galicia, abs. 48.
Seismological observatories and evolution of fire-damp, abs. 82.
Serpentine-marbles, United States of America, Washington, abs. 40.
Shaft-barriers, France, Saint-Etienne collieries, abs. 79.
Shklarevsky, A., and W. Vernadsky, spheroidal graphite from the Urals, abs. 18
Siberia, Achinsk-Minussinsk district, auriferous deposits, abs. 27.
Siemens and Halske process, modified, abs. 96.
Silver at ordinary temperatures, action of natural iron sulphides and native sulphur, abs. 96.
Silver-bearing veins of Mexico, 169.
Silver-ores, Norway, Svenningdal, abs. 19.
Silver tellurides, western Australia, abs. 40, 41, 43.
Silvered versus plain copper plates, abs. 97.
Simplon tunnel, the works and workmen, 126.
Simpson, J. B., tapping drowned workings at Wheatley Hill colliery, 103.
Sinkings, recent. Germany, Ruhr district, abs. 67.
Slimes, cyaniding, agitation-process, abs. 97.
Smelting, pyritic, abs. 94.

Socketing a winding-rope, and its attachment to a cage without use of ordinary chains, 76, 147.
Sohle, Dr. —, copper, lead and iron-ores at Rammelsberg, near Goslar, Brunswick, abs. 5.
Solomon, F. O., feeding of horses, with special reference to colliery studs. Discussion, 60, 82.
Sorgo, Paul, method of converting salt into brine by saturation, abs. 101.
South Durham collieries, 190.
--- --- ---, electric pumping-plant, 193.
Southern, J., tapping drowned workings at Wheatley Hill colliery, 105.
Spain, eastern Pyrenees, San Juan de las Abadesas, coal-field, abs. 18.
Spraying and pumping arrangements, Austria, Bruch colliery, abs. 83.
Sprinkling dusty galleries, Germany, Altenessen, Kolner Bergwerks-Verein, Anna and Carl shafts,
abs. 85
Stamp-mill tailings, western America, cyaniding, abs. 98.
Standardization of surveyors’chains, 107, 155.
Steavenson, A. L., carboniferous limestone quarries of Weardale, 23.
---Discussion, 31, 146.
---, feeding of horses, with special referance to colliery studs, 63.
---, memoir of the late George Baker Forster, 75.
---, --- --- --- ---George Clementson Greenwell, 34.
---, method of socketing a winding-rope, and its attachment to a cage without. use of ordinary chains,
82.
--, mineral vein in Wearmouth colliery, 37.
Steavenson, C. H., feeding of horses. with special reference to colliery studs, 60.
Steger, Dr. ---, refractory or fireproof materials, abs. 94.
Stobbs, J. T., standardization of surveyors’chains, 157.
Strata, instrument for easily taking strike and dip of, abs. 48.
Stretch, R. H., mines of Atlin district, British Columbia, abs. 54.
Strike and dip of strata, instrument for easily taking, abs. 48.
Struver, J., action of natural iron sulphides and native sulphur on copper and silver at ordinary
temperatures, abs. 96.
Students, election, 16, 22, 68, 92, 125, 189.
---, list, app. xlix.
---, meetings, 18, 117.
Subscribers, list, app. li.
Subsidence, protection of surface from, abs. 74.
Surveyors’ chains, standardization, 107, 155.
Sussmann electric miners’ lamp, 145. Sweden, Helsingland, zinc-iron gahnite, abs. 21.
Syllabus, brief, of course of lectures for colliery engineers, etc., app. liii.
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T.
Tapping drowned workings at Wheatley Hill colliery, 95, 149.
Tarbuck, Harold, standardization of surveyors' chains, 161.
Terrestrial magnetism, Russia, Government of Kursk, abs. 47.
—, ---, Kochetovka, abs. 47.
Thermometer, barometer, etc., readings, 1901, abs. 109.
Thompson, G. R. standardization of surveyors' chains, 158.
Thurach, Hans, probable extension of rock-salt deposits in northern Bavaria, abs. 4.

Timber-tubbing, repairing with cement, abs. 6 9.
Tin-ore deposits, Bolivia, abs. 61.
Tissot, J., and A. Chauveau, air-breathing apparatus: pneumatophore, abs. 86.
Transactions and journals of societies, etc., in Library, app. lvi.
Transmission, electrical, from coal-mines, abs. 106.
Transvaal, Witwatersrand mines, dangers, abs. 107.
Tunnel, Simplon, the works and workmen, 126.
Turkey, mining law, abs. 108.
U.
Undercutting, mechanical, Cape Colony, 38.
United States of America, Arkansas, south-west, zinc-lead deposits, abs. 64.
---, California, submarine oil-wells, abs. 39.
---, Georgia, gold-mining developments, abs. 39.
United States of America, Pennsylvania, Washington county, coal-fields, abs. 65.
---, ---, --- ---, --- ---, economical working, abs. 65.
---, Washington, serpentine-marbles, abs 40..
Upcast-shaft, Woodhorn colliery, apparatus for closing top, 121.
V.
Verespatak and Orla Mines, Austria-Hungary, Transylvania, abs. 52.
Vernadsky, W., and A. Shklarevsky, spheroidal graphite from the Urals, abs. 18.
Vertongen, Charles, flat manilla ropes for winding from great depths, abs. 78.
Vogt, J. H. L., silver-ores of Svenningdal, Norway, abs. 1.
Volf, L., lamp-testing apparatus at Johann shaft, Karwin, abs. 80.
Vuillemin, Emile, death, 92.
W.
Walton, A. J., endless-rope haulage at Axwell Park colliery, 18, 19.
Wardell, Frank Newby, death, 67.
Warwick, A. W., and T. D. Kyle, assaying of bismuth, abs. 44.
Washington colliery, 184.
Weardale, carboniferous limestone quarries, 17, 23, 146.
Wearmouth colliery, mineral vein, 35.
Weeks, J. G., death of John Laidle Hedley, 124.
—, — — Robert Robinson, 188.
—, --- --- William Beattie Scott, 67.
---, --- — Frank Newby Wardell, 67.
—, feeding of horses, with special reference to colliery studs, 63, 88.
—, standardization of surveyors' chains, 114.
—, tapping drowned workings at Wheatley Hill colliery, 103, 105.
-, visit to the Simplon tunnel: the works and workmen, 144.
Weinschenk, Ernst, graphite-deposits of Ceylon, abs. 26.
Weinschenk, Ernst, pyrites-deposits of the Silberberg, Bodenmais, Bavaria, abs. 3.
Weiss, K. E., mineral wealth of western Anatolia, Asia Minor, abs 21.
Welton, William S., auriferous gravels and hydraulic mining, 45.
Wheatley Hill colliery, tapping drowned workings, 95, 149.
Wilson, W. B., jun., tapping drowned workings at Wheatley Hill colliery,

---Discussion, 103, 149.
Winding-cages, closing ends of, abs. 77.
Winding-engine, electric, abs. 105.
Winding from great depths, flat manilla ropes, abs. 78.
Winding-rope, method of socketing, and its attachment to a cage without use of ordinary chains, 76,
147.
Winkhaus, ---, sprinkling dusty galleries at Anna and Carl shafts of the Kolner Bergwerks-verein
colliery at Altenessen, abs. 85.
Witwatersrand mines, dangers, abs. 107.
[10]
Wood, W. O., Sussmann electric miners' lamp. —Discussion, 145.
Wood, suitable for pit-props, abs. 70.
Woodhorn colliery, 117.
Woodhorn colliery, apparatus for closing top of upcast-shaft, 121.
Works and workmen, Simplon tunnel, 126.
Wyssotzky, N., gold-mines of Kochkar, southern Urals, abs. 16.
X.
Xenotime, and new yttrium-mineral, hussakite, Brazil, relationship, abs. 33.
Y.
Young, W. G., submarine oil-wells in California, abs. 39.
Z.
Zeiller, R., coal-fields of Shansi and central Honan, northern China, abs 24.
Zinc-bearing ores, Sadtler process fo treating, abs. 99.
Zinc-iron gahnite, Sweden, Helsingland, abs. 21.
Zinc lead deposits, United States of America, Arkansas, south-west, abs. 64.
Zinc-ores, Africa, Algeria, abs. 28.
Zwaluwenberg, A. Von, modified Siemens and Halske process, abs. 96.
------------

