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ADVERTIZEMENT.
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.
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THE NORTH OF ENGLAND INSTITUTE
OF
MINING AND MECHANICAL ENGINEERS.

ANNUAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
August 3rd, 1907.
Mr. J. H. MERIVALE, 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, 1907-1908.

The Chairman (Mr. J. H. Merivale) appointed Messrs. C. A. Crofton, A. M. Hedley, N. B. Ridley, John Simpson, J.
Southern and W. B. Wilson, jun., as scrutineers of the balloting-papers for the election of officers for the year
1907-1908.
The Scrutineers afterwards reported the result of the ballot, as follows: —
President : Mr. J. H. Merivale.
Vice-Presidents :
Mr. R. D. Bain.

| Mr. F. Coulson.

Mr. W. C. Blackett. | Mr. T. E. Forster.
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| Mr. H. Palmer.
| Mr. J. Simpson.

ANNUAL REPORT OF THE COUNCIL.

Councillors :
Mr. R. S. Anderson.

Mr. T. E. Jobling.

Mr. J. H. Nicholson.

Mr. J. B. Atkinson.

Mr. J. P. Kirkup.

Hon. C. A. Parsons.

Mr. C. S. Carnes.

Mr. P. Kirkup.

Mr. F. R. Simpson.

Mr. B. Dodd.

Mr. H. Lawrence.

Mr. C. H. Steavenson.

Mr. S. Hare.

Mr. C. C. Leach.

Mr. S. Tate.

Mr. A. M. Hedley.

Mr. A. D. Nicholson.

Mr. R. L. Weeks.

Mr. C. S. Carnes moved a vote of thanks to the Scrutineers for their services.
Mr. J. G. Weeks seconded the resolution, which was cordially adopted.
Mr. E. S. Wood moved a vote of thanks to the President. Vice-Presidents, Councillors and Officers for their
services during the past year.
Mr. W. B. Wilson seconded the motion, which was heartily adopted.
Mr. C. H. Merivale moved a vote of thanks to the representatives of this Institute on the Council of The
Institution of Mining Engineers for their services during the past year.
Mr. N. B. Ridley seconded the proposal, which was cordially adopted.
The Annual Report of the Council was read as follows : —
ANNUAL REPORT OF THE COUNCIL, 1906-1907.
The Institute has sustained great losses through the death of Mr. John Daglish, a past-president of the
Institute, and one of its original members; and through the death of Mr. William Fairbairn Hall, a member since
1858, and a vice-president, 1892-1896.
The following table shows the variation of the membership during recent years :
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ANNUAL REPORT OF THE COUNCIL.

Year ending August 1st.
Honorary members ......
Members

...............

1901.
......

1904.

1907.

28

26

21

880

955

903

Associate members

............

122

115

108

Associates

...............

116

163

194

Students

...............

57

66

47

Subscribers

...............

23

25

34

Totals

............

1,226

1,350

1,307

A Committee, consisting of Messrs. T. E. Forster, George May, J. H. Merivale, J. G. Weeks and the Secretary
(Mr. M. Walton Brown), appointed to enquire into and report upon the decrease of the attendance at tlie
Colliery Engineers' Classes, reported that the apparent decrease in the number of students in recent years
arose from the poor quality of those attending in early years, and they were of opinion that the present
students were fully capable of taking advantage of the lectures. Certain alterations in the syllabus of lectures,
suggested by the Committee, were agreed to by the authorities of Armstrong College.
Mr. J. Parke Channing was appointed to represent the Institute at the opening of the United Engineering
Societies' Building, New York City, in April, 1907. Mr. R. H. Prior-Wandesforde represented the Institute at the
Conference of the Royal Sanitary Institute, held at Dublin, in June, 1907. The Rev. G. M. Capell represented the
Institute at the Conference of the Corresponding Societies of the British Association for the Advancement of
Science, held in Leicester, commencing on July 31st, 1907. The Geological Society of London will celebrate the
centenary of their existence in September, 1907, and Prof. G. A. L. Lebour has been appointed to represent the
Institute thereat, and will present an address.
Mr. J. H. Merivale has given evidence, as the representative of the Institute, before the Departmental
Committee on the Miners' Eight Hours' Day.
G. C. Greenwell silver medals have been awarded to Mr. W. E. Garforth for his paper upon " A New Apparatus
for Rescue-work in Mines,''* and to Mr. G. A. Meyer for his paper upon " Rescue-apparatus and the
Experiences gained therewith at the Courrières Collieries by the German Rescue-party; "† and a bronze medal
has been awarded to Mr. S. F. Walker for his
* Trans. Inst. M. E., 1906, vol. xxxi., page 625.
† Ibid., 1906, vol. xxxi., page 575.
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papers upon “Earth in Collieries, with reference to the ' Special Rules for the Installation and Use of Electricity'
“ * and " The Capacity-current and its Effect on Leakage-indications on Three-phase Electrical Power-service."
†
Prizes for books have been awarded to the writers of the following papers, communicated to the members
during the year 1905-1906: —
" Improved Dampers for Coke-oven Flues." By Mr. William Archer, M.I.M.E.
" A Mechanical Coal-cutter in Queensland." By Mr. William Fryar.
" The Great Planes of Strain in the Absolute Roof of Mines." By Mr. Henry Wallace Gregory Halbaum, M.I.M.E.
"Corundum in Ontario, Canada: Its Occurrence, Working, Milling, Concentration and Preparation for the
Market as an Abrasive." By Mr. David Gillespie Kerr, M.I.M.E.
"The Alumino-thermic Welding Process, and its Application to General Engineering." By Mr. J. Stewart
MacGregor.
“ The Unwatering of the Achddu Colliery, with a Description of the Riedler Express Pump." By Mr. John
Morris, M.I.M.E.

"Undersea Extensions at the Whitehaven Collieries, and the Driving of the Ladysmith Drift." By Mr. John
Shanks, M.I.M.E.
"The Barton and Forcett Limestone-quarries." By Mr. Thomas Teasdale, M.I.M.E.
"Determination of the Specific Electrical Resistance of Coal, Ores, etc." By Mr. G. C. Wood.
At the recommendation of the Committee appointed to enquire into the treatment of coal-dust in collieries,
the Council have made, a maintenance-grant of £50 towards the cost of conducting further experiments on
the inflammability of mixtures of coal-dust and air, together with £25 for apparatus, to Mr. Henry Widdas of
Armstrong College. Dr. P. P. Bedson and Mr. Henry Widdas have read a paper, illustrated with numerous "
Experiments illustrative of the Inflammability of Mixtures of Coal-dust and Air."
Members of the American Institute of Mining Engineers visited Newcastle-upon-Tyne on August 1st and 2nd,
1906, and visits to collieries, works, Bamburgh and Alnwick Castles and the Roman Wall were arranged for
their entertainment. The thanks of the American Institute of Mining Engineers have been received for the
courtesy shown to its members.
Excursion meetings were held at Bowburn colliery on September 10th, 1906; at Axwell Park colliery on
December 5th, 1906; and at Wearmouth colliery on June 6th, 1907.
* Trans. Inst. M. E., 1905, vol. xxx., page 404.
† Ibid., 1906, vol. xxxi., page 526.
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The thanks of the Institute have been sent to the owners of collieries, works, etc., visited during the year.
The papers printed in the Transactions during the year are as
"Experiments illustrative of the Inflammability of Mixtures of Coal-dust
and Air." By Prof. P. Phillips Bedson, Hon. M.I.M.E., and Mr. Henry
Widdas, M.I.M.E.
" Memoir of the late John Daglish." By Mr. M. Walton Brown, M.I.M.E.
"An Appliance for Automatically Stopping and Restarting Mine-wagons."
By Prof. William Galloway, M.I.M.E.
" Ferro-concrete and its Applications." By Mr. T. J. Gueritte.
"Treatment of Dust in Mines, Aboveground and Belowground." By Mr.
Richard Harle, M.I.M.E.
"Sliding-trough Conveyors." By Mr. M. Malplat.
" The Valuation of Mineral Properties." By Mr. Thomas Aloysius O'Donahue, M.I.M.E.
"Liquid Air and its Use in Rescue-apparatus." By Mr. Otto Simonis.
"Deposits in a Pit-fall at Tanfield Lea, Tantobie, County Durham." By Dr. J. A. Smythe.
"Bowburn Winning." By Mr. Addison Langhorne Steavenson, M.I.M.E.
" Electro-barograph for Mines." By Mr. B. H. Thwaite.
"Sinking through Magnesian Limestone and Yellow Sand by the Freezing-process at Dawdon Colliery, near
Seaham Harbour, County Durham." By Mr. Ernest Seymour Wood, M.I.M.E.

The Council are pleased to report that the North-eastern Rail-way Company have granted reduced railwayfares to members attending general or excursion meetings of the Institute; and they trust that this concession
will lead to an increased attendance.
The Institution of Mining Engineers has now entered upon its nineteenth year, and the members are to be
congratulated upon its continued success, and the increasing membership of the associated institutions.
Meetings were held in Hanley in September, 1906, and in London in June, 1907.
Mr. Thomas Douglas, referring to the decrease in the attendance at the colliery-engineers' classes at
Armstrong College, said that it was very desirable that a large attendance should be secured.
Mr. M. Walton Brown said that it was important that colliery managers should see that those who attended
these classes possessed such elementary knowledge, especially in mathematics, as would render the lectures
advantageous to them.
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The President (Mr. J. H. Merivale) moved the adoption of the Annual Report of the Council.
Mr. J. B. Simpson seconded the motion, which was adopted.

The Report of the Finance Committee was read as follows : —
ANNUAL REPORT OF THE FINANCE COMMITTEE.
The Finance Committee submit herewith a statement of accounts for the twelve months ending June 30th,
1907, duly audited.
The total receipts were £2,978 0s. 3d. Of this amount. £49 19s. was paid as subscriptions in advance, leaving
£2,928 1s. 3d. as the ordinary income of the year, compared with £2,838 2s. 3d. in the previous year. The
amount received for ordinary current-year subscriptions was £2,264 17s. and arrears £318 9s., as against
£2,249 1s. and £287 16s. respectively in the year 1905-1906. Transactions sold realized £19 3s. 9d., as
compared with £44 4s. 3d. in the earlier period; the sum received for interest on investments was £325 11s.
6d., the amount in the former year being £317 10s.
The expenditure was £2,622 13s. 3d., that for the previous year being £2,544 10s. 10d. The increase was due
to expenditure in connection with the visit of the American Institute of Mining Engineers; the contribution of
£75 towards the cost of experiments on coal-dust conducted at Armstrong College ; and expenses incurred in
the preparation of the Library catalogue. Increases are also shown in the charges for salaries and wages,
heating and lighting, postages, etc., while there is a considerable decrease in the amount spent on the Wood
Memorial Hall and also for printing and stationery, the latter in consequence of certain liabilities remaining
unpaid at the close of the year, but carrwd forward and included in the balance-sheet.
The figures given above show that the income exceeded the expenditure by £355 7s., and adding to this the
balance of £896 19s. 6d., a total balance of £1,252 6s. 6d. remains to the credit of the Institute. Of this
amount, £499 17s. 6d. has been invested in the purchase of stock of the Newcastle and Gateshead Water
Company, leaving the sum of £752 9s. to carry forward.
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The names of 32 persons have been struck oft the membership list in consequence of non-payment of
subscriptions. The amount of subscriptions written off was £176 3s., of which £96 18s. was for sums due for
the year 1906-1907, and £79 5s. for arrears. It is probable that a considerable proportion of these amounts will
be recovered and credited in future years. Of the amounts previously written off, £68 16s. was recovered
during the past year.
John H. Merivale, President.

August 3rd, 1907.
The President (Mr. J. H. Merivale), in moving the adoption of the Annual Report of the Finance Committee,
remarked that the financial position of the Institute was very satisfactory.
Mr. J. G. Weeks seconded the resolution, which was adopted.
Representatives on the council of the Institution of Mining Engineers, 1907-1908.
The President (Mr. J. H. Merivale) moved, and Mr. Thomas Douglas seconded, a resolution that the following
gentlemen be elected as the representatives of the Institute on the Council of The Institution'of Mining
Engineers for the year 1907-1908: —
Mr. W. Armstrong.

Mr. J. W. Fryar.

Mr. J. H. Merivale.

Mr. B. H. Brough.

Mr. W. Galloway.

Mr. C. A. Moreing.

Mr. C. S. Carnes.

Mr. T. Y. Greener.

Mr. J. J. Prest.

Mr. A. G. Charleton.

Mr. S. Hare.

Mr. R. F. Spence.

Mr. F. Coulson.

Mr. A. M. Hedley.

Mr. C. H. Steavenson.

Mr. B. Dodd.

Mr. P. Kirkup.

Mr. J. G. Weeks.

Mr. T. Douglas.

Mr. C. C. Leach.

Mr. R. L. Weeks.

Mr. J. H. B. Forster.

Mr. J. McMurtrie.

Mr. A. N. L. Wood.

Mr. G. May.
The resolution was agreed to.
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ACCOUNTS.

Dr.

The Treasurer in Account with The North of England

For the year ending
[Financial tables]
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Institute of Mining and Mechanical Engineers.
June 30th. 1907
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G. C. GREENWELL MEDALS.

Cr.

The President (Mr. J. H. Merivale) presented the Greenwell medals, which had been awarded by the Council to
Mr. W. E. Garforth for his paper on " A New Apparatus for Rescue-work in Mines;"* to Mr. G. A. Meyer for his
paper on "Rescue-apparatus and the Experiences gained therewith at the Courrieres Collieries by the German
Rescue-party; "† and to Mr. S. F. Walker for his papers upon " Earth in Collieries, with Reference to the ' Special
Rules for the Installation and Use of Electricity,' "‡ and " The Capacity-current and its Effect on Leakageindications on Three-phase Electrical Power-service."§
Mr. W. E. Garforth wrote that he was pleased to receive the G. C. Greenwell silver medal awarded to him for
his paper on " A New Apparatus for Rescue-work in Mines." He thanked the Council for their kindness, which
he much appreciated. If he could, at any time, afford assistance to the Council, either with the apparatus or by
giving information about the rescue-gallery, any experience that he had gained was quite at their disposal.
Mr. G. A. Meyer wrote that he esteemed it a great honour to be placed in such an enviable connection with
the name of one of the founders of the Institute by the kind resolution of the Council. In receiving this award,
he remembered the time, just twenty years ago, when, as a mining student, he made his first studies of British
mine-engineering in the Royal Mining, Engineering and Industrial Exhibition at Newcastle-upon-Tyne, in the
mines of the neighbourhood, and in the library of the Wood Memorial Hall. He had remained in close touch
with British mine-engineering since that time, and he had profited and widened his own knowledge by this
valuable connection. He was proud to feel that this connection was strengthened by the kindness of the
Council of The North of England Institute of Mining and Mechanical Engineers in presenting the G. C.
Greenwell silver medal to him, and he expressed his heartiest thanks for the honour which the Council had
been good enough to confer on him.
Mr. Sydney F. Walker thanked the Council for the honour which they had conferred upon him by awarding him
the G. C.
* Trans. Inst. M. E., 1906, vol. xxxi., page 625.
† Ibid., 1906, vol. xxxi., page 575. ‡ Ibid., 1905, vol. xxx., page 404.
§ Ibid., 1906, vol. xxxi., page 526.
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TRANSACTIONS.

Greenwell bronze medal for his papers. It was certainly pleasant to know that one's work was appreciated, and
he had always felt that his writings were especially appreciated in the North of Engdand.
The following gentlemen were elected, having been previously nominated: —
Members— Mr. Fritz Baare, General Manager of Steel-works, Bochum, Westphalia,
Germany.
Mr. Alburto Bement, Mechanical Engineer, American Trust Building,
Chicago, Illinois. U.S.A.
Mr. Ralph Richardson Brown, Colliery Manager, Pekin Syndicate, Honan,
North China.
Mr. James Chalmers, Civil Engineer, Obras do Porto do Rio de Janeiro,
Caixa 711, Rio de Janeiro, Brazil, South America.
Mr. Berent Conrad Gullachsen, Mining Engineer, Hotel Norge, Bergen,
Norway.
Mr. Frederick William Hylton, Mining Engineer, Ryhope Colliery,

Sunderland.
Mr. Reginald Charles Morton, Electrical Engineer, 23, Lovaine Crescent,
Newcastle-upon-Tyne.
Mr. Arthur Herbert Sheepshanks Page, Under-manager, Etherley, Bishop Auckland.
Mr. Charles Edmund Ray, Mining Engineer, Whinfield, near Ulverston.
Mr. Fred Richards, Mine-manager and Assayer, Blaenau, Compton Road,
Canonbury, London, N.
Mr. Jean Adolf Roelofsen, Coke-oven Manager and Chemical Engineer, Post Office Buildings, Middlesbrough.
Mr. Joseph Seymour Rowe, Colliery Manager, Metropolitan Colliery, Helensburgh, New South Wales, Australia.
Associate Member—
Mr. Percy Collinson Leake, Thomas Terrace, Blaydon-upon-Tyne, S.O.,
County Durham.
Associates—
Mr. David Millne, Coal-miner, 1, Burdon Street, Bedlington, S.O., Northumberland.
Mr. Henry Herbert Nichols, Under-manager, Kibblesworth, Gateshead-upon-Tyne.
Mr. Robert Ratcliffe, Deputy, Beamish, S.O., County Durham.
Students —
Mr. Henry Edmund Blackburne Daniell, Mining Student, 8, Ashfield Terrace, Ryton, S.O., County Durham.
Mr. Robert Clark Thomas, Mining Student, Houghton Colliery, Houghton-le-Spring, S.O., County Durham.
Mr. J. H. Merivale delivered the following " Presidential Address ": —
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PRESIDENTIAL ADDRESS.
By J. H. MERIVALE.
I thank you for having elected me for a second year of office as your President; and also for the support that
you have given to me at these meetings by reading and discussing the papers. Many of these papers are of
much interest, and a list of them has been laid before you in the annual report of the Council.
The only matter of importance that has occurred during my first year of office has been the placing upon the
walls of this theatre of many of the portraits of past-presidents of the Institute. This it was decided by the
Council should be done some years ago, and the panels to hold the portraits were put in place. Twelve of these
panels have now been filled; and I have reason to believe that the rest of the portraits will be presented and
hung before the termination of my second year of office. It is an interesting record, and one which will become
more and more interesting as years roll on.
" The proper study of mankind is Man "; and, whilst considering what would be a suitable subject upon which
to address you, it was forced upon me that this very important factor in the success of our industry, Man, had
been somewhat neglected.
Some of my predecessors, who had made some one branch of the science of mining their own, had, out of the
fullness of their knowledge, given us much interesting and valuable information upon it, whilst others had

given us a luminous resume of the advancements recently made in mining at the time of their taking office.
But no one appeared to have taken Man as the subject of his discourse.
Great strides have been made in the introduction of new and improved machinery since the birth of this
Institute in 1852. Have there also been improvements in the men required to guide these machines, without
whom the full benefit of their introduction cannot be obtained ?
[16]

PRESIDENTIAL ADDRESS.

Important as is the mechanical side of oar profession, the human side is, in my opinion, of still greater
importance. The best tools will be of no avail, without intelligent workmen trained to use them, and highly
educated managers capable of directing these workmen and of designing new and improved machinery fit to
cope with fresh difficulties arising from the changing conditions of our industry. The importance of the
character of " the man behind the gun " is proverbial, and the character of the man at the machine is equally
important.
I had proposed to consider this subject, Man—both the engineer and the workman—under various heads,
such as amusements, capital and labour, efficiency, health, thrift, etc. But I soon found that the subject was far
too vast to be compressed within the limits of a Presidential address. I have therefore confined myself to the
workman only, and considered the changes that have occurred during the last 50 or 60 years in his
amusements and in his relations with capital.
His Amusements.*
The amusements of our workmen may appear rather a frivolous subject to be included in a Presidential
address. But, with an eight hours' day almost an accomplished fact, one of the avowed objects of which is to
give them more leisure, it is evident that the nation considers the question of recreation a matter of some
importance; and it appears to me that, the question of how the miner will use this spare time is of very
practical interest to the coal-trade.
It is a task of no little difficulty to look back over half a century, and recollect the principal methods of
amusement which found favour in Durham and Northumberland in those days. The sporting centre of the
north was then, as now, Newcastle, and the athletic events which brought the sturdy pitman into the city at
that time may be taken as a reflection of the contests of less importance in his own village, in which he took,
or had taken in younger days, a personal share. For it was the best of sport that was visible in Newcastle, the
minor lights staying to wrestle on the village-green or to quoit upon a space of ground situated in convenient
proximity to the village
* I have to thank Mr. J. F. Petrie for a great deal of information upon this subject, and take this opportunity of
doing so.
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hostelry; while those of greater skill came to " the toon " to try conclusions for championships, to win or lose
large stakes for themselves and more momentous wagers for their admiring friends. Horse-racing
was the sport par excellence, though hardly, by reason of its infrequency, to be called the most important.
Bowling, not the peaceful pastime of the quiet lawn, hut the more strenuous game in which stalwarts
(stripped to what the local phrase designates " linings ") hurl heavy " pot-shares," varying from 5 to 50 ounces
in weight, was distinctly one of the most popular pastimes of half a century ago. From many points of view it
is to be admired as a form of sport. Simple though its rules may be, it requires no small skill; for a man who
desires to excel must be able to throw his bowl not merely over a long distance, but with an accuracy which
will assure its alighting upon a favourable spot and avoiding rough ground which might retard its
progress. It is a vigorous exercise in itself, and it has the additional advantage of taking its devotees away
from surroundings which offer many temptations to the man with a light heart and a full pocket. The town
moor had always been the main centre of bowling, but many famous matches were brought off on the sands
at Newbiggin, Shields, Blyth and Castle Eden; and there were not a few inland courses where the pitmen

gathered to throw their bowls, and to " back " their fancy with a perhaps more than judicious portion of their
hard-earned pay. It is worthy of remark that bowling, which had almost died out in the intervening years, has
suddenly seen a great revival; and I am told that it is not at all uncommon for five or six thousand spectators
to assemble on Newcastle moor when two recognized experts are trying conclusions for a substantial stake.
Natural causes had much to do with the immense vogue of rowing in the fifties amongst the working-class
population. The keelmen had in their ranks many keen oarsmen, and the banks of the river Tyne afforded
innumerable points of vantage for watching both the practices and the contests themselves. Thus, with
circumstances providing many performers and supplying their audiences with every convenience, it is not
difficult to see why rowing should have attained a prominent place in north-country sports. It was not only
on Tyneside that rowing had
[18]
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its hold. The other local rivers all contributed their quota to the men who were the outstanding figures of the
fifties, when the contests decided on the Tyne occupied the attention of all the world. Clasper, Chambers and
Winship were the prominent personalities then, and they were followed by many others of little less renown.
No sport of all those that appealed to the affections of north-countrymen has fallen upon more evil days than
this. There is now no professional rowing worth the name, and the time-honoured Christmas handicap is, I
believe, only kept alive with difficulty and arouses an infinitesimal interest. There are many causes for the
change. It is charitable to place first amongst them the increase of traffic on the river and the building-up of its
banks. On the other hand, the symptoms of decay undoubtedly manifested themselves before either of these
things had affected the sport. And the reason is equally obvious and infinitely more unpleasant.
The sport died a natural death. A matter to me of great regret, as I have always taken a great interest in
rowing; and many of the pleasantest evenings of my residence in Newcastle in the early seventies were spent
upon the Tyne, not only as a competitor in some of the minor contests, in which I was not unsuccessful, but in
the encouragement of this sport at the Durham University colleges.
It is not likely nowadays to be revived, and its memory only remains with the older generation as one of the
great features of the recreation of the toilers of the north in the "' good old days."'
Horse-racing has always been popular, and meetings have been held in several centres in the mining districts;
such as Amble, Blaydon, Boldon flats, Durham, and Houghton-le-Spring for very many years. Newcastle races,
however, when they were held upon the town moor, formed the biggest sporting event of the year. Nowadays
they are not so intrinsically important as races. They serve for the mass of the population as an excuse for the
annual holiday, and the gathering at Go'sforth Park is only an incident in a general exodus. But in those days
the races were the centre of attraction, and the town moor was the Mecca of every northern pilgrim. They
were more robust days, and the concourse might have been rougher, perhaps less decorous, but there
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is no denying that the spirit of enjoyment was more general and keener. The local feeling, too, was greater.
The miners were—and are still—to a greater extent than any other body of workers averse to patronizing a
sport which they could not see. They liked to see the horses that they had backed run for their money, and
they were lifted into ineffable realms of delight when a north-country horse brought the Northumberland
Plate to a north-country owner—especially if its victory also enabled them to celebrate the holiday more
lavishly. It was in 1852, "Stilton's year," the date of our foundation, that the Northumberland Plate was first
run for straight out, and the system of heats abolished; and it was in that year that the actual period of racing
was confined to three days only. The festival proper, however, lasted for the full week, and during that
period the town was invaded from all the colliery districts. Temporary licenses granted to the publicans
caused a town of canvas-tents to spring up, and the day-refectories became night-shelters for many of the
enthusiasts who had arrived with, the firm determination of " making a week of it "—a determination, it may

be added, which was unfalteringly and completely fulfilled. Shows of all descriptions, neither better nor
worse it may be believed than those which to-day accompany the Temperance Festival, added to the show of
canvas and multitudes of carriages, from the four-in-hand of the peer to the pony-trap of the publican,
stretched in long lines on either side of the course. Racing, indeed, whilst it lasted dwarfed all other sports;
and only at such great centres as York and Doncaster, where the contests were carried out on public spaces,
were like spectacles of wild excitement and whole-hearted gaiety to be witnessed.
The interest in horseracing fifty years ago was not, it is to be believed, the same kind of interest as it is to-day.
It was certainly the only sport to which the press devoted any attention, small and often contemptuous
paragraphs sufficing to cover the quoiting, the whippet running, the pigeon flying, and the wrestling. The
publication of the results, however, was neither so prompt nor so important as to-day, and was not intended
for the edification of the working classes, keen as was the interest and heavy as was the wagering by
workmen. At Newcastle and at minor race-meetings in this district it was, generally speaking, of a more
intermittent character and confined
[20]
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very largely to the meetings themselves. It was only with the increased facilities for travel provided by
improved railway-communication and the contemporary improvement of the telegraphic services of the press
that the custom has grown of wagering on horses that have never been and never will be seen by their
backers; and that the shop-boy has come to hazard his half-crown with the same assurance as the " Jubilee
Plunger " threw away his thousands.
Special mention also should be made of wrestling, which if it never was, as in Cumberland and Westmorland
and in some portions of the Lancashire coal-field, the paramount pastime, at any rate absorbed a great deal of
attention, and always found a not unimportant place in the local athletic gatherings. In Newcastle fifty years
ago there existed a wrestling green, near the old shot-tower, where many of the northern champions were
seen; but that has long since passed away, and the fine old sport does not occupy much of the time and
training of the athletes of to-day. Possibly the causes which contributed to the decay of rowing had a little to
do with the decline in wrestling, as they certainly are responsible for the lowly place that boxing now occupies
in the popular esteem. It is a great pity, for a finer pastime than the old style of wrestling, combining the need
for courage, skill, endurance and self-control it would pass the wit of man to devise. Of the minor sports,
whippet racing, pigeon and sparrow shooting and pigeon flying show the least changes, for they have always
had, as they have to-day, a considerable number of followers. Rabbit coursing, I am pleased to note, is less
popular than it used to be. Running appears to be going out of favour; and trippet and quoit or buck-stick, a
favourite game some forty years ago, has disappeared altogether. Cricket, elsewhere the king of summer
games, has never strongly appealed to the miner, who likes something a little more exciting and more easily
comprehensible. Bathing also has never been popular. Probably because we seldom have here, on the northeast coast, a spell of really hot weather.
To-day, football, unknown amongst the miners five-and-twenty years ago, is the game which holds the
greatest sway, and, whether for good or for ill, the district between the Tweed and the
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Tees has caught the infection in a very pronounced degree. As played at present, in spite of the professional
element, the game is kept, I believe, above suspicion for the most part; but, as it has become one of the great
instruments of gambling, it is hardly to be supposed that it will long remain free from the canker which killed
the once equally popular sport of rowing.
One of the most interesting examples of the growth in popularity of a particular sport is to be found in rifle
shooting. The rifle is the legitimate and direct successor of the bow and arrow, a weapon which for certain
purposes, principally social, is not yet entirely obsolete. Archery, however, has never been very popular in the
north country, although there was once a flourishing club in Newcastle, and it may be said to be a thing of the
past up here. But, as Regent's Park bears annual witness, it still has its devotees in the south. Rifle shooting on
the other hand has found continuous favour since the inception of the volunteer movement; but the

perfection of the modern weapon and the wave of patriotism which swept over the country during the South
African war gave it an immense impetus. It is a matter for congratulation that the movement in favour of rifle
shooting should have proved to be of a permanent character and to be so popular at many of our collieries,
for, even from the purely sporting point of view, it is a pastime which possesses infinite attractions. It demands
a keen eye, a steady hand, and an abundance of nerve, and if any real proficiency is to be attained it needs
also much time spent on the open-air ranges. These essentials of the marksman are not to be obtained
without considerable self-sacrifice and self-control. Lord Roberts, who has done so many fine things for his
country, deserves its gratitude for the unceasing efforts that he has made of recent years to arouse an interest
in rifle shooting, and it is very largely owing to his exertions that the civilian movement has reached its present
large proportions. Locally, the enthusiasm for this branch of sport has been fostered by the endeavours of The
Newcastle Chronicle, which, after being amongst the first business houses to establish a rifle club for its
workpeople, has offered each year a valuable silver cup and a substantial sum in prize money open to
competition by all comers. Since its establishment, six years ago, the meeting at which the cup is shot for has
grown in
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importance, until now it is the second largest in the United Kingdom, the national meeting at Bisley alone
exceeding it in. size. Over five hundred marksmen, regulars, volunteers and civilians were seen at the range
this year when the trophy was shot for, and there can be no doubt that the gathering has had a most
stimulating effect upon the growth of the rifle movement.
Fifty years ago cock-fighting was a popular pastime, and great were the rivalries between the various strains of
birds. The time when the sport was at its height was on the morning of race-days, and there were various
cock-pits in Gallowgate, where the miners used to assemble in crowds to see the mains. Modern feeling,
however, is altogether opposed to a game which, whether inhuman or not, is certainly as unedifying as it is
exciting. It is prohibited by law, of course; but there are a good many things prohibited by law which have not
altogether been driven out of existence by legislative interference, and from what I have heard, I believe that if
one were " in the know " it would not be an impossible task to buy a pair of silver spurs to-day and to see them
used. It is, indeed, only a few months since we read in the newspapers of a successful prosecution of men for
participating in an organised cocking main and it is not to be supposed that this solitary conviction bears any
due proportion to the number of contests which do not officially attract the notice of the police. Though there
still is some cock-fighting it may, however, be taken that its extent is infinitesimal compared with that of half a
century ago, and there will be found few people to lament its decline.
Instrumental music is, and has always been, very popular. There are but few collieries that have not a brass
band, often a very good one: Hebburn for example. But choirs are almost, if not entirely, non-existent. I
started vocal societies at two collieries, in Durham, early in the seventies, which flourished for a time and gave
much pleasure to the members, both men and women, if to no one else. But so soon as I left the
neighbourhood, they ceased to exist. The reason I believe to be climatic; but space will not permit of my going
into this question.
Golf and tennis have not yet come into vogue; but I can see the faint beginnings of these pastimes, and I
venture to
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prophesy that both games will become popular, amongst miners, within twenty years.
Of other amusements, such as pitch-and-toss, gardening, bee and poultry keeping, dancing, institutes and
clubs with their reading, games and billiard-rooms, boating and rowing on sea and river, space will not permit
of any detailed mention. But there is one sport which has lately come to the front, and is worthy of notice as
being the only form of out-door amusement participated in by both sexes. I allude to bicycling. Five-and-thirty
years ago, I doubt if there were more than half-a-dozen bicycles in the North of England. Of these I had one,
my brother another. It was some years after this, before they spread into the colliery villages, and not until
quite recently that the wives and daughters of the miners participated in the amusement.

An unamiable feature in the character of the miner, and I am afraid in that of other members of the working
classes—I see that Lady Bell in her book, At the Works, notices it also—is that he does not consider his womenfolk when catering for amusement. The young women amongst the miners do not, as a rule, go out to work.
They can, therefore, earn no money for themselves, and are dependent upon their fathers and brothers. Until
bicycling was introduced, their need for recreation was not considered in any way; except for dances, and an
occasional picnic where their presence was required in the interests of the other sex. I am afraid that this, too,
may be at the bottom of their being indulged with bicycles; the men find it rather dull to ride alone; and still
more dull to ride in company with a young woman on foot.
It is a great pity that, in this matter of recreation, the interests of the other sex are not more considered by the
working classes. It seems to me that nothing but good to both would result. Only last week, in looking over a
workmen's institute in a colliery village and finding it in the untidy and dirty condition with which those who
are in the habit of visiting these institutions are only too familiar, the thought struck me that if the women
were members as well as the men what a scrubbing and cleaning there would be, and how much more
cheerful, pleasanter and sweeter would the rooms be made to look. And
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why should they not be members? At that great institution housed under the same roof with ourselves, of
which Newcastle-upon-Tyne is so justly proud, women are equally eligible with men for every privilege of
membership ; and the rooms, lectures, books, management, etc., are shared in equally by both sexes. It is
some years now since the middle classes awakened to " the rights of women " in this respect. I hope I may see
in the introduction of bicycling for women into the colliery districts that this awakening is spreading to the
miners also. It is a distinct step in advance, as is also the dying-out of such cruel sports as cock-fighting and
rabbit-coursing.
It is interesting to make, a comparison between the space afforded in the newspapers to popular sports at the
period when this Institute commenced its work and to-day. Such a comparison can only be of an approximate
character, and it may be as well to make it by taking the pages of The Newcastle Chronicle. The Newcastle
Chronicle was first published as a daily newspaper in 1858. It was a small paper, with four pages each of six
columns; and it used to give on an average about one column each day to sport, the news being confined
chiefly to horse-racing ; whilst, as a special condescension, there was the result of a boat race or wrestling
match of more than average importance, and possibly the bare scores of a cricket match of the first class. Today the paper will give from eight to twelve columns of sport, the news embracing games and recreations of
every sort, from a rabbit running to a Derby, and from a boxing bout between obscure pugilists to a test
match. And in that time, roughly speaking, the population of the two counties has risen—the figures are those
of the nearest census years—from 993,856 to 1,790,188, or almost double in the fifty years. If we take it, then,
that the space given to sport is now ten times what it waa when the newspaper started, and remember that
the newspaper is now three times as large as it was then, we find that it devotes, comparatively speaking, a
little over three times as much space to sporting news as it did fifty years ago; so, if we take into account the
doubling of the population, there is still reason to presume that the public interest in sport, as reflected in the
attention devoted to it by the press, has increased rather than diminished.
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His Relations with Capital.
When our Institute was founded, fifty-five years ago, there were no trade organizations for the fixing of wages
and other terms of employment, such as we have at present. Unsuccessful attempts had been made from time
to time by the miners of the two northern counties to unite themselves together for the purpose of obtaining
better terms from their employers, and also for the passing of Acts of Parliament to better their condition.
These attempts, however, did not meet with much success, and their failure appears to have been due not so
much to the strength of the masters, as to internal dissensions amongst the miners themselves. Anyone
reading the history of this, and other movements amongst miners, cannot but be struck by their want of

confidence in their leaders, a want of confidence which is almost as apparent now as it was sixty years ago,
and is the despair of their well-wishers.
According to Mr. Richard Fynes, the first attempt to form a union was made in 1809; and, although several
unions were formed and broken up during the succeeding fifty years, it was not until 1865, when the attempt
to combine the two counties together was finally abandoned, that the present associations (as we now know
them) were formed. In that year, at the suggestion of Mr. Thomas Burt, Northumberland seceded from the
union of the two counties and formed the present Northumberland Miners' Mutual Confidence Association, to
be followed, a few years afterwards, in November, 1869, by the formation of the Durham Miners' Association.
It is very largely due to the ability and devotion of two men, Mr. Thomas Burt and Mr. William Crawford, that
both these institutions have been more fortunate than their predecessors.
The coal-owners appear to have been combined together from, at any rate, the early fifties; but the
Northumberland and Durham Coal Owners' Associations, as now constituted, were not formed until 1867 and
1872 respectively.
Prior to these dates disputes were usually settled by hard fighting, as has sometimes been the case since. But,
although regrettable incidents have occasionally occurred, it can be said to the credit of the North of England
that never have such scenes been enacted as disgraced labour disputes in Manchester and Sheffield during the
fifties and sixties; and are disgracing parts of America, even to the present day.
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Since these dates, the above associations have represented the coal-trade of the North of England in fact as
well as in name. And when, as has occasionally happened both in Northumberland and in Durham, the men
have not been guided by their representatives upon these bodies they have had cause to regret their want of
confidence. Other movements, too, took their rise in the sixties which have had a very important influence, an
influence for good, upon the miners of our northern counties.
In 1861, the first co-operative store was established at West Cramlington, from which have radiated stores
into all the colliery villages.
In 1862, the Miners' Permanent Relief Fund was instituted, an outcome of the Hartley accident of January in
the same year. At the first annual meeting, held in May, 1863, it was announced that about 8,000 persons had
joined the association. In spite of the Compensation Act of 1897, which many people thought would have
injured the fund, it has gone on growing steadily from year to year, until at the last audit in December, 1906,
the membership was 165,981; the income, £177,249; and the accumulated funds £398,201.
The establishment of science-and-art classes, and the lectures of Mr. William Rowden in the colliery villages of
Northumberland and Durham, all took their rise about this time, and have been of great value. Not only in
giving information upon many useful and interesting topics, but in educating the miners in the true meaning of
education, strengthening their minds, broadening their views, and teaching independence of character, and
preparing the way for the next stage in the industrial development of the coal-trade of our northern counties,
namely:—The discussion of trade questions between masters and men upon an equal footing, the recognition
of the fact that labour is interested in the coal-trade equally with capital, and that if capital, as responsible for
the proper working of the mines, must be permitted to work them in its own way (so long, of course, as it
conforms with the various Acts of Parliament regulating the industry), labour is entitled to have a voice in
deciding upon what conditions as to wages and hours of work it will consent to be employed.
Acting upon these lines, the Durham Joint Committee was established in April, 1872; and the Northumberland
Joint Com-
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mittee in February, 1873. Of the original members of these committees, twenty-four in number, though I am
happy to say there are several still living, only one active member, Mr. J. B. Simpson, is left. The functions of
these committees are to settle local disputes, within the rules of the associations, questions affecting these
rules being settled by the associations themselves. During the thirty-three years of their existence, the joint
committees have amicably settled thousands of disputes, many of which would otherwise have resulted in
stoppages of work; and it is very rare, if ever, that their decisions have not been loyally accepted by both sides.
But the court, which it appears to me should be the final court of appeal, is becoming more and more a court
of first instance; and its time is wasted over trumpery disputes that ought to have been settled at home. The
result is congestion; and really important cases, causing much friction at the collieries, cannot be heard until
several months after they have arisen. The fact that the responsibility of coming to a decision can be put upon
the joint committee seems to have taken the backbone out of the representatives of both parties at the
collieries ; and they are no longer capable of assuming responsibility themselves.
The joint committee, like the telephone, has great advantages. But both have, to my mind, a very serious, and,
I am afraid, far-reaching defect: that they destroy individual initiative and sense of responsibility; and so in
time must weaken the moral fibre of the nation. At one time, when a man was in a difficulty he was obliged to
worry through by himself, and did so. Certainly this was to his own benefit and in the majority of cases to the
benefit of his employer, whether that employer was the owner of some industrial undertaking or the State
itself, as the man upon the spot is usually best able to judge what ought to be done, and is in a position to act
promptly. But now he runs off to the telephone, or joint committee, and throws the responsibility upon
someone else.
Various schemes have been adopted for mutually settling rates of wages and other matters outside the
powers of the joint committee, without recourse to strikes and lock-outs. Discussion across the table at
meetings of the associations of masters and men was a great improvement upon former methods, but
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not altogether satisfactory, as, in the event of disagreement, there was no way, short of arbitration (a tedious
process), of amicably settling the point of difference.
In spite, however, of this objection to arbitration, several important differences were determined in this way
during the years 1874 to 1877; and it was as the outcome of these arbitrations that the method of settling
wages disputes by a sliding scale, based upon selling prices, was adopted. If not evident before, it became
evident in the course of these arbitrations that wages were very largely a question of selling prices, and this
point was emphasized by the late Lord Herschell, amongst others, in one of the awards. It was suggested that
wages might rise and fall with the rise and fall of selling prices, and so automatically settle wages, the only
difficulty being to determine the relation that should be maintained between these two factors. After
considerable negotiation, a sliding scale was agreed to in Durham in March, 1877, followed by one in
Northumberland in November, 1879. By these scales, modified from time to time, wages were regulated in the
two counties for about twelve years. But it became evident that other factors, besides selling prices, must be
taken into account; or that the relation between wages and selling prices, that had been agreed to, was not a
reasonable one. Be this as it may, the sliding scales for automatically regulating wages were abandoned in
both counties; and the present arrangement, namely, a conciliation board with an independent chairman,
whose decision should be final in default of agreement between the two bodies, was established in Durham in
1893, and in Northumberland in July, 1894. The conciliation boards, although mainly guided by selling prices,
can, and do, take other factors into account.
The above methods of settling industrial disputes are none of them perhaps perfect, but under their guidance
there has not been a general strike in Durham for over fifteen years and in Northumberland for more than
twenty years. They are, I believe, the best methods possible at the stag© that we have now reached in
industrial evolution, and cannot be improved, except in detail, until a further stage is reached, when the

identity of the interests of capital and labour being recognized by everybody, as they are now by the few,
disputes between labour and capital will become impossible.
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And here, to digress for a moment, people appear to me to apt to forget that circumstances alter cases, and
looking down from the elevated plane that we have now reached in social development (a plane which will in
its turn be looked down upon few generations hence) are inclined to find fault with the actions and mode of
life of their forefathers; oblivious of the fact that they had not reached the stage of civilization when our
present methods would have been possible, or perhaps even desirable. To take a very extreme case, slavery,
which everyone now rightly condemns, was probably both necessary and desirable at one period of the
world's history. Much as we may approve of our present methods of settling disputes, and superior as they
may be to those in vogue at the birth of our Institute, each was probably suited to the times in which it was
raised, and a conciliation board would have been as impossible in 1850 as the arrangement that will come into
force in 1950, whatever it may be, would be impossible now.
There is no standing still. Change there always has been and always will be whilst this world lasts, in one
direction or another; sometimes for the better, sometimes for the worse; on the whole, I hope and believe for
the better, though we have had, no doubt, temporary set-backs from time to time. It will interesting and useful
to consider the direction along which we are likely to travel in the future. One or other of two paths we shall, I
believe, follow, the one leading towards socialism : the ownership and exploitation of the mines by the State.
The other towards co-operation: the ownership and exploitation of mines by the workmen engaged in them.
The first, I believe, would lead to disaster, the last to the advantage of capital and labour alike, and through
them to the country generally.
Socialism has been a good deal before us during the last years. By this I mean that it has been a good deal
talked and written about. Not that we are any nearer to a purely socialistic State at the present time than we
have ever been. To quote Mr. W. H. Mallock " Such a State has never existed, and there is no reason to
suppose that it ever will."* But attempts may be made to found such a State; and as these attempts, if
* The Times, October 4th, 1906, page 10.
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ever made, must, in my opinion, end in disaster, any tendency towards socialism in the relations of masters
and men is to be avoided.
With the object of socialism, the betterment of the condition of the people, we are all in sympathy. It is as to
the means that should be adopted for the achievement of this result that thinkers differ; and I believe that the
object which the socialist thinks, rightly or wrongly, can be obtained through the State, can be obtained, and
obtained much more satisfactorily, by co-operation. It is therefore in the direction of co-operation that I look
for my ideal in the future organization of our industrial system.
The working-man, however, has hardly yet reached the stage in social evolution that would enable him to
conduct successfully colliery enterprises. No one can read his letters and speeches in the press without
realizing his ignorance of the elements of political economy as applied to coal-mining, to commerce, and to
business generally. It is evident that there is a very prevalent belief amongst the miners as a body that — to
quote one of their leaders and a county councillor—" In future, wages should not be ruled by prices, but prices
should be ruled by wages "; and, until miners realize that this is impossible, it will be hopeless for them to
undertake to run a colliery of their own. But this general dissatisfaction with prices as a basis for wages and the
exaggerated idea of the large profits made in coal-mining will probably lead to profits, instead of prices, being
adopted as the next step for a basis in determining wages.
The difficulties in the working of coal have increased so much of late years, that the efficiency of the miner has
decreased ; and a relation of wages to selling prices that the coal-owner could afford to agree to twenty years
ago, he can agree to no longer. It is only due to the fact that selling prices have kept up at a higher average

during the last eighteen years than they did when the various sliding scales were established, and that these
sliding scales were more favourable to the masters in their higher, than in their lower reaches, that they have
continued for so long the main factor in settling the rate of wages. Just as the present plan has had an
educative value in giving the miner a knowledge of prices, so will an agreement based upon profits have an
educative value in giving him a knowledge of the profits
[31]

PRESIDENTIAL ADDRESS.

31

that are made in the coal-trade. It will show how erroneous is the prevalent idea of very high profits; but, at
the same time, it will show that, taking one year with another, reasonable profits can be made. And, with the
knowledge that the miner has of the losses due to matters within his own control: such as excessive
supervision, idle time, careless making of places, dirty coal, etc., losses which we may hope would not be
allowed to take place in a colliery owned by the persons employed in it, and where each workman was
interested, not only in himself doing his very best, but in seeing that his brother workmen did their best also;
large economies could be effected, and consequently larger profits earned.
There are, however, other points besides political economy and commerce upon which the miners as a body
require further training before they can hope to manage a colliery successfully; ami a very important one, is
that they must learn to put more confidence in their leaders. There appears to be among the miners of
Northumberland and Durham, an inherent distrust of those in authority over them: whether they be put over
them by circumstances over which they have no control, as are the agents and managers of the collieries; or
whether they be their own chosen leaders. An essential for the success of any industrial undertaking, and
more particularly for one like a colliery, where there must necessarily be very large variations in profits, is that
it must be under the control of a thoroughly capable man who has the confidence of his employers, and
consequently a practically free hand to do what he knows to be right. This confidence I am afraid, during bad
times at any rate, would be withheld from the agent of a miners' co-operative colliery. His hands would be
tied, and the undertaking would inevitably come to grief.
I do believe that a co-operative colliery could tide over a few years of bad trade. From a careful examination of
the results of trading during bad years I find that, at any rate, the receipts would be sufficient to pay a socalled " living wage "; and so long as the men got this they could wait for the prosperous years for high wages
and for interest upon their capital. Moreover, after a few years, a reserve fund would have been set aside
sufficient to pay good wages and interest on capital during
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the bad years. It is, of course, another question whether a cooperative colliery would tide over the bad years. I
am inclined to think that at the present time it would not.
Another difficulty that is sometimes mentioned in the way of co-operative collieries is the want of capital
amongst working miners. This, if it exists, is in my opinion due, not to want of opportunity, but to the want of a
little self-denial on the part of our young men. The capital required to start a colliery, of course, is a variable
amount, depending upon the circumstances of each case, but it may be taken roughly at 10s. per ton of annual
output or £150 per hand employed. And the question is, can such a sum as this be raised by the workmen ?
There cannot, in my opinion, be any doubt upon this point. If the miner could be persuaded to do what the
middle classes do, namely, postpone marriage until seven or eight and twenty, instead of marrying soon after
he comes of age, there would be no difficulty in the matter. Moreover, the girls would marry later in life. The
lassie of eighteen, who appeals to the lad of one-and-twenty, would not satisfy the young man of twentyseven or twenty-eight, and the delay upon the part of the girl in undertaking the responsibilities of matrimony
for four or five years would give her the opportunity of learning some of the duties of a wife and mother; and
also of acquiring more physical strength, without which, however willing and capable a woman may be, these
duties cannot be carried out either with comfort to herself or to the physical well-being of her descendants.
A miner makes as much money at four- or five-and-twenty as he does at any time of his life; and the support of
a wife and four or five young children can be fairly put at about 20s. a week. In other words, if the married
miner of five-and-thirty can support a wife and family, the unmarried miner of five-and-twenty can save 20s. a

week. By the time therefore that he was seven-and-twenty he could have saved £300, and other classes of
labour a smaller sum in proportion. It would not be necessary, moreover, that the whole of the capital should
be held by the workmen interested in a colliery; some could, and no doubt would be supplied, as at present,
by the general public.
It is also evident from the large sums that miners have already saved and invested in various undertakings,
that want of capital would be no bar to the establishment of co-operative
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collieries; and in their unions, building societies, savings banks, benefit societies, relief funds and co-operative
stores, they already have vast sums invested. This fact, I think, will make them very shy of socialism, when
socialism is no longer academic, but becomes a question of practical politics. In distributive cooperative
societies alone I estimate that the miners of Northumberland and Durham have £2,000,000 invested. These
took their rise in the North of England in 1861 at West Cramling-ton. Mr. R. Fynes gives a very graphic account
of the commencement of the undertaking, too long to quote here, but it was a success from the very first. At
the end of the first quarter, goods to the value of £449 14s. 2½d. were sold, and the spread of the movement
is shown by the fact that during the quarter ending on February 2nd, 1907, the Cramlington District Cooperative Society, Limited, sold goods to the value of £47,973 0s. 1d.
Productive co-operation, however, in which for the moment we are interested, has not been a success, so far
as mines are concerned. The nearest approach to success being found, I think, in the "tut-work," a species of
productive co-operation, still in vogue in Cornish mines. Every attempt to start and run a co-operative colliery
so far has been a miserable failure. Of these attempts there, have been several.
Using the term " co-operative colliery " in its most extended sense, that is, including all those in which the
workmen were paid something over the current rate of wages in the form, for example, of a percentage upon
the profits; as well as those in which they were themselves the owners of the colliery, the following examples
have come under my notice.
The first attempt, so far as I know, to work a colliery upon co-operative lines was made by Messrs. Briggs in
1865, when the firm became a limited liability company. It was stated that " everything was taken at the value
at which it stood in the books of the firm; while two-thirds of the capital, and the full control of the practical
management were to remain in Messrs. Briggs' hands..... The allocation of profits was as follows: whenever,
after providing for the redemption of capital, etc., the divisible profits exceeded 10 per cent, per annum on the
capital of the company, the workpeople, including managers or agents,
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at fixed salaries, were to receive one-half of such excess profits to be distributed amongst them in proportion
to, and as a percentage upon their respective earnings during the year. The company was, at this time, paying
about £1,000 a week in wages." For ten years this arrangement appears to have worked satisfactorily, the
dividends to the shareholders varying from 13½ to 25 per cent, (during the two years preceding the
arrangement they had averaged 4½ per cent. only, with, of course, no payments of bonus) and the yearly
bonus to the men from £1,740 to £14,256; and, in addition, Whitwell Main colliery was bought, mainly out of
profits, and large sums were allocated to depreciation and reserve funds.
During the last half of 1874, however, trade fell off, and in 1875 the men throughout the district were required
to submit to a reduction of wages. After a strike of four weeks, in which Messrs. Briggs' workmen joined, the
matter was referred to arbitration, and a reduction was awarded by the umpire. In consequence of the men
taking part in this strike, the bonus system was abandoned in February, 1875, and thus ended, so far as I know,
the only attempt at a co-operative colliery that has had any measure of success.
Several other attempts to work a colliery on co-operative lines have been tried. In 1866, the South Buckley
Coal and Fire-brick Company, Limited, was registered ; shares were taken, amongst others, by Mr. Thomas

Hughes, the Marquis of Ripon, the Earl of Derby and the Duke of Devonshire, and of a capital of £50,000,
£10,000 was to be reserved to the workmen. This company failed very soon after its inception.
In 1872, the Darwen Mining Company, Limited, with a nominal capital of £12,000 was floated by some
members of the Darwen Industrial Society. A colliery, opened at Whitebirk, near Blackburn, was worked for a
time, but it did not pay. The company went into liquidation in 1882, and the colliery was taken over by the
Darwen Industrial Society who were large creditors. The society continued to work the colliery until 1889 with
a fair amount of success, when the pit was closed and the plant sold.
The Co-operative Mining Society, Limited, in which the miners of the North of England were large investors,
was registered on January 8th, 1873, " The shares were transferable

[35]

PRESIDENTIAL ADDRESS.

35

and of the value of £5 each. They were to have a first claim upon the profits equal to 10 per cent, per annum.
After this claim was satisfied, a portion of the profits were to be devoted to the reserve fund and the
remainder was to be divided equally between labour, capital and trade." The movement was very generally
supported by the miners of Northumberland and Durham, 2,163 shareholders joined with a paid-up share
capital of £35,796; and Monkwood colliery, near Chesterfield, was bought for £68,000 in April, 1874. The
undertaking, however, failed, and the company was wound up in 1877, the shareholders losing the whole of
their capital. Into the causes of the failure I do not propose to enter, except to point out that, purchased at a
period of inflation, too much, no doubt, was paid for the colliery ; ind although it was nominally co-operative
and enthusiastically supported by the miners of Northumberland and Durham, the Monkwood workmen
declined to become shareholders in it.
In addition to the companies mentioned above, the following were floated during the seventies:—The
Eccleshill Coal Company, Limited, registered in April, 1872. The Leeds and Yorkshire Co-operative Coal-Mining
Company, Limited, registered at the end of 1872. It was better known, perhaps, under the name of the
Lofthouse Colliery, Limited, which is no longer co-operative. The Leeds, Morley and District Co-operative Coal
Society, registered on December 28th, 1872. The Alston Cooperative Coal Company, in March, 1873. The
Ayrshire Coal Mining Society, in October, 1873. The Scottisb Co-operative Coal Company, Limited, in 1873. The
South Yorkshire Mining Co-operative Society, registered on July 21st, 1873. The Tipton Green Colliery
Company, Limited, started in 1873, and the Leeds Co-operative Society invested £19,000 in it. The Broughton
Moor Co-operative Mining Society, registered on January 20th, 1874. The United Coal-mining Society,
registered on January 26th, 1874. The West Yorkshire and North Staffordshire Cooperative Coal-mining and
Building Society, registered on April 22nd, 1874. The Shirland colliery was purchased by the South Yorkshire
and North Derbyshire Miners' Association early in 1875 for £69,000. The Derbyshire and Nottinghamshire Cooperative Mining Society, registered on February 13th, 1875. The Spring Vale Colliery Company was taken over
by the Wholesale Co-operative Society, Limited, in 1880. Very few of these
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companies had more than two or three years' existence, and every one failed as a co-operative colliery. The
history of their misfortunes may be read in the Co-operative News, and a very excellent résumé by Mr.
Benjamin Jones.*
After such a record of failures it seems hopeless at first sight to look to the establishment of co-operative
collieries in the near future as the next step in advance, in industrial organization. But a little reflection and a
consideration of the circumstances under which these collieries were floated will go some way to dissipate this
conclusion. With the exception of Messrs. Briggs, and the South Buckley Company, all these undertakings were
started during the years 1872 to 1874, a period of inflation, the very worst time for commencing a colliery,
even upon recognized wellknown lines, and utterly impracticable when the colliery must necessarily be of an
experimental and tentative character. There is not, of course, this excuse for the failure at Messrs. Briggs'
colliery. It is forty years ago now since it was started, and thirty years since it failed as a co-operative concern,

and at this distance of time, with but meagre information at my disposal, it is impossible to say exactly why it
failed and if failure was inevitable. But both masters and men have learned a great deal since 1875; and I do
not think that a North of England colliery at any rate, that had been carried on successfully for ten years on the
bonus system, would be abandoned now-a-days. To begin with, the immediate cause of its failure was a
general strike, and this we have not had in the North of England for fifteen years. In addition to the
unfortunate time selected for the launching of these schemes, not one of them appears to have been really cooperative, that is, collieries in which the workmen engaged at the mine themselves owned, if not all, a
considerable proportion of the capital; though this was no doubt the intention of the promoters in most cases.
To quote the prospects of the Co-operative Mining Society, Limited, floated by Mr. Thomas Burt, Dr.
Rutherford, Mr. W. Morrison, Mr. E. Lowther and others:—"But what is wanted is, that the miner shall feel
that the pit in which he works is his own; and, in order to do this, it must be open to him, if he chooses to
invest all his earnings there. To this end, the miners of Northumherland and Durham have resolved to have
collieries
* Co-operative Production, 1894, vol. ii., pages 444 to 539.
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of their own. ... It is intended that every worker shall be a member, etc." Unfortunately, I consider, this did not
turn out to be the case in practice. The miners of Northumberland and Durham became shareholders, and put
their money into the Monkwood colliery; but I understand that not one of the workmen employed at the
colliery was a shareholder, though urged to become so. In the face of this, the colliery, even if it had been a
success, would have been no triumph for co-operative production.
As I have already said, I do not anticipate that the miners will become the owners of the collieries in which
they work for many years yet; though I do look forward to this, and not to socialism, as the final solution of the
industrial problem, so far as anything can be final in this world. Great as the advances are that the miners have
made since the foundation of our Institute, they require further education in commercial knowledge, in thrift,
in confidence in their fellowmen, before they will be capable of carrying on with success an undertaking so
uncertain as a colliery and subject to such fluctuations in value. It has been said of a North of England royaltyowner, who not only owned the coal but worked it himself, that he made half-a-million one year and half-acrown the next; and he thought it therefore best to let his mines and be content with a smaller, but more
regular income.
How best to deal with these fluctuations is the problem now, as it was 3,600 years ago. Good years have
always been followed by bad years, and the seven lean kine, now as then, will devour the seven fat kine,
unless means are taken to prevent them. Now as then, foresight and thrift are the only solutions of the
problem. Provision must be made in the good years for the bad years that will surely follow. It is the lean years
that will try co-operative collieries, and reserve-funds must be set aside during the fat years to meet this. But I
am afraid that whatever hopes we may have for the future, and hopes I certainly have, in the present state of
education amongst the miners, not even such a leader as Joseph himself would induce them to make so
necessary a provision.
In conclusion, I thank you for the patience with which you have listened to this address—a patience which may
tempt
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me to inflict upon you at some future date the remaining sections that I have already mentioned and had
originally intended to include in it.

Mr. J. B. Simpson, the oldest of five past-presidents present, proposed a vote of thanks to Mr. Merivale for his
address. It was the only address that had been delivered during the past nine years, with one exception; and
the subject was somewhat of a departure from those included in the objects of the Institute. No doubt
intelligent and healthy sports would be a great advantage to the rising generation, and would have a good
effect on the working of coal. The President's very able and lucid address had certainly put before the
members a great field for thought.
Mr. Thos. Douglas (past-president) in seconding the vote of thanks, said that the address would stimulate the
members to do more than had hitherto been done in the endeavour to promote the moral elevation of the
men amongst whom their lives were spent.
The vote of thanks was cordially adopted.
Mr. J. M. Liddell (Cobalt, Canada) wrote that it would be conceded by most workmen that there were two
great classes of work which must be recognized: (1) that in which all work was done by time, at definite wages;
and (2) that in which work was done by the piece, under hours and at prices agreed upon; and that many sorts
of work must be done by one or the other of these methods in order to get most benefit for the worker, for
the investor and for the public, which was materially concerned. Now, the greatest industries were capable of
consideration in this light. The military and civil services, and many manufacturers of materials required for
them, fell properly into the first-class; while others such as farming, fisheries, etc., fell into the second class,
and were let to private individuals or companies. In this second or contract class, the coal-producing industry
naturally found its place. It had been tried for generations and in various ways, and shown to be a contract-job.
The only satisfactory method for all concerned was to let contracts for the discovery, winning and working of
coals for public use and for export. There was much tendency for trades unions to review and to desire to
control the conditions under which such contract[39]
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rights obtained, but they should reflect that any action which hampered the negotiation of contracts must
damage all the parties concerned. Money was the blood of the industrial body, and it became feverish as risks
increased : it was liable to panic when conditions of investment were upset, the body was liable to be drained
white, and labour, which formed the bone and sinew, to be left helpless. The Latin fable of " the belly and its
members " was still sound wisdom, and it was very much to the point to-day.
DISCUSSION ON THE EXPLOSION AT UKPETH COLLIERY*
Mr. A. L. Steavenson (Durham) said that everything at Urpeth colliery had been in the best possible order;
every rule had been carried out most strictly, with the exception of that disregarded by the men who suffered
in the accident; and the coroner's jury, after stating in each case the immediate cause of death, found that
they were " accidentally caused by an explosion of fire-damp through shot-firing."† However, there was not
one word of evidence in the report to show that any gas was present; and, on the contrary, there were
repeated proofs in the report that gas was absent. The reports of the mine-officials showed that gas was not
present up to 10 a.m. on the day of the explosion.‡ Mr. Atkinson stated that " gas was . present in sufficient
quantity to prevent an ordinary safety-lamp being taken to the face,"§ but this was during an examination
made some time after the explosion; but he added that he did "not think that Greenwell would have fired the
second shot had gas been showing on his lamp."|| He (Mr. Steavenson) specially pointed out that there was "
a supply of clay for stemming shot-holes " ; ¶ but " none of the stemming [used] was of the clay provided for
the purpose."** This breach of the twelfth General Rule was the key to the accident; and the explosion
originated in the " small coal and dust " stemming used in the shot-hole, and not in the gas nor in the
explosive. The men would select the smallest
* Report to His Majesty's Secretary of State for the Home Department on the Circumstances attending an
Explosion of Fire-damp and Coal-dust which occurred at Urpeth Colliery, near Birtley, in the County of Durham,
on the 17th December, 1906, by Mr. J. B. Atkinson, M.Sc, 1907 [Cd. 3494].
† Ibid., page 4.

‡ Ibid., page 9.

§ Ibid., page 10.

|| Ibid., page 14.
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coal for insertion in the shot-hole; and the act of ramming would crush it to dust. Even with westfalite, there
would always be slight flame, and that flame would ignite the dust used as stemming. He thought that the
attention of miners and deputies should be specially drawn to the danger of using coal-dust for stemming. The
report itself was excellent, and the facts were so marshalled that everybody could understand them; and he
thought that every manager should particularly direct the attention of his officials to it.
Mr. J. G. Weeks (Bedlington) said that he was not quite satisfied that this explosion had arisen entirely from
coal-dust; although the coal-dust used instead of clay in the stemming would under certain conditions of
course aggravate an explosion. He would suggest, in the interests of safety, where two shots were fired in
close proximity, although the place had been once examined for gas, that the place should be re-examined
before the second shot was fired. It was possible, even if no gas was present when the first shot was fired, that
some pent-up gas might have been set free by firing that shot, and on re-examination it might have been
discovered before the second shot was fired.
Mr. Joseph Dickinson (Manchester) wrote that the facts were so lucidly given by Mr. J. B. Atkinson that any
ordinary miner might draw his own conclusions, apart from those stated, as to the dangers of dust. The late Sir
F. Abel's remarks* on the luminosity of flame might be traced further back. Prof. W. T. Brande† stated that if
they blew any fine substance through flame in fine dust, its brightness would be proportionately increased,
although the solid matter might not be inflammable, as, for instance, if they sifted a little lime or magnesia into
or through it.
Mr. James Ashworth wrote that the Report on the Urpeth colliery explosion contained several points of
considerable interest, for instance, it was probably the most direct acknowledgment, made by any inspector of
mines, that " dry " coal-dust was a controlling factor in bringing an explosion to a
* Report on the Results of Experiment* made with Samples of Dust collected at Seaham Colliery, by Prof. F. A.
Abel, 1881 [C—2923], page 9 ; and Final Report of H.M. Commissioners appointed to inquire into Accidents in
Mines, 1886 [C.— 4699], page 155.
† Manual of Chemistry, 1841, pages 223-224.
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termination. Other explosions had demonstrated that watering a mine, even very efficiently, was no safeguard
against the extension of an explosion, and many witnesses (including Mr. Henry Hall, H.M. inspector of mines)
when giving evidence before the present Royal Commission on Mines had stated that watering in deep mines
seriously damaged the roof and sides, and made them unsafe. Evidence had also been given that, if men were
to work with any degree of comfort and with a due regard to health, the air of a deep mine must be dry. They
were thus brought into the presence of a vital point of difference of opinion, with the non-watering advocates
on one side; and, on the reverse, those who could not see any degree of safety except when watering was
carried out extensively and efficiently. He (Mr. Ashworth) persistently advocated, and endeavoured to prove,
by reasoning from actual facts, that watering could not protect a colliery from the extension of an explosion;
that a dry mine was safer than a damp one; and that there were other risks, entirely apart from the possibility
of the propagation of flame along the roadways of a mine, against which watering could have no deterrent
effect—nay, it was more than probable that it materially assisted, namely, " air percussion" and " detonation."
He (Mr. Ashworth) meant by these terms similar effects to those which caused simultaneous explosions at
long distances apart at the Albion, Quarter, Tylorstown, Udston, Universal, and other collieries; which caused
shots to be ignited and fired at a distance of more than a mile at Tylorstown, without any trace of flame being
found on most part of the intervening roadway ; and also at the same colliery, where a blower of fire-damp

was ignited in the 8 hours dip, lower west district, Six-feet coal-seam, without any evidence of actual flame
being found on the adjoining roadway.*
He (Mr. Ashworth) believed that the Urpeth explosion was a distinct exposition of the effects of detonation
and air percussion, as all the necessary conditions were stated to have been present: (1) Two shots of
westfalite were prepared in a heading, containing at least 2 per cent, of gas, and the safety-lamps in use were
totally incapable of detecting it; and (2) the second shot was fired into an atmosphere saturated with moisture
and mixed
* Reports to the Right Honourable the Secretary of State for the Home Department, by Mr. Robert Woodfall
and Mr. J. T. Robson, 1896 [C— 8059], plan No. 2.
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with the products of the explosion of the first shot: thus the second shot was fired into an atmosphere capable
of being detonated, and it was detonated. Consequently, the permitted explosive caused an explosion in a
mine, under conditions which, if reproduced experimentally on the surface under like conditions, would
probably cause neither ignition nor detonation. There was no suggestion and no evidence that either of the
shots was blown out or overcharged, or that they did not do as much work as they were required to do; and,
consequently, if a naked flame fired the assumed mixture of over 2 per cent, of fire-damp and air, whence did
it arise? On the other hand, assuming the conditions that were described in Mr. Atkinson's report, that there
was no actual flame and in no sense a blown-out shot, but a detonating effect, the origin of the explosion was
accounted for, and they were brought close up to an extremely awkward fact, namely, that explosives might
be improved until ignitions of the surrounding atmosphere could not be produced experimentally, and yet one
factor, which their present knowledge of explosives did not enable them to control, might carry a dangerous
detonating vibration or percussive effect into distant parts of a colliery, and thus initiate other explosions of
mixtures of fire-damp and air. In his (Mr. Ashworth's) opinion, blasting with the highest class of permitted
explosives could not be made safe in a dusty, fiery mine until they were able to control detonating and
percussive effects.
The position in which the body of Barnes was found showed that he was instantaneously rendered
unconscious by air-percussion and then poisoned by carbon monoxide. Detonation and percussive effects
were always most destructive at the face of narrow headings; and, therefore, Greenwell and Suggett were not
affected in the same way as Barnes, and they were able to run some distance outbye before the after-damp
killed them. The effect of the explosion on Barnes did not support the conclusion expressed by Mr. Atkinson:*
nor did the Universal explosion support it; as the only man who escaped alive was in the roadway between the
east and west sides of the pit, and must have been exposed to the passage of flame and force if they
* Report to His Majesty's Secretary of State for the Home Department on the Circumstances attending an
Explosion of Fire-damp and Coal-dust which occurred at Urpeth Colliery, near Birtley, in the County of Durham,
on the 17th December, 1906, by Mr. J. B. Atkinson, M.Sc, 1907 [Cd. 3494], page 14, lines 31 to 36.
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had travelled, either from the east to the west, or from the west to the east, in the manner in which such
effects were generally supposed to travel. He (Mr. Ashworth) did not look on the Urpeth explosion as one
which ought to be designated a coal-dust explosion, as it was primarily due to fire-damp, and the flame was
principally found in the return-airway, showing that it followed the mixture of gas and air until the percentage
became so small by reason of air leaking through the stoppings and doors between the intake-airways and
return-airways that it was too weak to burn. The great force, which tore out the steel girders, was doubtless
due to the ignition of gas lodged above them in the broken faulted ground; and the coking of the dust was
consequently due to the heat of the explosion of gas and not primarily to an explosion of dust. Another point
concerning the coking of dust at Urpeth colliery deserved attention, namely, that the roads where it was found
were naturally wet, and the air was saturated with moisture. A similar result was found at Udston colliery, the

coking being heaviest in the wettest places; and similar results were found at Wingate Grange colliery. These
facts could not, therefore, afford much satisfaction to those who pinned their faith to watering as a preventive
of great disasters in collieries.
In conclusion, a pertinent query arose out of the Report, namely, if a mixture of 2 per cent, of fire-damp and
air was a dangerous atmosphere in which to fire a shot of any permitted explosive, why were not safety-lamps,
capable of detecting 1 per cent, of fire-damp, adopted for the use of deputies and shot-firers ? There were no
complicated parts in such lamps; the cost was very slightly in excess of that paid for the bonneted lamps used
at Urpeth colliery; and it seemed absurd to use a safe explosive in a colliery, but to fire it in an unsafe
atmosphere. Further, if an explosive was used in a gaseous atmosphere, as at Urpeth colliery, without the
shot-firer being aware whether or not the atmosphere was safe or dangerous, it was clear that the General
and Special Rules of the Coal-mines Regulation Acts were not enforced.
Mr. Donald M. D. Stuart (Bristol) wrote that the Report was of considerable importance, as it recorded an
explosion of coal-dust at the coal-face, an almost unknown event in this
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country. A fundamental element in dangerous coal-dust was admittedly its fineness of division, such as
obtained in main haulage-roads; but this condition was supposed to have no existence at the coal-faces or in
the immediate neighbourhood, as the coal-dust there had been regarded as incapable of ignition by fired gas
or shot-firing. This explosion therefore required careful discussion. If coal-dust at the coal-face could be ignited
to develop explosion, the danger of propagated explosions was more serious than had been supposed, and the
present consensus of opinion that watering the coal-face was unnecessary required re-consideration. The
question might be conveniently discussed by recalling the conditions in the workings where the explosion
originated. The presence of coal-dust at the face and in its neighbourhood, sufficiently fine to be ignited and
propagate an explosion, was demonstrated in the extensive deposition of coked dust. The presence of gas was
equally certain, as it was yielded regularly and accumulated on the derangement of the ventilation. The
existence of both coal-dust and gas appeared to complicate the case, suggesting a dual influence; but it would
be a great advantage to the discussion if the function of these agents in the explosion could be discriminated,
and for this purpose it was well worth enquiring into the facts. The Report supplied direct evidence on the
question of gas : the seam yielded gas in constant flow from the advance-faces, which was diluted and carried
away by the air-current by means of close bratticing. There had been no sudden outburst of gas in the
workings; there were no goaves: consequently, there could be no gaseous accumulation. The working-faces
comprised three headways and a stenton, and the complement of labour appeared to be four hewers, and two
putters with ponies. To ventilate these workings and the cross-cuts leading to them, no less than 12,555 cubic
feet of air per minute were passed through a regulator: a very generous supply even for advance-faces in a
gaseous seam. The result of this ventilation was clearly recorded on the day of the explosion and immediately
antecedent thereto. The Report showed that, within 13½ hours of the explosion, the stenton and the
headways had been examined three times by different officials, namely, Sunday at 9 p.m., and Monday at 3
a.m. and 5 a.m. (the explosion occurred at 10.35 a.m.); the officials found the places free of gas, and two
recorded the fact in writing in the report-books.
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These reports narrow the time down to within 5½ hours of the disaster; at that time (5 a.m.), the deputy
observed that the brattice-cloth at the face was too narrow to reach the floor, and that some air could shortcircuit; he then laid more brattice along the floor, and compelled the full current of air to sweep the face,
thereby effecting a more thorough dilution and removal of gas than obtained when he made his examination.
About one hour later, the deputy left the district in a fit condition for shot-firing, and gave charge at 9.50 a.m.
to the incoming deputy, telling him to go direct to the district, as shots would be ready for firing. This deputy
would reach the district about 10 a.m., make the examination for gas before shot-firing ; and presumably he

found no gas, as he fired the first shot. This shot did not bring all its burden, but left about a foot of socket on
the hole; consequently the unexpended heat-energy of the charge was thrown into the stenton, and if gas had
been present then it would probably have been ignited. There was no ignition, and it was obvious that there
was no gas in the stenton within a very short time before the explosion. After firing the first shot, the deputy
or hewer, on both, returned to the face of the stenton, took the cable from the discharged shot, coupled it to
the wires of the second shot, retired to the central headways and fired it; and the explosion then occurred.
The interval between the shots could not have exceeded 10 minutes ; but it was suggested that gas might have
been liberated from the coal-face by the first shot and accumulated there during this period. There was no
evidence that the brattice-cloth was deranged by the first shot, or that the air-current was interfered with ;
and it was reasonable to assume that any fresh or abnormal efflux of gas at this time was carried away by the
ventilation. During this interval of 10 minutes, and about midway, one or both of the men were at the face of
the stenton with a safety-lamp raised to cast light upon the wires of the second shot near the roof to make the
cable-connection, and if gas had been present it must have shown in the lamp without any special
examination; and, in that case, the deputy would not have fired the second shot. The quantity of gas issuing
from the coal-face of the stenton after both shots had been fired appeared to have been limited, as 10 hours
after the explosion, with the main return-airway blocked by a heavy fall, and canvas-doors and brattice-cloths
deranged, the accumulation was
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inadequate to prevent momentary examination of the face with an electric lamp, although it was unadvisable
to do so with an ordinary safety-lamp. The positions of the headways, however, showed that the gas in this
advance-working had been already tapped. The left and central headways had probed the seam in advance of
the stenton, and the right headways had advanced across its face; the gas in the coal in the immediate vicinity
and in advance of the stenton had therefore been drawn off to a material extent. In these circumstances, it
was scarcely possible to conceive that there was any appreciable gas in the stenton when the explosion
occurred. It was suggested that there might have been 1 or 2 per cent, of gas in the air-current and that the
dust raised and left in suspension by the first shot had determined its ignition. There was no doubt that such a
mixture of air, gas and dust had been inflamed by experiment, but it would scarcely be suggested that 1 or 2
per cent, of methane with 98 to 99 per cent, of air possessed any thermal value to produce the phenomena of
this explosion. There were other evidences by which the suggested ignition of dilute gas might be examined. It
was recorded that the brattice-cloth in the stenton was only partially displaced ; the common experience in
ignitions of very small quantities of gas in bratticed roads was that the brattice was wholly displaced, especially
when the return air passed on the inside as in this case; and a " smart explosion " or even a gaseous ignition
would surely have thrown down all the brattice in the stenton. The air travelled from the face of the left
headways, round the face of the central headways, thence to the face of the stenton and onwards through the
face of the right headways, receiving the gas en route ; probably the air-current contained the least gas at the
left headways, but receiving successive increments at the central headways and stenton became most highly
charged at the coal-face of the right headways. The records showed that the flame did not reach the coal-faces
of the left, central or right headways ; the hewer in the left one was not burnt, the brattice-cloth in the right
one was not displaced; if the supposed gaseous ignition did occur in the stenton, it would in natural course
follow the train of gas to the coal-faces of the central and left headways on one side, and the coal-face of the
right headways on the other, in the same way as a train of gunpowder when lighted midway burns to both
ends; and, in the absence of these extended effects, it was difficult to conceive that gas had been
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ignited in the stenton. In view of the facts that the stenton was examined by three officials during the 13½
hours preceding the explosion and within ½ hour of the disaster; that the first shot was fired there within 10
minutes of the event; and that there was no gaseous ignition in the faces of the headways on either side of the
stenton, although they were part of the same atmosphere, the conclusion appeared to be reasonably

established that fire-damp was not an element in the origin of the explosion, and that coal-dust was the only
explosive agent ignited by the second shot.
This conclusion involved the proposition that coal-dust per se at the coal-face and its vicinity could be ignited
and cause a propagated explosion. The past experience of mining engineers in this country was opposed to
this postulate. The records showed that the principal explosions originated in main or secondary haulageroads, where the coal-dust was in a fine state of division. There appeared to be one exception only : the
Apedale colliery explosion, in the year 1891, originated by a shot igniting coal-dust at the coal-face,
corresponded with the explosion at Urpeth colliery in that important point. These two exceptions, to the
practically overwhelming mass of mining experience, required careful consideration. The conditions at the
coalfaces must be elucidated, to ascertain whether they compared with the condition of main haulage-roads;
if the comparison existed, enquiry was necessary into the causes, as if the dangerous dust zone of the haulageroads extended into the coal-faces they possessed a potential danger that either a gaseous ignition or a shot
could develop into terrible activity. The behaviour of coal-dust in a coarse or granular condition, and in a fine
state of division, when subjected to heat for the extremely short time that obtained in gaseous ignitions and
shot-firing, was so distinct as to form a clear line of demarcation, on one side of which the granular dust was
comparatively innocuous, and on the other the impalpable dust was inflammable, instantly yielding explosive
gases and developing explosion. This was not simply an experiment of laboratory-practice, but the admitted
practical solution of the fact, notwithstanding the numerous gaseous ignitions and enormous amount of shotfiring at the coal-face, that there had been no ignition of coal-dust there (excepting the explosions at Apedale
and Urpeth collieries); while the very
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limited shot-firing in the haulage-roads had frequently ignited fine coal-dust from atmospheric suspension,
causing disastrous explosions. Applying these data to the explosions at the Apedale and Urpeth collieries, it
would be expected that the coal-dust in the coal-faces was in fine division. In both collieries, the coal was
blasted, and the effect of different blasting agents was well-known. The non-detonating explosive was
generally described as " spreading " and rending the face of coal; the detonating as " local" and shattering
the coal. If the hole in which an explosive was fired could be examined, the class of explosive used,
whether detonating or non-detonating, could be determined : if non-detonating, the walls of the hole
would be split open; if detonating, the walls round the charge would be pulverized, and a chamber
of impalpable coal-dust produced. This impalpable dust was naturally deposited at the coal-face and in the
neighbourhood. The powerful and instantaneous shock of detonation was concentrated locally in the coalface, and necessarily the coal that had received this shattering impact gave off fine dust during the extraction
and filling into the tubs. The records showed that a non-detonating explosive had been excluded from
Apedale colliery some time before the explosion, and a detonating explosive substituted at the coal-face. The
inevitable effect was the production of impalpable coal-dust in the face and neighbourhood, and finally its
ignition by a shot, with a disastrous explosion.
The Report under discussion showed that a detonating
explosive was used in the coal-face at IJrpeth colliery; and the explosion, with the accumulated residues of
coked coal-dust, demonstrated that this explosive had produced coal-dust so impalpable that it was
ignited by the almost instantaneous exposure to heat from the shot, and caused propagated explosion. The
awful explosion at the Courrières collieries in 1906 was another illustration, as there also the explosion
probably originated at the coal-face, where a detonating explosive was used; and it was believed that the
disaster was due to the ignition of the coal-dust by a shot. There might possibly have been some other factor
than the fine state of division of the coal-dust at Apedale, Courrieres and Urpeth collieries, and feasible
suggestions might be offered; but, as they could neither be affirmed nor denied, they would not assist this
discussion, and the substantial fact remained that the coal-dust at the coal-faces of
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these collieries was in the dangerous condition that obtained in main haulage-roads, and that condition was
brought about by the use of detonating or shattering explosives.
It would be most useful to know how far this dangerous coal-dust prevailed at coal-faces. With the fact that
over 11,000 tons of explosives were annually consumed in mines and quarries, chiefly in coal-mines, the
greater proportion at coal-faces, and that only two explosions by ignition of coal-dust at coal-faces had been
recorded, the danger seemed to be somewhat remote: it should, however, be remembered that, until
comparatively recent years, a non-detonating explosive was exclusively used in coal, and non-detonating
explosives were still used to the extent of over 68 per cent, of the total consumption. Further, the permitted
non-detonating explosive, which might he assumed as used only in coal, was more largely consumed than any
other on the permitted list; in fact, last year, the consumption was more than 18 per cent, of the total quantity
of the 42 permitted explosives used. The freedom from explosions by ignition of coal-dust at the coal-face had
been obtained with non-detonating explosives. The record of safety here had been broken by detonating
explosives; and the explosions at Apedale, Courrières and Urpeth collieries were object-lessons of a new
danger with coal-dust, created by these explosives. The nature of that danger was seen in the fact that the
paths or deposits of coal-dust extended from the coal-face to the shaft, and, if explosions were initiated in
coal-dust at the coal-face, propagation to the shafts was the terrible probability. He (Mr. Stuart) hoped that
the gravity of the subject would be accepted as cause for discussion at such length, and he would add his
appreciation of the many important observations recorded in the Report, which he thought was a valuable
contribution to the subject of colliery explosions.
Mr. W. C. Blackett (Durham) wrote that, as he had had an opportunity of investigating the cause of the
explosion at Urpeth colliery, he could not allow some of the speculative views thereon, which had been
advanced, to pass without comment.
To anyone, who had ever had the interesting experience of an ignition of fire-damp passing over him, there
should appear little difficulty in forming a conception of all that happened at Urpeth colliery, and there was
little need to strain the imagination as to what took place to cause the ignition. Explosion was an
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unfortunate word, which to many minds caused an impression of greater and more sudden violence than was
often found to be the case. To go a step further and begin to think of detonation was worse still, and was,
besides being unnecessary, quite unwarranted. Mr. Ashworth had expounded many useful views on matters
akin to this in the safety of mines, but surely he could not expect many people to conceive the possibility of
simultaneous detonations at long distances apart, all set up by percussive action in the elastic medium of the
air in the galleries of a mine. There was not the slightest evidence of any such phenomena at Urpeth colliery. It
might be here stated that a very careful examination was made of Barnes, and that Mr. Ashworth was quite
mistaken in saying that the position of the body indicated instantaneous unconsciouness by percussion. The
body actually indicated a typical death from carbon monoxide and that only.
It was somewhat curious to find two such well-known observers as Messrs. Ashworth and Stuart, both, from
one and the same report, deriving authority to conclude in the one case that gas was the chief delinquent, and
in the other that it was dust. So easy was it for one man to miss completely the meaning of another's
expression that Mr. Ashworth actually took a perfectly sound remark by Mr. J. B. Atkinson to mean that " ' dry '
coal-dust was a controlling factor in bringing an explosion to a termination." Mr. Atkinson would doubtless
correct this misapprehension, but it was not easy to believe that there was any second person who could draw
out such a conclusion as this.
Digressing for a moment, it was not easy to see how Mr. A. L. Steavenson got his idea that there was no
evidence of gas, nor on what grounds he so decidedly blamed the stemming. How could the stemming be so
very seriously to blame when it had not been blown out, and much of it was left intact in the fore-end of both
shot-holes ?

The following, however, were the chief points of evidence on which to build a reasonable common-sense
theory of what really happened at Urpeth : —(1) The working-places were giving off a regular supply of firedamp, which, after the explosion, in a sluggish air-current (sufficient, however, to re-ventilate the galleries),
showed a cap on the ordinary safety-lamp. (2) The ventilation in Suggett's stenton, being controlled by
brattice-cloth,
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would tend also to be sluggish, even before the explosion, and it was also a heavily-rising place, in which such
air as could flow would find its way in and around the brattice-cloth next the floor, without complete diffusion
with the lighter and warmer gases above. (3) There was, as was common in the Busty seam, a good deal of
coal-dust, which, although perhaps not so fine and impalpable as that on a haulage-road, was yet quite
capable of heing momentarily raised in the air by such a sudden shock as that from a shot. (4) Two shots had
been fired, one before the other. Both shots had so acted as to shoot down only the back-end of the coal,
leaving portions of the fore-end undisturbed with the stemming (of coal) still in the holes. (5) A careful
examination suggested that neither shot had enough work to do, and that the second hod probably had much
less to do than the first shot.
Neither the deputy nor the hewer were very careful men, otherwise the shot-holes would not have been
stemmed with small coal when clay was lying within a very few feet, nor would the shot-box have contained
more than the statutory quantify of explosive. Whether from such men a very careful examination for gas was
to be expected was very doubtful; but, at any rate, the first shot was fired without inflaming any gas. It was
still more doubtful that any examination was ever made for the second shot; but, in any case, a merely
perfunctory examination could easily have failed to notice what ought to have been seen.
The first shot would certainly raise some dust, and it was well known what a mixture of dust with an otherwise
harmless amount of fire-damp could do. But also it must be remembered that the first shot would not only stir
up the dust, but would develop, in a close place, a good deal of heat, and Dr. P. P. Bedson had shown what a
small amount of heat could effect in the way of occluding gases from comparatively large surfaces of exposed
coal. There might, therefore, in addition to dust, be even more gas for the second shot to fire into than was
the case with the first, and there was also very probably more heat than work from the explosion. A more or
less gentle ignition then took place, which at first probably wavered and flickered about in the upper part of
the gallery, heating and expanding the atmosphere and also distilling out more gas from the raised dust.
Such a heating
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and expansion of air could not take place in a cul-de-sac without causing an outward current and pressure. The
increased current stirred up more dust, and the increasing pressure of slightly gas-laden air produced more
favourable conditions for combustion. At last, the volume of expansion became greater, and developed
sufficient pressure to knock out critical props and allow falls to take place, which subsequently lent a false
appearance of great violence. And finally, the outrushing volume passed the water, and ignition ceased for
want of dust and prepared conditions.
In the meantime, so much dust had been raised and so small was the oxygen-supply, that very incomplete
combustion took place, and a thick dense pall of black smoke filled the atmosphere, parts of which even then
had begun to cool. As it cooled, the contents of the galleries contracted and a slow returning current was set
up, depositing oily dust upon the out-bye side of props and other objects. Also it began to " rain " a black oily
soot, which covered all horizontal surfaces with a thick blanket, serving to indicate how plentiful had been the
fuel and how inadequate the combustion.

The men were all killed by the deadly carbon monoxide; but so fleeting had been the contact of heat that their
hair and woollen clothing barely indicated a crisp scorching, and not even this in the case of Barnes.
What need was there of any less simple theory than this? Presumably no one would pause to doubt that they
were dealing only with a mixture of air and gas: there would be greatly varying conditions of ignition or
explosion, depending entirely on the relative admixture of the gases and also on whether diffusion was more
or less complete. Thus, where pure undiffused gas came into contact with air, only the point of mixture would
burn ; and it could only be simultaneous where complete diffusion had taken place more or less uniformly
throughout, and then the violence would depend on the relative mixture. It was quite conceivable that a
correct molecular mixture of gas and air could fill a mine, and be simultaneously exploded or even detonated
on the application of flame; but such a condition was inconceivable with dust, An ignition of dust and air must
always be a travelling phenomenon, varying in intensity at its flame-point with the more or less favourable
condition prepared by the pioneering air-rush. Here, the dust raised and the pressure
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would be scant and small, giving feeble but still fire-bearing results. There, the mixture of dust and heated airpressure would be more chemically correct, and violence great enough to justify the use of the term explosion
would result. It was conceivable, too, that a coal-dust ignition could be so prolonged that at one end of its path
expansion and progression could be taking place; while, at the other, the exact contrary might obtain, as also a
" back-lash," which might even be fed by an out-flow from the return-airways and produce some of those
contradictory evidences of force-direction which had so often puzzled observers.
No mechanical mixture of dust and air could ever act like the diffused molecular conditions of gases.
To talk therefore of detonating a mixture of dust and air would be almost as vain as to speak of detonating a
train of gunpowder.
Dr. P. Phillips Bedson (Armstrong College, Newcastle-upon-Tyne) wrote that, with respect to the analyses of
the samples of coal-dusts submitted to him by Mr. J. P. Atkinson, it might be pointed out that the ratio of fixed
carbon to volatile matter afforded information as to the extent of coking. For a given coal, this ratio varied
within certain limits and was more or less characteristic of the coal in question. When the coal was strongly
heated or partly burnt, the ratio would alter by reason of the diminution of the volatile matter, so that the
ratio gave an indication of the extent to which the coal of a given sample had been heated. Taking the analyses
of coals from the Busty seam,* this ratio of fixed carbon to volatile matter varied from 2.39 to 2.77, and the
average of five samples was 2.56. Analyses made in the Armstrong College laboratories gave for the bright coal
from the Busty seam 2.03; and for the dust from the screens of Birtley colliery, kindly supplied to the writer by
Mr. Philip Kirkup, this ratio was 2.17, whilst for dant, from the same seam, the ratio was 4.96. It might be
taken, therefore, that the ratio in question for coal from the Busty seam would vary between the limits of 2.03
and 2.56. Bearing this in mind, it would be noted that the analyses of the samples collected by Mr. Atkinson
showed that the dust had been more or less
* Analyses of British Coals and Coke, and the Characteristics of the Chief Coal-seams worked in the British Isles,
1907, page 25.
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coked. The extent of the coking was exhibited in a more marked degree by samples of materials from the
Urpeth explosion sent to the writer by Mr. Philip Kirkup. In one case, the ratio was 4, and this represented a
sample of dust collected from the inbye-side of timber between the two stentons nearest the coal-face where
the explosion started, whilst in another sample, collected from the outbye-side of the props, the ratio was
3.28. Mr. Kirkup had sent the writer a third sample, of sooty matter, found on the flat sides of timber, with a,
ratio of 2.63. The observations of Mr. F. G. Trobridge,* a student of Armstrong College, on the enclosed gases

of the coal-dust produced from coal of the Busty seam, indicated that the dust was similar in this regard to
that obtained from the Hutton seam at Ryhope colliery. Mr. Trobridge recorded the results of analyses of the
enclosed gases obtained from bright coal, dant, surface-dust and also from dust lying on timbers, obtained
from the Busty seam and kindly supplied by Mr. Philip Kirkup, which represented the products of the seam at
Birtley colliery. These results showed that 100 grammes of each of these materials, when heated in a vacuum
at 100° Cent., gave the following volumes of gas, measured at normal temperature and pressure: —
Cubic centimetres.
Bright coal
Dant

...............

..................

Surface-dust...............

139.0
35.0
9.2

Dust from timbers ......... 11.4
The analyses showed that, these volumes represented 130, 21, 2.07 and 0.2 cubic centimetres, respectively, of
combustible gas, which in the case of the bright coal and dant appeared to be entirely marsh gas; whereas the
combustible constituents of the dust from the surface contained higher and denser members of the paraffin
series, and were, in fact, similar in composition to the gases that the late Mr. W. McConnell and he (Dr.
Bedson) had obtained from other dusts of the Durham coal-field.† Mr. Henry
* "The Gases enclosed in Coal and certain Coal-dusts," by Mr. F. G. Trobridge, The Journal of the Society of
Chemical Industry, 1906, vol. xxv., page 1129.
† “A Contribution to our Knowledge of Coal-dust," by Prof. P. Phillips Bedson, Trans. N. E. Inst., 1888, vol.
xxxvii., page 245; part ii., by Prof. P. Phillips Bedson, Trans. Inst. M. E., 1894, vol. vii., page 27 ; and part iii., by
Prof. P. Phillips Bedson and Mr. W. McConnell, jun., Ibid., 1894, vol. vii., page 32. "Notes on the Gases enclosed
in Coal and Coal-dust," by Prof. P. Phillips Bedson and Mr. W. McConnell, Ibid., 1892, vol. iii., page 307.
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Widdas had found, in his experiments upon the inflammability of mixtures of coal-dust and air, that the bright
coal from the Busty seam yielded a dust as inflammable as Hutton seam coal-dust, and, further, that the dust
collected at the Urpeth screens belonged to the easily inflammable dusts. There could be no doubt, from Mr.
Atkinson's Report, that the easy inflammability of the dust at Urpeth colliery played an important part in this
explosion; and, further, it should be remembered that dust, freshly produced at the face, was more sensitive
to inflammation than dust which had been exposed to the air for a considerable time.

Prof. H. Louis' paper on " A Locking Hook for Sinking Purposes " was read as follows : —
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A LOCKING HOOK FOR SINKING PURPOSES.
By HENRY LOUIS.
In shaft-sinking, it is very usual to work with two kibbles, which are alternately attached to the winding-rope,
so that one may be filled at the shaft-bottom, whilst the other is being emptied at bank.
Fig. 1 – Safety hook
[Diagram]

The kibbles are attached to the rope by means of an ordinary spring hook, and it may occasionally happen that
a kibble drops off the hook, through the kibble being badly loaded, the spring being weak, or the kibble badly
put on, etc. An accident of this kind caused the writer to devise the hook which forms the subject of the
present note. A sliding ferrule, a, fitted to the tongue of the hook, is prevented from dropping off it by a pin
passing through a slot, e, in the tongue, d. To open the hook, the ferrule is simply pushed upward as far as it
will go, and when the hook is closed, the ferrule slides down over the point, b, of the hook, thus firmly locking
the hook, which cannot be opened without sliding up the ferrule. The safety of the hook is thus independent
of the spring, which may, indeed, be dispensed with if desired, although the writer prefers to retain it. Several
of these locking hooks have been made and used, and are found to answer perfectly the object for which they
were designed.
Mr. H. W. Hughes (Dudley, Worcestershire) wrote that the movement referred to by Prof. Louis was
undoubtedly superior
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to the ordinary spring, but it was by no means novel, as the sliding ferrule had been used for several years at
the Baggeridge sinking, in South Staffordshire. Continual trouble being experienced by the breakage of the
ordinary spring, or by its losing temper and becoming weak, the breakage was overcome by arranging the
spring as shown in fig. 2. The small projection, A, prevented the spring from being dashed against the back of
the hook, but it did not remove the disadvantage caused by the loss of elasticity in the steel. In order to
prevent any possibility of the
Fig. 2 – Spring hook and Fig. 3 – Safety hook
[Diagrams]
bow of the kibble dropping off the hook, Mr. Ivor Morgan, enginewright at Baggeridge colliery, arranged for
the hinge, B, of the spring-portion to be welded to the top, as shown in fig. 3, leaving a sufficient space, C,
between the point of the hook and the slide-piece, D, for the bow to pass through: this was sealed during all
ordinary operations by the sliding ferrule, D, which always dropped unless it was deliberately propped up.
Experience had proved that the hook was more safe, when the spring was entirely dispensed with.
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Prof. Louis wrote that he was interested in Mr. Hughes' remarks; and the fact that both Mr. Hughes and
himself had been led to adopt the sliding ferrule for preventing the class of accident referred to, seemed to
show that the idea was quite sound, although they had not both hit upon identically the same way of carrying
out the idea. It seemed to him that Mr. Hughes' method might be better for very large hooks, and his own for
smaller ones. He would like to add that, although the general design of the hook that he had described was his
own, it was only right to point out that the details had been worked out by Messrs. Joseph Cook, Sons &
Company, Limited.
Mr. J. G. Weeks moved a vote of thanks to Prof. Louis for his description of a safety-appliance.
Mr. A. L. Steavenson seconded the resolution, which was approved.

Mr. R. Cremer described the " Wolf-Bohres Electric Safety-lamp," as follows: —
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W0LF-B0HRES ELECTRIC SAFETY-LAMP.
By R. CREMER.
The Wolf-Bohres electric safety-lamp, fitted with an osram lamp made especially for the purpose, is supplied
according to two designs: one arranged to throw the light downward and the other upward. The osram glow
lamp will give an equal light, while using slightly more than half the electrical energy required by a carbon
lamp. The lamp is fitted with a single-cell accumulator, affording the advantage of a considerable reduction of
the weight of the lamp and a more simple treatment of the accumulator. The average length of burning of a 2
volts osram lamp is 600 to 800 hours, against scarcely 100 hours for a 4 volts carbon lamp.
The lamp is fixed in a strong air-tight glass globe, mounted on the top of, or below, the accumulator, and
accessible from all sides. The pure air enclosed between the glass globe and the glow lamp becomes heated by
the burning lamp, and its pressure is thereby increased. Should the glass globe be smashed and the glow lamp
injured, then the expanded heated air drives back the outer air of the mine, and will at the same time rush into
the vacuum of the lamp, causing the filament of the lamp to be instantaneously destroyed. The circuit is
thereby interrupted, and the glow lamp extinguished, before an explosive atmosphere has time to enter and
to reach the light. Numerous tests made in explosible mixtures have shown that this lamp is safe, under all
known conditions prevailing in mines.
The lamp is closed by means of a magnetic lock, which prevents unlawful opening and thereby producing
sparks at the contacts. The top and bottom parts of the lamp are connected by slots and projections; and
electric contact is formed by sliding two broad spring plates over the contact bridges of the accumulator. The
contacts consist of a metal alloy, on which diluted sulphuric acid has a small and slow effect. The opening of
the lamp is effected by withdrawing the iron-locking bolt by means of a magnet.
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The single-cell accumulator, enclosed in a celluloid case, fits loosely into the lamp-body, and can be readily
removed and replaced. The leads to the contact-pieces are bedded-in and are acid proof. The filling opening is
fitted with a three-chambered screw-closing device, allowing any gas developed to escape, but preventing any
acid from flowing out when the lamp is held in a slanting position.
The rectangular lamp-body, made of tinned sheet-steel, with round metal ends, is covered with an acid-proof
paint.
The accumulator feeds the glow lamp, giving 1½ to 2 candle-power, for 12 hours. The accumulator is
connected up to a simple charging-device by plugs.
The weight of the lamp, ready for use, is 4 pounds, and the height is 10½ inches.

Mr. J. G. Weeks, in proposing a vote of thanks to Mr. Cremer for his paper, stated that the Wolf-Bohres lamp
was a step in the right direction, if it would burn 12 hours, although the weight was somewhat excessive. It
was unfortunate that an electric lamp would not detect the presence of gas.
Mr. M. Walton Brown seconded the resolution which was cordially approved.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
EXCURSION MEETING,

Held at Dunston-upon-Tyne, August 29th, 1907.
FERRO-CONCRETE WORK AT DUNSTON-UPON-TYNE.
In addition to a warehouse built on the Mouchel-Hennebique system of ferro-concrete near the northern
bank of the river
Fig. 1. —Ferro-coxcrete Granary.
[Photograph]
Tyne, at Newcastle, the Co-operative Wholesale Society, Limited, has adopted the same method of
construction for the execution
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of other interesting examples of architectural and engineering work in the district.
The most important of these buildings is erected at Dunston and measures 155 feet in length, 110 feet in
width, and 94 feet in height to the uttermost level. This structure (fig. 1) comprises a granary divided into fiftysix bins or silos for the storage of grain, and a grain-cleaning house surmounted by a tower containing a tank
for water-sprinkling apparatus, while the main roof of the cleaning-house forms a water-storage tank, 4 feet
deep. The building stands upon a continuous foundation-slab of ferro-concrete, connecting the heads of
numerous piles
Fin. 2.—Discharge-outlets of Hoppers.
[photograph]
driven deep into the mud, which extends downward for the depth of about 80 feet. Each of the piles carries
part of the load, the remaining part of the total load being transmitted to the surface of the ground by the
general foundation-slab. This system of foundation work has been employed with great success in dealing with
unstable soils, and it has proved very satisfactory at Dunston under the enormous weight of the building and
its contents. Each of the silos in the granary department measures 43 feet in height by 14 feet square, and has
a storage-capacity of more than 600 quarters of grain, the entire series providing a total capacity of 35,000
quarters. Each silo is carried on ferro-concrete beams and columns beneath the partition-walls (fig. 2), an
arrangement
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which results in much economy of space and affords ample space for the conveyor-bands by which the grain
is transported from the discharge-outlets of the hoppers at the bottom of the silos.
In the cleaning department, the engine-house occupies a space extending to a height of two stories, its
roof being formed of arched beams with a clear span of 36 feet, which carry the columns affording
intermediate support for all the floors above. These beams also carry a travelling crane of 10 tons and a
traveller-beam, which is hung from brackets at one side of the engine-house.
To provide for the accommodation of vessels bringing wheat to the granary, a ferro-concrete wharf, partly in
the form of a
Fig. 3.—Ferro-concrete Jetty.
[Photograph]

jetty, had been constructed to a length of about 420 feet. This Structure consists of Hennebique piles
continued in the form of columns, securely braced in every direction and connected by a continuous deckingslab. This jetty has been extended for a further length of 330 feet, thereby affording further accommodation
for loading and discharging vessels, and, at the same time, opening the way for the reclamation of the area
between the river-bank and the jetty. The extension (fig. 3), completed a few months ago, comprises twentyone bays, each founded on six Mouchel hollow-diaphragm piles, having an average length of 45 feet, and built
monolithic, with a ferro-concrete superstructure consisting of columns, walings, bracing and a continuous
decking.
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A novel type of granary-building, 176 feet long, 92 feet wide and 86 feet high above quay-level, is being
erected on a reclaimed site, behind the original jetty. The main part of this structure will consist of six
cylindrical grain silos, each measuring 70 foot in height from the top to the bottom-outlets, and 46 feet in
internal diameter, and providing a total storage-capacity of nearly 60,000 quarters of wheat. These silos are
arranged in two rows of three and at each end there will be a rectangular wing containing smaller silos and
accommodation for grain-cleaning machinery. This building is founded upon a number of Mouchel hollowdiaphragm ferro-concrete piles driven into the mud, and connected by beams of the same material below floor
level, while a second series
Fig. 4.—Interior of Circular Granary, in course of Erection, showing Discharge-outlets.
[Photograph]
of beams in the floor-system will constitute additional bracing. The large silos are to be supported by columns
and beams disposed so as to give the maximum amount of space for the conveyor-bands, and the other parts
of the structure will be framed in accordance with the methods usually adopted in the Mouchel-Hennebique
system of monolithic construction. A general floor will be carried above all the silos; and, as this is to be
covered by a flat roof, an upper storey of considerable area will be placed at disposal. The structure is a
novelty in the way of granary-design, and its bold lines are distinctly favourable to effective and striking
architectural treatment.
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Good progress had already been made in the foundation-work ; and, judging from the extremely variable
character of the sub-soil, as evidenced by the experience of set obtained for piles quite near one to the other,
it would be a very hazardous undertaking to attempt the erection of so large and heavy a building, on so
treacherous a site, without the aid of ferro-concrete.
The erection of a soap-factory has been commenced on the existing bank of the river behind the jettyextension; but, in course of time, the area of water and mud between these two structures will be reclaimed.
This building will be a three-storey structure, 265 feet long and 120 feet wide. It is founded upon Mouchel
ferro-concrete piles, and built throughout of ferroconcrete on the Hennebique system.
On completion, the establishment of the Co-operative Wholesale Society, Limited, at Dunston, will comprise
an interesting series of structures representing the most recent types of ferroconcrete construction.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
EXCURSION MEETING,

Held at Felling, August 31st, 1907.
The members were present at the annual inspection of the Felling Colliery Corps (No. 6 District) of the St. John
Ambulance Brigade, and at a demonstration of rescue-apparatus, for use in mines, in a model gallery. They
afterwards inspected the electric pumping plant at Tyne Main colliery.
ELECTRIC PUMP AT TYNE MAIN COLLIERY.
The Hutton seam, in Gateshead Park royalty, leased by Messrs. John Bowes & Partners, Limited, is now
practically exhausted and standing full of water; and probably the High Main seam was also worked, but there
are no plans or records of the workings in this seam in existence. It is now proposed to work the seams lying
between the High Main seam and the Hutton seam to the Felling shaft; but, before this can be accomplished,
the water standing in the Old Fold and other shafts must be pumped out. As the diameter of the Old Fold pit is
only 8 feet, it was decided that an electrically-driven pump was the only feasible means of draining the shafts.
The total depth to the Hutton seam is 564 feet. The shaft was originally divided by a brattice, which is being
taken out as the water is reduced.
A Mather-and-Platt high-lift turbine-pump has been put in, driven by electrical power. This pump consists of
eight sets of vanes or impellers; each set runs in its own chamber; upon a common shaft, and the deliverypressure of the wate varies directly with the number of chambers used. Thus, if an ordinary single pump can
deliver water against a head of 30 feet, the addition of another chamber will give a final delivery-head of 60
feet, and so on. The water enters axially into the
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revolving wheel, traverses the curved internal passages between the vanes, and is discharged tangentially at
the periphery into a stationary guide-ring of special construction. It is then conveyed to the annular chamber
in the body of the pump, where the velocity-head imparted to the water by the wheel is converted into
pressure-head. From this chamber, the water is finally discharged into the second and subsequent chambers,
and then into the rising main. The stationary guide-ring is fixed concentric with the revolving vanes, and, owing
to its design, enables the conversion of velocity-head into pressure-head to be carried out in a much more
perfect manner than is possible in the case of any other centrifugal pump ; and, consequently, the possible
height of lift and the efficiency of the pump are greatly increased. The motor driving the pump has an output
of 170 horsepower, when running off a circuit at a pressure of 440 volts and a frequency of 40 cycles per
second, at a speed of about 1,200 revolutions per minute. The motor is of the short-circuited rotor-type, the
rotor being carried on ball-bearings. The motor is completely enclosed, and the stator is air-jacketed. The
motor is started, from the surface, by means of an automatic transformer-starter of the oil-cooled type. The
switch controlling the ransformer is also oil-immersed.
The pump is designed to raise 500 gallons per minute against total head of 565 feet. At the present time,
with a less head, about 800 gallons per minute are being delivered. The level of he water is now 216 feet
below the surface, and when the pump commenced it was 122 feet.
The crab and jack-winch is also driven by an electric motor of 15 horsepower. The current is supplied by The
County of Durham Electrical Power Distribution Company, Limited.
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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,
October 12th, 1907.
Mr. J. H. MERIVALE, 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 August 17th, September 28th and that day.
The following gentlemen were elected, having been previously nominated : —
Members—
Mr. William Bell, Colliery Manager, Plashetts Coal and Coke Company, Plashetts, S.O., Northumberland.
Mr. Walter James Browning, General Manager, Mazapil Copper Company, Limited, Concepcion del Oro, Estado
de Zacatecas, Mexico.
Mr. Robert William Church, Mining Engineer, Dragon Villa, Durham.
Mr. George Alexander Curry, Colliery Manager, Thornley House, Thornley, S.O., County Durham.
Mr. Robert William Glass, Colliery Manager, Axwell Park Colliery, Swalwell, S.O., County Durham.
Mr. Henry Malkin Hance, Mining Engineer, Nagpur, Central Provinces, India.
Mr. Howell Arthur Hopwood, Mining Engineer, General Manager, Bandgermassin Coal and Diamond Fields,
Dutch Borneo.
Mr. Isaac John Hopwood, General Manager, Sungei Tiram Tin-mines, Johore, care of Post Office,
Singapore.
Mr. Matthew Robson Kirby, Mining and Mechanical Engineer, Holywell Hall, Durham.
Mr. George Augustus Longbotham, Mechanical Engineer, Ings Foundry, Wakefield.
Mr. John Straker Nesbit, Colliery Manager, Marley Hill Colliery, Swalwell, S.O., County Durham.
Mr. Thomas Elliot Parrington, Mining Engineer, Hill House, Monkwearmouth, Sunderland.
Mr. Frank Reed, Inspecting Engineer of Mines, Mines Department, Wellington, New Zealand.
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Mr. Percy Edmund Smallwood, Colliery Manager, Garesfield Colliery, High Spen, Newcastle-upon-Tyne.
Mr. Francis Joseph Stephens, Superintendent, Blackwell's Development Corporation, Limited, Knaben
Grube, Fjotland, via Flekkefjord, Norway.
Mr. Frank Reginald Watts, Nut and Bolt Works Manager, Cleveland House, North Shields.
Mr. Matthew Brown Wild, Colliery Engineer, 37, Arthur Road, Erdington, Birmingham.
Associate Members—
Mr. Noel Collingwood Dickson Borradaile, Motor Mine, Gatooma, Rhodesia, South Africa.
Mr. Edward Otto Forster Brown, Springfort, Stoke Bishop, Bristol.

Associates—
Mr. Daniel John Davies, Deputy, Corrimal, near Sydney, New South Wales, Australia.
Mr. Thomas Emmerson, Surveyor, Lucas Street, New Silksworth, Sunderland.
Mr. Robert Graham, Deputy Overman, 31, Railway Terrace, Willington, S.O., County Durham.
Mr. John Swanstone Jobling, Miner, 10, Langley Street, Langley Park, Durham.
Mr. Edward Middlemass Lewiss, Mechanical Draughtsman, 3, Eighth Row, Ashington, Morpeth.
Mr. George Austin Septimus Rogers, Mechanical and Electrical Engineer, Greenhead Terrace, Chopwell,
Ebchester, S.O., County Durham.
Mr. Joseph Snaith, Colliery Under-manager, South Pontop Colliery, Annfield Plain, S.O., County Durham.
Students—
Mr. Samuel Bailey Coxon, Mining Student, Prior House, Corbridge, S.O., Northumberland.
Mr. Albert Ernest Fowler, Mining Student, Usworth Villa, Washington, Station, S.O., County Durham.
Mr. Henry Hepburn, Mining Student, Greenhead Terrace, Chopwell, Ebchester, S.O., County Durham.
Mr. Henry Moore Hudspeth, Apprentice Mining Engineer, Willington, S.O., County Durham.

The following paper by Messrs. P. Phillips Bedson and Henry Widdas on " Experiments illustrative of the
Inflammability of Mixtures of Coal-dust and Air " was read as follows : —
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EXPERIMENTS ILLUSTRATIVE OF THE INFLAMMABILITY OF MIXTURES OF COAL-DUST AND AIR: PART II.
By P. PHILLIPS BEDSON, D.Sc, and HENRY WIDDAS, B.Sc
In a paper* recently read before this Institution, a form of apparatus was described by which the
inflammability of mixtures of coal-dust and air could be studied, and on that occasion it was shown that whilst
a small gas-flame would ignite a cloud of coal-dust, it failed to inflame a mixture either of charcoal-dust or of
dant and air. Substituting for the gas-flame that of a Bunsen burner, or, better still, a Meeker burner, in both
of which a flame of much higher temperature is produced than in a luminous gas jet, it is possible to procure
an inflammation of charcoal and of dant. This shows that the temperature of ignition of such mixtures is
much above that of an ordinary bituminous coal-dust. But, even with a luminous flame, a difference between
coal-dusts from different coals is shown by the amount of dust required to produce an inflammation. Thus, it
has been found that with brown coal 0.1 to 0.2 gramme (1½ to 3 grains) suffices to produce an ignition,
whereas with Busty seam bright coal 0.2 gramme (3 grains) and with Barnsley cannel and Hutton seam coal,
0.8 gramme (12 grains) of each are needed to give a distinct inflammation.
With the object of comparing the relative inflammability of coal-dusts of different origins, the authors
determined to replace the coal-gas flame in the apparatus, described in the former paper,† by a coil of
platinum wire suspended in the box from the upper opening. Since by heating the wire, by passing
through it an electric current, a considerable range of temperature could be secured; and further by
employing the
* “Experiments illustrative of the Inflammability of Mixtures of Coal-dust and Air,” by Messrs. P. Phillips
Bedson and Henry Widdas, Trans. Inst. M. E., 1906, vol. xxxii., page 529.
† Ibid., vol. xxxii., page 530.
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same wire and of a given length, and measuring the current used to cause the wire to glow, a measurement is
got which gives an indication of the temperature attained in a particular experiment. Thus, the number of
ampères used to ignite equal weights of coal-dust serves to indicate the relative inflammability of dusts of
different sources. For example, with 1 gramme (15.4 grains) of dust in each instance, the currents recorded in
Table I. were required with the apparatus used to produce inflammation.
Table I.—Current, in Ampères, to produce Ignition.
Dusts.

Ampères.

Brown coal

...

....................

Busty seam, bright coal

...

10.5

...

Hutton seam, coal

...

Lycopodium

.....................

...

...

Brockwell seam, cannel...
Harvey seam, splint

...

......

......

...

...

...

11.5

...

11.5
11.5

...

...

......

12.5

...............

17.0

With dust from anthracite, and also from dant, no ignition was obtained with a current of 17 ampères; and it
was not deemed desirable to use a greater current, for fear of fusing the wire.
The dusts employed in these experiments were made by grinding the coal and sifting through a No. 100 sieve,
and were simply air-dried. The effect of drying the coal-dust after grinding was evidently to lower the
temperature of ignition, as shown by the somewhat smaller current required in each case (Table II.).
Table II.—Current, in Ampères, to produce Ignition of Dried Dusts.
Dried Dusts.
Brown coal

Ampères.
.....................

Busty seam, bright coal
Hutton seam, coal

9.8 to 10.0

...
..

...

.........

...

...

11.0 to 11.5

......

11.0 to 11.5

Brockwell seam, cannel...................

11.5 to 12.6

Harvey seam, splint

13.0 to 15.0

..................

The influence of moisture was further tested by exposing the dust for a lengthened period to moist air: the
dust for this purpose was placed on a shallow tray, under a bell-jar standing over a dish of water. Brown coaldust, after 72 hours' exposure to moist air, and Hutton seam coal-dust after an exposure of 96 hours, required
currents of 12.2 and 13.5 amperes, respectively, for their ignition: representing an increase of approximately 2
ampères above that required for the dried materials. In the case of the Hutton seam dust, this exposure would
represent an increase in the proportion of moisture
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from 1.5 to 2.12 per cent. In another set of experiments, freshly-ground dust was made into a paste with
water, and was then allowed to dry by exposure to the air; on the sixth day it was dry enough to form a cloud
in the apparatus, and was then found to contain 31 per cent, of moisture. This air-dried coal required 13.5
ampères for its inflammation, the freshly-ground coal requiring 12.5 ampères. The coal was again

made into a paste with water, and the paste allowed to dry spontaneously in the air; on the fourth day it
was so damp that it did not form a cloud, and then was found to contain 13.72 per cent, of moisture; on
the fifth day it formed a cloud which ignited with 13.8 ampères: the dust then contained 3.77 per cent, of
moisture. After 8 days' drying, the dust was found to contain 1.78 per cent. of moisture, and required 13.8
ampères for its ignition.
It is evident that, to prevent the ignition of an inflammable coal-dust, it must be so damp that it cannot be
blown into a cloud by a jet of air, and further that an increase in the proportion of moisture has a tendency to
raise the temperature of inflammation.
A dust becomes less sensitive to ignition by lengthened exposure to the air, as is shown by the fact that a
freshly-ground dust, which at first ignited with 12.5 ampères, after 17 clays' exposure to the air, required 14
ampères for its ignition.
The effect of mixing incombustible solid matter with coal-dust is not only to retard the inflammation, but also
to raise the temperature to which the mixture must be heated in order to produce an ignition. In support of
this, the following experiment may be cited :—One gramme (15.4 grains) of brown coal-dust was ignited with
12.5 ampères; a mixture of 1 gramme (15.4 grains) of this dust with 1 gramme (15.4 grains) of dry sand gave
an inflammation our times out of six, with a current of 13 ampères ; with a mixture of 1 gramme (15.4 grains)
of coal to 1½ grammes (23.1 grains) of sand and a current of 13.5 ampères, ignition occurred three times out
of four; whereas by increasing the proportion of sand to twice that of the coal 15.5 ampères were required to
attain inflammation.
Using coal from the Hutton seam in a similar manner, the following results were observed :—1 gramme (15.4
grains) of coal alone, required 12.5 ampères; 1 gramme (15.4 grains) of coal with 0.5 gramme (7.7 grains)
of sand, required 13 ampères;
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1 gramme (15.4 grains) of coal with 1 gramme (15.4 grains) of sand, required 14 ampères; 1 gramme (15.4
grains) of coal with 1.5 grammes (23.1 grains) of sand, with 14 ampères, gave a feeble inflammation; 1
gramme (15.4 grains) of coal with 3 grammes (46.3 grains) of sand, with 15 ampères, gave practically no
inflammation.
A few experiments have been tried to show the influence of charcoal, when mixed with an inflammable coaldust. A mixture of 1 gramme (15.4 grains) of charcoal and 1.5 grammes (23.1 grains) of Hutton seam coal-dust
was found not to be ignited, even with a current of 16 ampères. On the other hand, charcoal,
Fig. 1.—Explosions Vessel. Scale, 4 Inches to 1 Inch.
[Diagram]
when moistened with petrol and then exposed to the air until apparently dry, carried enough petrol to make it
easily inflammable. In fact, 1.5 grammes (23.1 grains) of charcoal, so treated, gave a decidedly explosive
inflammation with 15 ampères. On standing exposed to the air for two days, the charcoal ceased to act in this
way.
Whilst these experiments may be regarded as affording distinct evidence of the difference exhibited by coaldusts in the formation of inflammable mixtures with air, they also show something as to the influence of
moisture, and of the deadening effect of incombustible matter and of non-volatile combustible substances ;
still, they leave much to be desired in the way of precision as to the result of the inflammation. This can only
be gauged by the eye and registered as violent inflammation, a
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slight puff or no ignition, as the case may be. An attempt has been made to gain more exact information
in the following manner:—An explosions vessel, a, has been constructed of glass, spherical in form, and of
about 2 litres (122 cubic inches) capacity. The vessel is provided with three tubulures; one, b, for the
insertion of an indiarubber stopper, c, through which pass two glass tubes, d and e, and into the closed ends of
these are fused the ends of a coil, f, of platinum wire. The tubes contain a small quantity of mercury, g and h,
into which dip iron wires, by which the platinum wire can be electrically connected with the terminals, i and j,
of a battery and a current passed through the platinum to raise it to the desired temperature. A second
tubulure, k, serves for the introduction of the coal-dust, m, and connection, n, with the air-compressor.
Whilst to the third tubulure, o, is attached the apparatus which serves to register the pressure developed by
the inflammation of the dust. The apparatus employed consists of a large three-necked Wolff bottle, one
opening of which is connected by tightly-fitting stoppers and glass tubing with the explosions vessel; to the
second is fitted a simple gauge, consisting of a U -shaped tube, the bend of which contains coloured water, the
end of the tube being sealed. In the third opening of the Wolff bottle is fitted an indiarubber stopper carrying
a glass tube, to the open end of which is attached a piece of indiarubber tubing closed by a spring clip. It is
evident that, by this arrangement, the sudden pressure produced by the inflammation inside the explosions
vessel would make itself evident in a compression, registered by the movement of the liquid in the U tube.
The extent of this movement is registered by the aid of a scale attached to the closed limb of the U tube.
Using the same weight of coal-dust, and the same current, it was found that the same coal gave quite
consistent results, that was, practically the same compression. Further, the same weights of different coaldusts gave different compressions. Thus, on using the same weight of coal-dust, and the same number of
ampères for heating the platinum wire, the compressions registered would represent, on an arbitrary scale,
the explosive character of the mixture of dust and air.
A number of samples of coal-dust have been examined in this way, some of these dusts representing samples
collected in mines, while in other cases the dusts represent coal ground in the
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laboratory. ln Table III., giving these results, the former are described as natural dusts, the latter as artificial. It
will be seen that the compressions registered vary from a negligible amount to 5 inches. It should be
mentioned that the weight of dust used in each case was 2 grammes (30.8 grains), the air used to project the
dust was under a pressure of about 8 inches of mercury, and the wire was heated by a current of 15 ampères.
Table III.—Explosive Character of Dusts.
[Table]
Notes: (1) ground brown coal; (2) ground coal from Hutton seam; (3) ground coal from Grey seam coal; (4)
ground coal from Yard seam coal; (5) screen-dust from Busty seam ; (6) dust from timber-baulks and haulageroad in Yard seam ; (7) dust from stone in roof of Yard seam ; (8) dust from top and bottom of timber-baulks
and roof of Grey seam; and (9) dust from sides of haulage-roads and pillar-sides of Grey seam. As to the
pressures, the length of the sealed limb of the U tube, ahove the level of the water in the tube, is 12 inches : a
pressure of 5 inches, therefore, would represent a compression sufficient to reduce the volume of air to seventwelfths of its original volume, and so on.
Further, the dusts were all such as would pass through a sieve with 100 meshes to the linear inch. It is scarcely
justifiable to draw conclusions from the data (Table III.) furnished by these few experiments; still, attention
may be directed to the influence of the proportion of volatile matter upon the inflammability and also upon
the explosive character of the combustion. It may, however, be claimed that the method of examination
affords a ready means of gaining information as to the character of a dust, and is also of service for the
purposes of demonstration.
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The authors hope to be able on a future occasion to lay before the members an account of further
investigations on this important question, and meanwhile wish to express their thanks to the Council of the
Worth of England Institute of Mining and Mechanical Engineers for the grant, which has enabled one of them
to devote himself to the conduct of this work.
Appendix.
Dr. W. M. Thornton, Professor of Electrical Engineering in Armstrong College, has determined for the authors
the resistance of the platinum wire, when heated with the currents used as described in the paper. From the
data so provided, and by the aid of the coefficient of the increase of resistance with temperature of platinum
as determined by Prof. H. L. Callendar, the temperatures of the coil of platinum wire, when heated by the
electric currents, are as follows: 10 ampères correspond to 630° Cent., 12 ampères to 700° Cent., 15 ampères
to 870° Cent., and 17 ampères to 970° Cent.
Mr. J. B. Atkinson (H.M. Inspector of Mines) said that the members were grateful for the data which Dr.
Bedson and Mr. Widdas were collecting by means of these experiments in connection with the question of
coal-dust; and, when they came to the practical question of dealing with the dangers arising from coal-dust,
the results already obtained, and those which they still hoped to receive, would be of the greatest service.
Mr. W. C. Blackett (Durham), referring to No. 2 dust (Table III.), asked whether Dr. Bedson would have
expected an increasing ratio of pressure, if it had already gauged 5 inches when the dust was ignited.
Prof. Henry Louis said that the experiments recorded by Messrs. Bedson and Widdas would form the basis of
any future studies that might be made on the subject; and the data already collected seemed to lead to a
number of valuable conclusions. They showed that roadway-dust was less dangerous than dust at the face,
and that probably attention would have to be devoted almost exclusively to the dust which was being brought
out with freshly hewn coals. He would like to direct the authors' attention to the state of division of the dust.
He noted that all the dusts had been passed through a screen with 100 meshes per linear lnch, and he was of
opinion that it would be necessary to go more accurately into the question of gauge before the neces-
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sary data were obtained. It would probably be found that charcoal, if excessively finely divided, would be
capable of being ignited, where under ordinary conditions ordinarily fine charcoal would not ignite, and the
same statement, of course, would apply to other substances. No. 5 (Table III.), a natural dust, contained a
higher percentage of ash than those preceding it; it also had a much higher ratio of fixed carbon to tbe volatile
matter, and from all previous working, as well as from other considerations, it should have been less explosive
than the dust immediately preceding it, and yet the explosive power was twice as great. It was a natural dust,
contrasted with artificial ones, and he would be inclined to look for the explanation of the anomaly in the
fineness of tbe dust.
Mr. W. C. Blackett agreed that the fineness of the dust was an important consideration, and particularly the
compression of the air. If tbe coal was reduced to very small particles it exposed comparatively a very much
larger surface to be oxidized by the air, and, if the dust were submitted to a greater air-pressure, it would be
more readily oxidized than at a lesser pressure. He agreed that the physical state of the dust was as important
as its chemical constituents: and it was possible that an explanation of the small discrepancies in the Table
might lie in the relative fineness of the dusts.
Mr. T. E. Forster (Newcastle-upon-Tyne) congratulated the authors on the results of their experiments. The
question of the fineness of the dusts should be carefully noted; and particulars should be given showing the
state of division of the coal. It might not be satisfactory to divide the coal into very fine dust, but it should be
tested just as it was found in the mine. After all,. they wanted to find out whether the dust in main roads was
dangerous or not.

Dr. Bedson said, witbout theorizing, and only expressing his opinion, he was inclined to think that increased
pressure in the glass globe would tend to increase the relative violence of the explosion. Roadway dusts were
less easily inflammable, and produced smaller mechanical effects than otber dusts. The fineness of the dust,
was, no doubt, of very considerable importance, as well as the physical condition and the chemical
composition, and he proposed, when he had the opportunity of taking up the question
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of the fineness of the dusts, to submit the dusts, such as those now experimented with, to a further
separation. The results obtained with No. 5 dust (Table III.) were certainly very anomalous, and the proportion
of the ash was considerably higher than in the case of the artificial dusts. It was a screen-dust, and very nearly
resembled No. 2 dust, obtained from the same district. Bright coal like No. 2, was remarkable for the
proportion and character of the gases enclosed in it; and the dust was specially interesting from a chemical
point of view, inasmuch as it contained combustible gases which were much more readily inflammable than
marsh-gas. Whether the gases contained in No. 5 coal, or the fine division of the screen-dust, afforded an
explanation of its explosive character, as compared with the others in which the ratio of fixed carbon to
volatile matter was much less, he could not say; no doubt it was due to the proportion as well as the nature of
the volatile matter. The gases obtained from brown coal, No. 1, were very different in character and
composition from those obtained from bituminous coal, and appeared to be much more readily inflammable.
He did not know whether equal weights of brown coal and bituminous coal would produce exactly the same
mechanical effect.
The President (Mr. J. H. Merivale), in proposing a vote of thanks to Dr. Bedson and Mr. Widdas for their paper
and the interesting experiments, said that they were to be congratulated on the exceedingly effective
apparatus which they had designed for the purpose of their investigations. They had designed an apparatus
which was of practical service. He could speak from experience, because 25 years ago he had tried
experiments on the same subject, and they were a miserable failure: partly, no doubt, owing to his want of
skill, but partly also because there were not the same facilities at Armstrong College then as there were now
for conducting such experiments.
The vote of thanks was heartily adopted.
Dr. John Morrow's paper on " The Strength of Cast-iron Tubbing for Deep Shafts" was read as follows: —
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THE STRENGTH OF CAST-IRON TUBBING FOR DEEP
SHAFTS.
By JOHN MORROW, M.Sc, D.Eng., of Armstrong College,
Newcastle-upon-Tyne.
I.—Introduction.
1.—The accurate determination of the most economical form and dimensions of cast-iron cylinders, such as
are used for lining deep shafts, is a matter of such great theoretical difficulty as to be, in the present state of
knowledge at any rate, impossible. The best that can be done is to examine certain assumptions and to select
those which, while they are useful for the purpose, are most likely to represent, at least approximately, the
true state of affairs.
Much has been written on the subject, but the author is not aware of the existence of any paper giving
anything like a complete statement of the problems involved. On the other hand, many theories which have

been advanced are manifestly unsound, and inaccurate formulae have been published and often accepted
without criticism. Mr. Isaac Hodges* has called attention to the great disparity in the thicknesses of tubbing as
calculated by the formulæ respectively due to Messrs. J. J. Atkinson, W. Galloway, G. C. Greenwell and W.
Tate. The thicknesses which he himself adopted at the Methley Junction colliery were invariably greater than
those given by any of these rules; Mr. H. W. G. Halbaum, and others, have also called attention to these
discrepancies.
2.—It is necessary, at the outset, to define clearly the sort of structure which we propose to discuss. Actual
tubbing is constructed in different ways. The chief points common to all are: the general shape is cylindrical;
the tubbing is built in rings, some 2 or 3 feet in height; each ring is made up of a number of segments ; and
each of these segments is furnished
* "An Account of Sinking and Tubbing at Methley Junction Colliery, with a Description of a Cast-iron Dam to
resist an Outburst of Water," by Mr. Isaac Hodges, Trans. Inst. M. E., 1906, vol. xxxii., page 76.
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with a flange running round each of its four edges, and with or more stiffeners, parallel to each edge,
intermediate beween the flanges. The variable points in the design are: the flanges and intermediate stiffeners
may be on the inside or on the outside of the cylindrical shell; the segments are sometimes bolted together
into complete rings, and these rings may be further connected by bolts to the rings above and below them;
when bolts are not used, the segments are firmly wedged together by means of wedges driven home between
adjacent flanges; the segments are sometimes joined together and then turned in a lathe to ensure more
accurate fitting; and the space behind the tubbing may be filled in with loose earth, or a backing may be
employed of cement-concrete or other material, such as might add to the strength of the tubbing, or at least
tend to prevent its collapse.
The author will always assume, unless the contrary is specifically stated, that the cross-section of the tubbing is
truly circular; and also that the pressure of the water or earth on the external surface of the cylinder acts
purely in a normal direction, and is of uniform intensity at all points on the cir cumference of any cross-section.
The magnitude of the pressure is, of course, a function of the depth of the section.
Since both the vertical and horizontal joints have, under normal conditions, to transmit compressive force
only, and since a departure from normal conditions (if sufficiently small) will not introduce tensile stresses, the
author will assume generally that the joints are capable of transmitting stress, just as if the whole structure
consisted of a single casting. When the segments are bolted together, a limited amount of tensile stress may
be transmitted through the joints; but the discussion of how the transmission takes place would be long and
difficult. The inability (when it exists) to transmit tensile stress ought, no doubt, to limit in some way the
discussion of the resistance to collapse. Any weakness due to this cause has to be set off against the gain of
stability due to the backing. A further result of this assumption is that the elasticity of the tubbing-ring may be
considered to be (for small displacements) unimpaired by the joints; or rather, that the effects of the Joints
may be considered to be negligible.
3. The elements of uncertainty in the problem include, in
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addition to the effect of the joints between the segments of tubbing, such factors as: the lack of circularity; the
rate of corrosion; the nature and amount of the external pressure; the influence of temperature-change; the
unequal settlement of the curbs; and many other disturbing causes.
A large number of semi-empirical formulæ have been published at various times. They are mostly, if not
invariably, based on the resistance of a cylindrical shell to compressive stresses caused by external pressure. At

first sight, it would appear that such formulæ are important; but a closer investigation reveals the fact that the
strength of the tubbing must depend far more upon other considerations than those upon which the theory of
thin cylinders is based. It is hoped that in the present paper all the important questions are considered.
The author does not maintain that an accurate method of treatment has been discovered, or even that the
theories employed are strictly applicable to the uses to which they have been put. His desire has been to bring
into the field of practical mining some theories which have not been hitherto used; and, by the discussion of
the applicability of these theories, to endeavour to throw some additional light on the questions concerning
the sources from which cast-iron tubbing derives its strength.
4.—It has been usual to calculate the thickness, from some such formulae as those mentioned in the last
paragraph, assuming that the compressive circumferential or hoop stress is taken entirely by the cylindrical
shell. The number and dimensions of the ribs appear to have been chosen arbitrarily. An accurate theory must
correctly apportion the stress between the flanges, the ribs and the shell. It is frequently stated that the
horizontal flanges and ribs give little or no assistance to the shell in this way. Such a statement is very different
from merely saying that the stress thus borne may be neglected, as the error is on the side of safety.
In this connection, it is worth while to point out that in a segment of fairly heavy tubbing, more than one-third
of the area of the face of the tubbing has behind it a thickness of metal which is greater than the nominal
thickness of the shell (figs. 1 and 2, plate ii.).* The matter may be put still more forcibly, if weights instead of
areas be compared. Thus, it may fre* Mining, by Prof. Arnold Lupton, 1893, page 123.
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quently happen that the weight of metal having the thickness of the shell is only about one-third of the weight
of the complete segment. Such considerations force the author to the conclusion that the importance which
the cylindrical-shell theory has attained is quite artificial. The great sources of strength of tubbing lie, not in
the shell, but in the flanges, ribs and brackets. It is in this that the tubbing problem differs so greatly from that
of the boiler-flue.
5.—The function of that part of the tubbing which may be called the " plate," or " shell," is two-fold. It has to
resist a portion of the hoop stress, and it has to transmit some of the external pressure to the ribs and flanges.
In the former case it is subjected to compressive stresses and in the latter to bending action.
The horizontal ribs are not only stiffeners. Although this is, no doubt, their chief object, they play an important
part in resisting the circumferential stresses. The formulae for their stability is one of the novel features of this
paper. The horizontal flanges perform similar duties to the ribs; but, owing to the lack of symmetry (forming
the outer edges of the plate), the straining action in them is more complicated. In addition, they may be
subjected to local stresses, due to the action of the wedges or bolts.
The vertical ribs and flanges are very different in their functions, and seem to be of much less
importance than those which are horizontal.
They transmit some of the vertical stress due to the
weight of the structure ; and that part of the external pressure which they receive from the shell they, in
turn, transmit to the horizontal rings.
The object of the brackets is, of course, the ordinary one of increasing the lateral stability of the ribs and
flanges.
6.- It is necessary, in a complete investigation, to consider a number of different ways in which the tubbing
may fail. Many of these may be disposed of, once for all, as giving no trouble in practice. It is not claimed
that the methods used in this paper are unimpeachable so far as mathematical accuracy is concerned; but it is
hoped that when they err it is invariably on the safe side

The customary calculation is to provide against failure under the crushing stresses, as calculated by the
theory of hollow
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cylindrical shells. This theory is set forth in sections 8 to 11. The resistance of a thin cylinder to collapse is dealt
with in sections 15 to 19. The question is one of stability; it is associated with the elasticity, rather than with
the ultimate strength, of the material.
The resistance of a circular metal ring to collapse under normal pressures is similarly considered in sections 20
and 21. The author considers this to be a sound method of calculation, from a practical point of view. When it
is used, it will generally he found to be the determining factor; and, in conjunction with the formula for the
bending of a metal plate, will probably suffice to complete the design.
The cylindrical surface is divided by the ribs and flanges into a number of curved plates with rectangular
boundaries. The calculation of the strength of these plates, as though they were plane, is a very safe
proceeding. This is done in section 22. The author, in effect, assumes that the pressure is normal to a plane
surface; and, at the same time, he neglects the effect of the convexity of the plate in increasing its strength.
Section 24 deals with the stresses, in the lower rings, due to the weight of the structure.
II.—Resistance to Crushing.
7.—Theories of Rupture.—The greatest compressive stresses occur in the form of tangential or hoop stresses
in the material of the cylinder. To calculate the thickness required to withstand these stresses safely, use can
be made of a problem in the theory of elasticity, usually known as that of thick cylinders.
However, at the outset, one is confronted by an important question on which there is so far no unanimity of
opinion, This difficulty—that it is not yet definitely known what it is that causes material to fracture—has an
important bearing on our problem.
The matter is further complicated by the fact that the theoretical formulae are only true, provided that the
limits of elasticity are not exceeded. Indeed, when rupture is spoken of in this connection, it may be taken
that, for imperfectly elastic materials such as are used in engineering constructions, one means the limit at
which the material becomes damaged; and this damage mav be actual fracture, excessive elongation, loss of
elasticity, or some other criterion by which the value of the material may be judged. In technical works in this
country
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it is very generally accepted, often without question, that rupture occurs when the stress in the metal reaches
some definite amount. On the other hand, there appear to be equally good reasons for the view, held by some
of the most competent authorities that the criterion of rupture is not the stress, but the tensile strain in the
material. In other words, it is held that fracture occurs when the material has been stretched to the extreme
limit at which it can hold together. There are still other theories. For example, Lamé supposed that rupture
occurred when the tensile stress exceeded a certain limit; Coulomb assumed that the shear stress was the
determining factor. Others hold that the tendency to fail is measured by the difference between the greatest
and least principal stresses. Let T be the breaking stress of the material as found from tensile tests, and let E be
Young's modulus. On the greatest tensile-stress theory, the tensile stress must be nowhere greater than T.
On the tensile-strain hypothesis, the tensile strain must nowhere exceed T/E.
For a simple tie-bar there is no difficulty; but, in a more complex problem (such as that now under
consideration), the different theories lead to different expressions for the safe load or for the thickness of
metal required.

It is beyond the scope of this paper to discuss these theories. All that can be done is to find the values of the
stresses and strains, and to assume that the designer wishes the greatest compressive stress limited to within
a certain amount.
8.—Thin Cylinders.—The method of computing the strength of a thin cylinder, on the assumption that the
stress is uniformly distributed, is well-known. It is given in this paragraph merely as an introduction to the
more accurate solution which follows. Let po, r0 be the external and p1, r1 the internal pressures and radii, and t
(equals r0— r1), the thickness of metal; let pressures be taken as positive and tensions as negative quantities,
and so call q the hoop compressive stress in the material. The total pressure on the outside, resolved on the
diametral plane, is 2p0r0 per unit length of the cylinder. Similarly the internal pressure is 2 p1, r1, opposing the
external pressure. The area of metal, in the unit-length, resisting the compressive force is 2t; and hence the
stress, q, called into play is given by:
2qt=2p0r0-2p1r1 ; and t= (p0r0 - p1r1)/q
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gives the necessary thickness of metal if q is not to exceed a certain limit. If there is no external pressure, p0 is
zero, and
t = - (p1r1)/q
the negative sign showing that q must be negative, that is, the stress is tensile. If there is external pressure
only, p1 is zero, and
t = (p0r0)/q
i 9.—Thick Cylinders.—The stresses in a thick cylinder have been computed in various ways, but the following is
the only simple method that is not open to serious objection. Let fig. 3 (plate ii.) represent a cross-section of
the cylinder, and let r1 r0 be the internal and external radii as before. Consider a thin cylinder of the material,
of internal radius r and thickness δr. It will be subjected to a pressure on both its inner and its outer surfaces;
this pressure is purely normal, and is exerted by the material in contact with the surfaces of the imaginary thin
cylinder. Let the pressure on the inner of these surfaces be p and that on the outer p + δp, and let pressures be
spoken of as positive stresses and tensions as negative. Then, just as in the theory of thin cylinders, if the unitlength at right-angles to the plane of the diagram be considered, the total bursting pressure resolved on the
diametral plane is 2pr; and that external to the imaginary elemental cylinder, similarly resolved, is 2 (p + δp)
(r+δr). Also, if q be the hoop stress (being positive when it is a pressure), the total force resisting compression
in the elemental ring is 2qδr (since 2δr is the area of material cut by any diametral plane). Equating, just as in
the thin-cylinder problem, it is found that:
2(p + δp) (r + δr)—2pr=2qδr; or
pδr + rδp + δrδp—qδr=0.
Further, since δr and δp are each very small quantities their product, δrδp, may be neglected, as being very
small indeed compared with the other terms in the equation. Omitting this term and dividing throughout by
δr, it follows, when δr is taken very small, that:
p+r(dp/dr) = q........(1)
In this equation, the values of p and q depend, of course, on the chosen value for r. That is, they vary from
point to point in the material of the thick cylinder: p is the radial pressure, q is
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the hoop pressure; and each is measured on unit-area. There is no stress at right-angles to the plane of the
figure, that is parallel to the axis. The dimensions in this direction are, however, altered.
Let fig. 4 (plate ii.) be an enlargement of the small shaded area in fig. 3. It represents a prism of material,
originally of unit-length, at right angles to the paper, subjected to compressive stresses p and q as shown. Its
length is slightly increased by these forces, and the increase is obviously proportional to p + q. Now, if a planesection of the cylinder is to remain plane when the pressure is applied, the displacement, parallel to the axis,
of each particle of material in the plane must be the same. That is, p + q must be constant over the crosssection.
This is the assumption on which the theory is based. It is a reasonable assumption, compatible with the
conditions of the problem, and thus differs from the assumptions made in the other theories proposed for
thick cylinders which are still set forth in many text-books. Since p + q is constant, let it be written as 2a, where
a is a constant as yet unknown
p + q = 2a........(2)
Using this to eliminate q from equation (1) then :
p + r(dp/dr) =2a-p; or
dp/dr = (2a)/r - (2p)/r

(3)

The solution of this equation is
p = a+ b/r2........(4)
as may be readily seen by inserting this value of p in equation (3), and so obtaining
d/dr (a + b/r2) = (2a)/r – 2/r(a + b/r2) ; or
-

(2b)/r3 = (2a)/r – (2a)/r – (2b)/r3

which is true. Here, b is the constant of integration. It must e determined later from the special conditions
of the problem. Using equation (4) with equation (2), it follows that
q = a – b/r2........(5)
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These, then, are the equations which give, in the general case the values of the radial pressure p and the hoop
pressure q at any distance, r, from the axis. But these stresses cannot be numerically determined until the
values of a and b are found.
10.—Let the values of the constants a and b be found for the case which corresponds most closely to that of
cast-iron tubbing.
The pressure on the inner surface is zero. That is, p equals 0 when r equals r1 and hence by equation (4)
0= a + b/r12

........(6)

Let the pressure on the outer surface be p0. Then p equals p0,
when r equals r0, and by equation (4)
p0 = a + b/r02........(7)

The simultaneous simple equations (6) and (7) being solved for a and b, it follows that:

a = (p0 r02)/( r02 – r12) ; and b = - ( p0 r02r12)/( r02 - r12)
These values can be inserted in equation (4), which could then be applied easily to find the intensity of the
pressure p at any radius r, provided that the numerical values of p0, r1 and r0 were given. It is more to the
author's purpose to insert these values of a and b in equation (5). Then :
q =( p0 r02)/( r02 - r12) (1 + (r12 )/r2

For any value of r, the hoop stress q is thus determined.
Since this stress is greatest at the inner surface, that is when r equals r1, let q1 be its greatest value, and the
equation becomes
q1 = (2p0r02)/( r02 - r12)

(8)

This will be referred to as the thick-cylinder formula for external pressure only. By simple algebraical
transformations, it may be written
[mathematical expression]
where t is the thickness of metal.
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Or again, if it be desired to connect t with r0
[mathematical expression]

(10a)

This is the form often quoted as being due to Prof. W. Aldis.
11.-- Approximate formulae for rapid calculation may be obtained as follows :
If in equation (8), r0 - t be written for r1; then
[mathematical expressions]
can be looked upon as a small correction applied to the denominator of this expression; but since t
equals p0ro/q1,
approximately, p0/2 can be written for q1t/2r0 and then :
[mathematical expression]
If the correction p0/2 be neglected altogether, the formula reduces to that found otherwise in section 8,
namely:
t = (p0r0)/q ........(12)
The closeness with which these formulae agree may be seen by taking, say, p0 equal to 120 pounds per square
inch, and r0 equal to 90 inches.
The accurate formula (10a) gives, taking q as 15,000,
[mathematical expression] = 0.724 inch.
The least accurate formula (12) gives
[mathematical expression] = 0.720 inch.

Or again, if p = 640 pounds per square inch and r0 = 120 inches, formula (10a) gives t equals 5.280 inches;
formula (11), t equals 5.230 inches ; and formula (12), t equals 5.120 inches.
Equation (11) may be recommended as simple and giving results, under all circumstances, very closely
agreeing with equation (10a).
The formulae of Messrs. G. C. Greenwell, Bodart, Charles Combes, and Chaudron are based on equation
(12); that of Prof. W. Galloway is of the form (11). A constant is added to some of these formulae to allow
for imperfection in casting and for
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corrosion. Mr. T. A. O'Donahue's formula is based on equation (12) ; but it has taken a different shape, owing
to the desire to make it include a casting allowance that should decrease as the pressure increases. The rule
given by Prof. J. H. Merivale is (10a) with the inclusion of a factor of safety of 10; that due to Mr. G. H.
Hollingworth is a modification of Mr. G. C. Greenwell's.
12.—In the more general case, there is an internal pressure p1 in addition to the external pressure p0.
Then, since p equals p1 when r equals r0 :
p0 = a + b/r02.
These give:
[mathematical expression]
and equation (5) becomes
[mathematical expression]
Hence
[mathematical expression]
If this expression is negative, it means that the stress is tensile. Let f1 be the greatest circumferential tensile
stress; then f1 equals —q1, that is :
[mathematical expression]
If, in equations (13) or (14), it is assumed that p1 equals 0, the result of the preceding paragraph is obtained. If
it be assumed that p0 equals 0, the usual formula for thick cylinders subjected to internal pressure only, is
obtained.
13.—Other Theories of the Thick Cylinder.—Other methods of estimating the greatest stress in a thick cylinder
have been used. The theoretical basis of some of these is here briefly set forth, and the chief objections to
them are indicated. The formulae are generally given for cylinders under internal pressure only, but attempts
have been made to adapt them to external-pressure problems. It is the more necessary to describe these
theories, as the modified formulae given elsewhere are often erroneous.
Taking first the theory which supposes that the thickness of
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the cylinder remains constant when the pressure is applied, the cylinder must be imagined to be built up of a
number of concentric elemental rings of thickness δr and of unit-length parallel to the axis. When the external
and internal pressures are applied, the circumferential increase of length of all the elemental layers will be the
same. If this increase be λ, then the strain in a ring of radius r will be λ/2πr; the stress, with the same
notation as before, is q, and by the definition of Young's modulus of elasticity (E), it follows that
q = Eλ/2πr …………….(15)

The circumferential force in each ring is qδr and the total resistance to compression, in unit-length,
becomes [mathematical expression]. Consequently
[mathematical expression]
whence, substituting for q from equation (15) and integrating :
[mathematical expression]
For external pressure only, writing q1 for the greatest stress, this gives:
loge r0/r1 = (p0 r0)/(q1r1).......(16)
and the stress at any other radius may be most easily found from the relation:
qr = constant.
Equation (16) has no advantage in simplicity of practical application, and it is based on an assumption which
is known to be untrue. Moreover, equation (15) is not a correct statement.
The strain λ/2πr is due to the normal compressive force, as well as
to the circumferential stress; and it is only this latter part that can be divided into the stress q to obtain the
modulus E.
14.—In the previous paragraph, it was assumed that the thickness of the cylinder remained constant. Another
assumption is that the sectional area does not alter. The foundation of a theory on this basis was due to Prof.
Barlow.
Suppose that, after the pressure is applied, the radii r1 and r0 become r1+n1r1 and r0 +n0r0. It will readily be
seen that n1 and
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n0 are the circumferential strains of the inner and outer surfaces. Since the sectional area does not alter :
π(r02-r12) = π[(r0 +n0ro)2 - (r1+n1r1)2];
and, neglecting n2 as a very small quantity, this reduces to :
(r12)/ (r02) = n0/n1
Putting the stress proportional to the strains, then :
n0/n1 = q0/q1 ;........(17)
and r12 / r02 = q0/q1

........(18)

This relation may be written
qr2= constant.......(19)
The total force in a ring of unit-length parallel to the axis is, as before :
[mathematical expression]
Equating this to the external force :
p0r0 = q1r1 (1 – (r1/r0)......(20)
from which the thickness may be found.
In terms of q0, equation (20) takes the simple form :

p0r1 = q0t;
and the stress at any other radius may be found from equation (19).
If the radii be known, the greatest stress produced by a given pressure is :
q1 = (p0r02)/r1t
If, in this equation, r1 were the mean radius, it would agree with the more accurate theory of equation (8). The
assumption that the sectional area does not change is, however, unjustifiable; and the statement involved in
equation (17), that the circumferential strains depend on the corresponding circumferential stresses only, is
also erroneous.
III.—Resistance to Collapse.
15.—In the investigation of the stresses in a thick cylinder under an external normal pressure p0 two systems
of stress (p and q) at right angles were found. The first system tends to increase the length of the
circumference of any elementary thin cylinder into which it is imagined that the whole is divided. At the
same
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time it increases the length, parallel to the axis, of any portion of such a cylinder : these effects are both very
small. A third, which is larger, but still small, is the tendency to reduce the thickness of the metal. The action of
the other system, the hoop-stresses q, is to increase the thickness and length parallel to the axis and to reduce
the circumference.
The nett result is a slight increase in the length, accompanied by a diminution in the diameter. The cylinder
remains circular, but it is of diminished radius. When the external pressure is increased, however, above a
certain critical value, it becomes possible for the cylinder to bend slightly and to take up a position of which
the cross-section is other than circular. To guard against failure by collapse it is necessary to limit p0 to some
value less than this critical value.
16.—The determination of the critical value is a matter of some difficulty, but considerable help may be
obtained from a paper by Prof. Gr. H. Bryan.*
Imagine a thin cylinder of great length to suffer a deformation in two dimensions ; and let the deformation
consist of inextensional bending. That is, it must be such that if any line whatever be drawn on the middle
surface of the cylinder, this line will remain unaltered in length after the deformation has occurred. The
circular section, for example, might become elliptical; or the cylinder might have one or more corrugations
running throughout its entire length.
This inextensional deformation is satisfactory for this purpose, as it seems probable that any change in the
shape of the cylinder which required a stretching or compression of the material (in addition to the pure
bending) would require a greater value of p0 than that which would suffice for bending without stretch. Prof.
Bryan's result is that such a deformation is possible, if:
p0 = 2/3 . (ER3)/1 – σ2) (n2 – 1) ;
n which E and σ denote Young's modulus and Poisson's ratio for the material; R is the thickness divided by the
mean diameter; n is any integer greater than 1; for the least value of p0, when n equals 2:
p0 = (2ER3)/1 –σ2

(21)

* Cambridge Philosophical Society Proceedings, 1888, vol. vi., page 287.
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This is an expression for the external pressure at which there can be some form of the cylinder other than
circular; in other words this is supposed to be the critical pressure at which the cylinder becomes unstable.
17.—The cylinder referred to is a plane circular one of infinite length. It is free from flanges or stiffening rings,
and the effect of these has still to be considered.
Since the material dealt with is invariably cast-iron, and since the values of E and σ are rarely determined
experimentally, it will be well to simplify the formula by assuming average values. Thus, taking, in pounds and
inch-units, E equals 18 x 106 and σ equals ¼ :
p0 = 4x107R3.......(22)
In words, the equation (22) states that a cast-iron cylinder of infinite length will not collapse unless the
external pressure (in pounds per square inch) exceeds 40 million times the cube of the ratio of the thickness to
the mean diameter.
As a numerical example, it will be recognized that a cylinder 1 inch thick arid 100 inches in diameter would
require a pressure of 40 pounds per square inch to cause collapse. This allows for no factor of safety; and the
lack of homogeneity of the material, combined with the inexact circularity of the original cylinder and the
somewhat uncertain nature of the theory (unconfirmed as yet by experiments on a large scale), would render
a high factor of safety desirable. The theory, however, receives considerable support from the experiments so
far made on pipes. Messrs. A. P. Carman and M. L. Carr* have used tubes up to 10 feet in length- They found
that the portion of the length affected by collapse was generally not greater than 12 times the diameter. For
values of R, such as the writer has dealt with, they found, instead of the 4 given for cast-iron in equation (22),
the numbers 2½ for brass and 5 for cold-drawn seamless steel.
18.—The cylinders used in the practical problem differ from those considered in the previous paragraphs in
having horizontal flanges and stiffening rings at fixed intervals in their length. The effect of these is to reduce
the effective length of the cylinder to an amount which is generally very much less than the diameter.
* "Resistance of Tubes to Collapse," by Messrs. A. P. Carman and M. L. Carr, University of Illinois, Bulletin,
1906, vol. iii., No. 5, pages 1-26; and paper by Mr. A. P. Carman, Physical Review, 1905, vol. xxi., pages 381387.
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The portion of the tubbing between one flange or ring and the next is effectively a thin cylinder with fixed
ends, and a consequence of the ends being fixed is that the middle surface of the cylinder cannot take up the
inextensional deformation discussed earlier. Its cylindrical shape cannot be changed without
appreciable stretching of some portions of the material. The stretching would no doubt be confined to
definite local regions, and the greater part of the surface would bend without extension. It is clear, too,
that the less the effective length of the cylindrical shell the greater is the proportion of stretching to bending;
and hence, also, the greater is the critical pressure required to make the deformation possible.
It has been shown by Prof. A. E. H. Love that for a cylinder of mean diameter, d, and thickness, t, the effective
length (that is the distance between the horizontal rings) should be proportional to the geometric mean
between the thickness and the diameter. This may be stated by the formula:
l = k√td;
in which I is the vertical distance between the rings, and k is some constant to be determined by experiment.
19.—Experiments which have been made on cylinders, of which the effective length is sufficiently short to
influence the results, provide various empirical formulas. They all approximate, more or less closely, to the
form
l = k(t2/pd)

(23)

But they seldom, if ever, refer to cylinders of cast-iron.
If such a form as equation (23) be accepted, the theory of dimensions shows that the constant, k, is
proportional to the first power of the coefficient of elasticity or of the strength of the material. As the problem
is fundamentally one of elasticity, the equation may be written :
l = c (Et2/ pd);
and it remains to find a suitable value of the constant, c.
Sir W. Fairbairn's experiments * give, with sufficient accuracy if the thickness is not less than ⅜ inch :
* "On the Resistance of Tubes to Collapse," by Mr. William Fairbairn, Philosophical Transactions of the Royal
Society of London, 1858, vol. cxlviii., page 389; "On the Resistance of Boiler Flues to Collapse," by Prof. William
Cawthorne Unwin, Minutes of Proceedings of the Institution of Civil Engineers, 1876, vol. xlvi., page 225 ; and
The Elements of Machine Design, by Prof. William Cawthorne Unwin, eleventh edition, 1890, part i., page 82.
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l =9,672,000(t2/pd)
If E for wrought-iron be taken as 30 x 106, this gives :
c = 0.32 . . .
Whence, for cast-iron, equation (23) becomes something like :
l = 5 x 106(t2/pd)
In boiler-flues, a factor of safety of 9 or 10 is allowed. For cast-iron tubbing, in the absence of further data,
the factor would have to be considerably larger. The following rule might be expected to be safe :
l =200,000 (t2/pd)

........(24)

20.—A question which does not appear to have received sufficient attention is that of the stability of the
stiffening rings. These rings must be sufficiently strong to prevent any change in the position or direction of the
part of the cylindrical shell to which they are attached. Assuming this condition satisfied, it is still necessary to
ensure that the rings will not collapse. The writer has already considered the collapsing of the shell on the
assumption that the rings are sufficiently strong. The stability of the rings is quite a different question, and is a
most important one.
The stability of circular rings under normal pressure has been considered by Prof. M. Lévy.* The result of his
theory may be stated as follows: If x be the pressure per unit-length of the circumference of the ring, and r be
the mean radius, then collapse may take place when :
x = (3EI)/r3........(25)
I being the moment of inertia of the section of the ring, about a line through its centre of gravity parallel to the
axis.
To apply this, a complete ring of tubbing (assuming the vertical joints capable of transmitting stress) might be
taken, and its moment of inertia to satisfy the above formula might be calculated.
A more severe test is to take that portion only of the tubbing ring which may be considered to form part of the
effective area
* Journal de Mathématique, Liouville, 1884, series 3, vol. x., page
page 405.
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See also Love's Elasticity, 1906 edition,

of the middle horizontal stiffening rib. In fig. 5 (plate ii), for example, AB and CD are bisected to obtain the
length I. It is practically the distance apart of the rings or flanges, measured from centre to centre. Formula
(25) must then be applied to a ring having the section shaded in fig. 5. If the thickness of the shell and the
dimensions of the stiffening rings be settled on other considerations, the formula might be used to determine
the distance apart of the rings. It may be written :
l = (3EI)/pr3........(26)
It is frequently suggested that the cylinder should not be assumed to gain in strength to resist the
circumferential stresses by the addition of the rings; and, on the other hand, that the rings should not be
supposed to receive any assistance from the shell. Such suggestions cannot, however, be accepted. It is
perfectly clear that, in any given design, if the thickness of the shell be increased, the sectional area of the
stiffening rings may be decreased, or they may be spaced at greater intervals.
21.—Let it be assumed that the thickness of the ribs is equal to that of the shell. Then, if w is the width of the
stiffening ring as shown in fig. 5, the formula (26) may be said to involve the three unknown quantities w, I and
t. In any given case, the writer will suppose that the pressure and the radius of the shaft are known, and to
simplify numerical calculation he will take the modulus, E, equal to 18 x 106 pounds per square inch.
Of the three unknown quantities, two may be chosen arbitrarily, or some proportionality may be assumed to
exist between the three. In the former case, convenient practical numerical values may be given to, say, w and
l and the t may be calculated. In the latter, two such relationships may be chosen as :
I=af, and w=bt:......(27)
where a and b are any numbers thought suitable.
The position of the centre of gravity of the portion under consideration (fig. 6) is given by:
z = (lt + w2+2wt)/(2(l + w));
and the required moment of inertia is :
I =(lt3)/12 + lt(z – (t/2))2 + (tw3)/12 + tw((w/2) + t-z)2
Equation (27) will reduce this to the form :
I = ct4 ;
[98]

STRENGTH OF CAST-IRON TUBBING.

in which c has a definite value, depending on the choice of a and b. Equation (26) can then be written:
[mathematical xpression] .....(28)
where k stands for
[mathematical xpression]
If the factor of safety be F, the pressure must be multiplied by F before insertion in equation (28) ; or the
equation may be written:
[mathematical expression] ........(29)
The following table gives values of k for different proportions of w and l likely to occur in practice. It is based
on E equals 18 x106.
Table I.—Values of k in the Formula [mathematical expression]
[Table]
IV.—Other Formulae and Methods of Failure.

22.—Plate-Formulae.—Supposing that, in any example of tubbing, the ribs and flanges are sufficiently strong
to perform any duties which may be required of them. There may be then complete confidence in the plate, if
it has the thickness given by the formula for the strength of flat rectangular plates.
In this formula, if a, b and t are respectively the length, breadth and thickness of the plate, a being greater
than b, and all being in inches ; and if p be the pressure on its surface in pounds per square inch; then the
greatest stress, in pounds per square inch, is given by:
[mathematical expression]

(30)

If the stress be taken as 20,000 pounds per square inch, equation (30) may be used to find the necessary
thickness of the plate. It takes the form :
[mathematical expression]

.....

(30a)

* The Elements of Machine Design, by Prof. William Cawthorne Unwin, eleventh edition, 1890, part i., page 93 ;
Applied Mechanics, by Prof. John Perry, 1897, page 326 ; etc.
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Fig. 7 (plate ii.) shows the portion of plate to which this formula may be applied. The facts—that the external
pressures, under normal conditions, converge towards the centre of the cylinder, and that the plate has a
camber convex towards the load - are not taken into account in the formula (30). The result is that the plate
is much stronger than the formula supposes it to be and hence a small factor of safety may be allowed. A
factor of three or four should be ample, but it must be allowed on the ultimate tensile strength of the material.
23.—Hoop Stress.—When a portion of the plate including one stiffening ring (as in section 21 and fig. 6) is
considered, an estimate of the magnitude of the circumferential stress may be obtained by constructing a
formula of the type ordinarily used for thin cylinders.
Thus, the resolved portion of the pressure is 2prl and the resistance offered by the material is 2qt (l+w).
Equating these, then :
qt(l+w) = prl;.......(31)
and choosing I and w in terms of t, this expression, may be reduced to :
t = K(pr/f)........(32)
24.—Stress due to Weight.—In exceptional cases, or when the depth of the tubbing is very great and
supporting curbs are not employed at intermediate points in the depth, the stress due to the weight of the
tubbing itself may become appreciable. In such cases the weight should be carefully calculated. In general,
however, this will be unnecessary. The stress due to weight would probably never exceed, say, ¼ ton per
square inch for each hundred feet of depth. If this estimate be correct, a length of 1,000 feet of unsupported
tubbing would produce a stress probably well within 2½ tons.
When the weight is supported by curbs, situated at intervals in the depth, the stress due to this cause may be
neglected.
25.—Corrosion.—The question of how much of the metal is eaten away or rendered valueless by corrosion is a
most difficult one. Attention has recently been called to it by Mr. H. W. G. Halbaum, who very properly insists
on the need for more data.
It is a question which depends so much upon local circumstances that it must be left to the designer to
settle in each
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individual case. "When the complete dimensions of the tubbing have been settled on strengthconsiderations, an allowance for corrosion should be distributed all round. It appears to be distinctly
advisable to remove this allowance from the contingencies covered by the factor of safety. Its amount
must depend on the chemical and electrolytic capabilities of the soils and water of the district; on the length of
time for which the structure is required to last; on the nature and amount of the protective covering, if any,
with which the metal is coated; and, very probably, on the structure and composition of the iron itself.
The writer thinks that it is safe to say that, when the metal is unprotected, this allowance should not be
less than ¼ inch. Probably few engineers would care to allow more than 1 inch.
V.—Practical Examples and Conclusion.
26.—As an example of the use of these formulae, the writer will take a shaft 600 feet deep and 14 feet in
internal diameter.
If the greatest pressure is that due to a head of 600 feet of water, it follows that:
p = (62.4 x 600)/144 = 0.433 x 600 = 260 pounds per square inch.
Let the ultimate strength of the material be taken as at least 100,000 pounds per square inch in compression,
and 20,000 pounds per square inch in tension.
Suppose that there are eight segments in each ring and that the height of each is 2 feet 6 inches; and that
there are three vertical and three horizontal rings on each segment, in addition to the flanges. Each segment is
then divided by the ribs into sixteen plates, about 15 inches long by 6 inches deep.
The plate-formula gives:
[mathematical expression
This allows a factor of safety of 4, and an allowance must be made for corrosion and defects in casting.
As an alternative design, let it be supposed that there is only one horizontal and one vertical rib between the
flanges. The values of a and b are then each doubled; that is, the thickness must be twice as great, or :
t = 1.906 inches.
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A design intermediate between the two might have three vertical and two horizontal ribs. The rectangles are
then about 15 inches by 8 inches, and
t = [mathematical expression] = 1.240 inches
27.- In the previous section, the thickness of the tubbing has been calculated without reference to the
dimensions of the stiffening rings. To take these into account, equation (29) must be used. If w equals 3t, l
equals 4t, and a factor of safety of 4 be adopted, it is found (from Table I.) that k equals 0.00199, and equation
(29) becomes :
t = [mathematical expression] = 1.690 inches.
Then w equals 3t equals 5.070 inches, and I equals 4t equals 6.770 inches.
This would be a suitable design. It should be noticed that it requires a greater thickness than that given by the
plate-formula in section 26.
To see the effect of changing the ratio of w or I to t, the same data as before may be taken, but l may be made
equal to 3t. Then, k equals 0.00187, and hence t equals 1.590 inches, w equals 4.780 inches, and I equals 4.780
inches. More stiffening rings are required, but the thickness of the plate and the width of the rib are reduced.

28.—The example contained in the two preceding sections is one in which the final dimensions are determined
by the ring-formula. The plate-formula need not have been used if it had been known beforehand that it
would give a less thickness than that required by the ring-formula. The writer will now find the dimensions of
tubbing for the same shaft, when each segment is provided with one horizontal and one vertical rib only.
Suppose the segments to be about 5 feet wide by 3 feet deep. Using the ring-formula, w may be made equal to
4t; and, since the ribs are far apart, I equals 10t. Then :
t = [mathematical expression] =1.685 inches ;
and w equals 6.740 inches, and I equals 16.850 inches. Now test this result by the plate formula.
plates are 28 by 16 inches, a must be equal to 28 (the greater), and b equal to 16 inches. Then:

If the

t =2.465 inches,
which is larger than before. The actual thickness must now not be less than this.
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Trying the ring-formula again, take w equals 2t and l equals 6t, as this will give about the right value of l. Then
:
t = [mathematical expression] = 2.740 inches ;
w equals 5.480 inches, and l equals 16.440 inches, and it can be seen that these dimensions are satisfactory.
29.—It will be interesting now to estimate the average circumferential stress in the material in this last
example.
From equation (31) :
q = [mathematical expression] = 6,000

pounds per square inch, approximately.

This result is within the limits of safety.
30.—Before concluding this paper, it will be well to summarize the results, in so far as they affect the method
to be adopted in most rapidly determining the dimensions of cast-iron tubbing for any given external pressure
and diameter of shaft: (a) If the stiffening rings are to be closely spaced, use the ring-formula (29) first, and
then test the result by the plate-formula (30). (b) If the rings are far apart, use the plate-formula (30a) first,
and then find the size of the stiffeners by the ring-formula.
As the factors of safety used in the examples may not commend themselves to all engineers; and as, in
exceptional cases or in the light of further experience, it might be desirable to modify these factors, the
equations (29) and (30) have been purposely left in such a form that the designer may insert whatever factors
he pleases.
It will be clear that, as given, the expressions refer to strength only, and that if an allowance is to be made for
corrosion it can be applied to the results calculated as above. Such an allowance should be added to t; w and l
being left unchanged.
31.—Magnitude of the Pressure.—The pressure which the tubbing has to withstand is usually calculated as
that due to a column of water of a height equal to the depth of the tubbing. When, however, there are waterbearing strata between beds of impervious rock, it may be necessary to measure the depth of the shaft from
the outcrop of the water-bearing strata.
It is perhaps possible, with certain soils, to encounter pressures greater than that due to an equal head of
water. In such cases Prof. Rankine's formula may be used. Thus, if h be the depth in feet, wthe weight of a
cubic foot of the earth, and φ the

[000]
Vol. XXXIV, Plate II.
To illustrate Dr. J. Morrow’s Paper on “The strength of Cast-iron Tubbing for Deep Shafts.”
Figs. 1-7
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angle of repose, or friction-angle, of the earth, the pressure in pounds per square foot on the surface of the
tubbing at the base is:
p = wh tan2 (45⁰ - φ/2)
or, as it may be written,
p = wh (1— sin φ ) / (1 + sin φ )
Experience with retaining walls appears to show that Prof. Eankine's theory considerably overestimates the
magnitude of the pressure.
As a rough rule, it may be taken that the pressure in pounds per square inch rarely, if ever, exceeds one-half of
the depth of the shaft in feet.

The President (Mr. J. H. Merivale), in proposing a vote of thanks to Dr. Morrow, said that the formulae with
which they had been familiar hitherto did not take the flanges into account.
The vote of thanks was cordially adopted.
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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, 1907.
Mr. JOHN H. MERIVALE, President, in the Chair.
DEATH OF MR. M. WALTON BROWN.
The President (Mr. John H. Merivale) alluded to the sad death of the Secretary of the Institute, Mr. M. Walton
Brown, through which the members had suffered an almost irreparable loss. Sir Lindsay Wood, Bart., the
senior Past-President, had hoped to be present for the purpose of moving a resolution of condolence, but had
telegraphed his regret that, being detained in London, he was prevented from joining with other members of
the Institute in expressing deep sympathy with the family of the late Mr. Brown in their bereavement; and in
recording the great loss which the Institute had sustained in being deprived of his very valuable services. Mr.
Thomas Douglas and Mr. George May, Past-Presidents, were also unavoidably prevented from being present.
Mr. A. L. Steavenson (Durham) moved a vote of condolence with the widow and family of the late Mr. Brown,
and, in doing so, suggested that it was possible that the members would shortly have an opportunity of
showing their sympathy, in a practical way, by contributing to a testimonial fund. The late Mr. Brown was a
most efficient Secretary; always ready to offer any help to the members, and to afford them the benefit of his
long experience.
Mr. T. E. Forster (Newcastle-upon-Tyne), in seconding the vote of condolence, said that, through spending so
much of his time in Newcastle-upon-Tyne, he was frequently brought into contact with their late Secretary,
and he was always struck with
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the manner in which Mr. Brown would hunt up information and do his best to save the members trouble. They
were all extremely sorry that he had been cut off so suddenly, and would, no doubt endorse the proposal
which Mr. Steavenson had fore-shadowed by doing all that they could for the benefit of his widow and family.
The President (Mr. John H. Merivale), in putting the vote to the meeting, stated that particulars of the
suggested fund would be submitted to the members at a later date.
The vote of condolence was unanimously passed by the members rising in their seats.
Mr. J. G. Weeks (Bedlington) proposed that the Institute should procure a portrait of their late Secretary, and
place it in one of the panels of the Lecture Theatre, and in so doing pay a tribute to the fidelity which Mr.
Brown had shown in all his work as well as the assiduity with which he had discharged his duties.
Mr. W. O. Wood (South Hetton), in seconding the proposal, said that the members would all agree that Mr.
Brown was singularly amiable, pleasant, and agreeable, and always did his best to promote the interests of the
Institute.
The proposal was unanimously adopted.
The President read the minutes of the last General Meeting, and reported the proceedings of the Council at
their meetings on November 30th and that day, together with the proceedings of the Council of The Institution
of Mining Engineers at their meeting on September 4th.
The following gentlemen were elected, having been previously nominated: —
Members—
Mr. Edward Erskine Bird, Secretary of and Engineer to Messrs. George Elliot and Company, Limited, 16, Great
George Street, Westminster, London, S.W.
Mr. James Bookless, Mechanical Engineer, 14, Wilson Terrace, Broughton Moor, Maryport.
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Mr. Charles Arthur Crofton, Colliery Manager, Wansbeck Colliery Company, Limited, Morpeth.
Mr. John Cummings, Colliery Manager, Hamsterley Colliery, Ebchester, S.O. County Durham.
Mr. William English, Colliery Manager, North Walbottle Colliery, Newburn, S.O., Northumberland.
Mr. Alan Leonard Stapylton Greenwell, Colliery Manager, Windlestone Colliery, Ferry Hill.
Mr. George Hare, Mining Engineer, Seghill Colliery, Seghill, Dudley, S.O., Northumberland.
Mr. George Hood, Colliery Engineer, 9, Agents Terrace, Boldon Colliery, S.O., County Durham.
Mr. Cecil William Jordan, Managing Director of the Goodman Manufacturing Company, Limited, Marlborough
House, Marlborough Road, Roath, Cardiff.
Mr. Andrew Kerr, Colliery Manager, New Brancepeth Colliery, Durham.
Mr. George Robert Kyle, Mechanical Engineer, 6, Ravensworth Road, Dunston, Gateshead-upon-Tyne.
Mr. Frederic Thomas Marley, Mining Engineer, Damodapore Colliery, Nandi P.O., Raniganj, E.I.R., Bengal, India.
Mr. William Maurice, Mining and Electrical Engineer, The Collieries, Hucknall Torkard, Nottingham.
Mr. Charles Herman Merivale, Mining Engineer, Middleton Estate and Colliery Company, Middleton, Leeds.

Mr. Bernardino Nogara, Electrical and Mining Engineer, Galata, Constantinople, Turkey.
Mr. Simon Pedelty, Mechanical Engineer, Broomhill Colliery, Acklington, S.O., Northumberland.
Mr. Robert McLeod Percy, Colliery Manager, Cinnamon House, Ince, Wigan.
Mr. Harry Mackenzie Ridge, Mining Engineer, Owton Manor, Seaton Carew, West Hartlepool.
Mr. Richard Summerbell, Colliery Manager, Preston Colliery, North Shields.
Associate Member—
Dr. Christoph George Sigismund Sandberg, P.O. Box 3807, Johannesburg, Transvaal.
Associates —
Mr. John Chapman, Back-overman, Tyzack Street, Edmondsley, Durham.
Mr. William Cummings, Colliery Under-manager, Beamish View, Stanley, S.O., County Durham.
Mr. Frank Daglish, Colliery Under-manager, Wilson Terrace, Broughton Moor, Maryport.
Mr. William Henry Humble, Colliery Under-manager, Seafield House, Risehow, Maryport.
Mr. Neville Blackmore Paddon, Assistant Master Shifter, Victoria House, New Delaval, Newsham, S.O.,
Northumberland.
Mr. Henry Anderson , Ridley, Mechanical Engineer, Burnbrae, Blaydon Burn, Blaydon-upon-Tyne, S.O., County
Durham.
Mr. Robert Archibald Rutherford, Colliery Engineer, Wellington Terrace, Edmondsley, Durham.

[107]

TRANSACTIONS.

107

Mr. Thomas Sharp, Electrical Engineer, Wilson Terrace, Broughton Moor, Maryport.
Mr. William Thompson, Colliery Under-manager, Stone House, Broughton Moor, Maryport.
Mr. Isaac Walton, Colliery Under-manager, Dovenby, Cockermouth.
Mr. John Gilbert Widowfield, Master Shifter, Railway Terrace, Edmondsley, Durham.
Students—
Mr. John Valentine Bell, Mining Student, 226, Old Farm, Ouston, Chester-le-Street.
Mr. Douglas Roy Brooks, Mining Student, 118, York Street, Jarrow.
Mr. Edgar Walton Dakers, Mining Student, Tudhoe Colliery, Spennymoor.
Mr. Fred Herdman, Mining Student, 7, Chatsworth Parade, Low Fell, Gateshead-upon-Tyne.
Mr. August van den Honert, Mining Student, Koornmarkt, Delft, Holland.
Mr. Thomas Maughan, Mining Student, Tudhoe Colliery Office, Spennymoor.
Mr. George Henry Simpson, Mining Student, 8, Morris Street, Birtley, S.O. County Durham.

Prof. Henry Loris read the following paper " On a Deficiency in tlie Nomenclature of Mineral Deposits
": —
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ON A DEFICIENCY IN THE NOMENCLATURE OP MINERAL DEPOSITS.
By Prof. HENRY LOUIS, M.A., A.R.S.M., M.Inst.C.E., F.G.S., etc.
The object of this note is to call attention to the absence in the English language of any word or phrase to
describe a phenomenon very common in certain types of ore-deposits. It is well known that the ore-shoots in a
mineral vein do not, as a rule, coincide with the dip of the vein, but make an angle with it; in the same way,
lenticular masses often are oblique to the direction of maximum dip of the plane in which they lie. We have no
word to designate this obliquity in either case, and there seems to be a decided need of some such word
which, like the German Fallen im Feld, shall define it without a cumbersome circumlocution. In America the
term " pitch " has occasionally been applied to this obliquity of the axis of the ore-shoot or of the lenticular
mass, as the case may be, and the writer wishes to propose that this word be definitely restricted in the
literature of ore-deposits to this particular signification. It would thus suffice, in describing such a deposit, to
give the angle and direction of the dip, followed by the angle and direction of the pitch; in both it will be
understood that the angle is the angle to the horizontal, and the direction is always the azimuth of the
horizontal trace of the vertical plane in which the line of dip or of pitch lies.
This suggestion has a certain practical value, and is not merely academic; every mining engineer with
experience in such types of ore-deposit will have met with cases in which a vertical shaft has been sunk with
the object of cutting the deposit, but has missed it, because the dip alone has been taken into account, whilst
the pitch has been overlooked. It is far easier to leave out of consideration a phenomenon that has not a
designation of its own, than one that is thus characterized, and that will in time come to be regularly recorded.
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In conclusion, it may be pointed out that all the four characteristics—angle of dip, direction of dip,
angle of pitch, direction of pitch—need not always be given fully, because a simple geometrical relation
subsists between them. Thus in the subjoined diagram (fig. 1),
Fig. 1 -. Isometric Projection. Diagram showing dip and pitch
drawn in isometric projection, let ABCD be the plane of the ore-deposit, and let AC be the axis of the ore-shoot
or ore-lens ; then AD is the strike, and AB the line of dip of the deposit; the angle ABE (—d) is the angle of dip,
and the angle ACE (=p) is the angle of pitch ; EB lies in the azimuth of the dip, and EC in the azimuth of the
pitch; let the angle CEB between these two directions be =a. Then cos a = tan p/ tan d.
This relation may occasionally prove useful.
The writer hopes that his proposal may be found worthy of general adoption, and that to the word "pitch," in
the sense here suggested, may be assigned a permanent place in the literature of ore-deposits.

Mr. T. E. Forster (Newcastle-upon-Tyne) said that the proposal contained in the paper was one of which
anybody accustomed to metal-mining would recognize the necessity, and it seemed curious that it had never
been previously put forward. The word " pitch" was sometimes used for dip. "Pitching heavily " was a phrase
which meant dipping heavily, but if once the distinction were known, the term would become very useful.
Mr. William Armstrong (Wingate) agreed that the suggestion was a valuable one.

Mr. W. O. Wood (South Hetton) said that in the coal-trade, fortunately, they were not troubled with a
complication of the description indicated in the paper.
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Mr. A. L. Steavenson (Durham) facetiously remarked that he did not like to allow a paper to pass without
objecting to its proposals; there was not much to object to in this instance, but he hoped that they were not
going to follow the example of electricians, who had adopted a great number of terms, many of them being
misleading. He thought that they had better have too few than too many.
Mr. J. B. Atkinson (H.M. Inspector of Mines) said that, as regarded strike and dip, these were pretty regular and
would always occur in a mineral vein, but he understood that pitch was not a regular thing; they did not have a
regular deposit, but might have it waving in all sorts of shapes along the line of the vein. Personally, he did not
see how the word pitch would meet the difficulty.
Prof. Henry Louis said that if a better word could be suggested he would be glad to employ it. He quite agreed
that pitch was not absolutely regular, any more than dip or strike; but if a deposit was said to have a certain
dip, this meant the average dip, and he proposed to use the word pitch in the same sense. They must refer to
the average in all these cases, and the pitch was at least as regular as the dip in most instances.
The President (Mr. John H. Merivale) said that Prof. Louis had no doubt drawn attention to a want in mining
nomenclature. It was a matter which did not come largely within their experience as mining engineers, but the
same point had occurred to him as that mentioned by Mr. Atkinson. Dip was not regular; but he was under the
impression that it was more regular than pitch, and that the pitch was of very little value as an indication of
the position of a deposit one hundred fathoms or so away. He now understood from Prof. Louis that this was
not the case, but that it was a very fair guide in searching for the deposit. He had pleasure in proposing a vote
of thanks to the writer of the paper.
The vote of thanks was carried unanimously.

The following " Notes on Mining and Engineering in America and Canada " were read by Mr. Walter
Rowley: —
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NOTES ON MINING AND ENGINEERING IN AMERICA AND CANADA.
By WALTER ROWLEY.
In venturing a few observations suggested by a visit to America and Canada a short time ago, the writer is
actuated, not by a spirit of criticism, but rather with a wish to confine bis remarks to certain differences in
policy, with a view to raising a discussion that may be beneficial to the members of the Institute.
American Mining Laws.—The underground officials at an American mine are styled mine foreman, assistant
mine foreman, fire boss and shotlighter. Practically all the American states require an examination for the first
two positions, and eight states require an examination for the position of fire boss ; whilst the provinces of
British Columbia and Nova Scotia require an examination for shotlighters. The position of fire boss is
equivalent to that of deputy in this country, and the question is raised as to whether it would not be a step in
the right direction to certificate these officials.
In Great Britain, colliery managers' and under-managers' certificates are being granted in large numbers, and
for every post that is vacant there are often dozens, if not hundreds, of applicants. There is not the slightest
doubt that the granting of certificates has greatly improved the class of men now in these responsible

positions, and why should this not be the case with the deputies? With regard to shotlighters, the writer thinks
that legislation would also be useful. Turning to surface workers, there are four states that require an
examination for the post of hoisting-engineer or winding-engineman. The writer does not think that this is of
any advantage. The subject suggests, however, the question of certificating our enginewrights. The extensive
use of machinery in mines makes this, in the writer's opinion, desirable; and it seems as though increased
efficiency would be the result of relieving a manager of some of the responsibility that he at present carries for
the enginewright.
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Before leaving the question of the certificated positions, it is interesting to note that some of the states issue
certificates to mine foremen of two grades—one for mines where there is no gas, and others for mines which
are gaseous. This has sometimes been urged in this country; but, in the writer's opinion, any man holding a
responsible position should be well versed in all branches of science appertaining to the positions that he may
attain. Although lack of opportunity is undoubtedly nowadays a factor to be dealt with, a man must not be
educated to anticipate such a condition of affairs. Knowledge is the principal incentive to ambition, and to put
a man into a position only equipped with sufficient knowledge to occupy satisfactorily that one position is to
reduce his utility to the world to a minimum. Another point worthy of note is that, in the anthracite district of
Pennsylvania, the miner is required to hold a certificate. This, to the writer, is of doubtful value.
With regard to the age of boys who work in mines, which in the United Kingdom is 14, it may be interesting to
notice that in the anthracite mines of America the minimum age is 16. The question of age limit is largely an
economic one; it seems in certain cases in America to operate with some hardship, and, indeed, a boy leaving
school at, say, 13, and put to some other employment, gets into a certain routine, and it is unlikely that he
would break this off to go to the mine. Of course, the obvious method is to employ boys first round about the
surface of a mine, and then to draft them into the mine.
Output and Accidents in American Coal-mines.—It will, of course, be pointed out that English mines are much
freer from accident than American mines, and under this head the writer would quote from a recent
statement by Mr. D. W. Williams, United States Consul, Cardiff, as regards the conditions in the two countries
for the year 1904* : —
America.
Tons of coal produced

..

......

United Kingdom.

352,310,427

232,428,272

594,768

833,629

Miners employed............
Number of tons per miner

...

...

593

Average number of days

...

...

202

262

...

2.93

1.07

1,996

1,034

Average daily tonnage per miner
Number of miners killed
Death-rate per 1,000 men

......

279

......

3.35

1.24

Death-rate per 1,000,000 tons ......

5.66

4.44

* Mines and Minerals, 1907, vol. xxvii., page 261.
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The striking feature of this table is first, the greater number of tons produced in America per miner; and
secondly, the much higher death-rate per 1,000 men employed. This increased death-rate may be due in part

to the increased rate of production, but it is not wholly so, and it is interesting to note from the report, for
1906, of Mr. James E. Roderick, Chief of the Department of Mines of Pennsylvania, that, as regards mines
inspection, the British mines are not subject to so much inspection as the American mines.
The following table, taken from the report, is of interest for comparison*: —
[Table]
*In addition to these mines the inspectors have charge of all quarries.
The report of the chief inspector seems to show that the addition to the number of inspectors has not reduced
the number of accidents, for, to quote his words: —" It will be necessary, therefore, to resort to some other
method to bring about this greatly desired result."†
In the writer's opinion, the mining of coal is to some extent hereditary, and when it is considered that in
America the output of coal was 22 tons in 1814, while in this country, at the same period, the output was
upwards of 15 million tons, it will be seen that we had had a very considerable start. The increased output per
miner in the United States is no doubt due to the greater average thickness of the seams, and to the easier
accessibility of the coal. In some of the anthracite mines the working of the coal is more analogous to
quarrying than to mining as practised in this country. In the anthracite district of Pennsylvania, out of 563
mines 355 are slope or drift mines; and in the bituminous district of Pennsylvania, out of 1,232 mines 1,070 are
slope or drift mines.
* Report of the Department of Mines of Pennsylvania, 1906, part i., page 22.
† Ibid., page 21.
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Chemical Mine Fire-engine.—At the mines of the Pine Hill Coal Company, Minnesville, Pennsylvania, a chemical
fire-engine (fig. 1) has been installed. The engine consists of two 60-gallon steel tanks, which are filled with a
solution of soda consisting of
Fig. 1 – Chemical mine fire-engine
[Photograph]
24 pounds dissolved in 60 gallons of water. Within the tank is a receptacle containing 12 pounds of 66-degree
sulphuric acid; the chemicals being kept apart until it is desired to use the engine. When the engine is in use,
the sulphuric acid is mixed with the alkaline water, causing carbon dioxide to be generated rapidly. With this
engine a fire of considerable proportion can be successfully dealt with, and similar engines have been adopted
at several of the large collieries.
Supporting Exvcavations by Concrete.— At the Burnside colliery of the Philadelphia and Reading Coal and Iron
Company, Pennsylvania, concrete arches for the support of main roads in place of timber are in use.

Fig. 2 – Concrete arching at Burnside Colliery, Pennsylvania.
[Photograph]
Arches, some 18 inches square, were used to replace timber sets, 14 to 16 inches square. The design of the
arches is shown in fig. 2, and the cost varied from £4 10s. to £5 10s. per arch. These arches have successfully
carried the weight, which previously caused continual breakage of the
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timbers. There are, no doubt, cases where an extended use of concrete would be desirable for the support of
excavations in English mines.
Power-stations, etc.—Montreal is being supplied with electric power from the Shawenegan Falls, which are
situated on the St. Maurice river, halfway between Montreal and Quebec. The total height of the falls from the
upper to the lower lake is about 140 feet, and the total available power is estimated at about 100,000
horsepower.
In designing the power-station, the chief question was whether the turbines should have a vertical or a
horizontal shaft. At Niagara, as will be seen later, the turbines are placed vertically, but here the horizontal
type is adopted, it being considered that it is, mechanically, more reliable. It was also decided to have a slow
speed, and so the generators revolve at 180 revolutions per minute, and the current is produced at 2,200 volts.
There are at present three units installed, each wheel being capable of developing 6,000 horsepower, and
these are coupled to generators of the revolving-field type of 3,750 kilowatts capacity, the current being twophase and 2,200 volts. Another unit of 10,000 horsepower is now being installed.
The transmission to Montreal is interesting; the current is transformed at the generating station up to 50,000
volts for the long distance users. The length of the line to Montreal is 85 miles, and the cables are of
aluminium, the total drop in the transmission when 8,000 horsepower is being delivered in Montreal being 18
per cent, of the delivered voltage.
The use of aluminium is general for high-voltage lines. The production of this material has so rapidly increased
that, although its resistance is 2.6, that of copper being 1.5, with aluminium at present prices it is the cheapest
for overhead and uninsulated lines. The greater area required, however, prohibits its use for insulated cables.
Brief mention may be made of the electric power-stations at Niagara. On the American side, there are being
generated by the Niagara Falls Power Company, and others, 150,000 horsepower ; while developments are
now in hand to give an additional 100,000 horsepower. On the Canadian side of the falls, the development is in
active progress, which, when completed, will
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amount to more than 400,000 horsepower, and the grand total of power then derived from the Niagara river
will be about 700,000 horsepower, two-thirds of which are on the Canadian side.
The " harnessing " of Niagara seems now like ancient history; hut it was only as recently as 1890 that the
International Commission (of which Prof. W. C. Unwin and Lord Kelvin were members) was selected for the
purpose of advising as to the best means of converting the power of the falls into electrical energy. As has
already been stated, this pioneer power-station is the only one on the American side of the falls. The station
has an output of 75,000 electrical horsepower. The method adopted is to tap the Niagara river above the falls
by a short canal, and then to excavate a wheel pit, at the bottom of which the turbines are placed, the
generators being on the surface and connected to the turbines by hollow shafts.
In the two power-houses are placed twenty-one units, each of 5,000 horsepower. The wheel pits are about
450 feet long, 18 feet wide and 180 feet deep. The current is generated, as at Shawenegan falls, at 2,200 volts,
and is stepped up as required for transmission.
Three new undertakings are progressing on the Canadian side, but it is a pity to note that the capital for two of
these is largely American. The designs for two of the plants are similar to those of the Niagara Falls Power
Company, i.e., vertical turbines. The units of these newer stations are all about 12,000 horsepower. The works
of the Ontario Development Company, which the writer visited, were in a very interesting stage. The wheel pit
at the time was in course of excavation; but before any work could be done on sinking it, the coffer dam, 2,200
feet long and extending about 600 feet into the river, had to be constructed. This dam laid bare 11 acres of the
river bed, its building being a most difficult undertaking; and it is creditable to the engineers that it was
accompanied with the loss of only one life. The wheel pit, which is 416 feet long, 27 feet wide, and 150 feet
deep, will be lined with brickwork. At the bottom of the wheel pit will be placed eleven turbines, each of a

capacity of 12,500 horsepower. They are connected with generators by means of hollow steel shafting. The
generators are to be of 8,000 kilowatt capacity, revolving at 250 revolutions, and delivering a three-phase
current at 12,000 volts. About 1,500 feet from the generat[117]
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ing station, the transformer house is being erected to raise the voltage to 40,000, 50,000, or 60,000 volts for
transmission to the points required.
The only other feature that the writer wishes to mention is with regard to the power companies at Niagara,
and that is in connection with the works of the Ontario Power Company, who are conducting the water from
above the rapids by means of three main conduits, 18 feet in diameter and 6,000 feet long, buried in the
ground. All the other companies have canals, and the utilization of these steel pipes, ½ inch thick, will be
watched with interest. Although in the modern designs every effort is being made to preserve the natural
beauties of the falls, it is inevitable that these should suffer.
Of course, it must be borne in mind that in laying out the works for harnessing Niagara, the tunnel tail-race,
feeder-canal, sluice-gates, etc., had first to be constructed up to the full ultimate capacity of the station,
although only a small fraction of that amount of power could at first be utilized; consequently, it will require
several years for the undertaking to grow to maturity, and, during this time, a large portion of the capital
expended on the works must lie idle.
With the large power-stations in this country, however, a system of multiple units can be adopted and the
plant worked under conditions of much higher initial efficiency. In almost every power-station one finds
provision made for extension; the engine-house wall at one end, for instance, will be of a temporary character,
so as to permit of readily extending the building and rendering the whole plant convenient for supervision,
distribution, etc.
By far the greater percentage of our power in this country is, of course, obtained from the use of coal
generating steam in boilers of various types, and used either in reciprocating engines or rotary turbines, and
there is no doubt that a cheap coal supply is worth far more to us than would be water-power without it.
The growing use, however, of small coal for the manufacture of coke and its use in producers where ammonia,
etc., is recovered, is tending to make the demand for small coal more extensive, and its price will tend to
increase. Yet there is no doubt that, in many mines, particularly those in South Wales, a considerable quantity
of small coal is left in the mine.
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However much coal we may have, that is no reason why we should be prodigal in its use; and the writer
regards the establishment of these large centres for power generation and distribution as of great economic
value in the saving and conserving of our coal resources.
Time was, and to some extent still is, when by the multiplication of small power plants, not burning the coal
economically, thousands of tons of coal were wasted per annum and without any useful result; but the old
notion is now, the writer thinks, exploded, that because coal is cheap we can afford to waste it. In small plants
that are not employed for much of their time, we not only have the losses in wasteful consumption of fuel and
wasteful use of steam, but also the additional loss of interest on the money sunk in the plant which, for the
greater part of its time, is idle.
If we take the extreme example of a generating station for electric lighting only, we might get a load factor of
13½ per cent., representing 1,185 working hours at full load in the year, averaging about 3¼ hours per day. It
is, of course, evident that, if we could increase the load factor, we increase the earning capacity of the plant
without any addition to the capital and establishment charges. A power-station supplying several customers
with varying demands can utilize a certain dovetailing which exists; for instance, arrangements can be made
with a colliery customer to take power for pumping at certain hours of the day when there is not a heavy
lighting load on.

It is, therefore, possible for a power-station of comparatively small capacity to supply customers with a much
greater total demand. The total motors, etc., coupled up to a. station might be 30,000 horsepower, but the
demand might never be more than, say, 15,000 horsepower at one time.
The electric transmission of power is certainly a branch of engineering in this country which, as the coal supply
becomes exhausted, must be considered more and more, and the writer ventures to think that a study of
American practice will be of advantage in this particular.
Street Railways.—One great question that struck the writer with regard to the street traffic in New York and
other American cities will be of interest: that traffic may be divided into three sections, (1) surface, (2)
elevated, and (3) shallow subways.
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The Rapid Transit Company, who have constructed the subways in New York, have, therefore, been under the
wing of the Corporation instead of (as so often happens in this country)
Fig. 3.- New York Subway: Excavation and Timbering at Broadway and Fulton Street.
[Photograph]
having to fight them, and to this is due the methods employed in construction, which, to an Englishman,
would appear impossible, involving as they did such interruption with the street traffic. The contracting
company has, the writer understands, a lease of 45 years, after which the city will become the owners.
The expenditure on the new rapid transit railway was estimated to be £10,000,000. The line is 25 miles long;
construction was begun in 1900, and the line was opened at the end of October, 1904.
The railway is not altogether underground : in some places viaducts have been built; but for the greater
portion of its length the subway is at a small depth below the road level.
Fig. 4.- New York Subway: Excavation for station at Mott Avenue.
[Photograph]
For about half the length, the roads were opened during construction, the principal being that of ″cut and
cover.″ In New York the ground is practically rock throughout, and high buildings may be seen standing
alongside the excavations with very little underpinning.
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Such a concession must have greatly cheapened the cost of the work of the company, but the inhabitants
along the route must have suffered some disadvantage. In the busiest parts of the route, however, in the case
of the deeper railways, tunnels were driven and timbered (figs. 3 and 4), similar to driving a road in a mine.
The question of foundations for the skyscrapers on route has been a very difficult one, although simplified by
the rock substrata, but it has been admirably surmounted. The steel structures of these buildings enabled
them to be supported by carrying columns through the basement and subway.
Fig. 5.—New York Water Supply: Croton Dam.
[Photograph]
There are about fifty-two stations in all, and it is refreshing to learn that no advertizements are to be allowed,
so as to give the passenger at least a chance of finding out the name of the station before the train again
starts. During the two hours when traffic is heaviest, the express trains will be able to carry 72,000 persons,
and the local trains 90,000 per hour. The express trains are accommodated with a separate track over a large
portion of the route.
The generating station, it is claimed, will be capable of producing more electrical power than any other in the
world, and when fully equipped will have cost £1,400,000.

The power-house is 200 feet wide and 700 feet long. At present there are nine engines of 8,000 to 10,000
horsepower,
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which are directly connected to 5,000-kilowatt alternators, generating energy at 11,000 volts. The total
capacity of the complete station can safely be placed at 130,000 horsepower. The engines are reciprocating,
and the only use of the turbines is for driving the lighting dynamos. This is possibly explained by the fact that at
the time when the generating station was designed, turbines had not reached so high a state of perfection as
that in which we now find them.
Fig. 6.—New York Water Supply : Croton Dam, Spillway.
[Photograph]
It is interesting to note that the entire plant is designed on a unit system. Each section consists of a chimney,
twelve boilers, and two engines. Each section can be disconnected from the general system by poweroperated valves. Another interesting feature is, as regards the rolling stock, the admirable arrangements for
safety; no sooner does the engine-driver release his hand from the lever than the brakes commence to act.
The whole scheme is an admirable tribute to the capability and daring of the American engineer, who, by skill,
pluck, and determination, has successfully solved this important problem.
New York Water-supply.—The water-supply of New York, a rapidly growing city, needs constant extensions in
order to cope with the demand. The dam shown in fig. 5 is intended to im[122]
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pound an additional supply of something like 30,000,000,000 gallons of water. The total height from the
bottom of the footings to the top of the parapet is 297 feet, with a thickness at the bottom of 206 feet, and a
thickness at the top of 18 feet.
Work on the Croton dam has been in progress for about twelve years, and it is expected to be finished very
shortly. The total length of the dam is 1,168 feet, the total volume of masonry being 750,000 cubic yards. An
interesting feature of the construction was the fact that considerable delay was experienced by the derricks on
the top of the wall constantly having to be removed as the masonry grew up around them. This difficulty was
overcome by building two steel towers, on which the derricks were placed, at a considerable height above the
work. As the dam rises in height, the lower portions of the towers are enclosed and permanently built in. Fig. 6
shows the spillway of the dam.
Fig. 7.- View of Portion of Cripple Creek.
[Photograph]
Cripple Creek Gold District (fig. 7).—Statistics are usually dry reading, but the record of this wonderful district is
so remarkable that a few figures will prove interesting. Gold was first discovered here in paying quantities in
1891; within a decade it had become one of the greatest gold-producing regions of the world. In rapid
development and in the richness of its ores, nothing like it has ever been known before. In ten years the cattle
ranches had been transformed into a populous district of 60,000 people. The production to that date
approximated £24,000,000, whilst, in 1901, it exceeded £5,000,000.
Summary.—The writer has now very rapidly presented for the consideration of the members the most
important notes of his visit to America and Canada, and it only remains for him, in a
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very few words, to summarize the points which impressed him most during his visit.
(1) With regard to America, his observations brought him to the conclusion that those two industries in
which we are most interested, namely, coal and iron, are, without doubt, the most advanced and perfect as

regards their development and arrangement. With reference to the iron trade, and the making of steel, he
was particularly struck with the immense use of labour-saving appliances, which explained to him the fact that
for what labour they required American factory owners and works managers were enabled to pay a high rate
of wages. The development of coal in America has been distinguished by the fact that it is produced in huge
quantities, and worked at shallow depths, and at comparatively moderate cost, until recently, when large
requirements for coal rendered sinking to greater depths necessary. There is one economic fact, the end of
which it is difficult to forecast, that to a great extent the coal-fields are in the hands of a very limited number
of people. The Pittsburg Coal Company and the Carnegie Trust each hold between 150,000 and 200,000 acres
with all the underlying seams of coal of great number and thickness, and what has to be taken into
consideration is the fact that such national wealth, which can never be replaced, is in the hands of so few. It
is, therefore, in such articles as coal and ironstone that the trusts command the position for controlling their
production, whilst other trades have not the same means of holding their position in a monopoly.
With reference to electrical power, there can be no doubt whatever that it is more extensively used, and is
much more highly developed and cheaper than in England, being in almost universal application in
commercial, industrial, and private life.
(2) As regards Canada, the writer was much impressed with its prosperity as a colony and the great future
before it in its agricultural and even mineral wealth, the climate being, taking it altogether, a very pleasant
one.
(3) With regard to education, the writer was most favourably impressed with the fact of America having
realized and responded to the necessity of educating engineers to construct and carry out their works by a
thoroughly scientific training at its universities, where they acquire that theoretical knowledge which they
utilize later in the practice of engineering. As a
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rule, with few exceptions, the present American civil and mining engineers of eminence, and the younger men
coming on, are all graduates in engineering at one or other of the universities, on which solid foundation is
produced the desirable combination of the scientifically trained and thoroughly practical engineer, so
beginning on a system in a new country which the old country has only just realized the necessity of; and it is
to this, associated with its vast natural mineral resources, that the prosperity of America is due.
Mr. A. L. Steavenson (Durham) said the paper was a very comprehensive one, and it raised so many points,
ranging from shot-firing to the falls of Niagara, that he thought the discussion should be adjourned until the
members had had time to consider it. On the subject of shot-firing, it must be borne in mind that there was
not only the question of a man seeing gas and understanding what it was, but the personal element came in
very strongly, and the question was what the man would do if he did see gas; would he have sufficient
common-sense to know what to do, and would he be capable of doing it, apart from the fact that he
recognized gas when he saw it ? He moved a vote of thanks to the writer of the paper.
Mr. J. G. Weeks (Bedlington) seconded the vote of thanks, and at the same time intimated that he did not
agree with the writer's remarks as to the necessity for certificates for shot-fixers or deputies. He thought
that mining engineers in this country knew their business quite as well as those in America, and, if they were
to be judged by the results as revealed in the paper with regard to safety, were even a long way ahead of
them. He thought that such certificates were totally unnecessary, so far as the class of men were concerned
for whom they were recommended. The certificated manager of a colliery was pre-eminently much better
fitted to select suitable persons than any board of examiners, however talented or selected. So far as
regarded safety of life, he did not think that their brethren in America had anything to teach them as yet.
Mr. J. B. Atkinson (H.M. Inspector of Mines) said that he was rather surprised to hear the figures as to the
quantity of coal
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raised in America. It was only a few years ago that the output of America had reached the total of this country.
If the author's figures were correct, the advance must have been very rapid.
Mr. Walter Rowley said that it had been very rapid, but, if the figures were not right, he would be glad to be
corrected; so far as he knew, however, they were so. Referring to Mr. J. G. Weeks' remarks, it was really with
the intention of raising this question of certificating that the writer had offered his paper to the Institute. In his
opinion, the fact of certificating officials raised the standard of the men, certainly as regards education, and
doubtless many opinions would be given on this point when the final discussion on the paper took place.
Prof. Henry Louis (Newcastle-upon-Tyne) said that although he believed the statistics quoted to be correct,
yet, large as the output of coal was, coal-mining in America was of secondary importance compared with
metal-mining.* Any complete review of American mining matters must take cognizance of the enormous
output of copper, and also of the huge output of lead, zinc, etc., not to mention the precious metals. There
was a great deal to be said on many of the points raised in the paper, but it would take too long to go into
them at that meeting.
The President (Mr. John H. Merivale), in putting the vote of thanks to the meeting, referred to the question of
boy-labour. The author had pointed out that in America, according to law, 16 years was the age at which lads
could go down the pit; but from accounts, recently published in the papers, one poor little fellow, who was
only 11 years of age, suffered in a terrible accident the other day. He thought that this showed the mistake
which was made in trying to legislate beyond the consciences of the persons for whom they were legislating.
The vote of thanks was cordially adopted.
* Since speaking, he had received the official statistics for 1906, which gave the output of bituminous coal for
that year as 381,162,115 short tons (of 2,000 pounds) and of anthracite as 131,917,694 long tons (of 2,240
pounds). It was difficult to compare these figures with the total mineral production, because the output of
metals as reduced from the ores was given, but it might be said that the total value of all the minerals and
metals was given at 1,902½ millions of dollars (380½ million pounds sterling), out of which the value of the
coals was given as 513 millions (nearly 53 million pounds sterling).
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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, 1908.
Mr. JOHN H. MERIVALE, President, in the Chair.
The Acting Secretary read the minutes of the last General Meeting, and reported the proceedings of the
Council at their meetings on December 28th, 1907, January 25th, 1908, and that day; together with the
proceedings of the Council of The Institution of Mining Engineers at their meetings on January 15th, 1908.
The following gentlemen were elected, having been previously nominated : —
Members—
Mr. Walter Hull Aldridge, Chief Mining and Metallurgical Engineer for the Canadian Pacific Railway, Trail,
British Columbia.
Mr. Ugo Bagnoli, Engineer and Director of Monteargentario Mines, Orbetello, Italy.
Mr. John Connell Brown, Colliery Manager, Westport Coal Company, Limited, Denniston, New Zealand.
Mr. Percy Sidney James Cooper, Assistant General Manager, The North Eastern Steel Company, Limited,
Middlesbrough.

Mr. Charles Willis Dixon, Colliery Manager, Westport Coal Company, Limited, Denniston, New Zealand.
Mr. René d'Englesqueville, Mining Engineer, 6, Rue de Macon, Le Creusot, Saône-et-Loire, France.
Mr. Lucien Francis Fèvre, Ancien Ingénieur-en-Chef des Mines, 1, Place Possoz, Paris, XVI., France.
Mr. Lewis Warner Fogg, Coke-works Manager, Uniontown, Fayette County, Pennsylvania, U.S.A.
Mr. James Jarvie, Mining Surveyor, Kembla Heights, near Wollongong, New South Wales, Australia.
Mr. William Oughton, Consulting Engineer, Milburn House, Newcastle-upon-Tyne.
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Mr. Ernest Henry Potter, Mechanical Engineer, Tilmanstone Sinking-Eythorne, Dover.
Mr. William John Josiah Sandow, Mining Engineer, 17, Fenchurch Street, London, E.C.
Mr. Thomas Thomson, Colliery Manager, Westport Coal Company, Limited, Denniston, New Zealand.
Mr. Wilfrid Ingram Wrightson, Mining Engineer, Neasham Hall, Darlington.
Associate Member—
Mr. Arthur Jamieson Haggie, The Manor House, Long Benton, Newcastle-upon-Tyne.
Associates—
Mr. Charles James Fairbrother, Colliery Under-manager, Warkworth Vicarage, Warkworth, Acklington, S.
O., Northumberland.
Mr. Walter Easom Goodenough, Overman, 3, Parkside, Durham.
Mr. Walter Reginald Lascelles, Surveyor, Horden, Sunderland.
Mr. James Edmund Marr, Colliery Under-manager, High Spen, Newcastle-upon-Tyne.
Mr. John Whinn, Colliery Under-manager, High Spen, Newcastle-upon-Tyne.
Students—
Mr. Oscar Earnshaw, Mining Student, Kiln Bank House, Amble, Acklington, S.O., Northumberland.
Mr. John James Turnbull, Jun., Mining Student, Cowpen Colliery Office, Blyth.

DISCUSSION OF MR. H. W. G. HALBAUM'S PAPER ON ″CAST-IRON TUBBING: WHAT IS ITS RATIONAL FORMULA
?″*
Mr. Frank Coulson (Durham) said that the rational formula for tubbing might apply to a certain number of
cases, but the conditions in almost every case were different, and, personally, he thought that Prof. William
Galloway's formula was the best, whereby the necessary strength of the tubbing was calculated, and it was left
to the engineer to decide what margin to allow for strength, corrosion, etc. Mr. Halbaum intimated that the
first factor was the corrosion, and if a pit was intended to last for a certain number of years, that was the
factor of corrosion. They did not know, however, that the same amount of corrosion took place every year,
and in his (Mr. Coulson's) opinion this was not so. He thought that it was some years before corrosion took
place to any considerable extent, and probably the further it got into the cast-iron the slower was its action.
Mr. Halbaum made
* Trans. Inst. M. E., 1907, vol. xxxiii., page 567.
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no mention of the mixture of metal in the formula, but they all knew that certain mixtures of cast-iron were
very much weaker than others ; in fact, some would scarcely resist water. Mr. Halbaum seemed to think that
it was quite a new thing to have a specification for tubbing; but, speaking from a knowledge extending over a
period of thirty-five to forty years, he (Mr. Coulson) did not know of any tubbing made in this
district without a specification giving the mixture of metal, method of making and cooling it, and
the best means for testing it. If such a specification were prepared and carried out, he did net think that
there was any need for an allowance for faulty castings, because it was almost impossible that there
would be a faulty casting. It was suggested that the old method of tubbing with sheeting and wedges was
obsolete, and that the proper method was to use bolted tubbing, packed with cement. So far as it went, that
was right, but there were certain conditions when bolted tubbing would be an utter failure; and he did not
know of any case where tubbing, packed up with cement in the way suggested, had been absolutely
successful in keeping the pressure off the tubbing itself. It was, however, sometimes successful when
allowing the water to pass up or down, but it was quite possible to meet with a pressure of water from a lower
feeder very much in excess of the pressure due to the level of the water in the pit, and several accidents had
occurred from that cause. Sometimes if a lower feeder, coming from a much higher source, could not pass up
freely behind the tubbing and escape at the water-level in the shaft, it exerted much greater pressure on the
tubbing than was expected. He had visited a place in Germany not long ago where bolted tubbing was put in,
and the whole of the bottom length was blown out from the cause stated. It seemed to be taken for granted
that cast-iron tubbing 2 inches thick would be twice as strong as cast-iron tubbing 1 inch thick, but this did not
work out in practice. Flanges were, of course, an important factor in tubbing. He did not know whether the
writer of the paper would suggest when putting in tubbing that the flanges should be of the same thickness
and size, irrespective of diameter or depth. These were very important factors indeed: so much so, that it
had been the practice for many years to reduce the depths of the segments from 2 feet to 18 inches, in order
to get more flanges into the circle below a certain depth.
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Mr. H. W. G. Halbaum (Birtley) wrote that he was pleased to see that his theoretical paper had anticipated so
many of Mr. Coulson's practical objections. The author did not profess to be an authority on corrosion, nor did
he at present know anyone who was. But Mr. Coulson, who had had a singularly wide experience in that
direction, thought that it should be left to the practical engineer to decide the precise allowance to be made in
any particular case. Well, that was the actual position adopted in the paper: the arbitrary numerical values
usually employed were denounced, and it was plainly shown that the total corrosion effected during a pit's life
might, according to local circumstances, be anything from zero upwards. Mr. Coulson argued that the rate
might not be uniform : that corrosion was probably slower at first, quicker afterwards, and then slower again.
But, on the other hand, Prof. Louis thought that the rate would be quickest of all during the first year.* But
both gentlemen agreed that the author had taught that corrosion was always inevitable. Comparing their
opposite views, it was manifest that one of them, at least, must be wrong with regard to the rate; whilst, with
regard to the point upon which they agreed, a reference to the paper would show that both alike were wrong,
as the author had never taken the position imagined. That showed, first, that these gentlemen had not
examined sufficiently carefully the paper which they had criticized ; and, secondly, how great was the need for
that systematic collection of data which the author had urged members to supply. Until that was done, the
only course open to engineers was to deal with the average rate of corrosion over a number of years, as
deduced from the scanty data already obtained from a few cases where the total corrosion during a number of
years was given in bulk—hence the insertion in the formula of a corrosion-member in simple terms. Those
terms were rational terms, simply because they were the only terms in which the present state of knowledge
permitted the quantity to be stated.
With regard to the alleged overlooking of the effect of various mixtures of metal, it could not, owing to the
aforesaid lack of data, be taken into the formula as a specific term. But a very casual inspection of the paper
would show that the matter had
* Trans. Inst. M. E., 1907, vol. xxxiii., page 624.
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not been lost sight of, as, in enumerating the principal data required, it was distinctly suggested,* under a
separate head, that the quality of the iron corroded should be included in the list.
As for the customary specifications of tubbing mentioned by Mr. Coulson, the author gladly apologized if he
had inadvertently withheld credit where credit was due. But, on the other hand, he was equally pleased at last
to find a point upon which he could agree with Prof. Louis, namely, that of the sheer unreasonableness of
what that gentleman had called " double-barrelled specifications."
The charge, however, of taking for granted that metal of double thickness was doubly strong to resist pressure,
could not be sustained against the author, since none of the formulae, precise or approximate, propounded by
him proceeded on that assumption—a fact which Mr. Coulson could easily prove for himself by subjecting the
said formulae to a few simple tests. The charge could only be sustained against the defenders of those " thin "cylinder formulae which the author had condemned. But, having regard to Mr. Coulson's correct attitude in
that respect, it was surprising that he should declare his preference for one of those formulas proceeding on
the very assumption to which he objected—a formula, in fact, which was worse than even the ordinary " thin
"-cylinder rule, since it assumed that a double thickness of metal would actually satisfy the conditions of more
than the double pressure.
One portion of Mr. Coulson's criticism was not very clear. It appeared to imply that at some time or other the
author had adopted the view that a cement-packing absolved the tubbing from its office of sustaining the
pressure, a view which he (Mr. Halbaum) had never taken.
With regard to the bolting of the plates and the packing with cement, the writer would not think of arguing
with such a redoubtable expert as Mr. Coulson the points which had been raised. He was glad that Mr. Coulson
had expressed his views on the subject, as it was only men of his calibre that could be confidently expected to
supply absolutely reliable information on the matter under discussion. The author, however, had to confess
that
* Trans. Inst. M. E., 1907, vol. xxxiii., page 579.
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be hardly understood Mr. Coulson's precise attitude towards the bolted and cement-packed tubbing. Did Mr.
Coulson's objections lie chiefly against the bolts? If they did, the writer agreed with him to the extent that he
did not approve of them as permanent fixtures. If Mr. Coulson did not see all that lay behind that qualification,
the writer would be happy to explain, although he feared that the explanation would not immediately secure
Mr. Coulson's approval. Secondly, did Mr. Coulson's objections lie chiefly against the solid cement-packing? If
so, would not the same objections lie against close-topped tubbing? If not, would Mr. Coulson kindly explain,
for the writer's information, why not ? Mr. Coulson could be very sure that the writer was asking these
questions in the most earnest and respectful spirit.
With regard to the blowing out of the tubbing at a German mine, described by Mr. Coulson, was that not
clearly the result of underestimating the pressure? Was the pressure anything more than the pressure due to
the head of water, measured from the outcrop of the water-bearing strata? The object of these last questions
was no secret; it was to ascertain whether the blowing out of the tubbing was due to the insufficiency of the
formulae, to the bolting and packing of the tubbing, or to the oversight of the engineers. No doubt Mr.
Coulson would agree that the pressures on the cement-packed tubbing should be calculated in the same way
as the pressures on a close-topped tubbing, and by Rankine's formula.
Mr. Coulson had finally asked the author whether he would make all the flanges of equal thickness,
irrespective of diameter or depth. Possibly Mr. Coulson intended that as a good-natured pleasantry, but
whether that were so or not, the writer would respectfully reply : That in this or in any other structural design,
his aim would be to erect an edifice which, from the mechanical point of view, should be symmetrical: to the
best of his ability, he would aim at safety, strength, and economy, neither mistaking weakness for economy,
nor extravagance for safety, nor yet confounding redundancy with strength.

Prof. W. Galloway (Cardiff) wrote that Mr. Halbaum had asked several questions in his reply to the discussion
on his
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(Mr. Halbaum's) paper, to which he (Prof. Galloway) might perhaps be allowed to reply as follows : —
(1) The formula given by Prof. Louis and himself was incorrect, in so far as a + was substituted for a — in the
denominator.
(2) He had never proposed any other formula. He had stated that it was taken from Mr. Haton de la
Goupillière's book on Mining,* but printed with the wrong sign in the denominator.
(3) Mr. Halbaum was in error when he stated that he (Prof. Galloway) desired to amend this formula further
than by changing the sign in the denominator.
(4) He (Prof. Galloway) had pointed out that it was exactly the same as Mr. Halbaum's formula, when the
latter was divested of the allowance for corrosion and 1 substituted for 1.6 in the second member of the
denominator.
(5) The reason why he (Prof. Galloway) did not sooner correct the error of the sign in the denominator was
simply that he had no occasion to make use of the formula (having ceased to lecture on the subject soon after
it was published), or to compare it with the original, until its identity with Mr. Halbaum's had struck him.
(6) He (Prof. Galloway) had quoted three formulae : Lamé's, the mathematically exact one; a second, more
simple than Lamé's, but arrived at by a similar couirse of reasoning; and a third, derived from the second by
eliminating the negligible quantity from the denominator; and he had shown that, in adopting a factor of
safety of 1/10, in calculating the thickness of cast-iron tubbing required in a shaft 13 feet (4 metres) in
diameter at a depth of 328 feet (100 metres) below water-level, Lamé's exact formula gave 1.614 inches (41
millimetres), and the third formula, c, 1.575 inches (40 millimetres).† He had ventured also to state that Mr.
Haton de la Goupillière, whose dictum he (Prof. Galloway) respectfully accepted, had expressed the opinion
that the third formula was sufficiently accurate for all practical purposes when the use of cast-iron was in
question.
(7) He (Prof. Galloway) did not claim to be the inventor of any of the formulas, nor did it concern him how long
one or other of them had been before the public, or who had quoted or con* Exploitation des Mines, first edition, 1884, vol. i, page 281.
† Trans. Inst. M. E., 1907, vol. xxxiii., page 623.
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demned them in times gone by; but he would once more point out that formula (B)* constituted the essential
substructure of Mr. Halbaum's " rational " formula, and that, therefore, whatever charges of incorrectness
might be brought against it, the same charges applied with equal force against the so-called ″rational "
formula.

DISCUSSION OF DR. JOHN MORROW'S PAPER ON " THE STRENGTH OF CAST-IRON TUBBING FOR DEEP
SHAFTS."†
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) expressed the obligations under which the
members of the Institute were to Dr. Morrow for the excellent work that he had done. It was the first time
that anybody had tried to work out the subject of tubbing properly and to take into account the question of
ribs and flanges, which obviously played an important part; in fact, when it came to practical tubbing, he did
not see how one could work out the subject without taking them into account. It was a very difficult subject,
and it might be ungracious to criticize Dr. Morrow's excellent work, but he would like him to go further into

detail on one point, which he thought was not quite clear. Dr. Morrow had treated the tubbing as though a
ring made up of individual segments were the same thing as a continuous ring. It was obvious that with
sheething and wedges, as in what he would call the English system, a ring of tubbing could not transmit forces
of tension, but only forces of compression; but in the few records which he had of tubbing actually failing
under pressure, as when the rings of tubbing failed when being forced down to great depths by means of
hydraulic pressure in a German method of going through quicksands, in all cases it had been proved that the
tubbing was squeezed oval before it gave way. A recent work by Mr. J. Riemer‡ threw some light on the
subject. A ring of tubbing could not be squeezed oval unless strains of tension as well as of compression were
set up. He (Prof. Louis) thought that it might be best to treat the tubbing
* Trans. Inst. M. E., 1907, vol. xxxiii., page 622.
† Ibid., vol. xxxiv., page 100.
‡ Shaft-sinking in Difficult Cases, by Mr. J. Riemer, London, 1907.
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as though each segment were a portion of an arch abutting on the other segments. Dr. Morrow stated that
this was not necessary for the investigation of the subject, but he dealt with the question rather briefly; and
it would be advantageous if he could elaborate the theme, and give his reasons why the arch formula was not
necessary, and why the ordinary ring formula with the modifications which he had introduced could safely be
employed. As regarded specifications for tubbing, referred to by Mr. Coulson, he (Prof. Louis) was rather
pressing a fad of his own in suggesting that a man who wanted material of any kind, whether for tubbing or
anything else, had no right to put a specification of that kind before a manufacturer. He had every right to
say that he wanted, for example, cast-iron of a certain tensile strength, crushing strength, resilience, or
anything else that he pleased, but surely the composition of the metal should then be left to the iron-founder.
The manufacturer should be instructed that material was required which would stand up to certain definite
tests; and it was the manufacturer's business to devise the composition best fitted for it. He was entirely
opposed to the idea of what he might term " double-barrelled " specifications, that was, specifying the
composition of the material on the one hand, and its strength on the other. The right way was to leave to the
manufacturer the former, of course reserving the right of testing a certain number of pieces either to
destruction or partially, in order to make sure that it did come up to the specification of strength laid down for
it.
Prof. P. A. S. Redhatne (Birmingham) wrote that he was glad to find that one of the conclusions arrived at by
Dr. Morrow was that there was little variation in the results of the calculations based on the different formulae
used in practice. The formula most commonly used by mining engineers was, in all probability, as follows:
[mathematical formula]
in which t was the thickness of the tubbing in inches; r, the external radius in inches; q, the ultimate crushing
strength in pounds per square inch of the material of which the tubbing was constructed ; and p, the head of
water in pounds per square inch. Taking the value of q at 107,520, the thickness of the
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tubbing, for a depth of 300 feet and a diameter of shaft of 12 feet, would be 1.44 inches.
If the segments were always perfectly cast, and of simple pattern, that was, without ribs, the problem of
thickness would be a simple one. Any formula, in order to be trustworthy, must be conditioned by the design
of tubbing-segment used, and must be based on actual experiment.
Mr. G. C. Greenwell's wellknown formula was as follows: —
t1 = (P1 x D)/50,000 + 0.03;

in which t1 was the thickness of the tubbing in feet; P1, the pressure in pounds per square inch; and D the
diameter in feet. It was evidently founded on, and was effective only for, the type of tubbing in use at the time
at which Mr. Greenwell wrote his book.* And, so far as he (Prof. Redmayne) was aware, no single case of
rupture could be attributed to insufficient thickness, in the first instance, of tubbing put in in those days: that
was, tubbing of the pattern on which the formula was founded. Of course, corrosion had doubtless reduced
the thickness in many cases, and had necessitated renewal on that account.
Dr. Morrow very rightly drew attention to the fact that the head of water at any one point was not necessarily
that due to the vertical depth from the surface at that point; but was, in the case of water-bearing strata lying
between impervious beds, the height of the outcrop of such bed above the point in the shaft, which might be
very different, and necessitated a levelling being made before this factor in the calculation could be
determined.
The question of great depth had seldom, if ever, come into consideration when putting in cast-iron tubbing, as
the lower beds penetrated in sinkings were rarely so charged with water as to necessitate the feeders being
tubbed off.
What would be of equal value to the determination of the true thickness of tubbing necessary, would be the
determination of the resisting strength offered to external pressure by a column constructed of cast-iron
segments of built-up and wedged tubbing, simulating, in all respects, a tubbed shaft.
Mr. C. Pilkington (Clifton) wrote that it was necessary now, when so many shafts were being sunk through
water-bearing
* A Practical Treatise on Mine Engineering, by G. C. Greenwell, second edition, 1869, page 171.
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strata, that the question of the thickness of tubbing should be thoroughly discussed. The old engineers worked
out their formulae, regarding tubbing as a plain shell, and took no count of the ribs and flanges. Had these
formulae been anything like similar, they would have satisfied most engineers, if each segment of tubbing
(having regard to its thickness of metal and the diameter of the pit) had had its relative size of flanges and ribs
assigned to it; but, to say that flanges and ribs did not add to the strength of the tubbing was, he thought,
wrong. Dr. Morrow's plan seemed to be sound. All the formulae only gave the thickness under normal
conditions, that was, water-pressure ; and extra allowances for strain, corrosive action of different waters,
length of time that the tubbing had to stand, and other local conditions, were necessarily decided by reference
to the local conditions of each sinking.
Prof. John Perry (Royal College of Science, London) wrote that he was inclined to think that there was not
much use in applying complex mathematical theory to the question of tubbing, nor need each section be more
elaborate than a flanged rectangle, 3 feet high, and of suitable length. If t was the average thickness in inches;
d, the diameter in inches; p, the pressure in pounds per square inch; f, the working stress, say, 10,000 pounds
per square inch; then f equalled pd/2t was a sufficiently accurate formula in all cases. The real difficulty was
that p was not known. If h was the depth in feet, then p was never so great as 5h/6; and, in most cases, it was
only about h/20 for any kind of earth. For rock, if liquid cement had been poured in between iron and rock, p
was probably never greater than h/10. To assume that water pressed on more than very small areas was, he
(Prof. Perry) thought, not right. Anyhow, it was a knowledge of the value of p that was wanted, and nobody in
his position, with no practical experience of deep shafts, could do more than speculate about it.
Prof. W. Galloway (Cardiff) wrote that the impression left upon his mind after reading Dr. Morrow's admirable
disquisition on this subject was that the simplest method of solving the problem of the thickness of tubbing
required in any given case was as follows : —
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(1) To calculate the necessary thickness at any given depth by means of formula 11 for thick cylinders (section
11),* using a factor of safety of, say, 4, or more if the nature of the ground required it.
(2) To add a minimum of ¼ inch or any intermediate thickness up to a maximum of 1 inch, that the responsible
engineer might think desirable.
(3) To neglect the additional strength due to the flanges and, say, one vertical and one horizontal rib in each
plate, and treat it as an " error on the side of safety." (See paragraph 1 of section 4).†
(4) To make the thickness from the upper edge of the cylinder down to the horizon at which the calculation
gave a thickness of, say, 1 inch, uniform—and this depth, of course, varied inversely as the diameter.
Formula 11 was identical with that given by Prof. H. Louis and himself (see section 11),‡ except that the sign of
the second quantity in the denominator was corrected and the quantity itself was divided by 2. Their formula
with the correct sign was : —
T = WHD/(2(R-WH)) ;
in which case T was the thickness required in inches; W, the weight of a cubic inch of water; H, the height of
the column of water in inches; D, the internal diameter of the shaft in inches; and R, the ultimate strength in
pounds per square inch of the material employed, divided by the factor of safety. Dr. Morrow showed by
calculation that, as he (Prof. Galloway) had pointed out on a former occasion, the second quantity in the
denominator was so small that it might be neglected when cast-iron tubbing was in question, and that its
omission made practically no difference in the calculated thickness obtained by means of what he (Dr.
Morrow) claimed to be the mathematically correct formula, section 10a.§
The remainder of the paper was occupied with discussions on : other theories of the thick cylinder (section 13),
resistance to collapse (sections 15 to 19), stability of the stiffening rings (sections 20 and 21), plate formulae
(section 22), hoop stress (section 23), stress due to weight (section 24), corrosion (section 25) and prac* Trans. Inst. M. E., 1907, vol. xxxiv., page 109.
† Ibid., page 102.
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tical results and conclusion (sections 26 to 31). Although the whole of these sections were useful in throwing
light upon the general question, the only one (apart from section 25) to which he need refer in this place was
section 20, in which a very useful formula (29) was given, together with a table to be used in connection with it
for calculating the thickness required, on the assumption that the dimensions of the spaces between the
horizontal rings and vertical ribs, and the width and thickness of the rings themselves, were determined
beforehand.
Mr. H. W. G. Halbaum (Birtley) wrote that Dr. Morrow's paper required time for its adequate consideration,
and, so far, he had not felt able to agree with all its conclusions; but he was very much pleased with the
suggestiveness of the paper. It would be a great advantage if some gentleman could supply an historical
account of the subject; but that, he supposed, would be very difficult, since, so far as he was able to gather,
the early history of tubbing design, and tubbing operations, and of the earlier tubbing failures and successes,
had never been written, either in fragments or otherwise. The present position was a singular one. They had a
tubbing-plate of a certain design, and were endeavouring to find a formula to fit it. In the ordinary case of
engineering, the formula came first and the design afterwards—or rather, the design was expressed first in the
abstract formula, and then in the concrete casting. In the case of tubbing, on the contrary, they had the design
already expressed in the concrete, but found the utmost difficulty in stating it in the abstract. Possibly, they
would eventually design quite another kind of tubbing-plate, in which the material would be utilized to better
purpose than appeared at present to be the case. He would have been pleased if Dr. Morrow had seen his way
to discuss the relative merits of inside as opposed to outside flanges, etc. And if he had also discussed the

effect of the ribs and brackets in accentuating the casting imperfections (for that they really did so was a
matter hardly open to donbt), the value of an already valuable paper would have been enhanced.
The net results of Dr. Morrow's paper confirmed those of the paper which he (Mr. Halbaum) had already
written on the same subject. They confirmed the position that if the design afforded (1) strength to resist the
pressure, (2) stiffness to resist collapse,
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(3) provision against corrosion, and (4) allowance for imperfect castings, it was sufficient for practical
purposes.
The paper alluded to equation (10a) as " the accurate formula."* About that, he (Mr. Halbaum) was not very
sure. Prof A. Jamieson had stated that to construct an accurate formula for thick cylinders was simply
impossible, and in his opening sentence Dr. Morrow appeared to have stated pretty much the same thing.
Prof. Jamieson, moreover, stated that the most nearly accurate method was the hyperbolic method— a
method adopted by himself (Mr. Halbaum), and illustrated in Dr. Morrow's formula (16). The same formula
had been deduced without the aid of the calculus employed by Dr. Morrow, as would be seen by referring to
Appendix III. of his (Mr. Halbaum's) paper on " Cast-iron Tubbing: What is its Rational Formula ?"† Dr. Morrow
stated that the hyperbolic formula (16) was based on an assumption known to be untrue. So were all other
thick-cylinder formulae, or the desired accurate solution would not be the impossibility which Prof. Jamieson
and Dr. Morrow had declared it to be.
But within the limits, between which the operation of any tubbing formula must for ever be confined, the
hyperbolic formula (16) " based on an assumption known to be untrue " gave practically the same results as
the accurate formula (10a). If the stress diagrams due to the two formulae were constructed, the area of that
due to the formula (10a) was contained in a trapezium, whilst that of formula (16) was a hyperbolic area. The
area of the trapezium was equal to the product of the length of the hyperbolic area and half the sum of the
end ordinates of the hyperbolic curve. And as the hyperbolic curve obtained from any possible diagram of
tubbing stresses was very nearly a straight line, it followed that the area of the one diagram very nearly
equalled the area of the other. For his own part, he still thought that the hyperbolic formula (16) expressed the
greater approach to accuracy, and that the formula (10a) was valuable inasmuch as it furnished an
approximation to the truer rule (16). As a pair of rules applicable to the tubbing case, however, there was
practically nothing to choose between them.
* Trans. Inst. M. E., 1907, vol. xxxiv., page 109. † Ibid., 1907, vol. xxxiii., page 607.
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The formula (11) was really an approximation to the hyperbolic formula (16), proceeding on the assumption
that:
Loge r0/r1 = (2(r0 –r1))/r0 +r1 ;
which was very nearly true within the limits of the tubbing case, and also for some little distance beyond those
limits. Dr. Morrow, however, was in error in supposing that Prof. W. Galloway's formula (whichever revision of
it were taken) was of the form of equation (11). Prof. Galloway's latest rule (it was really Mr. Atkinson's) was of
the form of equation (12). At no time had it ever been of the form of equation (11). Mr. Atkinson's rule was of
the form of equation (12), because :
[mathematical formula]
because r0 =r 1+ t; and it was always Mr. Atkinson's rule, until Prof. Galloway claimed it.
There was only one rule known to him (Mr. Halbaum) of the form of equation (11), and that was his own
approximation to the mean of the standard formulae quoted in his own paper. For, to quote equation (11) and
reduce it, they got:

[mathematical formula]
Therefore:

[mathematical formula], very nearly.

The last expression was the mean of the formulae alluded to, when those were applied within the limits of the
tubbing case.
The formulae of Mr. Greenwell and others mentioned by Dr. Morrow never reposed on the bases of equations
(11) and (12). Their form was expressed by the theoretical monstrosity :
[mathematical formula]
That was to say, the thickness multiplied by the safe stress was equal to the outside pressure, p0, multiplied by
the inside radius, r1, on which it was apparently supposed to act. Mr. Atkinson appeared to have been the only
one of all the formula-makers, from Mr. Greenwell and Mr. André to Mr. Hollingworth and Mr. O'Donahue, to
have grasped the fact, obvious to most people, that the outside pressure was exerted on the outside of the
cylinder. Of course, the inside radius was usually the given radius, but equally, of course, if the inside radius
were, for con[141]
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venience, substituted for the outside radius in the numerator, then (q — p) should be substituted for q in the
denominator, so as to maintain the consistency of the natural rule which presupposed the distribution of the
stress to be uniform.
Members would, therefore, see that they should not attach undue weight to Dr. Morrow's criticism of the
hyperbolic formula (16). Because (a) it was supported as against equation (10a) by eminent authorities such as
Profs. A. Jamieson, W. Lineham, etc.; and (b) because, as applied to the tubbing case, the difference of the
formulas was infinitesimal. Besides, Dr. Morrow himself had said that "Equation (11) may be recommended as
simple and giving results, under all circumstances, very closely agreeing with equation (10a)."* And what was
equation (10a) ? It was, according to Dr. Morrow, the accurate formula. And what was equation (11), so closely
agreeing with the accurate formulae He (Mr. Halbaum) would endeavour to show that very clearly, as follows :
—
The hyperbolic equation (16) was:
[mathematical formula]
But anyone could prove for himself that within the limits of the tubbing case :
[mathematical formula], very nearly.
Substituting this value of the logarithm in the equation (16), they got:
[mathematical formula]
But from the reduction of formula (12) from terms of r0 to terms of r1 to obtain Mr. Atkinson's formula, they
knew that:
[mathematical formula], very nearly;
and substituting this value in the previous expression, they obtained :
[mathematical formula]
But r0 – r1 equalled t, and r0 + r1 equalled 2r1 + t, and consequently :
* Trans. Inst. M. E., 1907, vol. xxxiv., page 109.
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[mathematical formula]
and they finally obtained:
[mathematical formula]
This was Dr. Morrow's equation (11) reduced to terms of the inside radius, as previously pointed out. This
equation, as Dr. Morrow had pointed out, could be recommended as giving results very closely agreeing with
the accurate formula, (10a). Nevertheless, it was deduced from the hyperbolic rule (16), which was, again
according to Dr. Morrow, " based on an assumption known to be untrue."* For his own part, therefore, he
(Mr. Halbaum) saw no real reason why anyone should renounce his faith in the hyperbolic rule (16), since even
its opponents admitted that it agreed under all circumstances very closely with the accurate formula (10a).
Especially was this so, when one remembered that even the so-called "accurate formula," along with many
other formulae, was not absolutely accurate, but only an approximation, made as carefully as the present state
of knowledge permitted it to be. For example, the last value of t stated was deduced from the so-called
accurate formula by Dr. Morrow, and again deduced by him (Mr. Halbaum) from the hyperbolic formula (16)
which Dr. Morrow condemned.
Dr. Morrow had further stated (section 20†) that he could not accept the suggestion that the rings added
nothing to the strength of the shell in tubbing structures. Perhaps Dr. Morrow misunderstood the suggestion.
It referred to the natural crushing strength of the metal. The suggestion was that, if the natural crushingstrength of the metal was n pounds per square inch, then no possible number of rings could make it more than
that, although the undue lack of such rings would cause the reliable safe stress to be less than the natural safe
stress. The suggestion was that the rings simply restored equilibrium : a certain number of them would do that
much, but no greater number could do more than that. The structure, so far as mere strength was concerned,
would still be limited by the strength of its weakest part, which was the shell. In order to prevent practical men
from acting upon the fallacy just pointed out, it had
* Trans. Inst. M. E., 1907, vol. xxxiv., page 111.
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been found necessary to check Sir William Fairbairn's rule by a limiting-formula, the limit imposed being the
natural safe crushing strength of the metal. Otherwise, for short tubes, or for tubes over-ringed, Sir W.
Fairbairn's rule allowed a working-pressure which was absolutely dangerous.* Furthermore, a very high
authority, Sir John Anderson, had pointed out† that surplus material in any structure whatever, so far from
being a source of strength, was really a source of weakness: the effect being, not that the weaker portions
transmitted their stresses to the stronger (as Dr. Morrow appeared to imply in section 5), but that these
stresses concentrated themselves on the weaker portions, the result being that all the elastic work or most of
it was done by the weaker parts of the structure. It was the observance of this principle which had led him (Mr.
Halbaum) to recommend that, in the design of tubbing-plates, the ribs should be as few in number and as
slender in bulk as might be deemed possible, having regard to the required stiffness on the one hand, to the
efficiency of the castings and the distribution of the stress on the other hand. The tubbing should be stiff
enough, no doubt, but it should not be forgotten that every stiffening-ring was a natural enemy to good
casting and to the desired uniform distribution of the stresses in the material.
He (Mr. Halbaum) had at first been unable to identify Dr. Morrow's "plate formulae" with Prof. W. C. Unwin's
formula for rectangular plates. But, the identity being established, Prof. Unwin expressly stated that any
arching or dishing of the plates altered the conditions considerably. This, of course, Dr. Morrow had admitted,
but stated that the error, so far as the tubbing case was concerned, was on the side of safety. That might be
true; but the object of the engineer should be to combine safety and economy, and Dr. Morrow's plate
formula simply obtained the one at the expense of the other. It not only ignored the extra strength due to the
curvature of the plates, but had to depend on the tensile instead of on the compressive strength of the castiron. Such a proceeding might be safe, but it could hardly be called by the name of practical engineering.
* Practical Engineer Pocket-book, 1903, page 114.

† Strength of Materials, pages 155 et seq.
[144]

DISCUSSION----STRENGTH OF CAST-IRON TUBBING.

The ring formula suggested for use in conjunction with the plate formula had provided him (Mr. Halbaum) with
considerable food for reflection, but his present attitude was that of the open mind. The formula might
perhaps be applicable to a complete ring of tubbing, but he was quite unable to perceive the economy in any
design afforded by the application of formula (25) to the imaginary _I_ ring having the section shaded in Dr.
Morrow's fig. 5 (plate ii.). The thickness of the ring, so designed, would be the same as if the unshaded section
of the segment were not there. Such a ring would come out in dimensions unduly extravagant. At any rate,
one could not, in the absence of further information, help thinking that such would be the result.
It seemed a pity that Dr. Morrow had not, for the benefit of the members, more fully exhibited and
investigated the grounds of the ring and plate formulae. Prof. M. Levy might be a reliable authority, and Prof.
Unwin undoubtedly was, but it was not possible nowadays to accept formulae on authority alone. Engineers
were becoming increasingly desirous to understand the principles, physical and mathematical, upon which
such formulae reposed. But Dr. Morrow's two principal formulae were hardly supported in that particular way,
and until they were, one was obliged, in justice both to Dr. Morrow and himself, to hold his judgment in
suspension.
In conclusion, it must not be supposed that, in offering the foregoing criticisms, he had any wish to depreciate
the value of Dr. Morrow's paper. He (Mr. Halbaum) could say with perfect honesty that, in his opinion, the
paper constituted a most valuable and suggestive contribution to the better understanding of an extremely
difficult problem.
Mr. T. A. O'Donahue (Wigan) wrote that the mining engineer had usually disregarded the ribs and flanges
when calculating the thickness of tubbing, not that he deemed them valueless, but because he considered that
they might be taken to meet stresses which were too complicated for estimation. He had, therefore, had to
content himself with the cylinder rule, and was of opinion that he thereby erred on the side of safety. It would
appear from Dr. Morrow's paper that, for ordinary pressures, the full consideration of the plate, ribs, and
flanges showed that the tubbing was considerably weaker than the cylinder rule would make
[145]

DISCUSSION----STRENGTH OF CAST-IRON TUBBING.

145

out. If the relative values of the plate and ribs could be assigned, considerable progress would be made, as
there could be no question of the desirability of basing the calculation on the modulus of elasticity in
preference to the ultimate strength. Without pretending to criticize the theories and deductions by which Dr.
Morrow obtained his principal rule (29), the theories apparently required further confirmation, and the
experiments which had been conducted might not afford an exact parallel to shaft-tubbing. That the thickness
of the metal should increase only as the cube root of the pressure was too revolutionary a theory to be
impulsively accepted. Practical experience counted for something; and, so far as he was aware, there had been
no failures of segments where a reasonable factor of safety was allowed with the thin-cylinder rule, provided
that a proper allowance was made for deterioration, and that the flanges were such as to afford a low factor of
safety by the plate formula. Taking the case of the failure of tubbing at Garforth collieries, described by Mr. R.
Routledge,* the tubbing in a shaft, 12 feet in diameter, was originally ¾ inch thick throughout for a length of
225 feet. The segments were 3 feet 10½ inches long and 2 feet high, had one intermediate horizontal rib, and
were badly fixed. It was fair to assume that the head of water was approximately of the height of the tubbing
or, say, 110 pounds per square inch. The value of k by Dr. Morrow's rule could not be less than 0.002 for such a
segment, and if the thickness of the metal were calculated by rule (29), without allowing any factor of safety, it
was [0.002x723√110=]0.68 inches. When the tubbing burst, 50 years after being placed in position, the metal
was said to be only about ⅛ inch thick and poor in quality.
The plate formula (30) was useful to test whether the ribs and flanges were arranged sufficiently near
together. The tank formula given by Sir Guilford L. Molesworth was practically identical with that given by Dr.
Morrow. It was as follows :- †

[mathematical formula]
A factor of safety of 4 was apparently allowed for in the formula, and 0.25 inch was added, doubtless for
casting flaws.
* "The Garforth Collieries, with Special Reference to the Failures of the Tubbing," etc., Trans. Inst. M. E., 1895,
vol. ix., page 150.
† Pocket-book of Engineering Formulae, twenty-fifth edition, 1907, page 314.
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With regard to the width and thickness of the flange, Sir Guilford L. Molesworth gave the following formula: —
(a) When the width (including plate) was four times the thickness of the flange:
[mathematical formula]
and (b) when the width was five times the thickness of the flange:
[mathematical formula]
In the absence of suitable data for the allowance for corrosion, the figures (Table I.) given by Mr. B. H.
Thwaite* were of interest.
Table I.—Corrosion of Cast-iron, for One Year's Exposure, per Square Foot of Surface.
[Table]
Dr. John Morrow (Armstrong College, Newcastle-upon-Tyne) wrote, in reply to the discussion on his paper,
that Prof. Perry had called attention to the uncertainty which must always exist as to the actual magnitude of
the pressure applied to the tubbing. Considering material having a friction-angle of 16 degrees and a weight
per cubic foot of 130 pounds, Rankine's formula gave a pressure equivalent to 0.51h pound per square inch,
where h was the depth in feet. It was probable that this was an over-estimate, and it appeared unlikely that
more severe conditions would ever occur. Prof. Perry was, therefore, on the safe side in saying that p was
never so great as ⅚h.
The values h/20 and h/10 were, however, under-estimates, if the valuable experiments recently described by
Mr. Isaac Hodges† could be relied upon. In these experiments, made at Methley Junction colliery, the waterpressure found in the upper section of the tubbing agreed very closely with that given by the ordinary
* Engineers' Handbook, by Prof. H. Adams, page 84.
† " An Account of Sinking and Tubbing at Methley Junction Colliery, with a Description of a Cast-iron Dam to
resist an Outburst of Water," by Mr. Isaac Hodges, Trans. Inst. M. E., 1906, vol. xxxii., page 76.
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calculation. The lower section was evidently under quite different conditions, and the observed waterpressures were less than half those obtained by calculation. The greatest depth at which the pressure was
recorded was 214 feet 5 inches, and the water-pressure there was 45 pounds per square inch.
This
corresponded to a pressure of 0.21h pound per square inch, and was much in excess of Prof. Perry's estimates.
It was important to remember, as pointed out by Mr. Coulson, that several accidents had occurred owing to
the pressure of water from a lower feeder being very much in excess of that due to the level of water in the
pit. In this connection Prof. R. A. S. Redmayne's remark might be recalled, concerning the freedom of the
lower beds from water. One of the causes of this absence of water in appreciable quantities was that the
outcrop of a deeply-seated bed was usually far distant from the site of the sinking; the faults and fissures
occurring in the water-bearing strata might then not only provide an excellent system of drainage, but give a
new level below which the depth of water should be measured. It appeared, therefore, that, in order to
acquire a more accurate knowledge of the value of p, it was necessary that a large number of observations,

similar to those conducted by Mr. Isaac Hodges, should be made; and that in each ease the geological
conditions should be carefully considered.
It would be noticed that the author was not entirely in agreement with Prof. Perry as to the simplicity of the
calculation necessary to ensure a sufficient thickness of casting, although the formula given by Prof. Perry (in
which t was the average thickness) was the same as those stated more fully in the paper as formulae (31) and
(32).*
Prof. Louis had presented some difficult questions, and it would only be possible to indicate the nature of the
answers. Wedged tubbing could not transmit tensile forces at the joints; but, since these joints were under
pressure, it would be possible for a large variation of stress-distribution to occur without tensile-stresses being
thereby introduced. Further, owing to the great width of the vertical flanges (compared with the thickness of
the-shell), considerable tensile-stresses might occur in the castings without the stability of the joints being
endangered. It ought
* Trans. Inst. M. E., 1907, vol xxxiv., page 119.
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not to be difficult for anyone with sufficient leisure to obtain quantitative results on this point, and such
would, no doubt, be valuable.
With regard to the application of the arch theory, the position was this : If the shaft were truly circular and the
pressures purely normal, a proper application of the theory of arches would give a "line of resistance " in the
form of a circle passing round the tubbing-ring. This circle would, in position and direction, represent at every
point the line of action of the resultant of the compressive stresses found by the thick-cylinder formula. If one
tried to draw such a line in the way usual for arches, he would be easily convinced of the truth of the above
statement.
When the pressure was not normal, or the ring not circular, the thick-cylinder formula was inapplicable, and
the arch methods might possibly be employed; but, in his (Dr. Morrow's) paper, any appreciable deformation
from the circular shape was looked upon as failure, and was, therefore, not further considered.
The difficulties of the subject were not inconsiderable, and it was perhaps advisable to point out that, in order
to render the writing of the paper possible, the author had limited his investigations to the question of the
strength of the castings, and had not considered the stability at the joints. If tubbing, designed by the rules laid
down, were subsequently to collapse by displacement of the segments as a whole, rather than by fracture of
the material, such a failure would have no bearing on the methods adopted in the paper. It might be pointed
out that no theory hitherto given took into account anything but the strength of the material.
Mr. Halbaum was unfortunate in writing in defence of the logarithmic formula. At present, he (Mr. Halbaum)
considered it to be the correct one; but there were no grounds whatever for such a supposition. It was not
only based upon an untrue assumption, but involved an error in calculation. It was useless to maintain that
such a theory ought not to be replaced by a more reliable one. It was, perhaps, worth while to point out that a
formula might give excellent results when used in connection with internal-pressure problems, and yet be at
fault in the case of external pressures. It must always be borne in mind that, even for cylinders under internal
pressure, the only
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reason why the logarithmic formula might be used was because it gave results which agreed more or less
closely with the more accurate theory. The reasons why Lamé's theory might be considered satisfactory were
clearly stated in the paper.
Mr. Halbaum's remarks were so lengthy that it was inadvisable to reply to them in detail. They frequently
carried with them their own condemnation. In fairness to other writers to whom Mr. Halbaum referred it
would be sufficient to say: (1) That although Prof. Jamieson had used the logarithmic formula for cylinders

under internal pressure, he did not by any means uphold it as more accurate than the accepted theory. (2)
That Prof. Lineham did not appear to have used the logarithmic formula at all, but gave (in his text book*) the
correct theory for cylinders under internal pressure ; that, so far as the author could ascertain, neither Prof.
Jamieson nor Prof. Lineham had ever considered the external pressure problem; and that Profs. Lamé and Levy
were amongst the greatest authorities on the elasticity and strength of materials. (3) That Sir W. Fairbairn's
formula was for the collapse of long cylinders and was not to be mentioned in connection with short or overringed tubes. (4) And, finally, that Sir John Anderson had not said anything so absurd as that surplus material,
in any structure whatever, was a source of weakness.
Mr. O'Donahue's contribution to the discussion was helpful, but his earlier remarks might be misunderstood.
The ribs and flanges did not, of course, weaken the tubbing. The point Mr. O'Donahue brought out was that
the structure frequently offered less resistance to deformation (and consequent collapse) than to actual
crushing. Thus it was only when deformation was considered that the source of weakness was discovered.
The failure at Garforth collieries, in its relation to equation (29) of the paper, was to be explained on the
grounds that the pressure might have been much less than 110 pounds per square inch, that the thickness
might have been about ⅛ inch in some places and much greater in others, and by the more important
consideration that equation (29) was for the deformation of an unsupported ring, whereas in the case cited
considerable support might have been forthcoming. The paper, by its title, referred mainly to " deep " shafts.
There appeared
* Text-book of Mechanical Engineering, by Prof. W. Lineham, second edition, 1895, page 399.
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to be a general consensus of opinion in favour of neglecting, for such cases, the additional strength imparted
to the tubbing by the backing or by any lateral support it might receive.
The author had not noticed Sir Guilford Molesworth's formula when writing the paper, or would have referred
to it. "When the numerical examples were added to the paper, too much prominence was perhaps given to
the plate-formula. The position taken up, as the result of the investigation, was that the formulae (11), (24),
(29), and (32) should be satisfied for deep shafts. Of these, (29) would usually be the determining factor; but,
in unusual designs, it might be necessary to test the result by the others. The plate-formula (30a) was an
additional safeguard, but one which, in the author's opinion, need only be applied under exceptional
circumstances. If the designer were afraid that the pressure might not be normal to the outer surface of the
shell, he might apply formula (30a). Or, again, if the tubbing segments were to be constructed to withstand a "
squeezing pressure" of the earth (or strata) of any definite amount, formula (30a) should be a safe formula to
use.
Section 7 of his (Dr. Morrow's) paper* dealt briefly with the different theories of rupture; but the succeeding
sections were based on the assumption that the compressive stress was to be kept within a safe limit. Since
writing the paper, he had noticed a simplification which occurred on another assumption as to the cause of
failure. Thus, if it were desired to design the cylinder so that the greatest compressive strain was limited to
some definite amount, the formulae would be exactly the same as those already given in section 10.† This
might be seen from equation (8); q was the whole stress at the inner surface of the cylinder, since p was zero
there; and, hence, if q was the stress which, in a simple compressive (or tensile) test, would produce the
limiting value of the strain, the formula (8) still held good. This was, of course, not by any means true for a
cylinder subjected to internal pressure ; and, although capable of rigid proof, the above statement hardly
amounted to a complete demonstration. This result would also serve to illustrate how wrong it was to take a
formula obtained for cylinders under internal pressure
* Trans. Inst. M. E., 1907, vol. xxxiv., page 104.
† Ibid., page 108.
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and to endeavour to amend it to suit the external-pressure problem. The formula due to Grashof, and
erroneously altered by Mr. Halbaum,* was evidently based on a strain-theory of rupture, and was, in the form
given, quite inapplicable to the tubbing problem.
He felt that the value of the paper had been materially enhanced by the remarks and suggestions which it had
elicited; and, in conclusion, he would like especially to thank Prof. H. Louis, who had first called his attention to
the fact that a complete re-examination of the methods of calculating the strength of tubbing was required,
and who had given him much assistance in the preparation of the paper.
The President (Mr. John H. Merivale) said that the members were very much indebted to Dr. Morrow and Mr.
Halbaum for attempting to treat this very practical subject from a theoretical point of view. There were,
however, some subjects so essentially practical that it was almost impossible to treat them theoretically.

DISCUSSION OF PROF. HENRY LOUIS' PAPER ON " A LOCKING HOOK FOR SINKING PURPOSES."†
Mr. Frank Coulson (Durham) said that the sketches of spring hooks in both the paper and the discussion were
very misleading, and wrong in construction. It was a good idea to have a spring hook locking, but he did not
know of many accidents having occurred with an ordinary properly-constructed spring hook. He had known
one case where a kibble came up on the point of the hook, but that was due to carelessness, and ought not to
have occurred. There was only one position in which a hook could become detached, and that was when the
load was resting. Better than a spring hook was a hook having a hole through the tongue, with a similar hole
through the end of the hook, and a leather thong to put through (figs. 1 and 2). This was one of the best and
safest appliances : there was necessarily no spring to break, although a spring might be used, and would
generally last for many months,
* " Cast-iron Tubbing : What is its Rational Formula ? " by Mr. H. W. G. Halbaum, Trans. Inst. M. E., 1907, vol.
xxxiii., page 596.
† Trans. Inst. M. E., 1907, vol. xxxiv., page 56.
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and it could be quickly handled. With a locking hook, there was a certain amount of danger of the tongue
lifting when it became slightly worn.
Prof. H. Louis said he considered that Mr. Coulson's remarks constituted an argument in favour of such a
contrivance as was described in his paper; for he (Mr. Coulson) had stated that some accidents had occurred,
and it was because there was nearly an accident in a sinking with which he (the speaker) was
Fig. 1.- Safety hook with leather thong.
Fig. 2.- Safety hook with leather thong.
[Diagrams]
connected, that the idea occurred to him. The kibble came away froni the hook; but, fortunately, the sinkers in
the pit-bottom managed to get out of the way in time. If such an appliance as he had described would prevent
a single life from being lost, it was worth adopting. His form of hook had been in use for over six months, and
seemed to answer well. Personally, he agreed with the idea of the leather thong, if they could have a
conscientious man to stand over the sinkers and see that they tied it every time;
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but what he wanted was something that would work automatically, whether the men were careful or careless.
Mr. T. C. Futers (Whitley Bay) asked how the kibble got off the hook, if, as he understood, the load was being
lifted at the time. With an elongated section, instead of round, it would be easily understood.

The President (Mr. John H. Merivale) also asked how the kibble managed to come up on the point of the hook.
Of course, if it could slide on to the point, it could equally slide off it.
Mr. Frank Coulson said that the kibble was just balanced by the bow resting on the point of the hook.
Mr. J. B. Atkinson (H.M. Inspector of Mines) mentioned a case at Usworth colliery* where, for additional
safety, belts were placed round the shaftmen and attached to the cage-chains by a spring hook, but yet a
shaftman who was stated to be attached to the cage-chains fell to the bottom of the shaft.
Mr. Frank Coulson said it occasionally occurred that a spring hook would fail if it got into a certain position in
turning round when the load was resting and there was no weight on it; it was then liable to become
detached.

DISCUSSION OF PROF. HENRY LOUIS' PAPER "ON A DEFICIENCY IN THE NOMENCLATURE OF MINERAL
DEPOSITS."†
Mr. H. W. G. Halbaum (Birtley) said that, in his opinion, the adoption of Prof. Louis' suggestion would rather
increase than diminish confusion, since most men used " pitch" and dip" as interchangeable terms. ' Mr.
A. L. Steavenson's remarks‡ had been described as facetious, but he (Mr. Halbaum) thought that they
contained much solid wisdom, and that Mr. Steavenson intended them more seriously than some appeared to
suppose.
The use of the word " pitch " appeared to him quite unneces* Reports of Mr. J. B. Atkinson, H.M. Inspector of Mines for the Newcastle District (No. 3), to His Majesty's
Secretary of State for the Home Department, under the Coal-mines Regulation Acts, 1887 to 1896, the
Metalliferous Mines Regulation Acts, 1872 and 1875, and the Quarries Act, 1894, for the Year 1904, pages 49
and 50.
† Trans. Inst. M. E., 1907, vol. xxxiv., page 236.
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sary. Prof. Louis had himself admitted in his paper that all the vertical and horizontal angles stood in a simple
geometrical relationship to each other. Moreover, it was hardly correct to say that the quantity now sought to
be named " pitch" could not otherwise be defined without a " cumbersome circumlocution." It could be simply
stated as the dip of a given bearing, and, popularly speaking, that definition was already a part of our mining
vocabulary. It would apply to the strike-normal itself, and to every line making an angle with that line in the
same plane—the said plane, of course, being that which contained the line of strike and the line of maximum
dip.
Fig. 3.- Plane figure connecting horizontal angles with cotangents of inclination.
[Diagram]
Prof. Louis spoke of men who had sunk shafts and failed in their objective because they had overlooked the
fact that the dip of the strata was not the same in every direction. They took the "dip" into account, but thev
forgot the "pitch."*
But the simple substitution of one word for another would hardly save such men from error. Neither would
they be kept right by the trignometrical equation set forth in the paper.
He (Mr. Halbaum) had previously noted that the question of the precise rate at which the dip varied with the
horizontal angle seemed to be a little obscure in many quarters. It might therefore be of interest to point out
that a very simple plane figure could be constructed, which would answer all the purposes of Prof. Louis'

isometrical projection. It proceeded on the same assumption of the dip being regular, and it merely recognized
the fact that taking all the lines, normal or oblique, connecting any two parallel lines on the strike of the strata,
their relation was such that the dip per unit of length, multiplied by the total length of the line, was a constant
quantity. In a plane diagram (fig. 3), therefore, the horizontal angle was shown in plan as usual, whilst the dips
were inversely proportional to the lengths of the lines. Thus, let the full dip of the strata be 1 in x, and let it
lie
* Trans. Inst. M. E., 1907, vol. xxxiv., page 236.
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in the bearing north a degs. east. Then, draw the meridian line AN and set off the full dip line AB at the angle a
with AN. Let it be required to find the dip of the bearing north c degs. east, making an angle b with the strike
normal AB. Set off this bearing along AC, as shown in the diagram. Now, the dip of the bearing AB was given as
1 in x, where x was some known numerical value. Let the geometrical equivalent of x be AD, and measure that
distance off along AB. Now, through the point D, and at right angles to AB, draw the line of strike SF. It cut AC
in E, and also cut AN in F. Then the dip of the bearing AC was one in AE; and, similarly, that of AN was one in
AF. For since SF was a level line, it was clear that the total vertical fall from the point A to the line SF would be
the same by whatever route they proceeded from the one to the other. And, since, by hypothesis, the dip was
regular, the dip on any line parallel to AC would be the same as that on AC itself, and so on, for any other line
that might be taken. But if they had to start coining new words and phrases—or, what was worse, officially
changing the signification of the old words in current use— merely in order to avoid the imaginary difficulty of
having recourse to a simple diagram like that, they would, in his opinion, be lowering their own dignity and
status as mining engineers.
Mr. E. R. Field (Victoria, Australia) said that in the Bendigo district of Victoria the word "pitch″ was universally
used to show the dip of the ore-bodies in the direction of the strike of the lode.
He believed that the usage originated in the Bendigo district, where the celebrated saddle-reefs occur. There,
the folded country rock generally has an inclination in the direction of the strike of the strata. In the apex of
the anticlines, the large bodies of quartz forming the " caps " of the saddles are found, and, of course, have the
same inclination, or pitch, as the strata. The " legs " of the saddles, which are downward continuations of the
central quartz-body on either side, have the same strike as the cap, and dip away from it in opposite
directions.
Both " dip " and " strike " being thus already employed, a further term was necessary to complete the
description of the main ore-body. In other parts of the State, where ordinary fissure-lodes
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occur, the term " pitch " was found of great service for referring to the inclination of ore-bodies (shoots) in the
direction of the strike of the lode. In a fissure-lode which he had been working recently, the pitch of the shoots
was only 4 degrees, the dip of the reef being 65 degrees. It would thus be seen that the pitch was the most
important factor in laying out development-work.
Mr. H. W. G. Halbaum said that the pitch of the ore-bed would be the dip of the bearing in that direction.
Prof. H. Louis said that he was obliged to Mr. Field for pointing out that the word was employed in Australia in
the same sense as that in which he was trying to define it for use in this country. It was also used in the same
signification almost throughout the United States of America, and he had just received a letter from Dr.
Raymond (the wellknown Secretary of the American Institute of Mining Engineers) in which he stated that he
was bringing forward before that body a short paper on practically the same lines, and was advocating that the
word should be restricted to this meaning. The word " pitch " had been used rather loosely in the place of "
dip," and his suggestion only meant that for the future they should limit its use to the inclination of ore-shoots
or ore-bodies, when such deposits went down actually at angles other than the true dip. He was afraid that
Mr. Halbaum had entirely missed the point of his paper; he was not dealing, as Mr. Halbaum seemed to think,

with inclinations (other than the dip) within stratified mineral deposits or beds, like the inclination of an
oblique roadway in a seam of coal, but with a real natural phenomenon, familiar with those who had to deal
with deposits other than beds. Probably Mr. Halbaum's experience of such mineral deposits had been limited,
or he would have understood the importance of the point raised. The writer proposed to restrict the term "
pitch " to the obliquity of the axes of such ore-deposits as he had referred to. By way of illustrating the
importance of precision in the use of these terms, he might point out that Mr. Halbaum. had used the word "
dip " in a sense that was not strictly correct; by "dip" geologists meant always the inclination at right-angles to
the strike, and the word should always be, strictly speaking, used in that sense; for other directions, the word "
inclination " should be employed.
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DISCUSSION OF MR. WALTER ROWLEY'S " NOTES ON MINING AND ENGINEERING IN AMERICA AND CANADA."*
Mr. Walter Rowley (Leeds) wrote that he had omitted to acknowledge in his paper that the illustrations of the
chemical mine, fire-engine and of the concrete arching at Burnside colliery† had been reproduced by
permission of Mines and Minerals, in which paper they had previously appeared.‡
Mr. E. O. Forster Brown (Stoke Bishop, Bristol) wrote that although the number of inspectors in Pennsylvania
appeared to be very much greater relatively than in Great Britain, the resulting accidents were altogether out
of proportion. That might be partly due to the fact that Pennsylvanian miners were, to a large extent, drawn
from a number of different nationalities of probably inferior intelligence to that of the average British miner;
but a more forcible reason was that there were fewer precautions taken for securing the safety of the mine.
The writer's own experience was that manholes in main haulage-roads were a curiosity, and he had witnessed
a set of thirty tubs weighing 5 tons each being run out several hundred yards at a high speed to the mouth of a
4 per cent, grade incline, solely controlled by three trip-riders riding between the tubs.
He (Mr. Brown) agreed with Mr. Rowley that the increased output per miner in the United States of America
was due to the thickness of the seams and easy access. With regard to the Connelsville region, however, he
would also add that the regularity of the dip of the strata and absence of appreciable faults was a striking
feature, and enabled the main haulage-roads to be laid out many years ahead and to the best advantage for
dealing with a large output.
With regard to the Niagara Falls, one of the interesting features of the power-houses was the arrangement for
dealing with the ice difficulty. The Ontario Power Company had, he thought, adopted plain gratings for the
water to filter through. The Electrical Development Power Company, a little farther up the river, had, however,
constructed two masonry ice-booms, pierced
* Trans. Inst. M. E., 1907, vol. xxxiv., page 239.
† Ibid., page 242.
‡ Mines and Minerals, 1907, vol. xxvii., pages 469 and 542.
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by a series of inlet-arches in the outer boom 8 feet and in the inner boom 6 feet below water level, the arches
in the inner boom being also provided with gratings.
The five power companies at present in partial operation would, he understood, eventually produce 700,000
horsepower from one-fifth of the 250,000 cubic feet of water per second flowing over the falls. If the total
power could be utilized, it would amount to 3,500,000 horsepower, which, on the assumption that a
horsepower-hour on the average required 4 pounds of coal, was equivalent to 50,000,000 tons of coal per
annum, and could be transformed by a few hundred persons within an area of a few square miles ad infinitum.
It was interesting to compare these figures with the statistics of the South Wales coal-field, where, during
1906, 174,660 persons were employed in producing 47,055,969 tons of coal from an area of 1,000 square

miles with a limited life. It would seem that an economical method of storing and transporting electricity
should go far towards solving the fuel problem of the future.

Mr. Sainte-Claire-Deville's paper on " A Simple Method of Water-stowage employed at No. 5 Pit of the
Escarpelle Mines " was read as follows: —
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A SIMPLE METHOD OF WATER-STOWAGE EMPLOYED AT NO. 5 PIT OF THE ESCARPELLE MINES.*
By SAINTE-CLAIRE-DEVILLE.†
A simple installation has been laid down at No. 5 pit of the Escarpelle Mining Company, in order to make direct
observations on the results that can be obtained by means of water-stowage, having regard to the more or
less complete filling of the hollows left by working, to the settlement which the strata undergo, and to the
influence of the process upon the maintenance of the roads.
The experiment has been tried in a dip-working upon No. 5 vein at the 1,772 feet (540 metres) level (fig. 1,
plate ii.). An incline goes down 164 feet (50 metres), along the slope of the seam, and from it are opened
out two cuts (tailles montantes = cuts or stopes parallel to the dip), 33 feet (10 metres) wide, starting from two
secondary roads at the levels of 82 and 164 feet (25 and 50 metres) respectively.
At the time when
water-stowage was commenced (January, 1905), 131 feet (40 metres) of coal had been removed from the
first cut, and 65½ feet (20 metres) from the second, by this method of stoping, and the places stowed in the
ordinary way with dirt obtained from working the seam, and with dirt brought in from other parts of the pit,
and tipped at the top of the cuts. Seam No. 5 has in this place a thickness of from 60 to 67 inches (1.5 to 1.7
metres); it consists of two beds of coal, each 15¾ inches (0.4 metre) thick, one next to the roof and the other
next to the floor; the parting between them consists of black and grey shales, 27½ to 35½ inches (0.7 to 0.9
metre) thick : the mean angle of inclination of the seam is 35½°.
The roof was rather bad in the stopes, especially in the neighbourhood of the upper road of the first cut, which
was a pony* " Procédé simplifié de Remblayage hydraulique employé à la Fosse No. 5 des Mines de l'Escarpelle," by Mr.
Sainte-Claire-Deville, Comptes-rendus mensuels des Réunions de la Société de I'Industrie Minérale, 1906, pages
31 to 37.
† Translated by Prof. Henry Louis, M.A.
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way, above which, the coal had been removed during the years 1901-1904. The maintenance of the inclined
roads from the stopes was always rather costly.
The water-stowage was arranged in the two cuts on the return side without stopping regular work for a
moment. They were simply transformed into stopes worked upwards off an inter-level road (tallies chassantes)
82 feet (25 metres) in width. The coal when cut slips down from stope to stope to the foot. As regards the dirt,
the workmen throw it behind them without packing it against the roof.
The first cut employs five men, the second six, the two together getting from 65 to 75 tubs of coal per day. The
first cut is stowed directly from the top; the second is supplied by a short row of pipes, which take the stowage
from the pony-road (fig. 4, plate ii.).
Stowage.—The material employed for stowing consists of shales from the washery for the first cut, and ashes
from the boilers, screened through round holes 0.79 inch (20 millimetres) in diameter, for the second. They
are sent down in tubs by the shaft, at the end of the shift after the miners have ridden to bank. These tubs are
coupled up to the empty trains, and thus carried, without additional cost, to the double roadway close to the

incline, so that they are in readiness for the stonemen's shift at 5 p.m. Each cut is supplied by a hopper of small
dimensions, 37½ inches (0.95 metre) high, 40 by 35½ inches (1 by 0.90 metre), or 31 cubic feet capacity, equal
to the contents of a tub (fig. 4, plate ii.). They are made of planks 0.787 inch (2 centimetres) thick and lined
with thin sheet-iron; they are set up on the floor of the seam, and are kept in place by means of chains. Their
upper edge is a little below the surface of the pony-road. The tubs are emptied into them by being thrown
over on to their sides.
Movable Hopper (figs. 2 and 3, plate ii.).—For the first cut, the hopper is moved in proportion as the work
advances, every 14¾ feet (4.50 metres).
The mixing-water comes from a system of pipes, and is introduced in part into the interior of the hopper by a
pipe 0.79 inch (20 millimetres) in diameter, the jet of which washes out the material for stowage through a
sliding door placed in the
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base of the hopper; the other part flows in at the apex of the hopper, beneath the sliding door, through a
horizontal pipe 2 inches (50 millimetres) in diameter, perforated with twenty holes 0.39 inch (10 millimetres)
each in diameter, the jets from which carry the material into a series of troughs made of wood lined with
sheet-iron, suspended from the mine-timbers and descending into the cut within about 6½ feet (2 metres) of
the level of the stowage.
Fixed Hopper.—An identical hopper supplies the second cut. It is stationary, at the head of a passage left in the
old dry stowage of the first cut. The water is introduced in the same way, but the supply-pipe has twenty-five
holes of 0.47 inch (12 millimetres) diameter, in order to get a bigger water-supply. The apex of the hopper
enters a sheet-iron funnel covered by a screen with round holes 2 inches (50 millimetres) in diameter, and
attached to a column of pipes of 4.33 inches (110 millimetres) in internal diameter, running along the passage
for a length of 82 feet (25 metres), and then by an elbow of 40 inches (1 metre) radius, into the upper road of
the second cut, so as finally to pour the stowage into the troughs of this cut. In order to avoid too great a
length of pipes, the second hopper will be removed to a new passageway 213¼ feet (65 metres) from the
previous one, from which it can supply the stowage for a length of some 230 feet (70 metres), that is, 115 feet
(35 metres) on either side.
Obstructions in the Pipes.—Some experiments have been needed, in order to avoid the formation of
obstructions in the pipe-line. It has been found necessary to avoid the shales, which were found to be too
heavy. Screened boiler-ashes, sometimes mixed with dirt (fragments of bricks, old cinders, or small shale),
have given good results. Placing a pipe so as to inject water at the lower elbow in the direction of the flow has
also had a good effect.
Water-supply.—The water-supply is taken from a little reservoir 883 cubic feet (25 cubic metres) in capacity,
excavated at an incline close to this seam, from which the water is pumped into the pipe-system. The water
which has been used carries very little slime with it. It runs down to the bottom of the incline, whence a pump
forces it up to the reservoir. The only settling-pit is a sump of 10 feet (3 metres) cube in capacity, from which
this force-pump draws ; it is cleaned out at long intervals.
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Work at the Face (fig. 4, plate ii.).—The stowage is done in each cut upon four cuts (travées), or a length of
14¾ feet (4.50 metres). The stowage is kept in place at the bottom of the face by a block measuring 6½ (2
metres) by 8¼ feet (2.50 metres), of dry stowage, kept in place by timbers. At one side of it a barrier is made
up of brattice-cloth strengthened by sheets and planks attached to the timbers. Experience has shown that
with the comparatively steep slope of cuts at these mines one should attempt to get a filtering surface
sufficiently great to prevent any serious accumulation of water at the surface of the stowage, in order to avoid
dangerous overloads capable of breaking through the pillar ; the planks must therefore not be put too close
together. The barrier is taken down after each series of four cuts has been stowed, in order to be used for the

next series. One can then see that the stowage stands perfectly in a vertical wall, and sets quite close against
the roof.
Consumption of Water.—The consumption of water, ascertained by a counter placed upon the feed-pump,
shows very accurately 1 cubic foot of water per cubic foot of stowage for the shales of the first cut, and 1.65
cubic feet per cubic foot of the boiler-ashes for the second cut. The figure for the first cut may appear
somewhat high, seeing that the material is transported in open troughs at an inclination of 35°; in fact, in this
case the proportion of water is determined only by the degree of fluidity necessary to cause the material to
flow freely into all the angles of the cut and the irregularities of the roof. The stowage runs very differently in
the two places.
In the first cut, a cone of shales forms at the commencement of the operation, below the last trough. The apex
of this cone is cut down by the somewhat violent jet of water flowing continually upon it; gutters are
excavated upon the angles, and little torrents run through these, carrying the material of the stowage to right
and left. Thus the condition necessary and sufficient for the stowage to be forced thoroughly against the roof
is that the mean angle of the sides of the cone shall be less than the slope of the seam. In practice, angles of
from 12 to 15° have been observed.
It is, moreover, necessary that the mixtures should be quite homogeneous.
is abruptly in[165]
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creased, there is a great risk of leaving hollows. This observation, suggested by experience, justifies the
employment of hoppers with gates enabling the flow of shales to be regulated accurately. When the mixture
has to be conveyed in pipes, the part played by the water as a transporting medium becomes predominant,
and the proportion of water necessary to avoid obstructions is greater than that required to deposit the
material. The stowage is then deposited in practically horizontal layers.
Rate of Work and Cost.—The material is, on the average, tipped at the rate of 40 tubs per hour. Two active
trammers and an assistant can even work at the rate of a tub per minute, but cannot keep up this pace for any
length of time. As a means of comparison, an ordinary trammer took 2½ days to tip and stow 25 tubs of
ordinary stowage in the first cut. Hydraulic stowing is carried on by sets of 50 tubs at the first cut, and 30 to 35
at the second. The mining company have not a reserve of water sufficiently great to enable them to do more,
and this, moreover, suffices for the need of their workings.
The following is the cost of the stowage calculated in the same way as has been done by Mr. Lafitte for the
Lens Collieries, and only taking into account the expenses incidental to this particular process:—
[Table]
Screening the boiler-ashes increases the working-cost for the second cut, without, however, making it
prohibitive. The outlay for compressed air is not included, because the steam required is supplied to the
compressor by a battery of boilers heated by the waste heat of coke-ovens. It should be added that the
maintenance of the tramlines has been diminished by two-thirds, and that the roof of the workings has
become much better, so that the cost of hewing has been diminished. The output per man has been increased
by about 4 cwts. (200 kilo[164]
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grammes) for each incline. The ridding-out of the pony-road has also been saved, as this road would have been
very much broken down in making the first cut by the ordinary method.
Settlement of the Stowage.—Direct observations upon the settlement of the stowage have been recently
made in cutting a passage through the first cut, through the stowage, which was then nearly six months old.
The thickness of the same had decreased only from 6 to 10 per cent, in different places ; the roof has remained
perfectly firm, and does not show the slightest break. The shales are admirably packed against it, and form a

very compact mass. The dirt from the seam which remained upon the floor is also well packed down. A simple
calculation has, moreover, shown that its settlement had been reduced to one-tenth by the flow of water
which had passed over them.
There is every reason to suppose that the settlement will be still less in working the second cut, which is
operating in a district further removed from the zone of fracture created by the previous workings.
The Application of this Method to any District.—The principle of doing away with pipes can be applied with
advantage in thin seams, and will be compulsory whenever a supply of material and water in the upper levels
(as in the case of a number of the workings at these mines) is not available. The entire plant required
comprises a pump distributing water to the roads, a hoist driven by compressed air to elevate the material for
stowing, and one portable hopper for each working. In order to be able to stow roads as well as the workings,
and to have a sufficiently rapid production, the best method of working will be by long pillars. It is evident that
if it were necessary to adopt water-stowage throughout the whole of a mine, and to deposit 35,316 or even
only 17,658 cubic feet (1,000 or 500 cubic metres) of stowage, this simple method would have to give place to
installations adapted for a more vigorous output both underground and at the surface. It might even be almost
inapplicable on a large scale, on account of the disturbance to the normal working caused by riding down and
transporting any considerable tonnage of stowage, as also by the quantity of compressed air consumed. The
cost price is low in No. 5 seam, because the mining company take advantage of any unoccupied time of the
hangersVol. XXXV, Plate II.
To llustrate Mr. Sainte-Claire-Deville’s Paper on “A simple method of water-stowage Employed at No. 5 Pit of
the Escarpelle Mines."
Fig. 1.-Escarpelle Mine, No. 5. Incline to No. 5 Seam.
Fig. 2. — Plan of Portable Hopper
Fig. 3.- Section upon the line A B, Fig. 2.
Fig. 4. – Scheme of working by cuts and packing of roads.
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THE FORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 11th, 1908.
Mr. JOHN H. MERIVALE, President, in the Chair.
The Acting Secretary read the minutes of the last General Meeting, and reported the proceedings of the
Council at their meetings on March 28th and that day.

The following gentlemen were elected, having been previously nominated: —
Members—
Mr. John Norton Griffiths, Consulting Engineer, 62, London Wall, London, E.C.
Mr. William Herdman, Manager of Metalliferous Mines, Hilton, Appleby.
Mr. Shonosuke Hoso, Mining Engineer and Colliery Manager, Miike Colliery, Kyushu, Japan.
Mr. Ernest Humble, Colliery Manager, Lawson Street, Hamilton, Newcastle, New South Wales, Australia.
Mr. James Williams, Mining and Mechanical Engineer, c/o Messrs. James. Pollock, Sons, and Company, Limited,
3, Lloyd's Avenue, London, E.C.
Students—
Mr. Eric Loufwin Ford, Mining Student, Armstrong College, Newcastle-upon-Tyne.
Mr. Norman Leslie Prest, Mining Student, Hardwick Hall, Castle Eden, S.O., County Durham.
Mr. Philip Wrightson, Mining Student, 5, Westbourne Grove, Hexham.
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DISCUSSION OF MR. H. W. G, HALBAUM'S PAPER ON "CAST-IRON TUBBING: WHAT IS ITS RATIONAL
FORMULA?"* AND OF DR. JOHN MORROW'S PAPER ON " THE STRENGTH OF CAST-IRON TUBBING FOR DEEP
SHAFTS."†
Mr. H. W. G. Halbaum (Horden) wrote that he regretted that temporary pressure of work prevented his
dealing fully at that moment with Dr. Morrow's reply, but he would assuredly do so at no very distant date.
In the meantime, he would direct particular attention to the significant fact that, in the reply referred to,‡
Dr. Morrow had practically withdrawn his " plate-formula," just as Prof. Galloway had already repudiated
the French formula saddled upon him by Prof. Louis, and just as Prof. Louis himself had quietly thrown aside
the formula for p, given by him (Prof. Louis) in Practical Coal-mining.§
Those early tangible results of his (Mr. Halbaum's) criticisms effectively disposed of Prof. Louis' assertion that
there had been no need for him (Mr. Halbaum) to trouble about " the simple case of the plain cylinder." It
would be subsequently shown that almost the whole of the remaining positions held by Prof. Louis and Dr.
Morrow were equally untenable.
As for Prof. Galloway's rejoinder,|| he (Mr. Halbaum) had much pleasure in accepting that gentleman's
explanations. He would merely point out with regard to paragraph (3)¶ that, by Prof. Louis' account, R was
fixed by the formula as one-third of the ultimate stress, whereas Prof. Galloway implied that the engineer
might take it at one-tenth if he thought fit. Was not that amending the formula further ? With reference to
paragraph (7), that gentleman's formula, as defined by himself, was simply the " thin "-cylinder formula for
external pressures, stated in terms of the inside radius. His (Mr. Halbaum's) rational formula, on the other
hand, was rational for the tubbing case, simply because it gave the thicknesses equal to those, or slightly more
than equal to those, which would be obtained by the strictly rational thick-cylinder formula
independently
* Trans. Inst. M. E., 1907, vol. xxxiii., page 567.
† Ibid., 1907, vol. xxxiv., page 100.

‡ Ibid., 1908, vol. xxxv., page 70.

§ 1907, divisional-volume i., page 137.
|| Trans. Inst. M. E., 1908, vol. xxxv., page 51.
¶ Ibid., page 52.
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deduced in the third appendix of his (Mr. Halbaum's) paper.* If Prof. Galloway still thought the two rules
similar, he (Mr. Halbaum) would suggest that he should test them by finding the thicknesses given by each
when, say, f/p =4.

DISCUSSION OF MESSRS. J. W. FRYAR AND ROBERT OLIVE'S PAPER ON " THE SINKING OF BENTLEY COLLIERY. "†
Mr. Frank Coulson (Durham) asked whether the tubbing put in at Bentley colliery was faced and bolted
together with drilled holes and properly turned bolts countersunk with lead and steel weazes, in a similar
manner to that adopted by German mining engineers. It seemed to him that on one or two occasions the piles
were driven too far in advance of the guard-ring at the bottom, and the piles were, in consequence, bent in.
He would like to know whether it would not have been an advantage to drive the piles a shorter distance
ahead. In the case of wooden piles, the practice was to drive them in a little distance and then clear the way
for each pile, and also prevent, as far as possible, sand getting in. At Bentley colliery there appeared to be
more sand drawn from the pit than was necessary. He had had the privilege of seeing the system of piling
adopted there, and he thought it by far superior to any other that he had seen. If there was any mistake, it was
in driving the piles too far in front of the bottom of the tubbing. He would also like to ask whether the wooden
sheeting which was put in kept the water from coming through the bolt-holes, as it seemed rather a crude
method to put in with tubbing bolted together. He would have imagined that tubbing properly faced and put
together with leaden wire, or even with nothing at all (as was the case at many of the French collieries), just
wedging the front with soft-iron wedges, would have been better than putting in the sheeting. The old idea
was always to keep as much weight off the top of the pit as possible in sinking through quicksand. At Bentley
there seemed to be a large amount of weight in the shape of a concrete block, which he supposed was for the
sake of having something to shove against
* Trans. Inst. M. E., 1907, vol. xxxiii., page 607.
† Ibid., vol. xxxiv., page 389.
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in forcing the piles down. If the weight had been kept clear away from the pit, there would not have been the
same amount of sand to draw out. In the case of sinking the second pit, he took it that the whole of the water
would be drained out of the sand, and it would be a comparatively easy operation.
Prof. Henry Louis (Newcastle-upon-Tyne), referring to the Flottmann drill, asked what were its dimensions, and
how it was supported: was it a hand-held drill, or was it supported on a tripod or bar?
Mr. J. W. Fryar (Bentley) agreed that in the sinking of the first pit the piles were put too far in front of the
floating-ring, but it must be borne in mind that they had to obtain their experience at this pit. In the second
pit, and in the later part of the first pit, the piles were pushed not an inch further out than was necessary to
keep the bottom of the pit quiet. Indeed, they were obliged to put them further out in the case of the first pit,
because of the boiling up of the water from the stonehead, which was much more violent than in the second
pit, where it had not nearly so much force. The pit was wet all the time that they were sinking, and in a great
many places the sand, which was of the consistency of mud, had to be filled into buckets.
With regard to the tubbing, as stated in the paper, the outer tubbing was 23 inches in diameter, and there was
also an inner tubbing; the outer tubbing, which was put in following the piles, was simply bolted together, with
wooden sheeting in between. The water always came in at the bottom, and when they got down it came in all
round about the piles, partly from the sheeting where it was jointed, and through the bolt-holes; but they
experienced no great difficulty with that, because as soon as they got to the crib-bed the permanent tubbing
was put inside and sealed off in the ordinary way, filling up between the two tubbings. They had to go more
upon the strength than anything else. It was satisfactory to know that they had last Saturday got down to the

coal and obtained a good seam, about 9 feet 3 inches thick, which would amply repay the expense and trouble
involved in the initial difficulties of dealing with the quicksand.
The Flottmann drill was a very small drill, not much larger than the ordinary Boyer hammer. It was only about
1 foot 9
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inches or 2 feet in length, and 3 or 3½ inches in diameter. It was certainly the best mining drill for sinking pits
that he had come across, as in working it was only necessary to couple a flexible pipe on to it. They carried
these flexible pipes down the sides of the shaft, with absolutely no machinery in the pit-bottom; a man simply
coupled it on and held the drill in one hand, and it would go steadily down—indeed, after about 12 or 18
inches it would even go by itself. After the sumper-holes were drilled, a man could get round the side and have
all the side-holes drilled during the time that the sumper-hole was cleared.
In reply to questions by Prof. Louis and Mr. W. C. Blackett, Mr. Fryar further said that the depth of the hole
drilled was about 7 feet; and that the drill would go best in hard stone; it did not go at all well in soft shale or
fire-clay, but it went very well indeed in limestone.
Mr. Coulson asked whether these drills would work equally well in damp ground. He should imagine that they
would work better in very wet or very dry ground, than in ground which contained a little moisture.
Mr. Fryar said that in using the drill they generally kept the hole filled with water.
Mr. H. F. Bulman's " Memoir of Martin Walton Brown " was read as follows : —
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MEMOIR OF MARTIN WALTON BROWN.
By H. F. BULMAN.
Martin Walton Brown was born in Newcastle-upon-Tyne on June 12th, 1854. He was the only child of William
Brown, a flour-merchant, and the last tenant of the old mill in Jesmond Dene.
Walton Brown commenced his education in his native city, at the celebrated Percy Street Academy of the late
Rev. Dr. J. Collingwood Bruce, where many wellknown north-countrymen were educated, and was afterwards
at Dr. Dyson's school at Bradford, Yorkshire. In 1871, he obtained by examination one of four open exhibitions
at the Newcastle College of Physical Science (now Armstrong College), of which he was one of the original
students, the College having just been founded in that year. He attended the lectures during the session 18711872, and obtained a prize in geology. His attendance was co-temporary with the first year of his
apprenticeship as a mining student, which he served with the late Mr. S. C. Crone at the Killingworth and other
Northumberland collieries belonging to Messrs. John Bowes and Partners, Limited. The period of his
apprenticeship (1871-1874) was one of unprecedented prosperity in the British coal-trade, and considerable
developments, including three new sinking-shafts, were proceeding at the collieries under Mr. Crone's charge.
Altogether, there was ample opportunity for a keen student, like young Walton Brown, to gain a wide
experience in practical colliery work.
In those early days, at the age of 20, he showed his natural bent towards literary work, and was already writing
articles for the mining journals. He was especially interested in mine ventilation, a subject on which, in later
years, he was a recognized authority. It was probably his uncle, the late Mr. J. J. Atkinson (H.M. Inspector of
Mines), who directed his attention to this subject, as Mr. Atkinson was the first in England to set out clearly the
laws that govern mine-ventilation.
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Walton Brown had also grasped the fact that much valuable information may be obtained from foreign
sources. He had learnt French, and used to study the Annales des Mines and the publications of the Société de
l'lndustrie Minérale. Later on, he learned German, and thus kept himself informed of Continental progress in
mining.
After completing his four years' apprenticeship at Killingworth, he went to Hamsteels colliery, near Durham, as
assistant to the late Mr. R. S. Johnson, the managing owner, and whilst there, in 1876, he passed the
examination for and obtained a first-class colliery manager's certificate. He spent three years at Hamsteels,
leaving to take up a position as assistant to the late Mr. E. F. Boyd, of Moor House, Leamside, County Durham.
Mr. Boyd was the mining agent for the Ecclesiastical Commissioners (Durham Chapter Estates), and for many
other coal-lessors, and the work of his assistants consisted largely in visiting collieries all over the county to
obtain the account of coal worked, and to put up tracings of the working-plans. It was Mr. Boyd's rule that
whenever an account was got, a visit should be paid underground to inspect the workings and take sections of
the seam. His assistants, therefore, besides gaining an insight into tentale accounts and coal-leases, saw a
good deal of colliery work.
Mr. Boyd had a high opinion of Walton Brown's capabilities, and it was owing, no doubt, to his
recommendation, and to that of Mr. R. S. Johnson, that in 1880 he obtained the appointment, under the late
Mr. T. W. Bunning, of Owners' Secretary of the Joint Committees of the Coal-owners' and Workmen's
Associations for the counties of Northumberland and Durham. Mr. Bunning held also the appointments of
Secretary to The North of England Institute of Mining and Mechanical Engineers, and to the United Coal Trade
Association of Northumberland and Durham. On Mr. Bunning's resignation, in 1888, these appointments were
divided, and Walton Brown remained as Secretary to the Joint Committees, a position which he retained until
his death 19 years later.
In the discussion of the many and varied questions relating to wages and customs which were brought before
the Joint Committees, with their independent Chairmen, he was pitted against the able Secretaries of the
Miners' Unions of the two northern counties. His strong points were his accurate memory of pre[173]
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vious cases and decisions, and the ready way in which he could bring forward information required for the
guidance of the Committees.
His association with The North of England Institute of Mining and Mechanical Engineers began in 1871, when
he joined it as a student. He was, in 1887, elected a member of the Council, and in 1891, on the retirement of
Prof. G. A. L. Lebour, was appointed Secretary. In the same year, he was also appointed Secretary to The
Institution of Mining Engineers. The federation of the Mining Institutes dates from 1889, but Volume I. of the
Transactions for the year 1889-1890 was not published until 1892, and bears his name as Secretary and Editor.
The success of the Institution has been largely due to the work, the care, and the attention which he
ungrudgingly gave to its affairs. The admirable character of the Transactions, and his merits as Editor, were
recognized by the International Jury of Awards of the Louisiana Purchase Exposition, 1904, when they awarded
a gold medal to the Institution and a silver medal to Walton Brown.
He made his first contribution to the Transactions of The North of England Institute of Mining and Mechanical
Engineers in 1882 with a translation from the Annales des Mines of " Remarks by Mr. E. Mallard on Mr. Lindsay
Wood's ' Experiments showing the Pressure of Gas in the Solid Coal.' ″
In 1884, he brought before the Institute the question of the possible connection between earth-tremors and
the issue of gas in mines; and a committee was subsequently appointed to investigate the matter, a
seismograph and other apparatus being established at Marsden colliery in the autumn of 1886, by the
permission of the late Mr. John Daglish. Walton Brown took a leading part in the investigations, and the report
of the Committee was published in 1887.

He acted as Secretary to the Committee appointed to enquire into the explosion of an air-receiver at Ryhope
colliery, and he drew up the report published in 1888. He contributed a valuable paper on the Correlation of
the Coal-seams of the Carboniferous Formation of the North of England—a paper which must have entailed
much study and investigation. In it he advanced a quite original theory of the formation of the coal-seams,
which he states as follows :—" From a full consideration of the relative
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positions of the coal-seams in the true measures, it appears possible that they should be considered as
portions of one and the same seam which was in continuous formation during- a long period of time. If this
theory be based upon fact, the Coal-measures must be then considered as one seam of coal, with intercalated
bands or beds of sandstone, shale, and other rocks."*
He was an active member of the Flameless Explosives Committee appointed on March 31st, 1888; and during
1890, in conjunction with the late Mr. W. J. Bird, he translated the valuable and lengthy Report of the (French)
Commission on the Use of Explosives in the Presence of Fire-damp in Mines.
In 1888, The North of England Institute of Mining and Mechanical Engineers, in conjunction with the Midland
Institute of Mining, Civil and Mechanical Engineers and the South Wales Institute of Engineers, appointed a
Committee to conduct experiments and report on mechanical ventilators. Walton Brown took a very active
part in the work of this Committee, and drew up the valuable and exhaustive report printed by The Institution
of Mining Engineers in 1899.† Few men knew more about fans and mine-ventilation than he did, and many of
the papers which he contributed to the Transactions and to other publications deal with this subject.
A complete list of the papers contributed by Walton Brown to the Transactions of The North of England
Institute of Mining and Mechanical Engineers and of The Institution of Mining Engineers is as follows : —
" Translation of Remarks on Mr. Lindsay Wood's ' Experiments showing the Pressure of Gas in the Solid Coal,'
by Mr. E. Mallard," Trans. N. E. Inst., 1882, vol. xxxii., page 123.
" On the Observation of Earth-shakes or Tremors, in order to Foretell the Issue of Sudden Outbursts of Firedamp," ibid., 1884, vol. xxxiii., page 179.
" On the Marsaut Lamp," ibid., 1885, vol. xxxiv., page 161.
"Translation of New Mining Regulations of Belgium," ibid., 1885, vol. xxxiv., page 265.
"Experiments on Wolf Safety-lamp," ibid., 1885, vol. xxxiv., page 293.
" Translation of Regulations for the Management of Fiery Mines in Prussia," ibid., 1886, vol. xxxv., page
167.
"An Account of Experiments in France upon the possible Connection between Movements of the Earth's
Crust and the Issues of Gases in Mines," ibid., 1886, vol. xxxvi., page 43.
* Trans. N. E. Inst., 1887, vol. xxxvii., page 15.
† Trans. Inst. M. E., 1899, vol. xvii., page 482.
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"On a Form of Apparatus for the Rapid Determination of Specific Gravities of Bodies," Trans. N. E. Inst., 1887,
vol. xxxvi., page 95.
"A Further Attempt for the Correlation of the Coal-seams of the Carboniferous Formation of the North of
England, with some Notes upon the Probable Duration of the Coal-field," ibid., 1887, vol. xxxvii., page 3.
“ Report of the Committee appointed to inquire into the Observations of Earth-tremors, with the view of
Determining their Connection (if any) with the issue of Gas in Mines," ibid., 1887, vol. xxxvii., page 55.

" Mechanical Ventilators : Observations to be made and Instructions to the Engineers," ibid., 1888, vol.
xxxvii., page 189.
"Report of the Committee Appointed to enquire into the Explosion of an Air-receiver at Ryhope Colliery," ibid.,
1888, vol. xxxvii., page 197.
" The Pieler Spirit-lamp as a Fire-damp Indicator," ibid., 1889, vol. xxxviii., page 177.
" Experiments with Explosives used in Mines," Trans. Inst. M. E., 1890, vol. ii., page 49.
"Experiments with Carbonite" (in conjunction with the late William Foggin), ibid., 1890, vol. ii. page 85.
"The Waddle Patent (1890) Fan," ibid., 1891, vol. ii., page 173.
"The Lee Alarm Water-gauge," ibid., 1891, vol. iii., page 128.
"The Roberts Shot-firing Lamp," ibid., 1891, vol. iii., page 129.
"The Rateau Ventilator," ibid., 1892, vol. iii., page 410.
" The König [Koenig] Differential Water-gauge," ibid., 1892, vol. iii., page 452.
"The Veitch-Wilson Improved Lamp-pricker," ibid., 1893, vol. vi., page 448.
" The Equipment of Exploring Expeditions," ibid., 1898, vol. xv., page 443.
" Mechanical Ventilators : Report of the Committee of The North of England Institute of Mining and
Mechanical Engineers, and the Midland Institute of Mining, Civil and Mechanical Engineers," ibid., 1899, vol.
xvii., page 482.
"Newcomen Engines," ibid., 1901, vol. xxii., page 663.
"Memoir of the late John Daglish," ibid., 1907, vol. xxxiii., page 201.
In addition to the above, he also prepared the " Barometer, Thermometer, Etc., Readings" for the years 1888
to 1905 inclusive.
In 1890, he became Secretary to the Board for Examinations for the Newcastle-upon-Tyne Mining District. He
maintained his connection with Armstrong College in later years, when he was resident in Newcastle-uponTyne, and in 1898 was one of the founders of the Old Students' Union, acting as Treasurer until his death. He
was President of the Union during the years 1898, 1899, and 1900, and again in 1907. He sometimes gave the
lectures on mining at the College in the absence of the Professor of Mining.
Owing to the position which he held in the mining world, and to his wide acquaintance with all sorts of mining
people,
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he was frequently applied to in connection with mining appointments, especially abroad. Many men in various
parts of the world owe their positions to his recommendation and advice, given freely and gratuitously. He was
singularly free from mercenary motives.
His office in Newcastle-upon-Tyne was invaded by numerous visitors, to such an extent as sometimes to
interfere seriously with his duties; and, in consequence, much of his work was done at home in the evenings,
where he was free from interruptions. His stores of information on mining matters were always at the service
of his friends, and his readiness to help others sprang from real kindliness and human sympathy.
He was essentially a robust individuality, with a large share of the sturdy independence, the dogged
persistence, and the hard-headedness, which are prominent characteristics of many Northumbrians. He had
his own way of doing things, from which he was not easily moved.

A comical instance of his original turn of mind may be mentioned. On one occasion, in his student days,
he actually had a photograph taken of the back of his head—what he called a " back elevation "—as he did not
see why photographs should be confined to " front views."
His manner did not always convey a right impression of his real nature; and the high compliment may be paid
him that he was most liked and appreciated by those who knew him best.
He was an instance of a man who, without influential friends, and lacking rather those natural gifts of manner
and address which are outwardly attractive, made his way to a good position on the strength of his own solid
merits, and in that position did most useful service to the industry and science of mining.
The value of the Mining Institutes in stimulating their members, in spreading useful knowledge and in
promoting the safe and efficient working of mines, is nowadays taken rather as a matter of course :
" What we have, we prize not at its worth."
In that valuable work, during the last seventeen years, Walton Brown took a leading part.
During his secretaryship, The North of England Institute of Mining and Mechanical Engineers nearly doubled its
member[177]
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ship and income; for in 1891, the membership was 670 and the income £1,590, whilst in 1907, the number of
members was 1,307 and the income £2,928.
The thirty-three volumes of the Transactions issued during his secretaryship of The Institution of Mining
Engineers, and edited by him, are a lasting monument to his memory.
In 1885, he married Isabella, daughter of the late John Chrystal, of Lumley, County Durham, who
survives him together with a son and daughter. He died suddenly at his residence, in Newcastle-upon-Tyne,
on November 22nd, 1907, in his 54th year, and was buried at Jesmond Old Cemetery, Newcastle-upon-Tyne.
The large number of people present at the funeral, including representatives of most of the important mining
institutes and associations of the United Kingdom, testified to the esteem in which he was held and to the
regret felt at the loss which the mining world had sustained.
On the motion of Mr. W. C. Blackett, seconded by Mr. T. E. Forster, a vote of thanks was accorded to Mr.
Bulman for his memoir.

Mr Lawrence Austin's description of the " Demonstration of Rescue-apparatus, Felling, August 31st, 1907," was
read as follows: —
[178]
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DEMONSTRATION OF RESCUE-APPARATUS, FELLING,
AUGUST 31st, 1907.
Compiled by LAWRENCE AUSTIN.
An experimental gallery (figs. 1 and 2, plate vii.), 170 feet long, had been erected by Mr. C. B. Palmer, the
conditions resembling, as nearly as possible, those that might be met with in a thin coal-seam after an
explosion. One side of the gallery was of wire-netting, so that the movements of the wearers of the various
apparatus were in full view of those witnessing the demonstration. It was so arranged that narrow and
obstructed roadways had to be contended with, piles of debris surmounted, passages cleared through
falls of stone, and other obstacles negotiated. A chamber, to be filled with both carbonic acid
and sulphur-dioxide fumes, had also been constructed, into which the wearers of the apparatus were to
enter.

A programme of the various tests to which each apparatus would be submitted had been drawn up, as follows:
—
Each apparatus to be explained, five minutes being allowed for such explanation.
The weight of each apparatus and of the wearer to be recorded, and the men examined by doctors.
Each competitor to walk 100 yards, climb a ladder twice, and then enter the mine ; a member of the
committee accompanying him, outside, as an observer.
After leaving the first portion of the mine, the competitor to walk along a plank and enter the return-airway,
where he must set two props and 4 yards of brattice-cloth.
The competitors must then enter the chamber filled with carbonic acid, remaining therein ten minutes, during
which time they must each saw two pit-props.
On leaving the chamber, the first portion of the mine, the intake-airway, must be re-entered, and a dummy
figure, which will be replaced for each competitor, brought out.
A 56-pound weight must then be raised 8 feet high twenty times by each competitor.
Each competitor having completed the foregoing tests, measurements will be taken of the smallest opening
through which each wearer and apparatus can pass.
Finally, each apparatus to be re-charged, one assistant being allowed to each competitor, the time of recharging being recorded, after which the competitors must re-enter the chamber, now filled with sulphurdioxide fumes.
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Five makes of apparatus, namely, the Aerolith, Draeger (helmet and mouthpiece types), Fleuss-Siebe-Gorman,
Weg, and Westphalia (helmet and mouthpiece types), took part in the demonstration, a short description of
each being as follows: —
Aerolith.—The Aerolith apparatus (figs. 3, 4, and 5, plate viii.) utilizes the principle of liquid air evaporating into
about 800 times its own volume of breathable air, and has already been described at length in a paper read by
Mr. Otto Simonis to the members some time ago.* The apparatus when fully charged will allow of about three
hours' work.
Draeger.—The Draeger apparatus (figs. 6, 7, 8, 9, and 10, plate viii.) is of the type employing compressed
oxygen, and can be worn either with smoke-helmet and breathing-bag or with a mouthpiece, eye-glasses, and
nose-clip, and a similar breathing-bag; the same back-apparatus being used in each cage. The back-apparatus
comprises the carrying-frame and shoulder-straps, oxygen cylinders, gauge, and pressure-reducing valve with
injector, the surface-cooler, and the regenerating cartridges. The oxygen-cylinders, which have each a capacity
of 7,320 cubic inches (120 litres), should be charged to a pressure of 125 atmospheres, and the reducing-valve
allows of a regular supply of 122 cubic inches (2 litres) of air per minute. The regenerating cartridges are the
means of effecting a radical absorption of the carbonic acid in the expired air, and are an important feature of
the apparatus. Two flexible tubes connect the back-apparatus with either the smoke-helmet and breathingbag or with the mouthpiece and breathing-bag. The smoke-helmet is so constructed as to fit the face of any
wearer, a pneumatic cushion, inflated by an air-pump attached to the apparatus, forming an airtight joint
between the helmet and face, this at the same time relieving undue pressure of the helmet on the head of the
wearer. A mica window, of such a size as to allow a wide range of view, in all directions, is fitted in a favourable
position, and an air-valve is provided, this being kept open until the noxious zone is reached and a saving of
oxygen thus effected. The mouthpiece, made of rubber, is quite comfortable, and cannot easily slip out of the
mouth; the closing of the nostrils being effected by means of a nose-bag
*"Liquid Air and its Use in Rescue-apparatus," by Mr. Otto Simonis, Trans. Inst. M. E., 1906, vol. xxxii., page
534.
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with screw-clasp, held in position by means of a head-band. The breathing-bag, fastened to the chest by two
shoulder-straps and a waistband, is connected either to the smoke-helmet or to the mouthpiece by two
flexible tubes, one for the fresh and the other for the expired air, with, of course, two breathing-valves. The
whole bag can be easily taken to pieces for cleansing and disinfecting purposes. Circulation is effected by the
injector which, using the live power of the compressed oxygen, sucks the expired air from the smoke-helmet
or mouthpiece, respectively, into the exhalation-bag and thence through the regenerating cartridges. After
passing through the cartridges, the air, which, owing to the chemical action, has become warm, flows through
the surface-cooler and receiving a fresh supply of oxygen is reinhaled. The breathing-bag is provided with a
safety-valve, which opens automatically, when the bag becomes too full of air, owing to the quantity used
being small. The apparatus, when fully charged, will allow of about two hours' work, it being necessary to
employ a triple cylinder should a longer period of work be required.
Fleuss-Siebe-Gorman.—The Fleuss-Siebe-Gorman apparatus* (figs. 11, 12,13, 14, and 15, plate ix.) is also of the
type employing compressed oxygen and can be worn with mouthpiece, eye-glasses, and nose-clip; with a halfmask, which covers nose and mouth, and eye-glasses ; or with a complete mask, covering nose, mouth, and
eyes. The whole apparatus hangs from shoulder-straps, and is steadied by a waistband. The back portion
carries the oxygen-cylinders and reducing-valve, the oxygen-cylinders being charged to a pressure of 120
atmospheres, each cylinder having a capacity of 7,625 cubic inches (125 litres); and the reducing-valve ensures
the regular delivery of the requisite quantity of oxygen, irrespective of the pressure in the cylinders. In
addition, either an emergency-valve or a bye-pass on the reducing-valve is fitted, in case the wearer should
require a greater quantity of oxygen or the reducing-valve were to fail to work. A flexible tube and pressuregauge is also attached and is carried on the front portion of the apparatus, thus enabling the wearer himself to
see the quantity of oxygen remaining in the cylinders. The breathing* " Breathing-apparatus for Use in Mines," by Prof. Leonard Hill, Trans. Inst. M. E., 1908, vol. xxxv., page 31.
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bag and regenerating chamber form the front portion of the apparatus, being connected with the back portion
by a flexible tube, and are of such a capacity as to yield an ample volume of air. The regenerating or causticpotash or caustic-soda chamber is of vulcanized indiarubber, with a protective covering of canvas, and has
exhaling and inhaling divisions to ensure the passage of all exhaled breath through the regenerator, before
receiving its supply of fresh oxygen for reinhalation. The caustic potash or caustic soda is placed in such a
position that, with each movement of the wearer when walking, the carbonated surface is automatically
rubbed off, a fresh surface thus being constantly exposed for the absorption of the carbonic acid gas. The
breathing-bag carries a relief-valve, allowing for the escape of oxygen should the bag become too full. The
respective headpiece is connected to the breathing-bag by two strong flexible corrugated tubes, the end of
one tube carrying the inhalation-valve, the other the exhalation-valve, these being of special metal and very
light. The rubber mouthpiece is fitted with a small outer rubber band overcoming the danger of its slipping
from the mouth or of possible leakage through it—the nose-clip used in conjunction with the mouthpiece
being provided with a device which prevents the possibility of its being inadvertently knocked off. Both the
half- and complete-masks are provided with a pneumatic interior ensuring an airtight connection with the
face of the wearer. The apparatus, fully charged, allows of about two hours' work.
Weg.—The Weg apparatus (figs. 16, 17, and 18, plate ix.) has already been very fully described in the
Transactions* but the present apparatus embodies considerable alterations and improvements. The whole of
the apparatus is attached to a jacket, made of moleskin or other strong material, the weight of the apparatus
being thus distributed over the shoulders and other parts of the body. The oxygen-cylinders, curved to fit the
body, and attached to the jacket above the hips, are coupled together by a copper-pipe, and are charged to a
pressure of 120 atmospheres, their capacity, under this pressure, being 9,150 cubic inches (150 litres). A
pressure-gauge advises the wearer of the pressure that he is using and

* " A New Apparatus for Rescue-work in Mines," by Mr. W. E. Garforth, Trans. Inst. M. E., 1906, vol. xxxi., page
625.
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the quantity of oxygen remaining in the cylinder. The combined reducing and " lung-governing valve " forms
one of the principal features of the apparatus; it allows the oxygen to pass as it is required, being operated by
the intermittent action of the lungs. A bye-pass to the valve is fitted as a precaution, in case the valve were to
fail to act. The oxygen passing through an inhalation-valve travels through a copper pipe to the mouthpiece,
which covers both nose and mouth and is provided with a pneumatic lining, allowing of a perfect fit to the
face. The mouthpiece is fastened to an ordinary miners' leather cap, being held in position by the inhalation
and exhalation-pipes which are carried over the head to the regenerator. An elastic strap attached to each
side of the mouthpiece, and buckled to a leather flap at the back of the cap, forms an additional safeguard.
The inhalation-and exhalation-pipes, carrying valves, are in the form of a square twin pipe until they reach the
back of the head where they branch off, in the form of flexible corrugated pipes, to the regenerator. The
regenerator, containing caustic potash or caustic soda, is in the form of a curved rectangular metal case, and is
carried on the back, and the vitiated air, after passing through it, enters a pure rubber reservoir-bag, attached
to the inside of the lower portion of the jacket, whence it travels by the inhalation pipe to the mouthpiece. A
small telephone is fitted to the apparatus, enabling the wearer to communicate with rescuers outside the
noxious zone. The apparatus, when fully charged, will allow of two-and-a-half hours' arduous work, or of a
longer period should the wearer not be exerting himself.
Westphalia.—The Westphalia apparatus (figs. 19, 20, and 21, plate x.), like the Draeger, is of the compressedoxygen type and can be worn with either smoke-helmet or mouthpiece, to which is attached a nose-cap. This
apparatus hangs from the shoulders, the back portion comprizing the oxygen-cylinders, pressure-gauge, and
reducing-valve, while the regenerator and breathing-bags form the chest-portion. As usual, the oxygencylinders are charged to a pressure of 120 atmospheres. The oxygen, after leaving the cylinders, passes to the
reducing-valve, before reaching which a pressure-gauge advises the wearer as to the amount of oxygen in the
cylinders. Passing through the reducing-valve, which ensures a regular supply, the oxygen is forced by the in[183]
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jector through a flexible tube, carried under the right arm to the inhaling-bag and thence to the mouthpiece.
The exhaled air passes the exhaling-bag and regenerator, a rectangular curved metal case and thence through
a flexible pipe, carried under the left arm to the injector-junction, where it mingles with the fresh oxygen for
re-inhalation. A blow-off valve is provided just after the reducing-varve is passed, as the apparatus furnishes
considerably more air than is required under ordinary operating conditions. The caustic-potash or caustic-soda
regenerators are furnished either completely filled and to be thrown away after use, or with a removable
cover so that fresh charges may be inserted. The nostrils are closed with plugs of cotton-wool, previously
soaked in a suitable grease, and are prevented from falling out by the leather nose-cap, which is fastened to
the head with light straps. The nose-cap also being attached to the mouthpiece prevents the latter from
dropping out of the mouth, and has no relation to the exclusion of air. The mouthpiece is divided by a thin
metal partition, the upper division carrying the air for inhalation, the exhaled air being sucked away through
the lower one. The smoke-helmet is provided with a rubber lining to ensure perfect fitting to the face, and is
provided with a suitable glass window, but is not furnished with any valves. The apparatus, when fully charged,
will allow of about two hours' work.
The trials were successfully completed by four types of apparatus, the exception being the Aerolith, the wearer
of which was compelled to withdraw from the trials, owing to lack of air, due to the apparatus not having been
properly adjusted.
The results of the trials are recorded in the annexed table.
The thanks of the members of the Institute are due to Mr. C. B. Palmer, for arranging the demonstrations; to
Drs. J. W. Mackay and W. L. Ruxton; to Messrs. Henry Armstrong, J. B. Atkinson, P. Phillips Bedson, R. B. Clark,
J. J. Simonds, and E. Seymour Wood, who, with the late Mr. M. Walton Brown, assisted by Mr. Percy Strzelecki,

acted as observers; to Messrs. W. E. Garforth, Alex. L. Gibbon, W. D. Lloyd, and A. T. Winborn, who generally
assisted in the demonstration; and to Mr. Harry Dean for kindly taking photographs of the various apparatus
(plates viii., ix. and x.).
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Results of Experiments with various Types oF Rescue-apparatus for Mines.
[Table]
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Vol. XXXV., Plate VII.
To illustrate Mr. Lawrence Austin’s Description of the “Demonstration of Rescue-apparatus, Felling.”
Experimental Gallery for Life-saving Apparatus at Felling.
Fig. 1 – Front elevation.
Fig. 2 – Ground plan
[000]
Vol. XXXV., Plate VIII.
To illustrate Mr. Lawrence Austin’s Description of the “Demonstration of Rescue-apparatus, Felling.”
Figs. 1 – 10.
[Photographs]
Vol. XXXV., Plate IX.
To illustrate Mr. Lawrence Austin’s Description of the “Demonstration of Rescue-apparatus, Felling.”
Figs. 11 – 18.
[Photographs]
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Vol. XXXV., Plate X.
To illustrate Mr. Lawrence Austin’s Description of the “Demonstration of Rescue-apparatus, Felling.”
Figs. 19 – 21.
[Photographs]
[185]

DISCUSSION----DEMONSTRATION OF RESCUE-APPARATUS, FELLING.

185

Mr T. B. A. Clarke (Hoyland Common) wrote that there was so much interest taken at the present moment in
mining rescue-apparatus as a means of dealing promptly and effectively with accident, that everyone who
might have to deal with such sudden catastrophes would appreciate the record of the results of the
experiments carried out at Felling. Trials were being carried out in the various coal-fields of Great Britain and
also in the Colonies; and, in criticizing the tests carried out at Felling, he (Mr. Clarke) was of opinion that they
were not exacting or severe enough to test fully the capacity of the apparatus or the endurance of the
wearers.
The principle of supplying liquid air from a reservoir did not seem as yet to be practical or reasonably reliable,
but the various types of rescue-apparatus which depended on a supply of compressed oxygen would appear to

effect the desired result. Of the types described and illustrated in the paper, four were practically the same in
principle, though differing, of course, in details.
He (Mr. Clarke) thought that it was not sufficient merely to have a number of rescue-appliances at a station.
The equipment should be complete, and should include all spare parts of the apparatus itself, an auxiliary
pump for rapidly refilling the working-cylinders, a reviving apparatus, and a special stretcher with oxygen
equipment for conveying an injured person to a point of safety.
H.M. Inspectors of Mines would no doubt be anxious and willing to co-operate with the colliery managers in
the various coalfields,with a view to the establishment of rescue-stations at suitable points. In addition to this,
every colliery should have an installation of its own on a smaller scale, to enable them to deal promptly with
any sudden emergency, though it would subscribe its quota to the central rescue-station and send its own
men to be trained in the gallery attached thereto. Having received this training, the men would then perform
regular drill at their own colliery in a manner similar and as an adjunct to the ambulance work now being
carried on. In order, therefore, to deal effectively with any catastrophe, the following desiderata were, in the
writer's opinion, essential: —
(1) Oxygen rescue-apparatus which had successfully passed the severest tests, and could be easily kept in a
condition to do so again at a moment's notice.
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(2) A corps of men of good physique and intelligence, ready to wear it with the least possible delay, and
thoroughly trained in its use and in the use of all supplementary appliances.
(3) Supplementary spare parts, a reviving apparatus, a special stretcher, and an auxiliary pump for rapidly
refilling the oxygen-cylinders.
Given a reliable installation, and a means of applying it at once in case of accident, the best results should be
obtained with a minimum of risk to the rescue-party. The condition of (1) the heart, (2) the lungs, and (3) the
urine of the wearers, when examined medically after a severe test, afforded an index to the merit of each
apparatus.
The general opinion was that a rescue-party should consist of five persons, so that to deal with a sudden
contingency each colliery should have five sets of apparatus ready to be at once put into use in case of need.
The local rescue-party would make a preliminary examination, and by the promptness of their services would
probably avert serious disaster. Meanwhile the central rescue-station would be telephoned to, and a party
with all necessary reserves of apparatus would proceed immediately to the scene of the accident; they would
then be able to receive the report of the pioneer party and replace it for another spell of about 2 hours' work.
The writer considers it essential that every rescue-station should be equipped with a telephone, and also with
a suitable motor-car to carry men and apparatus.
Mr. Henry Simonis (London) wrote that in the Felling experiments the Aerolith apparatus did not give
satisfactory results, because there was nobody on the ground who understood it or who had ever worn the
apparatus, and later investigations had shown that it was fitted on wrongly. He contended that the principle of
this apparatus was the correct one, as rescue-apparatus should be air-generating and not regenerating. A
liquid-air plant was now established at Newcastle-upon-Tyne,, and this would materially assist the Tyne
collieries if the Aerolith type of apparatus were adopted.
Mr. John Padbury (Stockton-upon-Tees), referring to the results with the Draeger apparatus, stated that there
was evidently some mistake as to the weights recorded, as the actual weight of the helmet-type of apparatus,
when charged, was only
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from 37 to 38 pounds and not 40¾ pounds as noted in the table. He thought that the tests could not be
considered conclusive, as it was impossible to test satisfactorily such apparatus in a natural atmosphere. More

recent tests in Lancashire had proved adequately that using an apparatus under natural conditions and using it
in an irrespirable atmosphere were two quite different things. Another point to be considered was the
difference between highly trained and less efficient men wearing the apparatus. The former might be able to
wear it for two hours, whereas the latter might not be able to wear it for half-an-hour. An apparatus which
could be worked by a man without previous training had a decided advantage, and long experience had shown
that the advantages or disadvantages of the various types of apparatus could not be demonstrated by
exhibitions in which the makers' own men competed. The only way to come to a correct conclusion was to try
the appliance on oneself, as only then could the faults of any particular apparatus be detected. Since he had
been brought into contact with mining men, he had abandoned the idea that it was better in mining rescuework to have persons who had been specially trained in the use of the apparatus, as he now felt that it was
only by having trained pitmen that any good could be done through wearing the apparatus.
Mr. J. B. Atkinson (H.M. Inspector of Mines, Newcastle-upon-Tyne) said that he was not aware that there was a
liquid-air plant in Newcastle-upon-Tyne, and perhaps it would be as well that the members should know where
it was situated.*
Dr. W. L. Ruxton (Newcastle-upon-Tyne) said that he had examined a number of the Felling competitors before
they had commenced their tasks, and his remarks would therefore be offered from a medical point of view on
the facts elicited. The paper contained a table in which were given the temperature, pulse and respirations of
the men before and after the trials, but the instances were too few in number to furnish a reliable guide as to
the effect of substitutes for atmospheric air, or to indicate clearly the advantages and disadvantages of one
apparatus over another. It would be noticed that the temperature was generally a little higher after the trials,
but the amount of physical
*The liquid-air plant referred to is that installed by the British Oxygen Company, Limited, Boyd street,
Newcastle-upon-Tyne.- Editor
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exertion involved was sufficient to account for the increase, and probably this was the explanation. The pulserate was also increased, and this might also be attributed to the same cause. In one instance, the pulse-rate
was 100 before and 77 after the experiments; this might be accounted for by the fact that the man was not
examined immediately after the tests, and he had probably therefore had sufficient time in which to recover.
There was no difficulty with regard to respiration, except in the two cases mentioned in the table, due to the
reasons stated.
Referring to the examination of the men, he personally examined six or eight of the candidates, three of
whom he had to reject. They all looked physically well, but one had a very high temperature, and had
evidently commenced to suffer from the effects of a disease of some sort; another had a heart murmur ;
whilst the third was too excited and nervous. As regards excitement and nervousness, the man who forgot to
turn on the cylinder was probably the most composed of the lot, and yet he lost his self-possession during the
trials. He (Dr. Buxton) felt justified in suggesting one or two essentials in the character of men using rescueapparatus. In the first place, it was desirable that the men should not be novices, for that accounted largely
for the nervous trepidation; anticipation made them excited, and that might be detrimental to their using the
means at their disposal. Secondly, physical fitness was absolutely necessary; they must have an absolutely
physically good man, and a cursory examination was not sufficient, but every organ should be carefully
examined, especially the heart and respiratory organs; and it should be seen that the man had an ample chest
capacity for breathing purposes. Thirdly, the man's temperament should be unexcitable and his resource in
difficulties good. Fourthly, youth, or at least a man under 40, was very advisable, and temperance was
essential. The men selected should be examined at intervals of six to twelve months, and if possible
immediately prior to their undertaking rescue-work in foul air, with the object of obviating the possibility of a
physically strong man, temporarily indisposed, being allowed to take part therein.
Mr. W. C. Blackett (Sacriston) said that he had no remarks to offer upon any particular apparatus, but what he
had to say
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was with reference to such apparatus generally; and it might strike some as being a peculiar question when he
asked: What was the purpose for which such rescue-appliances were being so prolifically designed ? It seemed
to him that there was far too great a tendency at the present time on the part of nearly everybody, with the
exception of the few who were the best able to judge, to come to the conclusion that if they could only get "
rescue-apparatus " they were going to save a number of lives. It seemed to him that the name given to such
appliances was rather delusive. Their sapient law-givers readily rose to the bait, and rescue-apparatus might so
attract their notice as to result in laws being passed under false impressions. There might sometimes arise
occasions when apparatus of this kind might be useful in mines, but in the whole course of his own experience
of mines after explosions he had not come across one single instance where such apparatus would have been
of the slightest use. This was rather a sweeping statement, but his experience might not have been so wide as
that of others. It struck him that it was not necessary, when an explosion or an underground fire occurred at a
colliery, for people to rush away and put helmets on. What was wanted was to enter the mine carefully, and
ascertain what the conditions were before doing anything else; and then, before using breathing-apparatus of
any kind, they wanted to know where they were going and very definitely for what purpose. Breathingapparatus was only available for two or three hours, and it was no use putting it on to walk about the pit
without knowing what one was going to do. If they knew that beyond a certain foul-air barrier there was a
man alive, who could be got out through some extraordinary circumstances, of which he must confess, he had
not hitherto had experience, they might put on one of these things for the purpose of getting him out. Even if
they did get through the bad air and found somebody alive, they would have to fit him up in a similar fashion
or remain with him. He had never yet heard of a single person who had been rescued by means of these
appliances, which he first saw in use after the Seaham colliery-explosion in 1880; but both at Courrières and,
more recently, at Hamstead the use of such apparatus had resulted in loss of life, and this was the point that
he wished to bring out. As to training men in the use of such apparatus, it would be advantageous, provided
that
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they could keep them trained and the apparatus in order for the long periods of time during which they were
not required; for it was during such periods that the men were likely to become heartily sick of the drill and
discipline, through not being of actual use. He could imagine, however, such appliances being ten times more
useful elsewhere than down the pit, and a disciplined corps of men who could go anywhere would be more
useful than a trained band of men for mines only. They might even train colliery men who would not be of
much use down a colliery with which they were not familiar. As regards the training generally, to men
advanced in years this would no doubt become irksome and be neglected.
Mr. J. B. Atkinson said that he agreed with a good deal of what Mr. Blackett had said upon this question, and in
particular with the statement that many people not acquainted with mining —amateur mining experts, so to
speak—thought that there would be a great saving of life by the use of such apparatus, and that if in the case
of a colliery-explosion they had a corps of men ready with rescue-apparatus they would bring most of the men
out of the mine alive. That, he believed, was an absolute delusion. He had not had direct experience of any
colliery-explosion regarding which he could say that the use of such apparatus would have saved any lives;
certainly, not the lives of any of those who were in the pit at the time when the accident occurred, although
there might perhaps have been some occasions when explorers had gone in too far and had been overcome
who might have been rescued. Notwithstanding that, he thought that such appliances might have a use; and
he would be sorry to see their development checked by the Institute throwing cold water upon the question.
There were cases of fires in mines where appliances of the kind might be useful. When he was in Scotland a
fire had occurred at a colliery there* where 63 lives were lost, and a long time was spent in trying to get a door
closed owing to the smoke pouring out on to the intake airway from the return airway. In that case rescueapparatus might have been useful, as it would have enabled the wearer to go in and close the door,
* Report of H.M. Inspector of Mines for the East Scotland District (No. 1) to Her Majesty's Secretary of State,
under the Coal Mines Regulation Act, 1887, the Metalliferous Mines Regulation Acts, 1872 and 1875, and the
Slate Mines (Gunpowder) Act, 1882 ; for the Year 1889, by Mr. J. B. Atkinson, London, 1890, page 34.
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which would have prevented the smoke from passing into the intake and right round the workings, and
possibly there might have been some lives saved. In other cases in Scotland, gases from spontaneous
fires had caused loss of life, but he did not know that the use of the apparatus even there would have
been the means of saving anyone, though it would have enabled the rescue-party to get to the place sooner
than thev were able to do. With reference to the case at Hamstead colliery, where the person using the
apparatus succumbed, this was probably in consequence of heat apoplexy. He had gone into air heated
beyond the normal temperature, and probably had not sufficiently recognized that fact. A man wearing one
of these appliances might be all right in smoke, so far as the smoke was concerned, but the effect which the
heat would have upon him must be borne in mind, especially when, in using the apparatus, he was already
under somewhat abnormal conditions.
Mr. E. Seymour Wood (Murton) said that he was present at these so-called tests, but from his observations he
would say that they were simply experiments and unreliable, and were not tests which could be recorded as
results of what could be done with the different appliances under actual conditions. He noticed that several
of the men during the tests were not even using the apparatus at all, but were resting. The conditions there
were quite different from those to be found in a mine containing foul air. If reliable results were to be
obtained, tests should be made in a gallery filled with smoke, or in a noxious atmosphere. Mr. Frank Coulson
(Durham) agreed that the apparatus under certain conditions might be very useful. He also agreed with the
remarks of Mr. Blackett and Mr. Atkinson; it was useless to rush inbye to get men out, but he thought that
they would be more quickly got out if the men wearing the apparatus were to go in front of the fresh air and
erect stoppings and clear falls, etc. On this subject it occurred to him that the proper course would be to take
fresh air in; and to have a station with appliances for fans or air-compressors driven by motors, which
could be taken at once to a colliery where there had been an explosion, when, with a proper construction of
air-pipes, the air could be injected inbye very rapidly; the apparatus could be put down the shaft and slung
with chains and be put on the ways
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as soon as these could be got ready, and in that way they would probably be able to get men out.
Mr. J. J. Simonds (Newcastle-upon-Tyne) said that in connection with the fire-department of the Elswick works
of Sir W. G. Armstrong, Whitworth & Company, Limited, they had one of the types of helmet described in the
paper. They had never been asked for its use in mines, but it had saved life elsewhere, and had on several
occasions proved useful. In one case, in an old tunnel-shaft from a furnace, it was thought that the end had
been blocked up, and a man who went in to repair some brickwork collapsed. They were able to get to him
with the helmet and to pull him out, and he was resuscitated by means of artificial respiration. Another case
where the apparatus was useful was in connection with a refrigerating-apparatus working with ammonia gas.
Yet another case was at the Redheugh Gasworks : a valve had become corroded, and it was only by means of a
breathing-apparatus that they could get down to close it. Rescue-apparatus would, no doubt, have proved
valuable at the-fire which occurred at Messrs. Mawson & Swan's premises in Newcastle-upon-Tyne a few years
ago, when three firemen died from the effects of descending into a cellar filled with noxious-fumes ; for with
rescue-apparatus they could have gone down quite safely.
With reference to Dr. Ruxton's remarks regarding novices, etc., he (Mr. Simonds) thought that a fire-brigade
would have just the type of man whom Dr. Ruxton described. With a trained fire-brigade, it was quite an easy
thing to do so many hours' practice in each week, and with regard to the keenness wearing off through the
men seeing no chance of saving lives, and the possibility in consequence of their dropping into the
background, this could not happen with a permanent brigade. At present there seemed to be very little
discipline or order in regard to rescue-work. A party of men would go down the mine, and one would get on in
front and perhaps find his supply of air give out. He (Mr. Simonds) would recommend that there should be
seven men wearing helmets in each party, six to do the necessary work and one to look after the others; and if

it were at all possible it was most necessary that he should be connected by a portable telephone with the pitmouth ; but he did not know
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whether it would be feasible for a man to trail a small wire with him so as to be in such telephonic
communication. In the training of rescue-parties it should be a distinct factor that one man should be
responsible for the others, and of course they would have to obey him implicitly. Another point which
occurred to him was that it would be impossible, supposing that they had fifty or sixty men in a fire-brigade, to
give them more than a very cursory idea of what a mine was like; and even miners could not know every mine.
It seemed to him that they would have to find someone belonging to the pit in question, who would go down
with the rescue-party to show them the way about and to take charge. The firemen would be in charge of the
apparatus and would see that it was in the best of condition, but some such person who knew the place would
have to be provided at the pit to instruct them as to the work to be done.
Mr. J. B. Atkinson remarked that ordinary firemen would not be of much use in a mine.
Mr. W. C. Blackett said that there was a great deal in what Mr. Simonds had said; the general idea was that
miners could go right away into pits with breathing-apparatus on, but this was not so. In every one of the
instances which had been quoted where rescue-apparatus had proved of value, the men knew exactly what
they were going to do before they went in. In one case a man had to shut a door, in another to close a valve,
but a trained pitman was not required for such work. It was more than possible that the nucleus for a general
breathing-apparatus station already existed in Mr. Simonds' own hands. There certainly were legitimate uses
for such apparatus, but they were more analogous to the uses that were now made by expert divers in water.
As to Mr. Coulson's remarks, they, of course, must take air in, but it had never been of great use to send men
beyond where they could go with a bird or small animal, and air-pumps would be of little or no use. It was the
men who went rushing in beyond the stoppings who were overcome; there was no need for it, and they would
not usefully get much further even if they had the apparatus on.
Mr. J. B. Atkinson said that, with the exception of the experiments at Seaham, the only occasion that he
remembered of the
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use of rescue-apparatus in mines in the North of England was when the Fleuss apparatus was employed at
Killingworth in the year 1882*; the downcast shaft had collapsed, and the men had to he brought out by the
upcast.
Mr. W. C. Blackett : They knew what they had to do.
Mr. T. E. Forster (Newcastle-upon-Tyne): And it was the men who wore the apparatus who were rescued.
Mr. J. B. Atkinson, continuing, said that he did not agree that an ordinary fireman could be sent alone into the
mine wearing an apparatus, but he might be taken, as Mr. Blackett indicated, to a definite place for some
definite work; he could not be allowed to go any distance, as there were so many dangers—falls of stone, and
so on—about which he would know nothing. The idea of a central rescue-station was a good one. In such a
station, there could always be half-a-dozen or a dozen miners trained in conjunction with the civilian branch,
and they might be very useful. Newcastle-upon-Tyne seemed an ideal place to cover all the collieries in the
North of England.
Mr. T. E. Forster thought that there was a good deal in what Mr. Blackett said; even if they had trained firemen
and pitmen, it would not be much good, unless they had some of the officials of the mine capable of using the
apparatus. If half-a-dozen pitmen were turned loose down the pit, they would not be of much use for
exploration; it would, of course, be different if they had a definite purpose in view, such as the opening of a
door or knocking a stopping out.

Mr. E. Seymour Wood said that Mr. Simonds' remarks ought to be useful, for he had brought out very fully that
a properly disciplined brigade, such as a fire-brigade with a definite object, could be made to do useful work
with helmets of different kinds. Absolute discipline was important, and, if that could be obtained, cases would
be found where such a brigade might be of service.
* "Report on the Inspection of Mines in the Newcastle-on-Tyne District, comprising the North part of the
County of Durham, the Counties of Northumberland and Cumberland, and the detached part of North
Lancashire, for the Year ending 31st December, 1882," by Mr. James Willis, Reports of the Inspectors of Mines,
to Her Majesty's Secretary of State, for the Year 1882, London, 1883, page 318.
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Mr J. J. Simonds said that was the point which he wanted get at. They would require a body of thoroughly
disciplined men who would not lose their heads, led by an official of the colliery, with a definite object, and
with apparatus which from experience each fireman knew was in perfect condition. The danger of the amateur
element was that the apparatus might lie unused for several years and get out of order.
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) reminded the members of Mr. G. A. Meyer’s
paper on the Courrières disaster ; * in that case a party of men who, as Gerrnans, had the advantage of having
been disciplined by military drill, and who carried telephones in with them, had entered the mine, but the only
thing that was effected by the use of rescue-appliances was to lose the life of one of the rescue-party.
Mr. H. W. Gr. Halbaum (Horden) wrote that he had anticipated, some five or six years ago, the very dangers,
etc., to which Messrs. W. C. Blackett and J. B. Atkinson had called attention.† He had then noted the
imperfection of such apparatus; and had pointed out the danger, since unhappily demonstrated in practice, of
the wearer suffocating himself instead of rescuing others ; he had anticipated Mr. J. J. Simonds' idea that
disciplined firemen might penetrate a mine, and also Mr. Atkinson's objection that they would do so at their
peril. Firemen were, no doubt, among the bravest of men, but, like other men, they were bravest in facing
familiar dangers, and the dangers of a mine could only be safely tackled by experienced pitmen. He had
likewise anticipated Mr. Blackett's observations anent the danger of turning helmeted men adrift in an
exploded mine, without settled and definite plans of action, and the same gentleman's deprecation of the idea
of seeking the living among the dead, and of the fallacy of going before the air to put in stoppings, etc. In his
concluding remarks he had viewed the case from the standpoint of the practical pitman, and had shown how
rescue-operations might be conducted both sanely and safely, and without introducing new perils of the kind
referred to. He was glad to have his opinions supported by Mr. Blackett.
* " Rescue-apparatus and the Experiences gained therewith at the Courrières Collieries by the German Rescueparty," by Mr. G. A. Meyer, Trans. Inst. M. E., 1906, vol. xxxi., page 575.
† Trans. Inst. M. E., 1902, vol. xxiv., page 175.
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Prof. Thomas Oliver, M.D. (Newcastle-upon-Tyne), wrote that it was a disappointment that he had found
himself unable to be present at the demonstration with rescue-apparatus at Felling, especially as he had had
the opportunity, through the kindness of Mr. W. E. Garforth, of witnessing the experiments carried on at
Altofts colliery, near Normanton. So far as concerned the various forms of apparatus, he was only acquainted
with the Weg, the Draeger, the Aerolith, and with the Vanginot apparatus, which latter he had seen worn by
the fire-brigade men (sapeurs et pompiers) in Paris. As there had been recently held another demonstration in
Lancashire to settle the question, he would not express an opinion as to the superiority of one form of rescueapparatus over another.
The main point to be considered was whether it was possible for men wearing safety-apparatus to reach and
rescue miners in a pit after an explosion. To accomplish this, several dangers and difficulties had to be
overcome. There were not only the dangers and immediate risks to life consequent upon the presence of
poisonous gases, but those attendant upon extremely high temperatures and which might be a cause of "heat-

stroke." That " heat-stroke " itself might become a cause of death had been placed beyond all doubt. That
rescue-apparatus could be worn with safety by men when surrounded by poisonous gases had been fully
demonstrated by the experiments which he had seen at Altofts colliery. The men who wore the Weg apparatus
were in the poisonous atmosphere of the gallery for fully two hours; during that time they underwent
considerable hardship, and experienced such muscular fatigue as would be felt by rescuers in a mine after an
explosion. When they came out, the men seemed none the worse for the physical strain which they had
undergone. The possibility of accomplishing something of what would have to be undertaken in a mine after a
colliery explosion had therefore been realized. If rescue-work by safety-apparatus was to be attempted, it was
clear that the men must be trained, since a certain degree of nervousness in the early stages had to be
overcome, a degree of self-confidence cultivated, and, above all, faith established in the reliability of the
apparatus itself; and this experience and knowledge alone could supply. It seemed to him that the time had
come when colliery proprietors and mine managers must face the problems of life-saving apparatus and
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ascertain of what assistance science could be to them in the matter. The demonstrations at Felling and
elsewhere had shown what could be done, also what were the possibilities of failure; but it was through a
careful study and appreciation of failures that success was ultimately attained. While the use of safetyapparatus might not always allow of a rescue-party reaching miners in a pit and in saving them, it might
enable the rescuers to reach particular parts in a pit after an explosion, whereby they might succeed in
diverting air-currents or in mending machinery which had gone wrong. It was when entombed miners
had been reached by a rescue-party and the men were found to be unconscious that fresh difficulties arose.
The men thus found would have to be removed to another part of the pit freer from gas, wearing masks
similar to those of the rescuers, and be hurried out of the mine altogether ; or some other apparatus would
have to be employed to remove the poisonous gases from the blood. Under any circumstances it was
advisable that the men who undertook the rescue-work should know the particular mine in question.
The President (Mr. John H. Merivale) said that the thanks of the members were due to Mr. Claude B. Palmer
for the trouble and expense which he had incurred in arranging the experiments, to Mr. Lawrence Austin for
his valuable record, and to Dr. Ruxton and other gentlemen for the assistance that they had given.
Personally, he was pleased to find that after the age of 40 one was not expected to wear the apparatus. He
had once tried one on, and certainly felt the nervous excitable feeling alluded to; but he was not sure that
the man who was nervous at first was not better than the man who started with more assurance. He
sympathized with the suggestion that they did not want any more legislation in connection with mines in the
North of England. Although at first sight there might not appear to be a great deal to be got out of rescueappliances, it was their duty to foster anything that advanced knowledge. They were not merely an Institute
of mining engineers: they had a much broader foundation than that; and though at present it did not seem
likely that such apparatus could be of much use in mining, they had heard that in other branches of industry
the apparatus had been of service in the past, and probably would be so in the future. He thought,
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therefore, that it would be wise for them to support the proposal for having some central station with men
trained in the use of the various types of so-called rescue-apparatus. Perhaps Mr. Simonds, with his practical
knowledge of the matter, would he prepared to write a paper dealing with the organization of such a central
station. In conclusion, he moved that the thanks of the members be accorded to Mr. C. B. Palmer for arranging
the experiments, and to Mr. Lawrence Austin for his record of them.
The votes of thanks were carried unanimously.

Mr. Thomas Harker’s paper on " Flinty Chert, Hornstone, etc.," was read as follows : —
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FLINTY CHERT, HORNSTONE, ETC.
By THOMAS HARKER.
Character.—Flint may sometimes be observed passing into a substance of a more opaque and earthy nature,
but equally hard. This substance, which has received the name of chert, or hornstone, may be regarded as an
earthy variety of flint. Chert is always of a hardness sufficient to scratch steel or glass, and, when not porous,
has a specific gravity ranging from 2.55 to 2.65. It is insoluble in all acids, with the exception of hydrofluoric
acid, and is infusible before the blow-pipe.
Geological Distribution, etc.—All the chert which is being worked in England and Wales occurs in the
Carboniferous Limestone Series or in the Millstone Grit. It also frequently occurs in large masses in and below
the Chalk. In the Yoredale strata it is found, as a general rule, between the limestone and the plate (shale) and
sandstone-beds, next above it. In the southern counties of England, the same mass of chert presents the
appearance of perfect chalcedony in one part and of flint in the other, showing the near connexion of these
minerals, which are in reality only different varieties of the same substance. In Derbyshire, where the chert
occurs in the Mountain Limestone, the flint differs greatly from the flinty chert of the northern and southern
counties. It appears to have undergone some chemical change during its formation, and is fusible.
Chert-mining is, at the present time, carried on at Bakewell in Derbyshire, in the Halkyn mountains in
Flintshire, and in Swaledale in Yorkshire. There are five distinct beds of chert in the North Riding of Yorkshire,
all somewhat different in nature, as follows: —(1) Flinty chert, 16 feet thick, lying 87 feet below the Millstone
Grit; (2) Crow chert, 6 feet thick, lying 6 feet below the Flinty chert, the intervening strata being plate; (3)
Second Crow Chert, 15 feet thick, lying 6 feet below the Crow chert, the intervening strata again being plate;
(4) Main
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chert, 18 feet thick, lying 196 feet below the Second Crow chert and only 18 inches above the Main or Twelvefathom limestone, the strata immediately above it being plate, 4 feet thick; and (5) Undersett chert, 24 feet
thick, generally of a hard nature and very much darker in colour than the other beds, lying 60 feet below the
Main or Twelve-fathom limestone and 6 feet above the Undersett limestone, the strata immediately above
and below being plate, 22 feet and 6 feet thick respectively.
On the western side of the valley of Arkingartkdale most of the cherts have proved very productive in lead-ore,
whilst on the eastern side of the dale they have proved practically unproductive. It is remarkable that the
Undersett chert, which is being worked in the neighbourhood of Reeth, on the eastern side of Swaledale,
produces some of the finest flinty chert, of the same nature as that worked on the western side of the dale,
but the latter bed lies no less than 100 feet higher up in the series. The writer is not aware of any other locality
where the Undersett chert is of such a flinty nature as at Reeth, chemical change no doubt being the cause.
Analyses.—The following analyses of chert sold to the Potteries are taken from Mr. Hubert L. Terry's paper on
" Chert-mining in England and Wales " : —*
[Table]
Use of Chert.—For the inception of its mining, we must go back to about the year 1777, when Wedgewood
initiated the use of flint in the manufacture of pottery, and Brindley invented the wet-grinding pan, this being
its only application of importance. Large quantities of chert are now yearly sent to Staffordshire for the
Potteries district, thousands of tons being sent from Reeth alone.
* Transactions of the Institution of Mining and Metallurgy, 1906, vol. xv., page 555.
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Mr Bennett H. Brough (London) thought that for purposes of comparison it might be useful to add to the
interesting series of analyses of chert sold to the Potteries the best known Continental analysis, that by
Ricciardi of a sample from Sicily, which was found to contain 96.31 per cent, of silica, 0.30 per cent, of alumina,
0.25 per cent, of ferrous oxide, 0.47 per cent, of lime, and 2.81 per cent. of water. The inception of the
mining of flint was much earlier than the initiation of the use of flint in the manufacture of pottery in 1777.
In the Stone Age flint was mined for tools and weapons in East Anglia, and mining still continued at Brandon, in
Suffolk, for the purpose of supplying gun-flints for savage tribes. The method of mining the flint and of
preparing the gun-flints was described in 1879, by Mr. Sydney B. J. Skertchly.*
Mr. J. B. Atkinson (H.M. Inspector of Mines, Newcastle-upon-Tyne) said that Mr. Harker's paper was an
interesting geological contribution, and he would like to know the scientific definition of chert. Chert occurred
in the Carboniferous Limestone of Swaledale; what were the corresponding beds in Northumberland and
Durham ? It struck him that the gannister beds might correspond to the chert-beds, and that the stratum
called “ tuft” in the lead-mining districts was of the same nature, though apparently not so solidified or bound
together as the chert. According to the analyses given in the paper, the two samples of chert from Derbyshire
contained a considerable proportion of carbonate of lime; whilst that from Swaledale contained only 1.86 per
cent., and that from Flintshire 0.43 per cent. Should lime be considered as one of its constituents ?
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that he had seen the Swaledale chert-beds
worked in the neighbourhood of Richmond, where they occurred in the the upper beds of the Mountain
Limestone. He did not think that carbonate of lime was an essential constituent. Chert was probably a
hydrated silica, but he did not know that any precise definition had ever been laid down.† The oxide of iron
was a
*Memoirs of the Geological Survey of England and Wales: On the Manufacture of Gun Flints, the Method of
Excavating for Flint, the Age of Paleolithic Man, and the Connexion between Neolithic Art and the Gun-flint
Trade, by Mr. Sydney B. J. Skertchly, 1879.
† The definition given by Mr. J. D. Dana (A System of Mineralogy, fifth edition, 1872, page 195) is the
conveniently vague one of "any impure flinty rock.” – H.L.
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serious disadvantage in chert used for pottery purposes; chert should be as free as possible from this, as it had
a very deleterious effect on its colour properties. He did not quite agree with the author's view that chert
occurred in large masses in and below the Chalk. He believed that what they got in the Chalk were flints, which
were distinctly different in their mode of occurrence, and were, moreover, mostly, if not always, of organic
origin; but he confessed that his knowledge of the subject was limited. He did not associate chert with
gannister.
Mr. J. B. Atkinson said that a bed of gannister was being worked, near Fourstones, which was closely
associated with the Great Limestone, very much as the chert-beds were in Swaledale.
Prof. H. Louis said that he thought that their mode of occurrence was essentially different.
Mr. W. M. Egglestone (Stanhope) wrote that there were no chert-beds in the Mountain Limestone strata
forming the lead-measures of Weardale. Whilst the main chert-bed of Swaledale, in Yorkshire, overlay the
Main Limestone, the beds overlying the Main or Great Limestone of Weardale were, in ascending order, shale
or plate, low-coal sill, sandstone, coal, shale, high-coal sill, coal, shale, Little Limestone, etc. Nattriss-gill hazle, a
close-grained sandstone, underneath the Four-fathom Limestone, and some 44 feet below the Great
Limestone, was, with other sandstones, the gannister of Weardale. At Wolsingham, down the Wear valley,
good gannister was quarried not far below the Millstone Grit.
Chert, according to Mr. Bradley,* was a siliceous and to some extent calcareous deposit, and, in an analysis
given by him, carbonate of lime figured at 37.49 per cent. One writer pointed out that chert was less splintery

than flint, and was fusible, suggesting that the latter quality might be due to its containing a little lime. Chert
appeared to have resulted from the solution and re-deposition of the silica of certain fossils, such as diatoms,
sponges, etc. Radiolarian chert was associated with shales and limestones in Mullion Island, off the western
coast of the Lizard in Cornwall.†
* An Inquiry into the Deposition of Lead-ore in the Mineral Veins of Swaledale, Yorkshire, by Mr. Lonsdale
Bradley, 1862, page 4.
† The Physical Geology and Geography of Great Britain, by the late Sir Andrew C. Ramsay, sixth edition, edited
by Mr. Horace B. Woodward, 1894, page 67.
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Referring to the Bakewell mineral, in Derbyshire, " it is more truly intermediate between limestone and chert,
being a limestone that has been partly replaced by chert."*
Prof. Cole referred to chert as retaining some of the features of the original limestone, and instanced the chert
of the Assynt Limestone at Stronechrubie, Sutherland, as preserving in the most exquisite manner the oolitic
structure that doubtless once prevailed throughout considerable masses.†
The flints used by Palaeolithic and Neolithic man for their implements of war, etc., were evidently from the
Chalks, and it might be asked whether the flints which Mr. Astbury, a Staffordshire potter, who was credited as
being the first to introduce flints to the Potteries in 1720,‡ were not also Chalk-flints. These flints appeared to
have been formed by the aggregation of siliceous matter around various organisms which served as nuclei,
whilst the mode of occurrence of the Carboniferous Limestone cherts, referred to in Mr. Harker's paper,
appeared to have been, as Prof. Henry Louis had said, distinctly different.
On the motion of the President, a cordial vote of thanks was passed to the writer of the paper.

The following paper by Mr. William Morley Egglestone on The Occurrence and Commercial Uses of Fluorspar "
was taken as read: —
* Memoirs of the Geological Survey of England and Wales: The Geology of the Carboniferous Limestone,
Yoredale Rocks and Millstone Grit of North Derbyshire, by Messrs. A. H. Green, C. Le Neve Foster, and J. R.
Dakyns, second edition, with additions by Messrs. A. H. Green and Aubrey Strahan, 1887, page 166.
†Aids in Practical Geology, by Prof. Grenville A. J. Cole, 1891, page 187.
‡" Handbook to the Collection of British Pottery and Porcelain in the Museum of Practical Geology, 1893, page
29: and Chemistry of Porcelain, Glass and Pottery, by Dr. Shaw, 1837, page 248.
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THE OCCURRENCE AND COMMERCIAL USES OF FLUORSPAR.
By WILLIAM MORLEY EGGLESTONE.
I.—Occurrence, Etc.
Introduction.—Fluorspar in England is practically confined to the counties of Derbyshire and Durham, and
statistics for recent years show a wonderful boom in this mineral as a commercial product. The "Blue John" of
Derbyshire was discovered at an early date, whilst in Weardale, County Durham, fluorspar, as a bye-product,
was not considered of any commercial value until recent years; although as a waste-product it has been known
in the dale for at least seven-and-a-half centuries.
Government returns show that the output of fluorspar in England during the year 1873 was nil, and that during
the ensuing twenty-seven years 1,000 tons per annum was only twice exceeded. The figures for the succeeding
years are as follows, those relating to the United States of America being also given: —

[Table]
Fluorspar is usually found in metalliferous veins producing galena. The object of this paper is to give some
account of its occurrence in Weardale and elsewhere, its characteristics, and its use as a flux in metallurgy.
Description.—Fluorspar, fluorine, fluss-spath, fluorite, or fluor, received its name from the latin fluo—to flow,
on account of its use as a flux in metallurgical work in assisting refractory minerals to flow. It is a compound of
calcium and fluorine (calcium fluoride CaF2), consisting of calcium 51.28 and fluorine
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48.72 per cent* It has a perfect octahedral cleavage, its lustre is vitreous and it crystallises in the cubic or
tesseral system. It has a specific gravity of 3.1; its hardness (Mohs' scale) being 4. It occurs in massive or
amorphous and crystalline forms, twins, druses and single crystals, and is frequently invested by other
minerals such as quartz, siderite, blende, etc. With the blowpipe the flame-coloration is fairly good; it
decrepitates to a great extent, but finally fuses at 2.5 to 3, with ebullition. In a closed tube fluorine-reactions
are well given.† Diathermanous bodies are those which transmit radiant heat readily, and in respect to the
diathermancy of fluorspar Prof. H. Adams quotes the following percentage scale by Mr. J. Spencer:—Dry air,
100: rock-salt, 92; fluorspar, 72; Iceland spar, 39 ; plate-glass, 39; distilled water, 10 ; alum, 9 ; and ice, 6.‡
Historical.—The history of ornamental fluorspar dates from pre-historic times to the present day. It is stated by
Mr. S. F. Emmons,§ who quotes from Mr. G. F. Kunz,|| " that the mineral was known to the Indians, is proved
by the discovery, in some of the pre-historic mounds of the region, of fluorspar, shaped into ornaments." Then
Mr. W. Royse, in his account of the " Blue John" spar-mines at Castleton, Derbyshire, speaks of the hill, in
which the mines and caverns of this mineral are found, as being called Tray or Tre cliff, and states that in this
district the Romans worked the Odin lead-mine, which was afterwards worked by the Saxons, who gave it the
name of Woden, from the Saxon god of that name; and also that it was the Romans who first discovered the "
Blue John." We are further told that, in excavating at the ruins of Pompeii, two large " Blue John” vases of
excellent workmanship were found, so that, for ornamental purposes, this spar came into use not only 2,000
years ago, but in pre-historic times. The price in 1891 was quoted at between £12 to £800 per ton, according
to quality. Fig. 1 is an illustration of vases made from Derbyshire " Blue John."
*Textbook of Descriptive Mineralogy, by Mr. Hilary Bauerman, 1884, page 376.
† Aids in Practical Geology, by Prof. Grenville A. J. Cole, 1891, page 67.
‡ Cassell's Engineers' Handbook, by Prof. Henry Adams, page 255.
§ "Fluorspar-deposits of Southern Illinois," by Mr. S. F. Emmons, Transactions of the American Institute of
Mining Engineers, 1892, vol. xxi., page 31.
II. "American Gems and Precious Stones," by Mr. G. F. Kunz, United States Geological Survey : Mineral
Resources of the United States, 1882, page 497.
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Mr. J. H. Cardin also states that "Tradition says that it was in this chamber [the crystal chamber] that the
inhabitants took refuge when in fear of the Young Pretender and his adherents, in the year 1745, and either to
pass away the time or to frighten any intruders, they carved out from the solid spar a figure in the shape of a
lion."*
Colour, etc.—The term " fluorescence " was first applied to a physical property observed in this mineral,
namely, that when exposed to light fluorspar becomes fluorescent—a peculiar colour appearance akin to
phosphorescence. Fluorspar, when cracked along the cleavage-planes or when possessing edge-fractures, has,
Fig. 1.—Vases Made from Derbyshire "Blue John."
[Photograph]

under certain light, a silvery-white appearance, but one may get all the colours of the spectrum or rainbow—
red, orange, yellow, green, blue, indigo, and violet. This colour-picture is one of the prettiest exhibited by this
mineral. If the fractures are crossed, a mosaic jumble of rainbow colours is the result. A fracture through the
point or solid angle of a coloured cube renders the point from the crack white, the other part retaining its
original green or purple tint.
* Visitors' New Guide to Matlock, by Mr. J. H. Cardin, 1873, page 51.
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This mineral possesses quite a suite of colours. One may have a colourless crystal of fluorspar, then one with a
faint purple shade or with all the shades or tints from pinkish to deep violet or blue. Pink or rose-coloured
fluorspar is rare, but all shades of purple to deep violet are common in the mineral. Amethystine colouring is
seen in specimens from the Sedling lead-mine, Weardale. A hand-specimen of transparent or semi-transparent
crystals of this amethystine tint looks rich and beautiful. At White's Level lead-mine, Weardale, nearly all the
fluorspar got, in former days, was of a beautiful transparent green and emerald-green. Specimens of pale,
muddy, pea-green crystals, in druses or groups, frequently show in the centres of the cubes a curded white
appearance, which might be called clouded, or having a cauliflower-like appearance. These crystals are
opaque. Pink crystals have been found at Boltsburn mine, Weardale. A beautiful pink variety is found in
Switzerland.
The writer has frequently seen green crystals from the Weardale mines, with bevelled edges, that is, showing a
face running along all the edges of the cube. White's Level lead-mine, Weardale, sometimes yielded these
bevel-edged green cubes, some of which contained liquid-cavities and vapour-bubbles. Mr. H. Bauerman
states that " the lead-mines near Liskeard [Cornwall] produce pale-green cubes of considerable size, having the
solid angles modified by planes of hexakisocta-hedra,"* Flesh-red hexakisoctahedrons occur at Münsterthal
[Muensterthal] in Baden.† Mr. F. W. Rudler, under Cornwall and Devon, mentions the four-faced cube, known
technically as the tetrakis-hexahedron, which has the edges bevelled, as being known as the fluoroid.‡ Mr.
Rudler also states that the faces of a cube of fluorspar, instead of being quite plain, may show markings which
represent a very low square pyramid, these facets being known as vicinal faces.§ The writer has in his
possession an amber-coloured cube, found near the Red vein at Stanhope, with square lines or markings
running to a central point on one face of the cube.
*Textbook of Descriptive Mineralogy, by Mr. Hilary Bauerman, 1884, page 377.
† A System of Mineralogy, by Prof. James Dwight Dana, fifth edition, 1872, page 125.
‡ A Handbook to a Collection of the Minerals of the British Islands, mostly selected from the Ludlam Collection,
in the Museum of Practical Geology, by Mr. F. W. Rudler, 1905, page 86.
§ Ibid.
[208]

OCCURRENCE AND COMMERCIAL USES OF FLUORSPAR.

Mr. H. Bauerman refers to a coloured variety, the crystals of which are dark green in the centre and bright blue
along the edges, as being characteristic of Weardale.* Wine-yellow or amber-coloured fluorspar sometimes
occurs in Weardale, Killhope Head mine having produced amber, bright-blue, and dull pea-green coloured
fluorspar. Boltsburn mine, Weardale, a rich present-day lead-mine, belonging to the Weardale Leadmining Company, Limited, presents, in the " flats " or horizontal deposits of galena, perhaps the most
magnificent display of galena and of purple crystalline fluorspar ever seen in the North of England leadmining field. Cubes of purple spar up to 10 inches on the side are scattered about in various directions in the
caverns or lough-holes and workings associated with these galena flats.†
The writer possesses cubes with 3-inch sides of a deep and rich violet-blue or plum-blue colour, which
are practically opaque. In some of the specimens the colour is ribbon-banded, as in chalcedony. In others,
it would appear as though there were an inner cube of purple encased in a colourless deposit one-sixteenth of

an inch deep, yet there is but one solid cube, the appearance being due to colour in the first deposit and a
later enveloping deposit of colourless fluorspar.
Cause of Colour.—Mr. H. Bauerman states that " the colour of fluor is probably due to some hydrocarbon
compound, as most of the dark-coloured varieties are bleached, or turn to a pale yellow, when heated up to
the phosphorescing point. Bubbles of a hydrocarbon gas have been found enclosed in hollows in the
crystals."‡ Mr. Gr. Wyrouboff agrees with these conclusions.§ Experimenting later on some of the American
deposits of fluorite, Mr. Wyrouboff considered that the colour-variation, was due to hydrocarbons present in
the mineral rather than to metallic oxides, and found that specimens with the strongest odour, when broken,
had the deepest colour. In the course of
* Textbook of Descriptive Mineralogy, by Mr. Hilary Bauerman, 1884, page 377.
† " The Boltsburn Flats : Their Interest to the Student of Nature," by Mr. Stephen Watson, Transactions of the
Weardale Naturalists' Field Club, 1904, vol. i., page 146.
‡ Textbook of Descriptive Mineralogy, by Mr. Hilary Bauerman, 1884, page 378.
§ "Sur les Substances eolorantes des Fluorines," by Mr. G. Wyrouboff, Bulletin mensuel de la Société Chimique
de Paris, second series, 1866, vol. v., page 334.
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his experiment, he tested fluorite of different colours, including violet, dichroic, yellow, green, blue and white
varieties, and found that all specimens that possessed odour contained hydrocarbons, whilst colourless
fluorite from Cumberland had no odour and contained no hydrocarbons. Considering these experiments, and
the fact that the decolourisation of the mineral was attained by moderate heating, Mr. W. S. Tangier Smith
agrees with Mr. Wyrouboff's conclusions.*
Referring to Mr. Wyrouboff on the colour of fluorspar, Mr. F. W. Rudler observes—
"More recently the studies of K. v. Kraatz-Koschlau and Lothar Wöhler [Woehler] have supported Wyrouboff's
views.† They found in a violet fluorspar from Weardale 0.01 per cent. of carbon and 0.008 of hydrogen, in blue
and green fluor from Cumberland 0.009 of carbon and 0.002 of hydrogen, and in yellow fluor from Durham
[Weardale] 0.007 of carbon and 0.0025 of hydrogen ; whilst the colourless fluor was free from either of these
elements." ‡
Hydrocarbons are compounds of carbon and hydrogen, being gaseous when hydrogen predominates, liquid
with less hydrogen, and solid when carbon predominates. Hydrocarbon compounds appear to be plentiful in
the Derbyshire lead-mines, at Windy Knoll quarry, near Castleton, and at other places in the neighbourhood.
Perhaps Weardale and Allendale stand at the head in the North of England for beautiful fluorspar, the brilliant
colour and symmetry of form of its fluorspar being the trade-mark and pride of Weardale. This was noticed by
the late Mr. Thomas Sopwith, who stated that—
'' The beautiful spars which adorn the mantel-pieces of many houses in the northern towns are often
designated by the general name of Alston Moor spars. But only a very small proportion of them are the
product of veins in this manor, by far the most beautiful and abundant of these specimens being found in the
mines of Weardale and Allendale. Fluorspar of different colours, quartz, and the ore of zinc, blende and
calamine, or ' Black Jack,' as it is locally termed, are the prevailing spars of Alston Moor." §
* "The Lead, Zinc, and Fluorspar-deposits of Western Kentucky," by Messrs. E. O. Ulrich and W. S. Tangier
Smith, United States Geological Survey : Professional Papers, No. 36, 1905, page 125.
† "Die natürlichen [natuerlichen] Färbungen [Faerbungen] der Mineralien," by Messrs. K. v. Kraatz-Koschlau
and Lothar Wöhler [Woehler], Min. Mitt., 1899, vol. xviii., pages 304 and 447.

‡ A Handbook to a Collection of the Minerals of the British Islands, mostly selected from the Ludlam Collection,
in the Museum of Practical Geology, by Mr. F. W. Rudler, 1905, page 174.
§ An Account of the Mining Districts of Alston Moor, Weardale, and Teesdale, by Mr. T. Sopwith, 1833, page
110.
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Dealing with fluorite, as represented in the Museum of Practical Geology, Mr. F. W. Rudler points out that
some of the finest known crystals of fluorite have been obtained from the northern lead-mining districts,
especially from the mines of Weardale, county Durham. The large series of representative specimens exhibited
in the museum include, we are told, many crystals which rival the fluors from Derbyshire, Cornwall, and
Devon. These northern fluors are generally crystallised in simple cubes which, in most cases, are boldly and
symmetrically developed. A cube of Weardale purple fluorspar is mentioned as being extended along one axis,
so that the face represents a long rectangle parallelopipedon.* For its fluorspar, then, Weardale can hold its
own.
Fig. 2. Twin-cube of purple fluorspar, with liquid enclosure.
[Photograph]
Drop Diamond (fig. 2.) — Single cubes of Weardale fluorspar are sometimes the special product of some mine
or part of a mine. Half - a - century ago, White's Level lead -mine had a clay-drift or cavity, partly filled with a
very fine dark clay, called " dowk." This drift was noted for its small single green cubes found amongst the
clay. The so-called "drift" was evidently a natural cavern, and probably the cubes had fallen off the sides into
the clay. These single cubes were locally called diamonds, and it was not uncommon to find some of them with
a minute cavity enclosing water, or some hydrocarbon, or liquid carbonic acid. Locally, it was considered that
the cube contained a drop of water with an air-bubble, hence the term " drop diamond." The writer is in
possession of a fine twin cube of purple fluorspar
* A Handbook to a Collection of the Minerals of the British Islands, mostly selected from the Ludlam Collection,
in the Museum of Practical Geology, by Mr. F. W. Rudler, 1905, page 174.
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(fig. 2) in which is a liquid cavity with an air-bubble, having, Iike a spirit-level, a run of half-an-inch. Such
bubbles vary in size from those invisible to the naked eye to the size of a buck-shot. In the study of liquid
cavities with air-bubbles found in quartz and other rocks, experts state that, from this character, an estimate
may be made as to the pressure in thousands of feet under which such rocks, granite and others, have
consolidated, and as to the corresponding temperature.
Fluorspar Prisms.—A piece of fluorspar broken off a cube along the cleavage planes was found, by the writer,
to be of prism-shape, and on being placed over a small object, two objects appeared ; on raising the prism, the
distance between the objects widened, according to the distance to which the prism was raised. The writer
also has had a piece of light purple fluorspar cut into the shape of a prism, and polished by an expert, its
refraction being perfect.
Fig. 3. – Invested fluorspar.
[Photograph]
Minerals Investing Minerals (fig. 3).—Fluorspar plays an important part in this interesting phenomenon of one
mineral investing another. If the investing mineral is siderite, the specimen is said to be " rusted," and when
invested with small clear crystals of quartz (rock-crystal), it is locally said to be " frosted." More than fifty years
ago, Sir Warington W. Smyth, when writing on the iron-ores of Weardale, called attention to the many cases of

incrustations on the previously-formed crystals of fluorspar and galena, and, further, to the striking manner in
which it was often found to coat only particular crystallographic faces.*
* "Iron-ores of the Northern and North-midland Counties of England (Cumberland, Durham, Northumberland,
Lancashire, Yorkshire, and Derbyshire)," by Mr. Warington W. Smyth, Memoirs of the Geological Survey of
Great Britain and of the Museum of Practical Geology: The Iron-ores of Great Britain, 1856, Page 19.
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In the Handbook to the Museum of Practical Geology, it is pointed out that in many of the specimens crystals
of a later-formed mineral have been deposited on particular faces only of the pre-existing mineral, the laws
determining this selective action being in many cases far from obvious.
The writer has noticed that specimens of fluor, quartz, and other spars from the Weardale lead-mines are very
frequently invested on faces of the pre-existing crystals in one direction only, whilst the faces in the opposite
direction represent the natural faces of the older mineral which is invested. Fluorspar, quartz, galena, calcite,
iron-pyrites, siderite, and zinc-blende are the minerals found investing each other. Fluorspar is frequently
found invested with quartz and siderite, and groups of quartz-crystals are often incrusted with siderite. All this
investment seems to follow one law: that of incrusting one side only of the crystals receiving the investing
mineral; whilst the pre-existing minerals show comparatively large crystals, the secondary or investing mineral
consists of small crystals. A description of a few specimens in the writer's possession may be of interest. A
group of quartz-crystals is invested, on one side only, with a snow-like dust, which, on examination, proves to
be a mass of clear white crystals of fluorspar. It may be mentioned that the drusy quartz-crystals which are
thus invested had previously invested fluorspar-crystals, so that we have fluorspar invested with quartz, which
mineral again is invested with snow-like fluorspar crystals, evidently a second secondary, or, rather, a tertiary
deposit. In another specimen, a cube of fluorspar, with sides of 1½ inches, has been invested with small
quartz-crystals ; then the cube started to grow again, and the investing quartz was overlain by fluorspar, ⅛ inch
thick, and again one side has been further invested wifth brown velvety siderite. In this case, we have a cube
of fluorspar invested with small quartz-crystals, which in turn have been invested with fluorspar, which finally
is invested with carbonate of iron. A third specimen consists of a cluster of dull-green cubes, 3 inches long, of
fluorspar, with white clouded centres, the cubes being invested on one side only with siderite.
It is not uncommon to see small fluorspar cubes of about an inch on the side being sparsely invested on one or
two sides with small pyramidal transparent rock-crystals, which look like
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cut and polished diamonds. The question may be asked: why this one-sided investment ?
Fluorspar Enveloped in Chalcedony.—The writer has a section of a hand-specimen of quartz, which he has had
polished, and this shows in the centre two greenish fluorspar cubes, about ⅝ inch across. These cubes are
invested with banded white-and-brown wavy chalcedony, which follow the squares of the fluorspar. Finally the
banded chalcedony is covered with quartz, about ½ inch thick.
Crystals within Crystals.—Specimens of this class are most interesting, exhibiting as they do the crystal of one
mineral embedded in the solid crystal of another mineral. Nicolaus Steno* sets forth (1) that rock-crystal has
once been liquid, as is shown by the way in which it encloses other bodies; and (2) rock-crystal may increase in
size, as is proved by the fact that sometimes stages in the growth are indicated by the positions of the
enclosures.†
Specimens in the writer's possession fully support the above statement, fluorspar being the enclosing and
rock-crystal the enclosed mineral, and vice versa. In this interesting phase in the life-history of fluorspar may
be observed some most wonderful phenomena. In one specimen (a cube of fluorspar an inch or so on the
side), the purple stage had evidently been suspended and a number of small quartz-crystals had formed or
settled down on the upper face of the cube. Then the fluorspar-crystal had commenced to grow again, and,
without being influenced in the slightest degree by the quartz-crystals, put on a band of pure colourless

fluorspar, in which the rock-crystals were embedded. Another specimen, consisting of a drusy group of milkywhite pyramids of quartz, has embedded in the pyramids small cubes of galena and also small cubes of palepink fluorspar—these two minerals, in some cases, being very near each other. Another group of quartzpyramids have embedded in them small blackish specks of specular iron. In a third specimen (a cube of clear
purple fluorspar) are embedded several perfect specimens of rock-crystals having the double pyramid.
*De Solido intra Solidum naturaliter contento, by Nicolaus Steno, Florence, 1669 ; English translation, 1671.
†British Museum Mineral Department: Introduction to the Study of Minerals, with a guide to the Mineral
Gallery, by Mr. L. Fletcher, 1897, page 24.
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In the lead-mining districts, it occurs perhaps in nearly all the veins of one part, vhile in the veins of an
adjoining area, traversing precisely the same rocks, and, to all appearance, produced under precisely similar
conditions, it is frequently conspicuous by its absence."*
This is supported by the previously-mentioned fact that Weardale and Allenheads veins, on the east side of the
Burtreeford fault, are the most productive of fluorspar in the North of England lead-mining districts. Nearly all
the metalliferous veins in the Lake District are quartz-veins.
Origin of Fluorspar in Veins.—Fluorine was unknown in the free state until some twenty years ago, when it was
" obtained as a colourless gas which decomposes water, liberating oxygen and combining with hydrogen to
form hydrofluoric acid.”† Prof. Lewes also states that—
" The four elements fluorine, chlorine, bromine, and iodine, exhibit a gradual difference in properties and in
their power of combining with other elements, fluorine having the greatest affinity for metals and iodine the
least; whilst the solubility of the compound formed in combining with oxygen is in reverse order, iodine
forming the strongest compound: fluorine is the only element which does not combine with oxygen." ‡
Considering that fluorine has a great affinity for metals, and that it does not combine with oxygen, and,
further, that silicon is not acted upon by any acid except hydrofluoric, with which it forms silicon fluoride, it
would not be surprising to find that this element played some active part in the deep-seated rocks in respect
to the change of mineral matter. Mr. J. H. Collins calculated that the tourmaline-bearing rocks of the West of
England contained something like 2,480,000 tons of fluorine for each yard in depth.§
It has been stated, with reference to the origin of clay, that " the kaolinisation of felspar may be effected by
ordinary weathering, yet in most cases the alteration has probably been brought about by subterranean rather
than by superficial agencies. It is notable that in Cornwall, where the decomposition of
* "Contributions towards a List of the Minerals occurring in Cumberland and Westmoreland," by Mr. J. G.
Coodchild, Transactions of the Cumberland and Westmoreland Association of Literature and Science, 1882,
part vii., page 114.
† Service Chemistry, by Professor Vivian B. Lewes, second edition, 1895, page 353.

‡ Ibid.
§ " On the Origin and Development of Ore-deposits in the West of England," by Mr. J. H. Collins, Journal of the
Royal Institution of Cornwall, 1893, vol. xi., page 371.
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the granite has proceeded to great depths, the kaolin is usually accompanied by minerals containing
compounds of fluorine and boron; and a similar association has been observed in other china-clay districts.
The characteristic associates of the altered felspars in the clay-yielding granites are such minerals as
tourmaline, lepidolite, topaz, apatite, and fluorspar."*
Other fluorine minerals are fluellite, a hydrated fluoride of aluminium; cryolite, a double fluoride of aluminium
and sodium, from Greenland; tourmaline, a boro-silicate, containing about 2 per cent, of fluorine ; and apatite,
a phosphate of calcium, associated with either a chloride or a fluoride of the same metal, known as chlorapatite and fluor-apatite respectively.
As far back as 1824, Mr. Leopold von Buch suggested that certain kaolins had probably resulted from the
action of compounds containing fluorine, rising from deep-seated subterranean sources, and attacking
felspathic rocks.† And further, these views were modified and extended by Mr. A. Daubrée, who supported
them by ingenious experimental evidence.‡ It is worth noting, too, that Mr. J. H. Collins has effected the
kaolinisation of felspar by means of hydrofluoric acid.§
Metasomatism.—Several American writers, including Messrs. H. Foster Bain, S. F. Emmons, E. O. Hovey, W. S.
Tangier Smith, and others, have studied the formation of fluorspar-veins. The general conclusion appears to be
that the original fissures have been filled with the mineral, whilst a good deal of replacement has taken place
through metasomatic action.
Writing on fluorspar-deposits, Mr. S. F. Emmons states that—
"A considerable proportion of the deposit, especially in the hanging-wall portion of the vein, has undoubtedly
been formed by replacement or substitution. The foetid character of some of the spar, which it undoubtedly
inherits from the replaced limestone, the residual bituminous matter found in the vein-material, and in one
case a fossil, as mentioned with regard to the Kentucky deposits by Norwood, are proofs of this, in addition to
the already sufficient banded arrangement of the vein-material and replaced portions of dragged-in country
rock."||
* Handbook to the Collection of British Pottery and Porcelain in the Museum of Practical Geology, 1893, page 5.
† "Ueber den Thüringer [Thueringer] Wald," by Mr. Leopold von Buch, Min. Taschenbuch, 1824, page 437.
‡Études synthetiques de Géologie expérimentale, by Mr. A. Daubrée, 1879, page 64.
§ "On the Nature and Origin of Clays : The Composition of Kaolinite," by Mr. J. H. Collins, The Mineralogical
Magazine and Journal of the Mineralogical Society, 1887, vol. xi., page 205.
|| "Fluorspar-deposits of Southern Illinois," by Mr. S. F. Emmons, Transactions of the American Institute of
Mining Engineers, 1892, vol. xxi., page 51.
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This writer is also of opinion that the known facts " point to the derivation of the fluorspar from the mass of
the surrounding limestone."*
Another writer, of later date, Mr. W. S. Tangier Smith, referring to metasomatic replacement, says that " the
question arises what proportion of the massive fluorite of the fissure veins, if any, has been formed by the
replacement of the limestone composing the walls of the original fissure ?"† He points out that "there is little

evidence bearing on this point, and that of a negative character. From the facts determined, however, the
writer [Mr. W. S. Tangier Smith] is led to the conclusion that the veins have been largely formed by fissurefilling, although in some cases it is probable that there has been more or less replacement of the country rock
by fluorite."‡ This writer further mentions that at the Columbia mine " a part of the limestone had been
replaced mainly by sphalerite, the rest mainly by fine-grained fluorite, associated with very little sphalerite.
The fluorite in thin section still shows outlines of some of the microscopic fossils originally contained in the
limestone."§
Referring to the fluorite-deposits in Southern Illinois, Mr. H. Foster Bain says that.—
"In general the great width of the vein is probably due to the facility with which the less soluble calcium
fluorite is formed in the place of calcium carbonate whenever fluorine is available. This has resulted in
extensive replacement of the limestone wall through metasomatic processes.....This process is not believed,
however, to have operated to the exclusion of normal vein-filling in open cavities, since, for example, in the
McClellan mine .... there is a considerable body of clear fluorspar where both walls are sandstone and where,
accordingly, there is little opportunity for simple replacement. .... The co-operation of the two processes of
open fissure-filling and metasomatism is, as Mr. Lindgren has shown, normal and quite in accord with what
should be expected."||
Mr. Bain further points out that—
"There are two broadly contrasted methods by which the present ore-bodies may have been concentrated.
The first is by the action of the normal
* "Fluorspar-deposits of Southern Illinois," by Mr. S. F. Emmons, Transactions of the American Institute of
Mining Engineers, 1892, vol. xxi., page 52.
† "The Lead, Zinc, and Fluorspar-deposits of Western Kentucky," by Messrs. E. O. Ulrich and W. S. Tangier
Smith, United States Geological Survey: Professional Papers, No. 36, 1905, page 142.
‡ Ibid.

§ ibid.,page 139.

|| "The Fluorspar-deposits of Southern Illinois," by Mr. H. Foster Bain, United States Geological Survey:
Bulletins, No. 255, 1905, page 41.

[218]

OCCURRENCE AND COMMERCIAL USES OF FLUORSPAR.

meteoric waters .... which may .... have gathered the disseminated material from the country rocks into the
veins. The second is by the action of heated waters, either originally meteoric or derived from, the intruded
igneous rock, or in part from each source. It is believed that the evidence points to heated waters having been
the agency by which the ores were segregated and that they obtained an essential portion of their load from a
large mass of lower-lying intruded rock, of which the dikes are the offshoots."*
After considering " that the ore-bodies show no sign of secondary enrichment, and apparently the
surface-waters now in the region can only operate to destroy rather than re-form the ore-bodies,"† Mr. Bain
refers to fluorite as being relatively insoluble in cold water as compared with limestone, and states that
crystals of fluorspar in druses are relatively rare; he concludes that "It is difficult to believe, therefore, that
such waters have gathered minutely disseminated quantities of fluorite from the surrounding limestone and
formed the veins as they now occur."‡
Mr. Bain also points out that—
"Fluorine has commonly been observed in connection with volcanic outbursts, and fluorite is one of the most
common minerals connected with volcanic rocks. At Cripple Creek, Colorado, and many other western camps it
is abundant in intrusive and extrusive rocks of Tertiary age. So far, then, the igneous rocks form a very
probable source of the fluorine, but the evidence that the material did actually come from them is weak."§

In the Memoirs of the Geological Survey of England and Wales, reference is made to one of the so-called veins,
which is stated to consist of very irregular, flattened pipes, running for a while almost horizontally, and then
bending up, etc., and that at a place where a certain section was taken, where the vein was nearly flat—
"Its upper and under surfaces are lined by coatings of blue fluor, and the space between these is filled up by a
mixture of reddish - brown clay, yellow, crystallised fluorspar, and nodular barytes. In this are scattered here
and there concretions of the 'Blue John,' arranged in concentric layers of different tints, and radiated. Some of
these concretions are coated with clay. Nodules of ' Blue John ' are also found in the solid limestone." ||
* " The Fluorspar-deposits of Southern Illinois," by Mr. H. Foster Bain, United States Geological Survey :
Bulletins, No. 255, 1905, page 66.
† Ibid.

‡ Ibid.

§ Ibid., page 65.

|| Memoirs of the Geological Survey of England and Wales: The Geology of the Carboniferous Limestone,
Yoredale Bocks, and Millstone Grit of North Derbyshire, by Messrs. A. H. Green, C. Le Neve Foster, and J. R.
Dakyns, second edition, with additions by Messrs. A. H. Green and Aubrey Strahan, 1887, page 162.
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Such is one of the fluor-flats of North Derbyshire. The metalliferous veins in the Weardale, Allendale, and
Alston districts are nearly vertical, but have, as a rule, a hade to one side; there are also flat or horizontal
deposits, the matrix, especially in Weardale and Allendale, being fluorspar. There is one exception in
Weardale, namely, the vein running eastward from the Billing Hills, this being a quartz-vein. Fluorspar-veins
below the weathering-belt, and sealed up in the solid rock, would be little affected from above, whilst veins
above the weathering-belt would be subject to weathering and decomposition, and secondary deposits would
take place, but relatively to a small degree. Cracks and fissures are the natural channels for vein-filling, and is it
not as easy to say that country rock might be enriched from the veins as that veins were enriched from the
country rock? Clearly, the metasomatic action which converted the limestone into ironstone is evidence of
rock enrichment from the metalliferous vein. Cavities in limestone in connection with such veins above the
weathering-belt get filled with minerals in a crystalline form whilst cavities in limestone not near mineral veins
are more likely to be filled with calcite or clay. The writer has seen large pieces of cleavage-calcite taken from
cavities in the Great Limestone at Stanhope where there are no metalliferous veins in close proximity.
Dr. Edmund Otis Hovey points out that " a peculiarity of the Kentucky-Illinois district is the association of basic
igneous dikes with the veins of fluorspar."* Mr. Bain refers to the significant fact that fluorite is entirely absent
in Northern Illinois but occurs in quantity in the Southern Illinois district.
No doubt metasomatic action plays no inconsiderable part in the formation or, more correctly, the alteration
of rocks and minerals. Mr. J. D. Kendall, referring to the original iron-ores of Alston Moor and Weardale as
being siderite, from which limonite was produced by alteration, states that it (siderite) was formed by
replacement of the limestone by solutions of iron, connected with volcanic agency.†
Referring to the haematite-deposits of Cumberland, Prof. Henry Louis is of opinion that Mr. Kendall's
explanation of the
* "Fluorspar," by Dr. Edmund Otis Hovey, United States Geological Survey: Mineral Resources of the United
States, 1905, page 1100.
† The Iron-ores of Great Britain and Ireland, by Mr. J. D. Kendall, 1893, page 327.
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origin of these ores is probably the correct one, that is, he considers them to have been formed by
metasomatic replacement of the limestone by solutions of iron.*

Early Mention of Fluorspar in Weardale.—As early as the year 1666, one at least of the Weardale mines was
called " Spar Grove," owing no doubt to the abundance of fluorspar. During all the years of lead-mining in the
dale, going back at least to the time of King Stephen, fluorspar, in thousands of tons, has been deposited
generally in rivers and streams, and being soft would be ground into fine sand. The crystalline forms with all
their beautiful symmetry and colour have always been of value for ornamental purposes; whilst the
"amorphous" or vein-spar has only recently been recognized as a valuable commercial product.
It is interesting to find that Westgarth Forster, in 1821, gives a list of thirty-six lead-mines working, or having
been worked, in Weardale, no less than twenty-five of which are stated to have fluorspar associated with the
lead-ore.† Fluorspar was of no commercial value at that time; but the fact was mentioned, owing to this "vein"
or "vein-stuff" being prominently associated with galena. At the present day, when fluorspar has a market
value, with an improving trade, the information may be of interest to merchants and miners.
Analyses of Weardale Fluorspar.—Through the courtesy of Mr. Errington Thompson, chief agent of the
Weardale Lead-mining Company, Limited, the writer is able to increase the value of this paper by giving the
following analyses of fluorspar from three representative Weardale mines, belonging to the company. The
analysis marked " Groverake " represents a mine in Rookhope, a sub-northern valley of Weardale;
Stanhopeburn, a mine worked in the Red vein, is near Stanhope; and Sedling mine, worked in a vein of that
name, is situated near Cowshill. All these mines are on the northern side of the river Wear, the most
productive side of the valley.
* A Treatise on Ore-deposits, by J. Arthur Phillips, second edition, rewritten and enlarged by Prof. Henry Louis,
1896, page 175.
† A Treatise on a Section of the Strata from Newcastle-upon-Tyne to the Mountain of Cross Fell, in Cumberland;
with Remarks on Mineral Veins in General," by Westgarth Forster, second edition,. 1821, page 304.
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[Table]
II.—Commercial Uses of Fluorspar.
Before referring to the present use of this mineral, as a most valuable flux, it may be interesting to refer to its
early use in Weardale, where, at the lead-mines, for hundreds of years, fluorspar was abundantly produced in
the process of mining for lead-ore, but only as a waste material. In early days, however, the vein-matrix or
gangue of the lead-veins, pea spar-gravel, generally of a lightish grey colour, with a pinkish or faint-blue tinge,
or with a purple or greenish tinge, and of a bright appearance, was a favourite material for garden-walks or
footpaths, and hundreds of tons were used for this purpose. Spar-gravel was also, and is still, used on the
outside walls of houses which are " slab-dashed" with fluorspar, that is, the walls, after being covered with
lime, are sprinkled with spar-gravel, which is dashed or thrown on to the walls whilst the lime is yet soft, the
particles of gravel sticking to the walls, which then present a covering, or coat, which in the sunshine has a
beautiful and glittering effect. Many years ago, the writer knew a dwelling-house at Westgate, Weardale,
called " Sparry Hall," the walls of which were treated in this manner. Sometimes the gravel is subjected to a
general cement-wash, which gives the walls a grey and rough appearance.
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Fluorspar in small quantities was dispatched from Weardale for use as a flux so early as the year 1847, and
large quantities were, twenty years ago, sent to Scotland and America. Fig. 4 shows a heap of the mineral lying
at Wearhead station.

Optical Propierties.—It has been stated that transparent fluorite was sometimes used, on account of its optical
properties, in the manufacture of microscope objectives and other refined optical instruments, but the writer
was quite recently informed by an optician that he did not think fluorspar was ever used for this purpose.
Fig. 4.—Fluorspar (from the Sedling Mine) at Weakhead Station.
[Photograph]
Mr. F. W. Rudler, however, referring to fluorspar destitute of colour, states that " the dispersive power and
refractive power of fluor render the pellucid colourless mineral of value for the construction of objectives for
microscopes, as introduced by Prof. Abbe. A variety from Switzerland has been applied to this purpose. The
lenses of fluor are used in conjunction with lenses of Jena glass, so as to produce an improved kind of
achromatic objective which is termed ' apochromatic' "*
* A Handbook to a Collection of the Minerals of the British Islands, mostly selected from the Ludlam Collection,
in the Museum of Practical Geology, by Mr. F. W. Rudler, 1905, page 87 ; and Jena Glass, by Dr. H. Hovestadt,
translated and edited by Prof. J. D. Everett and Mrs. Alice Everett, 1902, page 88.
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Fluorspar as a Flux.—We are informed by Prof. Vivian B. Lewes that fluorspar has been used, from the earliest
ages, as a flux in metallurgical processes.* It has been used, as is well known, in small quantities for the
production of hydrofluoric acid for etching glass; it was also formerly employed in a secret process as a
cleansing agent for castings, but is now being used as a valuable and general means for this purpose.
It is the high-grade fluorspar, namely, the pure white or pale blue, that is used for enamelling purposes, and in
the manufacture of agate ware and opalescent or milky glass. It has also been used in the smelting of tin,
copper, nickel, and lead, and for various other purposes.
Fluorspar and the Reduction of Lead.—Mr. W. S. Tangier Smith states that " fluorspar is used chiefly as a flux in
the manufacture of steel and pig-iron, and to a minor extent in the reduction of lead."†
The fact that the mineral was used in England as a flux for the reduction of lead so long ago as 1730 is of
interest, and, no doubt, it was employed long before that date. Dealing with mining operations in Derbyshire
at that date, mention is made of a simple bloomery for the reduction of lead, as follows: —
" The furnace, which I saw near Worksworth, was very rude and simple, consisting only of some large rough
stones, placed in such a manner as to form a square cavity, into which the ore and coals are thrown stratum
super stratum; two great bellows continually blowing the fire, being moved alternately by water. I saw no
other fuel used on this occasion but dried sticks, which they call white coal.....They generally throw in some
spar along with the ore, which is thought by imbibing the sulphur to make it flux more easily. They frequently
throw in also some cowke (or cinders of pit-coal) because they think it attracts the dross, and so makes an
easier separation of it from the lead. When the ore is melted, it runs out at an opening in the bottom part of
the front of the furnace, through a small channel made for that purpose, into a cylindrical vessel, out of which
it is ladled into the mould. The dross of the ore on smelting is called slag. This slag is afterwards smelted again
with cowke only, and the lead obtained from it is called slag-lead."‡
* Service Chemistry, by Prof. Vivian B. Lewes, second edition, 1895, page 354.
† " The Lead, Zinc, and Fluorspar-deposits of Western Kentucky," by Messrs. E. O. Ulrich and W. S. Tangier
Smith, United States Geological Survey: Professional Papers, No. 36, 1905, page 118.
‡ The Philosophical Transactions [of the Royal, Society] (from the Year 1719, to the Year 1733) Abridged and
Disposed under General Heads, by Messrs. John Eames and John Martyn, 1734, vol. vi., part ii., page 193 ; and
Memoirs of the Geological Survey of England and Wales ; The Geology of the Carboniferous Limestone,
Yoredale Pocks, and Millstone Grit of North Derbyshire, by Messrs. A. H. Green, C. Le Neve Foster, and J. R.
Dakyns, second edition, with additions by Messrs. A. H. Green and Aubrey Strahan, 1887, page 121.
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Dr. R. Watson pays a tribute to fluorspar as a flux when he states that—
"The lead-smelters [Derbyshire] make great use of the cubical spar as a flux for such lead-ores as do not readily
melt: it is curious to see its effect; a few shovels full of it, thrown upon a heap of red hot ore, immediately
melting down the ore into a liquid, though the longest continuation of the same degree of heat, without the
addition of the spar, would not have been sufficient for the purpose."*
Perhaps its use in Derbyshire spread to other mining fields in the North of England. About 1857, or before, Mr.
William Bolton, on the recommendation of the late Mr. Bainbridge of Middleton-in-Teesdale, used a little
fluorspar in the reduction of lead at Dufton, Westmoreland; and it was thought by the writer's informant that
Mr. Bainbridge might have seen it used in Derbyshire for the smelting of lead-ore.
Old smelters in the Allendale district do not know that fluorspar has ever been used for the reduction of lead,
and the smelter at the Weardale Lead-mining Company, Limited's, smelting-mills, states that fluorspar acts as
a flux in two ways: (1) by combining with silicates, forming fusible compounds, and (2) by reacting on silicates
and evolving silicon fluoride. He states that it also forms fusible compounds with sulphates of lime and baryta,
and with phosphates of lime; and it should be free from pyrites, blende, and galena. He mentions that in fumesmelting and slag-smelting a little of it acts beneficially, but he has not gained any advantage by its use in oresmelting,, having tried both raw and roasted fluorspar.
Mr. Ernest E. Burchard, a recent writer, points out that—
" Fluorspar has been shown to possess a considerably higher quantitative efficiency as a flux than limestone,
especially in smelting refractory ores, but in all metallurgical operations the proportions of the spar that can be
used are limited, since its favourable effects do not increase indefinitely as the quantity is increased."†
Fluorspar and the Manufacture of Iron and Steel, etc.—Fluorspar is adapted, perhaps above all other minerals,
for dissolving quartz, sulphate of baryta, and such mineral matter as retards the smelting processes in the
manufacture of steel and iron;
* Chemical Essays, by Dr. R. Watson, seventh edition, 1800, vol. iii., page 216.
† " The production of Fluorspar and Cryolite in 1906," by Mr. Ernest F. Burchard, United States Geological
Survey ; Mineral Resources of the United States, 1907.
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so much so that a forecast might well be made that no mineral in the future will be of more value for the
manufacture of steel, iron, and other metals. We find it stated that to metallurgical processes in dealing with
refractory ores fluorite is especially adapted, owing to its fluidity in the formation of slag at a low temperature.
Mr. Joseph Hyde Pratt, referring to foundry-work, says, " for this purpose the fluorspar gives a much cleaner
iron, and its demand should be almost unlimited as foundrymen become better acquainted with its value for
use in their furnaces."*
Mr. Ernest F. Burchard, dealing with this subject, states that —
" The three principal classes of consumers of fluorspar are, in order of importance, smelters and metallurgists,
makers of opalescent glass and enamelled wares, and chemical manufacturers. The highest grade, American
lump No. 1, which runs less than 1 per cent. silica and is colourless or clear-blue in colour, is sold either ground
or in lump, for use in the glass, enamelling, and chemical industries, the latter including the manufacture of
hydrofluoric acid. The second grade, lump No. 2, is used by blast-furnaces in the production of ferrosilicon and
ferromanganese, and in basic open-hearth steel-furnaces to give increased fluidity to the slag and to reduce

the contents of phosphorus and sulphur. This grade includes coloured spar and may run as high as 4 per cent,
silica, though mostly sold with a 3 per cent, guaranty. The lowest grade, gravel-spar, including all that contains
more than 4 per cent, silica, as well as spar mixed with calcite, is used in iron and brass-foundries, where it is of
value in making the metal more fluid, in permitting the use of greater quantities of lower grades and scrap,
and because it carriss phosphorus, sulphur, and other impurities into the slag."†
Mr. F. Julius Fohs tells us that—
" Among the more recent applications of fluorspar to new uses may be mentioned: (a) In the reduction of
aluminium from bauxite, a purpose for which the demand is likely to increase, at the same time causing a
decrease in the importation of cryolite. (b) As a flux for gold ores, assisting in decreasing gold losses as in the
Cripple Creek district, (c) As a bonding for constituents of emery-wheels, (d) For carbon electrodes, increasing
their lighting efficiency and at the same time decreasing the amount of required current."‡
Mr. Fohs sums up the uses of fluorspar as being " dependent on its chemical composition, fluxing properties,
phosphorescence upon heating, optical and pseudogem properties."§
Fluorspar is also used as a constituent in Portland cement.
* "Fluorspar and Cryolite," by Mr. Joseph Hyde Pratt, United States Geological Survey : Mineral Resources of
the United States, 1904, page 1032.
† "The Production of Fluorspar and Cryolite in 1906," by Mr. Ernest F. Burchard, United States Geological
Survey : Mineral Resources of the United States, 1907.
‡ " Fluorspar," by Mr. F. Julius Fohs, The Engineering and Mining Journal [New York], 1906, vol. lxxxi., page 46.
§ Ibid.
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III.—Weardale Fluorspar.
Weardale Metalliferous Veins.—The mineral veins in Weardale, from a mineralogical point of view, may be
divided into three classes, especially in considering fluorspar as a matrix: — (1) quartz-veins, (2) veins east of
the Burtreeford fault, and (3) veins where fluorspar is not so prominent, namely, west of the Burtreeford fault.
All these veins may carry lead-ore and rider or ironstone, but the principal point is to show where fluorite
predominates.
(1) Quartz-veins.—It may be interesting to consider first the exceptional vein which runs from the Billing Hills
eastward over Catterick and down to Bollihope burn, which it crosses at Bishopley Crags, showing two ribs of
quartz standing out above the ordinary level of the water-bed. This vein is probably an extension or a string
from the Great Sulphur vein of Alston Moor. As the Slitt vein crosses the Wear from the north side at
Cammock Eales to Ludwell Wood, the quartz-vein is considered to be an extension, but Westgarth Forster
favoured the view that the Catterick or Billing vein was connected with the great " backbone of England " as at
Alston.* Between Billing Shields and Ludwell farms may be seen large pieces of quartz-vein matrix which have
been used for building and coping the walls. In Stanhope and Frosterley, quantities of this quartz-vein matrix
may be seen in borders and rockeries in front of the houses, and blocks of this quartz have also been freely
used as rockeries at Horsley Hall. The writer has a large solid piece of this quartz, about 15 inches across and
about 4 inches thick. Curiously enough, this specimen opens out a question in mineralogy, the under-side of
the specimen representing a pseudomorph, or more correctly, an epimorph after fluorspar, and the white
under-surface a beautiful mould of intermixed and crossed squares, which evidently represent decomposed
fluorspar. The agents of the Weardale Lead-mining Company, Limited, have some excellent examples of
pseudomorphs after fluorspar, some of the shells of the investing mineral having pieces of purple fluorspar still
in situ, whilst around it are only the moulds of the fluorspar. Mr. William Wallace mentions that, at the
Nenthead mines,

* "A Treatise on a Section of the Strata from Newcastle-upon-Tyne to the Mountain of Cross Fell, in Cumberland
; with Remarks on Mineral Veins in General, by Westgarth Forster, second edition, 1821, page 268.
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fluorspar is somewhat rare, but that it must have been at one time very common, as it has left its traces as
pseudomorphs in quartz after fluorspar.*
(2) Veins East of the Burtreeford Fault.—This district covers the parish of Stanhope, less the heather moorlands
west of the Burtreeford fault, as Killhope, Wellhope, and Burnhope. This district is by far the most important,
as it produces the whole of the commercial fluorite now being sent from Weardale. Through the kindness of
Mr. Errington Thompson, chief agent of the Weardale Lead-mining Company, Limited, the writer has received
from Mr. S. Walton, sub-agent, a list of the veins in this district, with their mineral contents, as follows: —
(a) South-east Running Veins.—Red vein: A strong master vein, 10 to 30 feet in width, running from Allenheads
in the west to beyond Stanhope in the east; matrix, generally fluorspar, in some places rider (iron-ore), with
large deposits of rider on the side of the fluorspar in the flats at Stanhopeburn mine. The vein also carries a
large deposit of iron-ore in Rookhope.
Sedling vein: A strong vein, 8 to 15 feet in width; matrix, fluorspar of good quality; other minerals present are
galena, arsenical pyrites, quartz, etc.
Slitt vein: A strong master vein, 10 to 20 feet in width, running into the Burtreeford fault westward and beyond
Harehope gill to the east; matrix, generally fluorspar; has been very productive of lead-ore at Elmford, and at
the Slitt mine, where it was worked through the Whin Sill.
(b) East-north-east Running Veins.—Green Cleugh vein: 4 to 6 feet in width; matrix, fluorspar, with lead-ore
and also quartz.
Groverake vein: 10 to 20 feet in width; matrix, fluorspar, with lead-ore and, in places, copper pyrites.
Wolf Cleugh vein: 4 to 10 feet in width; matrix, very white fluorspar, with lead-ore, and also carbonate of iron
and arsenical pyrites.
Rispey vein: 3 to 4 feet in width; matrix, fluorspar, with lead-ore and carbonate of iron.
Boltsburn vein: 4 to 6 feet in width; matrix, fluorspar, with lead-ore; large flats on both sides of the vein in the
Great Lime* The Laws which Regulate the Deposition of Lead-ore in Veins, by Mr. William Wallace, 1861, page 143.
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stone, with large formation of fluorspar crystals in loughs or small cavities; colour, various shades of
mauve, violet, blue, and purple; loose blocks or cubes, the residuum of decomposition; calcite in form of
stalagmites; carbonate of iron coating galena; quartz, blende, iron pyrites.
Thorny Brow vein: 3 to 4 feet in width; matrix, fluorspar, with lead-ore ; formerly productive of lead-ore.
Brandon Walls vein: 3 to 4 feet in width; matrix, fluorspar, with lead-ore.
Scar Syke vein: Matrix, fluorspar, with lead-ore.
Middlehope Shield vein: Matrix, fluorspar, with lead-ore, with fluorspar in druses and single cubes of a
beautiful green.
Heights vein: Matrix, fluorspar, with lead-ore, and fine green fluorite in the flats.

Breckon Syke vein : 6 to 12 feet in width ; matrix, fluorspar, with lead-ore. This vein runs into Allendale, where
it is known as Henry's vein.
Burtree Pasture vein: 6 to 12 feet feet in width; matrix, fluorspar, with lead-ore; level, 2½ miles long, with a
200-fathom vertical air-shaft, from the Whin-sill to the Grindstone-sill.
Wearhead vein: Matrix, fluorspar, with lead-ore.
Black Dene vein: 3 to 5 feet in width ; matrix, fluorspar, with lead-ore.
Lodge Field vein: 3 to 5 feet in width; matrix, fluorspar, with lead-ore.
Old Faw vein: 3 to 5 feet in width; matrix, fluorspar, with lead-ore. This vein is supposed to be a continuation
of the Boltsburn vein.
Groveheads vein: 3 to 5 feet in width ; matrix, fluorspar, with lead-ore.
Carr's vein : 2 to 3 feet in width; matrix, fluorspar, with lead-ore. Fine blue crystals of fluorite are found
embedded in the clay.
Dawson's vein: 2 to 3 feet in width; matrix, fluorspar and iron-ore.
Green Laws (Old) vein: 2 to 4 feet in width; matrix, fluorspar, with lead-ore, and also a good mixture of rider.
Green Laws (New) vein: 4 to 10 feet in width ; matrix, fluorspar, with lead-ore, with a considerable mixture of
carbonate of iron, and crystals of brown and amber fluorspar.
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Swinhope Cross vein: A strong fluorspar-vein.
Barbara vein: Matrix, fluorspar.
(c) Bollihope Veins.—(1) Yew-tree vein: Matrix, fluorspar; formerly productive of lead-ore in the firestone,
which is here 16 fathoms thick. (2) Whitfield Brow copper-vein: Matrix, fluorspar; formerly productive of leadore. (3) Cornish Hush vein: Matrix, fluorspar; formerly productive of lead-ore. (4) Harehope Gill, Softley, and
Park Level veins all contained fluorspar.
(3) Veins West of the Burtreeford Fault.—These veins are not favourable for the production of fluorspar. The
writer is indebted to Mr. John Thompson, sub-agent, Weardale Lead-mining Company, Limited, for particulars
of the following principal veins in the Burnhope and Killhope district: —
Killhope Head vein: 4 to 6 feet in width; matrix, rider, amber, light-blue, and some dull-green fluorspar; " Black
Jack " or zinc-blende and lead-ore.
Level Grove vein: 2 to 3 feet in width; formerly productive of lead-ore; rich in extension flats, rider, and a little
fluorspar.
Tweed vein: 3 feet in width; matrix, rider; formerly productive of lead-ore.
Old Moss vein: 2 to 3 feet in width; matrix, rider, iron pyrites, lead-ore, and a little fluorspar.
Middle Grove vein: 3 to 4 feet in width ; matrix, rider, a little fluorspar, a good deal of " Black Jack," and leadore.
Hymers vein, or Park Level: Matrix, rider; herring-bone strings of lead-ore.
Lodge Gill vein: 3 to 4 feet in width; matrix, rider; very little fluorspar.
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Fig. 5 – Paper-weight, turned and polished, made from Weardale Fluorspar.
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Mr. F. W. Rudler (London) wrote that it might not be without interest to call attention to the fact that the late
Prof. M. Berthelot undertook some experiments on the colour of the violet fluorspar from Weardale, which
have been continued by his son, Prof. Daniel Berthelot. The colour was first discharged from the mineral by
the application of heat, and the decolourised fluorspar was then exposed to the prolonged action of a
compound of radium, when it was found that the violet tint was gradually restored. It would thus seem
possible that the natural colour of fluorspar might be largely influenced by the radioactive matter in the
neighbouring rocks, as Prof. Bordas had suggested with regard to coloured corundums. The effect was
believed to be due to the gamma rays emitted by radium, which had great penetrating power, and might
perhaps act specially along the cleavage-planes. In connection with Mr. Egglestone's remarks on the varied
colours of fluorspar, it might be mentioned that a large suite of specimens was arranged in the Museum of
Practical Geology, London, showing that this species presented nearly all the tints of the rainbow. The
octahedral cleavage-cracks, produced by a mere tap on a crystal, often increased its beauty by giving rise to
interference-colours from the very thin films of included air. It had been held with much probability that the
material of the famous Murrhine vases, so highly valued in Rome, whither they were first brought by
Pompey, must have been a purple fluorspar showing iridescence, as described by Pliny. Mr. Egglestone
referred to the use of ornamental fluorspar by pre-historic races, and it might therefore be interesting to recall
the fact that Dr. E. Dupont, of Brussels, discovered more than forty years ago a limestone-cavern on the bank
of the River Lesse, from which he obtained a collection of fossil-shells brought from a distance, with other
curious objects, including a piece of fluorspar. They might have been accumulated for purpose of worship, or
simply for personal decoration, but it had also been suggested that they were collected as mere curiosities,
and, if so, we had here a specimen of fluorspar from a pre-historic museum.
Councillor J. T. Biggs, J.P. (Chairman of the Museum and Art Gallery Committee, Leicester), wrote that he
considered Mr. Egglestone's interesting paper a most valuable contribution to
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the subject. It might probably interest the members to know that there was a very fine example of a " Blue
John " vase in the Leicester museum, the basin of which measured 12 or 13 inches across. The museum also
contained some very fine fluorspar cubes, richly irridescent, which he (Mr. Biggs) had obtained from Weardale,
in which district he had seen magnificent cubes measuring as much as 8 or 10 inches, and fluorspar in every
variety of colour. The commercial value and uses of fluorspar were likely to considerably appreciate in the near
future.
Mr. J. H. Collins (London) wrote that it would probably interest the members to know that, twenty years ago,
the uncleavable and highly phosphorescent variety of fluorspar—chlorophane —which yields a bright green
light when moderately heated, was rather abundantly found in the Great Lode at East Pool (Cornwall). He
might also say that purple fluorspar occurred as a constituent of the granite, and also as a coating of minute
cubes in the joints thereof, at Wheal Damsel, and other places in Cornwall. It also occurred similarly in the
chinastone of St. Stephens and St. Dennis in Cornwall, and at Montebras in Central France.

Mr. S. Watson (Ireshopeburn, Weardale) wrote that the Weardale fluorspar-veins did not appear to be
influenced by the adjacent rocks or walls. The mineral was as plentiful in siliceous as in calcareous rock,
differing in that respect from its associated mineral, galena, which was generally more abundant in the latter.
Mr. Egglestone had collected various opinions as to the origin of fluorspar in veins, and argued against its
source being found in the enclosing country rock. He (Mr. Watson) scarcely thought that the author was
justified in assuming that the ironstone-deposits on the side of the Weardale veins were evidence of
enrichment from the vein. The fissuring of the rocks, tapping the ferruginous solutions of the shale-beds,
would provide an adequate supply. Mr. Egglestone had evidently made a close study of fluorite in the
crystal; and perhaps no other mineral illustrated so well the growth or deposition of minerals in general. The
decay of fluorite was also noticed, and the question was suggested : what was the nature of the fluid or gas
which dissolved it, leaving untouched thin crusts of quartz, calcite, and siderite ? As a guide to the study of
this interesting and useful mineral, he considered Mr. Egglestone's paper of great value.
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Mr. B. L. Bradley (Grindleford) wrote that he had read Mr. Egglestone's paper with considerable interest, as his
duties brought him constantly in touch with lead and spar-mining operations in Derbyshire. He congratulated
Mr. Egglestone on the able manner in which he had tackled so difficult a subject; not only from an engineering
and geological standpoint, but also from the chemical and commercial side, and his knowledge of the subject
was so full, that he had scarcely left a loophole for argument.
With respect to the chief Derbyshire deposits, the best were to be found in North-west Derbyshire, of which
the main were the Moorfurlong pipe and cross-cuts in the Bradwell district, and the High and Deep Rakes in
the Longstone district. " Blue John " was found in varying quantities, but not to any great extent; the shade of
the heavy deposits was generally pale pink, although sometimes the mineral occurred as a colourless crystal;
the sides of the cubes rarely exceeding ⅜ inch. The pipes were ellipsoidal, the fluorspar lying convex to the
transverse axis, but sometimes alternating with layers of barium sulphate and limestone ; the fluor-beds
varied in depth from 1½ to 10 feet. The thickness of the fluorspar in the master-veins was from 3 to 12 feet,
and occasionally reached 15 feet; and in the cross-cuts the thickness was from 1 to 3 feet.
With regard to the commercial side of the paper, he quite agreed with the author that the Weardale and the
Allendale fluorspars were excellent, and he thought that they were ahead of the spars in the Derbyshire
district as regarded beauty and symmetry of form, when taken in bulk; yet he might say that there existed
excellent specimens of modelled fluorspar made of the " Blue John " of Derbyshire, which were fine works of
handicraft and art. A fine polished pillar and pedestal of " Blue John " stood in the mineral-room of Chatsworth
House, and in the writer's opinion, as well as that of others better able to judge, this work excelled many
others of similar design in Grecian marble. Of late years, however, very little had been done in fluorsparmodelling, owing to the increased export of the mineral for smelting industries. As a flux, taking the spar en
masse, he was of opinion that the Derbyshire deposits were preferable; and this opinion had been confirmed
by practical steel-producers and others engaged in smelting. This opinion was based
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upon the following points: —(1) Derbyshire fluorspar was freer from sulphides, thereby reducing the sulphur,
and also contained less silica; and (2) owing to its soft nature, it did its work more quickly. Records showed
that fluorspar had been used as a flux before 1730. He had seen one record, made by a Mr. Hawes when
touring this country prospecting for minerals on behalf of Spaniards in the year 1800, which contained the
following remark:—"I noticed at Castletown [Castleton], in Derbyshire, that the metal-smelters used a flux
known as ' smelting sugar,'* which was also called ' Blue John.' "†

Mr. W. M. Egglestone (Stanhope) wrote that he was glad to know that his paper on fluorspar had been of
some interest to the members of the Institute, and he welcomed with much pleasure the remarks of Mr.
Rudler and others on some additional properties of that beautiful mineral.
With reference to Mr. Watson's remarks that " he (Mr. Watson) scarcely thought that the author was justified
in assuming that the ironstone deposits on the side of the Wear-dale veins were evidence of enrichment from
the veins," and that " the fissuring of the rocks, tapping the ferruginous solutions of the shale-beds, would
provide an adequate supply,"‡ he (Mr. Egglestone) was of opinion that he was, from good authority, justified
in assuming that " the metasomatic action which converted the limestone into ironstone is evidence of rock
enrichment from the metalliferous vein,"§ and would state that the iron ores of the North of England mining
field were well described more than 50 years ago by the officers of the Geological Survey.|| Referring to
Alston Moor district, it was pointed out that some of the lead veins, in a part of their course, were charged
with brown iron-ore instead of the usual fluorspar and quartz and its concomitant lead ore. The rich lode of
Roderup Fell seen in the
* The smelters in South Derbyshire thirty years ago sent vehicles to Bradwell for " furnace-sugar."—B.L.B.
† Mr. James Hawes was an English geologist whose services were retained by the Spanish Government to
prospect for minerals, and the quotation is from the records of that gentleman.
‡ Trans. Inst. M. E., 1908, vol. xxxv., page 264.

§ Ibid., page 251.

|| "Iron-ores of the Northern and North-midland Counties of England {Cumberland, Durham, Northumberland,
Lancashire, Yorkshire, and Derbyshire)," by Mr. Warington W. Smyth, Memoirs of the Geological Survey of
Great Britain and of the Museum of Practical Geology: The Iron-ores of Great Britain, 1856, page 17.
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Scar Limestone was a vein of brown iron-ore from 16 to 20 feet wide. The Manor House vein, near Alston
railway station, was 14 feet wide, and from wall to wall produced nothing but this kind of ore. In the veins in
Killhope (Weardale), it was stated, were found corals, characteristic of this formation, enveloped and
entirely fossilised in brown iron-ore, and it was noted that a curious series of changes had probably operated
on the fossiliferous limestone which at one time formed the walls or sides of the vein (metasomatic action).
In Stanhopeburn the veins were so charged with this iron-ore that a large area of ground was bodily removed
by the Weardale Iron Company, and a considerable quantity of lead ore was separated during the operation.
The Rispey vein in Rookhope contained this brown peroxide of iron spreading over a width of 30 to 40 feet. It
was considered that brown iron-ore was due to the decomposition and that it was originally placed in situ in
the conditions as a carbonate. Mr. Kendall has pointed out that this ore or rider assumes two forms, first as
ribs from a few inches to 20 feet in width and that if one of the sides or walls of the vein is limestone and the
other sandstone, the ribs of iron-ore are to be found on the limestone wall; if both are limestone, iron-ore is
found on both walls, and where the iron-ore adjoins the limestone there is a gradual passage from one to the
other, that is, from ore to limestone and limestone to ore.* The same writer, referring to the limonites and
siderites of Weardale and Alston, says—" There cannot be any doubt that the siderite, which was the original
ore here, and from which the limonite was produced by alteration, was formed by the replacement of
limestone. The growing together of the two minerals, where they are in contact, is alone sufficient to prove
this."† As to where the original iron which filled the veins came from is another matter, and an important
one. The Coal-measures, which constitute a considerable storehouse of iron-ore, have been mentioned;
also the Permian rocks, and the Carboniferous Limestone shales, as above mentioned, which are depositing
limonite at the present day. Then there are the thermal springs and the influence of igneous rock, as also the
introduction of iron in a gaseous form from deep-seated sources.
* The Iron-ores of Great Britain and Ireland, by Mr. J. D. Kendall, 1893, page 142.
† Ibid., page 327.
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It may be mentioned that the author of A Manual of Mineralogy, dealing with the minerals of Cornwall, 1825,
states that the most beautiful varieties of fluorspar in that district had been found at St. Agnes, and one purple
specimen, in crystallised cubes, had " every plane or face exhibiting a flat four-sided pyramid, so as to form a
solid, bounded by 24 triangular planes,"* and that chlorophane of a violet-blue colour, and which threw out a
beautiful emerald-green colour when heated, had been found in Pednandrae Mine, Redruth. Mawe mentions
blue fluorspar with four-sided pyramids on each face, and also crystals with enclosures and bevelled edges.†
Mr. Egglestone, in conclusion, thanked the President and members for their unanimous vote of thanks, and
wished also to express his obligations to Mr. Lawrence Austin for the courteous assistance rendered to him by
that gentleman in the preparation of the paper.
On the motion of the President, a vote of thanks was unanimously passed to the writer of the paper.

* A Manual of Mineralogy ; in which is shown how much Cornwall contributes to the illustration of the science.
Anonymous, 1825, page 131.
† The Mineralogy of Derbyshire, by Mr. John Mawe, 1802, page 76.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
EXCURSION-MEETING,
Held at South Bank, October 30th, 1907.
CARGO FLEET STEEL- AND IRON-WOKKS.
The properties of the Cargo Fleet Iron Company, Limited, consist of ironstone-mines at Liverton, in Cleveland,
limestone-quarries at Mickleton, in Teesdale, and coke-ovens, bye-product plant, blast-furnaces, steelfurnaces, and rolling-mills at Cargo Fleet, near Middlesbrough.
The Cargo Fleet steel- and iron-works, which were visited by the members, comprise a Humboldt coal-washer,
capable of dealing with 60 tons of coal per hour. The coal is taken direct from the washery to a central coalbunker, situated between two batteries, each of fifty coke-ovens, of the Koppers regenerative type.
Attached to the coke-ovens is a bye-product plant for dealing with the waste-gases, out of which are
manufactured tar and sulphate-of-ammonia ; and it is in contemplation to add a benzole-plant.
From 40 to 50 per cent. of the gas produced at the coke-ovens is utilized, after being purified, in driving two
Premier gas-engines, each of 500 horsepower, for generating electricity: the remainder being used at the
steel-works, in the place of producer-gas, for firing mixers.
The coke, when drawn from the ovens, is delivered from an inclined bench into electrically driven coke-cars,
which in turn deliver it into small bunkers, whence it is conveyed by travelling-skips or belts into the furnacehoist skip, being then charged into the blast-furnaces by means of self-tipping furnace-charging appliances.
Between the two batteries of coke-ovens, which are situated immediately behind and parallel with the range
of blast-furnaces,
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stand two large parabolical bunkers, divided into compartments, for the storage and delivery of the ores and
limestone used in the manufacture of pig-iron. A very fine overhead gantry traverses the whole length of the
range of bunkers, and large open spaces are provided where stocks of ore can be deposited for future use.
There are two furnaces at present erected, and provision has been made for the erection of others. Those
erected are each 90 feet high with 11 feet hearth and 21 feet bosh, and have each an output capacity of about
1,400 tons, when working on Cleveland ironstone. The blast is supplied by seven gas blowing-engines of the
Cockerill type, each capable of delivering 14,000 cubic feet of free air per minute, at a pressure of 10 to 12
pounds per square inch. The blast generated is fed into the blast-furnace through a range of Cowper fire-brick
stoves, twelve in number, 55 feet high to the springing of the dome.
The gas from the blast-furnaces provides the heating power for the Cowper stoves, and the spare gas, after
being washed in Theisen gas-washers, of which there is an installation of three, two of which are capable of
dealing with the whole of the gases from the furnaces, amounting to about 1,800 cubic metres per minute, is
used firstly for driving the gas blowing-engines; secondly for driving two electric generators, each of 375
kilowatts; and thirdly for generating steam in the boilers driving the rolling-mills.
The company have a very fine electric installation, and supply all the power and lighting required for the
works. The plant consists of one compound steam direct-driving set of 350 kilowatts ; two steam turbogenerator sets, each of 750 kilowatts; two Premier gas-engine generator sets, each of 300 kilowatts; and two
gas-engine generator sets, each of 375 kilowatts, already referred to. The generators all run in parallel on a
220-volt continuous-current circuit, the load being distributed by one large switchboard of six panels.
The metal from the blast-furnaces is taken in a molten condition in large ladles on cars, direct to the steelfurnaces or to the mixers. The steel-smelting plant consists of three Talbot furnaces, each of 175 tons capacity,
and another of 250 tons capacity. The metal is there converted into steel by the Talbot continuous process.
This process has been well described by Mr.
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Benjamin Talbot in a paper* read before the members of the Iron and Steel Institute, and also in subsequent
papers which have been read before the same Institute. Briefly, it consists in converting, in a large bath, the
molten metal into a proper condition for casting into steel ingots, and withdrawing about one-third of the
molten steel, then adding to the remainder of the steel in the bath lime and oxides, forming a highly oxidizing
calcareous slag at a high temperature. When in this condition, molten metal is poured into the furnace, either
direct from the blast-furnaces or from the mixers. A violent reaction immediately takes place, and the metal in
the bath is quickly worked down again into a soft condition. The process is continuous throughout the whole
week, and the furnace is only emptied at long intervals for repairs. The steel is run into 50-ton capacity ladles
which are then taken by 75-ton overhead cranes, of which there are two, and run into ingot-moulds standing
on cars which are moved by a hydraulic pusher. On the cars the ingots are run by a locomotive under the
stripper, where the moulds are taken off, and the ingots are hauled forward and taken up by an electric
overhead crane and lowered into soaking-pits. From these pits the ingots are again taken by an overhead
crane and laid on to a tilting-chair at the end of the cogging-mill live roller-gear.
The cogging-mill is of the most powerful type. It consists of a mill, with rolls 8½ feet wide and 40-inch centres,
driven by a three-cylinder compound condensing-engine of 45 inches and 52 inches stroke. The three cylinders
are all of the same size, one being high-pressure and two low-pressure; but by the use of valve-gear they can
all be operated as high-pressure cylinders.
After the ingots have been cogged down to the required size, they are conveyed by live roller-gear, electrically
driven, to the hydraulic bloom-shears, where they are cut into the required lengths and transferred on to a
Collins charger, which delivers them into two gas-fired re-heating furnaces preparatory to the finishing
process. The same charger withdraws the blooms from the re-heating furnace and delivers them on to the
live roller-gear of the finishing mill.

* "The Open-hearth Continuous Steel Process," by Mr. Benjamin Talbot, The Journal of the Iron and Steel
Institute, 1900, vol. lvii., page 33.
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The finishing mill is provided with two travelling tables, one on each side of the rolls, which enables rapid
transference from the first pair of rolls to the intermediate and the last.
From the finishing mill the product is carried forward on live roller-gear to the hot saws, where it is sawn to the
required lengths and delivered on to the hot banks. The engine, for the finishing mill is practically a duplicate
of the one for the cogging mill.
The boiler plant consists of one Nesdrum and eight Babcock water-tube boilers, for the electrical plant, and
subsidiary steam-engines, and of ten Nesdrum and two Lancashire boilers for the rolling-mills.
There is one central condensing-plant of the Weiss type, capable of dealing with all the steam from three millengines, of which two only are installed.
The Company is at present chiefly engaged in the manufacture of shipbuilding sections, joists, and channels
and rails. The works are favourably situated at the junction of the old Cleveland railway and the North-eastern
Railway Company's Middlesbrough to Saltburn line, with sidings on both railways. The Company owns about
140 acres of foreshore land, which is being utilized for slag tipping, and thereby brought into a condition fit for
the erection of any important industrial works. It has direct communication between its works and its own
wharf on the river Tees, where vessels of 5,000 tons burden can be loaded or discharged. The depth of water
in the berth is 16 feet at low water on spring tides. The works are very fully equipped with every class of
machinery for dealing economically and speedily with its products or appliances, and have very large repairing,
smith's, and boiler-shops, so making them quite independent of outside engineering establishments.
The raw material for the blast-furnaces is chiefly Cleveland ore, produced at the Company's own mines at
Liverton, where they own a royalty over about 2,500 acres.
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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 20th, 1908.
Mb. JOHN H. MERIVALE, President, in the Chair.
The Acting Secretary read the minutes of the last General Meeting, and reported the proceedings of the
Council at their meetings on May 30th and that day.
The President (Mr. John H. Merivale) said that the principal matter in connection with the proceedings of the
Council was the appointment of an Honorary Secretary, Mr. T. E. Forster having kindly undertaken that office.
He was sure that this would be very gratifying to the members, and they would feel that they owed a debt of
gratitude to that gentleman. Whether he was likely to hold the appointment very long or not remained to be
seen.
The Acting Secretary read the balloting list for the election of officers for the year 1908-1909.
PORTRAITS OF PAST-PRESIDENTS AND SECRETARIES.

Mr. T. E. Forster (Newcastle-upon-Tyne), on behalf of those who had presented portraits of past-presidents,
said that he had much pleasure in handing these over to the keeping of the Institute, and he felt that it was
very appropriate that this
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should take place during the presidency of Mr. Merivale. The scheme of hanging the portraits of all the pastpresidents in the Lecture Theatre was promulgated some six years ago, but it was due to Mr. Merivale that it
had been completed, and they all felt very much indebted to him.
The President said that, in the name of the Institute, he had very great pleasure in accepting the portraits. He
had certainly taken an interest in the matter, but so had others. Mr. J. G. Weeks, he remembered, was in the
chair when the movement was initiated, and Mr. Thomas Douglas presided when it was confirmed. The matter
had, however, hung fire until Mr. T. E. Forster came forward and presented the portraits of his progenitors : his
grandfather and father; and he was very pleased to see that in the course of two years or more there was a
strong probability of Mr. Forster's own portrait gracing the walls. It would be very interesting to see thereon
the portraits of father, son, and grandson. He thought that Messrs. James Bacon & Sons were to be
congratulated on the excellent and artistic way in which the work had been carried out, and the members
cordially thanked Mr. Forster for undertaking in the name of the donors to present the portraits to the
Institute.
Mr. Thomas Douglas (Darlington) said that they would all feel that a pleasant duty had been performed that
day. It was gratifying for many reasons. They did not live for ever, and it was pleasant to think that the men
who had presided over the Institute from its earliest period should have an opportunity of being seen in future
years. Photography was now such an excellent institution and so valuable that they ought not to be without
photographs of those friends and members of the Institute. It was pleasant by such means to revive one's
recollection of them after they had passed away. The possession of the portraits he considered to be a
valuable acquisition to the Institute.
Mr. A. L. Steavenson (Durham) supported what had been said by Mr. Douglas, who was one of the original
members of the Institute. His own connection dated from 1855, and he believed that they had both done their
duty to the Institute. They had attended as many meetings and written as many papers as "most people, and
had always taken a great interest in the proceedings. He
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thought that interest had been fully returned, for he always found that there was more benefit to the writer of
a paper than to those who sat and listened to it. In writing a paper they divided the subject into heads and
then filled it up with what information they could collect from all kinds of sources. His first paper, written in
1859, and read in 1860, was " On the Manufacture of Coke in the Newcastle and Durham District."* It certainly
did him a great deal of good, and he believed that it was the means of obtaining for him the position which he
had held ever since. If he spoke well of the Institute, the benefit was mutual and very great. He would point
out to the younger members that there was still a number of vacant places in their portrait gallery for future
presidents, and he hoped that they would strive to do their best to fill them. The late Mr. Nicholas Wood was
president for eleven years after he (Mr. Steavenson) became a member. There were now very few of the
original members, and he believed that only six remained who were members when he joined the Institute. It
therefore gave him great pleasure to be able to take part in that day's proceedings.
Mr. J. G. Weeks (Bedlington) also endorsed the remarks made by the previous speakers, and said that he was
glad to see the lecture theatre, which was more or less identified with his term of office, furnished with the
portraits. He believed that only five of the original members now remained, namely, Mr. Thomas Douglas, Mr.
Cuthbert Berkley, Mr. A. S. Palmer, Mr. William Spencer, and Mr. John Rutherford, of Halifax, Nova Scotia.

The following gentlemen were elected, having been previously nominated: —
Honorary Member—
Mr. Daniel Murgue, Ingénieur Civil des Mines, 1, Rue St. Honoré, St. Étienne, Loire, France.
Members—
Mr. Edward Cowell, Colliery Manager, Shotton Colliery Offices, Shotton Colliery, Castle Eden, S.O., County
Durham.
* Trans. N. E. Inst., 1860, vol. viii., page 109.
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Mr. George Victor Septimus Dunn, Mineralogist and Consulting Mining Engineer, 7, St. James' Buildings,
William Street, Melbourne, Victoria, Australia.
Mr. Alfred Hewlett, Managing Director of The Cossall Colliery Company, Limited, Cossall, near Nottingham.
Mr. Joseph Parker Hindmarsh, Inspector of Collieries, Corrimal, South Coast, New South Wales, Australia.
Mr. Kingsley Hopwood, Mining, Mechanical and Electrical Engineer, Beech Leigh, Buckley, Chester.
Mr. Daniel Hotchkis, Colliery Manager, Mount Kembla Colliery, Wollongong, New South Wales, Australia.
Mr. Albert Jennings, Works Manager, 12, Grainger Street, Darlington.
Mr. Edward Morrison, Colliery Manager, 51, Pica Cottages, Distington, S.O., Cumberland.
Mr. William Frederick Price, Engineer, A Floor, Milburn House, Dean Street, Newcastle-upon-Tyne.
Mr. David Thomas, Civil and Mining Engineer, Quay Street, Ammanford, S.O., Carmarthenshire.
Mr. Charles Edward Turner, Mining Engineer, Mina Campanario, Valverde del Camuio, Provincia de Huelva,
Spain.
Mr. Foster Williams, Mining Engineer, Miniera di Libiola, Sestri Levante, Italy.

Associate Member—
Mr. George Ralph Gibson, Tyne Saw Mills, Hexham.

Associates—
Mr. Hugh Clarkson Annett, Mining Student, Widdrington, Acklington, S.O., Northumberland.
Mr. Percy Lindsay Lascelles, Colliery Surveyor, Coundon, Bishop Auckland.

Students—
Mr. Norman Elsdale Barber, Mining Student, Seghill Colliery, Seghill, Dudley, S.O., Northumberland.
Mr. Stanley Walton Brown, Mining Student, Seghill Colliery, Seghill, Dudley, S.O., Northumberland.

DISCUSSION OF MR. W. M. EGGLESTONE'S PAPER ON " THE OCCURRENCE AND COMMERCIAL USES OE
FLUORSPAR."*
Mr. Benjamin L. Bradley (Grindleford, Derbyshire) wrote submitting three pieces of Derbyshire fluorspar from
the Moor-furlong mine, which were good average specimens. The fluorspar would be found of rather a softer
nature than that obtained from Weardale.
Mr. David Burns (Carlisle) wrote that Mr. Egglestone had
* Trans. Inst. M. E., 1908, vol. xxxv., page 236.
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brought forward a subject of great interest. If ever they were to know much of the contents of the
metalliferous lodes of the Dales, at any rate in the form in which they now found them, it must be by a careful
study of the succession of crystals, and an explanation from chemists of the conditions necessary for each
succeeding formation. To get full value of the arrangement of the crystals in a specimen, it should be carefully
observed before it was broken from its original seat. Mr. Egglestone had referred to the common phenomenon
of small crystals coating one side of a large crystal, whereas another side might be destitute of coating. If the
specimen before being disturbed had the coated faces of the crystals on the upper side, and there only, they
would be justified in assuming that this secondary mineral had been precipitated either as dust from a gaseous
envelope, or in some other form from a liquid one. Then, if covering the western faces only, say, the secondary
mineral had been brought by a strong current from the west. All these important data were lost when the
specimen had been broken off without due notice having been taken and recorded. He (Mr. Burns) had in his
possession a specimen which he had obtained many years ago in West Allendale, which he believed came from
the Carshield mine, but of this he was not quite sure. The specimen showed the following stages: —
(1) Fluorspar had been deposited with a free surface, allowing of the formation of perfect crystals ; (2) on
these crystals had been deposited a thick quartz coating; (3) the fluorspar had been later completely removed;
and (4) on the back of the quartz, that was, in the position formerly occupied by the fluorspar, had been
deposited at a still later period a beautiful crystal of blende of considerable size. Now, surely chemistry should
be able to tell them more of the conditions under which those four operations were possible, nay, inevitable,
than it had yet done. It was to chemists alone that they must look for the necessary information, and it was
scarcely to their credit that this fascinating subject should be in so backward a condition.
Mr. W. M. Egglestone wrote stating that he quite agreed with Mr. Burns that, observation as to the position of
crystals when in situ, and before removal, was desirable. It was most important in connection with the
question of minerals investing other
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minerals; and he had, when preparing his paper, made enquiries of miners, and had been informed that in the
cavities or vughs where fluorspar in crystals was generally found, the upper faces only were those invested
with secondary minerals ; but this point required further investigation and confirmation. Considering that
water-vapour never condensed except upon a solid substance, and that all condensation of water-vapour in
the air, whether rain, mist, fog, cloud, or snow, took place on a nucleus of dust,* it might be asked whether
dust-motes had anything to do with this process so far as scattered crystals were concerned. If a dust-mote
was necessary to the formation of a drop of rain, would dust-motes settling upon the clean upper surface of a
fluorspar cube in a cavity induce the formation of investing crystals ?
Hand-specimens of fluorspar, showing crystals invested apparently on the sides, might, when in their natural
home in the cavity in the mine, show that the invested sides were, in nature, uppermost. Fluorspar had

evidently been, in many metalliferous veins, the early mineral; and in many mines pseudomorphs or
isomorphs showed that the original fluorspar, after being overlain or covered with other minerals, had been
dissolved out, leaving an empty mould. These hollow imprints of fluorspar were common in Boltsburn mine,
Weardale, one of them, in the possession of the writer, having the inside of the mould studded over with quite
a number of pea-sized crystals of zinc-blende, deposited, of course, after the fluorspar had disappeared.
The writer had also in his possession an interesting specimen from the Sedling mine, Weardale: a solid angle of
fluorspar, broken off in the mine, and having edges extending to some 4 inches. This solid angle had been
completely covered with quartz, ¼ inch thick. This quartz-cap had, in like manner, been completely covered
with beautiful bluish-purple crystals, with sides measuring as much as ½ inch, and the shape of the original
solid angle of fluorspar was fairly well maintained. This third deposit formed a handsome and instructive
specimen of crystalline fluorspar.
* The Realm of Nature, by Hugh Robert Mill, 1892, page 113.
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DISCUSSION OF MR. THOMAS HARKER'S PAPER ON "FLINTY CHERT, HORNSTONE, ETC."*
Mr. Thomas Harker wrote submitting samples of flinty chert which he had obtained in Arkengarthdale,
Yorkshire, and which were taken from a bed 6 feet thick. The difference in quality was distinguishable by the
shade or colour. The brightest and most marble-looking lay about 15 feet in thickness at the top of the 16-foot
bed; the darker colour was from the bottom part of the bed, and was not so good in quality; whilst a third
sample had been tested, and proved to be of excellent quality.
Mr. J. B. Atkinson (H.M. Inspector of Mines, Newcastle-upon-Tyne) thought that they would have had some
communication from Prof. Lebour on the subject. He had discussed the matter with him, and his (Prof.
Lebour's) opinion was that chert was due to the replacement of the limestone by silica. Evidently he (Mr.
Atkinson) was wrong in the view that he expressed at the last meeting that possibly their gannister beds might
be equivalent.†
Mr. J. P. Kirkup (Burnhope) said that the samples submitted brought to his mind a visit to Flamborough Head,
where, in the chalk cliffs, they found samples of rather better quality than the best of those now exhibited.
Apparently the conditions were similar to those found to exist in the Carboniferous Measures.
Mr. W. M. Egglestone (Stanhope) wrote that he agreed with Prof. Lebour that chert was due to the
replacement of the limestone by silica. John Mawe referred to the Derbyshire chert, a siliceous substance used
by the potters, as being found in the limestone in large detached masses, and in thin strata, near Castleton,
Matlock, and other places, and stated that it was " full of marine figures, and animal remains; in which respect
it resembles the limestone, as though it had undergone a transition into petrosilex, or what the French called
keralite."‡ It would be interesting to know whether any fossil organisms existed in the Yorkshire cherts.
* Trans. Inst. M. E., 1908, vol. xxxv., page 231.
† Ibid., page 233.
‡ The Mineralogy of Derbyshire, by John Mawe, 1802, page 31.
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DISCUSSION OF MR. H. W. G. HALBAUM'S PAPER ON "CAST-IRON TUBBING: WHAT IS ITS RATIONAL
FORMULA?"*
Mr. H. W. G. Halbaum (Horden) wrote that as Prof. Louis and Dr. Morrow had not seen fit to withdraw, modify,
or justify certain remarks they had made in the previous discussion of the paper, he felt it necessary to

examine those utterances a little more fully. That necessity arose from the fact that the scholarly status and
collegiate environment of those critics might invest their strictures with a glamour which many might mistake
for logic and light.
First, with regard to the place of corrosion, it was only necessary to say that if Prof. Louis could state the case
more definitely, he (Mr. Halbaum) would be pleased to see him succeed in doing so.
Secondly, Prof. Louis had stated that he (Mr. Halbaum) had " quietly disregarded the main difficulty of the
whole problem, inasmuch as he had treated a ring of tubbing as a plain cylinder, which was precisely what it
was not."† With regard to the office of the ribs and flanges, the author had devoted nine pages of his paper to
the careful consideration of this question ; ‡ whilst with regard to the segmental structure, that, also, was fully
considered in Appendix III.,§ and illustrated by four figures on plate xxiii. If Prof. Louis had recognized the
simple fact that segments of tubbing were merely frustums of wedges, his so-called main difficulty would have
vanished, and he would have clearly seen that the ordinary design of tubbing-ring emphatically resolved itself
into the case of the plain cylinder.
Thirdly, Prof. Louis had gone on to say: " It was quite unnecessary for Mr. Halbaum to trouble about the simple
case of the plain cylinder, .... because that comparatively simple problem .... had been solved long ago."|| That
was another of Prof. Louis' misfires, for Prof. Jamieson, who might justly be regarded as the Rankine of the
twentieth century, distinctly stated that the problem was not solved even yet, and that an accurate solution of
the problem was simply impossible.
* Trans. Inst. M. E., 1907, vol. xxxiii., page 567.
609. || Ibid., page 624.
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Beyond showing, however, that the case of the tubbing-ring really resolved itself into the " simple" case of the
plain cylinder, he (Mr. Halbaum) had hardly troubled himself in the way which Prof. Louis described. The main
object of the paper had been to rescue the case of the cylinder from the sciolistic and contradictory formulae
under which certain men— Prof. Louis himself, the co-sponsor for the now abandoned formula of Prof.
Galloway, amongst them—had for years endeavoured to obscure it. The formula, for instance, for which Prof.
Louis himself was jointly responsible, proceeded on the absurd assumption that the area of the outside
pressure was less than the area of the inside surface of the tubbing: that cast-iron doubly thick was more than
doubly strong; that corrosion was a myth of the imagination ; and that the safe stress might always be taken at
one-third of the ultimate crushing-stress of the metal. Prof. Louis had since advocated factors of safety five
times as large, and yet he talked of the " simple case of the plain cylinder " being " solved long ago."
But Prof. Louis had enlisted the services of Dr. Morrow in the solution of the tubbing problem, and attention
might be called to the positions which the latter had chosen to take up. The first point attempted by Dr.
Morrow was to frame a great indictment of the logarithmic formula propounded by him (Mr. Halbaum). That
attack was remarkable for several peculiarities. First, Dr. Morrow's attack was unnecessary, since nothing
would be gained by it, even if it succeeded. Both Dr. Morrow and himself had stated an " accurate " rule, and
an approximate and easier rule for practical use. The relative results (or thicknesses of tubbing stated as
percentages of the inside radius) of each rule were set forth in the annexed table.
It was evident from the above table that the differences of the rides, within the limits of the tubbing case, at
any rate, were practically nil, so that in the extremest tubbing case, Dr. Morrow's "accurate" formula, socalled, would give a thickness about one-quarter of one per cent, less than the thickness directed by the
hyperbolic rule. In all other cases, the difference would be less even than that small amount—an amount
which in practice would hardly be considered measurable, and
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which, in the ordinary tubbing case, would not be measurable. For example, in a shaft 16 feet in diameter,
having tubbing of the unheard-of thickness of 9 inches, by the hyperbolic formula, Dr. Morrow's theoretical
formula would give the thickness one-hundredth of an inch less. Hence, the first point would be perfectly
clear, namely, that Dr. Morrow's contentions could have no tangible result, even if members accepted them. It
seemed to the writer, therefore, that it was a pure case of " Much Ado about Nothing."
Table Showing Relative Thicknesses of Tubbing (in Percentage of Inside Radius) Required for Pressure only.
[Table]
Secondly, it could easily be proved that Dr. Morrow's arguments were inconsistent and self-destructive. After
speaking against the hyperbolic rule, Dr. Morrow had been reminded that Prof. Jamieson himself used it for
cylinders under internal pressure. Brought face to face with that awkward fact, Dr. Morrow had straightway
jumped to the idea that he (Mr. Halbaum) had adapted Jamieson's internal-pressure rule to meet the externalpressure case illustrated by the tubbing problem. That was not so, as anyone might see by referring to
Appendix III. of his (Mr. Halbaum's) paper,* where the hyperbolic rule for external pressures was
independently deduced from simple first principles. In that appendix, it was also shown that the Aldis rule
(which was Dr. Morrow's "accurate" rule) was simply an approximation to the hyperbolic rule, but one near
enough for all practical purposes. Hence, if the hyperbolic rule were discredited, Dr. Morrow's so-called
* Trans. Inst. M. E., 1907, vol. xxxiii., page 607.
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"accurate" rule would go by the board, a fact which could be verified by comparing columns 1 and 3 of the
above table.
With regard to Dr. Morrow's practical formula, the use of which he (Dr. Morrow) was pleased to recommend
"under all circumstances," the relative results of that rule were set forth in column 4 of the above table.
Dr. Morrow had stated that: " It was, perhaps, worth while to point out that a formula might give excellent
results when used in connection with internal-pressure problems, and yet be at fault in the case of external
pressures. It must always be borne in mind that, even for cylinders under internal pressure, the only reason
why the logarithmic formula might be used was because it gave results which agreed more or less closely with
the more accurate theory."* The "more accurate theory" alluded to thus was, of course, the Aldis approximate
theory. But Dr. Morrow went on to show, in his way, how different it was in the case of external pressure, and
said " how wrong it was to take a formula obtained for cylinders under internal pressure and to endeavour to
amend it to suit the external-pressure problem."† Yet that was precisely what Dr. Morrow himself had done,
the proof being as follows: —
Prof. Jamieson gave the following rule for cylinders under internal pressure:—‡
LogeR/r =p/f

.....(1)

But since many men prefer the direct arithmetical method, Prof. Jamieson remarks that:
[mathematical expression] very nearly

(2)

provided that R/r was not greater than 2.§ Substituting that value of R/r in equation (1) above, they got
for the thickness :
[mathematical expression]

(3)

* Trans. Inst. M. E., 1908, vol. xxxv., pages 68-69.
† Ibid., pages 70-71.
‡ Text-book of Applied Mechanics, by Prof. Andrew Jamieson, second edition, 1900, vol. ii., page 248.

§ Ibid.
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which was Jamieson's practical formula for cylinders under internal pressure. But if by r they understood the
external instead of the internal radius, and if by f they understood the safe compressive instead of the safe
tensile stress, Jamieson's formula for the internal-pressure case became Dr. Morrow's rule for the externalpressure problem. That was the Doctor's formula (11); it was "recommended under all circumstances"; and it
was simply Jamieson's formula for cylinders internally pressed, "amended so as to apply to the externalpressure problem" by Dr. Morrow himself. His "recommended" formula for external pressure "under all
circumstances" was merely an approximation to Jamieson's approximation to the standard for the internalpressure problem. The Doctor's condemnation of "approximations" thus applied only to his own formulae.
But the logarithmic formula propounded by the writer was deduced independently for the external-pressure
case. Anyone could prove that by referring to the appendix above-named. The late Mr. M. Walton Brown, in
his energetic way, had pressed the writer to get the paper ready for the meeting of The Institution of Mining
Engineers, held in London in June, 1907; otherwise, the said appendix would have formed an integral portion
of the body of the paper. Its object was to show that the case of the cylinder—so far as that could be
understood— was simple enough to be stated without the use of the calculus, no matter whether the cylinder
was a continuous ring or a jointed structure built up by frustums, as the writer treated them; or by tubbingsegments, as the miner would call them; or by arches "resting against abutments constituted by the rest of the
ring, with the peculiarity that the thrusts on such an arch took place along radial lines," as Prof. Louis had
happily and precisely put it.* And in all that lengthy discussion, there had not been the slightest attempt to
controvert the reasoning which the writer had adopted in that appendix. All Dr. Morrow's criticism had been
directed against the writer's methods of comparison of formulae, and not at all against the much more
important question of his methods of deduction. Comment on that fact was unnecessary.
Dr. Morrow had stated that "Sir W. Fairbairn's formula
* Trans. Inst M. E., 1907, vol. xxxiii., page 624.
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…was not to be mentioned in connection with short or over-ringed tubes." Precisely; that was what he (Mr.
Halbaum) had emphatically urged. But it was surprising that Dr. Morrow should say so, since Dr. Morrow's
formula (24) was directly deduced from, and based upon Fairbairn's rule, the difference of properties
possessed by cast-iron and wroxight-iron being taken into account; whilst the essentially vital difference of
environment due to fluctuations of temperature was absolutely overlooked and ignored by him—an oversight
which completely deprived the amended formula of any little value it might otherwise have possessed.
Thirdly, in view of Dr. Morrow's inconsistency, it would be advisable to examine his theory. His theory of the
office of the ribs and flanges would scarcely be taken seriously by practical men, since, followed to its logical
conclusion, it led to the theorem that a structure might be vastly stronger than its weakest part. But
Dr. Morrow had fallen into yet another error, opposite in one sense, but similar in another, and an error
which all men might not so easily detect. Objecting to the logarithmic rule, he (Dr. Morrow) had remarked:
"The strain . . is due to the normal compressive force, as well as to the circumferential stress ; and it is only
this latter part that can be divided into the stress q to obtain the modulus E."* Dr. Morrow appeared to
forget several important considerations, whilst devoting undue attention to trifling matters. He forgot, for
instance, (1) that the circumferential stress itself was but the effect of the normal compressive force; (2) that
the normal compressive forces on the tubbing afforded mutual lateral support to each other; (3) that this very
lateral support was itself the great safeguard against collapse; (4) that his recognition of the "normal
compressive force" was absolutely inconsistent with his faith in the great bugbear of collapse of which

Prof. Louis and himself were so afraid ; (5) that provision against the principal stress of any given kind
coincidently provided against all minor stresses of the same kind; (6) that Dr. Morrow himself was committed
to the principle now stated, since he had admitted that the stress due to the weight of the tubbing might be
neglected, even if it amounted to 5,000 pounds per square inch.† And, finally, Dr. Morrow had quite
overlooked the prac* Trans. Inst. M. E., 1907, vol. xxxiv., page 111.
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tical proof of his error furnished by the significant fact that the logarithmic formula, leaving those minor
stresses out of account, gave results absolutely as safe as his so-called "accurate" formula, which presumably
took them into account, since Dr. Morrow approved of it. If Dr. Morrow's objections were worth anything at
all, he should be easily able to show a conceivable tubbing case where the hyperbolic rule would fail and
where, at the same time, his so-called "accurate" formula would succeed. He (Mr. Halbaum) would be pleased
if Dr. Morrow would state such a case, practical or theoretical. The latter had already found it "inadvisable" to
reply to his (Mr. Halbaum's) arguments,* and if he would find it equally "inadvisable" to answer the other
questions now put, the members no doubt would be able to interpret that attitude as it deserved. But Dr.
Morrow had further remarked that: "the statement .... that the circumferential strains depend on the
corresponding circumferential stresses only, is also erroneous."† He (Mr. Halbaum) had, as a matter of fact,
never made that specific statement, but he was willing to accept it, and to defend it against the Doctor's ipse
dixit. Dr. Morrow's criticism was either a mere nibbling at trifles, or else a direct attack on Hooke's law of
strains. If the former, it was not worth troubling about; if the latter, it was more important, although it was still
easily answered. It was probably a fact that during the last few years some men had decried Hooke's law. But
the latest researches had shown that attitude to be wrong, so far as ordinary practical work was concerned.
Probably Dr. Morrow was partial to Continental philosophy, and it would be of interest to quote Continental
authority on the matter. M. Lucien Poincaré, Inspector-General of Public Instruction, had just written a most
valuable epitome of present-day views on such matters,‡ and the following remarks were quoted from the
authorized English translation : —§
" The purity of the note emitted by a sound has been often invoked as a proof of the perfect isochronism of
the oscillation, and consequently, as a demonstration a posteriori of the correctness of the early law of Hooke
governing elastic deformations. This law has, however, during some years been
* Trans. Inst. M. E., 1908, vol. xxxv., page 69. † Ibid., 1907, vol. xxxiv., page 112. ‡ La Physique Moderne, son
Evolution. § The New Physics, 1907, pages 135-136.
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frequently disputed. Certain mechanicians or physicists freely admit (sic) it to be incorrect, especially as
regards extremely weak deformations. According to a theory in some favour, especially in Germany, that is,
the theory of Bach, the law which connects the elastic deformations with the efforts would be an exponential
one. Recent experiments, however, by Professors Kohlrausch and Grüneisen [Grueneisen], executed under
varied and precise conditions on brass, cast-iron, slate and wrought-iron do not appear to confirm Bach's law.
Nothing, in point of fact, authorizes the rejection of the law of Hooke, which presents itself as the most natural
and most simple approximation to reality."
The above quotation, coming from a high Continental authority, would doubtless be appreciated by practical
men, even if Dr. Morrow should find in it yet another case which it was "inadvisable" that he should answer.
Fourthly, attention might be called to Dr. Morrow's so-called facts. He had attempted to ride down part of his
(Mr. Halbaum's) opposition by the statement that Sir John Anderson had not said "anything so absurd" as that
surplus material in a structure was a source of weakness.* Of course, every engineer knew that Sir John was

referring to redundancy. But the question as to whether or not he made the statement quoted was easily
disposed of. Sir John's own words were as under: —
" In designing machines or structures, not only is there a correct form, but it is of the greatest importance that
that form should not be departed from unnecessarily. The correct form is that in which every part is
proportioned to the straining action to which it is subjected, so that the stress reaches the same maximum
limit on every section. If, instead of being thus proportioned, a structure has a surplus of material in some
parts, that surplus may not only not strengthen it but may positively weaken it, and may render parts,
otherwise of sufficient strength, incapable of sustaining the load for which they have been calculated. Thus, for
example, a chain with one link smaller than the others ... is reduced in strength, not only in proportion to the
reduction of section at the weak point, but in a still greater degree. In consequence of the surplus resistance in
the other parts, most of the elastic work will be concentrated on the weak link.....Although, strictly speaking,
we cannot increase the strength of a structure by securing equality of sectional area, because the strength still
remains dependent on the weakest section, yet virtually we increase the strength, by preventing the gradual
deterioration of the resistance at one point, and thus diminishing the risk of fracture."†
The above deliverance of Sir John Anderson shattered the entire Morrovian philosophy, and utterly
demolished the Doctor's theory that the great sources of strength in the tubbing lay
* Trans. Inst. M. E., 1908, vol. xxxv., page 69.
† The Strength of Materials, by Sir John Anderson, eleventh edition, 1892, Pages 155-156.
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in the ribs and flanges. Sir John Anderson—an indubitable authority in such matters—therein emphasized the
principle that the structure was limited in strength by the weakest section or member. And, hence, he
coincidently emphasized the fact that the strength of tubbing for all shafts, deep or otherwise, was limited by
the thickness of the shell. At all events, the above quotation proved that Sir John Anderson had really made
the statement which Dr. Morrow had pronounced "absurd " and the publication of which the Doctor had
denied. There was, however, nothing absurd about Sir John's statement, as it simply affirmed that a surplus
resistance in parts of a structure had pretty much the same effect as a surplus temperature in parts—a fact
which any engineer with some little knowledge of physics might readily foresee. It had already been pointed
out that, in attempting to equate Fairbairn's formula to the tubbing problem, Dr. Morrow had altogether
overlooked the factor of differential temperatures. It now appeared that he had further overlooked the factor
of differential resistances due to redundancy of material; and not only so, but he had denied that such
differential resistances could obtain, and had characterized the principle so clearly explained by Sir John
Anderson as absurd.
Fifthly, with regard to Dr. Morrow's actual results in the shape of formulae, his "plate formula" was Prof.
Unwin's rule; but since Dr. Morrow had proposed to apply it in a way that Unwin never contemplated, he had
done wisely in withdrawing it, or, at least, in admitting that, so far as the tubbing case was concerned, it could
only apply in special cases. With respect to his "accurate" formula marked (10a), it was practically the same as
the logarithmic rule, as was well shown by the table contained in the writer's present contribution to the
subject. Its chief fault as a tubbing rule was that it failed to call the attention of the engineer to the possibility
of corrosion. As to his practical formula marked (11), it would answer so far as the pressure-part of a rational
tubbing formula was concerned, but it gave no warning against corrosion. With regard to his formula marked
(24), it was based on Fairbairn's rule, which the Doctor himself condemned, and even then was wrongly
deduced. Any careful comparison of the differential factors in the two cases would show that there was no
ordinary design of
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tubbing that was not already sufficiently secure against collapse, and the formula referred to was merely a
grotesque result of the collapse-scare recently raised, first in a mild form by Mr. Charles Pilkington and then in
the acute form by Prof. Louis and Dr. Morrow. In his (Mr. Halbaum's) opinion, the supposed collapse-risk might
be dismissed from their minds as a sheer bogey, so long as the ordinary designs of tubbing were adhered to.
Coming to Dr. Morrow's "ring-formula," its consideration demanded a little more space. First of all, let
them clearly recognize that it was a collapse-formula, and a formula which assumed that the collapsing
pressure increased as the cube of the thickness. But Prof. W. C. Unwin, whose authority was worldwide, had
said :—"In particular it is clear from the experiments that the collapsing pressure does not increase quite so
fast as t3."* However that might be, one thing was perfectly clear, namely, that this collapse-formula was out
of joint with the whole problem, seeing that the collapse-idea itself was quite opposed to all practical
experience. For example, Mr. Frank Coulson, whose wide experience of such matters was well known, had
remarked that: "It seemed to be taken for granted that cast-iron tubbing 2 inches thick would be twice as
strong as cast-iron tubbing 1 inch thick, but this did not work out in practice,”† He (Mr. Halbaum) would
pause a moment to consider why that was so, and he would suggest that tubbing doubly thick was less than
doubly strong, for the following reasons:—(1) Because the tubbing cylinder was subject to the law of all
cylinders as that was illustrated in the hyperbolic formula for the thickness. (2) Because the redundant
material in the thicker tubbing was a greater proportion, and the law laid down by Sir John Anderson was thus
more flagrantly violated than in the case of the thinner tubbing. (3) Because (repeating the above in other
words) the ordinary tubbing case furnished a problem of crushing forces much more conspicuously than it
furnished any real problem of provision against collapse. That was his (Mr. Halbaum's) theory of the case; it
agreed altogether with Mr. Coulson's experience that tubbing doubly thick was never found doubly strong;
and it explained how futile it was for
* The Elements of Machine Design, thirteenth edition, 1892, vol. i., page 84.
† Trans. Inst. M. E., 1908, vol. xxxv., page 48.
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Dr. Morrow to come forward with a ring-formula proceeding on the absurd assumption that tubbing doubly
thick would be eight times as strong!
The. main difficulty of the tubbing problem was not connected with collapse at all. Could Dr. Morrow and Prof.
Louis cite half-a-dozen clear cases of collapse from the entire history of mining throughout the world? The
main difficulty was not even provision against crushing force: the great case for investigation was that of the
corrosive properties and powers of the various mine-waters. As Mr. T. Campbell Futers had manfully said :
"the only objection that could be brought against the tubbing of the 'grand old engineers' was not that it was
not strong enough, but that they had underestimated the length of time that the tubbing was required to last.
He had not heard of a single instance where tubbing had failed owing to a want of sufficient strength to resist
the pressure of the hydrostatic head of water."* The element of time alluded to by Mr. Futers was inseparably
connected with the corrosive energy of the shaft-water, and therein was the real difficulty of the entire
problem. He (Mr. Halbaum) ventured to express the earnest hope that members would not permit their
attention to be distracted from that by any side issue. He had furnished a simple formula which would keep
that phase of the question constantly before their eyes, and he ventured to state that neither Prof. Louis nor
Dr. Morrow had been able to amend it in any single particular. They had emphasized an imaginary collapse-risk
which had no real existence; they had objected to the pressure-member of his formula without being able to
improve on it in any possible detail; but the one difficulty of the whole case they had left for others to tackle,
namely, the difficulty of fixing the precise place of corrosion. It arose solely from the general lack of reliable
data, and he (Mr. Halbaum) would conclude by simply repeating the request preferred in his paper—that
mining engineers would set about in genuine earnest to collect, record, and compare the data desiderated.

Mr. Arthur Ross' paper on " Circulation and Heat Absorption in Steam Boilers " was read as follows:—

* Trans. Inst. M. E., 1907, vol. xxxiii., pages 619-620.
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CIRCULATION AND HEAT ABSORPTION IN STEAM BOILERS.
By ARTHUR ROSS.
About twelve to fifteen years ago, a great deal of important work was done and results published upon the
rate, of heat transference from fire to water in a steam generator. Since that time the subject appears to have
been practically dormant, and the interest then aroused has considerably abated. At the time when most of
these investigations were made water-tube boilers, the Belleville in particular, were forcing themselves upon
the attention of boiler users. Although that question is not now so acute, yet it cannot be denied that the
subject of water circulation is still one of great importance, seeing that working pressures are daily increasing,
more intense fires are required, and fuel is dearer.
The ideal conditions are represented by the complete absorption in the boiler-water of all heat generated by
the fuel. That we can only approximate to such perfection is common knowledge, but the aim of every
efficient engineer is to reduce to a minimum the gap between ideal and actual.
One of the most certain helps to this end is to ensure a frequent change of water in contact with the heating
surface, or, in other words, a first-class circulation. The reason for this is obvious, when the non-conducting
power of water is remembered. The late Lord Kelvin gave the thermal conductivity of iron as 80 times, and
copper as 500 times, that of water. The thermal conductivity of iron was given as 3,500 times, and copper as
20,000 times that of air, so that the thermal conductivity of water is over 40 times that of air. For the purpose
of comparison, we can take air as equivalent to steam, and consider steam 40 times a worse conductor of heat
than water, or 120 times worse than iron. Thus it is clearly advantageous to keep water always in contact with
the heating surfaces, as steam taking 40 times as long to absorb the same quantity of heat as iron results in
too much heat being stored in the iron tube or plate, with disastrous
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results in every instance. Several experimenters have shown that an enormous evaporation per square foot
can be obtained with perfect safety, provided that water is always in contact with the metal, from 50 to 100
pounds per square foot per hour having been actually obtained.
Reference was made by the author to Mr.C. W.Williams' work on The Combustion of Coal and the Prevention
of Smoke Chemically and Practically Considered, published in 1854, the early days of steam navigation, and
when the wellknown type of "Scotch" marine boiler was being evolved, but not yet produced. In these early
types, large flat surfaces with narrow water-spaces were common, but these boilers continually failed. The
failure of these plates was put down to slackness of circulation, resulting in a film of steam adhering to the
plates, which prevented the heat from being absorbed quickly enough by the water, overheated and bulged
plates being the result. It must be evident that under such circumstances of overheating the heat does not
travel through the plate three or five times as fast as before, although the water is boiling, but becomes stored
in the plate. One paragraph of this most interesting book is a quotation from Mr. Robert Murray's Treatise on
the Marine Engine, which states that: "It is a point of the utmost importance that no part of the heating
surface of a boiler should be so situated that the steam may not readily rise from it and escape to the surface;
since the plate, if left in contact with steam instead of water, becomes unduly heated and destroyed."*
Mr. Williams gives the following table, containing the result of numerous experiments : —†

[Table]
* The Combustion of Coal and the Prevention of Smoke Chemically and Practically Considered, by Mr. C. W.
Williams, 1854, page 155.
† Ibid., page 164.

[261]

CIRCULATION AND HEAT ABSORPTION IN STEAM BOILERS.

261

Although these figures would not go unquestioned to-day, yet they are instructive as showing that circulation
was being considered an important question in those early days of boiler construction.
The Engineer of February 28th, 1908, contains, among other matter important to boiler-users, a leading article
on "Maximum Evaporation," in which it is stated that: " The great danger lies in the formation of steam
between the water and the plate which remains there. For this reason a rapid circulation should be maintained
in order that the steam may be swept away as fast as it is formed."*
Notwithstanding these results, there is still to be overcome the reluctance of water to absorb heat rapidly,
resulting in a considerable range of temperatures existing in different parts of even a small vessel; how much
greater, therefore, are those differences in a large bulk like a steam boiler, with a maximum temperature
many times that of the atmosphere.
It is undoubtedly true that convection currents in fluids assist in the absorption of heat by setting up
movements due to the differences in gravity of the warmer particles, but these currents stop when ebullition
is general, all movement then being upwards; and these currents, being a natural circulation, support the
writer's contention as to the value of circulation, their great drawback being that they cease to operate when
boiling is in full swing. Further, convection currents are only above the source of heat, therefore do not
operate below the fire-bar level of a Lancashire or similar boiler, so that it is not surprising to find great
differences of temperature above and below the furnaces.
Recent experiments made on a dry-back boiler gave the results contained in the annexed table, showing how
the temperature of the water at the bottom of the boiler rose hour by hour after fires had been lighted. The
steam pressure of the boiler when at work is 160 pounds per square inch, with a temperature of between 360°
and 370° Fahr., so that the last readings taken after the boiler had been on load for some hours was about
140° Fahr. colder at the bottom than at the top.
Mr. Rankin Kennedy, to illustrate the poor conductivity of water downward, states that if "water were kept
boiling at the
* The Engineer, 1908, vol. cv., page 222.
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surface, the heat would not penetrate sufficiently to begin melting ice at a depth of 3 inches in less than about
two hours."*
[Table]
Some interesting experiments were carried out by Mr. Lavington E. Fletcher, chief engineer to the Manchester
Steam Users' Association, to which the author would direct the attention of the members.†
That the writer is not singular in emphasizing this subject is shown by the following extracts out of many. In
1874, Prof. Osborne Reynolds communicated a paper to the Literary and Philosophical Society of Manchester,
in which he remarks that:

" There is one assumption which upon the face of it seems to be contrary to general experience, this is, that
the quantity of heat imparted by a given extent of surface to the adjacent fluid is independent of the motion of
that fluid or of the nature of the surface; whereas the cooling effect of a wind compared with still air is so
evident that it must cast doubt upon the truth of any hypothesis which does not take it into account."
" The heat carried off by air or any fluid from a surface, apart from the effect of radiation, is proportional to
the internal diffusion of the fluid at and near the surface."‡
At a recent enquiry into the explosion of a live-steam feed-heater drum, Mr. — Carlton, Board of Trade
Engineer Surveyor, reported, as one of the causes of the explosion, " the severe strain* Modern Engines and Power Generators, by Prof. Rankin Kennedy, 1904, vol. iv., pages 9-10.
† Report on a series of Red-hot Furnace Crown Experiments, to ascertain the Result of Injecting the Feed-water
into a Boiler when short of Water and with Fires Burning, by Mr. Lavington E. Fletcher, 1889.
‡ "On the Extent and Action of the Heating Surface for Steam Boilers," by Prof. Osborne Reynolds, Proceedings
of the Literary and Philosophical Society of Manchester, 1874, vol. xiv., page 8.
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ins of the plates due to the somewhat large variations of temperature that exist in these drums owing to water
in the drum being frequently cooler below the surface than the steam, and causing the bottom of the drum to
be colder than the top."*
It may be suggested that so long as the heat is absorbed it does not matter whether it comes from furnaceplate or shell-plate, but when the enormous expansion possible between the extreme temperature is noted,
the importance of rapidly distributing the heat all over the boiler will be recognized.
Taking, for instance, an ordinary Lancashire boiler, the heat is excessive at the bridge, probably between
2,500° and 3,000° Fahr., while the temperature of the gases at the last damper may not exceed 500° Fahr., a
difference of about 2,500° Fahr., occurring in the length of a single unit. Taking the co-efficient of expansion of
steel as 0.00000672 for 1° Fahr., and assuming that the furnaces were at the maximum temperature
throughout, as also that the shell was at the minimum temperature throughout, the difference in lineal
expansion would be 6.048 inches in a 30-foot boiler. That it is not likely that such severe conditions occur in
practice the writer is aware, but they do occur in a modified form in every boiler, explaining the reason for
leaky seams and weeping rivets on end-plates. It also emphasizes two other important facts, one, the necessity
for rapidly absorbing the intense heat at the furnace and distributing it to colder parts; the other, the
importance of preventing any obstruction to the free passage of heat through the plate by accumulations of
scale or grease. If these obstructions have accumulated on the plates, then the heat will become stored up in
the plate or tube, bringing about the extreme expansion and destruction of the boiler.
Supposing for a moment that the furnace-tube was so secured at the ends that the top and bottom of the tube
could be kept at the same length, when heated, the top would have to be compressed and the bottom
stretched. Every difference of 1° Fahr. would produce a compressive stress in the top and a tensile stress in the
bottom of 93 pounds per square inch.
With regard to the shell, there is not quite the same frequency of movement as in the furnace, as a result of
opening the door; but there is no doubt about the magnitude of the stress produced on plates and joints.
* The Engineer, 1908, vol. cv., page 82.
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More equal distribution of the heat is becoming more and more recognized as a most important feature, so far
as the life and safety of the boiler is concerned ; but another valuable detail is that by the effort to distribute
the heat more equally, a circulation is set up which induces a more rapid absorption of heat by the water.
The writer does not propose to take more than a cursory survey of some of the classical work done on the
subject. Mr. G. A. Hagemann was one of the first to determine accurately the influence of speed on cooling or
heat absorption. Other workers as far back as the latter part of the seventeenth century, including Sir Isaac
Newton, had preceded him in investigating the question of heat transmission; but so far as the writer has
searched for the purpose of this paper, Mr. Hagemann was the first to study with exactness the effect of
circulation. Mr. Hagemann's experiments may be divided into three sections, namely: —
(1) To determine the influence which speed of flow had upon transmission when the temperature differences
were kept constant; increased flow resulted in greater absorption.
From the figures and curve given by Mr. Hagemann it will be noticed that with no flow at all, the temperature
was considerable (due to convection currents), and the whole curve clearly proves that increased flow meant
increased absorption, when the available heat was kept constant.
(2) To find the influence of temperature differences at constant speed. The figures and curves clearly show
that, by increasing the available heat at constant speed, the efficiency is lowered.
(3) The influence of water speed on heat transmission. The figures and curves show that as speed increases,
efficiency also rises.
With reference to the curves, Mr. Hageniann remarks that: ''It is a natural result of the method of experiment
adopted that the parts of the curves of transmission actually determined are not greater, and begin rather
high up, but the principal result obtained previously, namely, that the transmission of heat increases with
increasing speed, is further confirmed."*
* " Experiments on the Transmission of Heat," by Mr. Gustav Adolph Hagemann, Minutes of Proceedings of The
Institution of Civil Engineers, 1884, vol. lxxvii., page 320.
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Another most striking set of experiments were those of Prof. - Ser of the College of Arts and Manufactures,
Paris, his investigations being also to determine the effect of velocity upon heat transmission. The temperature
of the heating medium (steam) being kept constant, the effect of different velocities of the water upon the
rate of heat transmission is shown in the table and curve contained in his paper, and confirms Mr. Hagemann's
results.
Prof. Ser's apparatus was clearly not suitable for experiments with temperatures sufficiently high to produce
steam in the circulating water, so that his remark that "the transmission of heat for the same difference of
temperature is more than tripled when the liquid is boiling, which is due to the greater speed in the circulation
of the heated liquid,"* is only a surmise, and we now known [sic] from the later experiments of Mr. G. Halliday
that this is not the case, but rather that steam bubbles act as worse conductors of heat than solid water, so
reducing efficiency.†
It is unfortunate that further work was not done on the lines laid down by Mr. Halliday, as his apparatus
enabled steam to be formed in the circulating water. His experiments demonstrated that the efficiency fell
when the steam mixed with the water, and he further proved that there is a critical speed, which, if exceeded,
will also lower efficiency, tending to show that the water must be in contact with the source of heat for an
appreciable time to absorb its share. After that point of speed is reached, it seems to slip over the surfaces
before full heat absorption takes place; but the writer is not certain whether this will apply to boilers where
the water returns to the source of heat, although this was no doubt true of Mr. Halliday's apparatus.

Some experiments of great interest were carried out by Mr. J. Hirsch to discover the rate of evaporation in the
part of a boiler most exposed to the fire; and he obtained results of from 21 to 50 pounds per square foot of
the heating surface. His other experiments were also very valuable, as he made a special study of the effect of
scale, oil, and grease, upon the conductivity of the heating surfaces. The inside of his apparatus was coated
with a layer of plaster 1/25 inch thick, and he found that an evaporation of
* Traité de Physique Industrielle, 1887-1891.
† Transactions of the Institute of Marine Engineers, 1899-1900, vol. xi., Paper No. 84.
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39 pounds per square foot of surface per hour resulted in a temperature difference of about 86° Fahr. higher
than when distilled water was used in direct contact with the plate. With a layer 3/16 inch thick, a 30-pound
rate of evaporation caused the external temperature of the plate to rise above 482° Fahr., a difference of
about 75° Fahr. as compared with distilled water; and to evaporate 40 pounds, it exceeded 732° Fahr., or 410°
Fahr. above the results with distilled water. He also covered the inner space of a boiler with mineral oil, wiping
nearly all off and leaving only a thin layer. It was found that the heat in the plate increased considerably, the
water side of the plate giving a higher result; and when a moderate evaporation of 35 pounds per square foot
per hour was made, all the fusible plugs melted, proving a temperature above 842° Fahr. Further experiments
were made with small tin saucepans, which became red-hot at low temperatures when a coating of grease
adhered and burnt to the surface. Mr. Hirsch states that:
" He had observed that where an abnormal elevation of temperature was attained in the experiments, black
patches, apparently arising from the partial decomposition of fatty matter, adhered to the boiler at the
beginning of the trial, not having been completely removed by the cleansing. Wishing to discover if they had
any influence on the phenomena of the transmission of heat, he greased a clean tinned saucepan with mineral
lubricating oil and heated it without water over a slow fire to decompose the fatty matter. The bottom of the
saucepan was found to be covered with a black coating to which water would not adhere. The saucepan was
then filled with water, and heated over the furnace. After boiling a minute one part at the bottom of the
saucepan was seen to become red-hot, and the incandescence soon spread over the rest of the area covering
the opening of the furnace. Evidently the bottom of the saucepan was never wetted, and the water assumed
the spheroidal condition. Even if the grease was confined to a limited portion of the bottom, that part alone
became incandescent at first, but the red heat gradually extended over all the surface exposed to the fire. This
experiment was repeated several times with different intensities of fire. With heat corresponding to an
evaporation of about 54 pounds per hour per square foot of heating surface, the colour of the bottom was
bright orange, but when 30 pounds were evaporated, the colour was dark cherry."
"Further experiments shewed the following results:—If a perfectly clean tinned iron saucepan is used,
however intense the flame, the water boils in the usual way, and the tin is not melted. The surface is not
affected by the heat when the tinning has been removed by scraping or by oxidation, either by the action of
humid air or by that of ammonia or hydrochloric acid. In either state of the surface a thin layer of mineral oil,
applied cold, does not interfere with regular ebullition. But if the oil is previously decomposed by heat, or if an
oily rag is laid on the bottom of the saucepan and held there by a weight, overheating immediately takes place.
The same effect is produced if a solution of salt is evaporated in an oxidized saucepan, and the
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bottom when covered with a thin crust of salt, is smeared with cold mineral oil The smallest quantity of linseed
oil at the bottom of the saucepan immediately produced overheating even with the low temperature of
evaporation of 20 to 24 pounds. Spirits of turpentine and oil of turpentine did not produce overheating unless
mixed with a small quantity of linseed oil. A mastic of red lead easily produced overheating, but not so quickly

with colza oil as with linseed oil. Valveline, when laid on cold, only caused a dangerous glow when the heat
was very intense—equivalent to a70 pounds evaporation."*
With these results the writer considers that sufficient evidence has been given to prove that circulation is
valuable, also that plates as well as tubes exposed to fire should be clear of scale and grease.
There is an indisputable unanimity in the results obtained by all these experiments and those of others whose
work cannot be referred to specifically, and they all unite in showing:
(1) That circulation increases heat absorption.
(2) That steam mixing with water spoils the rate of heat absorption in proportion to the amount of steam
present, in accordance with Mr. Halliday's experiments.
(3) That the detrimental effect of scale upon heat absorption, and the destructive effect liable if oil
accumulates and adheres to the surfaces, are demonstrated by Mr. Hirsch's experiments. The first points to a
better output of steam per unit of fuel; the second that circulation to be most useful and fully effective should
be of solid water, not mixed steam and water; and the third that the removal of solids also helps to increase
the steam output, whilst the removal of oil is shown to be an absolute necessity.
Having proved the point as to the value of circulation, it will be interesting to see how the matter has been
dealt with in practice. There is no doubt that the recognition of the value of circulation is to some extent
responsible for the extraordinary designs of many tubular boilers. Numerous attempts have also been made to
obtain this desirable effect by cross-tubes in furnaces, by bent tubes, rings, etc., in the furnace gases, but they
all fail because when steam is formed the solid column of water in them is broken, and circulation is stopped.
Various types of baffles have been tried, but they fail because no baffling will turn steam or steam-hot water
downwards when it has a free choice to go upwards.
* Bulletin de la Société d’Encouragement pour l'Industrie Nationale, 1890, vol. v., page 302; also abstract in
Minutes of Proceedings of the Institution of Civil Engineers, 1892, vol. cviii., page 464.
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Some engineers claim to set up a circulation by the connection at the internal end of the feed-pipe of a nozzle
or series of trays, but the impossibility of these assisting to any extent is apparent when the discharge is only
equivalent to the rate of steam production, the majority of the incoming water generally becoming steam
immediately on discharge, whilst the outflow of the rest is mere subsidence. There is no fireman's hose effect
as some imagine.
One inventor (Mr. H. W. Harman), in 1859, patented a propeller fitted at the bottom of the back-end of a
boiler and actuated by a shaft passing through the top of the boiler-shell. *
The good features of a perfect circulator are : —(1) That it shall not require outside power to drive it, like Mr.
Harman's propeller, but be fully automatic; (2) that it shall start practically as soon as the fires are lit; (3) that it
shall always circulate solid water, whatever the heat and pressure of the boiler may be; and (4) that it shall
work when fires are banked and the boiler standing until quite cold.
All these good features are present in the "Hotchkiss" automatic circulator,† while to its circulating powers are
added the following advantages: —
(5) Deposit, oil, and grease are collected and removed continuously from the boiler while at work; (6) priming
is prevented; and (7) by the better expansion of the boiler, repairs are obviated and the life of the boiler is
considerably lengthened.
The "Hotchkiss" commences work quite automatically when the water under the funnel is raised about 20°
Fahr. The movement is at first slow, but rapidly gains in speed, the maximum being reached before steam is

made. Being removed from any heating surface, solid water is always circulating whatever the pressure. By
taking the hot water from over the fire and delivering it along the bottom of the boiler, the usual course is
reversed ; and on leaving the return-pipe the hot-water follows its natural law and rises. This movement
continues during the whole time that the boiler is at work or even hot, only stopping completely when the
boiler is cold again.
* British patent, 1859, No. 1,909.
† "The Circulation of Water in Steam-boilers," by Mr. Arthur Ross. Trans. Inst. M. E., 1905, vol. xxix., page 618.
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Its power of collecting mud, oil, etc., is apparent each time that it is blown out, tons of mud having been
collected from a single boiler after six and eights weeks' working.
At the conclusion of the paper, Mr. Ross conducted a very interesting series of experiments, by means of
transparent models of boilers, to demonstrate the theories put forward in the paper.

Mr. A. L. .Steavenson (Durham) congratulated the writer of the paper, but he considered that the Hotchkiss
apparatus was rather complicated and that the parts were liable to go wrong and give trouble in working. The
writer did not seem to recognize the fact that the days of boilers were over, and that, owing to the utilization
of rivers and water-falls, coal would soon become a drug in the market.
Mr. C. C. Leach (Seghill) said that he had not found that the old Lancashire boiler, without a good circulation,
would be rapidly destroyed. He had had four of them in use for from twelve to fifteen years, without any
patent apparatus on them at all. The water used was not particularly good, and the only repairs had been one
rivet amongst the four boilers. If properly built, the Lancashire boiler gave the least trouble of any kind of
boiler about a pit. The old egg-ended boiler was always out of repair. One thing against the Lancashire boiler
was the dead water at the bottom, but that gave no trouble at all, and the economy was nearly equal to any
tube boiler.
Mr. J. A. G. Ross (Newcastle-upon-Tyne) said that he was rather surprised to hear the writer speak of the
inefficiency of tubes. Those close behind the firebars were liable to be burned out, but he had known boilers to
give good results by having tubes put in. At the same time, the method illustrated by the model was excellent;
it afforded a means not only of circulating the water but of collecting the mud at the top without opening the
boiler, which was a very good thing indeed. With regard to the writer's remarks about the expansion of the
boiler, he thought that he was hardly correct. The difference of 2,500° in temperature between one end of the
boiler and the other was no doubt in the flame and not in the iron, and the

[270]

DISCUSSION----CIRCULATION AND HEAT ABSORPTION IN BOILERS.

inference was that the boiler would expand 7 inches, but this was not so; he did not suppose that a boiler 30
feet long would under such circumstances expand an inch. If they had a temperature of 2,500°, it would melt
the iron. He thought the apparatus very good provided that it was taken care of.
Mr. W. C. Blackett (Sacriston) asked the author whether he was able to give them any information as to what
would be the comparative effect in the coursing of heat through the flues of the boilers. Taking the case of a
boiler on coke-ovens, where they could either take all the heat from the flues at once, or, if they chose to do
so, take it and course it in the ordinary way: which would be the most likely to give the best results, leaving out
the question of the retarding effects due to friction ?

Mr. Arthur Ross said that, with regard to the value of circulation in preventing unequal expansion, he could
quote one instance which was very apposite. At the Royal Victoria Docks, London, there were five Lancashire
boilers, which were condemned on account of the unequal expansion from which they suffered. The boilermakers were always in the boiler-house, as before one was repaired another was ready to come down. These
boilers were working 6 hours and stopped 6 in every 12 hours, pumping 3 up and 3 down tide, the docks not
being level with the river. The boilers suffered terribly from unequal expansion, and some six or seven years
ago it was decided to turn them out and try some other type. An opportunity was given of introducing the
Hotchkiss apparatus, and as a consequence the old boilers were still there to-day, and would be good for at
least other five years. The boilers were clean, and it was only a question of unequal expansion. This case was,
of course, very exceptional, as they probably would not find another set working 6 hours and stopping 6.
Mr. C. C. Leach remarked that colliery boilers usually did so.
Mr. Arthur Ross, continuing, said that in the case which he had mentioned the boilers had to be ready to be
called upon with very little loss of time. With regard to cross-pipes, he had no doubt that a great deal of steam
was made in them ; but they were originally put in as circulators, and they did circulate while the
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APPENDICES.
I —NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE TRANSACTIONS OF
COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND FOREIGN PUBLICATIONS.
STANNIFEROUS AND AURIFEROUS DEPOSITS OF THE TRANSVAAL AND RHODESIA.
Einige Bemerkungen über [ueber] afrikanische Erzlagerstätten [Erzlagerstaetten]. By R. Beck. Zeitschrift für
[fuer] praktische Geologie, 1906, vol. xiv., pages 205-209, with 2 figures in the text.
In the course of his journey through South Africa in 1905, as a guest of the British Association for the
Advancement of Science, the author was able to amass a scientifically valuable and interesting collection of
rock-specimens. The study of these has formed the main basis of the observations summarized in the present
abstract.
The stanniferous deposits of Enkeldoorn in the Buschveldt, north of Pretoria, were discovered in April, 1904.
The main lode strikes north-northwestward through the red Buschveldt Granite, which here, however, has lost
much of its red coloration, and should rather be described as greyish-green. This porphyritic granite, so wellknown for the remarkable micropegmatitic structure of its groundmass, has been shown to send apophyses
into a hard splintery greenish-grey felsite, which crops out east of Enkeldoorn. Spruit, a relationship which
recalls the association in the Saxon Erzgebirge of the Zinnvald Granite with the older Teplitz Quartz-porphyry.
On the other hand, a younger fine-grained granite sends apophyses into, and forms bosses amid, the
Buschveldt Granite, and it is this younger granite which is the original ore-carrier.
The Vlaklaagte tin-ore deposits, a little way north-east of Enkeldoorn, and about 31 miles north-east of the
Premier diamond-mine, show a still closer lithologieal resemblance with the Zinnwald rock-series.
Corresponding to the Teplitz Quartz-porphyry is a felsite which occurs more especially in the western portion
of the mining field; it is traversed by the red Buschveldt Granite, just as in the Erzgebirge the Teplitz Porphyry
is invaded by the Zinnwald Granite. In both districts, the latest eruptives are fine to medium-grained grey
granites. Microscopic investigation shows the complete independence of the younger granites from the older.
At Vlaklaagte, as at Zinnwald, quartzose lodes of tin-ore occur in the younger granites, such as the junctionlode, 3¼ feet thick. Parallel with the lodes (again, just as in the Erzgebirge, and also as in Cornwall) run strips of
greisen, about a foot wide, extremely rich in tinstone; this greisen, as usual, shows not a trace of the original
felspars of the granite, and the author describes the results of a microscopic examination of the rock. A
specimen of highly-decomposed Buschveldt Granite from Rooipoort proved to be impregnated with arsenical

Pyrites as well as granules of cassiterite. The author has also seen, and briefly describes, some very fine
specimens of tin-ore from Swaziland.
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The most interesting occurrence of gold in Rhodesia, from his point of view, is that of the Ayrshire mine in the
Lomagunda district of Mashona-land. Here a hornblende-gneiss is worked containing native gold in the form of
inclusions, the other chief mineral constituents being orthoclase, plagio-clase, quartz, hornblende, and
epidote, and more rarely ilmenite, titanite, biotite, magnetic pyrites, iron pyrites, and graphite. The workings
have already been pushed down to a depth of 460 feet; but the proportion of gold, which in the upper levels
(with secondary enrichment favoured by weathering) averaged 0.736 ounce per ton, at depths below 160 feet
or so, has fallen to a quarter or half-and-ounce per ton. The ore-body has been proved for a length of about
1,500 feet, along the strike, and seems to be conformably intercalated among the steeply northward-dipping
crystalline schists. It seems evident that the gold existed in situ before the metamorphism of the gneiss took
place. In the year 1904, a rich auriferous conglomerate striking parallel with the Ayrshire deposit some 9 miles
farther south was discovered, and traced over a length of more than 2¾ miles. The outcrop was in part worked
out by the ancient miners. Occasionally magnetite and a little pyrites are found associated with the gold. At
the Eldorado mine near the Hunyani river, where the auriferous banket averages 6 feet in thickness, the
amount of gold per ton is 0.768 ounce. This rock bears no resemblance whatever to the well-known bankets of
the Witwatersrand. The author lays stress on the abundance of carbonaceous particles in some of the goldreefs of the Rand (as, for instance, in the hanging-wall leader of the Buckshot Reef), and by way of contrast
gives a description of the cementing-material of the Tarkwa conglomerate of West Africa.
L.
L. B.
MINING DEVELOPMENTS IN THE GERMAN COLONIES.
Über [ueber] geologische Untersuchungen und die Entwickelung des Bergbaues in den deutschen
Schutzgebieten. By — Schmeisser. Zeitschrift für [fuer] praktische Geologie, 1906, vol. xiv., pages 73-81.
Togoland - A recently-discovered very pure Eocene limestone is being quarried and burnt for lime, which will
obviate the necessity of paying such prices as £4 per ton for imported lime. At Toweya, a quartzitic sandstone,
seamed with veins of chalcedony and quartz, carries a little gold. In the Banyeli district, a fine deposit of red
haematite, some 40 feet thick, overlies a series of conglomerates, quartzites, arkoses, and shales with
interbanded dolomites, which in their turn are underlain by an ancient ground-moraine of PermoCarboniferous (?) age, full of striated boulders of foreign rocks. The iron-ore appears to be of metasomatic
origin, the result of the action of ferruginous waters on a pre-existing limestone or dolomite. It is estimated
that, by opencast working alone, 20,000,000 tons could be got from the principal deposit, and the ore is
thought to be of very uniform character. Other deposits are known to occur to the west of that just
mentioned. In the Lamatishi mountains an eruptive rock is found, with which are associated great blocks of
titaniferous magnetite. In the clay-slates near the village of Kudyambo, inclusions of graphite, alternating with
thin layers of quartz, are observed. About 10 miles south-west of Sokode, a metalliferous vein, 4 to 5 inches
thick, crops out at a small waterfall on the Kendi; the gangue is chiefly quartz, mineralized with galena,
clialcopyrite, and iron pyrites.
Cameroons.—About the end of 1904, mineral oil was struck at several points in the neighbourhood of the
coast; but a bore-hole put down at Logobaba
[A3]

TRANSACTIONS AND PERIODICALS.

3

attained the depth of 2,624 feet from the surface, and the younger marine sediments had not then been
bottomed, nor had the oil-bearing strata proper been reached. Consequently it is still uncertain whether rich
or even workable petroleum-deposits really occur in the colony. Concessions have been granted for mining tinores, an apparently rich deposit of these having been found in the Banyo district. Copper-ores are said to occur
six days' journey south-east of Lau on the Benué.

German South-West Africa.—The great and rich copper-ore deposit at Otyisongati, near the headwaters of the
Swakop, will form the object of active mining operations, so soon as peace has been re-established in that
sorely-afflicted colony. Complete investigations as to the extension of the deposit in depth have not been
practicable under the circumstances. A Swakopmund company is preparing to work another copper-ore
deposit, that of Gorap. Immense deposits of a very beautiful marble occur at Etusis, but there is some question
as to whether the tremolite-inclusions which it contains do not interfere sufficiently with its cohesion to
prevent it from withstanding all the stresses and strains to which it would be necessarily exposed, if used
widely as a building-material. The rebellion has prevented further exploration-work among the supposedly
diamantiferous blue ground of the Gibeon district. For similar reasons, the investigations started by the
German authorities, as to the water-supply and as to the debatable existence of a coal-field in the colony,
cannot be pursued at present.
German East Africa.—Government geologists, primarily occupied in seeking sources of water-supply for the
larger settlements and for the main caravan-routes, incidentally recorded the existence of industrially
important mineral-deposits. On the Iramba plateau, which is built up in part of granite and in part of crystalline
schists, several reefs of auriferous quartz occur, furnishing typical examples of secondary enrichment in the
cementation-zone above the underground water-level. Astonishingly rich in gold at and near the outcrop,
these reefs become rapidly poorer in depth: thus, samples of quartz and native gold from depths not
exceeding 65 feet have yielded assays of 128 ounces or more per ton, while the sulphidic ores from depths of
130 feet or so will perhaps yield barely as many grains. In the Ikoma gold-field, some 60 miles south-east of
Speke Bay on the Victoria Nyanza, two islands (as it were) of greenish hornblende-schist rise from amid a sea
of gneiss. The easternmost of these is traversed by five parallel reefs of auriferous quartz; while the
westernmost can only boast one such reef, but this is said to be of considerable thickness and extent, and may
be expected to prove richer in depth than usual. The easterly reefs are from 2 to 3¼ feet thick, of no great
extent, and in their general habit recall the Iramba facies. Similar reefs occur at Sargidi, 3 hours' journey by
road north of Ikoma, and near Nassa, south-east of the Victoria Nyanza. The Zentral-Afrikanische Bergwerks
Aktiengesellschaft has been formed to work the Ikoma reefs, among others. The company has found in the
Ussongo district a cavernous, ironshot, auriferous breccia, estimated to yield about 1 ounce troy of gold per
ton. With it is associated a quartzitic ferruginous sandstone, cropping out west of the caravan-road, and also
containing a small percentage of gold. As to gold-dredging in the rivers or placer-deposits, the prospects do
not appear very promising. It must be borne in mind that, generally speaking, the rivers in that region have a
short course, and during most of the year carry but little water in them. They are not, therefore, adopted to
the formation of alluvia on a considerable scale, with the single exception of the Moame.
A concession was obtained in 1903 (by a Berlin publisher) for the exclu-
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sive working of deposits of precious and semi-precious stones in a district bordering on the middle and lower
course of the Rovuma. Here had been found, in an earthy, weathered hornblende-gneiss, inclusions as big as a
man's fist of an almandine-garnet rich in magnesia. The garnets occur in great quantity, and are of fine quality;
and so they have already found a market. The investigations made as to the possibility or advisability of
attempting to work the graphite of Likongo and Nambirambi, do not seem to have eventuated favourably.
Mica-deposits occur in various districts, and, although not comparable with the best Indian occurrences of the
kind, they are capable of yielding a marketable mica, which may ultimately compete with the North American
mineral. The dusky greenish-brown coloration of the East African mica is rather a disadvantage, which militates
against its utilization for lamp-chimneys, for example; but the mineral has been shown by experiment to be a
better insulator than the American mica, although inferior (in that respect also) to the Indian mica. Radioactive uranium pitchblende was found, in 1904, to occur at an altitude of about 6,500 feet above sea-level, in
the form of blocks, on the western slope of Lukvangule mountain, in south-western Uluguru. Common salt is
got in the Uwinga district; and in the dry season common soda evaporates out on the shores of a natron-lake
near the boundary, in the Moshi district.

Kaiser Wilhelm-Land (New Guinea) - The existence of gold is undoubted in all the rivers that course through
the district lying between the eastern boundary and Cape Longuerne. To judge from the finely-divided native
gold deposited in the lower reaches of the Varia, that river must be very rich in its upper course, which is,
however, in British territory. Investigation has been mainly directed to the Vivo river-alluvia, in the uppermost
3 to 6 feet of which gold occurs in flakes of a very ruddy hue, often filmed over with iron-oxide. The bed-rock,
curiously enough, fails to yield any of the precious metal. The gold appears to have been swept out of fissures
in the diorite, in the decomposition-products of which rock it occurs in small quantity even up to the summits
of the hills, whence the heavy rains carry it down into the valleys. The Vivo placers would well repay working,
as their average yield promises to be high in comparison with that of Australian placers; but the climatic
conditions are trying. The gold has not been transported very far in any case, and the primary deposit may yet
be discovered up in the hills; but, again, several miles of the upper course of the Vivo are within British
territory. Native copper of remarkable purity occurs as the infilling of fissures and cavities in the Kabenau
basalt. Coal has been found in the Nusa valley, comparable in many respects with a Bochum gas-coal, but
yielding a great deal of ash and containing much hygroscopic water. On distillation, it yields 57.5 per cent, of
pulverulent coke.
Kiaochau.—Anthracitic coal has been proved on the island of Shui-ling-shan (Tolo-san) within the leased area,
but it appears very doubtful whether the deposit will repay working. In the hinterland (which our German
friends unquestionably extend to the entire province of Shantung), a German company is now at work in the
Weihsien coal-field, near Fangtse, on three coal-seams, the uppermost of which averages 10 feet in thickness,
the middle one 13 feet (yielding gas-coal), while the lowermost varies from 3¼ to 16 feet or more in thickness.
The thickness and quality of the middle seam are affected in places by porphyrite-intrusions. The output for
the year 1904 amounted to 84,887 tons, and for the first six months of 1905 it had already reached a total of
69,815 tons. A modern sorting-plant delivers big coal and nuts for the use of the railway and various factories
at Tsingtau, while the smalls
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and the duff are eagerly purchased by the Chinese. But the washing-plant and briquette-factory now being
erected will use up even those residues.
In the Heishan basin, the coal-seams are generally thinner, few exceeding a thickness of 3¼ feet, while the
thickest of all measures 6 feet. They are divisible into an upper and a lower group, each including two or three
workable seams of bituminous coal. Successful bore-holes for coal are proceeding in the Poshan-Chichwan
basin.
Magnetites and haematites have been proved in several localities, but the most important deposit is that
which crops out at the contact between limestone and quartz-augite-diorite at Chi-ling-chen, north of the
Poshan valley, on the flanks of the Tieshan. It is from 50 to 65 feet thick, can be followed over a distance of 1¼
miles, and consists of magnetite and red haematite with 65 per cent. of iron. Exploration-work is now being
conducted on it. In the Ichufu mountains gravels are being washed for diamonds, and the mica-deposits of
Chaucheng will repay further attention. Unfavourable reports have been received, however, regarding the
plumbiferous deposits of Beishiling. Boring for coal at Tsinkiachung has been temporarily suspended, because
the apparatus had reached the limit of its capacity. In the Maushan hills, gold-quartz reefs in granite are being
worked with sufficient success. The main reef averages 15½ feet in thickness, is traceable for more than 3
miles, and yields 185 grains of gold per ton.
The now completed Shantung railway links up the Weihsien, Putsum, and Poshan coal-fields, as also the
Chilingchen iron-ore-deposits, with the city of Tsingtau, and industrial developments are proceeding apace.
L. L. B.
URANIUM-ORES FROM GERMAN EAST AFRICA.

Ueber Uranerze aus Deutsch Ostafrika. By W. Marckwald. Centralblatt für [fuer] Mineralogie, Geologie und
Paläontologie [Palaeontologie] , 1906, pages 761-763.
Certain mica-quarries worked in the western flanks of the Lukvengule, Uruguru mountains, district of
Morogoro, have yielded a variety of altered pitchblende, which, on the mica being split up, is found to
permeate it in the form of crystals, some of which attain such a size as to be too heavy for one man alone to
carry. By a peculiar and intense process of weathering, accompanied with the formation of pseudomorphs, the
pitchblende has been altered into a hitherto unknown mineral—uranyl carbonate. Where the weathering has
not proceeded far enough to effect complete alteration, the original black mineral is revealed on removal of
the yellow crust of carbonate, and proves to be of remarkable purity, containing very nearly 88 per cent, of an
oxide of uranium (U3 O8). Apart from 7½ per cent, of lead monoxide, the impurities are of little consequence,
and the pitchblende possesses a radioactivity exceeding that of the Joachimsthal mineral by 20 per cent. The
specific gravity is 8.84. The weathered mineral is nearly pure uranyl carbonate, there being only about 4 per
cent, of other constituents in it; its specific gravity is 4.82, and its radio-activity is about the same as that of the
pitchblende just described. It is interesting to note, by the way, that the artificial preparation of uranyl
carbonate has so far defied the endeavours of the chemists. The name "rutherfordite" is proposed for the new
mineral, in honour of Prof. E. Rutherford.
It is not yet certain whether this occurrence of uranium-ores in German East Africa is likely to prove of
industrial importance; but, considering the great value that is attached to such ores at the present time, the
discovery is worthy of note.
-------L. L. B.
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AURIFEROUS DEPOSITS OF MADAGASCAR.
L'Or à Madagascar. By L. Gascuel. Annales des Mines, 1906, series 10, vol. x., pages 85-108 and 1 plate.
Among the hopes which prompted the French annexation of Madagascar, was the fond illusion that the island
would rank high among the gold-producing regions of the world. True it is that the output of precious metal
from Madagascar is at present far from insignificant, but it does not remotely approach the expectations that
were formed of it ten years or so ago.
For many generations, prospecting for gold was forbidden under penalty of death by the Hova rulers, but this
law was repealed in 1883 by the ex-Queen Ranavalona, and mining operations were conducted as a
Government monopoly by means of what was, to all intents rnd purposes, slave-labour. The system proved so
unsuccessful that the Malagasy Prime Minister consented in 1886 to grant mining concessions to Europeans,
the Government undertaking to furnish labour or to facilitate the recruiting of labour, in consideration of a
fixed percentage of the profits of mining. The results were, however, unsatisfactory, and at the time of the
French invasion, knowledge of the auriferous deposits of the island had made no advance, the legendary
accounts of the natives remaining the chief substitute for such knowledge. After the capture of Antananarivo,
prospecting began with a sort of feverish intensity, but the reports of the engineers who traversed the island in
every direction on the behalf of European financial syndicates, were without exception unfavourable. They
claimed to have found no lodes, only poor placers of limited extent, inadequate to the support of any
enterprise conducted on a fairly large scale.
Nevertheless, the gold-output of the island gradually crept up, and new mining districts were opened out—
research which had hitherto been confined to the central and western areas having been in 1899 extended to
the eastern forest-belt, the mineral wealth of which brought it rapidly to the fore. In 1897, Madagascar had
produced only 2,315 ounces of gold; but in 1904, the annual output rose to 79,089 ounces. In April, 1905, the
announcement in the newspapers of the discovery of a real lode, very rich and of considerable extent at
Ampasimbe, near Beforona, was the prelude of a "boom" which ended disastrously. The pessimism thus
engendered is not, however, entirely justified.

All the gold at present got in Madagascar is derived from recent alluvial deposits, which occupy the bottom
and sometimes the flanks of the valleys up to a certain height. A few fragments of older terraces are
occasionally found clinging to the hillsides, but they are never of any great extent. Three principal goldproducing districts are recognized, being, in their order of importance:—(1) The eastern forest-belt, extending
along the coast from Diego Suarez to Fort Dauphin, the really productive portion of which at present lies
between Fénérivo on the north and Mananjary on the south; (2) the country around Miandrivago and
Ankavandra on the west, with a southern prolongation towards Midargy and a northern towards Mevatanana;
and (3) in the centre, the country lying along each side of a line drawn from Antananarivo to Fianarantsoa. The
extreme northern and southern districts of the island, especially the southern, are still all but unknown
geologically, and they are very sparsely peopled.
The alluvia consist of rolled pebbles, clays, and sands, differing in colour according to the rocks from which
they are derived. The pebbles are mostly quartz, and it is seldom that they exceed a man's fist in size.
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Sometimes the auriferous stratum is found at the surface, while in other places it lies buried beneath many
feet of barren ground. The placers are so loosely compacted that they need only be worked with a spade, and
the occasion for the use of the miner's pick arises but seldom. The gold occurs in the native state, in the form
of spangles, flakes, more or less rounded granules, and even in comparatively large nuggets; the part played by
finely-divided gold-dust in the output is insignificant. On the other hand, big nuggets are rare: the biggest yet
found (so far as the author knows) does not exceed 16 ounces in weight. In the batea, there remains at the
bottom, with the gold, a black sand consisting of magnetite, tourmaline, and impure rutile, with probably
some chrome-iron-ore. This black sand is frequently accompanied by fragments of pyrites and more or less
rounded bits of tourmaline and zircon of many colours, of garnet, ruby, sapphire, blue beryl, topaz, etc.
Recently some prospectors have found it worth while to sort out these hitherto neglected residues, on the
chance of picking up some saleable gems. In some places, granules of metallic tin are found with the gold; but
whether they represent the results of an accidental smelting of cassiterite-outcrops during the seasonal grassfires, or the melting-down during those same fires of the preserve-tins accumulated in camp-rubbish, is still an
open question. Considering the abundance of pegmatitic rocks in the island, and considering that cassiterite
and granules of tin are known associates of gold in other countries in alluvia very similar to those of
Madagascar, the occurrence of stanniferous deposits is, at all events, not improbable.
After explaining how the gold-bearing alluvia at the bottom of certain valleys could be worked over again at a
profit after an interval of a few years' rest, the author describes the method of working, which is of the
simplest and most primitive description. Natives (men and women) recruited by the European concessionaire
from the villages of the Imerina and Betsileo countries, build themselves a sort of mining camp in the
neighbourhood of the white man's dwelling, dig the stuff out of the alluvia, and wash it for gold, on the
understanding that they sell to him all the metal that they get at a price which is equivalent to about a shilling
or 13d. for 10 grains. Mining work begins in the majority of cases in April, after the rains and the rice harvest
are over, and in October, towards the close of the dry season, most of the natives leave the mining camps to
go back to their paddy-fields. Ground-sluicing is well understood and practised, and the Malagasy (thanks to
the experience gained in cultivating a plant needing so much irrigation as rice) show a quite remarkable
aptitude in constructing canals for bringing water to the gold-washeries when needed. Nevertheless, the
method of working is sufficiently wasteful; for instance, good auriferous strata remain hidden away under
carelessly heaped-up piles of barren ground or “cover" dug out of another portion of the placer. Moreover,
some of the poorer gold-bearing strata are left untouched, because the natives could not earn therefrom, on
the present system, a sufficient living wage. At some future time, such deposits may well repay working on a
large scale. In fact, the author holds that, so far, the auriferous deposits of Madagascar have been merely
skimmed, not thoroughly worked; and it is on thorough and economically-devised working that the future
prosperity of the gold-mining industry in the island will depend. The abundance of water-power everywhere
available is an important factor in this respect.

Quartz is of most extraordinarily frequent occurrence in Madagascar— hills are covered with it; it builds up
whole ranges of mountains, and some of it is quite conceivably auriferous. In fact, extensive outcrops of
solid rock
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containing gold, but of extremely unequal tenour, are known to occur, especially in the Central
districts. They will prove undoubtedly workable, with the help of cheap labour and cheap motive power. What
is now needed is careful study of the local conditions of each of these outcrops. Lodes apparently they are
not, but rather huge lenticles of quartz intercalated among the schists which rest upon the basement-granites.
This is traversed by numerous dykes of pegmatite, which have, moreover, metamorphosed grits, limestones,
and shales into quartzites, marbles, mica-schists, and gneisses, etc. At a later date, all the rocks were more or
less infiltrated by silicifying solutions carrying gold and sulphur. There are some thin and discontinuous,
locally rich lodes, where the granite itself has been laid bare; but these are not likely to prove industrially
important. Still, there are some few localities where it may be found possible to work even these lodes at a
profit. The extreme variability of the auriferous quartz of Madagascar in aspect, colour, texture, etc., is very
puzzling for the prospector; but the author is confident that a patient resolve to overcome this and other
difficulties will, in the long run, be amply repaid.
L. L. B.
RARE MINERALS FROM MANICALAND, SOUTH AFRICA.
Sur quelques Minéraux Rares des Mines Aurifères du Manicaland.
d'Histoire Naturelle, 1906, No. 1, pages 74-76.

By J. Couyat. Bulletin du Muséum

The district of Mozambique, recently explored by an emissary of the French Government, occupies a
parallelogram extending some 22 miles from east to west and some 14 miles from north to south, near
the borders of Rhodesia. The Revué and its numerous tributaries which water this district come down from
a granitic massif the altitude of which varies between 2,000 and 6,000 feet above sea-level, and the centre of
the basin appears to consist chiefly of metamorphic quartzites and mica-schists, seamed by a multitude of
veins of auriferous quartz. These quartz-veins, and also the gold-bearing alluvia, are worked at no less
than two hundred and fifty different localities, whence it may be inferred that gold is extremely abundant
within this comparatively restricted area. The assays vary from 1½ pennyweights to 30 ounces per ton of
crude material. The kaolin got from the Zambuzi, Revué, and other rivers, contains as much as 2
pennyweights per ton, but the richest localities are where the quartz-veins contain from 6 to 7 ounces per ton.
This auriferous quartz differs in aspect: that of the northernmost belt, upstream from the Shimezi confluence,
is mostly hyaline; the quartz of the central and richest belt, between the Shimezi and the Revué, is bluish-grey;
and that of the southernmost, between the Zambuzi and the Menenir, is either amethystine, or white
encrusted with haematite.
The customary associates of the gold in this area are galena, argyrite, stibine, and cerussite; and the various
compounds of iron, such as pyrites, marcasite, mispickel, magnetite, haematite, and siderite, abound—some
being intercrystallized with the quartz, others impregnating the sedimentary deposits. On the Edmundian reef,
a chalcopyrite containing 32 per cent, of metallic copper is actively worked.
Among the samples of quartz examined by the author, many were covered with tiny crystals, the outcome of
the decomposition of sulphidic compounds of lead and of the formation of chlorarseniates, chlorovanadates,
and molybdates (mimetite, vanadinite, and wulfenite). The hexagonal green crystals of mimetite, welldeveloped little prisms of uniform height, recall the mimetite
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of Cornwall and Johanngeorgenstadt. The brown or orange-coloured prisms of vanadinite are of unequal
length, and generally resemble the Arizona mineral; and so do the rare, tabular, orange-coloured crystals of
wulfenite recall the wulfenite of Arizona.
The Zambuzi schists are traversed by veins, occasionally exceeding 4 inches in breadth, of a fine greenish talc,
in large laminae, like that of the Tyrol. Actinolite and asbestos also occur; and the samples of tourmaline are
probably derived from the granulitic veins of Andrada, or from those which cut across the bed of the Zambuzi.
The alluvia are all more or less gold-bearing, and have been the object of mining operations since remote
ages—as witness the innumerable shallow pits ranged along the valleys over a breadth of more than half a
mile, and so close one to the other that there must have been only just room for a miner to pass in between.
L. L. B.
NATIVE COPPER IN BRAZILIAN DIABASES.
Ueber das Vorkommen von gediegen Kupfer in den Diabasen von Sao Paulo. By E. HUSSAK. Centralblatt
für[fuer] Mineralogie, Geologie und Paläontologie [Palaeontologie], 1906, pages 333-335, with 1 figure in the
text.
Diabasic rocks are of widespread distribution in the northern and northwestern portions of the State of Sao
Paulo, in the form chiefly of sills, but not infrequently in that of dykes and bosses, intruded among the
sandstones, shales, etc., of the Permian system. The lateritic weathering of the sills furnishes the red earth
beloved of the coffee-planter. The building of several new lines of railway has opened up several fresh
exposures of diabase; and, in one case especially, near Botucatù, district of Sorocabana, the chalcedony which
fills the amygdaloidal cavities in the rock is encrusted with a black hydrated silicate of iron. Between this black
crust and the chalcedony are found thin, irregular, highly lustrous flakes of native copper, unaccompanied by
sulphides or carbonates of the metal. It is noteworthy that the flakes of copper are invariably surrounded on
all sides by the above-mentioned black crust. Although a chemical analysis of the diabase itself fails to reveal
any trace of copper, the author is of opinion that the metallic flakes are derived from the decomposition of
copper-pyrites previously dispersed throughout the rock in a state of fine division. It is not found now in the
hand-specimens, but its leaching-out has given rise to limonite, hydrated silicate of iron, and native copper.
The occurrence of minute pyritic granules, irregularly distributed withiu the basic eruptive rocks of Brazil, has
long been recorded.
A similar occurrence of native copper in the coarser-grained, non-amygdaloidal diabase of the Fazenda
Serodio, near São Simão, is also described. Here the flakes of native copper are bestrewn amid a black crust,
identical with that already mentioned, on the walls of narrow clefts and fissures. Chalcedony and zeolites are
conspicuous by their absence. The origin of the native copper is thought to be the same as that assigned to the
previous instance.
In the southern states of Brazil, as, for example, near Guarapuava in Parana, native copper occurs in quartzchalcedony geodes, in association with a green earthy crust of silicate of iron. But there it is somewhat more
abundant, sufficiently so indeed to warrant an attempt at mining it, and a concession for that purpose has
already been granted.
L. L. B.
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DIAMANTIFEROUS DEPOSITS IN BRAZIL.
Über [ueber] die Diamantlager im Westen des Staates Minas Geraes und der angrenzenden Staaten São Paulo
und Goyaz, Brasilien. By Dr. E. Hussak. Zeitschrift für [fuer] praktische Geologie, 1906, vol. xiv., pages 318-333,
with 5 figures in the text.
The deposits described by the author appear to him to have an especial interest for two reasons: (1) although
they are sedimentary deposits, they differ in constitution and in the mineral associates of the diamond from

the placers of Diamantinas and Bahia; and (2) they show a certain amount of resemblance with the Kimberley
formations. The district with which he deals lies somewhat away from Diamantinas, in the extreme west of the
State of Minas Geraes, in the so-called "Mining Triangle," which includes a portion of the States of São Paulo
and Goyaz. But diamonds have been found farther afield, southward as far as Franca and northward as far as
Catalão. A big diamond weighing 600 carats, as some aver, was discovered recently in the Rio Verissimo
(Goyaz), but was smashed up owing to the sheer ignorance of the workpeople. Generally speaking, the rocks of
the district are made up of steeply-inclined crystalline schists, with which are associated metamorphosed basic
eruptives (diabases and gabbros), unconformably overlain by tough un-fossiliferous red sandstones, said to be
of Triassic age (the Botucatù grits). Among these are intercalated sills and dykes of an aphonitic diabase poor
in olivine. In the southern part of the State of Goyaz, the Triassic sandstones are, however, wanting, and the
barelaid crystalline schists form mesas some 3,000 feet high. But, of whatever rocks the smooth-worn mesas, a
characteristic feature of the landscape of the region, may consist, they are generally mantled by canga or
gorgulho (gravels and sands), intermingled with fragments of quartz and more recently-formed limonite and
pyrolusite, rounded nodules of diabase, etc., some 6 to 10 feet thick. The author holds that this canga is not so
much an alluvial deposit, as the outcome of the weathering of the solid rocks by the agencies of a dry tropical
climate. He draws attention to the analogies which undoubtedly exist between the diamantiferous regions of
Brazil and those of South Africa.
The first district to be described is that of Franca, and here the characteristic feature is the extreme divergence
of the mineral-associates of the diamond from those observed in Diamantinas: they include, besides quartz,
predominantly tourmalines, gorceixite (phosphatic), favas (beans), pebbles of titanium-ore, and a few gems,
such as sapphire, chrysoberyl, zircon, etc. Then the tuff-like rocks of Uberabá, rich in perowskite, are
described, and it is shown that they originate from a deep-seated rock resembling iolite-jacupirangite, in other
words, an eruptive pyroxenite. These tuff-like Uberabá rocks are certainly comparable with kimberlite,
although they are much poorer in olivine, and richer in garnet, pyroxene and titaniferous magnetite; in
structure the contrast between the two varieties of rock is very marked. North of Uberabá, towards the
frontier of the State of Goyaz, are a series of rivers which have long been known to carry diamonds, and the
gravels and sands have recently been washed with success; the favas, or beans of titanium oxide, being
regarded as good indicators of the presence of the gems. A description is given of the old Agua Suja mine; and
the author, remarking by the way that operations have recently been resumed in that concession, points out
the desirability of putting down borings (if only to a depth of 150 or 160 feet) on the mesa, in order to
ascertain whether the sedimentary deposits (which carry the diamonds) are everywhere of the same
composition and the same thickness.
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It is again observed how different are the mineral-associates of the diamond, in this district also, from those
which are characteristic of the Diamantinas deposits. Rich finds have been recently recorded from the
fluviatile sands of the Rio Verissimo, as above stated; here, and along the Rio Douradinhos, the number of big
stones, generally fragmentary and not of the purest water,contrasts with the usually small stones of Agua Suja,
etc.
The author describes the titaniferous magnetite-deposit, which he discovered in 1893, some 12 miles east of
Catalão, and then refers briefly to the diamantiferous sands of the Rio Claro.
Discussing at some length the genetic relationship between the sedimentary and tuff-like deposits and the
eruptive rocks of the diamantiferous region of the "mining triangle," he arrives finally at the conclusion that
the question as to what was the original matrix of the Brazilian diamond still remains unanswered.
L. L. B.
PALLADIUM AND PLATINUM IN BRAZIL.
Über [Ueber] das Vorkommen von Palladium und Platin in Brasilien. By Dr. Eugen Hussak. Zeitschrift für [fuer]
praktische Geologie, 1906, vol. xiv., pages 284-293, with 5 figures in the text.

The atithor states at the outset that this paper is to be regarded as supplementary to that published by him in
1904,* the more so that in 1905, owing to friendly assistance from various quarters, he was able to carry still
further his investigations into the occurrence of palladium and platinum in Brazil.
In assaying the platinum-ores, he found that it was impracticable, in view of the comparatively small quantity
of material available for the purpose, to determine the proportion present of the rare elements, osmium,
rhodium, and ruthenium; but, on the other hand, tests were always made for gold, silver, copper, and lead.
The platinum-sands from Nizhni Turinsk and other Russian localities, in which that metal is proved to have
been derived from peridotites rich in chromite, show remarkable resemblances with the sands from the Rio
Abaete and its tributaries in the State of Minas Geraes, Brazil; and the author claims, as an observation new to
science in respect of the platinum from these widely separated regions, that it exhibits microscopic
intergrowth with osmiridium. An analysis of the Rio-Abaete mineral shows it to contain 82.81 per cent, of
metallic platinum, 9.62 of iron, with traces of palladium and copper, and 7.57 per cent, of insoluble residue (?
mostly osmiridium). In the sands of that river, diamonds and a small amount of gold occur for a long distance
upstream; but the sands of certain tributaries are said to be far richer in platinum than those of the Abaete
itself, which would hardly repay the cost of dredging and concentration. Certain pebbles called favas (or
beans) of a compact, brown, jasper-like mineral are very common constituents of these alluvia (as also in
association with the diamonds at Diamantina and Borgagem), and this mineral turns out to be a new species
(named and described in 1906 as gorceixite), a hydrophosphate of aluminium and barium. Some of the favas
which incline in colour towards dark red, also contain strontium. Detailed descriptions are given of a chromitebearing olivine-rock, a picrite-porphyry, and an amygdaloidal olivineless basalt, which all occur in the Abaete
region. The first-named recalls irresistibly the primary matrix of
* Vol. cxiii. of the Sitzungsberichte, of the Imperial Academy of Sciences in Vienna.
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the platinum of Nizhni Tagilsk in the Urals; the second is extraordinarily-rich in perowskite, one of the
constituents of the insoluble residue from the Abaete platinum; and the groundmass of the third is built up of
augite, magnetite, and perowskite. A magmatic relationship between these three rocks is inferred.
In form, chemical composition, and mode of occurrence, the platinum mineral found on the eastern flank of
the Serra do Espinhaço, between Conçeicão and Serro, differs entirely from the Abaete platinum. It appears to
be in its primary deposit, to have no genetic connexion whatever with olivine-rocks, but to be derived from the
Palaeozoic (?) conglomeratic sandstones (or from the quartz-veins by which they are seamed) unconformably
overlying the crystalline schists (or phyllites and quartzites of the Itabirite Series). Similarly, the platinum of
Condado near Serro, exempt as it is from all signs of erosion through transport, appears to have been formed
in situ, probably by decomposition of pyritie minerals occurring in the above-mentioned sandstone or its
quartz-veins. This Condado platinum occurs in the sands of a stream which takes its source among the
conglomeratic sandstones, and is associated with diamonds, rutile, anatase, xenotime, etc. Downstream,
where the products of erosion of the crystalline schists come in, high-grade gold and palladium-gold make
their appearance in conjunction with the platinum. Analysis yields the following results, which are in marked
contrast with the assays of the Abaete platinum: —Metallic platinum, 73 to 74 per cent.; palladium, 21.82 to
21.77; iridium, 0.88 to 0.08; iron, 0.10 to trace; insoluble residue, 0.42 to 0.92 per cent. While the one may be
termed a palladium-platinum, the other is distinctly an iron-platinum (see the first analysis above). The
Condado occurrence is one of the oldest known in Brazil.
Finally, the author describes the platinum of the Corrego das Loges, near Conçeicão, a tributary of the Rio
Santo Antonio. Angular bits of quartz are intergrown with the metal, and their presence is one of the
circumstances which lead to the conclusion that this platinum, like the Condado mineral, is a precipitate from
solutions, is (in short) of secondary origin. The primary matrix was the micaceous quartzite of the district, or
the tourmaline-bearing quartz-veins which traverse that rock. On analysis, the platinum yields rather more
than 83 per cent, of the pure metal, with sometimes as much as 3.6 of iridium and 3.64 of palladium. On the

whole, none of the platiniferous deposits of Brazil are likely to repay working. The concluding section of the
paper is devoted to the description of the occurrence of palladium-gold, especially at Candonga.
L. L. B.
TOURMALINE-BEARING COBALT-DEPOSITS IN CHILE.
Turmalinführende [Turmalinfurhrende] Kobalterzgänge [Kobalterzgaenge]. By O. Stutzer. Zeitschrift für [fuer]
praktische Geologie, 1906, vol. xiv., pages 294-298, with 4 figures in the text.
The first really detailed notice of the occurrence of tourmaline in metalliferous lodes is said by the author to
date from Dr. von Groddeck's paper of 1887 on the tourmaline-bearing cupriferous ores of Tamaya, wherein
these were asserted to be unique of their kind. In 1897, Dr. Stelzner, dealing with similar occurrences in other
cupriferous ores of Chile, arrived independently at the same conclusions as the first-mentioned writer, and
now specimens of tourmaline-bearing cobalt-ores are forthcoming from the Blanca mine at San Juan,
department of Freïrina, in the province of Atacama. It may be mentioned, by the way, that specimens of
cobalt-ore from the Vallenar mines (in the neighbouring district) were found to be destitute of tourmaline. The
San Juan ores occur in quartz-lodes traversing mica-schists; and the
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sole primary ore present is cobalt-glance, distinguishable from cobaltiferous arsenical pyrites by the
extraordinarily small proportion of iron which it contains, and also by its crystalline habit (small cubical,
octahedral, and pentagonal-dodecahedral crystals). It is distinguishable again from smaltine by its fissility,
and its unmistakably sulphurous odour and tendency to film over with sulphur when tested by the blowpipe.
The secondary ores include cobalt-bloom (erythrite), and cobaltiferous manganese-ore.
The tourmaline occurs: — (1) In the form of a black, extremely porous mass speckled with brick-red spots of
cuprite. Under the microscope, the sole transparent mineral-constituent is seen to consist of small green
prisms of tourmaline. This black stuff is got from the superficial portion of the outcrop, and must have
originally been the actual gossan of the lode, the tourmaline now alone surviving, thanks to its exceptional
ability to resist the various agents of weathering. (2) In the form of a fine-grained black mass, impregnated
with dull, bluish-black, cobaltiferous manganese-ore. This material is also extremely porous, all other
constituents but the tourmaline, the above-mentioned ore, and a mere trace of quartz, having been leached
out of it. The absence of cobalt-glance, the deeper-lying primary ore, is a sufficient indication that this
specimen also comes from the upper portion of the lode, the cobaltiferous manganese-ore representing a
decomposition-product of the cobalt-glance. (3) In the form of radiating crystals within a rich black
merchantable ore, from a somewhat lower level, which is visibly intermixed with quartz and erythrite. Here
again, the porous structure of the ore and the absence of cobalt-glance indicate that we are still dealing with
portions of the lode that are accessible to weathering agencies. (4) Included within lustrous cobalt-glance, and
also crystallized around it. This last specimen forms a tough compact rock, consisting, besides the two minerals
already mentioned, of white quartz and erythrite. The microscopic evidence shows that the tourmaline must
have originated contemporaneously with the cobalt-glance, although in part it crystallized later than that ore.
The presence of traces of cuprite and malachite in the cobaltiferous specimens suggests a passage into the
tourmaline-bearing cupriferous ores now known to be fairly common in Chile. The paper concludes with a
conspectus of all the metalliferous deposits hitherto recorded as containing tourmaline, including stanniferous
deposits, cupriferous deposits, pyritic, arsenical and cupriferous gold-quartz, and ferruginous deposits.
L. L. B.
COAL- AND LIGNITE-FIELDS OF THE ROCKY MOUNTAINS.
Les Bassins lignitifères et houillers des Montagnes Rocheuses.
series 10, 1906, vol. x., pages 5-84, and 4 plates.

By Étienne A. Ritter. Annales des Mines,

The coals of the Rocky Mountains, exhibiting all the gradations from lignite to anthracite, are mostly
assignable, as regards age, to the Laramie or Cretaceo-Tertiary group. The basins in which they occur form a
discontinuous belt, which can be followed right up the North American continent, from the North of Mexico,
through the Western States and British Columbia, into the frozen regions of Alaska. On the Pacific coast there
are, moreover, some coal-basins of small extent, of Eocene and Oligocene age. Largely worked as they are
already, the coal-basins of the Rockies hardly produce a quarter of their possible output, and industrial activity
in those regions is progressing at such a pace that the demand for coal outruns the present supply. The
want of available labour is much felt in this respect.

[A14]

NOTES OF PAPERS IN COLONIAL AND FOREIGN

The author appends maps which give a general view of the situation of these eoal-basins: they cover an area of
42,500 square miles, while to the east, in the States of North Dakota and South Dakota, is a double lignitebasin extending over 54,000 square miles. He plots out on his map some forty separate basins: but, what are
now worked as two separate basins, were often originally deposits laid down in a single lagoon, and later
orogenic movements have plicated the deposits and thrust up between them a lofty mountain-range. In
sketching the tectonic history of the coal-fields, the author points out that the Rocky Mountains, far from
constituting a series of parallel anticlines and synclines, are built up of a suite of monoclinal folds or of
anticlinal domes emerging from a horizontal plain. Consequently, the coal-fields, instead of lying in the midst
of a synclinal basin, usually form part of a monoclinal limb, or else rim round some anticlinal dome. The
Laramie stage corresponds to a geographical change marked by the recession of the sea; along the embryo
range of the Rockies, semi-marine and semi-lacustrine deposits were laid down in bays and lakes. In lagoons
not entirely open to the sea, vegetation decomposed practically in situ, and there is no question here of coalseams formed by driftwood. Perhaps the more recent date of deposition of the coal will serve to explain how it
has failed to undergo quite the same amount of metamorphism as the Carboniferous or true Coal-measure
coals of Pennsylvania, Great Britain, France, or Belgium.
As to the anthracite of the Rocky Mountain region, the author connects it with the presence of eruptive rocks,
and the rapid local action of volcanoes, of obviously later date than the deposition of the coal. But the
metamorphism thus induced is narrowly localized, and one and the same seam within a single basin may show
all the gradations from a semi-lignitic coal, through bituminous coal and anthracite, to the natural coke in
immediate contact with the eruptive rock. In some few cases, there is a passage without any intermediary
from lignitic coal into coke. The distance between an intrusive dyke or a laccolite and the anthracite ranges
from 6½ to 65 feet at most; beyond this distance, often for many thousand feet, comes a bituminous coking
coal; beyond that again is a coal poorer in carbon, but in every way suitable for firing boilers and furnaces.
Immense lava-flows overlie much of the Trinidad-Raton coal-basin, for instance, without having affected the
deep-lying coal-seams : in order to metamorphose these, the eruptive magma must either burst through them,
or thrust itself into the neighbouring strata; whence it may be inferred that vulcanicity has acted rather
through such instruments as superheated steam and the gases accompanying eruption, than through the
direct agency of heat.
A vast number of analyses are tabulated, very many being derived from American and Canadian publications.
A high percentage of water is characteristic of those Eocky Mountain coals that have best retained their
original lignitic nature. These lignites are very susceptible to atmospheric agencies, crumbling away if they are
carried for any considerable distance on the railroad, or if they are stacked for many months in a storagedepot. In considering the quality of various coals, especially when comparing them with the true Coal-measure
coals of Europe, the analyst is apt to forget the importance of specific gravity, and the author laments the
almost entire absence of such data in regard to these American coals. He notes that those basins that yield the
best results for coke in the analyses, and in fact produce the best quality of coal, have usually thinner seams
than the basins where the lignitic taint yet sticks to the mineral. It seems fairly evident that, in losing some of
their water and their gaseous constituents, the seams have proportionately
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diminished in thickness. In comparison with the true Coal-measure seams of Pennsylvania and France, the
Rocky Mountain seams exhibit more rapid variations in thickness, number, physical and chemical properties,
and other characters.
The second chapter entitled "Geographical Description of the various Lignite and Coal-basins," deals in
succession with those of British Columbia, Montana, Wyoming, Colorado, Utah, Idaho, New Mexico, and
Coahuila. Turning then to the Pacific coast, the author describes briefly the coal- and lignite-fields of the
Alaskan seaboard, Vancouver and Queen Charlotte Islands, the States of Washington, Oregon, and California.
The third chapter deals with the methods of working the mines, and the fourth is taken up with statistics of
output, etc., wherein comparisons are drawn with the corresponding statistics from the various coal-fields of
France. The output from the Rocky Mountain coal-basins within the last fifteen years has increased by 282 per
cent., as compared with an increase of something over 50 per cent, in France. Although the annual workingdays of the French miner exceed in number by 1 to 10 per cent, those of the Rocky Mountain miner, the latter
sends to the surface daily 30 to 35 per cent, more coal than his European fellow-pitman. It should be borne in
mind, however, that in most cases, once the seam has been worked out, the roof is allowed to cave in by the
Rocky Mountain miner, as the concessionaires are owners of the surface as well as the subsoil, and the land is
generally of small value. In France, labour and time must needs be spent in taking precautions to avoid cavingin of the roof. The author considers that coal-cutting machines have been introduced into the Rocky Mountain
mines somewhat haphazard; instead of conducting a thorough preliminary investigation as to the suitability or
otherwise of the machines, those responsible have simply left it to practice to determine whether coal-cutting
machines were urgently needed or not. Only in Wyoming have these machines been uniformly successful, and
there the seams are thick and lie all but horizontal.
It so happens that the coal-fields that form the subject of this memoir include a vast area of the United States,
which is destined to absorb within the next twenty years the westward-setting tide of immigration, an area
where all the newest railway-lines of the Union are under construction or survey, and where great irrigationreservoirs are heralding the triumphant march of agriculture into a land that was formerly desert. A brilliant
future seems, therefore, assured for the coal-mining industry of the Rocky Mountains.
L.L. B.
PRECIOUS CHRYSOLITE OF ST. JOHN'S ISLAND, RED SEA.
Sur le Gisement de Chrysolite de l’Île Saint-Jean (Mer Rouge). By L. Michel. Bulletin de la Société francaise de
Minéralogie, 1906, vol. xxix., pages 360-361.
A few years ago, a deposit of precious chrysolite was discovered on this island, yielding large crystals of the
gem, of a colour, brilliancy, and transparency comparable with the similar characteristics of the Brazilian
chrysolite. The deposit is, therefore, of industrial value. The chrysolite-crystals are disseminated in a gangue
which essentially consists of serpentine, magnetite and gymnite (deweylite). This gangue is seamed by fissures
which are encrusted with rather peculiar fusiform crystals. Under the microscope these prove to be made up
of a "skeleton" of quartz clothed with a beautiful green mammillated mineral, the chemical composition of
which exactly corresponds with that of the hydrocarbonate of nickel, texasite (H 12 Ni3 CO11). Now, texasite has,
so far, been found in very few localities indeed; and both it and
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the above-mentioned gangue represent, at all events in part, the alteration-products of a nickeliferous
peridotite.
L. L. B.
IDENTIFICATION OF COPIAPITE WITH JÁNOSITE.
Nochmals Copiapit und Jánosit. By E. Weinschenk. Földtani Közlöny, 1906 vol. xxxvi., pages 359-366.

In this somewhat controversial paper, the author first of all points out that the name "copiapite" cannot be
used to define a whole group of natural sulphates of iron, but is applicable, like all other mineral specific
names, to one of them alone, which has distinct chemical and physical characteristics.
He then describes in detail the optical and crystallographie identity between the so-called jánosite and
copiapite; in a previous memoir he had already shown that they had the same index of refraction and the
same pleochroism. The jánosite appears to have been obtained only in fine scales, and therefore differences of
specific gravity do not count for much; nor, considering that the material analysed by the discoverer was
admittedly impure, do differences in chemical composition carry great weight. However, the author isolated
some perfectly pure jánosite from the material sent to him by Dr. H. Böckh, and found that, in specific gravity
and in percentage of iron, it coincided exactly with copiapite, in contradistinction to the results obtained by Dr.
Böckh. The true formula of copiapite is 2 Fe2 O3 5 SO3 + 18 H2 0; and, in contrast with the closely-allied
minerals, coquimbite and quenstedtite, which are only found in rainless desertic regions, copiapite is perhaps
one of the most widespread products of the oxidation of sulphidio iron-ores.
The conclusion is that jánosite must be eliminated from the catalogue of mineral-species.
L. L. B.
SULPHATE-OF-IRON MINERALS: COQUIMBITE, COPIAPITE, AND RÖMERITE.
Beiträge [Beitraege] zur Kenntniss der chemischen Constitution und der Genese der natürlichen [natuerlichen]
Eisensulfate. VI. By B. Scharizer. Zeitschrift für [fuer] Krystallographie und Mineralogie, 1907, vol. xliii.,
pages 113-129, with 2 figures in the text.
The author first of all describes his repeated and finally successful endeavours to reproduce artificially the
ferrous-sulphate mineral coquimbite, which led him to the conclusion that this mineral can only be generated
from a solution containing an excess of sulphuric acid, over and above the amount of such acid necessary for
the formation of normal ferrous sulphate. Or, in other words, coquimbite, associated with acid ferrous
sulphate, only arises from solutions wherein the quotient of the molecular ratio, SO3 :Fe2 03 , is greater than 3
and less than 4.
Experiments with aqueous solutions of römerite proved that, from a solution containing ferric oxide and
sulphuric acid in the molecular proportion, 1:3, it is not normal ferrous suphate that will crystallize out, but a
mixture consisting of the mineral copiapite and acid ferrous sulphate, a result expressed by the chemical
equation: 3 Fe2 S3 012 = Fe2 S4 O15 +Fe4 S5 O21 .
Römerite can only be formed when acid ferrous sulphate and ferric sulphate re-act one upon the other in the
presence of minute quantities of water. On mere exposure to a damp atmosphere, römerite splits up into its
components ; whereupon ferric sulphate (on account of its lesser solubility) partly separates out as a solid; a
small portion thereof, together with the ferrous sulphate, going into solution.
L. L. B.
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FRIGIDITE, A VARIETY OF TETRAHEDRITE.
Tetraedrite del Frigido (varietàa Frigidite) e Minerali che l’accompagnano. By Ernesto Manasse. Atti della
Società toscana di Scienze Nalurali, 1906, Memorie, vol. xxii., pages 81-93, with 3 figures in the text.
The old Frigido mine, at one time worked for its copper-ores, especially chalcopyrite, but now abandoned for
several years, is about ⅔ mile distant from the town of Massa, in Tuscany, by the road that runs to Il Forno
and La Tambura. The adits, lying very close together, are opened up in both flanks of the small valley through
which courses the Frigido torrent, in rocks identical with those among which, at Seravezza, only a little
distance off, occurs the Bottino silver-lead lode. They are tourmaline-bearing mica-schists of Permian age, of
extremely variable texture and coloration. Among the metalliferous ores found in the ferruginous quartz-

veins that traverse these rocks are chalcopyrite (extremely abundant), pyrrhotine, tetrahedrite, pyrite,
marcasite, galena, blende, etc., specimens of which are represented in the Tuscan mineralogical
collection in the Pisa Museum. The author examined this collection, besides obtaining specimens in situ on
the occasion of a recent visit to the abandoned mine.
The nickeliferous variety of tetrahedrite, to which the name of "frigidite" was originally applied by the late
Prof. A. d'Achiardi, occurs in generally compact masses of a dark steel-grey colour. Its hardness corresponds
to 4 in the recognized scale, and its specific gravity varies between 4.7 and 4.8. It melts easily before the
blowpipe, giving rise to white antimonial fumes. Insoluble in hydrochloric acid, it is attacked by nitric acid,
leaving a residue of sulphur and metantimonic acid; while it is completely soluble in aqua regia. Such rare
crystals of the mineral as occur show the tetrahedral habit. Complete qualitative analyses of portions of three
specimens revealed the presence therein of sulphur, antimony, arsenic, lead, copper, tin, iron, zinc, and nickel.
Thereafter the author proceeded to make quantitative analyses of material from the same specimens; and,
after trying other methods which proved unsatisfactory, he used aqua regia at first in the cold, and then warm
(but always much below a temperature of 212° Fahr.). The percentages yielded by these analyses ranged as
follows:—Lead, from trace to 0.26 per cent.; copper, from 30.04 per cent, to 37.54 per cent; tin, traces
only; iron, from 6.01 per cent, to 9.83 per cent.; zinc, from 0.59 per cent, to 1.98 per cent.; nickel, from 0.14
per cent, to 3.46 per cent.; antimony, from 28.82 per cent, to 29.54 per cent.; arsenic, trace to 1.50 per
cent.; sulphur, from 24.48 per cent, to 25.70 per cent. From these results, the author deduces for the
mineral, either this general formula: 3 Cu2 S. R'"2 S3 + ½ (6 R"S. R"2 S3); in which R" represents Sb + As and
R'" represents iron and nickel in the ratio of 4:2; or the formula: 3 Cu 2 S.Sb2 S3 + ¼ (6R"S. Sb2S3); wherein R"
represents iron and zinc in the proportion of 5:1, nickel being left out of account because of its small
percentage in the specimens upon which the second formula is based. Despite the great variability, however,
in the proportion of nickel from specimen to specimen, frigidite is properly defined as a nickeliferous variety of
panabase. Although cobaltiferous varieties of tetrahedrite are fairly common, nickeliferous varieties are
exceedingly rare, especially containing such quantities of nickel as occasionally occur in frigidite. Besides this
mineral, the author describes the siderite, pyrrhotine, chalcopyrite, quartz, etc., which are associated with it at
Frigido.
L. L. B.
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OCCURRENCE OF KIMBERLITE IN FISSURE-VEINS, ETC.
Über [Ueber] das Vorkommen von Kimberlit in Gängen [Gaengen] und Vulkan-Embryonen. By F. W. Voit.
Zeitschrift für [fuer] praktische Geologie, 1906, vol. xiv., pages 382-384.
The great activity of diamond-prospectors in South Africa of late years has thrown much new light on the
occurrence of kimberlite. It has been shown that the blue and yellow ground, far from being of restricted
occurrence, is to be found all over South Africa in fissure-veins and pipes, from Central and Northern Cape
Colony to Griqualand West, from Damaraland to Rhodesia, and northward from the Zambesi into British East
Africa, without speaking of the Bloemhof and Pretoria districts in the Transvaal and the Orange River Colony:
in fact, throughout the western ranges of the Drakensbergen, there is hardly a locality where the precious
diamantiferous breccia has not been found; and now we hear of similar finds in Kentucky on the one hand, and
in New South Wales on the other.
The author thinks that great economic importance may ultimately attach to the practice now adopted by
South African diamond-prospectors of following up fissure-veins that show a good outcrop, until they come
upon the diamantiferous deposit, basing themselves herein on the generally admitted fact that "the pipes all
lie upon fissure-veins."
The kimberlite in the veins differs from that in the pipes structurally, but not mineralogically, its composition
being identical in both cases. The vein-rock is a yellowish or bluish, very uniform aggregate of fragments of
serpentine and mica of unvarying size, with small and sparse fragments of accessory minerals. In general
appearance and texture, it resembles a doleritic diabase. But the pipe-rock, on the other hand, is extremely

variable, the groundmass consisting all but exclusively of serpentine while the tiny flakes of mica that do occur
are barely visible. Accessory minerals are very abundant, often in the form of big well-developed crystals. The
coarsely granular structure of the pipe-rock recalls plutonic rocks which have solidified under pressure.
It may, therefore, be inferred that the vein-kimberlite solidified under conditions different from those under
which the pipe-kimberlite solidified. The veins are almost invariably arranged in parallel series, and can thus be
followed for mile after mile across country; while the pipes, although in a way grouped together, occur in
sporadic batches, and are evidently of later origin than the veins. At great depths their cross-section is almost
exactly circular, and makes one think of the effect of an old-fashioned cannon-ball being shot through a
partition.
Although both varieties of kimberlite belong geologically to the same horizon—that is, to a time when the
deposition of the Karoo sediments had begun, their protrusion took place at two different stages: the veinkimberlites first welled up through contraction-fissures in the earth's crust, widening these fissures as they did
so, and sweeping along with them fragments of the country-rock. Thereupon, the mass of the deep-seated
kimberlite-magma having thus suffered a diminution, pressure on the remainder of the magma was so far
released as to cause it to resume the fluid state, and to cause the associated water to flash into steam,
sufficient dynamic energy being thus produced to permit of an explosive uprush of the magma forming the
pipe-kimberlites. But the farther up they travelled, the more they lost in explosive energy; the associated gases
escaped through various fissures; and all that the upwelling magma was then capable of, was to thrust up to a
certain
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extent the overlying rocks and to squeeze itself out laterally after the manner of a laccolite.
L. L. B.
NEPOUITE, A NEW NICKELIFEROUS MINERAL.
Note sur une Espèce minérale nouvelle: la Népouite, Silicate hydraté de Nickel et de Magnésie. By E. Glasser.
Bulletin de la Société francaise de Minéralogie, 1907, vol. xxx., pages 17-28.
All the hydrated silicates of nickel and magnesia which have been thus far described, whether from New
Caledonia or elsewhere, occur in amorphous masses, although occasionally (and especially in noumeite)
microscopic investigation reveals the presence of a cryptocrystalline structure recalling that of chalcedony.
Recently, among several lots of nickel-ore specimens collected by the author in New Caledonia, he discovered
certain silicates, in many respects chemically similar to garnierite and noumeite, but undoubtedly crystallized
and possessed of very different optical properties from those exhibited by the two last-mentioned minerals.
The new mineral occurs in the form of minute, roughly hexagonal flakes, frequently adpressed one against the
other so as to constitute vermicular aggregates analogous to those formed by the chlorites. It is found as an
extremely fine, ashen-green, crystalline dust among the complex debris that fill up the interstices between the
more or less crumbly blocks of nickeliferous serpentine, which latter often constitutes the best ore that is to be
got in the island. Detailed analyses are tabulated of five specimens, and the author proposes for the mineral
the formula: 2 Si 02. 3 Ni Mg 0. 2 H2 O. The name assigned to it, nepouite, is derived from Nepoui, the locality
whence it was first obtained. The specific gravity is variable (2.47 to 3.24), and appears to depend on the
amount of nickel which any given specimen may happen to contain, increasing, of course, in the same ratio as
the percentage of that metal; this statement holds good also of the green coloration of the specimen, which is
the more vivid the richer it is in nickel. The hardness lies between 2 and 2½. In those specimens wherein the
proportion of magnesia is small, the high percentage of nickel (39) present in nepouite is another characteristic
by which it may be distinguished from garnierite and noumeite.
L. L. B.
PARAVIVIANITE AND KERTCHENITE, TWO NEW MINERALS.
Ueber zwei neue phosphorhaltige Mineralien von den Ufem der Strasse von Kertsch. By S. Popoff.
Centralblatt für [fuer] Mineralogie, Geologie und Palaontologie, 1906, pages 112-113.

These minerals occur among the limonite-ores of the peninsula of Kertch and Taman, in the far south of
Russia.
Paravivianite, in transparent, acicular, bluish crystals, has a specific gravity of 2.66 to 2.67, hardness somewhat
over 2, and yields a bluish streak. It corresponds in composition to the chemical formula: (Fe Mn Mg) 3 P2 O8 + 8
H2 O, contains 39.12 per cent, of ferrous, but no ferric oxide, 27.01 of phosphorus pentoxide, and 2.01 per
cent. of manganous oxide.
Kertchenite is in the form of flat tabular crystals arranged in fibrous radial aggregates, dark-green verging on
black, has a specific gravity of 2.65, hardness 3.5, and yields a green streak. It corresponds in composition to
the chemical formula: (Fe Mn Mg) O. Fe2 03. P2 05 + 7 H2 O, and contains, on an average, 32.93 per cent, of iron
peroxide, 9.49 of ferrous oxide, 28.2 of phosphorus pentoxide, and 1.92 of manganous oxide.
L. L. B.
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YTTROCRASITE AND PARATACAMITE: TWO NEW MINERALS.
(1) Über [Ueber] Yttrocrasit, ein neues Yttrium- Thorium- Urantitanat. By W. E. Hidden and C. H. Warren.
Zeitschrift für [fuer] Krystallographie und Mineralogie, 1907, vol. xliii., pages 18-23; and
(2) Über [Ueber] Paratacamit, ein neues Kupftroxychlorid. By G. F. Herbert Smith.
Ibid., pages 28-35, with 5 figures in the text.
The crystalline mineral to which the name yttrocrasite has been given was found in Burnet County (Texas),
among the waste-material thrown out from a gadolinite-digging, in rocks where granular granite and
pegmatite are conspicuously abundant. The fresh mineral is black with a resinous lustre, uneven and slightly
conchoidal fracture, of hardness ranging between 5½ and 6, and specific gravity 4.8. Careful analyses showed it
to be essentially a hydrated titanate of thorium and the yttrium-earths. A study of its radioactive properties
confirmed the results of the chemical analyses in regard to the percentages of uranium (2.29) and oxide of
thorium (8.75) contained in it.
Paratacamite is a pale bluish-green crystalline mineral, which has been obtained chiefly from the Herminia and
Generosa mine in the Sierra Gorda (Chile); one specimen, however, got from the Boluco mine, Labrar, also in
Chile, occurred in association with gold. Other associates are galena, caracolite and quartz. Crystallographic
examination shows that its optical properties do not coincide with its symmetry; and its double refraction is so
feeble, that, when looked at through a prism, it appears to be singly refracting. It is a hydrated oxychloride of
copper, of the same empirical formula as atacamite, namely: Cu CI2 .3 Cu (OH)2. Chemical analysis yielded the
following results:—Copper monoxide, 56.10 per cent.; copper (additional), 14.27; chlorine, 15.97; and water,
14.10. The mineral is brittle, has a conchoidal fracture, a glassy lustre, and a green streak: its hardness = 3, and
its specific gravity = 3.74.
L. L. B.
DETERMINATION OF GOLD IN AURIFEROUS SANDS.
Note concernant la Recherche del'Or par la Voie humide dans les Sables aurifères. By Albert Fournier.
Comptes-rendus hebdomadaires des Séances de l'Académie des Sciences, 1907, vol. cxliv., pages 378-381.
Having occasion to examine some auriferous sands, the author was led to use the wet method of analysis. The
material was highly ferruginous, and it was needful to avoid the presence within the same solution of dissolved
gold and of comparatively large quantities of other metals, iron in particular. It is hardly necessary to
emphasize the extreme difficulty that attends the determination of very minute quantities of gold, when
present in solution with a much larger proportion of iron. Now, it seemed a logical proceeding to attempt to
leach out the oxides of iron by means of hydrochloric acid, to which gold is generally refractory; and then to
extract the gold by means of aqua regia. But this method, systematically applied to the sand in question,
yielded no tangible result; nor did the direct application of aqua regia prove more successful. The key to the

mystery was furnished by the presence of peroxide of manganese, which indirectly promoted the solution of
the gold by hydrochloric acid, on account of the liberation of a sufficient quantity of chlorine in the nascent
condition.
This being ascertained, the author now adopts the following method of determining gold in manganiferous
material. To the manganese (peroxide jprobably) present, he adds 5 to 10 per cent, of manganese dioxide
known to
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be free from any trace of gold; and, after mixing the material well together, he treats it with cold concentrated
hydrochloric acid for 24 hours. Then he places it in the sand-bath, until the liquid, previously red and blackish,
becomes perfectly clear. After decantation and washing with acidulated water, he places the material in the
sand-bath until it assumes a pasty consistency when hot; although by this time it has lost most of the
hydrochloric acid, the mass still remains very acid; then he precipitates it, still hot, in a sufficient quantity of
alcohol which is at a temperature of 203° Fahr. After being well shaken up, allowed to rest for 48 hours, then
filtered by decantation, the resulting alcoholic solution contains all the chlorides that are soluble in alcohol. It
is then placed over the sand-bath, and a current of pure sulphuretted hydrogen is passed through, for a time
the length of which depends oil whether the assayer wishes to determine metals whose sulphides are
insoluble under the stated conditions. Starting originally with, say, 7 ounces avoirdupois of sand, the
experimenter will need to pass the current through for 5 or 6 hours uninterruptedly; with a little over 2
pounds, the time required is 12 hours, and so on in proportion. The insoluble sulphides are washed first with
slightly chlorhydrated boiling water, then with pure boiling water until the action of nitric acid is negative. The
sulphides are thereafter treated in the sand-bath with pure hydrochloric acid, free from all traces of nitric,
washed, again treated with hydrochloric acid to which this time a few drops of nitric are added, evaporated to
dryness, twice again treated with hydrochloric acid, and then washed. The solution of precious metals thus
obtained may be reprecipitated by means of sulphuretted hydrogen, if it is feared that traces of iron are still
present.
Stress is laid on the advantages accruing from the use of alcohol in this process, as also on the certainty of the
results obtained, provided that a sufficient mass of material is dealt with.
L. L. B.
MANGANESE-ORES.
Die Deckung des Bedarfs an Manganerzen. By Wilhelm Venator. Stahl und Eisen, 1906, vol. xxvi., pages 6571, 140-150 and 210-217, with 12 figures in the text and 2 plates.
The recent political disturbances in Russia have brought about a considerable diminution in one (perhaps the
most important) of the sources of supply of manganese-ores, and it is hardly necessary to point out that this
circumstance must cause some anxiety to steel-producers. The author, in giving a synopsis of manganiferous
deposits all over the world, hopes to be of some assistance in directing attention to possible new sources of
supply.
It is only within the last 20 years that manganese-mining has attained anything like its present development. In
the glass and gold-industries, the richer and purer manganese-ores, containing a certain minimum of the
peroxide, alone are utilized; but the amount thus absorbed is infinitesimal in comparison with the
requirements of the iron-and-steel industry. In the metallurgy of iron and steel, two principal varieties of
manganese-ore are used: (1) manganese-ores containing about 50 per cent, of the metal, and but little
phosphorus and silica; and (2) manganiferous iron-ores, with extremely variable percentages of manganese.
Now, it is estimated that in 1902, the world's output of manganiferous ores amounted to 1,502,400 tons, a
total including some very low-grade ores; whilst the total amount of 50-per-cent. ore used up in the iron-andsteel industry must have exceeded 907,000 tons. In regard to output of ore, the statistics show very
considerable increases
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for Russia (until recently), Brazil, India, and Cuba, while the output has remained practically stationary in the
United States, Prussia, Spain, Austria, and Italy. The importance of Russia as a factor in the world's supply may
be gauged from the figures of her output of manganese-ore in the year 1900; namely, 884,200 tons. She seems
to possess practically a monopoly of high-grade ore, and (given political tranquillity) her output seems to be
still capable of enormous expansion. It is true that the methods of working, in the Caucasus, for instance, leave
much to be desired; it may be inferred that they are both primitive and wasteful. The amount of manganeseore iu sight in the Caucasus is estimated at 98,000,000 tons, and in the Nicopol district of Southern Russia at
40,000,000 tons; no statistics are forthcoming in regard to the other districts.
Germany is by no means poor in manganiferous deposits, but the output from the different mines is
comparatively small. The extreme irregularity of the deposits, however, is an element of risk which the
prudent capitalist must needs take into account.
Turning then to the consideration of the mining of manganese-ores, the author remarks that this is a subject of
not very absorbing interest for the practical miner, as the almost universal conditions of the deposits are such
that underground or deep-level workings hardly come into account. It is true that in the Caucasus there are
some underground workings, where the deposits have a seam-like character; but even these can generally be
reached by adits opened up in the hill-sides. In Brazil and India, the deposits lie so near the surface that the
conditions are extremely favourable for opencast working. The author reproduces several photographs of
Indian, Turkish, and Caucasian mines, and tabulates 96 chemical analyses (previously published by various
authors) of Russian, Italian, Spanish, French, Brazilian, Chilian, Indian, Japanese, Panama, United States,
Bosnian, and Greek ores. With regard to the geological characteristics of manganiferous ore-occurrences, the
reader is referred to Mr. Léon Demaret's great memoir on those deposits.*
A catalogue is then given of the most important occurrences throughout the world, the whereabouts of which
are indicated on the two maps that accompany the paper; and the author concludes that the necessary supply
of manganese-ores for the iron-and-steel industry of all countries is assured for a long time to come. The
Caucasus alone could furnish the necessary million tons or so for another century; and to this may be added
the output from other parts of Russia, from Chile, Brazil, and India. A bibliographical list is given of the
publications of which use has been made in the compilation of this paper.
L. L. B.

KARÁCS-CZEBE GOLD-MINES, HUNGARY.
Die Goldgruben von Karács-Czebe in Ungarn. By Karl von Papp. Zeitschrift für [fuer] praktische Geologie,
1906, vol. xiv., pages 305-318, with 5 figures in the text.
South of Körösbánya in Hunyad county, the Magura and Karács hills are girdled round with auriferous deposits
which were at one time successfully mined, but are now in such a state of abandonment that most of the
workings have fallen in. In the summer of 1905, in the course of his geological survey of the district, the
author had an opportunity of personally investigating these deposits, partly with the view of determining
whether they really constitute the choicest morsel of the Transylvanian gold-belt, and
* Annales des Mines de Belgique.
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whether consequently the resumption of mining operations would prove feasible.
It is necessary to clear one's mind of Dr. F. Pošepny's postulated triangle of gold-mines in this area: as a matter
of fact, the Transylvanian gold-bearing district covers an irregular quadrilateral, the respective angles of which
are determined by the four localities, Offenbánya, Zalathna, Nagyág, and Karács. Outside this quadrilateral,

Transylvania can boast of no existing or prospective gold-mine of any consequence. The oldest formations in
the district are a dirty-green melaphyre and a flesh-pink quartz-porphyry, with which are associated tuffs
scarcely to be distinguished from the solid rock, all of Triassic age. On the whole, they are not rich in
metalliferous ores: nevertheless, pyrites occurs in them at Kazanesd and Felvácza, and also valuable copperores at Almásel. In some places, reef-limestones of Jurassic age rest upon these rocks, and are in turn
succeeded by the Carpathian Sandstones of Cretaceous age. The sandstones are overlain by red clays and
coarsegrained drifts, which form the floor of the Miocene brown-coal deposit. The summits of Karács (2,750
feet) and Magura (2,493 feet) are built up of andesitic lava-flows which date from Miocene and Sarmatic
times. Later on, the fumaroles and solfataras of the decrescent phase of vulcanicity silicified and altered the
rocks, while ores were deposited in the fissures. This process of deposition appears to have occupied a
considerable interval of time: at all events, the deposits of gold and other noble metals were being formed,
from the Sarmatie period onward into Pontic or Pannonian time. The Karács rock is predominantly
hornblende-andesite, in part weathered to kaolin: and the gold-mines have been opened up in a mighty
angular breccia of andesite and dacite-fragments.
Here occurs the famous lode of Czebe, which is probably a gigantic fissure-vein. It was the belief of the old
miners that the lode is richest near the surface, and that there is progressive impoverishment in depth; this,
however, has proved untrue of the neighbouring Ruda mines, and, although the deep-level adit at Czebe has
not as yet yielded workable ores, there is some reason to think that it will do so when driven for the proper
distance into the hill. The gold occurs in a rusty-red plastic china clay, raddled by limonite and manganeseores. It is rarely in the free state; among the associated minerals are sylvanite (telluride of gold and silver),
nagyágite (tellurisulphide of lead and gold), pyrites, galena, blende, rhodochroisite, etc.
The usual agencies of erosion have heaped up coarse gravels in the Körös valley, among which gold-dust is
disseminated, and that most abundantly where the elements of the gravel are coarsest. Of this fact, the
ancient Romans were not unobservant, and traces of their industry are still noticeable at the confluences of
streams where the gold-bearing alluvial fans spread out. But the gold-mining industry of the region dates much
further back even than the Roman dominion. The author sketches briefly the history thereof down to recent
times, and reckons that 401,875 ounces of gold, in all, were got in the district during a period of 2,000 years.
He also describes seven abandoned mines, and estimates the gold that might still be got from them and from
the alluvia as amounting to 113,000 ounces. In regard to future working, the essential procedure would be to
drive a deep-level exploration-adit, using for that purpose the Rosenfeld adit, which has already been driven
1,518 feet, but caved in several decades ago. A sufficient water-supply for mining purposes for a 3- to 6-stamp
battery would be permanently available by utilizing the waters of the Körös stream, some 3¾ miles distant.
L. L. B.
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MINERAL INDUSTRY IN RUSSIAN CENTRAL ASIA.
Das Berg- und Salinenwesen in Russlands mittelasiatischen Besitzungen. By F. Thiess. Zeitschrift für
[fuer] das Berg-, Hütten- und Salinen-wesen ini preussischen Staate, 1906, vol. liv., Abhandlugen, pages
189-197, with 3 maps in the text.
The provinces of Transcaspia, Samarkand, Ferghana (including the Russian Pamir), Syr-Daria, Semiryetshensk,
and the two vassal states of Khiva and Bukhara, cover an area of close upon 790,000 square miles, and are
now all included in the designation "Russian Turkestan." This region, which is as big as the German and
Austrian Empires, France, Italy, and Denmark put together, extends for some 1,660 miles from south-west to
north-east, and its greatest breadth is 930 miles (from north to south). The greater portion consists of sandy
desert with artificially-irrigated oases, loam- and loess-covered steppes, and pasturages with salt-marshes, the
greatest depressions being 147½ feet below the level of the Caspian, and the highest undulations in the
Turkestan plain attaining an altitude of 1,000 feet above the level of the same inland sea. Apart from this,

however, a quarter of the entire area is mountainous, being traversed in the south-east, east, and north-east
by ramifications of the Tian-Shan and Alaitagh ranges.
The great Central Asian railway, 1,570 miles long, traverses the entire region, and is now linked up with the
railway-system of Russia-in-Europe by means of the Orenburg-Tashkent line. With the construction of the
railway has coincided an active investigation of the mineral resources of the country on the part of its new
masters; and the foundations have been laid for an industry on modern lines, in lieu of the present, generally
primitive, method of conducting mining operations in that part of the world.
Beginning with the province of Transcaspia, 88 per cent, of the 233,575 square miles which it occupies is
desert, the remaining 12 per cent, being arable land. Brown-coal is known to occur in the Mangishlak
peninsula in the far north-west and on the Tuar-kir heights in the district of Krasnovodsk. Sulphur occurs in
various localities, and has been worked by the natives in the Kara-Kum desert, where bands of sulphur of
variable thickness are inter-bedded with the Tertiary marls in certain isolated hills. Brown haematite has been
proved in the Kara-tau mountains on the Mangishlak peninsula. The salt-lakes are of considerable importance,
yielding besides rock-salt what is in Russian called samosadótshnaya solye (self-separated salt) from deposits
in actual course of formation along their edges. The total output of salt from the province in 1901 amounted to
16,638 tons, whereof 12,495 tons came from the great rock-salt deposits of Tsheleken island, only 323 from
Balla-Ishem (where, however, there are 3½ million tons of rock-salt in sight), and 3,820 tons of "self-separated
salt" from the salt-lakes. The Glauber-salt deposit at the bottom of the shallow Kara-Bugas gulf increases in
thickness by 0.4 inch every year: it is said to cover an area of 1,235 square miles, and the quantity of available
mineral is estimated at several million tons. Since 1901, the deposit has been worked by private enterprise,
and detailed information is not forthcoming.
Even before the Russian conquest, the Turcomans tapped for domestic purposes the natural oil-wells in the
Nafta-Dagh and the Buja-Dagh; from the former range the railway-station of Balla-Ishem is only 20 miles
distant, and so the Russian engineers in 1882 tapped springs of petroleum at depths of 400 to 550 feet, and
made use of the oil for driving the locomotives and lighting and heating the stations along the line. Since
then, fresh oil-wells have been
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tapped in the same locality. The petroleum-deposits on the Island of Sheleken actively worked, and the oil is
sent in tank-steamers to the Baku refineries. In 1902, the total output of crude petroleum from Transcaspia
amounted to 10,500 tons (say, 2,311,000 gallons). Asphalt-deposits are known to occur in the Balkhan-Dagh,
gypsum in the neighbourhood of Krasnovodsk, and many thermal springs are visited throughout the province
for their curative properties. Limestone is quarried in the Kopet-Dagh and other localities.
In the province of Samarkand, bituminous coal has been proved at a score of localities at least, and in a dozen
instances these are not far from the railway. Among other minerals may be mentioned anthracite, graphite,
calamine, antimonite, ores of lead, copper, and manganese, native sulphur, and turquoises. Five coal-mines
are at present in operation, but their total output in 1901 amounted to barely 8,000 tons. The fissuring of the
strata is one of the great difficulties with which the Samarkand miner has to contend; and it must be
remembered that the rule is to work only for the first five months of the year, although one or two mines are
at work all the year through. The coal is taken, over very bad roads and bridle-paths, by pack-camels to the
centres of population. The miners' wages average 1s. 6d. per diem, the prime cost of the ton of coal ranges as
high as 13s., and the freight, etc., may amount to 26s. per ton. In Tashkent itself in 1895 the retail price
amounted (for small quantities) to as much as 52s. 6d. per ton of coal, and in Khodshent (one of the coaldistricts) to 31s. 6d.
Bituminous coal is found in every district of the province of Ferghana, except that of Osh. Anthracitic and
graphitic deposits occur in the Karategin-Dagh. Placer-gold is found in the Muk-su torrent, and the primary
auriferous deposit is suspected to occur in the narrow and hardly accessible ravine of Saok-sai, whence the
Muk-su issues. Petroleum, rock-salt, and lake-salt are found in many localities, and cinnabar, sulphidic ores,

and various ores of lead, copper, and iron are of fairly widespread occurrence. Copper-ore, containing as much
as 60 per cent, of the metal, was discovered in 1905 at Naukat on the Syr-Daria, and smelting-works are now
being erected there. Three sulphidic ore-mines are worked in the district of Khokand, and one coal-mine in
that of Namangan. The salt-output from the province in 1901 amounted to 11,466 tons. The numerous
occurrences of petroleum can be traced to two distinct belts—a north-easterly extending some 26 miles
through the districts of Namangan and Andishan, and a south-westerly extending no less than 66 miles
through the districts of Marghelan and Khokand. In many places mining operations have begun only as
recently as 1905.
In the Syr-Daria province, the occurrence of coal, lead, copper, and iron-ores has been proved. Only one coalmine is at present worked, in the Kara-tau mountains of the Tshimkent district: the comparatively insignificant
output, 300 tons or so per annum, is used for heating the Government buildings in the city of Tashkent, and for
mdustrial purposes. Rock-salt and lake-salt occur in many localities; but the deposits are almost exclusively
worked by the natives, the annual output amounting to 3,000 tons or more.
The province of Semiryetshensk is, for the greater part, mountainous country, and but little prospecting work
for useful minerals has been accomplished therein so far. The occurrence, however, of coal, graphite, gold,
lead-and copper-ores, rock-salt and lake-salt, etc., is more or less established, although in many cases the
unconfirmed statements of the Kirghizes constitute the only available data.
L. L. B.
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WORKING OF NATIVE SULPHUR IN SICILY AND IN LOUISIANA.
Note sur les Conditions économiques de l’Exploitation du Soufre en Sicile et en Louisiane. By L. Aguillon.
Annales des Mines, 1906, series 10, vol. x., pages 599-617.
The sulphur-industry in Sicily, which until recently, so to speak, could lay claim to the production of 90 per
cent, of the world's output of sulphur, was, from the year 1860 until 1883 in a phase of continuous
development. Since the last-named year it has been subject to frequent and considerable oscillations. After a
period of depression lasting until 1890, there was in that and in the following year a short interval of longunexampled prosperity, succeeded in 1893 to 1895 by a continuous fall in prices such as to make the greater
number of the sulphur-mines economically unworkable.
Apart from a few large estates, landed property in Sicily is cut up into innumerable small holdings, and the
right of quarrying the sulphur is attached to the ownership of the surface-soil. But the small landholder, as a
rule, is no prospector, nor does he attempt to work the mineral-deposits which may occur on his property: he
prefers, indeed, to let someone else work them on payment of a royalty (estaglio) equivalent to 15 or 30 per
cent., or even more of the gross output. The mines are usually of very small extent, and this limitation of area
is a hindrance to rational methods of working. The number of such mines increased from 480 in the year 1890
to 777 (actively at work) in 1905, in which year the total output amounted to 535,782 tons; but the output
from 679 of these workings averaged rather less than 200 tons apiece. The lessees who work the smaller
mines borrow the necessary funds, at an exorbitant rate of interest, from the warehousemen with whom they
deposit their sulphur as security. One per cent, of the sulphur also goes to the warehouseman in lieu of rental,
and there are other onerous conditions which justify the author in characterizing the system as usury naked
and unashamed. The consequences, to the lessees and the 40,000 work-people employed in the mines, are
disastrous at times of low prices; as in 1895, when, the Italian Government, by way of palliative measures,
suppressed the export-duty and granted a fixed bounty on every ton of sulphur shipped. Yet even this would
have been inadequate, but for the constitution in 1896, at the worst of the crisis, of a strong British company
which, by an agreement with the Italian Government, undertook to purchase, at a fixed price according to
quality, all the sulphur produced in Sicily. This resulted immediately in a rise of prices, and in the liberation of
the sulphur-producers from the toils of usury. The Company prospered exceedingly, paying dividends of 50 per
cent. on the ordinary shares, but was wound up on July 31st, 1906, at the termination of its second

quinquennial agreement. The stock of sulphur which it had then on its hands was practically equivalent to the
output of a whole year; the annual output, by the way, had continuously increased from 353,000 tons to
535,782 tons in 1905.
Silician sulphur had now met with a formidable rival in the world's markets, in the shape of the mineral from
Louisiana, and the once considerable export to North America had dwindled to half its former amount within
three years. The Italian Government thereupon promulgated the law of July 15th, 1906, which, from the date
of the ensuing first of August, constituted a legally compulsory syndicate of the owners, lessees, and workers
of all the sulphur-mines in Sicily then existing or thereafter to be opened up, for the space of twelve years. The
syndicate alone is empowered to place sulphur on the market, and the mineral can neither be carried by
railway, nor shipped by
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sea, without a permit from the syndicate. Infractions of the law are punishable by the criminal, as well as by
the civil code. This law applies, of course, to the crude sulphur [solfo grezzo) alone: the industries that are
concerned, with the refining, grinding, and sublimating of sulphur, remain unaffected by it, but they have to
purchase the raw material from the syndicate.
Various supplementary provisions are explained, such as the constitution of a benevolent fund for the benefit
of those who would be thrown out of work by a reduction in output; the measures for dealing with the stock
inherited from the British company, and for the fulfilment of contracts previously entered into for future
delivery. Details are given as to the administrative council, headed by a director-general nominated by the King
of Italy, and the committee of delegates of 50 members, who conduct the affairs of the new syndicate. By
means of a temporary royal commission, consisting of only five members, the transition from the old regime to
that now in force was accomplished without a hitch. Careful arrangements were made in regard to finance,
warehousing, remission of burdensome taxes, etc.; nothing, in fact, was omitted in this legislation, for which
an analogy would be vainly sought in any other country. Admitting that the new law apparently contravenes
most of the old-established principles of liberty of contract, freedom of labour, rights of property, etc., the
author points out, on the other hand, that the circumstances of the Sicilian sulphur-mining industry are so very
exceptional, that they justify such an heroic remedy as the drastic intervention of the State sanctioned by this
law.
The deposit of native sulphur which is now being worked in the great coastal plain of Louisiana occurs at the
base of the Miocene, in a group of clays and sands, which also yield gypsum, natural gas, and petroleum, in the
parish of Calcassieu, 11 miles or so west of Lake Charles, and 15½ miles distant from the Sabine river, which
forms here the boundary between Texas and Louisiana, and is navigable by sea-going vessels. It was in the
course of boring for oil that, in the year 1868, a bed of pure crystallized sulphur, 105 feet thick, was struck at a
depth of 436 feet from the surface. Later on, endeavours to sink a shaft to this bed by the Kind-Chaudron
process were defeated, as it was found impossible to get through the quicksands and waterbearing beds.
Meanwhile new borings revealed the existence of other masses of native sulphur, the total amount of pure
mineral in sight being then estimated at 3,000,000 tons.
Thereupon, in the year 1895, a syndicate was formed to work the deposits by means of the Frasch process.
This consists essentially in melting the sulphur in situ, by injecting through a boring, carried down to the floor
of the deposit, water heated to 334° Fahr. at a pressure of 16½ pounds per square inch, and in bringing the
molten sulphur to the surface by blowing into it air compressed at 28 atmospheres, in such wise that the
specific gravity of the aerated column of sulphur is less than that of the descending column of superheated
water. The water is injected in an external column, the sulphur ascends in an internal column, and the
compressed air descends in an intermediate column. At the surface, the sulphur flows into great reservoirs
built of wooden planking; and, when solidified, the mass is broken up into portions suitable for shipping. It is
only since 1903 that the process, after repeated and costly trials, has become industrially applicable on this
great scale. Meanwhile, the true extent of the sulphur-deposits has been more definitely ascertained: over an

area of at least 64 acres, below from about 490 to 625 feet of barren covering strata, they form on the whole a
practically horizontal mass varying in thickness from 200 to 330 feet, and may amount
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to 40,000,000 tons (as compared with 54,000,000 tons, the total estimated mass of the native sulphurdeposits of Sicily). The local conditions are favourable to the working of the Frasch process, which consumes
an enormous amount of steam. Petroleum for oil-fuel is obtained very cheaply from Beaumont in Texas, not 50
miles distant; and water is brought by a canal, 3¾ miles in length, from the Houston river, a tributary of the
Calcassieu. Three boreholes are worked simultaneously, about 100 feet apart; the installation and putting
down of each bore-hole, everything included, costs from £520 to £840, and can be completed in a month. The
sulphur obtained by this process is remarkable for its purity.
L. L. B.
GOLD AND SILVER-MINES OF ARZATE, MEXICO.
Reseña del Mineral de Arzate (Estado de Durango). By Juan D. Villarello. Memorias de la Sociedad cientifica
"Antonio Alzate," 1905, vol. xxiii., pages 211-239.
The Arzate metalliferous deposits, upon which exploration-work was first re-started in the course of 1899,
occur in the sierra of the same name, in the commune of Pámeco, department of San Juan del Réo, State of
Durango, in the neighbourhood, more or less remote, of several other metalliferous occurrences which were
actively worked in the days of the Spanish overlordship.
The geology of the sierra is simple enough, as there are no outcrops of sedimentary strata, and the range is
built up mainly of pink rhyolites showing fluidal structure, of Pliocene age, overlain by vast basalt-flows dating
from the Pleistocene. Three systems of fissures traverse the rhyolites, and some of them are mineralized,
forming lodes of extremely variable thickness. The outcrops of these lodes are marked by gossans of quartz
and iron-oxides, with which is associated a small quantity of native gold; but both lodes and gossans are
entirely cut off by the Pleistocene basalts.
The workings of the Independencia mine have opened up a vein wherein the metalliferous ores form small,
irregularly dispersed lenticles, the industrial value of which diminishes as the depth from the surface increases.
For, although the quantity of silver contained in the ores augments proportionately with the depth, that of
gold correspondingly decreases: thus, the stuff got from the upper portion of the workings yields 1.6 ounces of
gold and 2.56 ounces of silver per ton, while that from Hidalgo shaft yields only 0.256 ounce of gold, but 5.6
ounces of silver.
North-east of the Independencia mine is the Libertad mine, working a lode which strikes parallel with that
opened up in the former mine. Its thickness at the surface measures 20 inches, but diminishes in depth until
from 65 feet downward it is just 0.8 inch. The vein is mineralized with ferruginous quartz, oxides of iron, a
small quantity of pyrite, native gold in granules, etc., and a very small amount of embolite (chlorobromide of
silver); these, as in the previously-described case, occur in irregularly dispersed lenticles of no great size, which
are perhaps, if anything, of less industrial importance than the metalliferous lenticles of the Independencia
mine.
The northernmost mine hereabouts, that of La Cruz, has opened up a lode about 12 inches thick, yielding on
assay 0.16 ounce of gold and 2.43 ounces of silver per ton.
The author explains at some length his reasons for not regarding these lodes as true fissure-veins: he classifies
as the primary minerals therein the rather sparsely distributed pyrite and the quartzose gangue; as secondary
minerals (due to the downward percolation of surface-waters), the hydrated oxide of iron, the small quantity
of native gold, and the minute percentage of
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embolite. As to the age of the lodes, from what has been already stated it follows that they were formed
subsequently to the consolidation of the rhyolites and before the eruption of the Pleistocene basalts; in fact,
they probably date from the late Pliocene. It seems probable that, when the underground water-level of the
country is reached by the mine-workings, the zone of the original sulphides will be simultaneously reached;
and therewith the various silver-bearing ores will be found in the lodes, but containing still less gold than the
portions already explored.
The question of the origin of these deposits is discussed at great length, and in a general classification which
the author proposes he ranks them as magmatogenic and catamorphic, that is, formed by the elimination of
aqueous constituents (dishydration) from the deep-seated portion of the magma which produced the
rhyolites, and mineralized by metasomatic substitution. The very unequal thickness of the lodes and the
frequent indefiniteness of the boundary between them and the country-rock favour the metasomatic
hypothesis. It remains to be said that the deposits are situated some 10 miles to the northwest of the Gabriel
station on the International Mexican Railway, and that the water-supply of the district is scanty—consumers
being mainly dependent for this article of necessity on rain-water tanks.
L. L. B.
METALLIFEROUS MINES OF ZACUALPAN, MEXICO.
Descripción de algunas Minas de Zacualpan (Estado de México). By Juan D. Villarello. Memorias de la
Sociedad cientifica "Antonio Alzate,'" 1906, vol. xxiii., pages 251-266.
These mines are situated in very rugged country in the Sultepec district of the State of Mexico, some 37 miles
south of Toluca, the capital city of that State. The exploration and working of the deposits date back as far as
the early days of the Spanish conquest, while fresh finds as recently as 1897 momentarily galvanized into life
the ancient mineral industry of the region, and for three years thereafter a vast quantity of rich ore was got
and sent off from Zacualpan.
The rocks of the country consist (1) of black or bluish-grey Cretaceous shales, both argillaceous and calcareous,
occasionally metamorphosed into apple-green chloritic schists, striking north and south and almost
horizontally bedded; and (2) of intrusive hornblendic andesites of Tertiary age, which cut across, invade, and
metamorphose the above-described sedimentaries. All the rocks alike are traversed by three distinct systems
of fissures, none of which have caused sufficient dislocation to be regarded as true faults. They extend from
Zacualpan through Chontalpa and Pregones, towards Noxtepec and Taxco, and throughout that vast area
many of the fissures are richly mineralized—the principal ores being pyrargyrite, argentiferous pyrite, galena,
zinc-blende, etc., of the primary infilling; and oxides of iron, native silver, and argentite, the outcome of the
secondary differentiation of the infilling, these latter being known locally as ixtajales. The gangue is either
predominantly quartz or predominantly calcite, more often the former.
At El Moral mine, the best-known lode is the San Miguel, striking generally 50 degrees north-west, dipping
north-eastward, averaging 3¼ feet in thickness, and well marked off from the hornblendic andesite through
which it courses. Its mineralization varies with the depth: thus, from the surface down to the first level,
argentiferous galena occurs in small quantity, while pyrargyrite and amorphous pyrite are abundant; between
the first and the second levels, argentiferous galena abounds, the percentage of silver increasing concurrently
with the depth, while pyrargyrite and pyrite are
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scarce. The ores occur within the quartzose-calcitic gangue in the form of long thin lenticles, locally termed
botones, the most extensive lenticle yet discovered measuring 174 feet from the surface downwards (which
represents the greatest depth as yet reached by the workings). The San Carlos lode, striking between 20 and
30 degrees north-west, and dipping north-eastward, also traverses the andesite. It is of extremely irregular
thickness, often trailing out into mere stringers, while occasionally it broadens out to over a yard. The gangue
is predominantly calcite, with a little quartz; irregularly dispersed within it are masses of pyrite and
argentiferous blende. Deeper down, galena makes its appearance, while the previously-mentioned ores are

occasionally found concentrated in small lenticles. East of the San Miguel, three other parallel veins bearing
similar ores have been the object of exploration-work; while those to the west of the lode had not yet been
prospected at the time of the author's visit.
In La Providencia mine, four lodes traversing the argillaceous shales contact-metamorphosed by the andesite,
have been prospected: they vary in thickness from 2 inches at the surface to 4 inches at the greatest depth yet
investigated, and consist of quartz mineralized with argentiferous galena and a small quantity of auriferous
pyrite.
At La Reforma mine, three lodes, similarly traversing the metamorphosed shales, contain pyrargyrite, pyrite,
and argentiferous galena, irregularly disseminated in a gangue of quartz. In thickness they vary between 20
and 28 inches, and, in what the author terms the "lixiviation-zone" or zone of leaching, occur the secondary
ores, the ixtajales (oxides of iron, with a little native silver and argentite). Two of these lodes strike north and
south, being intersected by the third, which strikes 15 degrees north-east; and enrichment occurs at the points
of intersection. One gathers that these ores have been largely worked out.
Considering that the above-mentioned lodes cut through the Tertiary andesites as well as the Cretaceous
sedimentaries, they must be younger than the former, and probably date from the Pliocene period. It has
already been mentioned that the lenticles of metalliferous ore are met with continuing from the surface
downwards to great depths, the percentage of silver increasing concurrently with the depth. But lower down
than 500 feet, impoverishment sets in, the infilling becomes almost exclusively quartzose; and, on this barren
horizon being reached, exploration-work was stopped.
The author regards these mineralized fissures as due to the dynamic effects of pressure, the more so as they
appear to form conjugate systems: that is, they strike on the whole parallel one to the other, with contrary
dips. No characteristically contact-metamorphic minerals are found in the infilling, or in the immediately
contiguous "country-rock," which is merely silicified (in places) adjacent to the lodes. These were probably
infilled by metalliferous particles derived from the thermal waters percolating upwards through the rocks; but
metasomatic replacement also played a part in the infilling.
The picked ores got from the San Miguel lode yield on an average 10 to 20 per cent, of metallic lead and 58
ounces of silver per ton. Those from the San Carlos lode, after sorting, yield from 26 to 32 ounces of silver per
ton; and those from La Fortuna mine, the workings of which are flooded and have caved in, yielded (after
sorting) from 32 to 96 ounces of the precious metal per ton.
Generally speaking, the local conditions are such as to favour the economic development of a mineral industry.
L. L. B.
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USE OF EXCAVATORS AT THE BROWN-COAL MINES OF PRUSSIAN SAXONY.
Die Verwendung von Baggern zur Abraumarbeit auf den Braunkohlenbergwerken der Provinz Sachsen. By M.
Tornow. Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-] und Salinen-wesen im preussischen Staate, 1906,
vol. liv., pages 568-595, with 5 figures in the text.
The recent enormous development of the German brown-coal industry is exemplified by the official statistics
issued for the mining district of Halle, which show that the annual output for that district has increased
from 9 million tons (in round figures) in 1880 to 34 million tons in 1905. This development has been
especially marked within the last decade in Central Germany, and here the fierce combat which producers
have to wage with their Bohemian rivals (one of the incidents of the struggle being a continuous decline
in prices for the past quarter of a century), makes the smallest economy in working a factor of vital
importance.

During the fifteen years that have just elapsed, the Central German opencast workings have reached the phase
of enterprises conducted on a colossal scale, some of them being ⅔ mile in length and more. The older method
of quarrying, still pursued in several localities, has largely given way to the system of removing the cover by
means of excavators, the economic limit of the proportion of cover to brown-coal being 2 to 1. The removal of
the cover by manual labour would now be too costly, the scarcity of this labour is too marked, and the
necessarily restricted size of the tipping-wagons under such circumstances too small, to admit of success in the
commercial struggle to which reference has already been made. The introduction of excavators has facilitated
opencast working on a large scale, with the resulting advantages that industrial operations on such a scale
always imply.
In the spring of 1906, about sixteen excavators were at work in the brown-coal mines of the Prussian province
of Saxony. But the mere citation of this number is far from representing the extent to which use has been, and
is being, made of these appliances: in many cases the cover has already been excavated off considerable areas,
and in others the excavators are only brought into action at intervals. If the above-quoted number were
doubled, this would perhaps convey a more accurate idea of the present state of affairs. The excavators are
each capable of dealing with a minimum of 28,000 cubic feet of material in a 10 hours' shift; and, on an
average, they deal with from 42,000 to 52,000 cubic feet in that time, while those of the latest type have been
known to deal with 87,500 cubic feet of material. Shovel and scraper-excavators are not used at these mines,
the most favoured type being a deep-working bucket-chain excavator. The maximum depth to which these
work exceeds 52 feet, the motive rower universally applied being steam at a pressure of 7 to 8 atmospheres.
An engine of 60 to 80 horsepower is found suitable for such excavators as deal with 52,000 to 70,000 cubic
feet of material in a 10 hours' shift. The engine works at high pressure, regulated by a throttle-valve, and there
is consequently some waste of heat. As to fuel, ordinary briquettes (on account of convenience of stacking) are
preferred by some mine-owners; while others make use of small coal or of brown-coal briquettes. The author
utters a warning as to the feeding of the boilers with unpurified pit-waters; owing to the percentage of sulphur
present in the brown-coal, these generally contain a certain amount of sulphuric acid. The guidance of the
excavator, with its various levers, demands considerable skill on the part of the man in charge; in fact, it is on
him that the full
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development of the capabilities of the apparatus depends. The excavators run on two or three heavy rails; in
the case of especially heavy machines, so-called Goliath rails are laid down, measuring from 5.4 to 5.8 inches in
height, and weighing not far short of 100 pounds per lineal yard.
The excavated material is removed in tipping-wagons of 105 to 157 cubic feet capacity: a mine will use on an
average forty to fifty of these, sufficient to make up two trains and allow of a reserve stock being maintained.
Increasingly powerful locomotives (from 80 to 125 horsepower) are being run with these, on tracks of 2 to 3foot gauge; the rails are almost universally 5.4 inches in height, and weigh rather more than 70½ pounds per
lineal yard.
The most advantageous position for the tip-heaps, and the most expeditious methods of loading the wagons,
despatching the trains, and tipping their contents, with the view of realizing the greatest possible economy in
working, are considered by the author in some detail. He also describes the local conditions, which sometimes
necessitate the preliminary labour of levelling the land-surface and clearing it of forest-growth.
With regard to the nature of the cover that has to be removed, it varies greatly from place to place: Tertiary
beds are often wanting above the brown coal. In the western districts of Prussian Saxony, especially around
Bitter-feld, the coal is overlain by a bed of (occasionally) extremely pure clay, which furnishes the raw material
for a nourishing pottery-industry and attains a thickness of 13 feet. Over this comes a still thicker bed of highly
arenaceous gravel, in which erratic boulders of considerable size are of frequent occurrence, topped by
thinner bands of loess or sand, the total thickness averaging 40 to 50 feet. In the eastern districts of the
province, on the other hand, the cover is mainly composed of very easily removable sands, in which boulders

rarely occur. The boulders, as might be expected, constitute one of the chief difficulties with which the
excavators have to contend; not only do they cause much waste of time, but also on occasion destructive
damage to the buckets or to the chain.
The removal of the cover generally precedes by a little the winning of the brown coal. The mineral is usually
laid completely bare, without (apparently) much regard for the risks arising from the possibility of spontaneous
combustion by slow oxidation in the open, and from the possibility of the coal being set alight by sparks from
the locomotives, etc. Mine-owners have, indeed, been advised to protect the brown coal by leaving over it a
thickness of 20 to 40 inches of cover, but they universally fight shy of the inevitably resulting expenditure on
removal by hand, enhanced in cases where the surface of the coal is uneven. It is customary, where a
pumping-plant is available, to adopt the precaution of spraying the uncovered coal on hot summer-days, in
order to keep it to a certain extent moist.
The author points out that the economic success of the excavator-system depends primarily on the avoidance
of pauses. There must not be a moment wasted, all through the process: this naturally involves skilled
superintendence and high-class labour, and even so is rendered by circumstances occasionally impracticable.
As to costs, a long series of examples is set forth in full detail, and, taking all the available data into
consideration, the author concludes that the prospects of a further development of the excavator-system are
decidedly favourable. In fact, he regards that system as having already become an indispensable factor in the
successful working of the brown-coal mines of Prussian Saxony. There is, moreover, an idea afloat of utilizing
the excavators for winning the coal itself, as the toughness of the mineral is not sufficient to affect prejudicially
their working any more than would,
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let us say, a stiff clay. The possible comminution of the brown coal in the process of excavating would not be
considered much of a disadvantage, as in many mines the entire output is manufactured into briquettes.
L.L.B.
DYNAMITE-EXPLOSION AT THE ZAPPENDORF BOREHOLE, GERMANY.
Die Dynamitexplosion in dem Bohrthurme bei Zappendorf aim 4. Mai 1906. By — Beyling. Zeitschrift für [fuer]
das Berg, Hütten- [Huetten-] und Salinen-wesen im preussischen Staate, 1906, vol. liv., pages 671-675, with 1
figure in the text.
In the spring of 1906, a deep bore-hole, in search of potassium salts, was put down in a concession belonging
the Krügershall [Kruegershall] Salt-mining Company, immediately south of Zappendorf station on the
Teutschenthal and Salzmünde [Salzmuende] railway. Boring operations were attended with great difficulties,
as, on account of the disturbed condition of the rocks, the boring-tool continually stuck fast. When this
happened once again, at a depth of 708 feet, all the-known technical methods of setting the tool free were
unavailingly applied, and consequently the engineers resolved to blast it away with dynamite.
Experiments were made with a magneto-electric igniter, in order to determine whether it worked properly,
and several fuses (coated over with wax to preserve them from damp) were prepared. The explosive selected
was gelatine-dynamite I. The manager of the salt-mine and the Government district-inspector betook
themselves on May 4th to the Zappendorf bore-hole, accompanied by two officials of the mine in charge of 5½
pounds of dynamite. The insulated copper-wires for the electric ignition having been duly set in place, the first
attempt to cause a detonation in the bore-hole failed. It was assumed that the failure was due to a spoilt
detonator, more especially as no difficulty was experienced in causing a second detonator to ignite above
bank. The cylindrical galvanized iron receptacle in which the dynamite-cartridges were placed is described and
figured; the space remaining vacant therein was stuffed with wadding to a depth of about 0.4 inch (1
centimetre). As the bottom cover seemed to sit loosely on the cartridge-filled cylinder, the manager, despite
certain objections raised by those present, gave orders to solder it lightly. At the very moment when the man

was applying the soldering-iron, the dynamite exploded, and four out of the five persons who stood
immediately round were torn limb from limb; the fifth (the Government inspector) was so seriously injured
that he died after a few hours' suffering in hospital. Several other persons, who had stepped a little aside
before the explosion, were slightly injured.
Expert opinion (fortified by experiments, of which an account is given, made after the disaster) is in
concurrence with the official report issued by the Mining Bureau of the West Halle district, in holding that the
explosion was caused by the contact of the soldering-iron with the metallic cylinder. The heat from the former
must have been conducted almost instantaneously through the thin metallic partition to the gelatinedynamite, which is apt to decompose and explode at such a temperature as that which the soldering-iron had
reached. The manager, who paid for his imprudence with his life, although quite right in stating that dynamite
can be harmlessly burnt off while held in the hand, had overlooked the fact that this statement only holds
good of small quantities of the explosive burning in an unconfined space, not of large quantities enclosed in a
receptacle.
L. L. B.
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GRÉHANT FIRE-DAMP INDICATOR.
Note aur le Grisoumètre simplifié de M. le Professeur N. Gréhant. Anon. Annales des Mines, 1906, series 10,
vol. x., pages 570-573, with 1 figure in the text.
The fire-damp indicator devised by Prof. Gréhant, and first described by him in 1894, was, in its original form,
somewhat cumbrous and needed very delicate handling, with the result that it was but little used in practice.
But the instrument has been now so simplified as to make it very much more convenient to manipulate, and to
render it more easily available for taking laboratory-samples from the atmosphere of fiery mines. In its present
form, it consists of a cylindrical glass-bulb within which is soldered a platinum-spiral; by means proximately of
two glass-tubes filled with mercury, and then, by gutta-percha covered copper-wires, the spiral receives the
current flowing from a battery of ten accumulators. In the upper portion of the glass-bulb is a tap, by means of
which the gas that is to be analysed can be turned into it; and into the lower portion of the bulb penetrates a
long glass tube, graduated from the point of contact with the bulb, and communicating by means of indiarubber-tubing with a glass recipient (or reservoir) containing water, which can be raised or lowered by a rackand-pulley arrangement. The bulb first described is itself immersed in a cylindrical recipient or jacket, through
which water is kept continuously flowing, so as to maintain the temperature at a constant level throughout the
experiment. The relation between the volume or capacity of a division of the graduated tube and that of the
bulb having been determined, the bulb is filled with water, and the gas which forms the subject of analysis is
introduced into it until the gas fills up the bulb as well as a suitable number of divisions of the graduated tube.
Then the tap having been turned off, the movable reservoir is raised so that all the gas is forced back into the
bulb, and the electric current is switched on until complete combustion of the methane formene [not hitherto
mentioned in the original paper] bag taken place—this implying about 400 passages of the current in 3 or 4
minutes. The operator waits for a few minutes, until the temperature in the bulb returns to its normal level;
the gas is then brought back to atmospheric pressure, and the diminution in volume will indicate the
percentage of contained fire-damp, on the assumption that this diminution is equivalent to twice the volume
of methane contained in the mixture, in conformity with the equation expressing the combustion: CH 4 +4 O =
CO2 +2 H2 O. The size of the bulb and the graduations of the tube can be so arranged as to involve a reduction
in volume of ten divisions of the graduated tube for a mixture containing only 1 per cent. of fire-damp; and this
implies a sensitiveness amply warranting the use of the instrument in mining practice. It is suggested that a
convenient and portable size of instrument is obtained by using a glass bulb of 2½ cubic inches capacity, with a
tube so graduated that 50 divisions represent a volume of ¼ cubic inch. The operator must beware of
introducing into the apparatus any inflammable mixture, the explosive combustion of which would
undoubtedly shatter the bulb.

This indicator differs from Prof. H. Le Chatelier's instrument chiefly in that the latter indicates percentages of
fire-damp by means of variations in pressure (the volume being always reduced to the same value); whereas
the former keeps the pressure constant while varying the volume, and is perhaps more easily manipulated on
that account by comparatively uneducated persons, such as those in whose hands the instrument would
sometimes (at all events) be placed in mining practice. The sources of error due to the solubility of carbon
dioxide in water, and to the difference of temperature between the
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ambient atmosphere and the water-jacket, are not of sufficient importance in practice to vitiate the
records yielded by the Gréhant indicator.
L. L.B.
FIRE-DAMP EXPLOSION AT THE LIÉVIN COLLIERIES, FRANCE.
Explosion de Grisou aux Mines de Liévin. Anon. La Revue Noire, 1907, vol. x., pages 43-45.
On January 28th, 1907, about 9 a.m., an explosion occurred in No. 3 pit of the Liévin collieries, whereby three
persons lost their lives. They were engaged in perfecting the arrangments for conducting mine-gases from a
disused portion of the workings in the François seam to an experimental gallery, which is in course of
completion near No. 3 pit, and the nearest man was about 400 feet away from the François seam when the
explosion took place. It may be noted, by the way, that the Liévin collieries have the reputation of being the
most fiery of any in the Pas-de-Calais. At first, there seemed to be a reversal of the ventilation, but this almost
immediately resumed its normal course; the noise and shock of the explosion, however, caused a momentary
panic throughout the workings, and a crowd speedily assembled at the pit-head, fearing that a catastrophe
had occurred on a scale similar to that of Courrières collieries. The great precautions habitually taken in these
Liévin collieries: water-spraying, separate ventilation for each district, whitewashing of the walls of the
roadways, etc., largely account for the restriction of the disaster to a comparatively limited area. The bodies of
two of the victims (engineers) were found with wounds in the head and broken limbs, but practically
unscorched; the third (an overman) was scorched from head to foot, yet his safety-lamp was intact, while
those carried by the others were considerably damaged. Nevertheless, it seems probable that it was the
overman's lamp that started the explosion. His body was found about 2,000 feet away from the two others; he
appears to have gone on in front of the engineers in their tour of inspection, and, having met with fire-damp, it
is probable that he precipitately withdrew his lamp, of which the regulating-screw was defective in such a way
as to allow of the flame being blown upward (to the top of the gauze). On the other hand, experiments
subsequently made with the very same lamp seem to point to the possibility that incomplete combustion of
the fulminating-caps connected with the igniter leaves behind particles, the flame from which is quite capable
of flashing through the double gauze of the lamp. It is noted that the excessive inflammability of these
fulminating-caps is no new discovery, as similar results have been observed in the course of experiments
carried out both in Great Britain and in Belgium.
j
L. L. B.
EXPLOSION AT THE DESDEMONA SALT-MINE, HANOVER.
Die Explosion auf dem Kaliwerk der Gewerkschaft Desdemona im Leinethal, Bergrevier Hannover. By
— Wigand. Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-] und Salinen-wesen im preussischen Staate,
1906, vol. liv., pages 461-473, with 3 figures in the text and 1 plate.
The Desdemona mine lies midway between the Frisch Glück [Glueck] mine at Eime (where a disastrous firedamp explosion occurred in 1904) on the north-west, and the Hohenzollern mine on the south—all three
belonging to the Leine valley group of potassium-salt mines. The presence of inflammable gases in such
mines has long been known, but the extent of the danger was not, at first, realized; and the Frisch Glück
[Glueck] explosion was regarded as a quite
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exceptional occurrence. Moreover, the view was widely held that there was a necessary connexion between
the presence of anhydrite, etc., and the evolution of dangerous gases, and that these were not to be feared in
the salt-beds themselves.
The strata in the district are highly disturbed; but, so far as can be ascertained, the three above-mentioned
mines work the same potassium-salt horizon in the Zechstein (Permian) of the Leine valley. An account is given
of the tectonic structure of the district, as also details of twelve bore-holes. Sinking operations begun at the
Desdemona mine in October, 1901, were completed in 1905, when the shaft reached its present depth of
2,302 feet below the surface. There are four main levels, at the respective depths of 1,394, 1,558, 2,115, and
2,263 feet; the two uppermost form the upper, and the two lowermost the lower, division of the mine. Both
divisions intercommunicate only by means of the shaft, and from that point onward are ventilated by entirely
separate air-currents. It is not yet stated how many distinct beds of potassium-salt have been opened up at
these levels. On the whole, the salt-beds dip like the rest of the strata, south-westward, and strike from
southeast to north-west; but there are extraordinary variations, due to the disturbed stratigraphical
conditions. There would seem to have been a mighty overthrust of the salt-beds and the overlying Bunter
sandstone and Muschelkalk on to the Middle Bunter sandstone.
A description is given of the ventilating arrangements in the mine, from which we gather, among other
particulars, that the brattice-cloths, nailed to wooden-frames and wedged up to the roof with wooden laths,
were covered with a coating of fireproof paint, consisting of an intimate mixture of magnesium chloride and
clay, which was renewed every week, and fulfilled (as the event proved) its purpose. Above bank a Capell fan
was installed, with a guaranteed capacity of passing through 84,745 cubic feet of air per minute. At the time of
the disaster, it is calculated that 8,475 cubic feet of air per minute arrived at the working-face in the 2,263 feet
level, or about 565 cubic feet per man. On account of the high temperatures prevalent in the mine, the
duration of the shifts was limited to 6 hours; and, in compliance with a Government ordinance of April 30th,
1906, measurements of the temperature were carried out at regular intervals, as indeed they had been at an
earlier date at this particular mine in anticipation of the ordinance. Safety-lamps, which could only be unlocked
with a special key, were in use at all the working-places; but the workpeople, who hardly knew what fire-damp
was, had scant experience of the manipulation of safety-lamps or understanding of the purposes which they
are intended to fulfil. It was the custom to drill a hole several feet in advance of the working-face, so as to ease
off possible sudden outbursts of gas, as it was always assumed (as above-mentioned) that the presence of
dangerous gases was connected with the country-rock and more especially with the anhydrite. For blasting or
shot-firing, combined charges of dynamite and blasting-nitrate were used, and ignited by means of an ordinary
fuse.
Despite the precautions observed in connexion with shot-firing and the other matters cited in the foregoing
paragraph, an explosion took place on May 7th, 1906, which resulted in the death of four persons; two others
were rendered unconscious, but were brought out scatheless. Four shots had been fired towards the end of
the afternoon shift, and after, a timed pause of 10 minutes, according to the account of these survivors, they
proceeded to the working-face in order to see what had been the effect of the shots, when they were thrown
to the ground by a violent blast of air. Springing to their feet
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again, they relighted their lamps, which had been extinguished, and hastened towards the shaft, pursued by
the smell of burning brattice-cloth, while the atmosphere of the roadway was full of inflammable gases. At the
western cross-cut their lamps went out again, and they sat down, their further progress being barred by
wreckage of brattice: shortly afterwards they lost consciousness. The work of the rescue-party was greatly
hindered by heat and smoke, and more especially by the fact that electric lamps were not available, while the
safety-lamps that were in use were continually going out. Three of the four dead bodies that were found were
severely scorched, and brattice-cloths were in part carbonized: these had evidently smouldered, but had burnt
without flame, and when the carbonized portions were subjected for several minutes to the flame of a spiritlamp it was found impossible to re-ignite them.

Close investigation of the working-face showed that a large fissure (in reality, three parallel fissures) must have
been met with, whence arose the outburst of gas. The rescue-party could find no trace of any dangerous gases
remaining in the atmosphere of the workings, nor were any observed the next day on the occasion of the
official investigation. The possible causes of the explosion are discussed in minute detail, and the conclusion is
reached that the inflammable gases caught fire at the lamp of one of the victims, but exactly in what way will
never be known.
In the hard salt (hard rock salt?), as distinct from carnallite and ordinary rock-salt, are cavities, of generally
conical form but varying dimensions, in which are often occluded gases smelling of petroleum. In an
exceptionally-large cavity, which assumes rather the tubular form, measuring 15½ feet in length and averaging
3¼ feet in diameter, the smooth walls were sweating an oil that smelt like petroleum a few days after the
cavity had been opened up. Similarly, oil sweats out into some drill-holes in the hard salt to such an extent that
it has been possible to collect sample bottlefuls and submit the contents to analysis and distillation. The crude
oil is shown to have the following volumetric composition: benzine, 14.5 per cent.; petroleum, 58.5; paraffin,
21; and tar, 6. As to the gases occluded in the hard salt, the inference is fairly obvious, that they are not pitgases in the ordinary sense of the word, but merely the distillation-products of the above-described oil.
Although no traces of oil have ever been found in the carnallite, it is beyond question that gases are
occasionally occluded in that mineral.
L. L. B.
EXPLOSIONS IN PRUSSIAN COLLIERIES DURING THE YEAR 1905.
Mittheilungen über [ueber] einige der bemerkenswerthesten Explosionen beim preussischen
Steinkohlenbergbau im Jahre 1905. [Official.] Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-] und Salinenwesen im preussischen Staate, 1906, vol. liv., pages 421-438, with 8 figures in the text and 3 plates.
At 10.30 a.m. on June 28th, 1905, a fire-damp explosion took place in No. 5 western division of No. 6 level, in
the workings of the Emil seam at the Holland colliery, district of Wattenscheid. The seam is 4½ feet thick, lies
341 feet below the Laura or Main seam, belonging consequently to the Upper Bituminous coal-group, and
gives off extremely little gas. The dip is variable, from 10 to 50 degrees northward, but decreases on the
whole as the depth from the surface increases. A description is given of the conditions of ventilation in that
part of the workings which was the scene of the disaster, and it is pointed out that neither the overmen nor
the officials who inspected the place 2 hours or so before the occurrence, noticed the slightest trace of firedamp in the atmosphere. Of the five persons at work there four
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were killed on the spot, and the only survivor (an apprentice hewer) succumbed to his injuries a few days later.
According to his death-bed account of the catastrophe, two sharp reports were followed by the extinction of
his safety-lamp, and he observed no flame; he felt his lips, face, and hands suddenly swollen up, and crawled
on his hands and knees to the cross-cut; he heard the hewer, whose duty it was to look after the Pelzer fan at
that point, moaning but had just the strength to throw himself into the water-tank and then lost
consciousness. Others, who were at the cross-cut in the Bismarck seam, heard a rolling as of thunder, but saw
no flame: their safety-lamps were suddenly extinguished, and they were hurled back a few paces. After
rescuing the apprentice-hewer, and noting that the fan was still at work, although the air-conduits were in part
destroyed, they had to beat a retreat, as the after-damp was meanwhile penetrating even into the workings of
the Bismarck seam. In the course of 36 hours, the bodies of the dead, who were found to have suffered severe
burns, were recovered; it was shown that death must have been almost instantaneous, and that the men fell
where they stood. Two of the safety-lamps used by the victims were found much damaged; but they were
both locked, and the igniters were in perfect order. The continued evolution of fire-damp prevented a
thorough inspection of the scene of the disaster until July 19th, three weeks later. It was then seen that the
timbering had sustained but little damage, but that some 130 feet of suction air-tubing had been rendered
useless. There was no trace of coke-incrustations at any point, and the conclusion is reached that coal-dust
played no part in the explosion. This seems to have been due to the sudden outburst of a gas-blower, which

caught fire at the overman's safety-lamp (the wire-gauze of which, both inner and outer, was damaged). The
shape of the holes in the gauze suggests that it had received an accidental blow from a pick.
In the Wattenscheid district again, an explosion took place at 8.30 p.m. on October 31st, 1905, at the Centrum
colliery, in the deep-level workings (No. 6) in the Franziska seam. Four men were badly burnt, and two of them
succumbed to their injuries within 48 hours. The Franziska seam has a thickness of 7¼ feet (inclusive of
partings), and dips 47 degrees southward. Water-spraying appliances were in regular use, and the deputy who
inspected the workings in that seam at 7.15 p.m., reported that no coal-dust was discernible anywhere. There
had been some slight falls of stone, which occasionally interfered with the loading-out of the coal;
consequently, in order to get rid of some of the bigger stones, two shots had been fired (although this had
been distinctly forbidden) apparently with dynamite-cartridges, and the second shot started the explosion. A
great flame burst out from the seam into the cross-cut, and afterwards beads and incrustations of coke were
found on the timbering in the vicinity, although the floor was everywhere damp and in parts actually wet. The
official view is that this was a coal-dust explosion pure and simple; fire-damp can hardly have played a part
here, taking all the circumstances into consideration, and, in fact, no fire-damp was observed in the workings
after the disaster. The shot-firer, with reprehensible carelessness, had ignited a dynamite-cartridge amid loose
stone, and had neglected to render the coal-dust harmless by spraying it over with water before he fired the
shot.
On November 17th, 1905, at 7 p.m., an explosion of fire-damp took place in the Henry pit of the De Wendel
colliery, in the mining district of Hamm, whereby two hewers sustained more or less severe burns. The colliery
is still in course of being opened up, and is provided with one haulage or winding-shaft and one ventilationshaft. From the lowest of the two levels so far driven (2,395 feet), west of the northern main cross-cut, and
about 700 feet
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distant from the main shaft, a vertical staple was being driven, which had reached a height of 262 feet on the
day of the accident: it was timbered, and divided into three segments for travelling, carriage of timber, and
rolling down tone etc. In the previous shift, the floor of the Anna coal-seam, 2½ feet thick, nd dipping 9
degrees northward, had been laid bare; and a compressed-air system of conduits, providing the power for
machine-drilling, and available also (if need were) for increasing the ventilation, had been erected in the
staple. On account of the laying-bare of the Anna seam, instructions had been given to make an examination
for fire-damp every ½ hour, and to bring the ventilating air-conduits closer up. In the course of scaffolding
work, a man was holding a safety-lamp near the roof when fire-damp appeared in the gauze, and the man was
so greatly scared as to drop the lamp; as it fell, the flame flashed through the double wire-gauze, and the firedamp was exploded with a loud report. The official investigation showed subsequently that there had been no
tampering with the lamp-locks; that coal-dust bore no share in the explosion; and that the volume of firedamp involved was comparatively small as the dynamic effects of the explosion were hardly noticeable, and
only two out of the three men within reach sustained any injury. If the man who held up the safety-lamp had
shown more foresight and presence of mind, the accident would probably not have happened at all.
About 11 p.m. on December 5th, 1905, a fire-damp explosion occurred above bank at the pit-head of the
Werne colliery, also in the Hamm mining district, with the result that one person was severely injured and
seven were slightly injured. This colliery had only been at work for a short time, yielding a daily output of
about 1,000 tons and employing 1,600 workpeople. There are two shafts, each 19 feet in diameter, some 270
feet apart: one being used for winding, and the other for ventilation. The eastern district of the colliery worked
twelve seams, all dipping very steeply, much disturbed, and extremely fiery; this district accounted for twothirds of the entire output of the colliery. There is a causal connexion between the explosion and a pit-fire,
which broke out on November 26th, 1905, in section 2 of the eastern district, and had assumed such an
extension as to necessitate the stopping-off of the entire district. The origin of the fire was uncertain: the
officials held, however, that it was, at all events, not due to spontaneous combustion, and took measures
directed to its speedy extinction. Encouraged by the samples taken from a tube inserted in one of the
masonry-dams (showing that no gases of combustion were remaining in the area of conflagration), and being
anxious to replenish the sorely-diminished stock of bituminous coal, the officials caused a large opening to be

made in the dam at 9 a.m. on the day of the explosion. Fire-damp issued in considerable volume, but was
sufficiently diluted by the powerful ventilating-currents flowing in from north and south. The second dam, for
safety's sake, was only to be opened up late in the evening, after the termination of the afternoon shift; this
was done about 10.45 p.m., and then fire-damp streamed out in enormous quantities. Meanwhile, something
went wrong with one of the motors that were driving the ventilators, and this had just been set right when the
explosion took place above bank. A loud report was heard, and a sheet of flame shot out from the ventilator,
while the floor of the engine-room rocked and the occupants were hurled about in all directions. The
ventilators were smashed to fragments, their foundations were destroyed, though the two motors remained in
place all but undamaged. The structures at the head of No. 1 shaft collapsed, windows in neighbouring
buildings were shattered, and roofs and walls were damaged by flying parts of machinery. Below bank, the
effects of the explosion were unimportant in
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comparison, although some considerable damage was done. For many weeks thereafter haulage was entirely
at a standstill, the remaining workable districts of the colliery yielding but little more coal than was sufficient
for its own needs. An unprejudiced explanation of the cause of the explosion is not forthcoming: it can only be
said, without fear of contradiction, that it started in the central engine-room, either in the ventilator itself or in
its immediate neighbourhood.
Four men perished and four others were injured, as the result of an explosion which took place at 9 p.m., on
December 7th, 1905, in the Eschweiler-Reserve colliery at Nothberg, in the mining district of Diiren. Official
enquiry has failed to elucidate the cause of the disaster, but it is supposed that a small blower of fire-damp
(the presence of which had not been previously indicated anywhere in that part of the workings) was ignited at
a naked light as the men were resuming work after an interval. Coal-dust evidently played a part in the
disaster. A shot had been fired, probably with gelatine-dynamite; a foot or two away from the drill-hole a
safety-lamp was subsequently found, with its glass cylinder smashed, and a little tin-box containing matches.
No fire-damp was ascertainable as present after the catastrophe.
L. L. B.
EXPLOSION AT THE REDEN COLLIERY, NEAR SAARBRÜCKEN [SAARBRUECKEN], GERMANY.
Die Explosion auf der königlichen [koeniglichen] Steinkohlengrube Reden bei Saarbrücken [Saarbruecken] am
28. Januar 1907. By — ElNER. Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-] und Salinen-wesen im
preussischen Staate, 1907, vol. lv., pages 167-190, with 3 figures in the text and 1 plate.
On Monday, January 28th, 1907, shortly after 7 a.m., a disastrous firedamp and coal-dust explosion took place
in the Government colliery at Reden, wreaking greatest havoc in the remote Nos. 14 and 15 districts of the
Thiele seam. No less than 149 persons were killed on the spot, one man died later in hospital from the results
of carbon monoxide poisoning, and 37 persons suffered more or less injury from burns, from the dynamic
effect of the explosion, or from breathing in after-damp. The Thiele seam is the third, counting from the top, in
the bituminous- coal-group, and is being actively worked; while the two uppermost seams (the Stolberg and
the Carlowitz) have not as yet been touched in the Reden concession. This Thiele seam is about 6½ feet thick,
dips 14 degrees north-north-westward, and has, apart from a few insignificant local disturbances, a very
regular lie. It yields a coking coal of good quality, and contains 38.35 per cent, of volatile matter (calculated
from ash-free material). But little shot-firing is needed in the course of getting the mineral; roof and floor alike
consist of fairly compact and tough shales. The pressure or creep that ensues on working-out of the coal is
considerable. The invariable method of working is longwall, and the average daily output of the two districts
chiefly affected amounted to 420 tons.
The seam is not especially fiery: a sample of pit-gas, taken in January, 1907, not very long before the explosion,
yielded barely ½ per cent, of methane. At no time in the colliery did the percentage of methane exceed 0.6 per
cent., and the evolution of gas may be reckoned at 530 cubic feet per ton of output. It is true that, in the
course of forewinning operations, there was now and again an incursion of fairly large volumes of gas; but, in
the weeks preceding the disaster, practically no fire-damp had been observed, either at the working-face or in

the forewinning. Such gas as did penetrate into the workings is believed to have streamed in through fissures
in the roof from the Carlowitz
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seam (20 feet above the Thiele seam) which is known, and proportionately feared throughout the Saare coalfield as extremely fiery. Be this as it may, no explosions had as yet taken place in the Reden bituminous coalfield. Daily examination of the workings for pit-gas was carried out, and the results thereof were reported
above bank before the men went down. But eye-witnesses aver that, on the morning of the disaster, the two
overmen, whose duty it was to conduct this examination in the particular districts involved, started work so
late, that they could not possibly have complied with the strict letter of the regulations and have traversed
every foot of the workings. However, the two overmen reported all workings in their respective districts as
quite free from fire-damp before the commencement of the morning shift, and they both perished in the
explosion. The barometer which, on Saturday, January 26th, stood at 29.33 inches (745 millimetres), rose
about noon on Sunday, the 27th, to 29.53 inches (750 millimetres), at which height it remained up to the time
of the disaster. Three hours later (10 a.m. on the 28th), it fell to 29.29 inches (744 millimetres), and a deep
depression set in during the night of the 28th to the 29th, a minimum of 28.78 inches (731 millimetres) being
registered on Wednesday, the 30th. The normal height of the barometer calculated at sea-level, is 28.86
inches (733 millimetres) for the altitude of Reden.
There is no question about the dustiness of the Thiele seam—and the dust which it makes is excessively fine.
There is nowhere enough natural moisture in the pit to render this dust innocuous; and consequently, in
accordance with the regulations, a water-spraying system is in constant activity, except on Sundays and
holidays. Ventilation is effected by means of a Pelzer fan, 10½ feet in diameter, normally capable of passing
through more than 77,680 cubic feet of air per minute; this amount, without any undue strain on the
installation, can be raised to 106,000 cubic feet per minute, an increase which was actually found practicable
immediately after the explosion. The fan is driven by a horizontal single-cylinder engine, of 80 effective
horsepower. The water-gauge diagram, reproduced by the author, showing the extraordinarily sudden
steepening of the curve, constitutes a striking record of the effect of the explosion. Details are given of the
system of air-splitting, and it is stated that the temperature of the air-currents after passing through the mine
averaged 78-8° Fahr. All the safety-lamps used at the working-face were benzine single-gauze; double-gauze
lamps were occasionally used in forewinning operations. The lamps were lighted from inside (without
unlocking) by means of a friction-igniter, which has always given satisfaction; the general upkeep and cleansing
of the lamps was also satisfactory, and an examination of those used by the victims of the disaster revealed
nothing that would point to wilful damage, forcible opening, etc. The explosives used for shot-firing were
partly wetterdynamit and partly kohlenkarbonit. It had never been found necessary, either on the part of the
colliery-officials or on that of the Government inspectors, to restrict the firing of shots in any way.
When the disaster occurred, the shift had hardly settled down to work; many of the miners had not reached
their appointed places, and the pit-horses were just being hitched on to the tubs. About 7.15 a.m., a man
reported that a violent rush of air from the main cross-cut had knocked him down, and it was evident that
something unusual had happened in the workings, although no sign of it was observable above bank. All the
officials went down the pit to the rescue, while messages were sent for doctors, ambulances, and parties with
rescue-appliances. The after-damp, which is described as
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rolling through the workings in the form of a greenish-grey mist, hampered considerably the efforts of the
first-comers and drove them from one roadway to another. The survivors who were nearest to the scene of
the explosion claim to have heard two distinct reports, which became merged into one in the hearing of those
farther away. A description is given of the condition in which some of the dead bodies were found, showing
that several of the victims perished from asphyxiation by poisonous gases, but the great majority from burns

and injuries sustained by falls of rock. The Draeger air-breathing apparatus seems to have been successfully
used by the parties engaged in exploring the workings for possible survivors; as also the oxygen-cylinder, in the
case of an overman who suddenly collapsed on his return from an inspection of his own district (to ascertain
whether everyone had been safely withdrawn), and was brought back to consciousness in the course of 10
minutes by means of the insufflation of oxygen.
False alarms of fire occasioned a suspension of the rescue-operations, with a consequent delay of fully 24
hours. Operations were actively resumed on January 29th, and all the bodies of the victims, with the exception
of four buried under an enormous fall of rock, were brought to bank the next day. Even these four bodies were
recovered, after a week's strenuous exertion directed to the removal of the huge mass of fallen rock.
The author, in his capacity of Government district-inspector, examined the mine thoroughly, and gives a
detailed account of his observations. He concludes that the disaster was in the main a coal-dust explosion, firedamp playing only a secondary part therein. Coke-incrustations were observed in nearly every portion of the
workings affected by the explosion. All endeavours to ascertain beyond question the actual cause of this
catastrophe have remained fruitless; in a series of closely-reasoned paragraphs, the author dismisses one
plausible supposition after another.
A few days after the occurrence, the Royal Mining Bureau at Saarbrücken [Saarbruecken] issued an ordinance
providing for the spraying of all dry coal-dust before the commencement of the morning shift, especially after
Sundays and holidays; prescribing also a stricter system of selection of those who are to be entrusted with the
supervision of both spraying and ventilation; and recommending an abstention from alcohol for 6 hours before
entering on their duties, on the part of those officials and men who undertake the Sunday night-watch.
Other fresh precautions have been taken at the Reden colliery, including the use of double-gauze instead of
single-gauze safety-lamps; and the Prussian Minister for Trade and Industry has nominated a commission to
enquire generally into the conditions as regards safety of the Government collieries in the Saare coal-field,
with power to suggest any changes that may seem desirable.
L.L.B.
FIRE IN THE BORUSSIA COLLIERY, DORTMUND, GERMANY.
Der Grubenbrand auf der Zeche Borussia bei Dortmund am 10. Juli 1905. [Official.] Zeitschrift für [fuer]
das Berg-, Hütten- [Huetten-] und Salinen-wesen im preussischen Staate, 1906, vol. liv., pages 642-670,
with 11 figures in the text and 5 plates.
At the beginning of the morning-shift on July 10th, 1905, a haulier knocked over a hanging petroleumlamp, which lighted the pit-eye at the fifth level in the winding-shaft of the Borussia colliery. Thereby a
heap of timber was set alight; in a very short space of time the fire struck across the shaft, and the clouds of
smoke that quickly filled the workings to the
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north of it caused the death by suffocation of 39 miners out of the 81 who were at work therein. It was not
until the beginning of May in the following year that all the bodies of the dead were recovered, as the fire had
spread to a neighbouring seam, and its extinction was a necessary preliminary to the recovery of the bodies.
The manager of the mine was prosecuted on the plea of manslaughter by negligence, and for having
contravened two of the Government mining regulations, but was eventually acquitted on both counts.
No less than fifteen seams are worked in the Borussia colliery, and the daily output at the time of the disaster
averaged 570 tons. The winding-shaft, 1,902 feet in depth, was of quadrangular cross-section built in masonry
down to 115 feet, and thence downward lined with timber; it was entirely destroyed by the fire. The author
notes, by the way, that this shaft had just been completed, when the Government ordinance of March 28th,
1902, came into force, prohibiting the timber-lining of shafts for the future. A special water-spraying

arrangement kept up a sufficient dampness in the shaft, to comply with the mining regulations, which decree
this where naked lights are used. As in all timber-lined shafts, continual repairs were found necessary; and the
visits of Government inspectors were frequent. Three such visits of inspection had already taken place in 1905,
the last before the disaster being on May 28th; apart from these special inspections of the shaft, there had
been no less than twenty-two general inspections of the mine during the first six and a half months of that
year.
The general testimony of the witnesses examined at the enquiry concurs in regard to the continually damp
condition of the pit-eye at No. 5 level, and to the consequent absence of coal-dust there. The base of the
hanging-lamp which started the conflagration, cannot have been more than 5 feet 10 or 11 inches above the
floor: it was enclosed in a sort of quadrangular metallic lantern, the glazed openings in which had been
shattered about a month before the disaster. Below it, on the morning of July 10th, 1905, were stacked about
100 pieces of pit-timber, which had been lying there since the night of the 7th to the 8th, and were to be
distributed among the workings in the course of the morning-shift. The hauliers who were working at the piteye, in order to allow free play for the tubs, found it necessary to toss over to the rear part of the stack some
of the props, and one of these knocked over the lamp: the petroleum flowing out of the lamp-reservoir
immediately set the stack aflame. The hauliers made some efforts to extinguish the fire, to which curiously
enough, they attached no great importance, in the intervals of their work. Presently, the former deputymanager appeared on the scene, and reproaching the men for their negligence, caused more active measures
to be taken. But these proved futile for various reasons, the chief being that the fire had already gained too
great a hold. Then, through the mistake of a newly-appointed overman, the wrong brattice-doors were
opened, with the result of driving the smoke and gases of combustion through a portion of the workings, and
of causing erroneous conclusions to be formed above bank as to the course that the ventilation was taking.
A description is given of the various unsuccessful attempts to rescue the men who were unable to flee in time,
and also of the final recovery in the night of May 1st to May 2nd, 1906, of the twenty-five remaining bodies.
In the course of the judicial proceedings above-mentioned, it was shown that water-hydrants and hose were
duly available in the immediate neighbourhood of the scene of the fire; but, owing in some respect to flurry
and forgetfulness on the part of the pitmen who should have used those appliances, they were not timeously
turned to account, as they might have been.
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As a consequence of the disaster, the Royal Mining Bureau of Dortmund issued an ordinance, which came into
force on May 1st, 1906, forbidding the use of naked lights in places which are built otherwise than of masonry
or constructional steel, and wherein combustible material of any kind is stacked even temporarily. Where such
lights are permitted, they must be enclosed within glass which is shielded from any possible breakage, and
must not be fed with petroleum, or spirit, or any similar easily-vaporized fluid. The use of portable electric
lamps burning in vacuo is permissible in downcast shafts, at the pit-eyes communicating with them, and in the
immediately neighbouring engine-rooms. Apart from the places specified in the ordinance safety-lamps alone
are permissible.
L. L. B.
CHOKE-DAMP DISASTER IN AN UPPER SILESIAN COLLIERY.
Tödliche [Toedliche] Verunglückung [Verunglueckung] dreier Personen in matten Wettern im Ostfelde des
königlichen [koeniglichen] Steinkohlenbergwerks "König" [Koenig]bei Königshütte [Koenigshuette] O.-S. By —
Steinhoff. Zeitschrift für [fuer] das Berg-, Hütten-[Huetten-] und Salinen-wesen im preussischen Staate, 1906,
vol. liv., Abhandlungen, pages 298-299 and 1 plate.
This accident occurred on November 12th, 1905, in the eastern district of the State colliery of König [Koenig],
at Königshütte [Koenigshuette] , and resulted in the death of three persons. For more than two years a portion
of the workings in the Gerhard seam (18 feet thick) had been shut off by strong masonry-dams on account of
pit-fires, and an endeavour was now made to ventilate that area. Chemical analysis of samples of the

atmosphere taken from behind the stoppings showed it to contain, in volumetric percentages, 0.0023 of
carbon monoxide and 4.874 of carbon dioxide. On the termination of the night-shift of Saturday, November
11th, provision was made for opening up successively two stoppings and drawing the gases out by means of
the ventilator at the Bittkow shaft. At first all went well, but the overman to whom the arrangements were
entrusted noticed that the ventilating current travelled very slowly into the old area of conflagration, and
inferred that there was some obstacle, such as a brattice, to its passage. He thereupon ordered the two men
who were working with him to search in the direction of the goaf, one of them being provided with a Giersberg
apparatus and the other with a Shamrock Pneumatophore of the old type. It may be mentioned that both
appliances had been overhauled shortly before and declared to be in proper condition, and that the men were
thoroughly familiar with their manipulation. A third man stood ready with a reserve Pneumatophore, so as to
be able to render immediate assistance if required. The two first-mentioned men went about 300 feet within
the second stopping, when one suddenly grasped the other's arm, and, evidently feeling unwell, signed to him
to turn back. As they did so, he stumbled on the partly broken-up floor and fell about 60 feet distant from the
second stopping, with the probable result that the mouthpiece of the Pneumatophore slipped from his face.
He had fallen among a lot of scattered timber, and being unable to rise immediately, shouted for help,
whereby he breathed the deadly gases in full measure. His companion, who had heard the cry and seen him
fall, rushed up to the stopping to get help to carry him out, as he felt too excited and too exhausted to do so
unaided. The overman outside, without pausing to put on a Pneumatophore, ran behind the stopping, but had
hardly gone 10 feet when he was struck down by the poisonous gases. Then a fourth man, under similar
circumstances, sprang forward to the assistance of the victims, only to collapse in turn. Four other pitmen
successively braved the dangerous atmosphere, col-
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lapsing one after another, but were brought out by the first man who had for help, as he had meanwhile
somewhat recovered his strength. He made a heroic attempt to save the other victims, but found this
physically impossible. Rescue-parties called up by telephone brought two men out (one of whom was the
overman), but all endeavours at resuscitation unfortunately failed, and the body of the man who first
stumbled and fell was not got out until later.
The breathing-appliances used by the two men who first went into the gas-laden area were subsequently
condemned as untrustworthy; but it was held that the disaster would never have occurred, if the overman
entrusted with the arrangements had carried them out in strict accordance with his instructions, and had not
concerned himself with the inevitable slowness of the process of ventilation. Large volumes of a heavy gas
such as carbon dioxide are always slow to move.
BOILER-ACCIDENTS IN FRANCE DURING 1905.
Bulletin des Accidents d'Appareils à Vapeur survenus pendant I'Année 1905. [Official.] Annales des Mines,
1906, series 10, vol. x., pages 586-598.
Among the 29 accidents recorded in France during the above-mentioned year, whereby 14 persons lost their
lives and 33 others were seriously injured, none is stated to have occurred in or about a mine. One accident,
which happened at a foundry at Tarnos, in the Landes, on July 28th, to a cylindrical boiler, resulted in slight
injury to three workmen and considerable damage to property. The cause was evidently superheating,
probably, but not certainly, occasioned by insufficient water-feed. Two accidents occurred at electric-power
stations; one to a De Naeyer water-tube boiler, possibly due to the inadequacy of the precautions taken
against incrustation; the other to a Niclausse water-tube boiler, due to superheating apparently occasioned by
insufficient water-feed.
Eleven of the accidents are assignable to original defects in the structure or setting-up of the boiler, eight to
defective upkeep, thirteen to faulty usage, and five to undefined causes. Thus thirty-seven causes are found
for twenty-nine accidents, because in no less than five instances the accident was due to two several causes,
and in one instance to as many as four. Non-tubular boilers were concerned in four cases, fire-tube boilers in

eleven cases (which involved most of the recorded injury to life and limb), and water-tube boilers in six cases.
L. L. B.
ACCIDENTS IN CONNECTION WITH ELECTRICAL INSTALLATIONS IN PRUSSIAN MINES DURING 1905.
Unfälle [Unfaelle] in elektrischen Betrieben der Bergwerke Preussens im Jahre 1905. [Official.] Zeitschrift für
[fuer] das Berg-, Hütten- [Huetten-]und Salinen-wesen im preussischen Staate, 1906, vol. liv., pages 439-448,
with 3 figures in the text.
At the Rheinpreussen colliery in the Düren [Dueren] district, a man was instantaneously killed on January 13th,
1905, through meddling with a switchboard, from the hinder or rear part of which he had torn away the
protecting cover, in the apparent endeavour to determine the cause of a momentary stoppage in the working
of a high-tension triphase motor. It is evident that, in doing this, he must have touched a naked live wire.
At the Dechen colliery, in the mining district of Neunkirchen, an electric circular saw is worked by a current,
transformed down to 220 volts from the tension of 5,000 volts at which it starts from the power-station at the
neigh-
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bouring Heinitz colliery. The wires are carried from the transformer-room past the coal-washery at the Dechen
colliery. At the very summit of the stairway of this coal-washery is a window for admitting the air, and from
this window the wires are at least 2 feet distant; and therefore no one leaning out of the window could come
into merely accidental contact with them. It would seem that on February 2nd, 1905, a haulier ran up to this
window, opened it, and leaning forward snatched at the wires. He was standing on an iron stair, was shod with
iron-nailed and damp boots, and thus made a short circuit between the wire and earth. All efforts to bring him
back to life proved futile. Since that occurrence the window has been screwed up.
A fatal accident which happened on August 15th, 1905, at the Ver. Constantin-der-Grosse pit, in the NordBochum district, shows that in damp mines continuous currents at a tension of only 220 volts are dangerous.
An apprentice-hewer, officiously pushing forward to help in the uncoupling of a truck from an electric
locomotive in the roadway of No. 1 level, attempted to squeeze past the locomotive, bending forward with his
hands upon it, and touched a contact-button with his face, thus completing the circuit. His body was damp
with sweat, and the floor on which he was standing was drenched with moisture. It is thought that, under
other circumstances, the tension would have hardly been sufficient to kill the unfortunate youth.
At the Deutscher Kaiser colliery, in the Duisburg district, on Christmas Eve, 1905, a man was killed by
accidentally grasping the wires through which a current passes, at a tension of 550 volts, for working a cokeoven discharging-machine. He was watching the preparatory operation of raising the oven-doors from a
staging close to the machine, when, probably in craning forward to look at the farther side of the oven, he lost
his balance, and involuntarily grasped the wires through one of the openings in the screen erected to protect
the wires from accidental contacts. The current having been switched off, he fell to the ground, but all
attempts at resuscitation proved unavailing.
Two men employed at the electrical installation of a colliery at Linden in the Hattingen district, were killed on
July 27th, 1905, in the dinner-hour, by touching the naked clips of a cable which linked up the collieryinstallation with the central high-tension station at Essen. As it was proposed to lay another (but temporary)
cable to link up with Essen, it is assumed that they were engaged in ascertaining the most suitable way of
laying it under the circumstances, but unaccountably forgot that the Essen line was never switched off,
although the motors at the colliery itself were switched off.
At the Neuhof zinc-mine in the Tarnowitz district, a locksmith, who was helping a man to carry a naked wire
along the roof of a building in the immediate vicinity of an insulated high-tension system, was holding the free
end of the wire ready for attachment to a porcelain insulator when he came into contact with the high-tension
cable, and was mortally injured. Evidently, the insulation of the high-tension cable, which had been subjected

for two years to all the stress of weather, was defective; moreover, the roof, covered with bituminized
sheeting, was wet from recent showers, and thus played the part of a conductor. Contrary to regulations, the
man was unprovided with indiarubber gloves, and he should have had an indiarubber mat to stand on.
Adequate inspection and measurement of the insulation (although the latter is not expressly prescribed)
would have revealed its defective condition.
At the Kaiserstuhl I. colliery, in the Dortmund II. mining district, a man who was about to do something to an
amperometer, forgot to take out certain safety-fuses from the distributing-board, by which he would have cut
off from a switch-lever the current passing at a tension of 2,000 volts to the
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motor. He grasped the lever with his bare hand, and was instantaneously killed by the entire current passing
through his body.
A man had started to let down an arc-lamp, one of two that were not burning properly and were therefore
being examined, at the Siegmundshall potassium-salt mine, Wunstorf, district of Hanover, on November 16th,
1905; but he had barely touched the lowering cable when he fell lifeless to the ground. A high-tension system
(alternating current, 500 volts) for power-purposes is carried along parallel with the arc-lamp wires at a
distance of 2½ feet below them. It was afterwards ascertained that the lamp-wires, heavily laden with hoar
frost and snow, had so bent under the weight as to come into contact with the high-tension wires; and the
insulation of the former wires was not sufficient to prevent the diversion of the current from the latter to the
lamp and the lowering cable connected with it.
The foregoing are fairly typical examples, but an account is given of thirteen other accidents, only one of
which, however, resulted fatally. Some of them appear to have been due to sheer carelessness or
forgetfulness, others to neglect of necessary precautions; but few seem to have been really unavoidable.
L. L. B.
ACCIDENTS IN CONNECTION WITH ELECTRIC APPLIANCES AT PRUSSIAN MINES DURING THE YEAR 1906.
Unfälle [Unfaelle] in elektrischen Betrieben auf den Bergwerken Preussens im Jahre 1906. [Official.] Zeitschrift
für [fuer] das Berg-, Hütten- [Huetten-] und Salinen-wesen im preussischen Staate, 1907, vol. lv., pages 311323, with 2 figures in the text and 1 plate.
Of the twenty-nine accidents described in this paper, the following are among the most serious: —
A mason, who had some work to do in the coal-picking department of the Gräfin[Graefin] Laura colliery at
Chorzow, in the Köonigshütte [Koenigshuette] mining district, carelessly touched, despite the most explicit
warnings, some wires (conveying current at 500 volts) which had been laid bare in order to make fresh
connections to them, and he was discovered hanging to the wires, a lifeless corpse.
On March 24th, 1906, a fatal accident occurred in connection with a new electric power-plant, at the cokeovens attached to the Deutscher Kaiser colliery, in the Duisburg mines-inspection district. On attempting to
switch on a high-tension current after the dinner-hour, the man in charge, momentarily startled by the
explosive violence with which an arc-like spark made its appearance, involuntarily made contact with his bare
right hand, and was struck dead instantly. "Super-tension phenomena," producing sparks with explosive
violence, are likely enough to occur when several motors are switched on again, after a pause such as that of
the dinner-hour. In this case, a few days after the fatality, super-tension was repeatedly observed, until a
defect in a cable had been set right.
In the course of tarring a roof at the Cons. Trautscholdsegen colliery, in the South Kattowitz Mines-inspection
district, on May 11th, 1906, a workman touched a naked wire conveying current at 500 volts; it is supposed
that he slipped, and involuntarily caught at the wire in order to recover his balance.

At the Germania I colliery, in the third Dortmund mines-inspection district, a youth who, after eight days'
apprenticeship, was engaged in polishing up a 1,800-kilowatt generator which was at rest, clambered, for
reasons best known to himself, down into the flywheel pit, and, in attempting to get out again, touched a spot
in one of the continuous-current cables where the insulation was afterwards shown to be defective, and so
met his death.
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At the Royal Maybach colliery, in the Eastern Saarbrücken [Saarbruecken] mines-inspection district; at the
Kostuchna colliery, in the South Kattowitz mines-inspection district; at the Wansleben salt-mine, in the
Western Halle district; at the Shamrock I/II colliery, in the Heme district; and at the Radzionkau colliery, in the
Tarnowitz district, fatalities occurred which were in every case due to carelessness and wilful disregard of the
regulations on the part of the victims. To the same cause must be assigned at least ten of the non-fatal
accidents described. Defective insulation would account for three other non-fatal accidents; as also for the
fatality which overtook a man who was cleaning a boiler at the Ver. Hagenbeck colliery, in the South Essen
district. He was using a portable electric lamp, supplied from the central station of the colliery by means of an
alternating current at 110 volts; the fatal effect of the electric current was enhanced by the circumstance that
the victim, who was very corpulent, was sweating a good deal and sitting on an iron boiler-tube. The fatality
shows the necessity of perfect insulation of the handles of such lamps, as also that all external metallic parts
(such as the protective gauze) should be set on that insulated handle or grip.
L. L. B.
UNDERGROUND TEMPERATURES: VALUES OF THE GEOTHERMIC DEGREE.
Normale und anormale Werthe der geothermischen Tiefenstufe. By Joh. Königsberger [Koenigsberger].
Centralblatt für[fuer] Mineralogie, Geologie und Paläontologie [Palaeontologie] , 1907, pages 673-679.
One of the objections advanced against the hypothesis of regular increase of temperature, concurrently with
increased depths from the earth's surface, is based on the extreme irregularities observed in underground
temperatures near the surface. Such irregularities are undeniable: at some localities (e.g., Neuffen) there is a
rise of 1 degree Fahrenheit for every 18 feet of depth, at others (e.g., Chicago) the rise is 1 degree for every
128 feet of depth; and there are metalliferous mines where even a fall of temperature is locally noted with
increasing depth. But these different values are not irregularly distributed, as some writers have thought; they
can be grouped in well-defined categories dependent on geographical and geological factors, and this grouping
is defensible by arguments drawn from physics and mathematics.
The author gives a series of tables embodying the known geothermic values in different localities classified as
follows:—(1) localities in practically flat country, the rocks being chemically unalterable by atmospheric
agencies, and not belonging to the series of younger eruptives; (2) localities in practically flat country, the
rocks being chemically unalterable, but lying in the vicinity of great areas covered by water; (3) observations
under mountains and valleys; (4) localities where the rocks belong to the younger eruptive series; (5) localities
where the surface is dry sand or some other substance which is a bad conductor of heat; (6) localities
neighbouring heat-producing deposits: including (a) the productive Coal-measures, collieries, oil-wells, etc.,
and (b) metalliferous mines; and (7) measurements taken in mines where the entire mass of rock is cooled by
artificial ventilation.
The mean value of the geothermic degree obtained from the most satisfactory measurements in Table I.
differs but little from the mean value obtained from all the measurements, and amounts to 58 or 62 feet per
degree Fahrenheit: it depends somewhat on the thermal conductivity of the
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rocks concerned. This factor, as also the varying evolution of heat according to the lie of particular deposits
and the apparently extreme irregularity of the surface at which different temperatures prevail, constitutes an
obstacle to the strictly mathematical solution of the problem under consideration. Approximate calculation,
however, shows that in practice the variation in thermal conductivity k may be neglected, provided that it does
not exceed the double or treble of the original value. Yet the absolute values of k, as determined for the same
rock (in the dry state) by different observers, vary by more than tenfold. Provisional experiments on rocks in
the naturally moist condition, conducted according to Mr. W. Voigt's method, show that the variations from
rock to rock or those dependent on the conditions of bedding are far less important than is ordinarily
assumed.
Concerning Table IV., it is remarkable how enduring in time and extended in space is the influence of eruptive
magmas. It will be noted that there are regions where magmas, still in the molten condition, occur at
comparatively shallow depths, and the investigations of several geologists have shown the extreme probability
that volcanic eruptions herald their approach long beforehand by thermal phenomena. The author has
thought out a simple alarm-signal, which, placed in a borehole some 100 feet deep or so, at the base of an
active volcanic cone, and registering slight elevations in temperature, might give indications of an outburst
many months before it actually occurs.
He considers that careful observation of volcanoes along these lines would be of far greater practical value
than, and of quite as great theoretical interest as, the detailed and very costly investigation of seismic
phenomena which is now everywhere the fashion.
L. L. B.
THE DISTRIBUTION OF METALLIFEROUS ORES IN DEPTH.
Die Einteilung der Erze, mit besonderer Berücksichtigung [Beruecksichtigung] der Leiterze sekundärer
[sekundaerer] und primärer [primaerer] Teufen. By P. Krusch. Zeitschrift für [fuer] praktische Geologie,
1907, vol. xv., pages 129-139.
The author, in a paper read to the German Geological Society, had already endeavoured to prove that certain
ores are characteristic of what he terms "secondary" and "primary" depths respectively, and therefore may be
regarded as good indicators for those depths. He then cited a few examples in support of his contention, but
he now enters into a complete and detailed investigation of the subject.
If the mere quantity of ore be taken into account, the unaltered primary varieties may be well said to
predominate, their uppermost limit being generally the underground water-level of the country, and the
distribution of metal in them appearing to conform to certain definite rules. Above the underground waterlevel, a displacement of the original metallic content is manifest, and a just appreciation of the extent of that
phenomenon furnishes a key to the right understanding of the particular ore-deposit with which one may
happen to be concerned.
Stress is laid on the fact that every deposit to which the surface-waters have access is subject to alteration.
The phenomena of decomposition are dependent on the nature of the ores, not on their genesis. Primary ores
of similar character exhibit similar decomposition-changes under similar conditions, whatever their origin may
have been. The "oxidation-zone" of ore-deposits is characterized by the oxides, carbonates, sulphates,
chlorides, and more rarely the bromides and iodides of the heavy metals; while the
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"cementation-zone," at greater depths, where all the oxygen carried by the surface-waters has been used up,
exhibits the enrichment due to the precipitation from undecomposed metallic sulphides, etc. If the processes
of solution and reprecipitation extend over a very long interval of time, certain quantities of metal may
accumulate just above the underground water-level, having been perhaps originally dispersed over hundreds
of yards (in depth) of primary ore-deposit; and a characteristic feature of the cementation- or concentrationzone is the appearance of native metals in large quantity, or at all events, of richly metalliferous sulphides and
arsenides.

The investigation of an ore-deposit and a true estimate of its value must be based on the differentiation of
ores into (1) oxidic ores; (2) cementation-ores; and (3) primary ores. But the ores of some metals have proved
refractory to the displacement of their original metallic constituents, and consequently another classification,
in a different order of ideas, also holds good: (1) ores with well developed oxidation- and cementation-zones;
and (2) ores which, owing to their refractoriness, have suffered no variation in their original metallic
constitution:
If the chemical action of erosion is, in certain localities, slower than the physical, the primary ore-deposit may
there be seen to crop out at the surface; if the chemical action is the quicker of the two, then both the
oxidation- and the cementation-zones may be observed, or the last-named alone, in which case it also crops
out at the surface. Where the infilling of the lode is tougher than the country-rock, it forms a dyke or wall,
enabling the most inexperienced prospector to "spot" the ore-occurrence and therewith the rich cementationzone. On the borders of the newer mountain-belts where erosion has attained its maximum intensity, and in
regions where glacial action has been a predominant factor, the usual decomposition-zones of ore-deposits
have been swept out of existence, and therefore one must not always expect to find decomposition-zones,
even in the case of ores which are prone to decomposition.
Starting from these premises, the author first of all considers the various occurrences of gold, pointing out that
perhaps auriferous pyrites, in which gold is only an accessory constituent, is the most important ore of that
metal. He animadverts on the serious mistake, to which many prospectors and engineers have laid themselves
open within recent decades, of regarding the gold of the cementation-zone as primary, and assuming its
continuance in depth. Where atmospheric agencies work faster than the processes of cementation, and the
rich cementation-zone crops out like a reef at the surface, the beginner or the "man in the street" is very apt
to regard an auriferous deposit which really becomes barren at a shallow depth, as an extraordinarily rich
occurrence.
With regard to cupriferous ores, their cementation-zone is characterized by the occurrence in large quantities
of copper-glance, chalcopyrite, erubescite, and native copper. The accumulation of these minerals is an
infallible indicator of the cementation-zone of cupriferous deposits. Extreme caution on the part of the
prospector is, in such cases, advisable, and the question as to the depth, according to the character and
"habit" of the deposit, to which the ores may extend, should be weighed with the greatest care.
Coming then to iron-ores, the author notes that a deposit which primarily (in depth) may consist of magnetite,
haematite, and limonite, may have very nearly the same composition at the surface; but with spathic ore it is
otherwise, and a brown haematite at or near the outcrop may well be merely the oxidation-zone of a
spathic ore-deposit. In the
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latter case, a superficial investigation often leads to exaggerated estimates of the value of the entire deposit.
Classifying manganese-ores in two groups: (1) the oxidic and hydrated ores; and (2) the carbonates and
silicates, the former group being richest in manganese, the author points out that the oxides and hydrates are
very refractory to the decomposing action of surface-waters. On the other hand, the silicates and carbonates
in the neighbourhood of the surface pass into oxides and hydrates (which in such cases are characterized by
their porosity and generally cavernous structure). Wherever, therefore, workings in such ores have not
penetrated below the underground water-level, the possibility exists of finding the primary ores, rhodonite
and rhodocroisite, at greater depths.
Both nickel- and cobalt-ores are divisible into three clearly-defined groups: (1) the arseno-sulphidic ores,
occurring in lodes similar to the sulphidic lead-silver-zinc lodes; (2) the oxidic ores, occurring chiefly in veins
coursing through decomposed serpentine; and (3) the nickeliferous and cobaltiferous magnetic pyrites, which
are original magmatic segregations from basic eruptives.

In the case of a complete section of a silver-ore deposit, the oxidation-zone is, on the whole, poor in the
precious metal, the chloride being perhaps the most frequent silver-bearing constituent therein, with now and
then a little native silver, and still more rarely the bromide and iodide of the metal. The cementation-zone is
characterized by the occurrence of considerable quantities of native silver, silver-glance, antimonides and
arsenides of silver, stephanite, silver fahlore, and red silver-ores (the last-named, especially, are practically
confined exclusively to the cementation-zone). As at great depths in that zone, the original sulphides are often
to a large extent present in their unaltered condition, it may be as well to point out how the primary galena,
say, is distinguishable from the galena of the cementation-zone : in the former, silver is dispersed throughout
in an extremely fine state of division, in such wise that an assay of as much as 16 ounces per ton is quite
exceptional; in the latter, native silver is seen coating every crack and cranny, every pore and crevice, and
assays of 320 ounces per ton, and even more, are not unknown. The same remark holds good of the
argentiferous zinc-blendes.
With regard to the mercury-ores, it is important to note that the occurrence of cinnabar in the oxidation-zone
does not always imply that the same ore occurs at greater depths; it may there, and more probably, be
represented by mercury fahlores. In dealing with occurrences of native mercury, extreme caution is advisable
in speculating as to which particular ore the metal has been derived from.
To those metals of which no oxidation- and cementation-ores (as defined by the author) are known, belong
molybdenum, tin (in the form of cassiterite), iron (in the form of red and brown haematite), manganese (in the
form of oxides and hydrates), wolfram, chromium, platinum, thorium, and aluminium.
L. L. B.
ORIGIN OF PYROPISSITE OR "PARAFFIN-COAL."
Ueber die Entstehung des Pyropissits. By Max Heinhold. Jahrbuch der Königlich [Koeniglich] Preussischen
Geologischen Landesanstalt und Bergakademie zu Berlin, 1906, vol. xxvii., pages 114-158, with 3 figures in
the text.
The mining district of Zeitz-Weissenfels in the Prussian province of Saxony is the only area so far known
where pyropissite has occurred in sufficient quantity to justify the existence of a flourishing paraffin-industry
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based on the extraction of paraffin from it. The brown-coal formation there consists of a series of clays,
loams, sands, gravels, and tough quartzitic sandstones alternating in indeterminate succession. The
brown-coal itself however, forms a recognised geological horizon; it is an earthy dark-brown to black mineral,
and yields an excellent fuel. With it is associated a black sandy dust, known to the hewers as kokskohle (cokecoal), of no economic value. When the brown coal becomes very rich in constituents susceptible of
distillation, it passes into pyropissite, those parts of the seam being lighter in colour than the rest. This
"paraffin-coal " in the fresh condition is a more or less plastic brownish mineral, greasy to the touch; on
drying, according to its less or greater purity, it turns yellow or whitish, and crumbles away between the
fingers. It has a dull, earthy, uneven fracture; but a fractured surface, if scratched with the finger-nail,
becomes shiny. It ignites easily at a candle-flame, and gives off an aromatic tarry smoke. The author
ascertained its average specific gravity to be 1.12. He supplies a bibliographical list of thirty entries, ranging
chronologically from 1799 to 1905, and devotes the second chapter of his memoir to a synopsis of the views
advanced and facts recorded in these publications, accompanied by a running commentary. In the third
chapter he deals with the chemistry of the subject. On treatment successively with ether, benzol, and
alcohol, the following percentage results were obtained with two samples of pyropissite from
Gerstewitz:—
[Table]
Further investigation with the same samples from Gerstewitz yielded the following percentage results: —

[Table]
The extracts dissolved out by ether and benzol, and more especially those dissolved out by alcohol,
contained abundance of free acids, which were easily saponified at the normal temperature by ordinary alkali
(potassium-ley). This chemical investigation leads inevitably to the conclusion that the decomposition of
the organic fatty or wax-like substances, from which pyropissite is derived, had been interrupted before it had
reached a very advanced stage. A full list is given of the flora of the Weissenfels brown-coal formation, and
it is observed that the resinous constituents of the pyropissite are undoubtedly, in part at least, derived
from the conifers which are so abundantly represented in that flora. The remains of leaves, etc., in that
formation, show that dicotyledonous plants were numerous; but the wood of the deciduous trees, extremely
variable in its capacity of resistance to the phenomena of decomposition, is incomparably more quickly
decomposed than coniferous wood, and so but little dicotyledonous wood is preserved in the form of browncoal. The still determinable portions of plants
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found in pyropissite by microscopic investigation include spores of fungi, etc., grains of pollen, epidermal
fragments of dicotyledonous leaves, and fragments of coniferous cellular tissue having its meshes partly
infilled with resin, partly empty, etc.
The Zeitz-Weissenfels district occupies a slightly undulating tableland, ranging in altitude from 660 to 1,000
feet above sea-level; and the Lower Oligocene brown-coal formation extends from the Rippach valley on the
north to where the Elster cuts its way deep through the Bunter Sandstone on the south. It is split up by several
valleys of erosion into separate patches, in each of which only one coal-seam appears to have been proved,
and that not universally. Where neither the brown-coal formation nor the Bunter Sandstone have been laid
bare by erosion, the whole country is mantled by drift-deposits. The entire thickness of the brown-coal
formation ranges from 100 to 200 feet, and it rests conformably upon the Bunter Sandstone, its basement-bed
being a bluish, greyish, or yellowish plastic clay of variable thickness. The main brown coal-seam is from 13 to
70 feet thick; and, in places, separated from it by a clayey parting, occurs another seam 3¼ feet thick, yielding
coal of inferior quality. Taken as a whole, the main seam is horizontally bedded, forming a series of very flat
regular synclines. The occurrence of pure pyropissite therein is restricted to a few localities; and now, apart
from some insignificant remnants at Aue, no unworked pyropissite remains, except under the village of
Gerstewitz, where it is practically inaccessible. The pure mineral is said to have been found only in the
lowermost portion of the main coal-seam, and generally at points where the seam is diminishing in thickness.
It has been asserted that with the pyropissite was invariably associated the kokskohle or schlackenkohle
("clinker-coal ") already mentioned, but not sufficient evidence is forthcoming nowadays to enable the author
to test the full bearing of this assertion.
The pale-yellow beds of resinous vegetable wax (recent pyropissite) found along the banks of the Tana in the
British East African protectorate, are probably drifted material derived from desert-plants that shed a variety
of resinous wax; and in South Africa the widespread occurrence has been recorded of the geraniaceous plant
Sarcocaulon Burmanni, the stems of which are covered with a crust of such wax, the function of which appears
to be to prevent the dessication of the plant by protecting it against excessive evaporation. The natives,
indeed, pick up the fallen stems, and use them as torches, whence they are known as "bushmen's candles."
These recent examples throw light on the origin of the fossil pyropissite or paraffin-coal, which occurs in an
area that in Tertiary times was probably covered with marshes and swamps, amid and around which flourished
a luxuriant sub-tropical vegetation. A detailed account is given of the probable physical conditions, and
consequently locally varying phenomena of decomposition, whereby from the same mass of vegetable
material at one time or spot or horizon, brown-coal was formed, at another pyropissite, and at yet another
clinker-coal.
L. L. B.
CHEMICAL THEORY OF THE ORIGIN OF PETROLEUM.
La Genèse des Pétroles. By L. Pervinquière. Revue Scientifique, series 5, 1908, vol. ix., pages 389-393.

Apropos of the recently published monograph of Dr. L. C. Tassart on the working, etc., of petroliferous
deposits, the author reminds us that petroleum is not a substance of constant composition with
definitely fixed properties: consequently, one ought rather to speak of natural oils, in the
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plural. These natural hydrocarbons belong to three different categories, typified by the petroleum of
Pennsylvania, the Caucasus, and Galicia respectively. The American oil chiefly consists of compounds
corresponding to the formula CnH2n + 2; that of Baku, of compounds belonging to the CnH2n series; while that of
Galicia includes hydrocarbons of both series, together with aromatic compounds derived from benzene
corresponding to the general formula Cn H2n – 6. This difference in composition, may, in part, account for the
divergent theories put forward as to the genesis of petroleum: while all American writers, and not a few
Europeans, uphold the organic origin of that substance, the Russians just as stoutly uphold its chemical origin.
Several of those authors who consider that petroleum may quite well be the product of the distillation (owing
to metamorphism) of plant-remains, have had the ground cut from under their feet by the recent observation
of Mr. P. Sabatier, that the tars formed in the course of distillation of plant-remains or coal are made up of
aromatic compounds with a large percentage of phenols and phenol-ethers, invariably absent in petroleum.
Mr. Morrey considers that the Pennsylvanian petroleum was really formed from organic slimes by the agency
of bacteria, and the experiments carried out by Dr. Engler would seem to lend considerable support to that
view. On the other hand, those three illustrious chemists, recently deceased—Marcelin Berthelot, Moissan,
and Mendelcieff, assigned an inorganic origin to petroleum; and the first two made the oil synthetically in the
laboratory, though in neither case did they produce a petroleum of the same composition as that from Baku.
Recently, however, Messrs. Sabatier and Senderens, using nickel as a catalysing agent, with a mixture of
acetylene and hydrogen at a temperature of 392 degrees Fahr. obtained, after a lapse of 28 hours, a yellow
fluorescent liquid possessing the characteristic odour and density of Pennsylvanian petroleum, and the same
chemical composition. Using cobalt or iron under similar conditions, they obtained a brown or reddish oil,
having the disagreeable odour that characterizes Canadian petroleum. By passing acetylene alone over nickel
catalytically reduced from the oxide, heated to 400° or 600° Fahr., the metal incandesced, yielding thick fumes
which condensed into a red green-shot liquid; now, if the vapours of this liquid be carried with an excess of
hydrogen over fresh nickel heated to 392° Fahr., a transparent liquid is obtained, possessing the same physical
characteristics as the Baku petroleum, and the same chemical composition. On repeating the first experiment
with a mixture containing far less hydrogen than acetylene, an oil is obtained similar to the Galician petroleum.
These experiments entitle us, in the author's opinion, to conclude that petroleum may be formed in the
interior of the earth by the action of hydrogen and acetylene (in varying proportions) on the nickel, cobalt, and
iron which undoubtedly exist therein. The origin of the Russian variety of petroleum appears to be inexplicable
on any other theory. Moreover, this new theory fits in with all the known facts, and shows how it is that the
natural oils of different regions possess different characteristics, chemical and physical, since very slight
variations in the process can account for all the differences. Nevertheless, the author does not wish to exclude
altogether the organic theory of the genesis of petroleum; he thinks that the oil derived from certain
bituminous shales, for instance, which are swarming with fossils, can only be of organic origin. But the organic
theory must be abandoned, so far as the American petroleum is concerned.
L. L. B.
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THE ORIGIN OF PETROLEUM, ETC.
(1) Zur Frage der Entstehung des Erdöles [Erdoeles] und der Steinkohlen. By A. F. Stahl. Chemiker-Zeitung,
1905, vol. xxix., No. 49, 6 pages; and
(2) Einige Bemerkungen zum Artikel Prof. H. Potoniés: Zur Frage nach den Urmaterialien der Petrolea.
A. F. Stahl. Chemiker-Zeitung, 1906, vol. xxx., No. 3, 2 pages.

By

In considering, from the geological point of view, the formations in which workable deposits of petroleum
occur, the observer cannot help noticing a distinct petrographical and lithological resemblance between them,
to whatever different periods they may respectively belong, and so we are practically entitled to speak of a
common "petroleum-facies." The rocks of this facies are predominantly alternating beds, of variable thickness,
of marl, shale, clay, sandstone, conglomerate, and limestone, with intercalations of gypsum and rock-salt. The
constancy of this facies, moreover, entitles us to assume that the oil therein is a primary deposit, and so the
substances from which it was formed must be looked for in that group of rocks. The author holds that these
substances were predominantly but not exclusively of animal origin: where great masses of animal organic
matter occur, there must be a certain accumulation of vegetable matter also, since such matter constitutes,
directly or indirectly, the nutriment of animal organisms. It is not the higher forms of animal life, such as fishes,
that furnished the greater part of the material for the world's petroleum-deposits, but rather such microscopic
creatures as now swarm in salt-lakes, in certain gulfs and littoral sea-belts, or even in larger pelagic areas (like
the Black Sea, the Caspian, or the Sea of Aral), their remains, commingled with clay and sand, forming vast
deposits of black mud. For instance, a boring put down in the Inderek salt-lake, on the road from Uralsk to
Guryev, has proved black muds, alternating frequently with layers of rock-salt, clay, and sand, for a depth of
several hundred yards. The "black muds" of earlier geological periods now present themselves to us in the
guise of bituminous shales and slates. The question then arises by what process natural oil was formed from
such material. It has been usual to postulate high pressures and possibly high temperatures—but the author
regards the distillation-theory as untenable. He points out also, that, even granted simultaneity of great
pressure and high temperature, it is chemically impossible to combine into oil or into any compound
approximating thereto, the atoms of a mixture of carbon and hydrogen-gases.
In the course of slow decomposition of organic substances sealed up from the air by layers of clay, and
subjected to the pressure of the overlying rocks, among other gases large quantities of hydrogen-sulphide are
evolved from the albuminous matter and carbon from the cellulose. Now, the organic substances contain a
certain amount of iron-oxide, as does also the underground water; but the carbon acts as a reducing-agent,
and the iron thus liberated, by reason of its great affinity with the sulphur of the hydrogen-sulphide, combines
therewith to form pyrite. Carbon and hydrogen being thus liberated at the same moment, they hasten to
recombine, forming the fluid hydro-carbons, otherwise known as petroleum—the quantity thus formed
bearing a definite relation to the amount of carbon liberated.
The consequence is, that more or less pyrite is always found in the rocks of the petroleum-facies; where the
strata at a subsequent period have been dislocated and subjected to the influence of atmospheric agencies,
limonite, or clay-ironstone, or, under certain circumstances, sphaerosiderite
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is found in them. As an example which confirms his theory, the author cites an occurrence in the petroliferous
region of Daghestan, where the iron present in the form of sphaerosiderite in a 21-foot bed corresponds to the
quantity of carbon sufficient to produce the probable volume of natural oil available in the Tertiary strata
there.
From the plant-remains to which the author referred in speaking of the origin of petroleum coal was formed,
and he agrees with Dr. H. Potonié in thinking that this happened on the very spot where the plants lived and
died, noting in this connexion that the floor of a coal-seam rarely contains distinct plant-impressions while the
roof is generally -rich therein. Whence it can only be inferred that here the plants grew, new generations
arising on the very spot where the old had rotted away, until extensive depressions were filled with peat and a
forest-flora; then, sinking below the level of the sea, they were overlain by sedimentary deposits. Similar
changes of level are just as manifest in the petroleum-facies as in the coal-measures, but we have in the
former, not so much to deal with shallow seas invading the land, as to remember that deep waters often in the
former swallowed up the land, and so the overlying deposits are characterized by different features.

For what reason the hydro-carbons derived from vegetable matter are oxidized with greater facility than those
derived from animal matter must at present remain an open question, but it is possible that the resins existing
in plants have some sort of influence on the chemistry of the process. The variation in character of the
petroleums from different beds and different localities may be assignable to the greater or less intermixture of
vegetable with animal matter, or to the mechanical intermingling of fats, resins, and wax-like substances
elaborated in and from both animal and vegetable organisms.
Just as a certain amount of vegetable matter was, undoubtedly commingled with the animal matter from
which petroleum was formed, so a certain amount of animal matter was commingled with the plant-remains
from which coal was formed: in the decomposition of these plants, microscopic animal organisms played a
considerable part. On the whole, there is a remarkable analogy in the origin and process of formation of
petroleum and of coal—the conditions were similar, the derivation was organic in both cases, and the
sequence of chemical reactions followed much the same course.
In the second paper the author disclaims the view attributed to him by Prof. H. Potonié that the presence of
salt was a sine qua non in the genesis of petroleum. He merely holds that the freshwater black muds or
sapropels would hardly yield sufficient material to form workable petroleum-deposits, whereas the salt-water
sapropels are quantitatively of far greater importance. He does not agree with Prof. Potonié that it is
geologically possible to regard natural oil as a distillate from these muds, and he assigns in detail the evidence
which militates against that writer s distillation-theory, pointing out that where the necessary heat was to
come from is by no means clear.
L. L. B.
DIABASES AND PEGMATITES AS MATRICES OF THE DIAMOND.
Neue Feststellungen über [ueber] das Vorkommen von Diamanten in Diabasen und Pegmatiten. By Hans
Merensky. Zeitschrift für [fuer] praktische Geologie, 1908, vol. xvi., pages 155-158.
Until recently, kimberlite was regarded as the sole absolutely undoubted matrix of the diamond, but in
October, 1907, the author informed the
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Geological Society of South Africa that in the Vaal river-basin, at all events, the diamonds must originate from
diabasic rocks: they differ in every respect from all known kimberlite-diamonds. He quotes at considerable
length the paper which he read at Johannesburg, and points out with legitimate satisfaction that his views are
confirmed by Prof. T. W. E. David's find of diamonds in diabase in Australia.
With regard to pegmatite, Dr. Corstorphine has shown that there is no doubt that pegmatitic dykes are the
original matrix of the Somabula diamonds. Diamonds have now, therefore, been shown to occur not only in
strictly basic, but in basic-intermediate and acidic rocks. It is also established that olivine and iron-minerals are
by no means invariable associates of the diamond in its original matrix.
L. L. B.
THE FORMATION OF KAOLIN.
Über [Ueber] Kaolinbildung. By H. Stremme. Zeitschrift für [fuer] praktische Geologie, 1908, vol. xvi., pages
122-128.
Premising that the protagonists of both the opposing theories of kaolinization which at present chiefly hold the
field neglect to adduce experimental chemical data in support of their respective contentions, the author
states that he has spent more or less six years in working out the problem from the chemical side. He tabulates
first of all analyses exhibiting the contrast in chemical composition between the products of atmospheric
weathering of granites and porphyries and those of kaolinization of similar rocks. The considerably greater
leaching-out of alkalis and iron in the latter case is conspicuous: granted that both processes are the work of
feeble acids, weathering may be generally characterized as a process of oxidation; while kaolinization, so far
from being an oxidizing process, may actually be one of reduction. The part played by hydrogen-sulphide in

presence of feeble acids, ultimately fixing the iron in the rocks upon which it acts in the form of iron-pyrites, is
discussed, as also the conditions under which kaolinization may (in certain cases) be the result of post-volcanic
phenomena. For many reasons, adduced in detail, the author holds that certain flat widespread deposits of
kaolin or china-clay are the outcome of the action of peat-moor waters on the underlying granites, etc.
He summarizes his main conclusions as follows:—Atmospheric weathering, decomposition by post-volcanic
gas-emanations, and decomposition by peaty waters differ therein, that in the process of weathering the iron
contained in the rocks is fixed in the form of oxides; that in post-volcanic decomposition, in presence of feeble
acids, with abundance of water and exclusion of air, the iron is usually fixed in the form of pyrites; but that in
peaty-water decomposition the iron is principally leached out. Consequently, he assumes that kaolin of
industrial value is usually formed from ferruginous rocks by the action of peaty waters. In all three processes,
carbonic acid is the chief decomposing agent, and so in all three felspar is decomposed to kaolinite; or, if
decomposition has not been long continued, it is, at all events, altered "in the direction of kaolinite." Rocks
more or less free from iron may also be altered into kaolin by feebly acid gaseous emanations with exclusion of
air, or by the chemical agencies of atmospheric weathering. Springs charged with carbonic acid are perhaps
among the most potent post-volcanic agents of kaolinization; but thermal waters constituting more or less
saturated solutions of salts, instead of decomposing the felspars merely into kaolinite, alter them still further
into substances poor in silica.
L. L. B.
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PRECIOUS GEMS AND RADIO-ACTIVITY.
(1) Contribution à la Synthèse des Pierres précieuses de la Famille des Aluminides. By F. Bordas.
rendus hebdomadaires des Séances de l’Académie des Sciences, 1907, vol. cxlv., pages 710-711.

Comptes-

In nature, the varieties of corundum range from transparent colourless sapphire, through yellow, green, blue,
and pink sapphire, to brown and opaque corundum (usually so called), and it is held that this variety of
coloration is due to the presence of traces of various metallic oxides (iron, manganese, chromium, titanium,
etc.). Recent experiments, however, have led the author to the conclusion that the presence of any particular
metallic oxide does not actually determine the coloration of these precious stones. He finds that he can vary
their coloration by submitting them to the action of bromide of radium; by graduating the activity of this
bromide, or by increasing or decreasing the distance between the precious stone and the radio-active halogencompound, the intensity of the reaction may be correspondingly diminished or increased. He can make a
sapphire pass in this way from the initial red to the violet, thence to the blue and the green, and finally from
the green to the yellow. According to this succession of changes, it would appear that the ultimate term of the
series is the yellow tinge characteristic of topaz.
The hypothesis suggests itself that in the regions where these precious stones occur, the neighbouring soil (or
rock) is endowed with a certain amount of radio-activity. It may be noted that yellow sapphires are the
commonest of sapphires, and that sapphires which are in part blue and in part yellow are often found, this
bipartite coloration appearing to indicate that the gems undergo in nature a slow modification analogous to
that which the author has more rapidly effected in the chemical laboratory.
(2) Action du Bromure de Radium sur les Pierres précieuses de la Famille des Aluminides. By F. Bordas.
Comptes-rendus hebdomadaires des Séances de I'Académie des Sciences, 1907, vol. cxlv., pages 800-801.
In his second paper concerning the action of highly active bromide of radium upon corundum, Mr. Bordas
states that, by a modification of his previous methods, the change of colour can be rendered much quicker and
more effective. The gem being immovably fixed in a bit of cork, a tube of radium-bromide in full activity
(1,800,000), is brought into direct contact therewith; after a few hours the tube is placed in a different
position, in order to obviate spottiness and to spread the new coloration more evenly. In submitting the gem
to the action of several sources of radio-activity, the desired result may be attained in the course of a few
days. (It is not in the least necessary to wrap the radium-tubes in paper or to place them in darkness.) In this

way the author has been able to transform colourless corundum into topaz, to increase the intensity of
coloration of natural topaz, as also that of rather faintly-tinged rubies.
Experiments with artificial rubies proved them to undergo the same changes under the influence of radium as
the natural ruby, and also showed that radio-activity enables the experimenter to detect the presence of even
a trace of metal in a given stone. Further experiments confirmed the view, already expressed, that the
coloration-phenomena of stones of the corundum family are not due to the oxidation of metallic oxides.
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(3) Sur la Coloration de certaines Pierres préecieuses sous les Influences radio-actives. By Daniel Berthelot.
Comptes-rendus hebdomadaires des Séances de l’Académie des Sciences, 1907, vol. cxlv., pages 818-820.
Mr. Daniel Berthelot, the son of the illustrious chemist recently deceased, gives an account of experiments, on
much the same lines as those first described, started by his father on November 15th, 1906, and continued by
the son until October 30th, 1907. Colourless quartz and colourless fluorspar showed not the slightest change;
but amethystine quartz and violet fluorspar, after being discoloured by artificial means, recovered their lost
oxygen when submitted to the action of radium, and resumed their original coloration. The heart of a crystal of
the intractable, well cleaved, colourless fluorspar, placed in a saturated solution of acetate of manganese, and
then subjected to the action of radium, assumed a pinkish tinge. Apparently the molecular bombardment of
the radium-rays carried into the interior of the crystal sufficient traces of metallic salt to colour it slightly.
Probably the cleavage-planes facilitate the phenomenon, for there is scarcely any perceptible coloration in the
case of a specimen of colourless quartz subjected to the same procedure.
A green emerald from the Tyrol, discoloured by heating in a long narrow tube, failed to resume its original
coloration on being exposed to the action of radium. Admitting that the coloration of the natural emerald is
due to hydrocarbons, it would seem evident that the organic colouring-agent is irretrievably destroyed by
heat.
It may well prove feasible, however, at some future time, to reproduce by means of radio-activity, the natural
coloration due to hydrocarbons (such as that of the emerald and of green fluorspar), the electrified radiumrays effecting first of all the synthesis of the colouring-principle and then its diffusion in a colourless crystal,
much as fluorspar can be coloured, as above mentioned, at the expense of acetate of manganese.
L. L. B.
METALLIFEROUS MINES OF STYRIA, CARINTHIA, AND CARNIOLA, AUSTRIA.
Der Erzbergbau in Steiermark, Kärnten [Kaernten], und Krain. By Dr. — Ahlburg. Zeitschrift für [fuer] das Berg-,
Hütten- [Huetten-]und Salinen-wesen im preussischen Staate, 1907, vol. lv., pages 463-521, with 28 figures in
the text and 2 plates.
In order to elucidate his remarks on this subject, the author considers it prudent to begin with a general
synopsis of the geological structure of the Eastern Alps. He points out that no portion of the great Alpine belt
shows so clearly the triplicate division into a northern and a southern limestone-belt and a central crystallineschist massif. The northern margin of the central zone is sharply defined by the longitudinal valleys of the Inn,
the Salzach, the Enns, the Salza, and the Leitha, but its southern margin, although not deficient in longitudinal
river-valleys, is by no means so clearly defined.
Among the ore-deposits of the Eastern Alps those of zinc and lead still rank as of high importance. They are
found chiefly in Carinthia, and occur almost exclusively in the Upper Trias. The famous mining centre of Raibl
lies not far from the borders of Carniola and Italy in a small transverse valley, cut in the Veneto-Julian Triassic
plateau. The deep ravines or klamme, which run north and south down from the Königsberg [Koenigsberg], are
the outward expression of the faulting and lateral thrusting which the rocks have undergone, and each of
them marks the occurrence of
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an ore-deposit within the dolomites. The ores do not bear universally the character of lodes, but assume in
some cases a bedded appearance, and a connexion can be traced between them and the "fish-slates" which
overlie the dolomites. These ores are predominantly a very pure, markedly pale, blende (often distinguishable
only by its weight from the country-rock), and an equally pure galena. In the latter antimony and copperimpurities are conspicuous by their absence, and arsenic is found only in infinitesimal quantity. No gradual
passage is observable from the ores into the country-rock, and the hypothesis of metasomatic replacement is
therefore excluded. There appears to be, in fact, no doubt that the ores are the result of precipitation from
metalliferous sohitions within pre-existing cavities in the dolomite. Near the surface oxidic ores occur, among
which calamine especially is of industrial importance. The author is inclined to regard all of these as the.
decomposition-products of the deeper-lying sulphidic ores, whereas Dr. Pošepny ranges them in two
categories: one of primary deposition, and the other of secondary deposition. However that may be, there is
no question but that the calamine is the outcome of metasomatic replacement of the ore-bearing dolomite;
with it is invariably associated brown iron-ore, and occasionally cerussite, silicated zinc-ore, etc. The mineral
industry of Raibl dates back to early medieval times: at present the workings belong in part to the
Government, and the other part (since the beginning of the 'nineties) to Count Henckel von Donnersmarck.
The average monthly output from the latter's mines averages 1,000 tons of smeltable ore, and the main
winding-shaft has been sunk to a depth of 460 feet. The extreme variability in thickness of the ore-body
constitutes one of the chief difficulties in working. Siemens and Halske's electric drills are in use.
Of equal importance with the mineral-industry of Raibl, and dating back to far more remote times, is that of
Bleiberg. The stratigraphical conditions of the deposits are in many respects very similar; but the ores occur
principally at the intersections of transverse fissures with certain bands of the Wetterstein dolomite, and thus
the form and trend of the ore-bodies here is largely conditioned by the cross-faulting and the bedding. The
principal ore is an extremely pure galena, the only impurity in which is an occasional trace of arsenic; blende
plays so small a part in these deposits, that it is not even considered in the process of preparing the crude ore.
Such blende as the district yields comes from the neighbouring locality of Kreuth. The irregular nature of the
occurrences complicates the methods of working.
The lead and zinc ore-deposits of Lower Carinthia are mainly confined to the northern range of the
Karawanken, a far-stretching belt of Triassic rocks. The structure of the region is seen to involve, not only
simple faulting and thrusting, but a good deal of overthrusting. Much as at Bleiberg, stringers of ore course
through certain beds along the lines of disturbance. A peculiarity noticeable in the Miess district is the oftnoted unconformity of the overlying shales to the ore-bearing dolomite, which in reality is assignable to a
squeezing-in of the plastic shales (at a later period than that of their deposition) into the fissures of the
Wetterstein dolomite. Despite the ease with which the ores are decomposed, owing to the broken-up
condition of the rocks, the Miess-Schwarzenbach district bears a great part in the lead-ore production of
Oarinthia. In 1905, there were 11 mines at work in that province, employing 3,015 workpeople, with an output
of 15,193 tons of lead-ore and 21,118 tons of zinc-ore,
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Just as the most important lead-and-zinc ore-deposits of the Eastern Alps are centred in Carinthia, so the
workable deposits of mercury-ore aopear to be confined to Carniola. The world-renowned quicksilver-ores of
Idria were discovered in 1490 by woodcutters; after many vicissitudes, the mines were taken over in 1580 by
the State, in whose hands they still remain. The tectonics of the district are extremely complicated, but there
appears to be no doubt that the deposition of the ores is traceable to a transverse fissure (one of the results of
intense post-Cretaceous disturbances) in a mass of Triassic rocks wedged between two great overthrusts. The
ores are invariably found, either within the Wengen Shales, or in their immediate neighbourhood, and the
shattered condition of these is presumed to have furnished convenient surfaces for the precipitation of the

cinnabar from the vapours in which it was borne upwards from great depths. Native mercury occurs at a
particular horizon—the Gailthal Shales, which overlie the cinnabar-deposit (in abnormal succession) at the
northern margin. The author discusses briefly, and if anything favourably, the prospects of an extension of the
ore-bodies both in a southerly direction and in depth. At present, five shafts are in active work, the daily
haulage amounting to 400 wagons (a total of 320 metric tons). The entire output is sent to the Government
smelting-works, a mile and a quarter down stream from Idria, after a preliminary sorting at the pit-mouth. A
detailed description is given of the treatment of the ore (the wet process has long been discarded) and it is
stated that the output of metallic mercury from these mines alone in 1905 amounted to over 519 tons. Two
other important localities for cinnabar in the same province are cited, Neumarktl in Upper Carinthia, and Littai
in Lower Carinthia; but in both cases, after spasmodic revivals, the mineral-industry has been at a standstill for
several years. In the Southern Karawanken, however, certain cinnabar-deposits of apparently considerable
extent were opened up in the early 'nineties; but the poverty of the ore and the difficulties of transport have
checked their further development.
One ore of iron alone, spathic iron-ore, is of supreme importance in the Eastern Alps. To it, however, Austria
owes her seemingly inexhaustible wealth in the raw material necessary for the manufacture of iron and steel.
It appears to be restricted to three well-defined belts, the most considerable of which (the North Alpine
Permian) ranges almost throughout the entire Eastern Alps from Schwaz in Tyrol, passing by Salzburg and the
whole of Upper Styria into Lower Austria, attaining its greatest development in the famous Erzberg of Eisenerz.
The second and less extensive belt is intercalated among the mica-schists of the central massif; while the third
and southernmost is associated with the Upper Carboniferous rocks of the Karawanken. Ringed round by
mighty hills, the cone of the Styrian Erzberg soars in lofty isolation to a height of 5,040 feet above sea-level: it
has been the site of mining operations since time immemorial, and until the second half of the nineteenth
century the workings were mainly underground. At the present time these have been entirely given up, and
opencast workings are conducted on a colossal scale over a vertical height of 2,000 feet, at 50 separate levels.
The annual output between 1891 and 1900 was doubled, a very slight decrease being manifest in recent years
(the output for 1905 amounted to 1,064,529 metric tons or about 61 per cent, of the total Austrian output).
Hüttenberg [Huettenberg] in Carinthia represents the greatest development of the second iron-ore belt. Here
too, mining operations date very far back, to the times of the ancient Romans at least. The stratigraphical
conditions
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are very complicated, and have given rise to many divergent theories con cerning the genesis of the oredeposits. The iron-ores are invariably associated with saccharoidal limestones, which, by dint of taking up mica
pass occasionally into calc-schists: the metalliferous deposits are found sometimes at the contact of the
limestones with mica-schists, and exceptionally they wedge out into the mica-schists too. They are of
approximately lenticular form, and are very iregular in regard to the horizon at which they occur—that is,
whether near the top, or near the bottom, of the limestones. The bulk of the evidence points to metasomatic
replacement of the limestone by ores precipitated from thermal waters percolating upwards through fissures
in the rock. The mineral-industry hereabouts has greatly dwindled since 1893; in 1905, the number of
workpeople employed had shrunk to 176, and the output to 16,649 tons. This is, however, by no means due to
any impoverishment of the ores, but to the settled determination of the concessionaires to concentrate their
energies on the Styrian Erzberg, where the economic conditions are vastly more favourable for profit-taking.
Little need be said about the iron-ore belt in the Karawanken, since mining operations thereon are in a state of
suspended animation; but the ferro-manganiferous ores of the southern flank of the Vigunšica are of
noteworthy importance. The ore is a semi-loamy semi-plastic material, containing from 20 to 40 per cent, of
manganese, intercalated among the limestones in a band varying in thickness from 6½ to 16 feet. It is most
probably of metasomatic origin. Working is conducted (during the summer months only) under primitive
conditions.

The remainder of the memoir deals with deposits which are not at present of any considerable industrial
importance, such as the abandoned gold-mines, the pyrites-deposits (which are still being worked), the
chrome-iron ores of Kraubert, the graphite-deposits of Upper Styria, and the talc-deposits of Mautern in the
Liesing valley.
L. L. B.
BROWN COALS OF BJELINA, NORTH-EASTERN BOSNIA.
Die Braunkohlenablagerung von Vgljevik bei Bjelina in Nordostbosnien. By Friedrich Katzer. Berg- und
Huttenmännisches [Huttenmaennisches] Jahrbuch der k. k. montanistischen Hochschulen zu Leoben und
Přibram, 1907, vol. lv., pages 295-336, with 4 figures in the text and a map.
Bosnia is rich in occurrences of brown coal, but perhaps the most interesting from the scientific point of view
and the most important from the industrial point of view is that of Vgljevik-Priboj in the extreme north-east of
the country, which forms the subject of Dr. Katzer's memoir. It lies among the highlands which rise
sharply more than 1,000 feet above the plain of the Drina and the Save, west of Janja and south-west of
Bjelina. Its proximity to two great navigable rivers, to a frontier railway-station, and to the prosperous
highly-cultivated "Posavina" (plain of the Save) directed attention to its possibilities immediately after
the Austrian occupation; but circumstances, on which the author deems it prudent not to dwell, have
retarded the commencement of active mining operations until quite recently.
The geological structure of the district is rather complicated, as it includes a great variety of formations, and
has been the site of considerable tectonic disturbance. The oldest rocks belong to the Trias; the limestones
and dolomites of this system are not in all cases easily distinguishable
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from the overlying Cretaceous Limestones; and these again are, in the weathered condition, very similar to the
much more recent (Middle Miocene) Leitha Limestones. The littoral marine Eocene strata cover a vast area,
and form practically the basement-rocks of the coal-bearing freshwater Upper Oligocene and Lower Miocene.
The Leitha Limestones unconformably overlie the latter as well as the Eocene, and hence it may be inferred
that a considerable interval elapsed between the deposition of the brown coals and the invasion of the Middle
Miocene sea. The two main epochs of tectonic disturbance in the region were just before the Leitha
Limestones were laid down, and immediately after the deposition of the uppermost Congeria Beds, that is,
probably about the beginning of Quaternary time.
It had been at one time supposed that three coal-basins were in existence, but there is really only one basin,
cut up by later disturbances and erosive agencies. The rock-succession therein is divisible into a barren lower
group and a productive upper group: the former consists predominantly of red and green mottled clays, soft
red sandstones, and conglomerates; the latter of pale-grey marls in places crammed with Cypridea, and green
and grey often sandy shales, with the frequently very thick brown-coal seams. Owing to repeated folding and
faulting, the brown-coals of Vgljevik-Priboj are split up by the outcropping of the barren group and even of the
basement rocks into four distinct " fields"; those (1) of Vucjak-Glinje or Vgljevik proper; (2) of MezgrajaJasikovac; (3) of Tobut-Peljave; and (4) of Priboj, ranging from north-east to south-west. The most numerous
outcrops of coal occur in the first-mentioned, and generally speaking the seams diminish in thickness towards
the south-west, but the quality of the mineral apparently improves in that direction. While in the north-east
the seams are associated with cypridiferous marls and overlie mottled clays and rotten quartz-conglomerates,
in the south-west they are associated with flaggy freshwater limestones and overlie principally red sandy clays
and calcareous conglomerates. It would seem that the Oligocene-Miocene lake-basin in which the brown coals
were laid down was filled up progressively from south to north.
A detailed description is given of the four above-mentioned "fields." In the first the two most important seams
are respectively 40 and 33 feet thick, and the coal from the thicker seam yielded on partial analysis 10 per
cent, of ash, 12.26 per cent. of water at 230° Fahr., 41.82 per cent, residue from vaporization, and a high
percentage of sulphur (not stated); heating power = 3,971 calories. Analyses are given from other localities,

but do not alter much the impression conveyed by the analysis just cited. The second coalfield affords but few
favourable exposures, and yet in former years it was the most actively worked of the four. Parts of the main
seam here have been (by some unexplained natural phenomenon) "burnt out"; where the coal is in its original
condition it is less lignitic than elsewhere, and passes into a sort of "parrot-coal." Analysis of a specimen of a
dark brownish-black colour with pitchy lustre yielded the following results: — humidity at 230° Fahr., 16.10 per
cent.; ash, 9.66; residue from vaporization, 45.12; heating power, 4,269 calories. In both the fields just
mentioned, three groups of seams somewhat compressed together may be distinguished. In the third "field "
the bedding is less disturbed, but on the other hand is of deeper-water origin. The stratigraphical conditions
are such as to justify the expectation that underground workings here would strike a better and more durable
coal than the Vgljevik opencast workings. No outcrop has been found showing a mineral comparable with
the 33-foot seam of the
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more northerly fields; the 40-foot seam is represented by one which yields coal of variable character: for
instance, one layer is of a compact lustrous velvet-black mineral with perfect conchoidal fracture; other layers,
although of a rich black and very lustrous, are undoubted lignites of fibrous structure. The heating power,
ranges from 4,227 to 4,527 calories, and the percentage of ash from 8.05 to 6.40; the lignitic coal contains
rather more sulphur than the other. In the fourth coal-field, what is supposed to be the main seam yields a
coal of beautiful appearance and good heating power (4,520 calories), yet containing as much as 10.42 per
cent, of sulphur. On the other hand, a seam 6½ feet thick exposed in the Corkov valley yields a rich black
lustrous coal all but free from sulphur, with only 3.16 per cent, of ash and a heating power of 4,705 calories.
On the whole, the Tobut-Peljave and the Priboj "fields" are likely in the near future to be the scene of more
active mining operations than the other (at first sight) more favourably circumstanced "fields."
L. L. B.
THE FAHLORE AND MERCURY-ORE DEPOSITS OF BOSNIA AND HERZEGOVINA.
Die Fahlerz- und Quecksilbererzlagerstätten [Quecksilbererzlagerstaetten] Bosniens und der Hercegovina. By
Friedrich Katzer. Berg- und Hüttenmännisches [Huettenmaennisches] Jahrbuch der k. k. montanistischen
Hochschulen zu Leoben und Přibram, 1907, vol. lv., pages 145-265, with 25 figures in the text and 1 plate.
The fahlores take high rank among the useful minerals of the two occupied provinces as, besides being rich in
copper, they are also notable mercury-bearing ores. In the world's copper-output fahlores play as a rule a very
subordinate part; for, although they may be richly mineralized, their distribution is too restricted, and a good
yield of copper from them is only attainable in certain localities; in Bosnia they happen to be of prime
importance, and the Maškara smelting-works, for instance, have for many years past been fully taken up with
the treatment of fahlores alone. The mercury-ore deposits proper of Bosnia and Herzegovina occur chiefly in
the form of lodes and impregnations of cinnabar, and for the time being they are of less industrial importance
than the fahlores: no mercury-mine is known to be actually at work in either province. Meanwhile the amount
of quicksilver extracted from the fahlores averages 8 metric tons per annum. The detailed description of the
deposits begins with that of Maškara, the only one that has been opened up on an adequate scale. It lies in a
region of forests, near the confluence of two streams in the Bugojno district (Central Bosnia). Here phyllites
and clay-slates dating back at least to the Carboniferous (impressions of Neuropteris have been found at one
point) are the most widely distributed rocks, and are succeeded by sandstones, conglomerates, and limestones
of Permian age. The probably later fissure-eruptions, of which vast sheets of quartz-porphyry remain as the
enduring testimony, may be looked upon as the actual source of the ore-deposits; since it is doubtless from
the gaseous exhalations and percolation of thermal waters which took place during the moribund phases of
eruptivity that the metalliferous ores were precipitated. The pressure-induced schistosity of the quartzporphyries here is precisely comparable with that observed among the porphyroid-slates of the Zips-Gömör
ore-bearing district in Northern Hungary. The entire mass of rocks above described constitutes a gigantic faultblock or horst, abutting by great marginal faults on the north-east against the Cretaceous and on the south-
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west against the Trias and the Tertiary. The principal metalliferous lodes belong to a system of fissures
striking north-west and south-east, which is intersected by another system striking from north-east and southwest to almost due north and south. Rarely do the troublesome north-east and south-west fissures
constitute metalliferous lodes; but the north-and-south fissures are often infilled with the same
minerals as the principal lodes, although they are of no considerable extent along the strike,
whereas several of the principal lodes can be traced for miles. The lodes cut through all the Palaeozoic rocks
without their infilling being apparently affected by the passage from one rock-group to another. This
independence -of the mineralization in regard to the country-rock implies that the force which impelled the
upwelling of the metalliferous solutions was very great, and also that the fissures must have extended
to considerable depths. The Maškara main lode is infilled with mercury-bearing fahlore, siderite, baryte,
quartz, and calcspar; dolomite is of quite subordinate occurrence, and pyrite is rare.
Decomposition-products are found, in the shape of limonite haematite, malachite, and azurite;
chalcopyrite, cinnabar, and metallic mercury seldom occur. Analysis of the pure fahlore has yielded the
following results: copper, 38.41 per cent.; antimony, 27.43; mercury, 7.58; sulphur, 21.62; zinc, 0.72;
iron, 2.8; magnesia, lead, arsenic, etc., in trifling quantity; 0.005 per cent. of gold; and 0.152 per cent. of
silver. Analyses of other samples have yielded as much as 16 per cent, of mercury, with an almost
complete absence of arsenic; no single specimen of the ore has been found from which mercury is absent.
The main lode is worked by six drifts or adits, spaced over a vertical height of 332 feet. A great extension of
the workings is expected in the direction of deeper levels; the smelting-works and the whole installation will
then be enlarged, and Maškara promises to become one of the most important centres of the mineral-industry
in Bosnia. North-west of that locality, prospecting-work has been done on the metalliferous lodes of
Šeferoviči; a selected sample of fahlore from these yielded 35.71 per cent. of copper; 18.37 of antimony; 3.91
of mercury; also 216 grains of gold and 38.26 ounces of silver per metric ton. Farther north-west again,
shallow workings have opened up the rich lodes of Mračaj, which are at their richest and thickest while they
course through the Permian limestones; the gangue is partly sideritic, partly barytic; but the siderite
predominates, and the rich fahlore (the first-formed mineral in the lode) appears to be more especially
associated with it. In copper- and in mercury-percentages the ore is quite equal, as the analyses show, to the
Maškara mineral. More or less detailed descriptions are given of the fahlores of Dobrošin, Seoci, Rad, Saski
Rad, Borova ravine, Cvrće, Djamuš hill,Haslibrdo, Daganj ravine, Valice, Crkvica, Kulentaš hill, Budiša ravine,
Parsovići, Koto, Slatina, Orlovac, Dobrigošće, Ježurine, Žaovine, Otomalj hill, Fojnica, Bakovići,
Kreševo, Toplica, Tarćin, etc.
The cinnabar-deposits of the Zec Planina are associated with the nests, stockworks, and beds of haematite
(probably of metasomatic origin) which occur among the yellow or brownish, cavernous Upper Permian
limestones. The cinnabar occurs rarely within the haematite itself, but is usually found just above it, in the
"roof" or "hanging-wall." Seldom does this cinnabar contain as much as 25 or 30 per cent. of metallic mercury;
indeed the general percentage ranges from barely 2 to something over 23. The author assigns the reasons for
which he regards these deposits as comparatively superficial; they have been largely worked out, and the
attempts made in the years 1889-1892 to follow them up below the limestones met
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with results which do not encourage the hope of any permanent revival of mining operations on the Zec
Planina. South-east of this massif stretches the Pogorelica Planina, which drops very rapidly to the level of
3,608 feet above the sea: here too, the cinnabar-deposits in the Permian limestones were worked out several
years ago, and the same statement would seem to hold good of the deposits of the neighbourhood of
Deževica and Kreševo, and of the triple-peaked Inač hill-group. Among the Carboniferous phyllites north-west
of Fojnica, a series of six parallel lodes are discerned on each flank of the Cemernica valley, forming together a
great metalliferous belt, which can be traced for a distance of a mile and a quarter. The vast intrusions of

quartz-porphyry, which have invaded the phyllites some little distance away to the north and west, may no
doubt have some more or less direct casual connexion with the mineralization of these lodes. They have been
largely worked out by successive generations of miners; but it is by no means certain that mercury was the ore
sought for in the olden days. If the opinion advanced by various investigators, that the ancient miners worked
these lodes only for the gold and silver which they could get from them, be correct, considerable quantities of
cinnabar must be yet lying untouched in the old workings. Indeed, exploration-work in the year 1890 revealed
repeatedly unworked portions of lodes rich in mercury. The gangue is of a quartzose character, and the lodes
are mineralized chiefly with antimonite, zinc-blende, and cinnabar. Deep-level workings initiated on a large
scale are not unlikely to meet with success: the neighbouring country is well watered by streams which have a
sufficient fall to keep an electric power-plant going; and enough gold, etc., can be extracted from the old
waste (gangue-material) to cover much of the initial expenditure. A description is given of the cinnabarbearing lode of Zahor, which has, however, been prospected chiefly for its zinc-blende. Far away from the
occurrences hitherto enumerated is the Draževici cinnabar-deposit, in the manganese-ore district of
Čevljanovič, north of Sarajevo. Its geological conditions are compared by the author with those of the famous
Almaden deposit in Spain.
With the exception of the Draževići deposit, all the notable occurrences of fahlore and cinnabar in the
occupied provinces are concentrated within a comparatively narrow area—in the slaty or schistose massif of
Central Bosnia and its vicinity, untouched as yet by the main routes of communication. Tet most of the
deposits are so placed that they could be easily linked up with the chief railway-lines by roads suitable for
wheeled traffic, and later on perhaps by light railways.
L. L. B.
PETROLEUM AND ASPHALT IN HUNGARY.
Petroleum und Asphalt in Ungarn. By Theodor Posewitz. Mitteilungen aus dem Jahrbuche der Königlichen
[Koeniglichen] Ungarischen Geologischen Anstalt, 1907, vol. xv., pages 235-465, with 20 figures in the text and
1 plate.
This monograph is preceded by a bibliography of the subject covering the years 1791 to 1906 inclusive, and
comprising no less than 233 entries.
Of the substances with which the author deals, petroleum is perhaps the most widespread in the Magyar
kingdom; natural gas has been known for generations to occur at Magyarsáros and the Bázna Spa in
Transylvania. Asphalt is found in great quantity at Tataros, Felsöderna, and Bodonos, all in Bihar County; while
ozokerite has been traced at comparatively few localities, and then only in small quantity. These bituminous
substances are for the most part associated with soft sandstones or sands, and fre[A67]
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quently enough with shales. Certain fetid limestones, as at Kolozsvar and Szacsal, moreover, are impregnated
with bitumen. South-west of Nagybánya, about 2 miles from the hamlet of Monostor, petroleum and ozokerite
are found in limestones, which form inclusions of considerable dimensions within mica-schists. The rhyolitetuffs of some localities are saturated with bitumen, and in the rhyolitic quartz-trachyte of Kiskapus asphalt
occurs filling cavities and fissures of the rock. Finally, at the copper-mines of Recsk, a biotite-hornblendeandesite has been laid bare, with small cavities containing drops of petroleum.
The two chief petroleum-bearing regions of Hungary are situated, one along the north-eastern border, and the
other along the south-western border of the kingdom; in age and in structure the beds are as widely different
as they are far apart in space. The petroleum-belts in the north-eastern Carpathians, in the counties of Sàros,
Zemplén, and Ung, striking parallel one with the other from north-west to south-east, can be followed up
across the frontier into the Galician oil-field. In tracing these belts south-eastwards along the inner margin of
the Carpathian range, a tremendous break is observed between Máramaros county and the Tölgyes Pass in
Transylvania; at the last-named locality the oil-bearing Flysch-beds re-appear, continuing thence
uninterruptedly as far as the neighbourhood of Brassó. The Flysch-belt on the outer margin of the Carpathians
falls partly within Galician and partly within Rumanian territory, but two petroliferous localities in Hungary
belong to this outer margin (Sósmezö and the upper Putna valley in Háromszék county). The south-western oil-

field comprises the Muraköz district, Zala county, and Croatia-Slavonia; the two petroliferous belts within it
can be traced for mile after mile along the same strike—from north-west to south-east. One of these,
extending from Muraköz parallel with the river Drave, is not far short of 50 miles in length; the other runs
parallel with the river Save.
The oil-bearing strata of Hungary are predominantly of Tertiary age, but there are a few petroleum-deposits
which date as far back as the Trias, the Lias, and the Cretaceous Periods.
A brief history is given of the search for petroleum in the Magyar kingdom, divided into three epochs: (1) that
from 1850 to 1880, when such work as was accomplished was merely superficial in character, and was
initiated with scant knowledge and less capital; (2) that from 1881 to 1893, when exploration was conducted
with some justifiable pretence to technical knowledge, and was backed up by a sufficiency of funds; and (3)
that from 1894 to the present day, during which deep borings have been put down, and private enterprise has
been strengthened by subsidies from the Hungarian Government. Experience has shown, however, that these
subsidies have not made for real progress.
The author gives a detailed description of each of the north-eastern petroliferous areas in the following order:
Trenesén county (Turzófalu); Sáros and Zemplén counties; Ung county; Máramaros county; Csik and
Háromszék counties; the inner basin of the Transylvanian region; and the north-western margin of the MagyarTransj-lvanian frontier-range. He then describes the asphalt-deposits which impregnate the Pontic sands
below the drift-clays, at the western base of the Réz hills in Bihar county. Reverting to petroleum he gives a
short account of the occurrences in the Mátra range and in the neighbourhood of Nagybánya, followed by a
brief description of the bituminous shales of Stájerlak. The south-western petroliferous areas are then
described in detail.
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Statistics of output are given, showing how unimportant a part Hungary plays as a petroleum-producer: in the
single year 1905, Galicia yielded more than 15 times as much mineral oil as had been got from the entire
Magyar kingdom in the preceding 45 years. A dozen analyses of petroleum and eight analyses of ozokeritesands and bituminous shales are tabulated.
In a retrospect of what has been accomplished in regard to the Hungarian oil-fields during the past halfcentury, the author remarks that unluckily the pen has been far busier than the boring-tool. Actual mining
operations are practically confined to the Muraköz district; but the Flysch-belt of the Carpathians has not been
thoroughly investigated, and Hungary's possible resources in petroleum remain an open question. Meanwhile
the manner in which concessions have been monopolized constitutes a check to mining enterprise.
L. L. B.
IRON-ORES OP THE PAYERBACH-REICHENAU DISTRICT, LOWER AUSTRIA.
Die Eisensteinbergbaue der Umgebung von Payerbach-Beichenau (Niederösterreich [Niederoesterreich]). By
Karl Redlich. Berg- und Hüttenmännisches [Huettenmaennisches] Jahrbuch der k. k. montanistischen
Hochschulen zu Leoben und Přibram, 1907, vol. lv., pages 267-294, with 1 figure in the text and 2 plates.
After a brief introduction summarizing the literature of the subject, the author gives an account of the
history of the mineral-industry in this region, an industry of which the birth dates back many
centuries. The earliest time, however, from which documentary evidence is extant is about the middle of
the sixteeenth century, when apparently the deposits were worked for copper (chalcopyrite) but not for
iron. The value of the latter metal was nevertheless fully recognized in the concessions granted before the
seventeenth century had drawn to a close and thenceforward, with many vicissitudes and interruptions
caused by wars, etc., the industry continued until about 1892, when the stress of modern competition
compelled its abandonment. In 1894 a determined effort was made to revive it, but mining
operations were finally stopped at Hirschwang in 1902 and at Grillenberg in 1903. Statistics of output are
tabulated, covering the period 1719-1903.

Half-an-hour's walk north-east of Payerbach railway-station rises the Grillenberg, a hill chiefly built up of
metamorphosed conglomerates among which are intercalated pale slates of similar mineralogical composition.
The base of the hill consists of quartz-sericite schists, here tinged green by chlorite and there blackened by
graphite: the famous Grillenberg ore-deposit has these schists for its footwall and the conglomerates for its
hanging-wall. There are in reality two main ore-belts, striking generally east and west, and dipping northwards,
and they have yielded the highest-grade mineral to be got in the district. At Prigglitz, etc., along the eastern
prolongation of the Grillenberg, the ores are essentially the same, but show at the outcrop signs of more
advanced decomposition. Following the western prolongation of the Grillenberg, one reaches the districts of
Hirschwang, Altenberg, and Schendlegg. Here the succession is, in ascending order, grey slates, green slates of
diabasic origin, pale slates, massive red and white conglomerates passing upwards into red and green schists:
all of which are the outcome of intense metamorphism. With the grey slates is associated the 1st ore-belt,
with the pale slates the 2nd ore-belt, and with the conglomerates, etc., the 3rd ore-belt of the area.
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The rock-groups already enumerated are of undoubted Palaeozoic age, and are overlain by the Triassic
(Werfen) shales and limestones. A fault, giving rise to the valley of the Kleinau river, separates the HirschwangAltenberg-Kleinau district on the one hand, from the Schendlegg-Schwarzeck district on the other; and the orebelts, which in the former strike due east and west, in the latter strike north-eastwards. The most considerable
output has been obtained from the above-mentioned 3rd ore-belt, which has the coarse conglomerate for its
footwall and the red and green schists for its hanging-wall; it is probably of the same age as the Grillenberg
ore-deposit and lies at about the same altitude, but, as already stated, at Grillenberg, the slates occur below
the ore-body and the conglomerate above it. The workings at Altenberg opened up a deposit 250 feet thick
(including partings and unworkable ore) over an uninterrupted length of 350 yards.
The minerals in the above-described deposits include siderite, ankerite, pyrite, chalcopyrite, arsenical pyrite,
antimony fahlore, baryte, cinnabar, quartz, calcite, specular iron-ore, limonite, vivianite, azurite, malachite,
native copper, etc. The siderite is intimately intermingled with the ankerite in granular masses or in fairly large
crystals, and contains on an average 34 per cent. of iron and sometimes as much as 20 per cent. of silica. In
1901, certain ores upon smelting yielded, according to averages spread out over many months, 53 per cent. of
the metal. A couple of detailed analyses are tabulated. Next in importance to the siderite is the chalcopyrite,
which occurs either impregnating the iron-ore in a very fine state of division or in nodular masses varying in
size from that of a man's fist to that of a man's head. The antimony fahlore is intergrown with the chalcopyrite;
it is of a pale steel-grey colour, and analyses show that it contains a certain amount of gold and silver.
Discussing generally the origin of the ore-deposits in this sub-Alpine region, the author arrives at the following
conclusions:— The siderite-chalcopyrite deposits are practically conformable with the Palaeozoic strata among
which they occur, they show none of the symmetrical arrangement appertaining to lodes, and must
consequently be regarded as epigenetic. They are almost invariably associated with eruptive rocks, such as
diabases and their derivative tuffs or quartz-porphyries and their derivative tuffs. Two categories of such
deposits may be distinguished, the slate or schist-tvpe (to which those here described belong) and the
limestone-type.
L.L. B.

THE ROSSITZ COAL-FIELD, MORAVIA, AUSTRIA.
Die Tektonik des Steinkohlengebietes von Rossitz und der Ostrand des böhmischen [boehmischen]
Grundgebirges. By Franz E. Suess. Jahrbuch der kaiserlich-königlichen [kaiserlich-koeniglichen] geologischen
Reichsanstall, 1907, vol. Ivii., pages 793-834, with 2 figures in the text and 2 plates.
There is a strip of the Rothliegende formation which extends for some 93 miles from Senftenberg in
Bohemia, through Mährisch-Trübau [Maehrisch-Truebau] , Boskowitz, and Rossitz, as far as Mährisch[Maerisch-]Kromau, and its tectonic importance, as demarcating the boundary between the ancient crystalline
schists of the Bohemian massif on the west and the older Palaeozoic plications of the Sudetic ranges

with the Brünn [Bruenn] intrusive mass on the east, did not escape the earlier observers. Recently, Dr.
Tietze has applied to this long and narrow graben or fosse the appellation of the " Boskowitz rift," drawing
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attention to its connexion with those post-Cretaceous disturbances which resulted in the upheaval of the
Sudetic ranges and the Riesengebirge, and also to the bifurcation of the rift northwards into two parallel
gräben [graeben] or fosses. In the present memoir the author deals almost exclusively with the tectonic details
of the southern portion of the rift, and with the extension of the main tectonic features beyond its southern
termination as far as the neighbourhood of Znaim.
By far the greater portion of the Boskowitz rift is filled up with the red and grey sandstones, and thinly-bedded
shales and occasional conglomerates, which are all assignable to the Rothliegende; but from Rziczan near
Rossitz southwards these are succeeded by the underlying coal-bearing sandstones and enormous masses of
conglomerates, determined as being of Coal-measure age. Dr. Katzer, in a recent review of the flora of the
Rossitz seams, has found undoubted Permian as well as Upper Coal-measure plants therein; indeed, the
occurrence of Walchia pinniformis in the middle seam predisposed him to claim the entire formation as
Permian. But Dr. Weithofer points out that the premature occurrence of some isolated Permian plants hardly
justifies so drastic a conclusion, and holds that the seams belong to the uppermost Coal-measures or Radowitz
Group; he adds that the true Permian flora only begins above the roof of the topmost coal-seam. Some
authors have included the coal-bearing horizons and the Rothliegende in one formation as Permo-Carboniferous, and although Dr. F. E. Suess, following the late Dionys Stur and Dr. Weithofer, separates the coalbearing group as Upper Carboniferous from the Rothliegende, he retains an open mind as to the true stratigraphical relationship of these measures. He regards them as largely of desertic origin, drawing a comparison
between them and the coal-basins of the Central Plateau of France, down to the minutest details of
sedimentation. The basement-conglomerates attain a thickness exceeding 660 feet; they are overlain by
sandstones (often extremely felspathic) with intercalated thinly-bedded shales, and some 70 feet up in these is
the third or lowest coal-seam, hardly workable, but very rich in plant-remains. This is overlain by about 165
feet of multi-coloured sandstones with intercalations of thinly-bedded shales and some conglomerates, when
the somewhat thicker second seam is reached. A thickness of some 400 feet of sandstones with a few
conglomerate-bands separates this from the first or main seam, above which mainly red flaggy sandstones and
shales in frequent alternations constitute a passage into the Rothliegende formation. Apart from numerous
small faults and from the tectonic disturbances in the north at Okrouhlik and in the south at Neudorf, the coalbearing group of rocks presents the aspect of a semi-syncline dipping steeply eastwards: this inclination is due
to sagging subsequent to deposition. The main seam was at one time worked to a thickness of 2½ to 3¼ feet in
the Ferdinand pit, and at Okrouhlik, north of Segengottes; but in these localities there are many shaly partings
and local "nip-outs." Increasing in thickness southwards, the seam attains 13 feet at Babitz and Zbeschau, and
exceeds 20 feet at Padochau (near which the original centre of the half-preserved syncline probably lay). At
Oslawau, however, the thickness already diminishes to 10 or 12 feet, and the records of the now abandoned
workings at Neudorf show that the seam was there only from 2½ to 3¼ feet thick. The much thinner second (or
middle) seam follows the same course of variation as the main seam.
The Rothliegende sediments are also fully described; they include two
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horizons of bituminous shale, one of which is especially rich in fish-remains, and in reality fall naturally into the
same group as the coal-bearing rocks. With regard to the possible opening-up of the main seam in the as vet
unexplored portions of the area, the prospects in the south, at all events, are not hopeful. Nor are they more
favourable in the east; the most probable extension of the coalfield may be looked for on the north, under the
Rothliegende strata at Rziczan, but even here the decrease in the thickness of both the seams and the
basement-beds north of Segengottes rather implies approximation to the rim of the old basin.
L. L. B.

THE AURIFEROUS ROCKS OF TRANSYLVANIA.
Das Goldvorkommen im Siebenbürgischen [Siebenbuergischen] Erzgebirge und sein Verhältniss [Verhaeltniss]
zum Nebengestein der Gänge[Gaenge]. By M. Von Pálfy. Zeitschrift für [fuer] praktische Geologie, 1907, vol.
xv., pages 144-148, with 3 figures in the text.
One of the main problems to which the author addresses himself in this paper is the question whether the
country-rock is a determining factor in the infilling of lodes which yield the precious metals, and, if so, in what
manner its determining influence is exhibited.
Premising that, until recently, all the lodes in the Transylvanian Erzgebirge had been regarded as the infilling of
contraction-fissures which supervened in the mass of molten eruptive rock in process of cooling, he asserts
most positively that his detailed investigations now prove these fissures to be in all cases of tectonic origin,
and their strike coincides with the two main directions of those lines of tectonic movement that can be traced
throughout the mountain-massif above-mentioned.
As to the source of the precious metals in the lodes, it must be sought in the hundreds of volcanic necks which
are scattered over this Erzgebirge. In the later phases of vulcanicity, the upwelling gases and vapours
undoubtedly precipitated the metallic particles with which they were charged in the vicinity of these necks.
The hypothesis, according to which the precious metals were already existing in an extremely-fine state of
division in the eruptive rocks cannot, for several reasons, be sustained. The lodes are only auriferous down to
certain (it is true, variable) depths; but the gold does not occur even as low down as sea-level, whereas, if the
above-mentioned hypothesis were true, enrichment ought to keep pace with depth— or at least the lodes
ought to be gold-bearing much deeper down than is the case. It will be observed that, generally speaking, the
precious metals in the Transylvanian Erzgebirge do not occur actually within the volcanic necks, but mostly
along their margins or in the country-rock immediately adjacent thereto. As the distance from a volcanic neck
increases, the amount of precious metal in the lodes decreases, more or less rapidly. The author's view is
based on an examination of the rocks exposed in every single mine in the district, and he holds that it is now
possible to say with absolute certainty at what localities precious metals may be looked for—bearing in mind,
of course, the possibility that the vapours or gases emanating from the " necks" in the moribund phase of
vulcanicity did not in every case carry particles of precious metal.
At Nagyág, the lodes course partly through a neck, partly through its capping of soft decomposed lava and
Mediterranean (Tertiary) deposits. The precious metals are exclusively obtained from this "cover" of
decomposed lava, and only in the vicinity of the neck. In all the other
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localities cited, stress is repeatedly laid upon the fact that it is the vicinity of the neck which is important,
rather than the nature of the country-rocks - these include andesites, dacites, liparites, lava-flows, tuffs,
breccias, melaphyres, Carpathian sandstones, and Mediterranean shales; and at Ottenbánya crystalline schists
and limestones.
L. L. B.
NATIVE COPPER IN THE FAERÖE [FAEROE] BASALTS.
Über [ueber] das Vorkommen von gediegenem Kupfer in den Trappbasalten der Faröerinseln [Faroerinseln] .
By F. Cornu. Zeitschrift für [fuer] praktische Geologie, 1907, vol. xv., page 321-323.
After a brief conspectus of the literature of the subject, the occurrences of native copper having been
observed as far back as the latter half of the seventeenth century, the author gives a general account of the
geology of the Faeröe [Faeroe] (Islands) which he visited in the summer of 1907. This is far from complicated,
as that remote archipelago is built up of great basalt-flows of early Tertiary age, among which are intercalated
thin bands of red-burnt ash. On Suderöe [Suderoe] and Myggenaes there occur also some interbanded layers
of clay with coal-seams. The general dip is south-easterly.

With regard to native copper, the author examined the localities on Naalsöe [Naalsoe], an island lying opposite
Thorshavn, the capital of the Faeröe [Faeroe]. The inhabitants are well aware of the occurrence of the metal,
and masses now and then found on the beach have been worked up by native artificers. But the widespread
belief among them that the copper is auriferous and that gold may yet be discovered on Naalsöe [Naalsoe] is
absolutely unfounded. The copper itself is, on the whole, so sparsely distributed in the basalts that no
encouragement can be given to the idea of working it for commercial purposes. The metal is found in druses,
associated with various zeolites which appear to have crystallized out later than it.
South-east of Trangisvaag on Suderöe [Suderoe] , on the way to Frodeböenyper [Frodeboenyper] , the author
observed at the outcrop of a coal-seam on the shore at Frodeböe [Frodeboe] a compact black " trap-basalt"
forming the immediate roof of the seam, and containing native copper in large zeolitic amygdules. The copper
always occurs at the base of the amygdules, having either a granular or a lenticulated structure. On the very
next day, on the shore north of Famien, he observed an exactly similar occurrence.
The characteristic features of the occurrences of native copper in the Faeröe [Faeroe] (not only those visited
by the author, but also those described to him by residents, which he was debarred by stress of weather from
investigating personally) are the association with zeolites and the absence of the sulphides of the metal. Dr. E.
Hussak has described native copper as occurring in the amygdules of a diabase from Sao Paulo, and has
attributed its origin to the decomposition of chalcopyrite distributed through the rock in a finely-divided state,
although not a trace of copper can be actually found in the diabase itself. This explanation will not (the author
thinks) fit the Faeröe [Faeroe] occurrences, but he will not commit himself to any other hypothesis as to their
genesis. All that can be safely postulated is that, like the later zeolites, the copper is a product of the moribund
phase of vulcanicity, deposited from the same solution as they subsequently were deposited, in cavities in the
basalts.
L. L. B.
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THE SEARCH FOR COAL IN FRANCHE-COMTÉ, EASTERN FRANCE.
Les Recherches de Houille en Franche-Comté: le Massif de Saulnot et sa Bordure. By Eugène Fournier. Bulletin
de la Société Geologique de France series 4, 1907, vol. vii., pages 517-524, with 1 figure in the text.
South of the Trias which overlaps the Permian strata forming the southern limit of the Ronchamp coal-basin,
there is a small outcrop of metamorphic Devonian schists to which the author gives the appellation of the
Saulnot massif: against it abut, south of Chenebier, the Culm-measures. Now, as similar Devonian and Culm
rocks appear on the northern margin of the Ronchamp coal-basin at the southern extremity of the Vosges, it
was hoped that borings put down in the Permo-Triassic area north of the Saulnot massif would strike at some
unknown depth the presumed southerly extension of that coal-basin. The author was called upon in 1902 to
give his opinion as to the probable results of a borehole put down at Lomont: various geologists had asserted
that the site could not have been worse chosen, and that the Devonian would be reached at a depth of 1,300
feet. The author, however, rightly predicted the occurrence of coal-seams somewhere between 3,440 and
3,600 feet. The first venules of coal were struck at 3,365 feet; and at a depth of 3,575 feet, the bore
commenced passing through a group of coal-seams, some of which were respectively 4 feet, 5½ feet, and 6
feet thick (the last-mentioned seam at the depth of 3,610 feet). About 22½ feet lower down the boring-tool
remained fast in black shales, the character of which indicated the neighbourhood of another coal-seam group
of Stephanian age.
The author assigns the reasons for which he considered that any attempt to strike coal at a shallower depth
near the Saulnot massif was foredoomed to failure, and the untoward results of the Courmont boring, stopped
at a depth of 3,503 feet, confirmed his forebodings. Down to 2,952 feet eruptive rocks of Permian and possibly
Upper Coal-measure age were passed through: in all, the thickness of the Coal-measures passed through was
estimated at 500 feet, but not a single coal-seam was struck, and the boring was stopped in green porphyritic
tuffs (supposedly of Culm age). It is held that the search for coal should be continued at a distance of at least 2
miles north of the Saulnot massif, in the neighbourhood of Lomont and north of Faymont, but that

investigations should not be pursued too far to the eastward. The coal-basin would appear to deepen and
increase in dimensions westward; but researches conducted too far in that direction also would be of little
avail, as the coal would be struck at an impracticable depth for mining operations. Thus a boring put down at
Frotey-les-Lure continued in the Permian down to a depth of 4,100 feet. The workable seams of the Lomont
basin, for which a concession was granted in 1904, are estimated to extend over a length of 3J miles, parallel
to the margin of the Saulnot massif, and over a breadth of not less than 2 miles. They will be worked between
the depths of 3,440 and 3,770 feet, and in thickness and quality are comparable with those of Ronchamp. A
deposit of malachite and azurite was discovered in the course of the boring operations, at two points in the
Valettes ravine near Courmont, among arkoses and micro-granulitic tuffs of Lower Permian age. The deposit is
undoubtedly sedimentary and of lenticular character, and in the author's view exploration-work upon it has
been abandoned too hastily, as it is a certain indication of the existence in depth of a lode of sulphidic ores
which might repay working.
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South of the Saulnot massif the stratigraphical succession is absolutely normal: a boring put down at Chevret
was stopped in the Muschelkalk at a depth of 1,476 feet. If Coal-measures occur on that side of the anticline,
they cannot be struck at a depth less than 3,610 feet from the surface.
L. L. B.
COATQUIDAN IRON-ORES, BRITANNY.
Sur le Minerai de Fer de Coatquidan. By F. Kerforne. Comptes-rendus hebdomadaires des Séances de
I'Académie des Sciences, 1908, vol. cxlvi., pages 1226-1227.
The Coatquidan iron-ore deposit, in the department of Morbihan, was first worked in 1825, but has now been
abandoned for some little time. Its output was used in the iron-works of Paimpont. The deposit would appear
to lie at a geological horizon marking the division between the Cambrian pink grits and claret-coloured shales,
and the Ordovician white grits, practically at the base of the Armorican Grit. It dips very slightly northwestwards, and in thickness occasionally attains a maximum of 6½ feet. The ore, a red haematite, not seldom
earthy, but most frequently granular, appears to be built up of flattened irregular granules with a black patina,
immersed in a red ore of finer texture containing a fairly considerable amount of minute grains of quartz. In
places this particularity is so exaggerated that the deposit presents rounded nodules of haematite of
extremely irregular shape immersed in a ferruginous mass with big quartz-grains, forming, in fact, a sort of
conglomerate. The Coatquidan ore differs, then, in character, from most of the known iron-ores of Britanny
and Normandy, the only deposit that is at all similar to it occurring at Caden, farther south.
L. L. B.
ORDOVICIAN IRON-ORES OP LOWER NORMANDY.
Note sur le Minerai de Fer silurien de Basse-Normandie. By Ch. E. Heurteau. Annales des Mines, series 10,
1907, vol. xi., pages 613-668, with 7 figures in the text and 3 plates.
The iron-ores worked in the Lower Normandy departments of the Calvados, the Orne, and the Manche, occur
in the Calymene Slates (or Angers Slates) either at about 130 or 150 feet above the base thereof, or at the base
itself close to the junction with the underlying Armorican Grits. The Cambrian, Ordovician and Silurian systems
in this region have a generally parallel orientation, trending about N. 115° E. in the Calvados and Orne, and
approximating to an easterly and westerly trend in the Manche. They form a series of more or less regular,
more or less complete synclines, masked on the east by the Jurassic deposits beneath which they dip slightly,
while on the west they appear amid the pre-Cambrian phyllites or in contact with masses of eruptive rock. The
general structure has been much complicated by folding and faulting, and by the subsequent erosion. The ore
is in places haematite, elsewhere it is a carbonate of iron, and elsewhere again it is a mixture of the two. It may
be said, on the whole, that the deepest-lying portions of the ore-body are carbonated, the haamatite occurring

only in the vicinity of the outcrops. It would appear that originally the ore was entirely deposited as a
carbonate, that oxidation was induced by the percolation of surface-waters, and that the limit of such oxidizing
action must have been determined by a particular hydrostatic level. But the underground- water-level
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of the present day gives no reliable clue; the ancient hydrostatic levels require to be traced out (if that were
possible), in order to determine the limiting-level of the action which in ages gone by oxidized the carbonate to
haematite. These Ordovician ores have been struck, and are worked along four synclines, which are,
proceeding from north to south: (1) the syncline of St. André and May-sur-Orne; (2) the Perrières-Barbery
syncline, passing through La Brèche au Diable; (3) the Falaise syncline, passing through St. Rémy and Jurques;
and (4) the La Motte Forest-Mortain syncline, with which connects an important ramification extending
northwards to La Ferrière-aux-Étangs and Halouze.
The workings of the May mine, on the southern rim of the first syncline, have followed up the ore-body for
more than a mile and a quarter to the east of the river Orne; although the ore-body approaches 20 feet in
thickness, it is too highly silicified to allow of more than 6½ feet being worked, and that near the foot-wall. As
deep as the workings have gone, that is, down to 115 feet below the river-level, the ore is haematized. The
silica often invades the lower portion of the ore-body in such a fashion that it can be regarded at its base as
richly metalliferous only in irregular patches separated by siliceous areas. The dip varies from 45 to 50 degrees.
At St. André, still on the right bank of the Orne, but on the northern rim of the syncline, the ore-body seems to
be well nigh vertical, with, in places, a reversed northerly dip. As at May, it is some 20 feet thick, the richer
portion, near the footwall, measuring from 8¼ to 10 feet in thickness, the remainder being practically nonpayable ore : workings pushed some yards below the river-level here have disclosed a diminution in thickness
of the haematite, the rest of the ore being then unmistakably a carbonate. The parallel outcrops of May and
St. Andre, some 1,420 yards apart, are concealed by the Jurassic rocks, and are faulted by a few unimportant
dislocations.
The eastern limit of the Perrières-Barbery syncline follows a normal course and is well known, but its western
boundary is masked by the Clay-with-Flints of the Forest of Cinglais. Two rivers (the Laize and the Laizon),
entering the basin by deep gorges cut in the Armorican Grit on its southern margin, reveal therein the orebody, the outcrop of which is smothered on the plateau by 70 to 130 feet of Jurassic beds. The ore-deposit lies
in the Calymene-slates, some 150 feet above the Armorican Grit, and is mineralized over a thickness of 16½ to
20 feet; but its percentage in iron and its general character are somewhat irregular. The haematized portions
lie near the footwall, rarely exceeding 6½ feet in thickness, and averaging 5 feet. Frequently the haematite
gives place to grit or to clay, and indeed only occurs immediately beneath the Jurassic covering-rocks: 60 or 70
feet lower down, it appears to be everywhere replaced by carbonated ore, and occasionally the carbonates
reach up to the Jurassic. In point of fact, the deposit may be shortly described as a basin of carbonate, the
margins of which are irregularly haematized, the haematite being generally of a rather earthy nature. The
mean dip is 50 degrees; borings, at the time of writing, were in progress, with the view of determining whether
the ore-deposit flattens out in depth.
The Falaise-St. Rémy-Jurques syneline is of a more complicated structure than the two just described: the
Calymene Slates are, in places, unrecognizable, and the ore-body is not always met with just where it might be
expected. What with oscillations of the crests of a double syncline, and what with numerous longitudinal and
transverse faults, the Ordovician
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basin has been cut up into, as it were, a series of islets, or separate inliers. In the St. Rémy mines the oredeposit is found at the junction of the Armorican Grit and the Calymene Slates: it is entirely haematized, its
percentage of iron (52 to 53, the highest in the region) is very constant, and its thickness (also extremely

regular) ranges between 8¼ and 9 feet. Exploration-work farther west, on the Montpinçon hill, has not yet
revealed there the existence of a workable ore-deposit: the haematite can be followed for a few yards, is then
lost, and re-appears from place to place, varying in thickness from a few inches to 5 feet. At Jurques, a band of
carbonated ore, dipping from 55 to 68 degrees northward, 3 to 4 feet thick, has been struck just above the
Armorican Grit.
The Bagnoles-Mortain syncline ramifies into two in the neighbourhood of the Mont-en-Gérome. With a few
local exceptions, the ore-band occurs at the junction with the Armorican Grit, and is haematized in places. In
the Forest of Halouze, the continuous Ordovician outcrop is traceable for about 2½ miles: the ore-body here is
almost vertical and exceeds 13 feet in thickness.
The haematized ores in this region have been worked for many generations, and the ancient workings have
served as useful indicators for the modern concessionaires. The first of the more recent concessions (St. Rémy)
dates from 1875, and was enlarged in 1884 by the Halouze concession; but it was not until the metallurgical
"boom" of 1900 or thereabouts that exploration-work was directed to the less accessible portions of this great
series of ore-deposits. Since 1895 the annual output from the St. Rémy mines has ranged between 95,000 and
110,000 metric tons. The pillar-system of working, leaving 9 per cent, of the ore in place, has had to be
abandoned as too dangerous, and under present conditions from 15 to 16 per cent, of the ore is left (some, at
least, of which may be got later). The stuff is brought down by means of dynamite. The St. André mine showed
in 1906 an output of 27,971 tons; but this hardly represents its full capabilities, as perhaps the richest part of
the ore-body there has still to be explored. The May mine yielded 75,000 tons in 1906: the ore is worked on
the very bank of the river Orne, across which it is carried by telpherage, and emptied from hoppers into the
trucks of the Western Railway Company. When the richer portions of the deposit near the outcrop now being
worked in this mine are exhausted, it seems probable that deeper down richly haematized or carbonated
lenticles will be eventually struck. The La Ferrière-aux-Étangs mine, started only in 1902, yielded in 1906 about
81,000 metric tons of ore, calcined on the spot in four furnaces, which are linked up by a private railway with
the line from Caen to Laval at the station of St. Bomer. A full list is given of the concessions, 20 in number,
covering a total area of 37,480 acres in the region.
It has already been noted that the haematite of St. Rémy is the richest, containing from 52 to 53 per cent, of
metallic iron; the haematites of May and St. André occasionally attain a percentage of 51, but the average
varies between 47 and 48, and frequently ore is worked which only contains 46 per cent, of the metal. Silica,
which at St. Rémy ranges between 10 and 12 per cent., averages 14 per cent, in the other mines. The
percentage of phosphorus is everywhere much the same, from 0.6 to 0.7. The ore from none of the three
mines just mentioned, nor from that of Barbery, requires any special preparation for selling purposes. The
typical carbonate (say, that of La Ferrière) contains rather more than 40 per cent. of metallic iron, 10 per cent.
of silica, 0.67 of phosphorus, 0.32 of manganese.
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4.5 of lime and magnesia, 4.3 of alumina, and the loss on ignition is 26.6. The percentage of iron at La Ferrière
tends apparently to increase as the workings reach deeper-lying horizons, and often exceeds 51; the lime also
increases slightly with the depth. The cost-price of the haematite delivered into the railway-trucks is reckoned
by the author as 5 francs or 4s. 2d. per metric ton; that of the crude carbonate as about 2s. 9d.; and that of the
calcined carbonate as about 5s.
The ores are to a large extent shipped from Caen to Great Britain and Germany; the author devotes an entire
chapter to the consideration of the manner in which this export is effected, and points out incidentally how
the Rotterdam shipowners have contrived to monopolize the sale of iron-ore in Westphalia and have even
extended their operations to the British market. Practically the only variety of Lower Normandy ore now
utilized in the north of France is the calcined carbonate, got from concessions belonging to the Denain and
Anzin Steelworks Company.
L. L. B.

BROWN-COAL DEPOSITS OF THE HOHER WESTERWALD, GERMANY.
Die Braunkoldenlagerstätten [Braunkoldenlagerstaetten] den Hohen Westerwaldes, unter besonderer
Berücksichtigung [Beruecksichtigung] ihrer wirtschaftlichen Verhältnisse [Verhaeltnisse] . By F. Freise.
Zeitschrift für [fuer] praktische Geologie, 1908, vol. xvi., pages 225-237.
By a singular concatenation of circumstances these deposits, which, considering their extent, their quality, and
the availability near at hand of natural resources favouring mining operations, should under ordinary
conditions, have given rise to an active mineral-industry on the grand scale, have been until quite recently
worked only just enough to supply a purely local demand. The concessions were split up among small or
unenterprizing capitalists; transport-facilities were defective; and markets ready to absorb a large output were
the less easy to find, in view of the enormous recent development of the German bituminous coal-industry
and its consequent overwhelming competition with the brown-coal industry. Many of these difficulties have
now, however, been overcome, and the author foresees a brilliant future for the mining-field which he
describes.
The Hoher Westerwald is a table-land rising from a minimum level of 720 to a maximum level of 2,200 feet
above the sea, dropping rapidly towards the Heller valley on the north, and towards the Dill valley on the east,
but sloping very gradually southwards and westwards to the Rhine and the Lahn. The rocks of the district
include, besides the lignite- or brown-coal seams, clays, quartzites, sands, quartz-gravels, conglomerates, tuffs,
pumiceous rocks, and basalts. The last-named are mostly plagioclase-basalts, rarely nephelinic: they extend for
more than 18½ miles from north to south, and for about 22 miles from east to west. Two main flows are
distinguishable: the older, lying below the brown-coal group, is known as the "floor-basalt," and the younger,
coming above that group, is known as the "roof-basalt." The clays are perhaps the most considerably
developed of the sedimentary deposits, both above and below the brown-coal seams, and thin layers of them
are interbanded with these. In several localities the clays are indurated into a tough material with conchoidal
fracture; and in some few localities, where they have preserved their full plasticity, and contain but little ironoxide and coaly matter, they are of industrial value. The brown coals or lignites have a brown to a pitch-black
coloration, flaky to smooth fracture, and are rather splintery. Their percentage composition, taking the mean
of forty analyses, is as follows:—Carbon, 58 to
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70; hydrogen, 5 to 6½; oxygen and nitrogen, 11 to 20; hygroscopic water 32 to 42; ash, 2 to 6. On drying in
atmospheric air, the mineral loses from 20 to 22 per cent, of water, and flakes away easily. Its heating power,
when freed from water, ranges from 7,100 to 7,250 calories; and in this respect, therefore, it is almost
comparable with the best bituminous coals. The author made coke from it experimentally, and found that
picked samples of the best grade of the mineral yielded 55.38 per cent, of coke fairly compact and tough. The
Westerwald lignites by themselves cannot be used for the production of illuminating gas, but they form an
admirable adjunct to the ordinary gas-coal when mixed with it for gas-manufacturing purposes. Plant-remains,
including maple, oak, alder, poplar, willow elm, laurel, etc., are abundant; but the sole animal-organism found
in the brown-coal seams is represented by the scales of Leuciscus papyraceus. On the whole, these deposits
occupy a deep basin hollowed out in the Devonian rocks, striking north-east and south-west, and measuring in
its greatest breadth (from Marienberg to Mengerskirchen) about 11 miles. The comparatively steep dip of the
underlying basalt-conglomerates leads irresistibly to the inference that the filling-up of this basin was
accomplished at repeated intervals; the successive layers of deposition are seen to become gradually flatter,
until at the horizon of the brown-coal seams they are all but horizontal. The conglomerates lessen in
coarseness upwards, until just below the seams they pass into hard sandy clays among which are sparsely
scattered occasional fragments of basalt. The strata of the brown-coal group, partly as a result of the basaltoutpourings (which continued, as we have seen, after the deposition of the lignitic seams), and partly as a
result of the disappearence of the clays and the continuous sagging of the basin, are broken up by enormous
fissures into " fault-blocks" of varying mass. Most of the underground workings that have been systematically
explored show from three to six seams, ranging in thickness from something over a couple of inches to 13 feet

or so. Generally two seams alone, and those the lowest in the series, can be regarded as workable. The
Wilhelm mine at Bach is unique in having proved three workable seams.
The mining field comprises 130 concessions, covering an area of 90 square miles: out of this, only about 2
square miles have been opened up and in part worked; but, on the other hand, the concessions as a matter of
fact include a vast amount of barren ground. A more or less detailed description is given of about a dozen
mines (concessions covering 7 square miles): on these concessions in 1906 and 1907 boring operations,
directed to the discovery of fresh stores of lignite, were systematically carried out down to a maximum depth
of 500 feet below the surface, and at two localities a workable coal-supply was struck at two different
horizons.
As long ago as 1585 the first shaft for brown-coal was sunk in the Westerwald, and the author traces briefly
the vicissitudes of the industry through the following two centuries. Coming to our own day, he remarks that
mining operations worthy of mention are confined to the Alexandria mine at Höhn [Hoehn], the Government
mine Oranien, on the Black Nister river, and two mines in the Dill district. The total number of workpeople
employed thereon in 1906 was 249, and the output for that year was 33,369 metric tons valued at £14,208.
The statistics of output from 1891 to 1906, both years inclusive, show but small variations, and any distinct
tendency to increase is only observable from 1903 onwards. After a rather dismal survey of the labourconditions of the Westerwald, in regard both to quality and to quantity, the author proceeds to a careful
estimate of the
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probable amount of brown-coal actually available in that area: he himself says that, in the absence of detailed
and systematic exploration-work, his figure of 982,041,720 cubic feet (or 20,237,970 tons, according to the
weight stated for a cubic metre of the mineral at an earlier stage of the paper), must be accepted with due
reserve.
L. L. B.
POSSIBLE NEW COAL-FIELDS IN THE ERZGEBIRGE REGION, GERMANY.
Über [Ueber] die Möglichkeit [Moeglichkeit] der Aufschliessung neuer Steinkohlenfelder im erzgebirgischen
Becken. By C. Gäbert [Gaebert]. Zeitschrift für [fuer] praktische Geologie, 1908, vol. xvi., pages 114-119, with a
map in the text.
Coal-mining in this region is principally centred in the Zwickau-Bockwa-Oberhohndorf district and in the LugauWürschnitz [Wuerschnitz] -Œlsnitz district; in the former, the coal-seams are now all but worked out, and in
the latter the amount of coal in sight is diminishing at so fast a rate that the kingdom of Saxony will cease to
occupy a place in the list of coal-producing countries, unless fresh coal-fields are meanwhile opened up. For
several years strenuous endeavours in this direction have been made, but have met so far with almost
negative results. Details are now published, for the first time, of three deep borings put down during the years
1899-1905, in the neighbourhood of Oberzschocken, in the presumed south-western extension of the
Würschnitz [Wuerschnitz] coal-field. The deepest, going down to 3,575 feet below the surface, passed
through 370 feet of Coal-measures with five thin seams (ranging from 2½ to 34 inches in thickness); the
second, terminating in the fundamental rocks at the depth of 2,395 feet, passed through 210 feet of
completely barren Coal-measures; and the third, terminating similarly in the fundamental rocks at the depth of
2,318 feet, passed through 103 feet of Coal-measures yielding mere traces of coal. These results were the
more disappointing that the second and third borings are respectively distant but two-thirds of a mile, and
barely one mile from the Œlsnitz-Vereinsglück [Vereinsglueck] collieries, where a seam from 10 to 16 feet in
thickness is being worked; and the opinion has been expressed that these borings must have pitched precisely
on faults or nip-outs, passing (very likely) quite close to workable coal-seams. With regard to the first boring,
situated 1¼ miles south-west of the now abandoned Frischglück [Frischglueck] shaft, favourable results were
perhaps hardly to be expected, as in that shaft, out of a total depth of 2,752 feet, only 295 feet can be
assigned to the Coal-measures, with four seams ranging in thickness from 4½ to 40 inches. Thus, at two points
at great depths within an extensive coal-basin, we find that seams which are of considerable thickness towards

the southern and eastern margins, wedge out towards the centre of the basin, in which direction they show a
constant but low dip. The advisability seems indicated of further boring operations, in the Niederzschocken
flats, southwest of the above-mentioned second and third borings, and not too far from the rim of the coalbasin.
In the summer of 1907 a boring was put down in the Neukirchen plain, north-east of Lugau, striking the Coalmeasures at the depth of 1,027 feet, and passing out of them into the Cambrian slates 174 feet lower down
(that is, at 1,201 feet). A seam of very pure coal about 20 inches thick was found in this boring, as well as
venules of coal at various horizons. The stratigraphical details of this boring, when coupled with the results,
only recently rediscovered, of a boring put down north-east of
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Leukersdorf as long ago as 1863, indicate that it is in the Leukersdorf-Neukirchen area that those who are
looking for an extension of the Lugau coal-field should pursue their investigations.
L. L. B.

THE GOVERNMENT COLLIERIES IN THE SAARE DISTRICT, GERMANY.
Der Steinkohlenbergbau des preussischen Staates im Saare-Reviere: Reisebericht. By Friedeich Okorn. Berg- und
Hüttenmännisches [Huettenmaennisches] Jahrbuch der K. k. mmitanistischen Hochschulen zu Leoben und
Přibram, 1907, vol. lv., pages 1-80, with 3 figures in the text and 1 map.
The Saarbrücken [Saarbruecken] coal-basin fills up a depression which started somewhere about the end of
the Lower Carboniferous Epoch, probably along an ancient line of disturbance, and, gradually sagging until
about the end of Lower Rothliegende time, provided an area wherein the terrestrial and freshwater
formations constituting the productive Coal-measures could be laid down. The general strike of these
measures (which form a monoclinal fold) is from north-east to south-west, the dip is north-westerly,
diminishing quickly westwards from 40° at the south-eastern margin to 5°. The occurrence of coal-seams has
been proved over a distance of 56 miles, from the Potzberg in the Bavarian Palatinate, through St. Avoid,
Falkenberg, Bolchen, and Busendorf in Lorraine, and thence across the frontier into French territory. The
breadth of the basin varies between 18 and 25 miles in the north-east, and attains 43½ miles in the southwest. On the southeast Archaean gneisses and granites appear to underlie the coal-basin, while on the northwest the Lower Devonian conglomerates, mottled slates, micaceous and quartzose sandstones and clay-slates,
form the marginal rocks. At no point have the strata which immediately underlie the Coal-measures been
exposed. The succession of the Saarbrucken Coal-measures, averaging a total thickness of 14,750 feet, is, in
descending order, as follows: —
Upper Division, poor in coal-seams.
Upper Ottweiler Beds.—Grey, seldom red, shales, sandstones and conglomerates. Breitenbach or
Hausbrand coal-seam.
Middle Ottweiler Beds.—Red and grey sandstones and shales, also conglomerates and subordinate
limestones.
Hirtel seams.
Lower Ottweiler Beds (Leaia-beds).—Greenish-grey and red shales and sandstones.
Lummerschied seams.

Wohlschied and

Upper Saarbrücken [Saarbruecken] Beds.—Generally red, occasionally grey shales and sandstones. At the
base is the Holzer conglomerate.
Lower Division, rich in coal-seams.

Middle Saarbrücken [Saarbruecken] Beds.—Dark-grey shales, grey to pale-grey sandstones and
conglomerates. Claystone-bands. Upper and lower long-flame coal-groups.
Lower Saarbrücken [Saarbruecken] Beds.—{St. Ingbert Beds in part). Grey shales, sandstones, and
conglomerates. "Basement coal- belt," or bituminous coal-group.
The seams usually consist of several bands of coal separated by barren partings, which rarely contain a
thickness of pure coal exceeding 3¼ feet, and according to the fluctuating thickness of the partings are worked
either as one seam or considered and worked as distinct seams. Among the thickest seams are the Huyssen
seam of the Kohlwald colliery (16.3 feet, including 4 feet of partings); the Landsweiler seam of the Reden
colliery (16.14 feet,
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including 4½ feet of partings); and the Henry seam of the Klein Rosseln colliery (26¼ to 29½ feet, split up into
twelve or sixteen bands, the thickness of pure coal ranging from 19½ to 2½ feet). The immediate roof of the
seams is brandschiefer (bituminous slate), and the immediate floor always ordinary shale. The partings are
usually brandschiefer shales, occasionally clay, ironstone or clay-stone; thick partings pass into sandstone. The
uppermost of the seams hitherto worked in the Saare district is the Grenzkohlen (or Breitenbach or
Hausbrand) seam, which has been traced from Dirmingen (in the northeastern part of the field) through
Mainzweiler to Breitenbach and Steinbach in the Palatinate, over a length of 18½ miles or more. The Hirtel
seams, lying 1,300 feet deeper down, and proved over an extent of 10 miles from Labach to Illingen, consisting
of an assemblage of narrow bands of impure coal (averaging a total thickness of 1¼ to 3 feet) have not (so far)
repaid working. Some 1,300 feet below these comes the Schwalbach-Lummerschied seam, and 500 feet below
this again the Wahlschied seam, which are the highest seams worked in the Prussian State collieries. Of far
greater importance are the seams of the upper and lower long-flame coal-groups, the lie and composition of
which have been proved along the strike for a distance of 30 miles within Prussian territory, and over a
breadth of nearly 2 miles. The upper group at its maximum (Reden colliery) includes fifteen to twenty
workable seams with a total thickness of 78¾ feet of coal; the lower group includes only two or three workable
seams, with a total thickness of 11½ to 14¾ feet of coal. The measures intervening between the long-flame
and the bituminous coal-groups contain a few seams, most of which are less than 12 inches thick;
nevertheless, they are worked at some collieries, and are likely to be more extensively worked as the thicker
seams approach the limit of exhaustion. The bituminous coal-group, including well over a hundred seams with
a total thickness of 115 to 135 feet of coal, suitable some for coking, some for gas-manufacture, and some for
boiler-firing purposes, is perhaps the most important division of the entire series. Below this comes the
Rotheller group, worked only at the Bavarian Government colliery of St. Ingbert; it contains about 65½ feet of
pure coal, distributed among 70 or 80 seams, few of which attain a thickness of 2¼ feet, the majority being less
than 12 inches thick. The Coal-measures are much disturbed by faulting, the most considerable fault being that
known as the Main Southern Fault, which indeed constitutes the southern boundary of the coalfield. The
amount of coal in sight in the 265,000 acres reserved by the Prussian Government is estimated (down to a
depth of 3,000 feet) at 3,660,362,000 metric tons; that in sight in concessions appertaining to Bavaria and
Lorraine (both governmental and nongovernmental) is estimated to amount to 156,880,000 tons. But no
estimate can be formed in regard to the newly-discovered enormous extension of the coalfield in Lorraine. The
duration of the coal-supply in the area reserved by the Prussian State is reckoned to extend to five hundred
years from now. There are twenty-four collieries at work, most of which are independent one of the other in
regard to haulage, ventilation, and pumping. The districts assigned to each colliery have generally natural
boundaries, in the shape of faults. The depth of the workings increases on the whole from south to north, in
accordance with the dip of the measures; the deepest Government shaft at present is that of the Louisenthal
colliery (2,240 feet). The total heights of the workings, from bottom-level to top, are conditioned by the same
circumstances as those which determine the area to be worked, that is, largely by the lie and number of the
seams, the total height being generally greater in the long-flame coal-group than in the richer bituminous coalgroup. Three-
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quarters of the material necessary for packing is got on the spot, and a very small amount is sent down from
bank or " washed in " (einspülung [einspuelung] method). The recently extended use of packing has greatly
contributed to the diminution of accidents by falls of stone or coal in the Saare basin. The "washed-in" packing
consists of broken-up clinkers, waste from the heapstead, and sand. About 75 fans of various types (22 Guibal,
22 Pelzer, 12 Kley, 6 Capell, etc.) are in use for ventilating the pits, the first-named being perhaps the oldest,
while the very newest fans set up are four of the Pelzer type and three of the Rateau. The evolution of firedamp in the Saare collieries appears to follow a regular course, and is more marked in the bituminous coalgroups than in the long-flame; it also increases with the depth from the surface. There is a dangerous amount
of dust in the deeper collieries, especially in the Eischbach valley. Wolf benzine-lamps, with generally a single
gauze, possess a practical monopoly in this coal-field; recently, the cylinders have been made of a specially
hard glass by a Jena firm, and although this increases the cost of the lamp by 40 per cent., its life is prolonged
by 83 per cent. Friction-igniters have come recently into extended use, and the lamps are locked magnetically,
or are provided with the "twin-bolt" or " twin-rivet " lock. Pit-fires are now of rare occurrence. All collieryofficials and a suitable number of pitmen are trained in the use of rescue-apparatus, about seven permanent
rescue-companies to the number of 200 men being organized. In 1905, the rescue-appliances available
included 41 of the Draeger type, 28 of the Giersberg, 29 Walcher-Gärtner [Gaertner], 12 Neupert
pneumatophores, 36 anti-smoke masks of various types, and 170 electric accumulator-lamps, also of various
types.
A detailed description is given of the methods of haulage, pumping (the inflow of water in the Saare collieries
is comparatively unimportant), steam-raising, air-compressing, etc. All the coal that is brought to bank, or
nearly all of it, has to undergo mechanical sorting and washing before it is marketable: these processes are
described at great length. About 20 per cent, of the output is converted into coke, the amount got from the
undried coal (reckoned at 100) being 53 or 57, as compared with 65 or 70 per cent, in the case of the
Westphalian bituminous coal. The coke as sold yields about 12 per cent. of ash. The various processes of
coking, with and without bye-products, and the various types of oven in use are described. The total number
of persons employed, above and below ground, averages 47,000; the daily hours of work from bank to bank do
not, for the pitmen, exceed 8½ hours ; and for persons employed at points where the average temperature
exceeds 72° Fahr. the working day is limited to 6 hours. Wages, provident associations, teaching institutions,
the conditions of housing, recreation, etc., are each briefly dealt with, and the memoir forms on the whole an
excellent survey of the present-day conditions of one of the most important coal-fields in the German Empire.
L.L.B.
IRON-ORE DEPOSITS OF WÜRTTEMBERG [WUERTTEMBERG] , GERMANY.
Die Eisenerzlagerstätten [Eisenerzlagerstaetten] Württembergs [Wuerttembergs] und ihre
Volkswirtschaftliche Bedeutung. By Robert Fluhr. Zeitschrift für [fuer] praktische Geologie, 1908, vol. xvi.,
pages 1-23, with 11 figures in the text.
The author describes in the first place the haematites of Neuenbürg [Neuenbuerg] , Freudenstadt,
Waldrennach, and Dennach. These belong to a system of thirty-eight lodes, with a gangue of heavy-spar
bearing red and brown haematite, which occur in the Bunter Sandstones of Western Württemberg
[Wuerttemberg ], over an area of some 16½ square miles. The brown haematite is the most abundant ore,
with an average of 50 per cent. of metallic iron. Its structure is in some places fibrous, in others compact, and
the compact variety contains more than 1 per cent. of manganese.
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A lengthy description is then given of the pisolitic clay-ironstones which occur among the Lower Jurassic yellow
sandstones around Aalen and Geislingen, in the Kocher and Fils valleys respectively. In the first-mentioned

district about ten bands of ironstone have been proved, their combined thickness amounting to 15½ feet;
while in the Fils valley this amount apparently shrinks to, at most, 9 feet, though mining operations are at all
events facilitated by the concentration of the ore into a single band instead of its being distributed among ten
bands. The above-mentioned sandstones form the conspicuous capping of the Opalinus-clays, and are said, in
their present condition, to be the outcome of a process of leaching by surface-waters: in this process, all the
lime-constituents have disappeared, and so a lime-flux has to be supplied when the ores are being smelted—a
not inconsiderable item of expenditure. The pisolitic ironstone consists of small rounded granules of
extraordinarily equal size (not unlike very small shot) with a clay-cement; the best grade of ore is of a dark
chestnut-brown, while the lower grades have a lighter tinge, drawing more towards copper-red. The specific
gravity of the undried mineral is 2.68. Irregularly-shaped quartz-granules are intermingled with the pisolitic
ore, occasionally in such numbers as to destroy the industrial value of those portions of the ore-body.
Fissures in the ore-body, infilled or coated with calcite, or, as the case may be, with calc-sinter, are of frequent
occurrence; and the miners find these fissures helpful in working out the masses of ore.
On the southern flank of the Swabian Alb, the Jurassic rocks are mantled over by widespread Tertiary deposits;
in pockets and pipes which go down into the Jurassic rocks, pisolitic ores of Tertiary age were at one time
actively worked. It may be gathered that, on the whole, iron-ore mining has reached a very low ebb in the
kingdom of Württemberg [Wuerttemberg] , since the figures tabulated by the author put the total production
for the year 1906 at 7,872 tons, the number of workpeople employed being only 41. As to the amount of ore
still in sight, he states that accurate estimates can only be formed in regard to the Wasseralfingen-Aalen
district (4,943,400,000 cubic feet estimated). Although deep-level mining would seem hopeless in the case of
ores which nearer the outcrop have come to be considered as barely workable, it is pointed out that deeper
down their mineralogical composition is likely to be more advantageous, inasmuch as the lime will not have
been leached out of them; and, if ever there be a shortage in the world's supplies of iron-ore, many will be
glad to have recourse to the great natural storehouse of that ore which lies beneath the surface in
Württemberg [Wuerttemberg].
Borings for coal in that region have been unsuccessful, and great improvements in the navigable rivers and
canals are necessary in order to permit of the easy transport of coal in bulk with (conceivably in the future)
return cargoes of iron. In 1907 there was but one ironworks producing pig-iron left in activity in the kingdom of
Württemberg [Wuerttemberg], employing 25 workpeople; on the other hand there are several important
works turning out machinery, etc., which have their own foundries attached to them.
L. L. B.
AGE OF THE SIEGERLAND IRON-ORES, GERMANY.
Beitrag zur Kenntniss vom Alter der Siegerländer [Siegerlaender] Erzgänge [Erzgaenge]. By H. Lotz.
Zeitschrift für [fuer] praktische Geologie, 1907, vol. xv., pages 251-253, with 1 figure in the text.
The Glaskopf mine at Briersdorf was opened up in two systems of highly-disturbed, thrust, and fissured lodes,
the general effect of such disturbances being to intensify the economic disadvantages that attended mining
operations
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and finally to cause the abandonment thereof. The infilling of the lodes is typical for the Siegerland district:
spathose iron-ore is accompanied by chalcopyrite (either in isolated crystals or intergrown in thick masses with
the iron-ore); ordinary pyrite is of less frequent occurrence. Diabase, varying in colour from very dark-green to
a dirty yellow, was first struck at the 574-foot level, and later on at various lower levels; it evidently forms a
dyke, some 16½ to 33 feet broad, dipping 60 degrees westwards. It cuts the Vorsichter lode at an acute angle,
and the effect of its intrusion is to metamorphose by contact the spathic iron-ore into magnetite over a certain
distance to the north. This magnetite has yielded 54 per cent, of metallic iron, as compared with the 46 to 48
per cent, yielded by the ordinary spathic ore of the mine (when roasted). The contact-metamorphism is said to
extend laterally for 23 to 26 feet. On the south, after getting through the diabase, the miners found the lode
very full of quartz and practically unworkable.

The Siegerland metalliferous lodes are in part, if not all, of ancient origin, dating back at least to Devonian
times. It may be noted that the earliest diabases known in the Rhenish slate-area are of Upper Devonian age,
and here there is proof that the diabases have invaded and altered pre-existing lodes. It seems clear that the
Siegerland lodes were originally mineralized with iron-ore, and that silicification and pyritization (with
chalcopyrite and ordinary pyrite) are phenomena of later date, possibly contemporaneous with, or subsequent
to, the diabasic intrusions. Some of the disturbances to which the metalliferous lodes have been subjected
must be assigned to the great orographic plication which took place during the Carboniferous Period.
L. L. B.
IRON- AND MANGANESE-ORE DEPOSITS OF OBERROSBACH, GERMANY.
Über [Ueber] die Genesis der Eisen- mid Manganerzvorkommen bei Oberrosbach im Taunus. By — Bodifée.
Zeitschrift fur [fuer] praktische Geologie, 1907, vol. xv., page 309-316, with 6 figures in the text.
Among the iron- and manganese ore-deposits which have of late years attracted increasing attention in the
Grand Duchy of Hesse, next to the famous occurrence of the Lindener Mark at Giessen, that of Oberrosbach
ranks perhaps in geological interest and industrial importance below the southeastern flank of the Taunus,
past which locality the railway from Friedberg to Homburg vor-der-Höhe [vor-der-Hoehe] runs. Here are two
deposits, barely a mile apart, one of which lying north of the village the author designates the "old deposit,"
and the other, south-west of the village, the "new." Both lie immediately at the base of the Taunus. The core
of this range consists of the Lower Devonian, so-called "Taunus Quartzite," overlain near the margin by clayslates of variable thickness, which are in turn succeeded conformably by the Stringocephalus-limestone. This
limestone, several hundred yards thick, has a general dip of 40 degrees, and a north-to-south strike. These
Devonian rocks have undergone much folding, followed by faulting.
The "old " deposit has at present no economic importance, as the workings have been abandoned for several
years. It lies directly upon the Stringocephalus-limestone, which is vertical at that point; and it has a width of
1,300 to 1,650 feet (corresponding to that of the limestone), an easterly dip of about 5 degrees, and a northand-south strike, parallel with that of the limestone. Its workable height averaged 50 to 65 feet, and in process
of working it was noticed that the limestone at the foot-wall was invariably in the condition of dolomite and
presented an extremely undulating surface. The iron-
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and manganese-ores were chiefly concentrated in the hollows and "pockets" of this surface, and therefore the
ore-body would be more correctly described as a series of " nests " than as a bedded deposit.
The " new" deposit has been worked for the last 4 years; it strikes north and south, and has an easterly
dip averaging 45 degrees. A number of shafts have been sunk, to a maximum depth of 300 feet, and have
shown that the ore-body varies in thickness between 50 and 100 feet. It has all the characteristics of a truly
bedded deposit. The dolomitized limestone, the invariable carrier of the ore in the " old " and in all the other
Hessian deposits, has not been struck in these shafts at any point, despite the most sedulous investigation:
either it lies at a far greater depth, or it has swerved considerably south-eastwards—the latter supposition
seems to be confirmed by certain trial-borings put down within the last few years. The limestone has indeed
been encountered therein at a depth of 220 feet, and (precisely as in the case of the " old " deposit) proves to
be overlain by a band of crumbly ore of variable thickness; while it gives evidence of dolomitization for some
13 to 16 feet, as compared with 65 to 90 feet in the neighbourhood of the " old" deposit. The " new " deposit
is underlain by slates, which at the immediate footwall are much weathered and argillaceous, with a
coloration ranging from pale pink to white. The junction between the barren clay and the ore-body,
although of extreme irregularity, is always clearly discernible. In contradistinction to the "old " deposit, the
main mass of the ore is fairly tough and highly manganiferous, while the crumbly ores play a secondary part
and occur only at the very uppermost portions near the hanging-wall. The immediate hanging-wall consists
of pink clays, 33 to 50 feet thick, very different in character from the footwall clay, but similar in every respect

to the clays which occur at the hanging-wall of the "old" deposit: the junction between them and the orebody, although extremely irregular, the barren portions projecting like tongues into the ore, is well marked.
Fragments of ore are occasionally found dispersed in the clays, and frequently quartz-gravel more or less
conglomerated. These hanging-wall clays are overlain by sands of various colours and degrees of purity, and
these again by drifts.
The conflicting views advanced by those eminent geologists who have investigated these deposits are
summarized, and the author then sets forth his own opinion (1) in regard to the " old" deposit, that it arises
both from processes of metasomatosis and concentrative sedimentation; (2) in regard to the " new " deposit,
that highly carbonated and metalliferous waters reached the surface, and then, partly owing to the action of
atmospheric oxygen, and partly owing to the evaporation of carbon-dioxide, the carbonates of iron and
manganese were simultaneously oxidized and precipitated. It is noticeable in the "new" deposit that the ironores are sharply marked off from those of manganese, owing doubtless to the divergence in capacity of the
two metals for oxidation. The waters from which the ores were precipitated evidently came from below.
L. L. B.
LOWER CARBONIFEROUS ON THE EASTERN BORDER OF THE UPPER SILESIAN COALFIELD.
Über [Ueber] neuere Aufschlüsse [Aufschluesse] untercarbonischer Schichten am Ostrande des oberschlesischen
Steinhoklenbeckens. By R. Michael. Jahrbuch der Königlich Preussischen Geologischen Landesanstalt zu
Berlin, 1907, vol. xxviii., pages 183-201, with 4 figures in the text.
Across the frontier in Austrian Poland recently-made deep borings have proved the productive Coal-measures
south of the Vistula at Brescze and
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Stare-Stawy, south of Oswiecim, at Polanka Wielka, south-east of the last-mentioned town, and north of the
Vistula at Libiaz. At Przeciszow, east of Oswiecim, the Coal-measures were struck at the depth of 1,327 feet
from the surface, and continued down to the depth of 1,686 feet, a coal-seam about 2 feet thick being proved
at the depth of 1,673 feet. North-east of Przeciszow, in the commune of Olszyny, on the northern bank of the
Vistula, a deep boring is said to have proved various coal-seams at depths ranging from 660 to 1,312 feet, a
seam exceeding 13 feet in thickness having been struck at the latter depth.
While the Galician Coal-measures as a whole may be correlated with the Upper Silesian synclinal group (none
of the borings so far published having recorded the anticlinal seams in Galicia), the productive Coal-measures
of Tenczynek must be assigned to the basement series of Upper Silesia, and in the neighbourhood of
Krzeszowice a little farther east, the Carboniferous Limestone already makes its appearance. Nay, more, it is
probable that the Tenczynek beds are even older than the Upper Silesian basement-measures from which they
differ in lithological character; plant-remains are extraordinarily scarce, but animal-remains are somewhat
more abundant. The reported occurrence of Posidonia Becheri does not affect the question, and the author
states that compressed Anthracosiæ from the Tenczynek Coal-measure shales have been shown to him as
specimens of Posidonia Becheri. He takes occasion to refute once again Prof. P. Frech's hypothesis of the
upward range of Posidonia Becheri into the productive Coal-measures of Upper Silesia, pointing out that
the small forms which are all the evidence that Prof. Frech produces cannot with any reasonable certainty
be assigned to Posidonia Becheri at all. The Tenczynek measures yield, besides coal comparable with the
Silesian black coal, a tough, feebly lustrous, dark-brown cannel-coal which has a conchoidal fracture, contains a
high percentage of gas, and is very easily inflammable. Of the two exploration-levels driven at Tenczynek, the
older and westernmost has proved nine coal-seams, ranging in thickness from 15 inches to over 4 feet. In the
great Christina level 590 feet of Jurassic strata were passed through before reaching the Coal-measures, and,
after passing through barren sandstones and shales with an anticline of Carboniferous Limestone, the
productive measures were only reached when the adit had been driven for a length of 1,640 yards. The
following four seams were proved: Andreas, 3¼ to 5¼ feet thick; Christina I., 32 inches; Christina II., 30 inches;
and Adam, 4¼ feet thick. The seams here strike south-eastwards, but the productive Coal-measures which

crop out in the neighbourhood of Zalas, south of Tenczynek, strike almost due north and south and dip
westwards. Three borings were put down between these two localities, with the view of determining the
sequence and lie of the strata; the discovery in them of undoubtedly Lower Carboniferous rocks makes it
doubtful whether a general north-and-south strike of the Upper Carboniferous along the eastern margin of the
Upper Silesian basin extends as far as the Vistula. Moreover, the anthracitic seams proved in Zalas No. 3
boring are of greater age than the Tenczynek seams, and are more nearly comparable with the seams proved
in deep borings in Russian Poland, in the district to the east of Tarnowitz. The results of the borings tend also
to limit the extent of the productive measures of Tenczynek to the tectonic depression or graben of Jaworzno
and Trzebinia, and to indicate that the eastern boundary of the Silesian Coal-measures does not extend so far
towards Cracow as was at one time believed.
L. L. B.
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ARSENICAL ORE-DEPOSITS OF REICHENSTEIN, SILESIA.
Über [Ueber] die Arsenerzlagerstätten [Arsenerzlagerstaetten] von Reichenstein. By O. Wienecke. Zeitschrift
für [fuer] praktische Geologie, 1907, vol. xv., pages 273-285.
The mineral-industry in this district, hard by the Austrian frontier, dates, according to documentary evidence,
at least as far back as the year 1270, and appears to have reached its culminating point somewhere about the
middle of the sixteenth century, more especially under the hegemony of the Fuggers. About the beginning of
the eighteenth century, gold-mining, which here had fallen from its former high estate, gave way to arsenical
ore-mining; but in 1895, improvements in the chlorination-process allowed once more of profitable extraction
of the gold, and since that year the ores have been actively mined both for that metal and for arsenic.
Perhaps the most conspicuous rock of the district is the mica-schist, forming the north-eastern margin of a belt
about 1¼ miles in breadth, and consisting mainly of quartz and dark-brown mica. When felspar is added to
these constituents, the mica-schist passes into a variety of gneiss. It alone in the neighbourhood of
Reichenstein appears to include the bands of dolomitic limestone and the arsenical ore-bodies which are
intimately associated therewith. The limestones, of extremely variable thickness and composition, coincide
generally in dip and in strike with the enclosing mica-schists. In places, the mica-schists are traversed by
granitic dykes, frequently rich in tourmaline, and contain in the vicinity of these dykes red garnets and
graphitic inclusions. Although the arsenical deposits extend to the foot of the Jauersberg within the contactaureole of the granite, direct relationship between them and the granite cannot be postulated.
Westward of the mica-schists, hornblendites and syenites alternate with gneisses; despite their extreme
variability from the petrographic point of view, they are manifestly derived all from the same source and are
most probably of eruptive origin. No arsenical ores have been found among these rocks so far.
The deposit worked by the only mine at present in activity, the Reicher Trost (or "Rich Consolation ") mine, is
unsurpassed in productiveness and in magnitude by any of the known ore-deposits of the district. Oftrepeated attempts to re-open the ancient workings on other of these ore-bodies have so far met with failure,
and yet along the Landeck high road a line of old heap-steads is observed on each side, for a distance of threequaiters of a mile above the Reicher Trost mine. The ore-body worked here follows on the whole conformably
the bedding of the mica-schists, which strike from west-north-west to east-south-east. It would appear to pitch
south-westwards at an angle of 30 to 40 degrees; between the first and the fourth deep level the extent of the
deposit is about 460 feet; and from the fourth level there is a gradual pinching-out of the eastern portion of
the deposit, until at the ninth level the ore-body can only be followed along the strike for a distance of 140
feet or so. It is possible that, in the roof of the ninth level, a fault throws a portion of the deposit down. The
thickness of the deposit is extremely variable; about its middle portion, between the fifth and the seventh
levels, it reaches a maximum of 100 feet. The deposit, as now seen, has been much changed from its original
condition by tectonic phenomena.

At the contact with the ore-lenticle the mica-schist passes into a greyish-green, slightly arseniferous, extremely
tough rock in which quartz predominates. The dolomitic limestone immediately associated with the ore-body
is of granular texture and a pale-blue colour, occasionally exhibiting dark parallel stripes. It increases in
thickness concurrently with the depth, and
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at the sixth level measures about 65 feet. Other rocks associated with the deposit are described, such as the
Kammgebirge, a greyish-green, finely fibrous or compact rock intimately " intergrown " with a pure diopsiderock; and the serpentine, predominant in depth, but also proved at higher levels: now, these are the real
carriers of the arsenical ores, which, however, vary in character according to the rock that carries them. In the
Kammgebirge the arsenical ores occur in finely acicular crystals, intimately intergrown with the associated
contact-minerals, seldom forming vein-like stringers. In the serpentine they occur in amorphous masses,
associated with more or less finely divided magnetite. The best qualities of these ferro-sulphidic ores,
appropriate for immediate smelting, contain about 50 per cent, of pure arsenical ore: they form nests, which
along their periphery pass into poorer ores. No general rules can be laid down as to the distribution of the rich
ore, either according to strike or according to dip. For the Kammgebirge ores the chemical formula suggested
is either Fe2 As3 (leucopyrite) or Fe5 As8; for the serpentine-ores, the formula found by Dr. C. Güttler [Guettler]
is Fe As2 (löllingite [loellingite] ). In contrast with these the true arsenical pyrites, associated with the deposits,
is of secondary importance and of no industrial consequence. Analytical investigation shows the leucopyrites
of the Reicher Trost mine to contain 28.6 parts per million of gold, the löllingites [loellingites] 23.7 parts per
million, and arsenical pyrites (from the fourth level) 34.8 parts per million; but the last-named from the
Fürstenstollen [Fuerstenstollen] (Prince's Adit) only contained 5.2 parts per million. Certain details of the
chlorination-process of extraction here are kept secret. Since 1895, on an average about 90 pounds of gold
(995 fine) have been extracted from the smelter-residues of the arsenical ores.
A description of the other, apparently now unworked, arsenical ore deposits of the district is followed by a
detailed consideration of the various hypotheses advanced as to the genesis of the ores. Premising that they
have not been found outside the contact-aureole of the Jauersberg granite, the author defines these oredeposits as typical contact-deposits. It may be noted that the characteristic greenish-grey diopside-rocks, the
frequent associates of contact-metamorphosed limestones, are a striking testimony to the probability of this
hypothesis. Certain mineral-occurrences are also cited as additional witnesses. Moreover, the arsenical ores
belong precisely to that group of metalliferous ores which almost invariably occurs in contact-deposits in the
neighbourhood of a granitic intrusion.
The author sketches the formation of the Reichenstein ores as follows: — A deep-seated granitic massif sent
out apatitic and pegmatitic apophyses into the surrounding mica-schists. The granitic " mother-liquors "
whence emanated metal-laden gases and vapours especially rich in arsenic, bursting forth with enormous
pressure at the time of the granitic intrusion, made their way up through fissures in the dolomitic limestone,
altering partly the limestone into diopside and precipitating their metallic particles, a precipitation accelerated
by the chemical reactions due to the limestone itself and to certain "mineralizers." (Genesis of the
leucopyrites.)
At a later period, when the magma had given off some of its heat to the neighbouring rock-masses, thermal
springs welled up through the old fissures, acting both on such of the dolomitic limestone as had so far
escaped contact-metamorphism, and on the diopside-rock (in part), altering the magnesian calcium
carbonates into serpentine, and liberating a certain amount of carbonate of lime. These thermal waters, at the
same time, precipitated the metallic particles which they held in solution. (Genesis of the löllingites
[loellingites] , magnetic and ordinary pyrites, and magnetite.)
L. L. B.
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AURIFEROUS DEPOSITS OF BRUSSON, PIEDMONT.
Osservazioni mineralogiche sui Giacimenti auriferi di Brusson (Valle di Aosta). By Luigi Colomba. Atti della Reale
Accademia delle Scienze di Torino, 1907, vol. xlii., pages 904-922, and 1 plate.
Within recent years exploration-work has been directed to certain lodes of gold-bearing quartz at the localities
of Arbaz and Fenillaz, in the valley of the Evançon in the vicinity of Brusson. Although operations have now
been abandoned at Arbaz, they are being actively continued at Fenillaz. The author visited the locality in the
summer of 1906, with the view of studying the origin of the auriferous deposits, and he now presents the firstfruits of his researches in the form of a mineralogical investigation of the gold and the quartz.
The gold is disseminated in the quartz which forms the infilling of the lodes; and, as may be commonly noted
in primary auriferous deposits, it is more abundant high up than low down. In the lower portions of the lodes it
is intimately associated with pyrite, and also (though very rarely) with galena and tetrahedrite; in the upper
portions of the lodes the gold is in the free state, despite the presence of the other minerals already
mentioned, and especially of the pyrite. Where the gold is associated with pyrite it occurs in the midst of that
mineral in small dendrites and blobs, which are easily set free as the pyrite decomposes.
The form which the free gold in the upper portions of the lodes assumes depends apparently on the particular
habit of the quartz. Thus, where the quartz is compact, the gold is disseminated within its mass in small
spangles and "nests." Where, as is the case near the outcrop, the quartz tends to assume a macrocrystalline
structure, at some points forming an inextricable tangle of crystals, the gold seems to coat them with a thin
film and to interpose itself among them like a cementing-material. In a few cases, calcspar takes the place of
quartz in the lodes, and the gold cuts across it in various directions in plates which have a distinctly crystalline
structure. At the points of enrichment where there are small cavities in the quartz, the gold generally occurs
therein in dendrites, or in crystalline filaments from the extremities of which depend well-defined, lustrous,
miniature crystals.
A detailed crystallographic description is given of the dendrites and crystals of the precious metal, noting by
the way that some of the latter are curiously distorted. The remainder of the paper consists of a highly
elaborate investigation of the quartz-crystals.
L. L. B.
GEOLOGY OF THE GROZNY OIL-FIELD, RUSSIA.
Das Naphtagebiet von Groznyj. By K. Kalitzky. Mémoires du Comité géologique de Russie, new series, 1906, No.
24, pages 1-40, and 6 plates.
West-north-westwards from the town of Grozny in the Terek basin extends for some 14 or 15 miles a range of
hills, the maximum elevation of which does not exceed 660 feet. This range is regarded by many Russian
authors as a spur of the Sunzha massif; but Dr. Kalitzky points out that it is orographically isolated, being
formed by an independent anticlinal fold. The crest of the anticline does not, however, coincide with the
summit-line of the range, but is shifted towards the northern flank. Moreover, the crest of the anticline is
contorted in the direction of the strike, with the result that the oldest beds crop out in the central portion of
the range, but dip away thence qua-quaversally—the dip being steep to the northward and southward,
gradual to the eastward and westward. The oil-belt is associated with the domal
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region of the anticline, extending somewhat over into the southern limb. Prospectors now carefully avoid the
northern limb with its steeply-dipping beds (40 to 90 degrees), even where the dip shows signs of diminution,
as all the borings put down on the northern limb have yielded unfavourable results. Thanks to the boring
operations which have been going on since 1893 the details of about 500 sections are available—unhappily,
their topographical distribution is extremely irregular. Natural exposures, with a few isolated exceptions, are
conspicuous by their absence; a mantle of drift-deposits covers the entire range to a depth of 5 or 6 feet, and
bears in summer a luxuriant crop of tall grasses and other plants admirably sufficient to conceal old surface-

excavations. Nevertheless, investigations conducted in the course of the year 1904 enable the author to give a
detailed synopsis of the rock-succession. The entire series falls within the Miocene, and is, in descending order,
as follows: —
[Table]
The petroleum-bearing sandstones of the Chokrak group do not crop out at the surface in the area here
surveyed; but the scientific value of the borehole-sections and borers' diaries, which are consequently the only
available data, is generally of small account. The sections of even closely neighbouring boreholes are not
mutually comparable, the cause lying partly with the extremely variable character of the Chokrak Beds, which
present every gradation from pure clays, through sandy clays and clayey sandstones, to pure sandstones. The
terminology customary in the Grozny oil-field is very misleading, as "clay with sand" is held to cover sandy
clays, as well as pure clays with intercalations of pure sand, and even clayey sandstones. Limestones are not as
a rule recorded in the borers' sections, although nearly every boring passes through numerous bands of
limestone. All the boreholes, except those which reach at the very beginning the Spaniodontella-beds, pass
through yellow clays (decomposition-products of the grey), then through grey clays, and finally into the dark
(blackish-brown) clays, in which sandstones of variable thickness are struck. The upper sandstones are waterbearing, the lower carry the oil. The author assigns the reasons for which it is impossible to regard these
Chokrak sandstones as the primary, original oil-carriers: how the petroleum came thither is not at present
clear. Certainly it did not come by way of the faults mapped by the author in the central portion of the range,
as, far from being conduits, they constituted great partition-walls cutting up the oil-field into distinct parcels of
territory. West of a given
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fault, for instance, the petroleum was so charged with gas as to well forth in a natural fountain; east thereof,
the oil from the very beginning had to be pumped up.
L. L. B.
PITKÄRANTA ORE-DEPOSITS, FINLAND.
Die Erzlagerstätten [Erzlagerstaetten] von Pitkäranta am Ladoga-See. By Otto Trüstedt. Bulletin de la
Commission géologique de Finlande, 1907, vol. iv., No. 19, pages 1-333, with 80 figures in the text, 1 map, and
19 plates.
The preface to this monograph is followed by a bibliography of the subject comprising 130 entries and
covering the years 1785 to 1907. About 35 pages are taken up with historical matter, recapitulating the first
records of prospecting and exploration-work in the area in the early years of the nineteenth century, and
retracing the ups and downs of the mineral-industry of Pitkäranta until its abandonment in 1904. Statistical
tables of output are given from 1814 until that year. Although the author states that, at the time of writing,
the greater part of the workings were under water, and that the sorting and smelting-houses, etc., were
crumbling to ruin, he adds a footnote to the effect that in January, 1907, the entire property passed into the
possession of a British syndicate, and that there was consequently reasonable hope of a revival of the mining
industry of Pitkäranta.
The district here described embraces that part of the north-eastern coast of Lake Ladoga which belongs to
Finland, and is bounded on the east by the great ellipsoidal massif of Rapakivi granite; it presents to the lake a
very rugged and much indented coast-line, characterized by numerous skerries and islets. The rocks among
which the ore-deposits occur are all of Archaean age, and predominantly early Archaean. Infolded among the
pre-Ladogan granite-gneisses, and following all the variations in strike and dip thereof, the Ladogan micaschists form an elongated basin trending north-westwards, surrounded by a series of smaller basins, to the
whole of which the author applies the appellation of the "Pitkäranta syncline." Dioritic schists intrude in great
dykes and stockworks into the pre-Ladogan granite-gneisses; between these and the Ladogan schists
intervenes a belt of hornblende-schists, 330 to 1,000 feet thick, and at the contact of the hornblendic rocks,
both with the pre-Ladogan at their base and with the Ladogan at their summit, occur more or less thick bands

of crystalline (mostly dolomitic) limestone and lime-silicate-rock (sham) derived from the last-named. There is
a less constant horizon of limestone and sharn, some little way up in the hornblende-schists; and all three
horizons are ore-carriers, at certain localities. The eruptives of post-Ladogan date (quartz-diorites, granites,
pegmatites) cover but small areas in comparison on the one hand with the older rocks just enumerated, and
on the other with the still later Rapakivi granite. A detailed description is given of all these, and the tectonic
disturbances to which the district has been subjected, now expressed by folds and innumerable faults, are
discussed.
From the point of view of the ore-deposits the area is roughly divisible into (1) the "old mining-field " of
Pitkäranta, the almost exclusive receptacle of the copper and tin-ores of this region, and by far the most
extensive mining-field; (2) the "new mining-field" of Pitkäranta; (3) the mining-field of Hopunvaara ; and (4)
the mining-field of Lupikko. About 60 pages are devoted to a detailed description of the ore-deposits of the
lowgr zone in the "old mining-field," as proved in more than a score of different mines and workings. In order
of abundance the following are the ores here obtained;—Magnetite, chalcopyrite, zinc-blende, cassiterite,
pyrite, galena, redruthite, erubescite, magnetic pyrites, and molybdenite, the last-named being evidently the
oldest
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and possibly the only primary sulphide in these deposits. Native silver, copper, and bismuth are of rare
occurrence therein, as also specular iron-ore fahlore, galena, bismuthite, telluric bismuth, etc. The associated
minerals are predominantly lime-magnesia silicates and in part ferruginous lime-alumina silicates, while
magnesian silicates, such as serpentine, play a very subordinate part.
Only one deposit in the old mining-field, that of the Ristaus mine, occurs at the upper limestone-horizon; it
was first discovered in 1897, by means of magnetometric observations. The deposit is an example of
metasomatic replacement of limestone by serpentine intermixed with magnetite (the principal ore here),
sulphides of copper and zinc, etc., and cassiterite. Scheelite also is abundantly represented at this mine;
indeed, it is of very widespread occurrence throughout the "old mining-field," wherever metalliferous ores are
found. The amount of ore-bearing rock in sight at the Ristaus mine, averaging 30 per cent, of metallic iron, is
estimated at 150,000 metric tons.
The "new mining-field," a group of deposits extending for a mile and a half nearly due north and south along
the eastern limb of the Pitkäranta fold, was practically unknown before the year 1894. Its geological structure
is very similar to that of the old mining-field, but pegmatitic intrusions and faults appear to be of much less
frequent occurrence. Calculating the mean depth of the ore-bodies at 400 feet or thereabouts (and this would
appear to be a conservative estimate) there is a mass of some 4,000,000 tons of magnetic iron-ore available
here, without reckoning the sulphides of other metals, such as copper and zinc.
It was only in 1895 that the modern development of geological and magnetometric research showed the longknown Hopunvaara field (the northeastern extremity of the Pitkäranta syncline), by reason of its extraordinary
wealth in magnetic iron-ore, to be one of the most important areas in the entire district. The detailed
lithological and mineralogical description of the deposits and the discussion of their mode of formation occupy
about 60 pages. The average depth of the ore-bodies being again taken as 400 feet, the amount of available
ore averaging from 28 to 30 per cent, of metallic iron is estimated at about 5,000,000 metric tons.
Some 20 pages are devoted to the description of the Lupikko field, due south of that of Hopunvaara, and the
amount of available magnetic ore at a similar depth, averaging 26 to 28 per cent, of metallic iron, is estimated
at about 2½ million metric tons.
Analyses are tabulated (29 in number) of the magnetic iron-ores, and what few can be scraped together (10) of
the copper- and zinc-ores; and in the concluding section of the memoir the various theories propounded as to
the genesis of the Pitkäranta ores are reviewed at considerable length. The author claims to have proved that
the skarn which forms the substratum of the ore-deposits was derived by contact-metamorphism from
limestones similar to those preserved at certain localities in the upper limestone-belt. The alteration took
place in early pre-Cambrian time, as a consequence of the post-Ladogan granitic and pegmatitic intrusions, and

was in places characterized by comparatively unimportant ore-impregnations. The molybdenite and graphite
found in the skarn, as also, in all probability, the magnetic pyrites sometimes abundantly interspersed among
the schists of the district, date from that moribund phase of vulcanicity. Moreover, the occurrences at Ristaus,
Lupikko, and most especially in the Hopunvaara field, show that the magnetite (the oldest industriallyimportant ore in the deposits) is younger than the limestones among which it lies; there is no doubt whatever
as to its
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epigenetic character, nor as to its having been derived from thermal waters carrying metalliferous particles in
solution. The same statement holds good of the still later ores—the cassiterite, the sulphides of copper, lead,
zinc, etc., and reasons are assigned for regarding the pneumatolytic or sublimation-hypothesis of their origin
as untenable. A connexion can be traced between the genesis of the ores and the peripheral contactmetamorphisin due to the intrusion of the Rapakivi granite. Finally, an alphabetical list is given of all the
minerals discovered in the district described.
It is hardly possible in an abstract to do justice to this memoir, which, thanks to the elaboration of painstaking
detail in the accumulation of facts, and to the wealth of illustration employed in presenting them, will long
remain as the standard work on the subject.
L. L. B.
THE MINING DISTRICT OF NEVIANSK, RUSSIA.
Description géologique du District Minier de Neviansk. By A. Krasnopolsky. Mémoires du Comité géologique
de Russie, 1906, new series, No. 25, pages 1-106, and 1 map.
Although this district has long been famous in the annals of gold-mining in the Urals, the author is the first to
publish a complete monograph on its geological features. The area is characterized by the enormous
development therein of massive crystalline rocks, among which may be mentioned the granitic rocks (including
true granites, aplites, pegmatites, gneisses, and biotitic and hornblendic gneissose granites) of widespread
occurrence in the eastern and central portions; the augitic and hornblendic porphyrites; the quartz-porphyries,
occasionally schistose; the gabbros, which occur principally in the northern and western portions; the
serpentines, confined to the northwestern and south-eastern portions; and finally, the epidotites and garnetrocks, obviously of secondary origin, which are associated with all the known deposits of magnetic iron-ore
along the Brodovaya river. Metamorphic schists have been observed between Neviansk and the Kunara river,
and clearly-stratified "porphyritic " tuffs along the banks of the Tagil, Shurala, and other rivers. An outcrop of
Carboniferous Limestone is mapped near Korely, while the Devonian limestones form a broad belt near
Neviansk. The only other sedimentary rocks in the district are of post-Tertiary age, including vast deposits of
peat, gold-bearing alluvia, yellowish-red loess-like clays, and also the famous " black earth " (chernozem). The
gold-bearing alluvia occur in a great number of localities; but auriferous lodes are associated with the
porphyrites (near Ayatskoye); with the schists (in the neighbourhood of Neviansk); and with the granites (near
Konevsky). Brown haematite occurs in irregular nests in the clay which infills the cavities at the surface of the
Devonian limestone in the vicinity of Neviansk. The magnetic iron-ore deposits along the Brodovaya, already
mentioned, occur in nests, lodes, and impregnations; and the ore-bearing epidosites and garnetites are
traversed by steeply-dipping poyphyrite-dykes. With the serpentines near Ayatskoye and Anatolskaya are
associated chromite-deposits, and some traces of copper-ore in patches and venules have been observed
among the magnetites at the sources of the Bielakovka. Topazes and beryls are found in the pegmatite-veins
which traverse the gneissose, granites near the Alabashka and Murzinka rivers; raspberry-coloured tourmaline
is found in the coarse-grained granitic dykes traversing the serpentines in the neighbourhood of Shaitanskoye,
Sara-pulka, etc.; and amethysts occur in the white quartz-veins which seam the coarse-grained granite near
the villages of Kaigorodskoye, Alabashka, etc.
L. L. B.
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CUPRIFEROUS DEPOSITS OF BOR, SERVIA.
Zur Paragenesis der Kupfererze von Bor in Serbien. By F. Cornu and M. Lazarevič.
praktische Geologie, 1908, vol. xvi., pages 153-155, with 1 figure in the text.

Zeitschrift für [fuer]

This locality is situated about 19 miles north-east of Zajechar, the chief town of the department of Timok, in
Eastern Servia. From Zajechar a light railway runs for 50 miles down to Radujevac, a river-port on the Danube,
80 miles distant from Belgrade, the capital of the little kingdom. The copper-ore deposits of Bor are the
richest hitherto discovered in Servia, and are associated with an andesitic eruptive mass, over 30 miles in
length from north to south, and from 6¼ to 9½ miles in breadth. The fundamental rocks of the country are
crystalline schists, overlain by Cretaceous sedimentaries, and broken into by numerous igneous intrusions of
which the above-mentioned andesitic mass is the chief. According to Dr. D. J. Antula, the cupriferous lodes
are arranged in five parallel series from north to south, the general strike being concordant with the direction
of tectonic movement and with the trend of the great fissures through which the andesitic magma originally
forced its way upwards. The andesite is variously hornblendic, biotitic, and pyroxenic. Near the outcrop,
the sulphidic ores (occasionally containing from 110 to 310 grains of gold and from 124 to 154 grains of
silver per metric ton) give place to malachite and azurite, associated with decomposed andesite. Twenty-six
analyses of the sulphidic ore yielded from 8 to 25 per cent, of metallic copper.
The authors controvert some of Dr. Antula's mineralogical determinations, and they describe, apart from ironpyrites, as the most abundant sulphidic ores in the deposit: (1) covellite (Cu S) in splendid dark-blue crystalline
aggregates, exactly similar to the mineral of Butte in Montana, intergrown with, or forming venules in, the
compact greyish-yellow pyrite; (2) enargite sulph-arsenide of copper) in iron-grey aggregates intimately
associated with the covellite and pyrites, or encrusting druses within the last-named mineral. Among the
oxidized ores they find pisanite (copper-iron vitriol), in greenish-blue to dark-blue fibrous aggregates, which on
exposure to dry air are quickly encrusted with a yellowish-brown film of basic sulphate of iron. Native sulphur
also occurs, coating the pyrite and in cavities in the andesite. The ores principally worked at Bor at the
present moment are the above-described covellite, enargite, and pyrite; and it is pointed out that this rare
type of enargite-lode deposit must be sought as far afield as America and the Philippine, Bor furnishing the
first European example thereof.
L. L. B.
IRON-ORE DEPOSITS OF NORTHERN SWEDEN.
Die nordschwedischen Eisenerzlagerstätten [Eisenerzlagerstaetten]. By R. Bärtling [Baertling] .
für praktische Geologie, 1908, vol. xvi., pages 89-108, with 2 figures in the text.

Zeitschrift

Details are given, in the first place, of the arrangement concluded between the Swedish Government
and the Luossavaara-Kiirunavaara, Gellivare, and Grängesberg-Oxelöosund mining companies, which came
into force on the first day of 1908.
Among other matters, this arrangement fixes precisely the maximum amount of ore which is to be exported
for the next thirty years. The fourteen deposits which fall within the scope of this arrangement are described
in the following order: —
Kiirunavaara, the most considerable ore-body in Northern Sweden, intimately associated from the geological
point of view with that of Luossavaara,
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was first discovered at the beginning of the eighteenth century; but mining operations on the present
extensive scale only date from the year 1902. The enormous rapidity with which the mineral-industry has
developed there, may be gauged from the statistics tabulated by the author, showing that already by the end
of 1906, the total output of ore for the four years amounted to 5,184,230 metric tons. The Kiirunavaara chain

of hills, built up almost entirely of iron-ore, range from north to south, reaching in their highest summit, the
Statsrådet, an altitude of 2,456 feet above sea-level. The predominant ore is the so-called " black ore," a very
minutely crystalline intermixture in variable proportions of magnetite or specular iron-ore and apatite. Quartz,
mica, hornblende, talc, and calcspar are accessory minerals, rarely bulking, however, for more than 2 to 4 per
cent, in the intermixture. The Kiirunavaara ore is characterized by its very high percentage of iron, and its
variable percentage of phosphorus (ranging from 0.003 to 6.626). Eighteen complete analyses are tabulated,
and mean results are also given of seventy-four analyses (iron and phosphorus only). According to the
percentage of phosphorus, the ore is graded for the market in six qualities; the proportions of titanium and
sulphur are too minute to be taken into account. The deposit at the outcrop covers an area of 70¾ acres, but
borings and magnetic-compass observations have proved its extension both northwards and southwards. In
fine, the total amount of ore available within the concessions of the Kiirunavaara-Luossavaara Company is
estimated at 480,000,000 metric tons.
Luossavaara, as is well known, is a continuation of the deposit just described, from which it is separated only
by the lake of Luossajärvi, and yields ore which is practically identical in every respect, except that the
proportions of iron and phosphorus are less variable. Eleven complete analyses are tabulated.
The Nokutusvaara and Syvajärvi deposits, barely 2 miles farther to the north-north-east, were discovered in
1888. Besides " black ore," containing over 2¼ per cent, of phosphorus, specular iron-ore with smaller
percentages of phosphorus occurs here. The ores are much seamed by veins of quartz and calcspar. On the
whole, these two deposits are of small industrial importance.
At Haukivaara, near Kiruna railway-station, about a mile south-east of Luossavaara, red haematite occurs in
elongated lenticles rarely attaining a thickness of 26 feet, among the " porphyry-schists." Under present
circumstances this deposit is not worth working. Some 3 miles south of Kiirunavaara, diggings through the drift
have revealed at Rakkurijoki a deposit of " black ore," resembling closely in appearance the Gellivare mineral,
and containing 42.31 per cent, of metallic iron, 0.25 of phosphorus, and 0.21 of titanic oxide. This deposit is
believed to be of some importance.
The Tuollujärvi deposit, 3 miles to the east of Luossavaara, first discovered in 1898, has been explored by
means of eight borings. It consists of a system of small intersecting lodes infilled with magnetite, or with
porphyry rich in magnetite and hornblende. Barely a mile to the south of the comparatively unimportant
deposit just described, beyond the lake, lies the Tuolluvaara deposit, which is not one of the fourteen included
in the arrangement entered into between the mining companies and the Swedish Government. It was
discovered in 1897 by Dr. Hjalmar Lundbohm, and exhibits " black ore " with a more or less broad marginal
zone of magnetite in the midst of syenite-porphyry. Analyses show the percentage of metallic iron to vary from
64.84 to 71.04, and that of phosphorus from 0.002 to 0.030; titanic oxide was determined in only one ease,
yielding then 0.53 per cent., and similarly there was but one determination of sulphur, to the amount of 0.04
per cent. The
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deposit covers an area of 2½ to 3 acres, and the quantity of available ore, down to a depth of 165 feet or so, is
estimated at 2,500,000 metric tons.
About 22 miles south-east of Kiruna railway-station is an important group of deposits, as yet unworked on
account of the absence of railwav-communication. That of Mertainen may be regarded as an " ore-breccia ":
irregular masses of magnetite are dispersed through a syenite-porphyry breccia, the fragments of which are
abundantly cemented by magnetite with some hornblende, and the breccia passes gradually into syeniteporphyry with stringers and amygdules of magnetite, and finally into completely barren syenite-porphyry. The
results of fifty-two analyses show the percentage of metallic iron to range from 41.28 to 69.94, and that of
phosphorus from nil to 1.106 (though, on the whole, it barely averages 0.02). The area of workable ore covers
21 acres, but the geological conditions do not at present permit of an estimate of the probable quantity of ore
in sight. The deposit of Painirova, south of that just described, is of very similar character, but of less

importance. The Svappavaara deposit, another of those not included in the above-mentioned arrangement,
was worked as long ago as the seventeenth century for its copper-ores: after many years of neglect and
oblivion, attention was called to its wealth in iron-ore in 1875. " Black ore " and red haematite occur in huge
lenticles among syenite-granulites: with these ores, which pass gradually one into the other, are associated
apatite and calcspar. The percentage of metallic iron in the " black ore" ranges from 43.20 to 65.85, and that of
phosphorus from 0.632 to 3.188. In the red haematite, the corresponding extreme variations are 48.12 to
70.09 per cent., and 0.033 to 1.260. The deposit covers an area of about 12½ acres; reckoning from the
outcrop at the top of the hill down to the level of the projected railway (230 feet) there are 13,000,000 metric
tons of ore in sight; but, if we reckon down to the level of the surrounding marshes (100 feet lower), the
quantity of ore probably available is increased to 19,000,000 metric tons. Barely a mile and a quarter distant is
the equally important deposit of Leveniäniemi (also outside the pact) proved by means of magnetometric
measurements some ten years ago. Out of twenty-three borings, nineteen have struck ore below the drift,
going in some cases through a thickness of 180 feet or more of pure iron-ore, without reaching the footwall of
the ore-mass. The " black ore" and red haematite found here are of precisely similar character to those of
Svappavaara.
Mining operations on the present extensive scale only date from 1892 at Gellivare. The " black ore" and red
haematite, which here occur in huge lenticles and stockworks among gneisses seamed by granitic and
pegmatitic dykes, are marketed in three grades, in inverse proportion to the percentage of phosphorus which
they contain. A dozen analyses of samples taken in 1904 are tabulated, and the area covered by the entire orebody is estimated at 45¾ acres. The quantity of ore still in sight in the fourteen mines now worked at Gellivare
is estimated at over 41,300,000 metric tons; if to this be added the probable quantity available in the
unworked portions of the field, the total will reach 59,000,000 tons. Close to the railway-line, midway between
Gellivare and Kiruna station, is the quite unimportant deposit of Lopasjärvi.
The Ekströmsberg deposit, 18½ miles west-south-west of Kiirunavaara, consists of a great " bed " of black ore
in quartz-porphyry, separated by country-rock with a few metalliferous lenticles from a smaller " bed " of red
haematite. The general results of the analyses of about seventy samples may be stated as follows: metallic
iron in the black ore, 64.10 per cent.; in the red haematite,
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61.07; and in the smaller lenticles, 63.15. The respective percentages of phosphorus are 1.27, 1.46, and 1.094
The total area exceeds 12 acres, and the amount of ore in sight down to a depth of 460 feet is estimated at
30,000,000 metric tons. The mass can be worked opencast to a depth of 260 feet or more.
The deposits of Laukujärvi (3 miles north of that just described), Toppi or Njuotjamaluspavaara, and
Nakerivaara do not come under the contract with the Swedish Government, and are not, apparently, of
industrial importance.
Voluminous statistics are given of the output and consumption of iron-ore in the principal countries of the
world, and more especially in Germany (including in the case of that country statistics of import and export);
also of the output, export, and consumption in Sweden itself from 1897 to 1906; and it is shown that the
German Empire is now Sweden's principal foreign customer for iron-ore. The before-mentioned contract
with the Swedish Government limiting, as it would seem to do, the exports to fixed quantities during the next
twenty years (with the probable intention of promoting the growth of the native metallurgical industries by
retaining a certain proportion of ores for their use within the country), may in time cause German ironfounders and steel-manufacturers to look elsewhere for the needful supply of raw material.
L.L.B.
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THE NORTH OF ENGLAND INSTITUTE OF MINING MECHANICAL ENGINEERS.
ANNUAL REPORT OF THE COUNCIL, 1907-1908.
The Council regret to have to place on record the great loss that the Institute has sustained hy the death of the
Secretary, Mr. M. Walton Brown. Mr. Brown's connexion with the Institute dated hack to the year 1871, when
he was elected a student, his transference to the class of member taking place in the year 1878. He was
elected a Member of Council in the year 1887, serving continuously thereon until the year 1891, when he was
appointed the Secretary of the Institute. His connexion with the Institute wras such a lengthy one, he had so
complete a knowledge of its affairs in every detail, and he was always so ready to place his services and stores
of information upon all subjects relating to mining at the disposal of the members, that his loss to the Institute
is well nigh irreparable. An interesting memoir has been written by Mr. H. F. Bulman, and published in the
Transactions.
The Council, after a careful consideration of the question of appointing a successor to Mr. Brown, decided that
it would be to the interests of the Institute " That the Secretaryship be vested in an Honorary Secretary, for a
period not exceeding two years, and that Mr. T. E. Forster be asked to accept the position." Mr. Forster
expressed his willingness to act, but has now vacated the position, he having been nominated for the office of
President for the ensuing year. Mr. John H. Merivale has accepted the Honorary Secretaryship, and the
Institute will retain the services of Mr. Lawrence Austin as Secretary, Mr. Austin having assisted the late Mr.
Brown and his predecessor for a period of twenty years. It is confidently hoped that these arrangements will
conduce to the prosperity of the Institute.
The following table shows the progress of the membership during recent years :—
Year ending August 1st.
Honorary members ...
Members

...

...............

Associate members
Associates

1902.

............

...............

...

...

1905. 1908.

25

24

21

893

953

942

109

113

105

122

178

209

Students

...............

66

56

48

Subscribers

...............

23

28

33

1,238

1,352

Totals

............

1,358

The deaths (10) include the following: —Members : Martin Walton Brown, Thomas Forster Brown, Edward
Descou Chester, George Davey, Charles Ashley Shute, John Barret Squire and Henry Frederick Swan. Associate
members: William Alder and John Ingledew Hopper. Associate : William Cockburn.
The resignations (31) include the following:—Members:
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Charles Ernest Alger, Harry Foster Bain, Victor Manuel Braschi, Richard Henry Brown, Charles Crofton, Frederic
James Edge, John Charles Forrest, Frederick William Grey, James Kenneth Guthrie, James Hay, Thomas James,
Charles Warren Bowen Jenkins, John William Jobling, J. Dyer Lewis, Edward David Miles, Frank Reed, D. John
Arthur Rees, Philip Rhinelander Robert, Robert Roberts, John G. Thompson, Jesse Wallwork and Alpheus Fuller
Williams. Associate member: Arthur Cecil Broadbent. Associates: Bertram Atkinson, Christopher Elliott, William
Henry Gidney, John Naisbit, Thomas Wakefield Parkin, John Urwin and Thomas Urwin. Subscriber: The
Butterknowle Colliery Company, Limited.
The following gentlemen (22) have ceased to be members during the past year:—Members: Ormsby Gore
Adams, Andrew Danks, John Milnes Favell, Arthur Payne Gallwey, John James, John Evan Jordan, James
Alexander McFarlane, Thomas Robert Maddison, Thomas Parker, Henry Rees Powell, William Edward
Rowlands, Thomas B. Shipley, Henry Blair Walker and Joseph R. Wilson. Associate members: Benjamin
Atherton Hampson, Willows Hildred, Richard John Matchett and Albert Tunnington. Associates: Patrick Bruce
Junor, Jun., Robert Kellett and John William Robinson. Student: Claud Alleyne Robinson.
The Library has been maintained in an efficient condition during the year; the additions, by donation, exchange
and purchase, include 250 bound volumes and 17 pamphlets, reports, etc.; and the Library now contains about
11,550 volumes and 380 unbound pamphlets. A card-catalogue of the books, etc., contained in the Library
renders them easily available for reference.
Members would render useful service to the profession by the presentation of books, reports, plans, etc., to
the Institute, to be preserved in the Library, and thereby become available for
reference.
The following portraits of past-presidents of the Institute have been presented during the year, and inserted in
the panels in the Lecture Theatre:—The late Mr. Nicholas Wood, by Sir Lindsay Wood, Bart.; the late Mr.
George Clementson Greenwell, by Mr. G. C. Greenwell; the late Mr. John Marley, by Mr. J. W. Marley and his
brother; Mr. John Bell Simpson; Mr. George May; Mr. John George Weeks; and Mr. Thomas Walter Benson.
The Council are pleased to report that the gallery of portraits of past-presidents and secretaries is now
complete, with the exception of Mr. Edward Sinclair, who was Honorary Secretary from 1852-1854, and whose
portrait it has been found impossible to obtain. A suitable inscription has, however, been inserted in the panel.
The formal handing over of the portraits to the Institute by Mr. T. E. Forster, on behalf of the donors, took
place at the General Meeting of the members held upon June 20th, 1908, when they were accepted by the
President, Mr. John H. Merivale, on behalf of the members.
.
The courses of lectures for colliery engineers, enginewrights, and apprentice mechanics have been continued
at Armstrong College, Newcastle-upon-Tyne. The lectures are delivered on
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Saturday afternoons, and the three years' course embraces the following subjects:—
1908-1909. Michaelmas Term, (1) Transmission of Power, and (2) Pumping and Ventilation. Epiphany Term, (3)
Metallurgy of Iron and Steel, and (4) Mining Machinery (mainly machinery used underground).
1909-1910. Michaelmas Term, (5) Machine Drawing, and (6) the Chemistry of Fuel. Epiphany Term, (7)
Strength of Materials (with experimental illustrations), and (8) Experimental Mechanics.
1910-1911. Michaelmas Term, (9) The Steam-engine, and (10) Theoretical Electricity. Epiphany Term, (11)
Electrical Engineering, and (12) Haulage and Winding.
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 the Steam-engine
were attended by 27 students, and Theoretical Electricity by 23 students, 27 of whom sat for examination and
17 passed; and during the Epiphany Term, the lectures on Electrical Engineering were attended by 23 students,
and upon Haulage and Winding by 24 students; 22 of these were examined and 15 passed. The first prize for
the Session 1907-1908, has been awarded to Mr. P. Bateson, who gained the highest aggregate number of
marks; Messrs. A. Elliott and H. B. English dividing the second prize.
Supplementary volumes to An Account of the Strata of Northumberland and Durham, as proved by Borings and
Sinkings, are in course of publication, a large number of sections having been received from members and
other friends.
The Council have decided not to continue the compilation and publication of the "Subject-matter Index of
Mining, Mechanical, and Metallurgical Literature."
Mr. Thomas Douglas continues to represent the Institute as a Governor of Armstrong College, and Mr. John H.
Merivale, in conjunction with the President (Mr. T. E. Forster), represents the Institute on the Council of the
College.
Mr. George May continues to represent the Institute upon the Board of Directors of the Institute and Coal
Trade Chambers Company, Limited.
Mr. James Heppell Marr will represent the Institute at the Conference of the Corresponding Societies of the
British Association for the Advancement of Science, to be held in Dublin, commencing on September 2nd,
1908. The Société de l'lndustrie Minérale celebrated the Fiftieth Anniversary of its Foundation in June, 1908,
and Mr. Arthur Morton Hedley represented the Institute thereat, and presented an Address.
The representatives of the Institute upon the Council of The Institution of Mining Engineers during the past
year were as follows :—Messrs. William Armstrong, Bennett Hooper Brough, Charles Spearman Carnes, Arthur
George Charleton, Frank Coulson, Benjamin Dodd, Thomas Douglas, John Henry Bacon Forster, John William
Fryar, William Galloway, Thomas Young Greener, Samuel Hare, Arthur Morton Hedley, Philip Kirkup, Charles
Catterall Leach, James McMurtrie, George May, John Herman Merivale, Charles Algernon Moreing, John
Joseph Prest, Robert Foster Spence, Charles Herbert Steavenson, John George
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Weeks, Richard Llewellyn Weeks and Arthur Nicholas Lindsay Wood.
G. C. Greenwell gold, silver and bronze medals may be awarded annually for approved papers "recording the
results of experience of interest in mining, and especially where deductions and practical suggestions are
made by the writer for the avoidance of accidents in mines."
A G. C. Greenwell gold medal has been awarded to Dr. P. Phillips Bedson for his " Experiments illustrative of
the Inflammability of Mixtures of Coal-dust and Air."

Prizes for books have been awarded to the writers of the following papers, communicated to the members
during the year 1906-1907:—
* " Experiments illustrative of the Inflammability of Mixtures of Coal-dust and Air." By Dr. P. Phillips Bedson,
D.Sc., Hon. M.I.M.E., and Mr. Henry Widdas, M.I.M.E.
" Treatment of Dust in Mines, Aboveground and Belowground." By Mr. Richard Harle, M.I.M.E.
"The Valuation of Mineral Properties." By Mr. Thomas Aloysius O'Donahue, M.I.M.E.
" Sinking through Magnesian Limestone and Yellow Sand by the Freezing-process at Dawdon Colliery, near
Seaham Harbour, County Durham." By Mr. Ernest Seymour Wood, M.I.M.E.
* The prize for books is awarded to Mr. Widdas, Dr. Bedson having been awarded a G. C. Greenwell gold
medal.
Under the will of the late Mr. John Daglish, funds have been placed at the disposal of Armstrong College for
founding a Travelling Fellowship, to be called the " Daglish " Fellowship, candidates for which must be
nominated by the Institute. Mr. Hugh Clarkson Annett was in January, 1908, awarded the Fellowship, and
suitable arrangements for his gaining knowledge and experience in France were made, and similar
arrangements will be made for a visit to Germany.
The rooms of the Institute have been used, during the year, by the Newcastle-upon-Tyne Association of
Students of the Institution of Civil Engineers; the North of England Branch of the National Association of
Colliery Managers ; the North "of England Gas Managers' Association; and The National Telephone Company,
Limited.
Excursion meetings were held at Dunston-upon-Tyne on August 29th, 1907, when the members inspected the
ferroconcrete constructions of the Co-operative Wholesale Society, Limited; at Felling on August 31st, 1907,
when the members were present at the annual inspection of the Felling Colliery Corps (No. 6 District) of the St.
John Ambulance Brigade, and also witnessed a demonstration of rescue-apparatus, and inspected the electric
pumping-plant at Tyne Main colliery; and at South Bank on October 30th, 1907, when the members inspected
the Cargo Fleet Steel- and Iron-works of the Cargo Fleet Iron Company, Limited.
In connexion with the demonstration of rescue-apparatus at Felling, an interesting exhibition of the various
types of apparatus used was held in the Wood Memorial Hall.
The thanks of the Institute have been sent to the owners of the collieries, works, etc., visited during the year.
[ix]
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The papers printed in the Transactions during the year are as follows : —
"Demonstration of Rescue-apparatus, Felling, August 31st, 1907." By Mr. Lawrence Austin.
" Experiments illustrative of the Inflammability of Mixtures of Coal-dust and Air." Part II. By Dr. P. Phillips
Bedson, D.Sc., Hon. M.I.M.E., and Mr. Henry Widdas, M.I.M.E.
"Memoir of Martin Walton Brown." By Mr. Harrison Francis Bulma, M.I.M.E.
" Wolf-Bohres Electric Safety-lamp." By Mr. Richard Cremer.
"The Occurrence and Commercial Uses of Fluorspar."

By Mr. William Morley Egglestone.

" Flinty Chert, Hornstone, etc." By Mr. Thomas Harker.
"A Locking Hook for Sinking Purposes." By Prof. Henry Louis, M.I.M. E.
"On a Deficiency in the Nomenclature of Mineral Deposits."

By Prof. Henry Louis, M.I.M.E.

"Presidential Address." By Mr. John Herman Merivale, M.I.M.E.

" The Strength of Cast-iron Tubbing for Deep Shafts." By Dr. John Morrow.
" Circulation and Heat Absorption in Steam Boilers."

By Mr. Arthur Ross.

"Notes on Mining and Engineering in America and Canada."

By Mr. Walter Rowley, M.I.M.E.

" A Simple Method of Water-stowage employed at No. 5 Pit of the Escarpelle Mines." By Mr. Sainte-ClaireDeville.
" Ferro-concrete work at Dunston-upon-Tyne."
" Electric Pump at Tyne Main Colliery."
" Cargo Fleet Steel- and Iron-works."
The Council in reporting last year that the North-eastern Railway Company had granted reduced railway-fares
to members attending general or excursion meetings of the Institute, expressed the hope that the concession
would lead to an increased attendance at the meetings. They regret that no material increase has resulted, but
trust that in the future a larger number of members will avail themselves of the privilege.
The Institution of Mining Engineers has now entered upon its twentieth year, and the members are to be
congratulated upon its continued success, and the increasing membership of the associated institutions.
Meetings of the members were held in Sheffield in September, 1907, and in London in June, 1908, the
attendance in each case being satisfactory.
Since the death of Mr. Martin Walton Brown, who was also Secretary of The Institution of Mining Engineers,
Mr. Percy Strzelecki has acted as Secretary pro tem., he having been an official of the Institution for the past
seventeen years.
During the past year Mr. Thomas Douglas and the President (Mr. John Herman Merivale) have represented the
Institute upon the Status and Qualifications of Membership Committee, and Mr. John George Weeks and the
President (Mr. John Herman Merivale) upon the Secretaryship, Headquarters, and Status and Qualifications of
Membership Committee of The Institution of Mining Engineers. As a result of the deliberations of these
Committees, it has been decided that the Secretaryship of The Institution of Mining Engineers shall, in future,
not be held by the Secretary of any one of the Federated Institutes, and that the headquarters of the
Institution shall be removed to London. This will naturally result in increased working costs, which will be met
for the first three years by the several Federated Institutes contributing to a guarantee fund pro rata to their
membership.
[x]
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The Finance Committee submit herewith a statement of accounts for the twelve months ending June 30th,
1908, duly audited.
The total receipts were £2,867 2s. Of this amount, £21 was paid as a life-composition in lieu of annual
subscriptions, and £40 14s. as subscriptions paid in advance, leaving £2,805 8s. as the ordinary income of the
year, compared with £2,928 1s. 3d. in the previous year. The amount received for ordinary current-year
subscriptions was £2,218 10s., and arrears £239 18s., as against £2,264 17s. and £318 9s. respectively in the
year 1906-1907. Transactions sold realized £11 5s. 8d., as compared with £19 3s. 9d. in the earlier period; the
sum received for interest on investments was £335 14s. 4d., the amount in the former year being £325 11s 6d.
The expenditure was £2,627 2s. 3d., that for the previous year being £2,622 13s. 3d. Referring to the items
making up the total, the sum of £521 17s. 3d. was paid within the year for salaries and wages, as compared
with £531 6s. 6d. during the previous year; this reduction is in consequence of the interval during which there
has been no paid Secretary, and would have been larger but for the engagement of temporary assistance in
the compilation of the Library Catalogue and the Subject-matter Index of Mining, Mechanical, and

Metallurgical Literature. In the year 1906-1907 special expenditure was incurred in connexion with the visit of
the American Institute of Mining Engineers and the experiments on coal-dust conducted at Armstrong College.
The only special expenditure this year is for the cost of printing the volume of the Subject-matter Index of
Mining, Mechanical and Metallurgical Literature for the year 1902. Increased expenditure is shown for printing
circulars and advance copies of papers, furniture and repairs, heating and lighting, postages, and in the
payments to The Institution of Mining Engineers.
The figures cited above show that the income exceeded the expenditure by £239 19s. 9d., and adding to this
the balance of £752 9s., brought forward from the previous year, a total balance of £992 8s. 9d. remains to the
credit of the Institute. Of this amount, £487 13s. 6d. has been invested in the purchase of stock of the
Newcastle and Gateshead Gas Company, leaving the sum of £504 15s. 3d. to carry forward.
The names of 28 persons have been struck off the membership list in consequence of non-payment of
subscriptions. The amount of subscriptions written off was £227 5s., of which £74 14s. was for sums due for
the year 1907-1908, and £152 11s. for arrears. It is probable that a considerable proportion of these amounts
will be recovered and credited in future years. Of the amounts previously written off, £59 19s. was recovered
during the past year.
John H. Merivale, President.
August 1st, 1908.
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LIST OF COMMITTEES APPOINTED BY THE COUNCIL,
1908-1909.

Finance Committee.
Mr. Frank Coulson.

Mr. T. E. Jobling.

Mr. J. B. Simpson

Mr. T. Douglas.

Mr. George May.

Mr. J. G. Weeks.

Mr. T. Y. Greener.

Mr. John Simpson.

Arrears Committee.
Mr. Frank Coulson.

Mr. T. E. Jobling.

Mr. T. Douglas.

Mr. George May.

Mr. T. Y. Greener.

Mr. J. B. Simpson
Mr. J. G. Weeks.

Mr. John Simpson.

Library Committee.
Mr. R. S. Anderson.

Mr. J. H. B. Forster.

Mr. H. Palmer.

Mr. Sidney Bates.

Mr. J. P. Kirkup.

Mr. John Simpson.

Mr. R. W. Berkley.

Mr. George May.

Mr. J. G. Weeks.

Prizes Committee.
Mr. Austin Kirkup.

Prof. H. Louis.

Mr. C. C. Leach.

Mr. A. D. Nicholson.

Mr. H. Palmer.
Mr. John Simpson.

Borings and Sinkings Committee.
Mr. J. B. Atkinson.

Mr. Frank Coulson.

Mr. R. Donald Bain.

Mr. T. E. Forster.

Mr. W. C. Blackett.

Prof. G. A. L. Lebour.

Prof. H. Louis.
Mr. A. D. Nicholson
Mr. R. F. Spence.

Reference Committee for Papers to Read.
(a) Coal-mining.
Mr. R. W. Berkley.

Mr. A. M. Hedley.

Mr. J H. Merivale

Mr. W. C. Blackett.

Mr. C. C. Leach.

Mr. H. Palmer

Mr. C. S. Carnes.

Prof. H. Louis.

Mr. Benjamin Dodd.

Mr. George May.

Mr. John Simpson
Mr. A. L. Steavenson.

(b) Metalliferous Mining.
Mr. R. Donald Bain.

Prof. H. Louis.

Mr. A. L. Steavenson

Mr. A. M. Hedley.

Mr. J. H. Merivale.

Mr. C. H. Steavenson.

Mr. R. S. Anderson.

Mr. Samuel Hare.

Mr. J. H. Merivale

Mr. R. Donald Bain.

Mr. T. E. Jobling.

Mr. A. D. Nicholson.
(c) Geological.

Prof. G. A. L. Lebour.

Mr. John Simpson.

(d) Mechanical and Electrical Engineering.
Mr. Sidney Bates.

Mr. H. Lawrence.

Mr. W. C. Mountain

Mr. W. C. Blackett.

Mr. C. C. Leach.

Mr. J. H. Nicholson

Mr. Austin Kirkup.

Mr. J. H. Merivale.

Hon. C. A. Parsons.

Mr. J. P. Kirkup.

Mr. John Morison.

Mr. A. L. Steavenson.

(e) Civil Engineering.
Mr. Benjamin Dodd.

Mr. T. E. Forster.

Mr. J. B. Simpson

Mr. J. H. B. Forster.

Mr. W. C. Mountain

Mr. A. L. Steavenson

Mr. R. W. Berkley.

Dr. G. P. Lishman. Mr. Benjamin Dodd.

Mr. M. W. Parrington.
(f) Chemical.
Prof. P. Phillips Bedson.

N.B. —The President is ex-officio on all Committees.
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OFFICERS, 1908-1909.
PAST-PRESIDENTS (ex-officio).
Sir LINDSAY WOOD, Bart., The Hermitage, Chester-le-Street.
Mr. JOHN BELL SIMPSON, Bradley Hall, Wylam, S.O., Northumberland.
Mr. ADDISON LANGHORNE STEAVENSON, Durham.
Mr. THOMAS DOUGLAS. The Garth, Darlington.
Mr. GEORGE MAY, Clervaux Castle, Croft, Darlington.
Mr. WILLIAM ARMSTRONG, Wingate, S.O., County Durham.
Mr. JOHN GEORGE WEEKS, Bedlington, S.O., Northumberland.
Mr. WILLIAM OUTTERSON WOOD, South Hetton, S.O., County Durham.
Mr. THOMAS WALTER BENSON, Collingwood Buildings, Collingwood Street, Newcastle-upon-Tyne.
Mr. JOHN HERMAN MERIVALE, Togston Hall, Acklington, S.O., Northumberland.
PRESIDENT.
Mr. THOMAS EMERSON FORSTER, 3, Eldon Square, Newcastle-upon-Tyne.
VICE-PRESIDENTS.
Mr. JOHN BOLAND ATKINSON, H.M. Inspector of Mines, 2, Devonshire Terrace, Newcastle-upon-Tyne.
Mr. RICHARD DONALD BAIN, H.M. Inspector of Mines. Durham.
Mr. WILLIAM CUTHBERT BLACKETT, Acorn Close, Sacriston, Durham.
Mr. THOMAS YOUNG GREENER. West Lodge, Crook, S.O., County Durham.

Mr. MATTHEW WILLIAM PARRINGTON, Wearmouth Colliery, Sunderland.
Mr. JOHN SIMPSON, Heworth Colliery, Felling, S.O., County Durham.
RETIRING VICE-PRESIDENTS (ex-officio).
Mr. FRANK COULSON, Shamrock House, Durham.
Mr. THOMAS EMERSON FORSTER, 3. Eldon Square, Newcastle-upon-Tyne.
Mr. HENRY PALMER, Medomsley, S.O., County Durham.
COUNCILLORS.
Mr. ROBERT SIMPSON ANDERSON, Benwell View, Bentinck Road, Newcastle-upon-Tyne.
Mr. SIDNEY BATES, The Grange, Prudhoe, Ovingham, S.O., Northumberland.
Mr. RICHARD WILLIAM BERKLEY, Marley Hill, Swalwell, S.O., County Durham.
Mr. BENJAMIN DODD, Bearpark Colliery, Durham.
Mr. JOHN HENRY BACON FORSTER, Whitworth House, Spennymoor.
Mr. ARTHUR MORTON HEDLEY, Blaydon Burn, Blaydon-upon-Tyne, S.O., County Durham.
Mr. THOMAS EDGAR JOBLING, Bebside, S.O., Northumberland.
Mr. AUSTIN KIRKUP, Manor House, Penshaw, Fence Houses.
Mr. JOHN PHILIP KIRKUP, Burnhope, Durham.
Mr. PHILIP KIRKUP, Leafield House, Birtley, S.O., County Durham.
Mr. HENRY LAWRENCE, 13, Devonshire Place, Newcastle-upon-Tyne.
Mr. CHARLES CATTERALL LEACH, Seghill Colliery, Seghill, Dudley, S.O., Northumberland.
Mr. HENRY LOUIS, 4, Osborne Terrace, Newcastle-upon-Tyne.
Mr. JOHN MORISON, 14, Saville Row, Newcastle-upon-Tyne.
Mr. WILLIAM CHARLES MOUNTAIN, The Hermitage, Gateshead-upon-Tyne.
Mr. ARTHUR DARLING NICHOLSON, H.M. Inspector of Mines, 2, Graingerville, Newcastle-upon-Tyne.
Mr. JOHN HODGSON NICHOLSON, Cowpen Colliery Office, Blyth.
Mr. RICHARD LLEWELLYN WEEKS, Willington, S.O., County Durham.
TREASURER.
Mr. REGINALD GUTHRIE, Neville Hall, Newcastle-upon-Tyne.
HONORARY SECRETARY.
Mr JOHN HERMAN MERIVALE, Neville Hall, Newcastle-upon-Tyne.
SECRETARY.
Mr. LAWRENCE AUSTIN, Neville Hall, Newcastle-upon-Tyne.
AUDITORS.
Messrs. JOHN G. BENSON and SONS, Newcastle-upon-Tyne.

BANKERS.
LLOYDS BANK LIMITED (LAMBTON'S BRANCH), Grey Street, Newcastle-upon-Tyne.
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LIST OF MEMBERS.

LIST OF MEMBERS,
AUGUST 1, 1908.
PATRONS.
His Grace the DUKE OF NORTHUMBERLAND.
The Most Honourable the MARQUESS OF LONDONDERRY.
The Right Honourable the EARL OF DURHAM.
The Right Honourable the EARL GREY.
The Right Honourable the EARL OF LONSDALE.
The Right Honourable the EARL OF WHARNCLIFFE.
The Right Reverend the LORD BISHOP OF DURHAM.
The Right Honourable LORD ALLENDALE.
The Right Honourable LORD BARNARD.
The Right Honourable LORD RAVENSWORTH.
The Very Reverend the DEAN AND CHAPTER OF DURHAM.

HONORARY MEMBERS (Hon. M.I.M.E.).
* Honorary Members during term of office only.
Date of Election.
1*JOHN BOLAND ATKINSON, H.M. Inspector of Mines, 2, Devonshire Terrace,
Newcastle-upon-Tyne
......

Aug. 4, 1888

2* WILLIAM NICHOLAS ATKINSON, H.M. Inspector of Mines, Bridgend

Aug. 4, 1888

...

3*RICHARD DONALD BAIN, H.M. Inspector of Mines, Durham

Dec. 12, 1896

4*Prof. PETER PHILLIPS BEDSON, Armstrong College, Newcastle-upon-Tyne ....................Feb. 10, 1883
5 THOMAS BELL, 40, Esplanade Road, Scarborough

......

Dec. 12, 1896

6 JOSEPH DICKINSON, 3, South Bank, Sandy Lane, Pendleton, Manchester..................

Dec. 13, 1852

7 Prof. WILLIAM GARNETT, London County Council Education Office, Victoria
Embankment, London, W.C.
......

Nov. 24, 1894

8* JOHN GERRARD, H.M. Inspector of Mines,

June 11, 1892

Worsley, Manchester...............

9*FREDERICK AUGUSTUS GRAY, H.M. Inspector of Mines, 7, Victoria Square, Penarth

June 14, 1902

10*HENRY HALL, I.S.O., H.M. Inspector of Mines, Rainhill, S.O., Lancashire ........................March 4, 1876

11*HUGH JOHNSTONE, H.M. Inspector of Mines, Stafford

...

Oct. 13, 1906

12*Prof. GEORGE ALEXANDER LOUIS LEBOUR, Armstrong College, Newcastle-upon-Tyne.
Transactions sent to Radcliffe House, Corbridge, S.O., Northumberland......
Nov. 1. 1879
13*Prof. HENRY LOUIS, Armstrong College, Newcastle-upon-Tyne. Transactions sent to
The Librarian, Armstrong College, Newcastle-upon-Tyne ...
......
......
Dec. 12, 1896
14*ROBERT McLAREN, H.M. Inspector of Mines, Craigmore, 77, Colinton Road,
Edinburgh
...............

Dec. 13,1902

15*JOSEPH SAMUEL MARTIN. I.S.O., H.M. Inspector of Mines, The Vikings, 16, Durdham
Park, Bristol
…
......
Aug. 4,1888
16*JOHN MARTINE RONALDSON, H.M. Inspector of Mines, 44, Athole Gardens, Glasgow Aug. 4, 1888
17*ARTHUR HENRY STOKES, H.M. Inspector of Mines, Greenhill, Derby........................

Aug. 4,1888

18*Prof. HENRY STROUD, Armstrong College, Newcastle-upon-Tyne ...........................

Nov. 5, 1892
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LIST OF MEMBERS.

xix
Date of Election.

19*JETHRO JUSTIMAN HARRIS TEALL, Director of the Geological Survey of the United
Kingdom, 28, Jermyn Street, London, S.W.
.....................

Aug. 3,1901

20*WILLIAM WALKER, H.M. Inspector of Mines, Doncaster

Oct. 14, 1905

21*Prof. ROBERT LUNAN WEIGHTON, Armstrong College, Newcastle-upon-Tyne ...... April 2, 1898
MEMBERS (M.I.M.E.).
Marked * have paid life composition.

Date of Election
and of Transfer.

1 Abbott, Henry Arnold, H.M. Inspector of Mines, 1, Highbury, West Jesmond,
Newcastle-upon-Tyne
...
2 Abel, Walter Robert, 8, Queens Gardens, Benton, Newcastle-upon-Tyne................

Feb. 13,1904
Dec. 8, 1906

3 Acutt, Sidney, The Barrett
Transvaal
...
...
...

Dec. 10, 1904

Gold-mining Company, Limited, Kaapoche Hoop,

4 Adair, Hubert, Gillfoot, Egremont, S.O., Cumberland ...

April 8, 1905

5 Adams, George Francis, Inspector of Mines in India, Dhanbaid, E.I. Railway,
Manbhum District, Bengal, India.......................

Aug. 5, 1905

6 Adams, Henry Hopper, Takapuna, Auckland, New Zealand

April 10, 1897

7 Adams, Phillip Francis Burnet, Surveyor-General for the Orange River Colony,
Government Office, Bloemfontein, Orange River Colony, South Africa
...
...

Oct. 12,1901

8 Adamson, Thomas, Giridih, East Indian Railway, Bengal, India........................

Feb. 10, 1894

9 Ainsworth, Herbert, P.O. Box 1553, Johannesburg, Transvaal

Feb. 14, 1903

10 Ainsworth, John W., Bridgewater Offices, Walkden, Manchester
11 Aldridge, Walter Hull, Trail, British Columbia

...

..............
.................

Dec. 14, 1895
Feb. 8, 1908

12 Allan, John Frederick, c/o The Caucasus Copper Company, Limited, Bond Court House,
Walbrook, London, E.C.
A.M.
Feb. 10, 1883
........................
M.
June 8, 1889
13 Allan, Philip, Mina de San Domingos, Mertola, Portugal

June 10, 1905

14 Allison, J. J. C., Woodland Collieries, Butterknowle,
S.O., County Durham
...............

A.M.
M.

Feb 13, 1886
June 8,1889

15 Andersen, Carl, Sandy, Lincoln County, Nevada, U.S.A.

Oct.

16 Anderson, Robert Hay, Apartado Postal 866, Mexico, D.F.

Aug. 4, 1894

17 Anderson, Robert Simpson, Benwell View, Bentinck Road,
Newcastle-upon-Tyne (Member of Council)
......

18 Andrews, Arthur, 10, Ashwood Terrace, Sunderland

S.
A.M.

June 9, 1S83
Aug. 4,1888

M.

Aug. 3, 1889

...

19 Andrews, Edward William, 4, Athwood Terrace, Sunderland

8, 1904

Aug. 2, 1902
...............

Aug. 4, 1906

20*Angwin, Benjamin, The Bungalow, Carbis Bay, S.O., Cornwall...................

Nov. 24, 1894

21 Appleby, Harry Walton, c/o Kluchi Gold-mines, Limited, Sobolinaya, Trans-Baikal,
Siberia
...
......

Oct.

8, 1898

22 Appleby, William Remsen, Minnesota School of Mines, The University of Minnesota,
Minneapolis, Minnesota, U.S.A.
April 14, 1894
23 Archer, Thomas, Mardale Parade, Gateshead-upon-Tyne
24 Archer, William, Victoria Garesfield, Lintz Green, County
Durham
.....................

July 2, 1872
A.
M.

25 Armstrong, George Herbert Archibald, Castle View, Chester-le-Street

Aug. 6, 1892
Aug. 3, 1895
April 8, 1905

26 Armstrong, Henry, Collingwood Buildings, Collingwood
Street, Newcastle-upon-Tyne
.........

A.M.
M.

April 14, 18S3
June 8, 1889

27 Armstrong, William, Wingate, S.O., County Durham
(Past-President, Member of Council) ...
...
...

S.
M.

April 7, 1867
Aug. 6, 1870

28 Arnold, Thomas, Cnstle Buildings, Llanelly

[xx]

......

April 13, 1907

LIST OF MEMBERS.
Date of Election and
of Transfer.

29 Ashmore, George Percy, South West African Company, Grootfontein, Swakopmund,
Damaraland, South West Africa........................
Feb. 13, 1897
30 Atherton, Thomas William Turner, c/o Miss Atherton,
21, Handel Mansions, Handel Street, London, W.C. ...

A.M.
M.

June 11, 1898
Dec. 10, 1898

31 Athron, Harold Vivian, Laburnum Cottage, Hindley, Wigan........................

Feb. 13, 1904

32 Atkinson, John Boland, H.M. Inspector of Mines, 2, Devonshire Terrace,
Newcastle - upon - Tyne (Vice-President, Member of Council) ......
......

Oct. 11, 1902

33 Atkinson, R. Hugh M. Buddle

............

April 10, 1897

34 Attwood, Alfred Lionel, Remolinos, por Pedrola, Provincia de Zaragoza, Spain......... Aug. 5, 1905
35 Aubrey, Richard Charles, 144, New Walk, Victoria Road, Leicester

............... Feb.

5, 1870

36 Axtell, Thomas, 12, Riversdale Terrace, Sunderland

...

Oct. 8, 1904

37 Baare, Fritz, Bochum, Westphalia, Germany

...

Aug. 3, 1907

38 Bagnoli, Ugo, Orbetello, Italy

...

............

Feb. 8, 1908

39 Bailes, Thomas, Jesmond Gardens, Newcastle-upon-Tyne

Oct.

7, 1858

40 Bailey, Archibald Duncan, c/o S. G. Bailey and Company, Limited, Stafford Mills,
Stroud, Gloucestershire
...

Oct.

8, 1898

41 Bailey, Edward Trenholm, c/o Royal Colonial Institute,
Northumberland Avenue, London, W.C.
......

A.M.
M.

June 13, 1896
June 12, 1897

42 Bain, Richard Donald, H.M. Inspector of Mines, Durham
(Vice-President, Member of Council) ......
...

S.
M.

March 1, 1873
Aug. 5,1876

43 Bainbridge, Emerson, 146, Lauderdale Mansions, Maida Vale,
London, W...................

S.
M.

Dec. 3, 1863
Aug. 1,1868

44 Bainbridge, Emerson Muschamp, Shipcote, Newbiggin-by-the-Sea, S.O.,
Northumberland
.........

Feb. 8, 1902

45 Baldwin, Ivo William, Oakleigh, Ruardean, Mitcheldean, S.O., Gloucestershire

Feb. 10, 1900

46 Barber, George Marriott, Chinapas, Chihuahua, Mexico

April 28, 1900

47 Barker, M. W., The Penhalonga Proprietary Mines, Limited, Penhalonga,
Rhodesia, South Africa ...
...

April 8, 1893

48 Barnard, Robert, Kuardih, Kalipahari P.O., Asansol, Bengal, India.....................

Dec. 11,1897

49 Barrass, Matthew, Wheatley Hill Colliery Office, Thorn ley, S.O.,
County Durham...............

S.
A.

Feb. 9, 1884
Aug. 1, 1891

M.

Dec. 8, 1900

S.
A.M.

Nov. 7, 1874
Aug. 7, 1880

M.

Dec. 11, 1886

......

Feb. 8, 1902

50 Barrett, Charles Rollo, Whitehill Hall, Pelton Fell,
S.O., County Durham
...............

51 Barrow, William, Seaton Burn Colliery, Dudley, S.O., Northumberland
52*Bartholomew, Charles William, Blakesley Hall, near Towcester

.....

Dec.

53 Barton, Henry, Central Bank Chambers, Leeds ......
54 Bates, Matthew John, Highbury, Stocksfield, S.O.,Northumberland
55 Bates, Sidney, The Grange, Prudhoe, Ovingham, S.O.,
Northumberland (Member of Council) ...
.....
56 Bates, Thomas L., Station Street, Waratah, New South Wales, Australia

4, 1875

Oct. 13, 1900
............

Feb. 11, 1905

A.
M.

Feb. 8, 1890
June 8, 1895

..........

Feb. 12, 1898

57 Bateson, Walter Remington, c/o Penny and Duncan, Oruro, Bolivia, South America

Feb. 11, 1905

58 Batey, John, St. Edmunds, Coleford, Bath ...

Dec. 5, 1868

...

...

59 Batey, John Wright, Elmlield, Wylam, S.O., Northumberland

.....................

60 Bawden, William, Tolcarne House, Greta Street, Keswick

Feb.

9, 1901

Feb. 10, 1906

61 Bayliss, Ernest John, Inglenook, Beedell Avenue, Westcliff-on-Sea, Southend-on-Sea April 13, 1901
62 Beard, James Thom, 640, Clay Avenue, Scranton, Pennsylvania, U.S.A.
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....

Feb. 14, 1903

xxi
Date of Election and
of Transfer.

63 Bekenn, Alexander Richard, Dundee Coal Company, Limited, Talana, Natal,
South Africa ......
...

Feb. 9, 1907

64 Bell, Joseph Fenwick, Orchard House, North Biddick, Washington, S. O., County
Durham
.........

April 12, 1902

65 Bell, Reginald, 59, Hopwood Street, Barnsley

Dec. 13, 1902

......

66 Bell, Walter, c/o Pyman, Bell and Company, Hull

...

67 Bell, William, Plashetts, S.O., Northumberland.....

68 Bell, William Ralph, Wearmouth Colliery, Sunderland

S.
M.

Oct. 8,1889
Feb. 10, 1894

S.
A.
M.
A.
M.

Feb. 13, 1897
Aug. 6, 1904
Oct. 12, 1907
Oct. 13, 1894
Dec. 12, 1903

69 Bement, Alburto, 2114, Fisher Building, Chicago, Illinois, U.S.A.........................

Aug. 3, 1907

70 Bennett, Alfred Henry, Bedminster, Easton, Kingswood and Parkfield Collieries,
Limited, Easton Colliery, Bristol........................
A.M.
M.

April 10, 1886
June 8, 1889

71 Bennett, Henry, No. 5, Calle Sauz, La Minas de Rio Tinto, Provincia de Huelva,
Spain
.........

Dec. 9, 1899

72 Benson, Thomas Walter, Collingwood Buildings, Collingwood Street, Newcastleupon-Tyne (Past-President, Member of Council).....
............

Aug. 2, 1866

73 Berkley, Cuthbert, Highfield House, Durham

Aug. 21, 1852

......

74 Berkley, Richard William, Marley Hill, Swalwell,
S.O., County Durham (Member of Council)
......
75 Bigg-Wither, Harris, The Mount, Gathurst, Wigan

S.
A.M.
M.
...

76 Bigge, Denys Leighton Selby, 27, Mosley Street, Newcastle-upon-Tyne

Feb. 14, 1874
Aug. 7, 1880
June 8, 1889
Jan. 19,1895

.........

June 10, 1903

77 Bigland, Hubert Hallam, The Stones, Whitley Bay, S.O., Northumberland .......

Dec. 14, 1901

78 Bigland, John, Henknowle, Bishop Auckland

June 3, 1857

...

...

79 Bird, Edward Erskine, c/o George Elliot and Company, Limited, 16, Great George
Street, Westminster, London, S.W.
A.M.
M.
80 Blackett, William Cuthbert, Acorn Close, Sacriston,
S.
Durham (Vice-President, Member of Council)......
A.M.
M.

Aug. 5,1905
Dec. 14, 1907
Nov. 4, 1876
Aug. 1, 1885
June 8, 1889

81 Blaiklock, Thomas Henderson, Bebside Colliery, Bebside, S.O., Northumberland ....

April 13, 1901

82 Bonniwell, Percival Ormond, Cardeeth, 32, Rylett Crescent, Ravenscourt Park,
London, W.
......

Dec. 12, 1903

83 Bookless, James, 14, Wilson Terrace, Broughton Moor, Maryport
84 Borlase, William Henry, Greenside Lodge, Glenridding, Penrith

..................... Dec. 14, 1907
....................

85 Bowman, Francis, Ouston Colliery Office, Chester-le-Street

A.
M.

86*Bracken, Thomas Wilson, 40, Grey Street, Newcastle-upon-Tyne

.....................

Aug. 4, 1894
June 8, 1895
Feb. 13, 1904
Oct. 14, 1899

87 Bradford, George, Milbanke, Darlington.........

Oct. 11, 1890

88 Braidford, William, Jun., South Garesfield Colliery, Lintz Green, County Durham

June 14, 1902

89 Bramwell, Hugh, Great Western Colliery, near Pontypridd

S.
A.M.
M.

Oct. 4, 1879
Aug. 6, 1887
Aug. 3, 1889

90 Breakell, John Edwin, 14a, Mentone Mansions, Fulham Road, London, S.W...........

April 25, 1896

91 *Brinell, Johan August, Jernkontoret, Stockholm, Sweden

June 9, 1900

92 Broad, Wallace, British P.O. Box 225, Shanghai, China

April 28, 1900

93 Brodigan, Charles Bernard, P.O. Box 3, Brakpan, Transvaal

.....................

94 Bromly, Alfred Hammond, a/c Pacific Copper Company, Zihuatanejo, Guerrero,
Mexico ............

[xxii]

Oct. 13, I906
Nov. 24, 1894
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Date of Election and
of Transfer.

95 Broome, George Herbert, Westport, New Zealand

...

Oct.

9, 1897

96*Brough, Bennett Hooper, 28, Victoria Street, London, S.W.

A.M.
M.

Dec. 10, 1887
June 8, 1889

97 Brough, Thomas, New Seaham Colliery, Sunderland

S.
A.M.
M.

Feb. 1, 1873
Aug. 2, 1879
June 8, 1889

...

98 Brown, Douglas Philip, The Old House, Sowerby,Thirsk

........................

June 11, 1898

99 Brown, John Connell, Westport Coal Company, Limited, Denniston, New Zealand

Feb. 8, 1908

100 Brown, Robert Oughton, Elswick Collieries, Newcastle-upon-Tyne

Oct. 8, 1892
Aug. 3, 1895

S.
A.

M.
101 Brown, Ralph Richardson, Pekin Syndicate, Limited, Honan, North China
102 Brown, W. Forster, Cefn Coed, Malpas, Newport, Monmouthshire

Oct. 12, 1901
Aug. 3, 1907

S.
M.

Aug. 6, 1887
Aug. 5, 1893

103 Browne, Robert John.................

Feb. 10,1906

104 Browning, Walter James, c/o Rio Tinto Company, Limited, Provincia de
Huelva, Spain
......
...

Oct. 12,1907

105 Bruce, John, Port Mulgrave, Hinderwell, S.O., Yorkshire

106 Bryham, William, Bank House, Wigan

S.
A.M.
M.

.........

Feb. 14, 1874
Aug. 7, 1880
June 8, 1889
Dec. 8, 1900

107 Buckle, Christopher Ernest, Elmwood, Denville, Havant

Feb. 10, 1900

108 Bull, Henry Matthews, Bengal Coal Company, Limited, Rayhara, E. I. Railway,
Palaman District, India
...

April 9, 1904

109 Bulman, Edward Hemsley, The North Randfontein Goldmining Company,
Randfontein, Transvaal
......

Feb. 13, 1892

110 Bulman, Harrison Francis, Leazes Hall, Burnopfield,
S.O., County Durham
...............

S.
A.M.
M.

May 2, 1874
Aug. 6, 1881
June 8, 1889

111 Bunning, Charles Ziethen, c/o The British Consular Agent,
Panderma, Constantinople, Turkey
......

S.
A.M.
M.

Dec. 6, 1873
Aug. 5, 1882
Oct. 8, 1887

112*Burls, Herbert Thomas, 11, Foulis Terrace, Onslow Gardens, London, S.W.

Feb.

113*Burn, Frank Hawthorn, 9, Sandhill, Newcastle-upon-Tyne.
Transactions sent to Floove Grange, Weedon, S.O., Northamptonshire

S.
A.
M.

Feb. 9, 1889
Aug. 4, 1894
Aug. 3,1895

114 Burne, Cecil Alfred, Ranelagh Cottage, High Wycombe

S.
M.

Aug. 4, 1894
Aug. 3, 1901

115 Burnett, Cuthbert, Grange Iron Works, Durham

...

June 8, 1895

116*Burns, David, Vallum View, Belle Vue, Carlisle......
117 Burton, George Augustus, Liverton Grange, Loftus, S.O., Yorkshire
118 Burton, Joseph James, Rosecroft, Nunthorpe, S.O., Yorkshire

9, 1889

May
........
...............

5, 1877

Dec. 9, 1905
April 12, 1902

119 Butt, Thomas Philip Edward, Randfontein Estates, Randfontein, Transvaal................Dec. 11, 1897
120 Butters, Charles, 220, Crocker Building, San Francisco, California, U.S.A. ............. Feb. 10, 1894
121 Carey, Gaspard Robert de Mussenden

........

Oct. 12, 1901

122 Carey, Joseph MacLeod, H.M. Inspector of Mines, Durham

April 4, 1903

123 Carnegie, Alfred Quintin, 31, Manor House Road, Newcastle-upon- Tyne

Oct. 11, 1902

124 Carnes, Charles Spearman, Marsden Hall, South Shields

Aug. 1, 1891

125 Carroll, James, Brilliant and St. George Gold-mine,
Charters Towers, Queensland, Australia
......

Dec. 10, 1898

126 Carroll, Miles T., Tananarive, Madagascar

Feb. 10, 1906

......

127 Casebourne, Ambrose Cubitt, 3, St. Nicholas' Buildings, Newcastle-upon-Tyne
128 Casebourne, Samuel Ward Jackson, Cleveland Terrace, Darlington
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June 9, 1906

..................... Dec. 10, 1904

xxiii
Date of Election and
of Transfer.

129 Casson, William Walter, St. Bees, S.O., Cumberland ...

Aug. 5, 1905

130 Chambers, Arthur Leo, c/o The Messina Transvaal Development Company,
Grenfell Camp, Pietersburg, Transvaal
.....................
Feb. 8, 1902
131 Chambers, J. S., 5, Joukovskaja, St. Petersburg, Russia

Oct. 10, 1896

132 Chambers, R. E., The Nova Scotia Steel Company, Limited, Bell Island,
Newfoundland
............

June 9, 1900

133 Channing, J. Parke, 11, Broadway, New York City, U.S.A........................

April 25, 1896

134*Chappel, Walter Richard Haighton, Ipok, Perak, Malay Peninsula

............. Feb. 14, 1903

135 Charleton, Arthur George, 5, Avonmore Road, Kensington, London, W. ................ Aug. 6, 1892
136 Charlton, William, Guisborough

............

Feb. 12, 1898

137 Charlton, William John, Ashington Colliery, Morpeth
138 Cheesman, Edward Taylor, Claravale Colliery, Ryton,
S.O., County Durham
...............
139 Cheesman, Herbert, Hartlepool

April 25, 1896
A.
M.

Aug. 2, 1890
Aug. 6, 1892

............

Aug. 6, 1892

140 Cheesman, Isaac Taylor, Throckley Colliery, Newburn, S.O., Northumberland
141 Cheesman, Nicholas, Blucher Pit, Newburn, S.O.,Northumberland

Feb. 1, 1873
........ Dec.

8, 1900

142 Chicken, Bourn Russell, 212, Osborne Road, Jesmond, Newcastle-upon-Tyne

Dec. 12, 1903

143 Childe, Henry Slade, 59, Westgate, Wakefield ......

A.M.

Feb. 12, 1887

M.

Aug. 3, 1889

S.

Dec. 9, 1905

A.

Aug. 3, 1907

M.

Oct. 12, 1907

144 Church, Robert William, Dragon Villa, Durham

...

145 Claghorn, Clarence R., Northwestern Improvement Company,
Headquarters Building, Tacoma, Washington, U.S.A.
..................

Aug. 5, 1899

146 Clark, Henry, Inglenook, Norton, Stockton-upon-Tees ...

April 8, 1899

147 Clark, Robert, Rothalie, Fife Road, Darlington ......

Feb. 15, 1896

148 Clark, Robert Blenkinsop, Springwell Colliery, Gates head-upon-Tyne
......
...
...
......

S.
M.

149 Clark, William Henry, 108, Cantonment, Kamptee, C.P., India........................
150 Claudet, Arthur Crozier, 6 and 7, Coleman Street, London, E.C.
151 Clifford, William, Jeannette, Pennsylvania, U.S.A.

April 28, 1900
......... Aug. 3, 1895

...

Feb. 9, 1895

152 Clough, James, Bomarsund House, Bomarsund, Bedlington,
S.O., Northumberland
...............

153 Cochrane, Brodie, Low Gosforth House, Newcastle-upon-Tyne

May 3, 1873
Aug. 4, 1877

S.
A.M.

April 5, 1873
Aug. 3, 1878

M.

June 8, 1889

......

Dec. 6, 1866

154 Cockburn, Evan, The New River Company, Parral,
Fayette County, West Virginia, U.S.A..........

A.
M.

Aug. 5, 1893
Dec. 8, 1906

155 Colley, John, Indwe Railway, Collieries and Land Company, Limited, P.O.
Box 4, Indwe, Cape Colony, South Africa........................

Feb. 9, 1901

156*Collins, Hugh Brown, Auchinbothie Estate Office, Kilmacolm, S.O., Renfrewshire

April 14, 1894

157 Collins, Victor Buyers, Lewis Street, Islington, via Newcastle, New South Wales,
Australia
.........

June 11, 1904

158 Colquhoun, Thomas Grant, The Durban Navigation Collieries, Limited,
Dannhauser, Natal, South Africa........................

Dec. 14, 1898

159 Commans, Robert Edden, 6, Queen Street Place, London, E.C........................

Nov. 24, 1894

160 Comstock, Chables Worthington, Boston Building, Denver, Colorado, U.S.A.

June 10, 1905

161 Cook, Joseph, Washington Iron Works, Washington, S.0., County Durham

May 8, 1869
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162 Cook, Joseph, Jun., Washington Iron Works, Washington, S.O., County Durham

Oct.

9, 1897

163 Cook, James Falshaw, Washington Iron Works, Washington, S. O., County Durham Feb. 12, 1898
164 Cook, John Watson, Binchester Hall, Bishop Auckland...

Oct. 14, 1893

165 Cooke, Henry Moore Annesley, The Champion Reef Goldmining Company of India,
Limited, Champion Reefs P.O., Mysore State, South India............
Dec. 12, 1896
166 Cooper, Percy Sidney James, The North Eastern Steel Company, Limited,
Middlesbrough
...
...
...
167*Coppée, Evence, 71, Boulevard d'Anderlecht, Brussels, Belgium
168 Cobbett, Vincent, Blackett Colliery, Haltwhistle, S.O.,
Northumberland
..................

Feb. 8, 1908
.......

Feb. 9, 1907

A.
M.

June 11, 1898
Feb. 13, 1904

169 Corbett, Vincent Charles Stuart Wortley, Chilton Moor, Fence Houses...............

Sept 3, 1870

170 Corlett, George Stephen, Wigan

Dec. 12, 1891

............

171 Corning, Christopher Robert, 36, Wall Street, New York City, U.S.A................

June 14, 1902

172 Coste, Eugene, 210, Poplar Plains Road, Toronto, Ontario, Canada........................

June 9, 1900

173 Coulson, Frank, Shamrock House, Durham (Retiring
Vice-President, Member of Council) ...
......

Aug. 1, 1868
Aug. 2, 1873

S.
M.

174 Couves, Harry Augustus, 116, Shortridge Terrace, Jesmond, Newcastle-upon-Tyne Feb. 10, 1906
175 Cowell, Edward, Shotton Colliery Offices, Shotton Col liery,
Castle Eden, S.O., County Durham
......

A.
M.

Oct. 8, 1904
June 20, 1908

176 Cowper-Coles, Sherard Osborn, Grosvenor Mansions, Victoria Street,
Westminster, London, S.W.......

Dec.

177 Cox, John H., 10, St. George's Square, Sunderland......

Feb. 6, 1875

178 Craster, Walter Spencer, P.O. Box 216, Kopje, Salisbury, Rhodesia, South Africa

Dec.

179 Craven, Robert Henry, The Libiola Copper-mining Company, Limited, Sestri
Levante, Italy .........

Feb. 11, 1905

180 Crawford, James Mill, Fairlawn, Leasingthorne, Bishop Auckland

Feb. 14, 1903

.....................

181 Crofton, Charles Arthur, Wansbeck Colliery Company,
Limited, Morpeth ..................
182 Crookston, Andrew White, 188, St. Vincent Street, Glasgow

9, 1899

8, 1900

S.
A.
M.

Dec. 10, 1898
Aug. 1, 1903
Dec. 14, 1907

........................

Dec. 14, 1895

183 Crosby, Arthur, Douglas Colliery, Limited, Balmoral,
Transvaal
.....................

A.M.
M.

Aug. 7, 1897
April 12, 1902

184 Cross, William Haslam, 77, King Street, Manchester ...

Feb. 8, 1902

185 Croudace, Francis Henry Lambton, The Lodge, Lambton, Newcastle, New
South Wales, Australia
......

June 8, 1907

186 Croudace, Sydney, New Lambton, Newcastle, New South Wales, Australia

....

June 8, 1907

187 Cruz y Diaz, Emiliano de la, Calle de Balmes, 88, Barcelona, Spain. Transactions
sent to Ingeniero Director de los Minas de Ribas, Provincia de Gerona, Spain ...

June 14, 1902

188 Cummings, John, Hamsterley Colliery, Ebchester, SO.,
County Durham
..................

Aug. 2, 1902
Dec. 14, 1907

A.
M.

1S9 Cunningham, John Allan, P.O. Box 59, Dundee, Natal, South Africa...................

Dec. 8, 1906

190 Currie, Walter, P.O. Box 220, Bulawayo, Rhodesia, South Africa...............

April 25, 1896

191 Curry, George Alexander, Thornley House, Thornley, S.O., County Durham

Oct, 12, 1907

192 Curry, Michael, Cornsay Colliery, Durham

Aug. 6, 1898

......

193 Cutten, William Henry, Billiter Square Buildings, London, E.C.......

...

194 Daggar Henry James, Afton, Church Street, Marrickville, New South Wales,
Australia
............

...

Aug. 5, 1899

Oct. 12, 1901
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195 Daglish, William Charlton, Littleburn Colliery, near Durham

....................

Dec. 12, 1896

A.M.
M.

Oct. 14, 1882
Aug. 3, 1889

196 Dakers, William Robson, Tudhoe Colliery, Spennymoor
197 Dan, Takuma, Mitsui Mining Company, 1, Suruga-cho,Nihonbashi-ku,
Tokyo, Japan
............

April 14, 1894

198 Daniel, Peter Francis, Greymouth, New Zealand

April 8,1893

...

199 Darling, Fenwick, Eldon Colliery, Eldon, Bishop Auckland

Nov. 6, 1875

200 Darlington, James, Black Park Colliery, Ruabon......

S.
M.

201 Davidson, Allan Arthur, Casilla 6, Valparaiso, Chile, South America
202 Davies, David, Cowell House, Llanelly

.........

.........

Nov. 7, 1874
Aug. 4, 1877
April 13, 1907
Dec. 9, 1899

203 Davies, William Stephen, Tredegar Iron and Coal Company, Park Hill, Tredegar....... Feb. 14, 1903
204 Davis, Charles Henry, South Yarmouth, Massachusetts, U.S.A.........................

Oct. 13, 1900

205 Daw, Albert William, 11, Queen Victoria Street, London, E.C.........

June 12, 1897

206 Daw, John W., Walreddon Manor, Tavistock

Dec. 14, 1895

...

207 Dean, Harry, Eastbourne Gardens, Whitley Bay, S.O., Northumberland

........

June 10, 1905

208 Dean, John, The Wigan Coal and Iron Company, Limited, Wigan........................

Feb. 13, 1904

209 Dean, Samuel, 15, Woodland Grove, Blackpool

......

Oct. 13, 1906

210 Dees, James Gibson, Floraville, Whitehaven

......

Oct. 13, 1883

211 Denny, George A., 564, Salisbury House, London, E.C. ...

Dec. 8, 1894

212 Dick, William, 5, Avonmore Gardens, West Kensington, London, W......................

April 13, 1907

213 Dickinson, Arthur, 353, Mansion House Chambers, 11, Queen Victoria Street,
London, E.C.
......
April 14, 1894
214 Dietzsch, Ferdinand, 652-655, Salisbury House, London Wall, London, E.C. .............Aug. 5, 1899
215*Dingwall, William Burliston-Abigail, Apartado 13, Matehuala, San Luis Potosi,
Mexico
......
...

Aug. 4, 1900

216 Ditmas, Francis Ivan Leslie, Chindwara, Central Provinces, India
...
...
...
...
...
...

June 11, 1898
June 14, 1902

217 Dives, Robert, Durban, Natal, South Africa

A.
M.

......

Feb. 8, 1902

218 Dixon, Charles Willis, Westport Coal Company, Limited, Denniston, New Zealand
219 Dixon, David Watson, Lumpsey Mines, Brotton, S.O., Yorkshire
220 Dixon, George, c/o Bird and Company, 100-101, Clive Street,
Calcutta, India
...............

Feb. 8, 1908

.................... Nov. 2, 1872
S.
A.

June 13, 1896
Aug. 6, 1904

M.

Dec. 8, 1906

221 Dixon, Jonathan, Westport Coal Company, Limited, Denniston, New Zealand Oct. 13, 1894
222 Dixon, Joseph Armstrong, Shilbottle Colliery, Lesbury, S.O., Northumberland

Dec. 14, 1901

223*Dixon, James Stedman, Fairleigh, Bothwell, Glasgow

Aug. 3, 1878

...

224 Dixon, Robert, Sankey Wire Mills and Ropeworks, Warrington ...

June 5, 1875

225 Dixon, William, Cleator, S.O., Cumberland

April 10, 1897

......

226 Dobb, Thomas Gilbert, Brick House, Westleigh, Leigh ...
227 Dobbs, Joseph, Jarrow Colliery, Castlecomer, S.O., County Kilkenny

Dec. 8, 1894
.......

April 14, 1894

228 Dodd, Benjamin, Bearpark Colliery, Durham (Member of
Council
.....................

S.
M.

May 3, 1866
Aug. 1, 1868

229 Dodd, Michael, Rand Club, Johannesburg, Transvaal

S.
A.M.
M.

Dec. 4, 1875
Aug. 7, 1880
June 8, 1889

....

June 14, 1902

...

230 Doise, Sosthenes, 1 bis, rue du Souvenir, Courbevoie (Seine), France
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231 Donald, William E., Rhodesia Broken Hill, North Rhodesia, South Africa

................ Oct. 14, 1905

232*Donkin, William, Mines Department, Macequece, Por tuguese
East Africa .........
......

S.
A.M.
M.

Sept. 2, 1876
Aug. 1, 1885
June 8, 1889

233 Dormand, Ralph Brown, Cambois House, Cambois, Blyth

A.
M.

Dec. 9, 1893
Aug. 3, 1901

234 Douglas, Arthur Stanley, Low Beechburn Colliery Office, Crook, S.O.,
County Durham
.........
235*Douglas, Charles Prattman, Thornbeck Hill, Carmel Road, Darlington

Feb. 13, 1904
.........

236 Douglas, James, 99, John Street, New York City, U.S.A.

March 6, 1869
Oct. 14, 1899

237 Douglas, Matthew Heckels, Usworth Colliery, Washing ton, S.O.,
County Durham...............

A.M.
M.

Aug. 2, 1879
Aug. 3, 1889

238 Douglas, Thomas, The Garth, Darlington (Past-President, Member of Council)........

Aug. 21, 1852

239 Draper, William, Silksworth Colliery, Sunderland

Dec. 14, 1889
Dec. 12, 1903

...

A.
M.

240 Duncan, William Shaw, 17, Fenchurch Street, London, E.C.........................

Oct. 14, 1905

241 Dunkerton, Ernest Charles, 97, Holly Avenue, Newcastle-upon-Tyne

Feb. 9, 1907

...............

242 Eastlake, Arthur William, Grosmont, Palace Road, Streatham Hill, London, S. W.

June 11, 1892

243 Ede, Henry Edward, Caherdaniel, Waterville, S.O., County Kerry....................

July 14, 1896

244 Eden, Charles Hamilton, Glyn-Dderwen, Blackpill, S.O., Glamorgan

.................... June 14, 1890

245 Edwards, Edward, Maindy Pit, Ocean Collieries, Ton Pentre, Pentre, Pontypridd Feb. 9, 1895
246 Edwards, Herbert Francis, 104, Stanwell Koad, Penarth

Oct. 12, 1901

247 Edwards, Owain Tudor, Mohpani Mines, OP., India

Aug. 4, 1906

...

248 Eliet, Francis Constant André Benoni Elié du, Compagnie Lyonnaise de
Madagascar, à Ambositra, Madagascar.....................

Aug. 3, 1901

249*Elsdon, Robert William Barrow ............

April 13, 1901

250 Eltringham, George, Eltringham Colliery, Prudhoe,
Ovingham, S.O., Northumberland
.........

A.
M.

251 Elwen, Thomas Lee, Brandon Colliery, S.O., County Durham
252 Embleton, Henry Cawood, Central Bank Chambers, Leeds.........

......

Dec. 8, 1894
Aug. 2, 1902
…

...............

Oct. 13, 1888
April 14, 1894

253 Englesqueville, René d', 7, rue Henri Martin, Paris, France........................

Feb. 8, 1908

254 English, John, Broomfield, Chopwell, Ebchester, S.O., County Durham

...........

Dec. 9, 1899

255 English, William, North Walbottle Colliery, Newburn, S.O., Northumberland.........

Dec. 14, 1907

256 Epton, William Martin, Government inspector of Machinery, Mines
Department, Winchester House, Johannesburg, Transvaal ...
...
...

Oct. 12, 1895

257 Esmarch, Cecil August, 17, Collingwood Street, Newcastle-upon-Tyne

................... April 9, 1904

258 Etherington, John, 39a, King William Street, London Bridge, London, E.C............... Dec.

9, 1893

259 Evans, Lewis, The Robinson Central Deep, Limited, P.O. Box 1145, Johannesburg,
Transvaal
...
...
...

Oct. 14, 1893

260 Everard, John Breedon, 6, Millstone Lane, Leicester

March 6, 1869

261 Fairley, James, Craghead and Holmside Collieries, Chester- le-Street
.....................

A.M.
M.

262 Fangen, Stener August, Aktieselskabet Norsk Malmexport, Kaljord pr. Kvitnes,
Vesteraalen, Norway
...
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263 Fawcett, Edward Stoker, Battle Hill House, Walker,
Newcastle-upon-Tyne
........
......

A.
M.

June 11, 1892
Aug. 6, 1904

264 Felton, John Robinson, H.M. Inspector of Minus, Kenil worth,
Newport Road, Stafford ............

S.
M.

June 8, 1901
June 10, 1905

265*Fenwick, Barnabas, 66, Manor House Road, Newcastle-upon-Tyne
266 Fergie, Charles, P.O. Box 64, Sydney, Nova Scotia

........

Aug. 2, 1866

...

267 Ferguson, David, 140, Hyndland Drive, Kelvinside,

Dec. 9, 1893
A.M.

Dec. 8, 1883

Glasgow

.....................

M.

Aug. 3, 1889

265 Ferguson, James, P.O. Box 98, Johannesburg, Transvaal

Dec. 12, 1896

269 Fèvre, Lucien Francis, 1, place Possoz (XVIe), Paris, France........................

Feb.

270 Field, Edwin Richard, Daylesford, Victoria, Australia ...

April 28, 1900

8, 1908

271 Fieuzet, Eugène, 4, rue Saint Blaise, Bagnères de Bigorre, Hautes Pyrénées, France Dec. 14, 1901
272 Figari, Alberto, Apartado 516, Lima, Peru, South America

.........

April 25, 1896

273 Fishback, Martin, Guaranty Trust Building, El Paso, Texas, U.S.A...................

April 12, 1902

274 Fisher, Edward Robert, Wansbeck, Ammanford, S.O.,
Carmarthenshire
.................

Aug. 2, 1884
Aug. 3, 1S89

A.M.
M.

275 Fisher, Henry Herbert, Calle Zapiola, 2075, Belgrano, near Buenos Aires,
Argentine Republic, South America
276 Fleming, Henry Stuart, 1, Broadway, New York City, U.S.A...................

Oct.
......

277 Fletcher, James, State Colliery, Seddonville, New Zealand

June 10, 1905
Oct. 14, 1905

278 Fletcher, Lancelot Holstock, Allerdale Coal Company,
Limited, Colliery Office, Workington .........
279*Fletcher, Walter, The Hollins, Bolton

8, 1904

A.M.
M.

.........

April 14, 1888
June 8, 1889
Dec. 14, 1895

280 Flint, John, Radcliffe House, Acklington, S.O., Northumberland.........................

Jan. 19, 1895

281 Fogg, Lewis Warner, Uniontown, Fayette County, Pennsylvania, U.S.A................

Feb. 8, 1908

282 Ford, Mark, Washington Colliery, Washington Station, S.O., County Durham

Aug. 3, 1895

283 Ford, Stanley Horace, 5, Osborne Terrace, Ashley Down Road, Bristol..................... June 10, 1893
284 Forster, Alfred Llewellyn, Newcastle and Gateshead Water Company, Engineer's
Office, Pilgrim Street, Newcastle-upon-Tyne
.........
......
June 8, 1901
285 Forster, John Henry Bacon, Whitworth House,
Spennymoor (Member of Council)........
...

S.
A.
M.

Nov. 24, 1894
Aug. 7, 1897
Feb. 10, 1900

286 Forster, Joseph William, P.O. Box 2, Benoni, Transvaal

Feb. 13, 1904

287 Forster, Richard Percival, Mount Pleasant, Spennymoor

Feb. 14, 1903

288 Forster, Thomas Emerson, 3, Eldon Square, Newcastle-upon-Tyne
(President, Retiring Vice-President, Member of Council)

S.
A.M.
M.

Oct. 7, 1876
Aug. 1, 1885
June 8, 1889

289 Foulis, John Thomas, Durban House, Ramsey, S.O., Isle of Man......

..............

Feb. 9, 1907

290 Fox, George Charles, P.O. Box 1961, Johannesburg, Transvaal

.................

Feb. 14, 1903

291 Frecheville, William, High Wykehurst, Ewhurst, Guildford

...............

Feb. 15, 1896

292 Fryar, John William, Eastwood Collieries, near Nottingham

A.
M.

June 14, 1890
June 12, 1897

293 Fryar, Mark, Denby Colliery, Derby

S.

Oct. 7, 1876

.........

A.M.
M.
294 Fryar, Thomas Lewis, Toowoomba, Queensland, Australia
295 Fryer, George Kellett, Bleak House, Broughton Moor, Maryport

Dec. 9, 1905
....................

296 Futers, Thomas Campbell, 17, Balmoral Gardens, Monkseaton, Whitley Bay,
S.O., Northumberland ......
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297 Galloway, Thomas Lindsay, 175, West George Street,Glasgow

................

Sept. 2, 1876

298 Galloway, William, Cardiff..............

April 23, 1887

299 Gascon y Miramon, Antonio, Carranza, 8, Madrid, Spain........................

Aug. 2, 1902

300 Gibson, James, c/o W. E. Robarts, Acutts Arcade, Durban,
Natal, South Africa ...
............

Dec. 9, 1899
Feb. 13, 1904

A.M.
M.

301 Gifford, Henry J., The Champion Reef Gold-mining Company, Champion
Reef, Mysore State, India
...

Oct. 14, 1893

302 Gillman, Gustave, Aguilas, Provincia de Murcia, Spain

Aug. 2, 1902

303 Gipps, F. G. de Visme, Stannary Hills Mines and Tramway Company, North
Queensland, Australia,..
...
...

April 25, 1896

304 Glass, Robert William, Axwell Park Colliery, Swalwell, S.O., County Durham S.
A.
M.

June 10, 1899
Aug. 1, 1903
Oct. 12, 1907

305 Goninon, Richard, Menzies Consolidated Gold-mines, Limited, Menzies,
Western Australia ...
...
...

June 10, 1906

306 Goodwin, Robert Harvey, Karabournou Mercury-mine, c/o C. Whittall and
Company, Smyrna, Turkey
...

Oct. 13, 1900

307 Goodwin, William Lawton, School of Mining, Kingston, Ontario, Canada

............. Feb. 11, 1899

308 Gore, Henry, Victorian Gold Estates, Limited, National Mutual Buildings, 395,
Collins Street, Melbourne, Victoria, Australia.................

April 28, 1900

309 Gough, George Henry, Singareni Collieries, Yellandu (Deccan), India

Aug. 4, 1900

.........

310 Gouldie, Joseph, Prospect House, Winder, Frizington, S.O., Cumberland
311 Gowland, Joseph Edwin, Mina Caridad, Aznalcollar, Sevilla, Spain

...... Aug. 5, 1893
........... June 11, 1904

312 Graham, Edward, Jun., Bedlington Colliery, Bedlington, S.O., Northumberland

... Aug. 1, 1896

313 Grave, Percy, Guadalajara, Estado de Jalisco, Mexico ...

Oct. 13, 1900

314 Greaves, J. O., Westgate, Wakefield............

Aug. 7, 1862

315 Green, Edwin Henry, P.O. Box 1978, Johannesburg, Transvaal

...............

Aug. 1, 1903

316 Green, Joseph, Crag House, Ferry Hill

........

Dec. 13, 1902

317 Green, John Dampier, P.O. Box 340, Johannesburg, Transvaal

A.M.
M.

318 Greener, George Alfred, 6, Tyvica Crescent, Pontypridd

Dec. 14, 1901
Aug. 2, 1902
Feb. 10, 1900

319 Greener, Thomas Young, West Lodge, Crook, S.O.,
County Durham (Vice-President, Member of Council)

A.M.

S.
July 2, 1872
Aug. 2, 1879
M.
June 8, 1889

320 Greenwell, Allan, 30 and 31, Furnival Street, Holborn, London, E.C.....................

Aug. 4, 1900

321 Greenwell, Alan Leonard Stapylton, Windlestone Colliery, Ferry Hill

S.
A.
M.

Oct. 8, 1898
Aug. 5, 1905
Dec. 14, 1907

322 Greenwell, George Clementson, Poynton, Stockport ...

S.
M.

March 6, 1869
Aug. 3, 1872

323 Gresley, William Stukeley, Avenue Boad, Duffield, Derby

A.M.
M.

Oct. 5, 1S78
Aug. 3, 1889

324 Gribben, Edward

..................

April 9, 1904

325 Griffith, Nathaniel Maurice, The Sondage Syndicate, Limited,
Tilmanstone Sinking, Eythorne, Dover
...

S.
M.

Nov. 24, 1894
Feb. 11, 1899

326 Griffith, Thomas, Maes Gwyn, Cymmer, Porth, Pontypridd .......................

April 9, 1904

328*Grundy, James, Walthew House Farm, (Crooke Delivery), Wigan........................

June 13, 1896

329 Gullachsen, Berent Conrad, Hotel Norge, Bergen, Norway,

S.
M.

April 8, 1905
Aug. 3, 1907

330 Gummerson, James M., 35, Birkbeck Boad, Acton, London, W.

A.M.
M.

June 10, 1899
Dec. 12, 1903
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331 Haddock, William Thomas, The Sheba Gold-mining
Company, Limited, Eureka, Transvaal ...
...
...

S.
A.M.
M.

Oct. 7, 1876
Aug. 1, 1885
June 8, 1889

332 Halbaum, Henry Wallace Gregory, Horden Colliery, Horden, Sunderland............... April 8, 1899
333 Hall, Frederick, Fernleigh, Highfield, Workington

...

334 Hall, John Charles, Black Boy Colliery, Bishop Auckland
335 Hall, Joseph John, Asliington Colliery, Morpeth

Oct. 14, 1893
A.
M.

Dec. 14, 1889
Aug. 3, 1895

...

Dec. 10, 1904

336 Hall, Matthias Stokoe, Springwell Villa, Bishop Auckland

Feb. 14, 1874

337 Hall, Robert William, Thrislington Colliery, West Cornforth,
S.O., County Durham............

A.
M.

Dec. 13, 1902
June 8, 1907

338 Hall, Tom, Ryhope Colliery, Sunderland

...

......

June 8, 1889

339 Hallas, George Henry, Huyton, Liverpool.........

S.

Oct.

A.M.
M.

Aug. 4, 1883
June 8, 1889

340 Hallimond, William Tasker, Crown Deep, Limited, P.O. Box 102, Fordsburg,
Transvaal ......
......

7, 1876

Dec. 14, 1889

341 Halse, Edward, 15, Clarendon Boad, Notting Hill, London, W. All
communications sent to Boxgrove, St. Margaret's Road, East Twickenham,
Middlesex
..

A.M.
M.

June 13, 1885
Aug. 3, 1889

342 Hamilton, Edward, Rig Wood, Saltburn-by-the-Sea

S.
A.M.
M.

343 Hance, Henry Malkin, Nagpur, Central Provinces, India

Nov.
Aug.
June
Oct.

344*Hancock, Henry Lipson, Wallaroo and Moonta Mining and Smelting Company,
Limited, Wallaroo, South Australia

Dec. 14, 1895

...

345 Hancock, Henry Richard, 130, First Avenue, Manor Park, Essex
346 Hann, Robert, Jan., Denehurst, Ferry Hill

A. M.
M.

......

1, 1873
2, 1879
8, 1889
12, 1907

Aug. 4, 1894
Nov. 24, 1894
Oct. 14, 1895

347 Hannah, David, Brynderwen, Ferndale, Pontypridd

...

Feb. 9, 1895

348 Hare, George, Seghill Colliery, Seghill, Dudley, S.O.,
Northumberland
...
......
...
......

A.
M.

Feb. 12, 1898
Dec. 14 1907

349 Hare, Samuel, Howlish Hall, Bishop Auckland

S.
M.

Aug. 2, 1879
Aug. 1, 1891

......

350 Harle, Peter, Page Bank Colliery, County Durham
351 Harle, Richard, Browney Colliery, Durham

...

Oct.

...

8, 1892

April 7, 1877

352 Harle, Robert Alfred, Alma Cottage, Campbells Hill,
West Maitland, New South Wales, Australia .....

A.
M.

April 14, 1894
Oct. 12, 1901

353 Harris, David, Elands Laagte Collieries, Limited, Elands
Laagte, Natal, South Africa.............

A.M.
M.

June 12, 1897
April 13, 1901

354 Harris, Howard, P.O. Box 752, Durban, Natal, South Africa........................
355 Harris, William Scorer, Kibblesworth, Gateshead-upon-Tyne

Aug. 7, 1897
S.
A.M.
M.

Feb. 14, 1874
Aug. 7, 1880
June 8, 1889

356 Harrison, Charles Augustus, North Eastern Railway,Newcastle-upon-Tyne ......... June 21, 1894
357 Harrison, George Brabbon, H.M. Inspector of Mines, Swinton, Manchester

Aug. 6, 1892

358 Harrison, William B., Brownhills Collieries, near Walsall

April 6, 1867

359 Haselden, Arthur, Linares, Provincia de Jaen, Spain ...

A.M.
M.

Dec. 11, 1897
April 2, 1898

360*Hawker, Edward William, Adelaide Club, Adelaide, South Australia

.......

Oct. 12, 1895

361 Hawkins, Thomas Spear, Millpond House, Hayle, S.O., Cornwall

....................

362 Heads, Robert William, 85, Raffles Chambers, Singapore

Aug. 6, 1904
June 14, 1902

363 Hedley, Arthur Morton, Blaydon Burn, Blaydon-upon-Tyne, S.O.,
County Durham (Member of Council)
...

A.
M.

Nov. 24, 1894
Dec. 12, 1903

364 Hedley, Septimus H., Langholme, Roker, Sunderland

S.
A.M.
M.

Feb. 15, 1879
Aug. 1, 1885
Aug. 3, 1889

...

365 Hedley, William, Eighton Lodge, Low Fell, Gateshead-upon-Tyne..................
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366 Heinze, P. Augustus, Butte, Montana, U.S.A.......

Dec. 11, 1897

367 Heise, Fritz, Hernerstrasse, 45, Bochum, Germany

...

Aug. 5, 1905

368 Henderson, Charles, Cowpen Colliery Office, Blyth

...

Dec.

9, 1899

369 Hendy, John Cary Baker, Etherley, via Darlington

...

Oct. 14, 1893

370 Henriksen, Gudbrand, Inspector of Mines, Fjösanger, near Bergen, Norway

Aug. 6, 1904

371 Herrmann, Henry J. A., LokkenGrube, Meldalen, Norway

Dec. 10, 1898

372 Heslop, Christopher, Woodside, Marske Mill Lane,
Saltburn-by-the-Sea ...
...............
373 Heslop, Grainger, North Moor House, Sunderland

S.
M.
...

Feb. 1, 1868
Aug. 2, 1873
Oct. 5, 1872

374 Heslop, Michael, Rough Lea Colliery, Willington, S.O.,
County Durham
..................

A.
M.

375 Heslop, Septimus, New Beerbhoom Coal Company, Limited,
Asansol, Bengal, India
...
...
...
..
...

Feb. 10, 1894
June 21, 1894
Oct. 12, 1895

376 Heslop, Thomas, Randolph Colliery. Evenwood, Bishop
Auckland
.....................

S.
A.M.
M.

Oct. 2, 1880
Aug. 4, 1888
Aug. 3, 1889

377 Heslop, William Taylor, St. George's Colliery, Hatting Spruit, Natal, South Africa

Aug. 3, 1895

378 Hewitson, Thomas, Associated Northern Company, Kalgoorlie, Western Australia

Dec.

379*Hewitt, George Colthurst, Serridge House, Coalpit Heath, Bristol........................

June 3, 1871

380 Hewlett, Alfred, Haseley Manor, Warwick

March7, 1861

...

...

9, 1899

381 Hewlett, Erne, Ammanford Colliery Company, Limited, Ammanford, S.O.,
Carmarthenshire
.........

Oct. 10, 1896

382 Hewlett, Howe, Clock Face Colliery, Sutton Oak, St.Helens

Feb. 13, 1904

.....................

383 Higson, Jacob, Crown Buildings, 18, Booth Street, Manchester
384 Hill, Albert James, New Westminster, British Columbia

..................... Aug. 7, 1862
A.M.

Dec. 10, 1898

385 Hill, William, Hill Crest, Dordon, Tamworth

......

M.

Dec. 8, 1900

A.M.
M.

June 9, 1883
Aug. 3, 1889

386 Hilton, Thomas Worthington, Wigan Coal and Iron Company, Limited, Wigan... Aug. 3, 1865
387 Hindson, Thomas, Framwellgate Colliery, near Durham

Dec. 9, 1905

388 Hodgkin, Jonathan Edward, Shelleys, Darlington

Dec. 13, 1902

389 Hodgson, Jacob, Cornsay Colliery, Durham

...
......

June 8, 1895

390 Hogg, Charles Edward, 34 and 36, Gresham Street, London, E.C...................... Oct. 12, 1895
391 Hogg, John, Thornley Colliery Office, Thornley, S.O.,County Durham

........... Dec. 12, 1903

392 Holberton, Walter Twining, Compania Estanifera de Llallagua, Llallagua, Bolivia,
South America, via Buenos Aires i Tupiza
...............
June 9, 1900
393 Holliday, Martin Forster, Langley Grove, Durham

...

May 1, 1875

394 Holliday, Norman Stanley, Boyne Villa, Langley Moor, Durham

S.
M.

April 10, 1897
Feb. 13, 1904

395 Homersham, Edwin Collett, The Randfontein Estates Company, Limited,
Randfontein, Transvaal ...

Feb. 9, 1901

396 Homersham, Thomas Henry Collett, Vulcan Iron Works,Thornton Road, Bradford

Aug. 6, 1898

397 Hood, George, 9, Agents Terrace, Boldon Colliery, S.O., County Durham

Dec. 14, 1907

398 Hood, William Walker, Glyncornel, Llwynypia, Pontypridd........................

April 9, 1904

399 Hooper, Edward, Salisbury House, London Wall, London, E.C.

A.M.
M.

400 Hooper, James, Derwent, St. Agnes, Scorrier, S.O., Cornwall

..............

June 4, 1881
April 14, 1894
Feb. 13, 1904

401 Hope, Charles Edward, Vancouver, British Columbia ...

Aug. 1, 1903

402 Hope, Edmund Louis, Abbottabad, N.W. Frontier, India........................

Oct.
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403 Hopkins, Edward

..................

Oct. 8, 1889

404 Hopwood, Howell Arthur, Poste Restante, G.P.O., Singapore

..................

405 Hopwood, Isaac John, c/o Post Office, Dunolly, Victoria, Australia

.................... Oct. 12, 1907

406 Hopwood, William, Vron Haul, Buckley, Chester

...

Oct. 12, 1907

Aug. 3, 1901

407 Horswill, Frederick J., 1218, Chesnut Street, Oakland, California, U.S.A................... Oct. 14, 1899
408 Horwood -Barrett, Harold, Torbay House, Stow Park Avenue, Newport,
Monmouthshire
.........

June 8, 1907

409 Hosking, James, P.O. Box 1617, Johannesburg, Transvaal

June 21, 1894

410*Hoskold, Carlos A. Lynes ...............

June 8, 1895

411 House, John, 46, Park Road, Wigan............

June 13, 1896

412 Howells, David.....................

Feb. 13, 1904

413 Howes, Frank T., Singareni Collieries, Deccan, India

...

A.
M.

Dec. 10, 1892
Oct. 14, 1893

414 Howson, Charles, Harraton Colliery, Chester-le-Street

S.
A.
M.

Dec. 14, 1901
Aug. 4, 1906
June 8, 1907

415 Humble, Ernest, Lawson Street, Hamilton, Newcastle,
New South Wales, Australia
............

S.
A.
M.

Feb. 14, 1903
Aug. 3, 1907
April 11, 1908

416 Humble, John, West Pelton House, Beamish, S.O.,County Durham

....

Feb. 8, 1902

417 Humble, William, Lawson Street, Hamilton, Newcastle, New South Wales,
Australia
............

Oct. 14 1893

418 Humphris, Henry, Blaenau Festiniog

Oct. 13, 1900

.........

419 Hunter, Christopher, Cowpen Colliery Office, Blyth

...

A.
M.

420 Hunter, Robert, Gympie, Queensland, Australia......

Dec. 10, 1892
Dec. 12, 1903
June 14, 1902

421 Hurst, George, 9, Framlington Place, Newcastle-upon-Tyne

S.
M.

422 Hutchinson, John William, Llwyncelyn House, Porth, near Pontypridd

...........

April 14, 1883
Aug. 1, 1891
Oct. 14, 1899

423 Hutton, John George, Barfield, East Maitland, New South Wales, Australia

Dec. 10, 1904

424 Hylton, Frederick William, Ryhope Colliery, Sunderland

Aug. 3, 1907

425 Inskipp, Dudley James, c/o James Inskipp, 61, Rutland Gardens, Hove, Brighton

June 8, 1907

426 Jackson, Edmund, Tangier Buildings, Whitehaven

April 8,1905

...

427 Jackson, Walter Geoffrey, Bramham Hall, Boston Spa,S.O., Yorkshire
428 Jacob, Frederick Ernest

...

.........

............

429 Jacobs, Lionel Asher, Giridih, E.I.R., Bengal, India

June 7, 1873
Dec. 12, 1903

..

S.
A.
M.

Aug. 4, 1900
Aug. 4, 1906
April 13, 1907

430 James, William Henry Trewartha, Finsbury House, Blomfield Street, London, E.C. Dec. 12, 1896
431 Jamieson, John William, Medomsley, S.O., County Durham

................... Aug. 2, 1902

432 Janitzky, Edward, Pymble, near Sydney, New South Wales, Australia

...

433 Jefferson, Frederick, Whitburn Colliery, South Shields

Aug. 6, 1904
Dec. 11, 1897

434 Jeffreys, James Henry, The Lisboa Mining and Development Company, Limited, 32,
Great St. Helens, London, E.C. .......................
435 Jenkins, Philip Thomas, Gwylfa, Llausamlet, S.O. Glamorgan

Oct. 8, 1904
.................

Dec. 10, 1904

436 Jenkins, William, Ocean Collieries, Treorchy, Pontypridd
437 Jennings, Thomas Bryant, P.O. Box 1565, Johannesburg, Transvaal

[xxxii]

Dec. 6, 1862
..................

Dec. 10, 1904
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438 Jepson, Henry, 39, North Bailey, Durham.........

S.
A.M.
M.

July 2, 1872
Aug. 2, 1879
June 8, 1889

439*Jobling, Thomas Edgar, Bebside, S.O., Northumberland
(Member of Council)..................

S.
A.M.
M.

Oct. 7, 1876
Aug. 4, 1883
June 8, 1889.

440 Johns, Bennet, Station Road, Keswick

.........

Dec. 9, 1905

441*Johns, John Harry (Henry), P.O. Box 231, Johannesburg, Transvaal
442 Johnson, Edward

..................

..................

June 21, 1894
Dec.

9, 1905

443 Johnson, Henry Howard, The Village Deep, Limited, P.O. Box 1145, Johannesburg,
Transvaal
.....
Feb. 13, 1904
444 Johnson, James, Boldon Lodge, East Boldon, S.O., County
Durham
.....................

A.
M.

Aug. 6, 1898
Dec. 12, 1903

445 Johnston, J. Howard, c/o Backus and Johnston, Lima, Peru, South America

Feb. 10, 1894

446 Joicey, William James, Sunningdale Park, Berkshire

March 6, 1869

...

447 Jones, Clement, Neath Colliery, Cessnock, New South Wales, Australia
448 Jones, Evan, Plas Cwmorthin, Blaenau Festiniog ...

.......

...

449 Jones, Jacob Carlos, Wollongong, New South Wales, Australia
450 Jones, Percy Howard, Ty Ceirios, Pontnewynydd, Pontypool

Dec.

8, 1906

April 13, 1907
..................

Aug. 6, 1892

.................. Oct. 11, 1902

451 Jones, Thomas, 1, Princes Street, Great George Street, Westminster, London, S.W. June 12, 1897
452 Jordan, Cecil William, Marlborough House, Marlborough Road, Roath, Cardiff

Dec. 14, 1907

453 Joynes, John James, Ferndale, Lydbrook, Gloucestershire

Aug. 6, 1904

454 Judd, Henry Alexander, 9, St. Mildred's Court, Poultry, London, E.C......................

Oct. 8, 1898

455 Kayll, Alfred Charles, Gosforth, Newcastle-upon-Tyne

Oct. 7, 1876
Aug. 3, 1889

456 Kayser, Henrich Wilhelm Ferdinand, Launceston, Tasmania

S.
M.
....................

Nov. 24, 1894

457 Kearney, Joseph Musgrave, Wankie (Rhodesia) Coal, Railway and Exploration
Company, Limited, Wankie, Rhodesia, South Africa
...
............

Aug. 1, 1903

458 Keighley, Frederick Charles, Uniontown, Fayette County, Pennsylvania, U.S.A.......... Aug. 4, 1900
459 Kellett, Matthew Henry, St. Helen's Colliery, Bishop
Auckland
.....................

S.
M.

April 11, 1891
Aug. 3, 1895

460 Kerr, Andrew, New Brancepeth Colliery, Durham

...

Dec. 14, 1907

461 Kerr, David Gillespie, Rowandell, Chryston, Glasgow ...

Aug. 4, 1900

462 Kidd, Thomas, Jun., Linares, Provincia de Jaen, Spain ...

Aug. 3, 1895

463 Kirby, Matthew Robson, c/o Addison Langhorne Steaven son,
Holywell Hall, Durham
............

S.
A.
M.

June 9, 1900
Aug. 1, 1903
Oct. 12, 1907

464 Kirkby, William, c/o Aire and Calder Navigation, Leeds

A.M.
M.

April 2, 1898
Aug. 6, 1904

465 Kirkup, Austin, Manor House, Penshaw, Fence Houses
(Member of Council)..................

S.
M.

April 9, 1892
June 12, 1897

466 Kirkup, Frederic Octavius, Garesfield Colliery, Rowlands Gill,
Newcastle-upon-Tyne...............

S.
A.M.
M.

April 9, 1892
April 25, 1896
Feb. 14, 1903

467 Kirkup, John Philip, Burnhope, Durham (Member of Council)....................
468 Kirkup, Philip, Leafield House, Birtley, S.O., County Durham
(Member of Council)
............
469 Kirsopp, John, Jun., Lamesley, Gateshead-upon-Tyne

LIST OF MEMBERS.

S.
A.M.
M.

March 2, 1878
Aug. 7, 1886
Aug. 3, 1889

...

470 Kirton, Hugh, Kimblesworth Colliery, Chester-le-Street...

[xxxiii]

April 11, 1891

June 9, 1900
S.
A.M.
M.

April 7, 1877
Aug. 1, 1885
June 8, 1889

xxxiii
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471 Kitchin, James Bateman, Woodend House, Bigrigg, S.O.,Cumberland.....................

Aug. 5, 1905

472 Klepetko, Frank, 307, Battery Park Building, 21-24, State Street, New York City,
U.S.A.......
..
...

Oct. 13, 1900

473*Knowles, Robert, Ednaston Lodge, near Derby

April 10, 1886

......

474 Knox, William, Horden Colliery, Castle Eden, S.O., County Durham

............ Oct. 13, 1906

475 Kondo, R., c/o Furukawa Mining Office, 1, Icchome Taesucho, Kojimachi,
Tokyo, Japan
.........

June 21, 1894

476*Kwang, Kwong Yung, Lincheng Mines, Lincheng, Lu-Han Railway, via Peking,
North China
......

June 8, 1895

477 Kyle, George Robert, 6, Ravensworth Road, Dunston, Gateshead-upon-Tyne
478 Lamb, Robert Ormston, Hayton, How Mill, Carlisle
479 Lancaster, John, Overslade, near Rugby

.........

480 Lancaster, John, Auchenheath, S.O., Lanarkshire

...

.....Dec. 14, 1907
Aug. 2, 1866
March 2, 1865
Sept. 7, 1878

481*Landero, Carlos F. de, Apartado 3, Pachuca, Mexico ...
482*Laporte, Henry, 35, rue de Turin, Brussels, Belgium

Feb. 15, 1896
...

May 5, 1877

483 Lathbury, Graham Campbell, East Indian Railway Collieries, Giridih, E.I.R., Bengal,
India .........

Feb. 14, 1903

484 Latimer, Hugh, South Durham Colliery, Eldon, Bishop
Auckland
.....................

S.
A.
M.

Feb. 15, 1896
Aug. 1, 1903
Feb. 11, 1905

485 Laverick, John Wales, 54, Manor House Road, Jesmond,
Newcastle-upon-Tyne
...
............

A.M.
M.

Dec. 9, 1882
Aug 3, 1889

486 Lawn, James Gunson, King Edward Mine, Camborne

..

July 14, 1896

487 Lawrence, Henry, 13, Devonshire Place, Newcastle-upon-Tyne (Member of
Council) ............
488 Leach, Charles Catterall, Seghill Colliery, Seghill,
Dudley, S.O., Northumberland (Member of Council) ...

S.
A.M.
M.

489 Lebour, George Alexander Louis, Armstrong College, Newcastle-upon-Tyne.
Transactions sent to Radcliffe House, Corbridge, S.O., Northumberland
...
490 Leck, William, H.M. Inspector of Mines, Cleator Moor, S.O., Cumberland

...

Aug. 1, 1868
March 7, 1874
Aug. 6, 1881
Aug. 4, 1883
Feb. 1, 1873

.......... Nov. 24, 1894

491 Lee, John Wilson Richmond, 70, St. Helen's Gardens, North Kensington, London, W. Aug. 5, 1893
492 Lee, Percy Ewbank, Pontop Colliery, Yuan Fu, Shansi, North China.....................
1905

Aug. 5,

494 Leech, Arthur Henry, 11, King Street, Wigan ......

Feb. 9, 1901

495 Lewis, Sir William Thomas, Bart., Mardy, Aberdare

Sept. 3, 1864

496 Liddell, Hugh, 2, May Street, Durham

Feb. 11, 1905

.........

497 Liddell, John Matthews, Togston Hall, Acklington,
S.O., Northumberland
...............

S.
A.M.
M.

March 6, 1875
Aug. 6, 1881
June 8, 1889

498 Lidster, Ralph, Langley Park Colliery, Durham......

April 4, 1903

499 Lisboa, Miguel Arrojado Ribeiro, Rua Costa Gama, Villa Japurá, Petropolis, Rio
de Janeiro, Brazil, South America
................
...

Aug. 5, 1905

500 Lishman, Robert Richardson, Bretby Colliery, Burton-upon-Trent

S.
M.

June 9, 1883
Aug. 1, 1891

501 Lishman, Thomas, Hetton Colliery, Hetton-le-Hole, S.O.,
County Durham
..................

S.
M.

Nov. 5, 1870
Aug. 3, 1872

502 Lishman, Tom Alfred, Harton Colliery, Tyne Dock, South
Shields.....................
...

S.
A.
M.

Nov. 24, 1894
Aug. 7, 1897
April 13, 1901

503 Lishman, William Ernest, 4, Field House Terrace, Durham
504 Lisle, James, Kroonstad Coal Estate Company, Limited,

June 10, 1893
S.

July 2, 1872

P.O. Box 118, Klerksdorp, Transvaal

[xxxiv]

.........

A.M.
M.

Aug. 3, 1878
June 8, 1889
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505 Liveing, Edward H., Brookfield House, Long Stanton,
Cambridge .....................

S.
A.M.
M.

Sept. 1, 1877
Aug. 2, 1884
Aug. 3, 1889

506 Llewellin, David Morgan, Glanwern Offices, Pontypool

May 14, 1881

507 Lockwood, Alfred Andrew, 46, Marmora Road, Honor Oak, London, S.E. ...........

June 12, 1897

508 Long, Ernest, e/o Miss Long, 6, Granville Avenue, Whalley Range,
Manchester..................

Aug. 4, 1906

509 Longbotham, George Augustus, Ings Foundry, Wakefield

Oct. 12, 1907

510 Lonsdale, Talbot Richard, Malton Colliery, near Durham

June 14, 1902

511*Louis, David Alexander, Savage Club, 6 and 7, Adelphi
Terrace, London, W.C................

April 8, 1893

512 Louis, Henry, 4, Osborne Terrace, Newcastle-upon-Tyne
(Member of Council)..................

Feb. 15,1896

513 Lowdon, Thomas, Hamsteels, near Durham.........

Dec. 14, 1889

514 Lupton, Arnold, 7, Victoria Street, Westminster, London, S.W.........................

Nov. 6, 1869

515 Lyall, Edward, 4, Vane Terrace, Darlington

......

Oct. 14, 1905

516 Macarthur, James Duncan, Bangkok, Siam

......

Oct. 13, 1906

517 MacArthur, John Stewart, 74, York Street, Glasgow ...
518 McCarthy, Edward Thomas, 125, Victoria Street, London, S.W.
519 McCreath, James, 208, St. Vincent Street, Glasgow

April 8, 1893
A.M.
M.

...

Oct. 8, 1887
Aug. 3, 1889
March 5, 1870

520 McDonald, John Alexander, c/o James E. McDonald, 4, Chapel Street,
Cripplegate, London, E.C.
......

June 9, 1900

521 McDowell, Benjamin Francis, c/o Percy Tarbutt and Company, P.O. Box 669,
Bulawayo, Rhodesia, South Africa........................

Dec 12, 1903

522 Macfarlane, Rienzi Walton, c/o Parral Foreign Club, Parral, Estado Chihuahua,
Mexico, via New York ...

April 9,1904

523 McGeachie, Duncan, West Wallsend, New South Wales, Australia

Nov. 24, 1894

...........

524 McInerny, Augustin Joseph, 16, rue d’Autriche, Tunis ...

Aug. 4, 1906

525 McIntosh, Robert, Assistant Inspector of Mines, Dunedin, New Zealand.........

April 9, 1904

526 Mackintosh, James, Burrea Coal Company, Salanpur Colliery, Sitarampur,
E.I.R., Bengal, India ......

Oct. 12, 1895

527 McLellan, Neil, Idsley House, Spennymoor

......

528 McMurtrie, George Edwin James, Radstock, Bath

Dec. 13, 1902
...

S.
M.

Aug. 2, 1884
Dec. 12, 1891

529 McMurtrie, James, 5, Belvedere Road, Durdham Park, Bristol ........................

Nov. 7, 1863

530 McNeill, Bedford, 25a, Old Broad Street, London, E.C.

Dec. 11, 1897

531 Maddison, W. H. F., The Lindens, Darlington

June 14, 1890

......

532 Mallmann, Paul J., 65 and 66, Wool Exchange, Coleman Street, London, E.C.

Oct.

533 Mammatt, John Ernest, 1, Albion Place, Leeds ......

Aug. 3, 1865

534 Manning, Arthur Hope, P.O. Box 88, Heidelberg, Transvaal

Dec. 11, 1897

535*Markham, Gervase E., Gloucester Villa, Darlington

...

S.
A.M.
M.

536 Marks, Herbert T., c/o Royal Colonial Institute, Northumberland Avenue,
London, W.C.
...
......

8, 1904

Dec. 4,1875
Aug. 7, 1880
June 8, 1889
Oct. 12, 1901

537 Marley, Frederic Thomas, Damodapore Colliery, Nandi
P.O., Raniganj, E.I.R., Bengal, India........

S.
A.
M.

Oct. 8, 1898
Aug. 5, 1905
Dec. 14, 1907

538 Marr, Jamks Heppell, Castlecomer, S.O., County Kilkenny

A.
M.

Feb. 13, 1897
Dec. 12, 1903

539*Marriott, Hugh Frederick, c/o Wernher, Beit and Company, 1, London Wall
Buildings, London, E.C.
...

Dec. 12, 1896

540 Martin, Henry Stuart, c.o H. Eckstein and Company,
Johannesburg, Transvaal ...
......
...

April 13, 1907

541 Martin, Henry William, Sherwood, Newport Road, Cardiff

Oct.

542 Martin, Tom Pattinson, 22, Station Road, Workington ...

April 4, 1903
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543 Mathieson, Alexander, Hetton Colliery, Carrington, near
Newcastle, New South Wales, Australia...
...

Nov. 5, 1892

544 Matthews, Frederick Berkley, Lartington Hall, Darlington

A.M.
M.

Dec. 9, 1882
June 8, 1889

545 Matthews, John, c/o R. and W. Hawthorn, Newcastle-upon-Tyne

A.M.
M.

April 11, 1885
Aug. 3, 1889

546 Maurice, William, Hucknall Torkard, Nottingham
547 Mawson, Robert Bryham, Elm Bank, Wigan

...

......

548 May, George, Clervaux Castle, Croft, Darlington (Past-

Dec. 14, 1907
June 11, 1892

President, Member of Council)...........

March 6, 1862

549 Mein, Henry Johnson, Carterthorne Colliery, Toft Hill, Bishop Auckland
550 Mellon, Henry, Brook Lea, Askam, S.O., Lancashire

..........

Dec.

9, 1899

...

April 25, 1896

551 Menzies, Joseph Frederick, Roslyn, Washington, U.S.A.

June 10, 1905

552 Merivale, Charles Herman, Middleton Estate and Colliery Company,
Middleton, Leeds
.........

S.
A.
M.

June 9, 1900
Aug. 6, 1904
Dec. 14, 1907

553 Merivale, John Herman, Togston Hall, Acklington, S.O.,
Northumberland (Past-President, Member of Council)

May 5, 1877

554 Merz, Charles Hesterman, Collingwood Buildings, Collingwood Street,
Newcastle-upon-Tyne
......

June 10, 1903

555 Metcalf, Alfred T., United Reefs (Sheba), Limited,
Eureka City, De Kaap, South Africa .........

June 21, 1894

556 Middleton, Robert, Sheep Scar Foundry, Leeds ......

Aug. 1,1891

557 Miller, James, c/o George Miller, 367, Byars Road, Hillhead, Glasgow ...............

Aug. 4,1894

558 Miller, John Henry, South Hetton, S.O., County Durham

Dec. 8, 1894
April 4, 1903

A.
M.

559 Miller, J, P. K., H. C. Frick Coke Company, Scottdale,
Pennsylvania, U.S.A.
...............

Dec. 14, 1895

560 Mitchinson, Robert, Catchgate House, Annfield Plain, S.O., County Durham

Feb. 4,1865

561 Molengraaff, Gustaaf Adolf Frederik, 43, van Stolberglaan, The Hague ............

Oct. 14,1899

562 Montgomery, Alexander, State Mining Engineer, Department of Mines, Perth,
Western Australia
...
...

Dec. 9, 1899

563 Moore, Marshall Greene, 840, Napoleon Street, Johnstown, Pennsylvania,
U.S.A.............

Feb. 11, 1905

564 Moore, Robert Thomas, 142, St. Vincent Street, Glasgow...

Oct.

8, 1892

565 Moore, Richard Walker, Somerset House, Whitehaven

S.
M.

Nov. 5, 1870
Aug. 4, 1877

566 Moore, William, Loftus Mines, Loftus, S.O., Yorkshire ...

A.M.
M.

Nov. 19, 1881
Aug. 3, 1889

567 Moreing, Charles Algernon, 20, Copthall Avenue, London, E.C.........

Nov. 7, 1874

568 Morgan, John, Stanley Villa, Crook, S.O., County Durham

Dec. 9, 1905

569 Morison, John, 14, Saville Row, Newcastle-upon-Tyne

A.M.

Dec. 4, 1880

(Member of Council)..................

M.

Aug. 3, 1889

570 Morland-Johnson, Edward Thomas, c/o H. T. Johnson,
Railway Road, Urmston, Manchester ...
......
571 Morris, John, Lydbrook Colliery, Lydbrook, Gloucestershire

April 10, 1897
A.
M.

April 4, 1903
Aug. 6, 1904

572 Morris, William, Waldridge Colliery, Chester-le-Street ...

Oct.

573 Morse, Willard S., Seaford, Delaware, U.S.A.......

June 13, 1896

574*Mort, Arthur, Khost, N. W. R., Baluchistan, India

...

8, 1892

Dec. 9, 1899

575 Morton, Reginald Charles, 31, Broomhall Place, Sheffield

Aug. 3, 1907

576 Mount-Haes, Andrew, 3, Bellasis Avenue, Streatham Hill, London, S.W.......

Dec. 10, 1904

577 Mountain, William Charles, The Hermitage, Gateshead-upon-Tyne (Member of
Council) ...........

April 9, 1892

578 Mundle, Arthur, Murton Chambers, 8, Grainger Street,
Newcastle-upon-Tyne
...............

S.
M.

June 5, 1875
Aug. 4, 1877

579 Mundle, Harry Arthur, High Marley Hill, Swalwell, S.O., County Durham.........

June 14, 1902

[xxxvi]
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580 Murray, William Cuthbert, Clifton House, Sherburn
Colliery Station, near Durham ............

June 10, 1903

581 Nesbit, John Straker, Marley Hill Colliery, Swalwell,
S.O., County Durham
...............

S.
A.
M.

Oct. 9, 1897
Aug. 5, 1905
Oct. 12, 1907

582 Ness, William Waters van, 622-623, Salisbury House,
London Wall, London, E.C.
...
...
...
...

A.M.
M.

Aug. 7, 1897
Dec. 11, 1897

583 Nevin, John, Littlemoor House, Mirfield, S.O., Yorkshire

S.
M.

May 2, 1868
Aug. 5, 1871

584 Newbery, Frederick, 230, Camden Road, London, N.W.

A.M.
M.

April 2, 1898
Feb. 13, 1904

585 Newbigin, Henry Thornton, 3, St. Nicholas' Buildings,
Newcastle-upon-Tyne
......
...
...
...

Oct. 13, 1894

586 Nicholson, Arthur Darling, H.M. Inspector of Mines,
2, Graingerville, Newcastle-upon-Tyne (Member of Council)

S.
A.
M.

June 13, 1885
Aug. 4, 1894
Feb. 12, 1898

587 Nicholson, John Hodgson, Cowpen Colliery Office, Blyth
(Member of Council).........
.........

S.
A.
M.

Oct. 1, 1881
Aug. 3, 1889
April 8, 1893

588 Nicholson, Marshall, Middleton Colliery, Leeds......

Nov. 7, 1863

589 Nierses, J. W., Kendwadih Colliery, Kusunda P.O., District Manbhoom,
Bengal, India ...
...
...
...

Dec. 10, 1904

590 Nisbet, Norman, Houghton Colliery Office, Houghton-le-Spring,
S.O., County Durham
............

S.
A.
M.

Nov. 24, 1894
Aug. 3, 1901
Aug. 6, 1904

591 Noble, Thomas George, Sacriston Colliery, Durham

...

A.
M.

Feb. 13, 1892
June 8, 1895

592 Nogara, Bernardino, Galata, Constantinople, Turkey ...

Dec 14, 1907

593 Nómi, Aitaró, Hójó Colliery, Province of Buzen, Japan........................

Aug. 5, 1899

594 Northey, Arthur Ernest, Frias, c/o Señor José M. Restrepo, Honda,
Republic of Colombia, South America

June 10, 1903

595 Oakes, Francis James, Jun., 58, Pearl Street, Boston, Massachusetts, U.S.A.

Feb. 10, 1900

596 Oates, Robert Joseph Willtam, Rewah State Collieries,
Umaria, C. India, Bengal Nagpur Railway
...
...

S.
A.M.
M.

Feb. 10, 1883
Aug 1, 1891
Dec 12, 1891

597 O'Donahue, Thomas Aloysius, 72, Swinley Road, Wigan

A.M.
M.

Dec. 14, 1895
Oct. 9 1897

598 Oldham, George, 25, Western Hill. Durham

......

Nov. 5, 1892

599 Olsen, Arnold Carl Louis, P.O. Box 1056, Johannesburg, Transvaal

................... Dec. 9, 1905

600 Ornsby, Edward Thomas, Benwell Colliery, Newcastle-upon-Tyne

...................

601 Ornsby, Robert Embleton, Seaton Delaval Colliery, Northumberland

8, 1900

June 11, 1898

602 Osborne, Francis Douglas, Gopeng, Perak, Federated Malay States
603*Oshima, Rokuro, No. 121, Yoyogi, Toyotama-gun, Tokyo, Japan ...

Dec.

............... Feb. 14, 1903
...

...

April 10, 1897

604 Oughton, William, Milburn House, Newcastle-upon-Tyne

Feb. 8, 1908

605 Owens, William David, Lehigh Valley Coal Company, 239,
Philadelphia Avenue, Pittston, Pennsylvania, U.S.A.

Feb. 11, 1905

606 Page, Arthur Herbert Sheepshanks, Escomb, Bishop Auckland

...

607 Page, Davidge, 17, Surrey Street, Strand, London, W.C.
608 Paley, George, Glebe House, Whitburn, Sunderland

Aug.
A.M.
M.

...

LIST OF MEMBERS.

3, 1907

Oct. 10, 1903
Oct. 14, 1905
Oct. 12, 1901

609 Palmer, Claude Bowes, Wardley Hall, Pelaw, Newcastle-upon-Tyne

[xxxviii]

...

A.M.

Nov 5, 1892

M.

June 8, 1895

xxxvii
Date of Election and
of Transfer.

610 Palmer, Henry, Medomsley, S.O., County Durham (Retiring Vice-President, Member of Council)
......

S.
A.M.
M.

Nov. 2, 1878
Aug. 4, 1883
Aug. 3, 1889

611 Pamely, Caleb, 64, Cromwell Road, Bristol

S.
M.

Sept. 5, 1868
Aug. 5, 1877

......

612 Pamplin, Eliah George, Cherry Hinton, Cambridge

...

Aug. 1, 1903

613 Parish, Charles Edward, 31, Hanger Lane, Ealing, London, W. ..............

Feb. 10, 1900

614 Parrington, Matthew William, Wearmouth Colliery, Sun derland
(Vice-President, Member of Council)
..

S.
M.

Dec. 1, 1864
Aug. 6, 1870

615 Parrington, Thomas Elliot, Carley Hill, Monkwear mouth,
Sunderland..................

S.
A.
M.

Aug. 3, 1895
Aug. 1, 1903
Oct. 12, 1907

616 Parsons, Hon. Charles Algernon, Heaton Works, Newcastle-upon-Tyne

A.M.
M.

June 12, 1886
Aug. 3, 1889

617 Pascoe, Thomas, Mount Boppy Gold-mining Company,
Limited, Boppy Mountain, New South Wales, Australia

A.M.
M.

April 10, 1897
June 12, 1897

618 Paterson, Andrew James

...............

June 11, 1898

619 Payne, Francis William, Government Insurance Building,
Dunedin, New Zealand
...............

Feb. 11, 1905

620 Peake, R. Cecil, Cumberland House, Redbourn, St. Albans

621 Pearse, John Walter, Grivynée-lez-Liége, Belgium

S.
A.M.
M.

...

622 Pearson, Clement Alfred Ritson, South End Avenue, Darlington

June 10, 1899
.....................

623 Pedelty, Simon, Broomhill Colliery, Acklington, S.O.,
Northumberland
..................

A.
M.

624 Peel. Robert, New Brancepeth Colliery, Durham......
625 Peile, William, Kilmorie, Crowborough, Sussex

Feb. 7, 1880
Aug. 7, 1886
Aug. 3, 1889

June 11, 1904
Dec. 10, 1892
Dec. 14, 1907
Aug. 6, 1892

...

S.
M.

Oct. 1, 1863
Aug. 6, 1870

626 Percy, Frank, Mining College, Wigan. Transactions sent to The Librarian,
Wigan Free Library, Wigan.......

Dec. 12, 1903

627 Percy, Robert McLeod, Karagandy Colliery, Spassky Copper-mines,
Limited, Spassky Zabod, Akmolinsk, Siberia........................

Dec. 14, 1907

628 Phillips, Percy Clement Campbell, Wallsend Colliery, near Newcastle-upon-Tyne........June 10, 1903
629 Piercy, William, 32, Grainger Street West, Newcastle-upon-Tyne

...................

630 Pingstone, George Arthur, P.O. Box 445, Bulawayo,
Rhodesia, South Africa
...............
631 Plummer, John, Bishop Auckland

A.M.
M.

............

634 Porter, John Bonsall, McGill University, Montreal, Quebec, Canada
635 Potter, Ernest Henry, Tilmanstone Sinking, Eythorne, Dover.........................
636 Powell, Charles Henry, International Mines, Limited, Biggenden, via

June 11, 1898
Dec. 10, 1898
June 8, 1889

632 Pollitzer, Samuel Joseph, Terrys Chambers, 14, Castlereagh Street, Sydney,
New South Wales, Australia ...
633*Poore, George Bentley, 1730, Cupouse Avenue, Scranton,
Pennsylvania, U.S.A................

June 11, 1904

April 12, 1902
A.M.
M.

Dec. 10, 1898
April 8, 1899

........... Dec. 8, 1900
Feb. 8, 1908

Maryborough, Queensland, Australia ...

June 14, 1902

637 Prest, John Joseph, Hardwick Hall, Castle Eden, S.O., County Durham
638 Price, Francis Holborrow Glynn, Longlands Place, Swansea

.............

.....................

639 Price, S. R., Dilston House, Corbridge, S.O., Northumberland

Feb. 9, 1901
June 10, 1899

S.
A.M.
M.

640 Price, Samuel Warren, The Wern, Peterston-super-Ely, Cardiff........................

Nov. 3, 1877
Aug. 1,1885
Aug. 3, 1889
Aug. 3, 1895

641 Pringle, John Archibald, c/o J. C. Reddie, 4, Earl's Court Square, London, S.W. ....... Dec 10, 1898

[xxxviii]
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642 Pringle, Robert William, Norfolk House, Laurence Pountney Hill, London, E.C..... Aug. 1, 1903
643*Prior, Hon. Edward Gawler, Victoria, British Columbia. Transactions sent to Thomas
R. Stockett, Western Fuel Company, Nanaimo, British Columbia ......
Feb. 7, 1880
644 Pullon, Joseph Thomas, Rowangarth, North Park Road, Roundhay, Leeds

.......... Feb. 11, 1905

645 Rae, John Livington Campbell, 40, Church Street, Newcastle, New South Wales,
Australia
..........

Oct. 14, 1899

646 Raine, Frederick James, Etherley Grange Colliery, Bishop Auckland

S.
A.
M.

Feb. 15, 1896
Aug. 6, 1904
Feb. 9, 1907

647 Ramsay, John, Tursdale Colliery, Ferry Hill

A.
M.

April 27, 1895
Feb. 13, 1904

648 Ramsay, William Henry, South Tanfield Colliery, Stanley, S.O., County Durham

June 8, 1907

649 Randolph, Beverley S., Barkeley Springs, West Virginia, U.S.A.........................

Aug. 4, 1894

......

650 Rankin, Thomas Thomson, Mining and Technical College, Wigan......
651 Rateau, Auguste, 7, rue Bayard, Paris, France

......... April 9, 1904

..

Aug. 2, 1902

652 Ravenshaw, Henry Willock, Rutland House, Hanwell, London, W......................

Feb. 15, 1896

653 Ray, Charles Edmund, Whinfield, near Ulverston

Aug. 3, 1907

...

654 Redman, Sydney George, 15, Osborne Terrace, Gosforth, Newcastle-upon-Tyne

Feb. 10, 1906

655 Redwood, Sir Boverton, Wadham Lodge, Wadham Gardens, London, N.W.

June 21, 1894

656*Rees, Ithel Treharne, Guildhall Chambers, Cardiff
657 Rees, Robert Thomas, Glandare, Aberdare
658 Rees, William Thomas, Maesyffynon, Aberdare

...

April 4, 1903

......

Aug. 7,1897
...

659 Reid, Arthur H., P.O. Box 120, Cape Town, South Africa

A.M.
M.

Oct. 9, 1897
Feb. 12, 1898
June 21, 1894

660 Reid, Francis, Riverside, Blackboys, S.O., Sussex......

April 9, 1892

661 Renwick, Thomas Charlton, Lumley Thicks, Fence Houses.........

April 14, 1894

662 Rhodes, Charles Edward, Lane End House, Rotherham

Aug. 4, 1883

663 Rhodes, Francis Bell Forsyth, United States Zinc Company, Pueblo, Colorado,
U.S.A.............

Feb. 10, 1894

664 Rich, Francis Arthur, Vincent Road, Remnera, Auckland, New Zealand..................

Aug. 5, 1899

665 Rich, William, Trevu, Camborne

June 9,1888
Aug. 3, 1889

...

......

A.M.
M.

666 Richards, Fred, Blaenau, Compton Road, Canonbury, London, N...................

Aug. 3, 1907

667 Richards, Thomas J., 53, Strand, Ferndale, Pontypridd

Oct. 10, 1896

668 Richardson, Henry, Eden Mount, Wetheral, Carlisle ...

March 2, 1865

669 Richardson, Nicholas, c/o Mrs. James Richardson, South
Ashfield, Newcastle-upon-Tyne ............

S.
A.
M.

Dec. 12, 1896
Aug. 3, 1901
Dec. 14, 1901

670 Richardson, Robert, Summerhill House, Blaydon-upon-Tyne,
S.O., County Durham
............

A.
M.

Feb. 8, 1890
Aug. 3, 1895

671 Ridge, Harry Mackenzie, Owton Manor, Seaton Carew,
West Hartlepool
..................

Dec. 14,1907

672 Ridley, Norman Backhouse, 2, Collingwood Street, Newcastle-upon-Tyne
673 Ritson, John Ridley, Burnhope Colliery, Lanchester,
Durham
.....................

...

June 8, 1895

S.
A.M.
M.

674 Ritson, Utrick Alexander, Milbum House, Newcastle-upon-Tyne

...................

675 Robbins, Percy Arthur, 60, Wall Street, New York City, U.S.A........................

[xxxix]
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April 11, 1891
Aug. 3, 1895
Feb. 14, 1903
Oct. 7, 1871
Oct. 12, 1901

xxxix
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676 Roberts, James, Jun., Perran House, Perranporth, S.O., Cornwall
677 Roberts, John, Laxey, S.O., Isle of Man

.........

....... Dec. 14, 1895

.........

Dec. 9,1905

678 Roberts, Stephen, Luipaards Vlei Estate and Gold-mining Company, P.O. Box 53,
Krugersdorp, Transvaal
...

April 28, 1900

679 Roberts, William, Bella Vista, Perranporth, S.O., Cornwall

Aug. 4, 1906

680 Robertson, Andrew, 49, Mining Exchange, Ballarat,
Victoria, Australia......
...
...
...

........................

Aug. 7, 1897

681 Robertson, Daniel Alexander Wilberforce, Metropolitan Colliery, Helensburgh,
near Sydney, New South Wales, Australia ...............
Aug. 6, 1892

682*Robertson, James Robert Millar, 40, Pitt Street, Sydney, New South Wales,
Australia .........

Aug. 2, 1890

683*Robins, Samuel Matthew, 28, Harefield Road, Brockley, London, S. E. Transactions
sent to Thomas R. Stockett, Western Fuel Company, Nanaimo, British Columbia ......... Oct. 12, 1895
684 Robinson, Francis James, Wycliffe, South Parade, Whitley
Bay, S.O., Northumberland
...........

Oct. 13, 1906

685 Robinson, George, Boldon Colliery, S.O., County Durham

June 10, 1899

686 Robinson, G. C., Brereton and Hayes Colliery, Rugeley ...

Nov. 5, 1870

687 Robinson, George Henry, Jun., Esplanade, Sunderland ...

S.
M.

Dec. 9, 1899
April 8, 1905

688 Robinson, John, High Hedgefield, Blaydon-upon-Tyne,
S.O., County Durham
...............
689 Robinson, J. B., Colliery Offices, Tow Law, S.O., County Durham

Feb. 10, 1900
..................

Aug. 5, 1893

690 Robinson, John Thomas, South Medomsley Colliery, Dipton, S.O.,
County Durham ............

Feb. 13, 1892

691 Robinson, Robert Dobson, Tamworth Colliery Company, Tamworth

Feb. 9, 1901

.................

692 Robinson, Timothy, Ryhope Colliery, Sunderland......

Feb. 8, 1902

693 Robson, J. S., Butterknowle Colliery, Butterknowle, S.O., County Durham

.............May 15, 1862

694 Rodewald, Rudolf, Nenthead Mines, Nenthead, Alston, S.O., Cumberland

............... April 7, 1906

695 Roelofsen, Jean Adolf, Post Office Buildings, Middlesbrough ...
696 Ronaldson, James Henry, P.O. Box 1763, Johannesburg, Transvaal
697 Ross, Hugh, Dean and Chapter Colliery, Ferry Hill

.................. Aug. 3, 1907
.....................

...

Aug. 6, 1892

698 Ross, John Alexander George, 11, Kingsley Place, Heaton, Newcastle-uponTyne
............
699 Routledge, William Henry, Woodfield Park, Blackwood,
Newport, Monmouthshire...............

Aug. 6, 1892

July 2, 1872

S.
A.M.
M.

Oct. 7, 1876
Aug. 1,1885
June 8, 1889

700 Rowe, Joseph Seymour, Metropolitan Colliery, Helensburgh, New South Wales,
Australia
.........
Aug. 3, 1907
701 Rowley, Walter, 20, Park Row, Leeds

.........

Aug. 5, 1893

702 Rumbold, William Richard, Oruro, Bolivia, South America, via Buenos
Aires i Tupiza
...
......
703 Russell, Robert, Coltness Iron Works, Newmains, S.O., Lanarkshire ...
704 Rutherford, Robert, Mainsforth, Ferry Hill

...

June 14, 1902
... Aug. 3, 1878

......

Oct. 11, 1902

705 Rutherford, William, Lindum House, Gateshead-upon-Tyne.......................

Oct.

3, 1874

706 Rutherford, William, Jun., South Derwent Colliery, Annfield Plain, S.O., County
Durham .........

Feb. 9,1901

707*Saise, Walter, Stapleton, Bristol

............

A.M.
M.

708 Sam, Thomas Birch Freeman, c/o F. and A. Swanzy, Cape Coast Castle, West
Africa ......
......

[xl]

Nov. 3, 1877
Aug. 3, 1889
Aug. 5, 1893
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Date of Election and
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709 Samborne, John Stukely Palmer, Timsbury House, Bath
710 Sample, James Bertram, Bunker Hill, Fence Houses

.....

...

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

1, 1891

Jan. 19, 1895
Aug. 4, 1900
Oct. 10, 1903

711*Samwell, Nicholas, c/o Alexander Forbes, 71, Phayre Street, Rangoon,
Burma, India ............

April 13, 1901

712 Sandow, William John Josiah, 17, Fenchurch Street, London, E.C. .....................

Feb. 8, 1908

713 Saunders, David William Alban, Worcester Chambers,
Swansea
.....................

Feb 12, 1898
June 11, 1898

A.M.
M.

714 Saunders, William Thomas, Ivydene, West Cross, S.O., Glamorgan

..................... June 12, 1897

715*Sawyer, Arthur Robert, P.O. Box 2202, Johannesburg,
Transvaal
.....................

S.
A.M.
M.

716 Schnabel, Leberecht Ferdinand Richard, Salisbury Buildings, 443,
Bourke Street, Melbourne, Victoria, Australia
.....................
717 Scholer, Peter, 117, Frances Street, Bellevue, Johannesburg,
Transvaal
.................

Dec. 6, 1873
Aug. 2, 1879
June 8, 1889
April 13, 1907

A.M.
M.

Dec. 13, 1902
Feb. 10, 1906

718 Schwarz, Paul, Otto House, Fleet Street, Bishop Auckland

April 9, 1904

719 Scorer, John, c/o J. Crawford and Sons, Limited, Bonnersfield Engine Works,
Sunderland............

Dec. 12, 1903

720 Scott, Anthony, Netherton Colliery, Nedderton. Newcastle-upon-Tyne
721 Scott, Charles F., Newbell, Consett, S.O., County Durham
722 Scott, Elgin, Boryslaw, Galicia, Austria

...

...

................. April 8, 1905
S.
M.

...

723 Scott, Ernest, Sun Buildings, Newcastle-upon-Tyne

Aug. 4, 1894

...

724 Scott, Edward Charlton, Woodside Cottage, Totley Rise,
Sheffield
.....................

April 9, 1892
A.
M.

725 Scott, Frederick Bowes, 28, Queen Street, London, E.C.
726 Scott, George Henry Hall, c/o Thomas Emerson Forster,
3, Eldon Square, Newcastle-upon-Tyne.........

April 11, 1874
Aug. 4, 1877

Oct. 8, 1892
Feb. 11, 1899
Dec. 14, 1895

S.
M.

727 Scott, Herbert Kilburn, 46, Queen Victoria Street, London, E.C......................

April 12, 1902
Dec. 8, 1906
Oct. 11, 1902

728 Scoular, George, St. Bees, S.O., Cumberland

......

July 2, 1872

729 Selby, John Baseley, Leigh ...............

April 25, 1896

730 Senstius, Friedrich, Wester bolter Weg, 43, Recklinghausen, Westphalia,
Germany
...
...
...
...

June 9, 1906

731 Severs, Joseph, North Walbottle, Newburn, S.O., Northumberland

...

732 Severs, William, Beamish, S.O., County Durham......

June 8, 1901

A.
M.

Nov. 5, 1892
Dec. 8, 1900

733 Shanks, John, 10, Church Road, Harrington, S.O., Cumberland ......

Aug. 5, 1905

734 Sharp, Jacob, Lambton House, Fence Houses

Dec. 14, 1901

...

...

735*Shaw, James, 41, Wicksteed Street, Wanganui, New Zealand

................... Dec. 12, 1896

736 Sheafer, Arthur Whitcomb, Pottsville, Pennsylvania, U.S.A.........................

Aug. 4, 1894

737 Shewan, Thomas....................

Aug. 1, 1903

738 Shiel, John, 6, Windsor Terrace, Newcastle-upon-Tyne ...

May

739 Simon, Frank, Rand Club, Johannesburg, Transvaal

Dec. 14, 1895

...

740 Simpson, Charles Liddell, Engine Works, Grosvenor Road, Pimlico, London

....

6, 1871

April 8, 1893

741 Simpson, Francis L. G., Mohpani Coal-mines, Gadawarra,
C.P., India ...............
......

A.M.
M.

Dec. 13, 1884
Aug. 3, 1889

742 Simpson, Frank Robert, Hedgefield House, Blaydon-upon-Tyne,
S.O., County Durham
... .........

S.
M.

Aug. 4, 1883
Aug. 1, 1891

743 Simpson, John, Heworth Colliery, Felling, S.O., County
Durham (Vice-President, Member of Council) ...
...

S.
M.

Dec. 6, 1866
Aug. 1, 1868

744 Simpson, John Bell, Bradley Hall, Wylam, S.O., Northumberland (PastPresident, Member of Council)
...
[xli]
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Oct.

4, 1860
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745 Simpson, Robert Rowell, Department of Mines, 6, Dacres
Lane, Calcutta, India
...............

S.
A.
M.

Aug. 3, 1895
Aug. 2, 1902
Oct. 11, 1902

746 Simpson, Thomas Ventress, Throckley Colliery, Newburn,
S.O., Northumberland
.............

S.
A.
M.

Dec. 14, 1895
Aug. 2, 1902
Dec. 13, 1902

747 Skertchley, Sydney A. R., Tuxpam, Vera Cruz, Mexico

April 13, 1901

748 Sladden, Harry, P.O. Box 2844, 6, Barnato Buildings, Johannesburg,
Transvaal ...
...
...
...
...

Nov. 24, 1894

749 Slinn, Thomas, 40, Park Avenue, Whitley Bay, S.O., Northumberland

July 2, 1872

750 Smallwood, Percy Edmund, Garesfield Colliery, High
Spen, Newcastle-upon-Tyne
............

A.
M.

Oct. 11, 1902
Oct. 12, 1907

751 Smart, Alexander, c/o Frazer and Chalmers, Limited, Erith, S.O., Kent
752*Smith, Richard Clifford, Ashford Hall, Bakewell

.................. Feb. 10, 1894

...

Dec. 5, 1874

753 Smith, Robert Fleming, Hunters Villa, Parkside, Cleator Moor, S.O., Cumberland....... Aug. 6, 1904
754 Smith, William, P.O. Box 653, Johannesburg, Transvaal ...

Oct. 11, 1902

755 Smith, William Woodend, Crossgill House, Frizington, S.O., Cumberland

.........

756 Sopwith, Arthur, Wavertree, Handsworth, Staffordshire

Aug. 6, 1904
Aug. 6, 1863

757 Southern, Edmund Octavius, North Seaton Hall, Morpeth

S.
A.M.
M.

Dec. 5, 1874
Aug. 1, 1885
June 8, 1889

758 Southern, John, Heworth Colliery, Felling, S.O., County
Durham
.....................

A.
M.

Dec. 14, 1889
April 8, 1899

759 Southern, R. W. A., 33, The Parade, Cardiff

......

Aug. 3, 1865

760 Southwood, Reginald Thomas Enfield, Nether House, Spencer Road, Putney,
London, S.W..........
761 Spence, Robert Foster, Backworth, Newcastle-upon-Tyne

S.
A.M.
M.

Feb. 10, 1906
Nov. 2, 1878
Aug. 2, 1884
Aug. 4, 1889

762 Spencer, Francis H...................

Dec. 13, 1890

763 Spencer, John Watson, Newburn, S.O., Northumberland

May 4, 1878

764 Stanley, George Hardy, Technical Institute, Johannesburg, Transvaal

................. April 12, 1902

765 Steavenson, Addison Langhorne, Durham (Past-President, Member of Council)....... Dec.
766 Steavenson, Charles Herbert, Redheugh Colliery, Gateshead-upon-Tyne
..................
767 Steel, Robert, Woodhouse, Whitehaven

S.
A.
M.

.........

6, 1855

April 14, 1883
Aug. 1, 1891
Aug. 3, 1895
Aug. 5, 1905

768 Stephens, Francis Joseph, Blackwell's Development Corporation, Limited,
Knaben Grube, Fjotland, via Flekkefjord, Norway
..................

Oct. 12, 1907

769 Stephenson, Ralph, West Stanley Colliery, Stanley, S.O., County Durham

.......... Dec. 10, 1904

770 Stevens, Arthur James, Uskside Iron Works, Newport, Monmouthshire

............. April 8, 1893

771 Stevens, James, 9, Fenchurch Avenue, London, E.C.

...

Feb. 14, 1885

772 Stevinson, Peter B., Dunholm, Lesbury Road, Heaton, Newcastle-upon-Tyne
773 Stewart, William, Foxwood, Kent Road, Harrogate

...

S.
M.

...... April 9, 1904
Oct. 8, 1898
April 9, 1904

774 Stewart, William, Tillery Collieries, Abertillery, S.O., Monmouthshire

............... June 8, 1895

775 Stobart, Frank, Biddick Hall, Fence Houses

S.
A.M.
M.

......

Aug. 2, 1873
Aug. 5, 1882
June 8, 1889

776 Stobart, Henry Temple, Wearmouth Colliery, Sunderland

777 Stobart, William Ryder, Etherley Collieries, County Durham

[xlii]

S.
A.M.
M.

Oct. 2, 1880
Aug. 4, 1888
Aug. 3, 1889

.....

Oct. 11, 1890
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778 Stoker, Arthur P., Ouston House, near Chester-le-Street

S.
A.M.
M.

Oct. 6, 1877
Aug. 1, 1885
Aug. 3, 1889

779 Stokoe, James, Herrington Lodge, West Herrington, via
Sunderland ....................

A.
M.

Nov. 24, 1894
Dec. 10, 1904

780 Stone, Arthur, Heath Villas, Hindley, Wigan

......

June 13, 1896

781*Stonier, George Alfred, 726, Salisbury House, London, E.C. ........................
782 Storey, William, Qrpeth Villas, Beamish, S.O., County Durham
788 Straker, J. H, Howden Dene, Corbridge, S.O., Northumberland
784 Streatfield, Hugh Sidney, Ryhope, Sunderland

June 11, 1904

.........

......... April 12, 1902

.....................

...

Oct.

A.M.
M.

3, 1874

June 8, 1889
Aug. 3, 1889

785 Stuart, Donald McDonald Douglas, Redland, Bristol ...

June 8, 1895

786 Sulman, Henry Livingstone, 44, London Wall, London, E.C.

Feb. 11, 1899

787 Summerbell, Richard, Preston Colliery, North Shields ...
788 Sutcliffe, Richard, Horbury, Wakefield ......

A.
M.

Dec. 9, 1905
Dec. 14, 1907

...

789 Sutherland, Edgar Greenhow, West Rainton, Fence Houses

June 14, 1902
.....................

Dec. 10, 1904

790 Sutton, William, Grosmont, 46, Palace Road, Streatham Hill, London, S. W.................. April 28, 1900
791 Swallow, John, East Pontop Colliery, Annfield Plain, S.O., County Durham

...... May 2, 1874

792 Swallow, Ralph Storey, Langley Park, Durham......

A.
M.

Dec. 9, 1899
Dec. 12, 1903

793 Swallow, Wardle Asquith, Tanfield Lea, Tantobie,
S. O., County Durham
...............

S.
A.
M.

Dec. 9, 1893
Aug. 3, 1901
Aug. 2, 1902

794 Swete, Oswald Ricketts, Argosy Mine, Ngobevu, via Greytown, Natal,
South Africa .........
...
795 Swinburne, Umfreville Percy, Inspector of Mines, Pretoria,
Transvaal........
.........

June 9, 1906
A.M.
M.

Aug. 4, 1894
June 14, 1902

796 Swindle, Jackson, West House, Swalwell Road, Dunston, Gateshead-upon-Tyne

June 14, 1902

797 Swinney, Alfred John George, Lorne Villa, Elm Road, Sidcup, S.O., Kent................

June 11, 1898

798 Symons, Francis, Ulverston

..............

Feb. 11, 1899

799 Tallis, Alfred Simeon, The Rhyd, Tredegar

.....

April 9, 1904

800 Tallis, John Fox, The Firs, Ebbw Vale, S.O., Monmouthshire

........................

Dec. 12, 1903

801 Tate, Simon, Trimdon Grange Colliery, County Durham ...

Sept. 11, 1875

802 Tate, Walker Oswald, Grange Hill, Bishop Auckland ...

S.
A.
M.

803 Taylor, Alfred Henry, Puponga Colliery, Collingwood, Nelson, New Zealand

Oct. 12, 1895
Aug. 1, 1903
Feb. 13, 1904
..

804 Taylor, Neil, c/o The Falmouth Consolidated Mines, Limited, Wheal Jane
Mine, Baldhu, near Truro ...
805 Taylor, Thomas, Chipehase Castle, Wark, S.O., Northumberland
806 Teasdale, Thomas, Middridge, Heighington, S.O., County Durham

.................. April 9, 1892
S.
A.M.
M.

808 Tennant, John Thomas, James Street, Hamilton, Newcastle, New South Wales,
Australia
............

List of Members.

Oct. 3, 1874
Aug. 6, 1881
June 8, 1889
Dec. 12, 1903

.................... Aug. 6, 1904

810 Teutenberg, William, Suedstrasse, 144k, Duisburg-Hochfeld, Westfalen,
Germany............

[xliii]

April 13, 1907

..................... July 2, 1872

807 Telford, William Haggerstone, Hedley Hope Collieries,
Tow Law, S.O., County Durham............

809 Terry, Arthur Michael, 23, Claremont Place, Gateshead-upon-Tyne

Dec. 14, 1901

June 8, 1907

xliii
Date of Election and
of Transfer.

811 Thom, Archibald, Jun., Moresby Parks, near Whitehaven

Aug. 5, 1905

812 Thomas, Arthur, Chilecito, Province Rioja, Argentine Republic, South America..... Aug. 7, 1897
813 Thomas, Ernest Henry, Oakhill, Gadlys, Aberdare
814 Thomas, Iltyd Edward, Glanymor, Swansea
815 Thomas, J. J., Hawthorn Villa, Kendal

...

Feb. 10, 1900

......

Feb. 10, 1900

........

June 21, 1894

816 Thomas, Richard, Cambria Villa, Stockton, New South Wales, Australia

............ Feb. 11, 1899

817 Thomlinson, William, Seaton Carew, West Hartlepool ...
818 Thompson, Alfred, Talbot House, Birtley, S.O., County Durham
819 Thompson, Charles Lacy, Farlam Hall, Brampton Junction,
Carlisle
......
...........

April 25, 1896
.................... Dec. 13, 1902
A.M.
M.

Feb. 10, 1883
Aug. 3, 1889

820 Thompson, Errington, Weardale House, St. John's Chapel, S.O., County Durham

June 8, 1907

821 Thompson, John William, East Holywell Colliery, Shiremoor,
Newcastle-upon-Tyne
............

June 10, 1893
Feb. 10, 1900

A.
M.

822 Thompson, William, 1 and 2, Great Winchester Street, London, E.C......................

Aug. 4, 1888

823 Thomson, John, Eston Mines, by Middlesbrough ......

April 7, 1877

824 Thomson, John Whitfield

Oct. 11, 1902

...............

825 Thomson, Thomas, Westport Coal Company, Limited,
Denniston, New Zealand ...............

Feb. 8, 1908

826 Thornton, Norman Muschamp, Seaton Burn and Dinnington
Collieries, Seaton Burn, Dudley, S.O., Northumberland

S.
A.
M.

827 Tinsley, James, Belgrave House, Brecon Road, Abergavenny
828 Todd, John Thomas, Blackwell Collieries, Alfreton

April 27, 1895
Aug. 2, 1902
June 10, 1903
Dec. 12, 1903

...

S.
A.M.
M.

Nov. 4, 1876
Aug. 1, 1885
June 8, 1889

829*Townsend, Harry Poyser, c/o New Kleinfontein Company,
Limited, P.O., Benoni, Transvaal.........
...

April 12, 1902

830 Trelease, William Henwood, Via dei Cattaneo, Novara, Italy ; and Ceppomorelli
per Macugnaya, Vall' Anzasca, Prov. di Novara, Italy
...............

April 8, 1893

831 Trevor, Earle Wellington Jenks, c/o Nonex Safety Tank
Company, 46, Dover Street, Piccadilly, London, W. ...

Aug. 2, 1902

832 Trotman, Henry Leigh, Moorland House, Aspull, Wigan

Feb. 13, 1904

833 Tulip, Samuel, Bunker Hill, Fence Houses........

June 12, 1897

834 Turnbull, John James, Jharia P.O., District Manbhoom, Bengal, India

......

Feb. 12, 1898

835 Turnbull, Robert, Usworth Colliery, Washington, S.O., County Durham

............... Aug. 2, 1902

836 Turner, Charles Edward, Mina Campanario, Valverde
del Camuio, Provincia de Huelva, Spain
......

A.M.
M.

Aug. 6, 1898
June 20, 1908

837 Tuxen, Peter Vilhelm, 60, Market Street, Melbourne, Victoria, Australia.................. April 7, 1906
838 Tweddell, George Herbert, Edenholme, Beverley Gardens, Cullercoats,
Whitley Bay, S.O., Northumberland ................
839*Tyers, John Emanuel, Rewah State Collieries, Umaria, Central India
840 Tyrrell, Joseph Burr, 87, Binscarth Road, Toronto, Canada
841 Tyzack, David, Beilingham, S.O., Northumberland

A.M.
M.
..................

...

Feb. 13, 1904
Dec. 10, 1877
Aug. 3, 1889
Feb. 10, 1900
Feb. 14, 1874

842 Upton, Prescott, P.O. Box 1026, Johannesburg, Transvaal

June 12, 1897

843 Varty, Thomas, Skelton Park Mines, Skelton-in-Cleveland, S.O., Yorkshire

Feb. 12, 1887

844 Vaughan, Cedric, Hodbarrow Iron-ore Mines, Millom, S.O., Cumberland.................... Dec. 10, 1892
845 Veasey, Harvey C, Tetulmoorie, Sijua P.O., Manbhum District, Bengal, India

[xliv]
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June 21, 1894

Date of Election and
of Transfer.
846 Verny, George, Pont d'Aubenas, Ardéche, France

...

Oct.

8, 1898

847 Verschoyle, William Denham, Tanrago, Ballisodare, S.O., County Sligo................. Dec. 11, 1897
848 Wadham, Walter Francis Ainslie, Millwood, Dalton-in- Furness, S.O., Lancashire........ Dec. 10, 1898
849 Wales, Henry Thomas, Bank Chambers, Castle Square, Swansea

..................... Feb. 11, 1893

850 Walker, Henry, H.M. Inspector of Mines, Durham

...

June 8, 1907

851 Walker, James Howard, Bank Chambers, Wigan

...

Dec. 9, 1899

852 Walker, John Scarisbrick, Pagefield Iron Works, Wigan........................

Dec.

853 Walker, Sydney Ferris, Bloomfield Crescent, Bath

June 11, 1898

854 Walker, Thomas A., Pagefield Iron Works, Wigan

...

4, 1869

...

June 8, 1895

855 Walker, William Edward, Lowther Street, Whitehaven

Nov. 19, 1881

856 Wall, Henry, Tower Buildings, Wallgate, Wigan

June 8,1895

...

857 Wall, William Henry, Cumberland, British Columbia ...

June 14, 1902

858 Walsh, George Paton, 564, Heirengracht, Amsterdam, Holland

.................... Nov. 24, 1894

859 Walton, Jonathan Coulthard, Writhlington Colliery,
Radstock, Bath
.........
........

S.
A.M.
M.

860 Walton, William Henry, Bridgewater Offices, Walkden, Manchester

............

Nov. 7, 1874
Aug. 6, 1881
June 8, 1889
... June 10, 1903

861 Ward, Alexander Houstonne, Raneegunge, Bengal, India........................
862*Ward, Thomas Henry, Giridih, E.I.R., Bengal, East India
863 Waters, Stephen, Apartado No. 96, Pachuca, Mexico
864 Watkyn-Thomas, William, Workington

A.M.
M.

...

April 14, 1894
Aug. 5, 1882
Aug. 3, 1889
April 4,1903

.........

A.M.
M.

865 Watson, Claude Leslie, The Bengal Coal Company, Limited, Raneegunge,
E.I.R., Bengal, India ......
866 Watson, Edward, c/o F. Harle, Solicitor, Chester-le-Street

S.
M.

Feb. 10, 1883
Aug. 3, 1889
Dec.

8, 1900

Feb. 13, 1S92
Aug. 4, 1894

867 Watson, Thomas, Trimdon Colliery, S.O., County Durham

Oct. 11, 1890

868 Watts, Frank Reginald, Cleveland House, North Shields

Oct. 12, 1907

869 Watts, J. Whidbourne, P.O. Box 179, Barberton, Transvaal
870 Webster, Alfred Edward, Manton, Worksop

...

....................

......

871 Wedderbtjrn, Charles Maclagan, 8, East Fettes Avenue, Edinburgh

Dec. 12, 1896
June 12, 1897

.....................

872 Weed, Walter Harvey, 42, Broadway, New York City, U.S.A........................
873 Weeks, John George, Bedlington, S.O., Northumberland (Past-President,

Oct. 14, 1905
June 14, 1902

Member of Council)

......

Feb. 4, 1865

874 Weeks, Richard Llewellyn, Willington, S.O., County
Durham (Member of Council)
............

A.M.
M.

June 10, 1882
Aug. 3, 1889

875*Weinberg, Ernest Adolph, 39, Queen Street, Melbourne, Victoria,
Australia..................

A.M.
M.

Feb. 12, 1898
Oct. 8, 1898

876 Welsh, Thomas, Plas Darran, Abercynon, Pontypridd ...

Feb. 14, 1903

877 Welton, William Pitt, Santa Ana, Departamento del Tolima, Republic of Colombia,
South America......
Dec. 9, 1905
878 Welton, William Shakspeare, Elm Road, Wembley, S.O., Middlesex

..................... Dec. 14, 1901

879 Western, Charles Robert, Queen Anne's Mansions, Westminster,
London, S.W.
......
......

June 10, 1893

880 Westmacott, Percy Graham Buchanan, Rose Mount, Sunninghill, Ascot.................. June 2, 1866
881 White, Charles Edward, Wellington Terrace, South Shields

S.
A.M.
M.
882 White, Frederick Napier, H.M. Inspector of Mines, 12, St. James' Gardens,
Swansea
...
......
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Nov. 4, 1876
Aug. 1, 1885
Aug. 3, 1889
June 11, 1898

xlv
Date of Election and
of Transfer.

883 White, Henry, Walker Colliery, Newcastle-upon-Tyne ...

S.
M.

884 Whitehead, John James, 20, Victoria Street, Westminster, London, S.W.

March2, 1867
Aug. 5, 1871
......... Oct. 10, 1903

885 Widdas, C, North Bitchburn Colliery, Howden, Darlington ......................

Dec. 5, 1868

886 Widdas, Henry, Whitehaven Castle Estate, Somerset House, Whitehaven ...

April 7, 1906

887 Widdas, Percy, Oakwood, Cockfield, S.O., County Durham

Aug. 6, 1904

888 Wight, Edward Septimus, Taupiri Coal-mines, Limited, Mine-manager's Office,
Huntly, near Auckland, New Zealand
A.M.
M.

Dec. 12, 1885
Aug. 3, 1889

889 Wight, Frederick William, 5, Bondicar Terrace, Blyth...

Aug. 5, 1905

890 Wight, Robert Tennant, Hallbankgate, Milton, Carlisle

Oct. 13, 1900

891 Wilbraham, Arthur George Bootle, Mina de San Domingos,
Mertola, Portugal
............

S.
M.

892 Wild, Matthew Brown, 37, Arthur Road, Erdington, Birmingham.....................

Dec. 11, 1897
Feb. 8, 1902
Oct. 12, 1907

893 Wilkins, William Glyde, Westinghouse Building, Pittsburg, Pennsylvania, U.S.A.

Dec. 11, 1897

894 Wilkinson, John Thomas, Trimdon, Trimdon Grange, S.O., County Durham

Dec.

895*Wilkinson, William Fischer, 43, Threadneedle Street, London, E.C............

Oct. 10, 1896

8, 1900

896 Williams, Foster, Miniera di Libiola, Sestri Levante,
Italy ........................

A.
M.

897 Williams, Gardner Frederick, 2201, R Street, Washington, D.C., U.S.A...................
898 Williams, Griffith John, H.M. Inspector of Mines, Bangor

Oct. 12, 1895
Aug. 2, 1902

899 Williams, Henry J. Carnegie, Bruce Mines, Algoma, Ontario, Canada
900 Williams, Isaac, Elterwater, Ambleside

April 13, 1907
June 20, 1908

........... Oct. 12, 1895

.........

April 13, 1907

901 Williams, James, c/o James Pollock, Sons and Company, Limited, 3 Lloyd's Avenue,
London, E.C.......
April 11, 1908
902 Williams, John, Dolavon, Llanrwst, S.O., Denbighshire
903 Williams, John Richard, P.O. Box 149, Johannesburg, Transvaal

Oct. 8, 1904
...

...

June 11, 1904

904 Williams, James Wilson, 15, Valley Drive, Harrogate ...

April 4, 1903

905 Williams, Luke, Claremont, Moonah, Tasmania ......

April 10, 1897

906 Williams, Robert, 30, Clements Lane, Lombard Street, London, E.C......................

June 13, 1896

907 Willis, Henry Stevenson, Medomsley, S.O., County Durham

S.
A.
M.

Feb. 13, 1892
Aug. 4, 1900
June 8, 1907

908 Wilson, Anthony, Thornthwaite, Keswick

A.M.
M.

Feb. 10, 1900
Dec. 13, 1902

A.M.
M.

June 12, 1897
April 2, 1898

......

909 Wilson, Archibald Laurence, The New Ravenswood,
Limited, Kavenswood, Queensland, Australia ...
...
910 Wilson, James, Wellington House, Edmondsley. Durham

April 13, 1901

911 Wilson, Lloyd, Flimby Colliery, Maryport......

Jan. 19, 1895

..

912 Wilson, Nathaniel, 2, East India Avenue, Leadenhall Street, London, E.C............... Dec. 9, 1899
913 Wilson, Peregrine Oliver, c/o F. F. Wilson, 7, Devonshire Square, Bishopsgate
Street, London, E.C.......

Dec.

914 Wilson, Robert Gott, Battle Green, Pelton Fell, S.O.,
County Durham
..................

Aug. 6, 1892
Dec. 12, 1903

915 Wilson, William, Chilton Colliery, via Ferry Hill

A.
M.

...

916 Wilson, William Brumwell, Horden Dene, Easington,
Castle Eden, S.O., County Durham
.........

9, 1893

June 8, 1907
S.
M.

Feb. 6, 1869
Aug. 2, 1873

917* Wilson, William Brumwell, Jun., Usworth Colliery,
Washington, S.O., County Durham
......

Feb. 9, 1901

918 Winchell, Horace V., 505, Palace Building, Minneapolis,
Minnesota, U.S.A...................

Nov. 24, 1894

919 Winstanley, Robert, 42, Deansgate, Manchester......

Sept. 7, 1878

[xlvi]
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Date of Election and
of Transfer.
920 Witt, Otto, Narvik, Norway...............

April 9, 1904

921 Wood, Ernest Seymour, Cornwall House, Murton, S.O., County Durham

............ Oct. 10, 1891

922 Wood, John, Coxhoe Hall, Coxhoe, S.O., County Durham

S.
A.
M.

June 8, 1889
Aug. 4, 1894
Aug. 3, 1895

923* Wood, Sir Lindsay, Bart., The Hermitage, Chester-le-Street
(Past-President, Member of Council) .........

Oct.

924 Wood, Richard, Barley Brook Foundry, Wigan ......

June 14, 1902

925 Wood, Robert, 8, Olympia Gardens, Morpeth

April 13, 1907

......

926 Wood, Thomas, North Hetton Colliery Office, Moorsley,
Hetton-le-Hole, S.O., County Durham.........

S.
M.

1, 1857

Sept. 3, 1870
Aug. 5, 1871

927 Wood, Thomas Outterson, Cramlington House, Cramlington, S.O.,
Northumberland
............

Feb. 14, 1903

928 Wood, William Henry, Coxhoe Hall, Coxhoe, S.O., County Durham

................. Aug. 6, 1857

929 Wood, William Outterson, South Hetton, S.O., County Durham (Past-President,
Member of Council) ...
...

Nov. 7, 1863

930 Woodburne, Thomas Jackson, Bultfontein Mine, De Beers
Consolidated Mines, Limited, Kimberley, South Africa

Feb. 10, 1894

931 Woodeson, William Armstrong, Clarke, Chapman and Company, Limited, Victoria
Works, Gateshead-upon-Tyne ........................
Dec. 10, 1904
932 Wormald, Charles Frederick, Mayfield Villa, Saltwell,
Gateshead-upon-Tyne
...............

A.M.
M.

Dec. 8, 1883
Aug. 3, 1889

933 Wright, Abraham, East Indian Railway, Engineering Department, Giridih,
Bengal, India
...
.....

Feb. 11, 1905

934 Wrightson, Sir Thomas, Bart., Stockton-upon-Tees

Sept. 13, 1873

...

935 Wrightson, Wilfrid Ingram, Neasham Hall, Darlington

A.M.
M.

936 Yeoman, Thomas Pressick, Ballarpur, Chanda District, Central Provinces,
India ............
...
937 Yerbury, Frederick Augustus, Hernosand,
938 Youll, Gibson, Bulli, New South Wales, Australia

Dec. 9, 1899
Feb. 8, 1908
Aug. 1, 1903

Esher Avenue, Walton-on-Thames Oct. 13, 1906
...

Oct. 12, 1901

939 Young, Harben Robert, Marshlands, Henley Street, Westport, New Zealand ............ Feb. 9, 1901
940 Young, James, 4, Granville Road, Jesmond, Newcastle-upon-Tyne
941 Young, John Andrew, 3, Fountain Avenue, Gateshead-upon-Tyne
942 Young, John Huntley, Wearmouth Colliery, Sunderland

..................... Oct.
A.M.
M.

9, 1897

Dec. 10, 1887
Aug. 3, 1889
June 21, 1894

ASSOCIATE MEMBERS (Assoc. M.I.M.E.).
Marked * have paid life composition.
Date of Election and
of Transfer.
1 Ainsworth, George, The Hall, Consett, S.O., County Durham

.....................

2 Armstrong, John Hobart, St. Nicholas' Chambers, Newcastle-upon-Tyne

......

Dec. 9, 1905
Aug. 1, 1885

3 Aspinall, John Eccles, Post Office, Roodepoort, Transvaal

Feb. 13, 1904

4 Atkinson, Alfred, Clarke, Chapman and Company, Limited, Victoria Works, Gatesheadupon-Tyne ...
...
...
April 13, 1901
5 Atkinson, George Blaxland, Prudential Assurance Buildings, Mosley Street,
Newcastle-upon-Tyne
...
6 Barrett, William Scott, Abbotsgate, Blundellsands, Liverpool
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...

...

Nov. 5, 1892
...

Oct. 14, 1899
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Date of Election and
of Transfer.

7 Beauchamp, Frank B., Woodborough House, near Bath ...

Oct.

8*Bell, Sir Hugh, Bart., Middlesbrough

Dec. 9, 1882

.........

9 Bishop, Clarence Adrian, Engineering and Building Works, Mooi River, Natal,
South Africa
.......

8, 1904

Oct. 10, 1903

10 Borradaile, Noel Collingwood Dickson, Farm Sabonabon, near Motor Mine, Gatooma,
Rhodesia, South Africa
Oct. 12, 1907
11*Broadbent, Denis Ripley, Royal Societies Club, St. James' Street, London, S. W.
Transactions sent to The Library, Royal Societies Club, St. James' Street, London, S.W.
12 Brown, Edward Otto Forster, Springfort, Stoke Bishop,
Bristol.........
...............
13 Brutton, P. M., 17, Sandhill, Newcastle-upon-Tyne

S.
A.
A.M.
...

Dec. 14, 1901
Aug. 3, 1907
Oct. 12, 1907
Oct. 13, 1900

14 Burdon, Augustus Edward, Hartford, Bedlington, S.O., Northumberland

............... Feb. 10, 1883

15 Burn, Charles William, 28, Fawcett Street, Sunderland

June 11, 1898

16 Cackett, James Thoburn, Pilgrim House, Newcastle-upon-Tyne
17 Capell, Rev. George Marie, Passenham Rectory, Stony Stratford.........
18*Carr, William Cochran, Benwell Colliery, Newcastle-upon-Tyne

Oct. 14, 1899

..................... Oct. 10, 1903
........... Oct.

.....................

Oct. 11, 1890

19 Chambers, David Macdonald, 23, St. Mary's Mansions, Paddington, London, W.......... Oct.
20*Chewings, Charles, William Street, Hawthorn, South Australia

.....................

21 Cochrane, Ralph D., Hetton Colliery Offices, Fence Houses. Transactions sent to
W. Cochrane, Willington Colliery Office, Willington, S.O., County Durham
......

8, 1892

8, 1904

April 25, 1896
June 1, 1878

22 Cooper, R. W., Newcastle-upon-Tyne............

Sept. 4, 1880

23 Cope, William Henry, The University, Birmingham

...

Dec.

9, 1905

24 Cory, Sir Clifford John, Bart., c/o Cory Brothers and Company, Limited, Cardiff

Dec. 11, 1897

25 Cruttenden, William Courtenay Dawes, 31a, Colmore Row, Birmingham ...

June 11, 1904

26 Eastwood, William, 93, Scar Lane, Milnsbridge, Huddersfield
27 Eccles, Edward, King Street, Newcastle-upon-Tyne

...

.............. Dec. 8, 1906

...

Oct. 13, 1894

28 Edwards, F. Henry, Bath Lane, Newcastle-upon-Tyne ...

June 11, 1887

29 Ellam, Albert Spencer, Camomile Street Chambers, Bishopsgate Street Within,
London, E.C.......
April 25, 1896
30 Ellis, Oswald William, 49, Beaumont Fee, Lincoln

...

Oct. 11, 1902

31 Fairless, Joseph, Mineral Traffic Manager, North Eastern Railway Company,
Newcastle-upon-Tyne
......

June 10, 1899

32 Fenwick, Featherstone, County Chambers, Westgate Road, Newcastle-uponTyne
...
.....
...

June 8, 1907

33 Ferguson, Colin Armstrong, P.O. Box 21, Randfontein, Transvaal
34 Foster, T. J., Coal Exchange, Scranton, Pennsylvania, U.S.A.

...

......... July 14, 1896
..................... Dec. 12, 1891

35 George, Edward James, Beech Grove, Consett, S.O., County Durham

.........

36 Gibson, Thomas William, Bureau of Mines, Toronto, Ontario, Canada

............ June 8, 1901

37*Graham, John, Findon Cottage, near Durham

......

Dec. 9, 1905

Oct.

38 Graham, James Parmley, 26, Cloth Market, Newcastle-upon-Tyne

.....................

9, 1897

Dec. 8, 1906

39 Gunn, Scott, 18, John Street, Sunderland .........

Aug. 1, 1903

40 Guthrie, Reginald, Neville Hall, Newcastle-upon-Tyne (Treasurer, Member of
Council)............

Aug. 4, 1888

[xlviii]
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41 Haanel, Eugene, Director of Mines, Department of Mines, Ottawa, Canada

..

Aug. 1, 1903

42 Haggie, Arthur Jamieson, The Manor House, Long
Benton, Newcastle-upon-Tyne
......
...

Feb.

8, 1908

43 Hall, Charles, 196, Gresham House, London, E.C.

...

Dec.

9, 1905

44 Harris-Edge, H. P., Coalport Works, Shifnal

..

June 8, 1901

..

45 Haswell, William Spence, Beverley Gardens, Cullercoats, Whitley Bay, S.O.,
Northumberland .........

April 13, 1901

46 Hedley, John Hunt, John Street, Sunderland

June 13, 1891

......

47 Heeley, George, East Avenue, Benton, Newcastle-upon-Tyne

......

Dec. 14, 1895

48 Henderson, Charles William Chipchase, c/o John George Weeks, Bedlington,
S.O., Northumberland ...

Dec.

49 Henzell, Robert, Northern Oil Works, Newcastle-upon-Tyne

April 11, 1891

..........

...........

9, 1882

50 Hodgetts, Arthur, c/o G. W. Hodgetts, Vaal River Estate, Sydney, via Delpoort's
Hope, District Kimberley, South Africa
.....
.........
Oct.

9, 1897

51 Humphreys-Davies, George, 5, Laurence Pountney Lane, Cannon Street,
London, E.C.
............

8, 1892

Oct.

52 Innes, Thomas Snowball, Prudential Buildings, Mosley Street, Newcastle-upon-Tyne Dec. 10, 1898
53 James, Henry M., Colliery Office, Whitehaven

......

54 Jeans, James Stephen, 165, Strand, London, W.C.

June 10, 1893
...

April 2, 1898

55 Jeffrey, Joseph Andrew, c/o The Jeffrey Manufacturing Company, Columbus, Ohio,
U.S.A.
.........

Dec. 11, 1897

56 Jeffries, Joshua, Hartley Street, Lambton, New South Wales, Australia

Dec. 10, 1898

............

57*Joicey, James John, 62, Finchley Road, St. John's Wood, London, N.W...................

Oct. 10, 1891

58 Kidson, Arthur, c/o Glaholm and Robson, Limited, Rope Manufacturers, Sunderland

April 8, 1899

59 Kirkley, James, Cleadon Park, Cleadon, Sunderland

...

June 8, 1907

60 Krohn, Herman Alexander, 103, Cannon Street, London, E.C.............

........ Oct. 14, 1893

61 Lamb, Edmund George, Borden Wood, Liphook, S.O., Hants........................

Feb. 12, 1898

62 Lambert, Thomas, Town Hall Buildings, Gateshead-upon-Tyne ........................

Aug. 2, 1902

63 Langslow-Cock, Edward Arthur, H.M. Inspector of Mines, Mine Office,
Serembau, Negri Sembilan, Federated Malay States ...............

Aug. 2, 1902

64 Latimer, William, 3, St. Nicholas' Buildings, Newcastle-upon-Tyne

Oct. 14, 1905

............

65 Leake, Percy Collinson, c/o Deanbank Chemical Company, Ferry Hill
66 Lishman, George Percy, Bunker Hill, Fence Houses

................

...

Aug. 4, 1900

67 Loewenstein, Hans von Loewenstein zu, Friedrichstrasse, 2, Essen-Ruhr, Germany.
Transactions sent to Bibliothek des Vereins für [fuer] die bergbaulichen Interessen im
Oberbergamtsbezirk Dortmund, Essen-Ruhr, Germany
68 Marshall, Patrick, University School of Mines, Dunedin, New Zealand...............
69 Morris, Percy Copeland, 79, Elm Park Gardens, London, S.W.........................
70 Ormrod, Wilson, Union Buildings, St. John Street, Newcastle-upon-Tyne

[xlix]
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Aug 3, 1907

April 13, 1907
...June 12, 1897
Feb. 14, 1903
Feb. 9, 1907

xlix
Date of Election and
of Transfer.

71 Palmer, Alfred Molyneux, John Bowes and Partners, Limited, Milburn House,

Newcastle-upon-Tyne

...

Nov. 24, 1894

72 Pickering, Henry, 13, South Parade, Whitley Bay, S.O., Northumberland

................ Dec.

73*Pickup, P. W. D., Rishton Colliery, Rishton, Blackburn ...

9, 1905

Feb. 12, 1898

74 Postlethwaite, John, Chalcedony House, Eskin Place, Keswick

......

.............. Feb. 11, 1905

75 Prior- Wandesforde, Richard Henry, Castlecomer House, Castlecomer, S.O., County
Kilkenny .........
Dec. 9, 1905
76*Proctor, John Henry, 45, Percy Gardens, Tynemouth, North Shields.....................

June 8, 1889

77 Quince, William John, P.O. Box 297, Pietermaritzburg, Natal, South Africa................. April 8, 1905
78 Redmayne, Robert Norman, 14, Neville Street, Newcastle-upon-Tyne
79 Reid, Sidney, Printing Court Buildings, Newcastle-upon-Tyne

.............. Dec. 8, 1906

........................

80 Ridley, James Cartmell, 1, Bentinck Terrace, Newcastle-upon-Tyne

.....................

Dec. 13, 1902
Feb. 11, 1893

81 Rogerson, John Edwin, Oswald House, Durham......

June 8, 1895

82 Rosen, John, P.O. Box 1647, Johannesburg, Transvaal ...

Dec. 10, 1898

83 Russell, James, Westgate Road, Newcastle-upon-Tyne ...

Feb. 13, 1904

84 Sadler, Basil, Craigmore, Lanchester, Durham

Feb. 11, 1905

......

85 Samuel, David, Ynyswen, New Road, Llanelly ......

Dec. 13, 1902

86 Sandberg, Christoph George Sigismund, 8, Velperbinnensingel, Arnhem, Holland

Dec. 14, 1907

87 Sanders, Charles William Henry, Sherburn House, near Durham

Dec. 14, 1901

.....................

88 Saunders, George B., Saunders, Todd and Company, Maritime Buildings, King Street,
Newcastle-upon-Tyne ...
Jan. 19, 1895
89 Schumacher, Raymond William, c/o H. Eckstein and Company, P.O. Box 149,
Johannesburg, Transvaal ...

April 9, 1904

90 Scott, John Oliver, Milburn House, Newcastle-upon-Tyne

Dec. 11, 1897

91 Smith, Arthur Herbert, Broad Street House, London, E.C.........................

June 14, 1902

92 Steuart, Douglas Stuart-Spens, Royal Societies Club, St. James' Street, London, S.W.
93 Strange, Harold Fairbrother, P.O. Box 590, Johannesburg, Transvaal

.........

94 Todd, James, Overdale, Jesmond, Newcastle-upon-Tyne ...
95 Valentine, James, 1, West View, Horwich, S.O., Lancashire
96 Voskule, Gideon A., P.O. Box 1803, Johannesburg, Transvaal

June 10, 1899
Dec. 11, 1897
Aug. 6, 1892

......................
........................

97 Waley, Frederick George, The Bellambi Coal Company, Limited, 9, Bridge Street,
Sydney, New South Wales, Australia
......
............
98 Walker, Frederick Tillotson, 70, Pilgrim Street, Newcastle-upon-Tyne

June 14, 1902
Dec. 10, 1904
Feb. 9, 1907

................. June 10, 1903

99 Wall, George Young, Halmote Court Office, New Exchequer Building, Durham............. Nov. 24, 1894
100 Walmesley, Oswald, 2, Stone Buildings, Lincoln's Inn, London, W.C...................

June 8, 1895

101 Welfobd, Thomas, Wallarah Colliery, Catherine Hill Bay, New South Wales, Australia June 10, 1903
102 Whitehead, Thomas, Brindle Lodge, Preston

......

June 12, 1897

103 Williams, Henry, Llwyngwern, Pontardulais, S.O., Glamorgan ........................

[I]

Dec. 9, 1905

LIST OF MEMBERS.
Date of Election and
of Transfer.

104* Wood, Arthur Nicholas Lindsay, The Hermitage, Chester -le-Street

............

105 Young, Mrs. H. E., 617, Michigan Street, Victoria, British Columbia

July 14, 1896

............ April 4, 1903

ASSOCIATES (Assoc. I.M.E.).
Marked * have paid life composition.

Date of Election
and of Transfer.

1 Allan, Herbert Durham, Rewah State Collieries, Umaria, Central India, Bengal Nagpur
Railway.........
Feb. 10, 1906
2 Allport, Edward Aston

...............

S.
A.

April 14, 1894
Aug. 4, 1900

3 Annett, Hugh Clarkson, Widdrington, Acklington, S.O.,
Northumberland
.................

S.
A.

Feb. 15, 1906
June 20, 1908

4 Archer, Matthew William, Grosvenor House, Manchester
Road, Stocksbridge, Sheffield
...
.........

S.
A.

June 8, 1895
Aug. 4, 1900

5 Armstrong, Henry, South View House, Greenhill, Murton Colliery, via Sunderland
6 Armstrong, William, Jun., Chillaton Manganese-mines,
Lewdown, S.O., Devon
...............

S.
A.

.... Dec. 12, 1903
June 11, 1898
Aug. 6, 1904

7 Askew, Alfred Hill, 16, Telford Street, Gateshead-upon-Tyne.......................

Feb. 9, 1907

8 Bamborough, Jacob, Preston Colliery, North Shields

Oct.

...

9 Barrett, Rollo Samuel, Whitehill Hall, Pelton Fell, S.O.,
County Durham
..................

S.
A.

10 Bates, Johnson, 5, Grange Villa, S.O., County Durham ...

8, 1904

Dec. 9, 1905
Aug. 1, 1908
Feb. 11, 1905

11 Bates, Thomas, West Wylam Terrace, Prudhoe, Ovingham, S.O., Northumberland April 13, 1907
12 Battey, Thomas, Station Road, Shiremoor, Newcastle-upon-Tyne

........................

Oct. 13, 1894

13 Bayldon, Harold Cress well, Kotchkar, via Miass,
Government of Orenburg, Russia ...
...
...
...

S.
A.

April 2, 1898
Aug. 3, 1901

14 Bell, Harold Percy, Brookwell House, Gilcrux, Bullgill,
S.O., Cumberland ...................

S.
A.

Aug. 2, 1902
Aug. 4, 1906

15 Benson, Herbert Sydney, Whitehill Farm, Chester-le- Street

S.
A.

Feb. 11, 1905
Aug. 5, 1905

16 Bewick, George, Johnson Terrace, West Auckland, Bishop Auckland

.................... April 10, 1897

17 Bewley, Thomas, Stobswood Colliery, Acklington, S.O., Northumberland

...

18 Blair, Robert, 6, Hamilton Terrace, Whitehaven......

... Aug. 5, 1905
Aug. 2, 1902

19 Blandford, Thomas, Tresavean Mines, Limited, Lanner, Redruth

S.
A.

20 Blunden, Philip Sidney, The Villas, Dean Bank, Ferry Hill Village, Ferry Hill

.............. June 8, 1907

21 Booth, Frederic Lancelot, Ashington Colliery, Morpeth

S.
A.

22 Bowes, Thomas, Overdale, Catchgate, Annfield Plain, S.O., County Durham

Feb. 10, 1894
Aug. 4, 1900
.......... Feb. 13, 1892

23 Brandon, Geoffry, 9, Kensington Gardens, Monkseaton,
Whitley Bay, S.O., Northumberland
.........

S.
A.

24 Burt, Thomas, Hill House, Washington, Washington Station, S.O., County
Durham......
......
25 Carroll, John, Spring Bank House, Newfield, Willington, S.O., County Durham
26 Chapman, John, Tyzack Street, Edmondsley, Durham

Dec. 12, 1903
Aug. 3, 1907

Dec. 8, 1900
Aug. 3, 1907
April 9, 1904
..... Feb. 12, 1898

...

Dec. 14, 1907

27 Charlton, William John, Jun., 17, First Row. Ashington, Morpeth

..................... April 12, 1903

[li]
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of Transfer.
28 Cheesman, Matthew Forster, Throckley Colliery, New burn,
S.O., Northumberland
.........
...

S.
A.

Dec 13, 1902
Aug. 5, 1905

29 Clark, Nathaniel J., Belle Vue, Chester-le-Street

S.
A.

April 13, 1901
Aug. 1, 1903

...

30 Clark, Thomas, Dipton Colliery, Lintz Green Station, County Durham

............ Oct. 11, 1890

31 Clifford, Edward Herbert, Rand Club, Johannesburg,
Transvaal
.....................

S.
A.

Oct. 13, 1894
Aug. 6, 1898

32 Clive, Robert, Bentley Colliery, near Doncaster ......

S.
A.

Feb. 10, 1900
Aug. 1, 1903

33 Clough, Edward Stokoe, Bomarsund House, Bomarsund, Bedlington, S.O.,
Northumberland
.........
34 Clough, John, 1, Melton Terrace, Seaton Delaval, S.O., Northumberland

Feb. 14, 1903
............... Feb. 13, 1897

35 Coade, Samuel, Steel Green, Millom, S.O., Cumberland ...

Dec. 10, 1904

36 Cockbain, Tom Stewartson, Usworth Colliery, Washington Station, S.O., County
Durham ............

Dec. 8, 1906

37 Cockburn, John, Fatfield Road, Washington, S.O., CountyDurham
38 Cook, George, Binchester Hall, Bishop Auckland......

..................... April 9, 1904
S.

Aug. 2, 1902

A.
39 Cowx, H. F., Hilly View, Thornley, S.O., County Durham
40 Coxon, Samuel George, Hamsteels Colliery, Durham

.....................

...

Aug. 5, 1905
April 14, 1894
Feb. 9, 1901

41 Coxon, William Bilton, South View, Crook, S.O., County
Durham
.....................

S.
A.

Feb. 12, 1898
Aug. 2, 1902

42 Crawford, Thomas, 9, Richmond Terrace, Felling,, S.O., County Durham

............... Dec.

8, 1906

43 Crombie, Robert, Hollin Hurst House, Rowlands Gill, Newcastle-upon-Tyne

Dec. 9, 1905

44 Crowle, Percy, 51, Mainsgate Road, Millom, S.O., Cumberland.......................

Feb. 11, 1905

45 Cummings, William, Beamish View, Stanley, S.O., County Durham
46 Daglish, Frank, 1, Wilson Terrace, Broughton Moor, Maryport
47 Danskin, Thomas, Springwell Colliery, Gateshead-upon-Tyne

..................... Dec. 14, 1907
.........

Dec. 14, 1907

........................

48 Davies, Daniel John, Corrimal, near Sydney, New South Wales, Australia

Dec. 10, 1898

................. Oct. 12, 1907

49 Davis, James E., South Medomsley Colliery, Dipton, S.O., County Durham

.. Feb. 12, 1898

50 Davison, Francis, Ash Grove House, Hedley Hill Colliery, near Waterhouses, Durham Feb. 12, 1898
51 Dick-Cleland, Archibald Felce, Ria Ora, Trelawny Road, Camborne

...

Dec. 8, 1906

52 Dixon, George, 14, Queens Square, Eastwood, Nottingham

S.
A.

Feb. 9, 1901
Aug. 3, 1907

53 Dunnett, Samuel, West View House, Coomassie Road, Waterloo, Blyth

.............. June 8, 1895

54 Eadie, John Allan, Jun., Eller Bank, Harrington, S.O.,
Cumberland ...
...
...
...
......

S.
A.

Oct. 10, 1903
Aug. 5, 1905

55 Elliot, Arthur.....................

S.
A.

Dec. 13, 1902
Aug. 1, 1908

56 Elliott, George, Dinnington Colliery, Dudley, S.O., Northumberland

...

... June 8, 1907

57 Elves, Edward, Parasea Collieries, Limited, Colliery Manager's Office,
Chowkidanga P.O., Raneegunge, India

June 13, 1896

58 Emmerson, George, New Tetturya Coal Company, Limited, Manager's Office,
Katrasgarh P.O., E.I.R., India
...

Oct.

59 Emmerson, Thomas, Warwick Terrace, New Silksworth, Sunderland

[lii]

8. 1898

..................... Oct, 12, 1907

LIST OF MEMBERS.
Date of Election and
of Transfer.

60 English, Thomas Weddle, Halton Colliery, Whittington, Corbridge, S.O.,
Northumberland............

Feb. 11, 1905

61 Eskdale, John, Ashington Colliery, Morpeth

Oct. 11, 1902

..

62 Fairbrother, Charles James, Norman House, Broomhill,

..

Acklington, S.O., Northumberland

.........

Feb. 8, 1908

63 Falcon, Michael, Llanarth Villas, Cross Keys, Newport,
Monmouthshire
...
...
...
...
..

S.
A.

Oct. 13, 1894
Aug. 4, 1900

64 Field, Benjamin Starks, Layabad Colliery, Kusunda P.O.,
District Manbhoom, Bengal, India
......
...

S.
A.

Aug. 2, 1902
Aug. 3, 1907

65 Foggo, John Frederick, Old Hall, Denby, Derby...

S.
A.

June 14, 1902
Aug. 6, 1904

66 Ford, Thomas, Blaydon Burn Colliery, Blaydon-upon-Tyne, S.O., County Durham
67 Forster, Edward Baty, 15, Grange Boad, Ryton, S.O., County Durham

........

.. Aug. 2, 1902
April 7, 1906

68 Forster, Frank, Black Hills Road, Horden Colliery, Castle Eden, S.O., County
Durham
.........

Feb.

69 Fowler, Robert Norman, Staindrop House, Station Road, New Washington,
Washington Station, S.O., County Durham
S.
A.

Aug. 2, 1902
Aug. 3, 1907

70 Gallagher, Patrick, Clifton Row, Netherton Colliery,
Nedderton, Newcastle-upon-Tyne............

Dec. 13, 1902

8, 1902

71 Galloway, John, St. Andrews House, Ayr.........

S.
A.

Dec. 13, 1902
Aug. 4, 1906

72 Gilchrist, George Atkinson, 17, Eldon Place, Newcastle-upon-Tyne

S.
A.

Dec. 14, 1901
Aug. 1, 1908

73 Gordon, George Stoker, 24, Louisa Terrace, Stanley, S. O., County Durham

Feb. 15, 1896

74 Gore-Langton, Robert Lancelot, Hatch Park, Taunton........................

Feb. 10, 1906

75 Graham, Cecil, Merton Villa, Vicarage Road, Chelstone,
Torquay
.....................

S.
A.

76 Graham, Robert, 31, Railway Terrace, Willington, S.O., County Durham

............... Oct. 12, 1907

77 Greenwell, George Harold, c/o Kilburn and Company,
4, Fairlie Place, Calcutta, India......
......
78 Grey, John Neil, 20, St. Mary's Terrace, Ryton, S.O., County Durham

April 4, 1903
Aug. 1, 1903

S.
A.
...

Dec. 12, 1903
Aug. 4, 1906
June 10, 1905

79 Guy, John George, Manor House, Wardley Colliery, Newcastle-upon-Tyne

...

.. Dec. 8, 1906

80 Hall, Joseph Percival, West Stanley Colliery Offices,
Stanley, S.O., County Durham ...
.........

S.
A.

Oct. 9, 1897
Aug. 2, 1902

81 Hampson, Alexander, St. Helen's Colliery, Bishop Auckland

.................... Feb. 12, 1898

82 Handyside, William, Jun., 4, Brandling Terrace, Felling, S.O., County Durham
83 Harper, George Octavious, Greenhead, Chopwell Colliery,
Lintz Green, County Durham
...
.........

...... June 12, 1897
S.
A.

Feb. 8, 1902
Aug 3, 1907

84 Hawes, George Arthur, 141, Gurney Valley, Coundon Grange, Bishop Auckland

Dec. 12, 1903

85 Heaps, Christopher, 12, Richmond Terrace, Gatesheadupon-Tyne ...
................

Feb. 10, 1900
Aug. 4, 1906

S.
A.

86 Hedley, George William, Alexander Terrace, Coach Lane Houses, Dinnington
Colliery, Dudley, S.O., Northumberland ....................

Dec. 13, 1902

87 Henderson, William, 4, Beatrice Terrace, New Herrington, Philadelphia, Fence
Houses............

Oct. 12, 1901

88 Herriotts, Joseph George, Tasra Colliery, Bhugudih, B.N.R., Bengal, India

........ April 28, 1900

89 Herron, Edward, 4, Holly Terrace, Stanley, S.O , County Durham

.....................

[liii]
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Feb. 15, 1896

Date of Election and
of Transfer.
90 Heslop, William, High Grange, Howden-le-Wear, S.O., County Durham
91 Hornsby, Demster, Choppington Colliery, Scotland Gate, Morpeth

............... Oct.

8, 1898

..................... Feb. 12, 1898

92 Hudson, Mark, 115, Gurney Valley, Bishop Auckland ...

Dec. 9, 1905

93 Hughes, Thomas, Fan Terrace, Urpeth Busty, Birtley, S.O., Couuty Durham
94 Humble, John Norman, Linden House, Beamish, S.O.,
County Durham
..................

...... Feb. 10, 1906

S.
A.

95 Humble, William Henry, Seafield House, Risehow, Maryport

Aug. 2, 1902
Aug. 5, 1905

..................... Dec. 14, 1907

96 Hunter, Andrew, 2, Abbotsford Terrace, South Shields ...

Feb. 13, 1897

97 Imrie, Henry Marshall, 22, Western Hill, Durham

Feb. 14, 1903

...

98 Jeffery, Albert John, 8, Agents Terrace, Boldon Colliery, S.O., County Durham

...... April 28, 1900

99 Jobling, John Swanstone, 10, Langley Street, Langley Park, Durham.....................

Oct. 12, 1907

100 Johnson, Thomas, 3, Granville Terrace, Binchester Blocks, Bishop Auckland

Dec. 9, 1905

101 Johnson, William, Banks House, Church Street, Durham

Aug. 6, 1892

102 Jones, Walter, c/o Mrs. Fenwick, The Farm, Wheatley
Hill Colliery, Thornley, S.O., County Durham
...
103 Lascelles, Walter Reginald, Great Western Colliery, Pontypridd
104 Lewiss, Edward Middlemass, 3, Eighth Row, Ashington, Morpeth

S.
A.
..

Feb. 9, 1901
Aug. 1, 1908

................ Feb. 8, 1908
..................... Oct. 12, 1907

105 Liddell, Christopher, Houghton Main Colliery, near
Barnsley
.....................

S.
A.

106 Lightley, John, Byers Green, Spennymoor.........
107 Logan, Reginald Samuel Moncrieff, 33, Boyd Terrace,
BlucherPit, Newburn, S.O., Northumberland......

Dec. 14, 1901
Aug. 6, 1904
April 25, 1896

S.
A.

Feb. 9, 1901
Aug. 1, 1903

108 Longridge, John, Castlecomer, S.O., County Kilkenny ..

Feb. 11, 1905

109 McCarthy, Michael Dodds, 63, D Street, Perkinsville,
Pelton Fell, S.O., County Durham
.........

Dec. 14, 1901

110 McDonald, Francis, 9, Neale Street, Armfield Plain, S.O., County Durham

......... Oct. 13, 1906

111 MacGregor, Donald, Seghill Colliery, Seghill, Dudley,
S.O., Northumberland
................

S.
A.

Feb. 9, 1901
Aug. 1, 1908

112 McGregor, John Edward, 49, Eden Terrace, Oxhill,
Stanley, S.O., County Durham ............

S.
A.

April 4, 1903
Aug. 1, 1903

113 Marr, James Edmund, High Spen, Newcastle-upon-Tyne...

Feb. 8, 1908

114 Marshall, John Joseph

April 9, 1904

...............

115 Mason, Benjamin, Burnopfield Colliery, Burnopfield, S.O., County Durham
116 Melville, John Thomas, 4, Poplar Gardens, Gosforth, Newcastle-upon-Tyne
117 Milburn, Edwin Walter, 4, First Row, Ashington,
Morpeth
.....................

.. April 8, 1899

S.
A.

118 Milburn, William, Hill House, Ouston, Birtley, S.O., County Durham

Feb. 10, 1900
Aug. 5, 1905

............... June 8, 1895

119 Milburne, John Etherington, East View, Dalton-on-Tees

S.
A.

Oct. 14, 1899
Aug. 6, 1904

120 Miller, Alexander, South Greta Colliery, near West Maitland, New South
Wales, Australia.........

Oct. 10, 1903

121 Millne, David, 1, Burdon Street, Bedlington, S.O., Northumberland
122 Minns, Thomas Tate, Jun., Binchester Blocks, Bishop
Auckland
.....................
123 Minto, George William, Harraton Colliery, Chester-le-Street

[liv]

April 11, 1891

......... Aug. 3, 1907
S.
A.

April 10, 1897
Aug. 1, 1903

............

Oct. 10, 1891

LIST OF MEMBERS.
Date of Election and
of Transfer.

124*Mitchell-Withers, William Charles

.........

S.
A.

April 28, 1900
Aug. 2, 1902

125 Morland, Thomas, New Herrington, Philadelphia, Fence Houses.....................

... Feb. 11, 1899

126 Mosson, Farrer William, Glenholm, Crook, S.O., County Durham

..................... Aug. 4, 1900

127 Musgrove, William, Heddon Colliery, Northumberland...

S.
A.

June 8, 1895
Aug. 1, 1903

128 Nelson, George Catron, Greenhead Terrace, Chopwell
Colliery, Ebchester, S.O., County Durham
......

Feb. 8, 1902

129 Nichols, Henry Herbert, Kibblesworth, Gateshead-upon-Tyne ........................

Aug. 3, 1907

130 Oliver, Ernest Hunter, Denewell Avenue, Low Fell,
Gateshead-upon-Tyne
............
...

Feb. 8, 1902
Aug 1, 1908

S.
A.

131 Oswald, George Robert, c/o The Labuan Coal-fields Company, Limited, Borneo.
All communications to be sent to E. William Oswald, 14, Victoria Road, White- S.
June 9, 1900
haven........................
A.
Aug. 3, 1907
132 Owen, William Rowland, The Sangli Gold-mines, Limited, Gadag, Bombay

Presidency, India

.........

Feb. 12, 1898

133 Paddon, Neville Blackmore...............

Dec. 14, 1907

134 Palmer, Meyrick, The Manor House, Medomsley, S.O.,
County Durham
.........
........

S.
A.

June, 8, 1901
Aug. 1, 1908

135 Parrington, Henry Mason, Hill House, Monkwearmouth,
Sunderland ....................

S.
A.

Feb. 13, 1904
Aug. 3, 1907

136 Pattison, Andrew, Greenside, Ryton, S.O., County Durham

Dec. 8, 1906

137 Pattison, Charles Arthur, High Grange, Howden-le-Wear,
S.O., County Durham
............

S.
A.

April 13, 1901
Aug. 5, 1905

138 Pattison, William, Horsley House, East Stanley, Stanley, S.O., County Durham

...... Dec. 13, 1902

139 Pearson, John Charlton, Swiss Cottage, Westerhope, Newcastle-upon-Tyne
140 Peel, George, Jun., 27, Langley Street, Langley Park, Durham

...

Feb. 14, 1903

.............

April 4, 1903

141 Phelps, Charles, c/o Darby and Company, Sandakan, British North Borneo

Aug. 3, 1901

142 Potts, Laurance Wylam, c/o Mrs. Swap, 9, Richmond Terrace, Felling, S.O.,
County Durham.........

April 4, 1903

143 Pratt, George Ross, Springwell Colliery, Gateshead-upon-Tyne ...............
144 Proctor, Thomas, Woodhorn Colliery, Morpeth

....... June 8, 1895

......

Oct. 13, 1894

145 Pumphrey, Charles Ernest, Greenside House, Ryton,
S.O., County Durham
..............

S.
A.

Dec. 10, 1904
Aug. 4, 1906

146 Ramsay, John Gladstone, Bowburn Colliery, via Coxhoe, S.O., County Durham.......
147 Ratcliffe, Robert, 14, Ben Street, Alfreton Road, Nottingham.....................
148 Richardson, Benjamin, 29, Westcott Terrace, Deanbank, Ferry Hill

Dec. 10, 1892
Aug. 3, 1907

..................... April 7,1906

149 Richardson, Frank, Lynwood, Richmond Street, Ashtonunder-Lyne .....................

S.
A.

150 Richardson, Henry, Clara Vale Colliery, Ryton, S.O., County Durham

Oct. 12, 1901
Aug. 1, 1908

................ Dec. 8, 1906

151 Ridley, George Dinning, 16, Gosforth Terrace, South Gosforth, Newcastle-uponTyne ......
......
Feb. 8, 1890
152 Ridley, Henry Anderson, Burnbrae, Blaydon Burn,
Blaydon-upon-Tyne, S.O., County Durham
......

Dec. 14, 1907

153 Ridley, William, Jun., Mary Pit, Blaydon-upon-Tyne, S.O., County Durham
154 Ridpath, Tom R., Medomsley, S.O., County Durham

[lv]
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...

....... Dec. 8, 1906
S.
A.

June 8, 1901
Aug. 4, 1906

lv
Date of Election and
of Transfer.

155 Rivers, John, Bow Street, Thornley Colliery, Durham ..

Feb. 9, 1895

156 Robinson, Christopher, Dudley Colliery, Dudley, S.O., Northumberland

............ April 13, 1907

157 Robinson, John William, 3, The Terrace, Boldon Colliery,
S.O., County Durham
...............

S.
A.

April 12, 1902
Aug. 5, 1905

158 Robinson, Stanley, Bunker Hill, Fence Houses

S.
A.

Oct. 12, 1901
Aug. 1, 1908

.....

159 Rochester, William, 1, Office Row, Netherton Colliery,
Nedderton, Newcastle-upon-Tyne............

Dec. 9, 1905

160 Rochester, William, Ryton Barmoor, Ryton, S.O., County Durham

............ Dec. 10, 1898

161 Rochester, William Simm, 3, Victoria Terrace, Hamsterley, Ebchester, S.O., County
Durham .......
Feb. 13, 1904
162 Rogers, John, Widdrington Colliery, Acklington, S.O.,
Northumberland
..................
163 Rolfe, Robert, Falstone Colliery, Falstone, S.O., Northumberland

S.
A.
...

164 Roose, Hubert F. G., Royal School of Mines, South Kensington,
London, S.W................

April 8, 1899
Aug. 4, 1906

...

Dec. 9, 1905
S.
A.

Dec. 9, 1899
Aug. 3, 1907

165 Rutherford, Robert Archibald, Wellington Terrace, Edmondsley, Durham
166 Rutherford, Thomas Easton, West Shield Row Colliery,
Stanley, S.O., County Durham ............

.. Dec. 14, 1907

S.
A.

June 10, 1899
Aug. 4, 1906

167 Saner, Charles B., Turf Mines, Limited, P.O. Box 5887, Johannesburg, Transvaal........ April 10, 1897
168 Schollick, Thomas, 13, Model Street, New Seaham, Sunderland
169 Scobie, Isaac, Woonona, near Sydney, New South Wales, Australia

.................. Dec. 12, 1903
.................

170 Seed, Alexander, 1, College Terrace, Brandon Colliery, S.O., County Durham
171 Severs, Jonathan, Stanley, S.O., County Durham

...

172 Sharp, Thomas, Wilson Terrace, Broughton Moor, Maryport

S.
A.

Oct. 13, 1906

... April 4, 1903
June 8,1895
Aug. 4, 1900

................. Dec. 14, 1907

173 Simpson, Richard Charlton, Wellington Terrace, Edmondsley, Durham..................... Feb. 13, 1904
174 Smith, Ernest Arthur, 5, Bath Terrace, Seaham Harbour,
Sunderland .....................

S.
A.

175 Snaith, Joseph, South Pontop Colliery, Annfield Plain, S.O., County Durham

Dec. 9, 1905
Aug. 1, 1908
..... Oct. 12, 1907

176 Snowdon, Thomas, Jun., Oakwood, Cockfield, S.O.,
County Durham
.................

S.
A.

June 12, 1897
Aug. 3, 1901

177 Southern, Stephen, Heworth Colliery, Felling, S.O.,
County Durham
..................

S.
A.

Dec. 14, 1895
Aug. 3, 1901

178 Stobart, Thomas Carlton,

Ushaw Moor Colliery, Durham

................... Aug. 2, 1902

179 Stoker, Nicholas, South Pelaw Colliery, Chester-le-Street
180 Stokoe, John George, Alston House, Crigglestone, Wakefield
181 Strong, George Adamson, 33, George Street, Birtley, S.O.,

Feb. 13, 1904
.................. Dec. 9, 1899
S.

Aug. 2, 1902

County Durham

..................

A.

Aug. 1, 1908

...................

April 9, 1904

183 Swann, Joseph Todd, 6, Victoria Terrace, Throckley, Newburn, S.O., Northumberland
............

S.
A.

Dec. 13, 1902
Aug. 4, 1906

184 Tate, Robert Simon, Saint Hilda Colliery, South Shields...

S.
A.

Aug. 3, 1901
Aug. 4, 1906

182 Swan, William Edward, Washington Colliery, Co. Durham

185 Taylor, Herbert William, El Bote Mine, Zacatecas, Mexico

....................

186 Thompson, William, Stone House, Broughton Moor, Maryport

[lvi]

Aug. 2, 1902
Dec. 14, 1907
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Date of Election and
of Transfer.

187 Turnbull, William, West Holywell, Backworth Colliery, Newcastle-upon-Tyne

Oct.

188 Turner, George, Widdrington Colliery, Widdrington,
Acklington, S.O., Northumberland
......
...

June 8, 1895

189 Tweddell, George, 51, Double Row, Seaton Delaval,
S.O., Northumberland
...
...
......
...

June 8, 1907

190 Tweddell, John Smith, Seaton Delaval Colliery, Northumberland

S.
A.

191 Wainwright, William, Heworth Colliery, Felling, S.O., County Durham

8, 1901

Feb. 13, 1897
Aug. 1, 1903

............... April 2, 1898

192 Walker, Joseph Noel, 33, Sherburn Terrace, Consett, S.O.,
County Durham
.................

S.
A.

Aug. 6, 1904
Aug. 1, 1908

193 Walton, Arthur John, Bettisfield Colliery, Bagillt,
S.O., Flintshire
..................

S.
A.

Feb. 12, 1898
Aug. 1, 1903

194 Walton, Harry, Durham Road, Consett, S.O., County Durham
195 Walton, Isaac, Dovenby, Cockermouth

..................... Dec. 10, 1904

.........

Dec. 14, 1907

196 Wardle, Robert, Edgewell Terrace, Prudhoe, Ovingham, S.O., Northumberland

April 13, 1907

197 Welsh, Arthur, Red House, Tunstall Village, near
Sunderland .....................

Aug. 1, 1896
Aug. 1, 1903

S.
A.

198 Whinn, John, High Spen, Newcastle-upon-Tyne ......
199 Whitfield, Thomas Cuthbert, Trimdon Grange Colliery, County Durham

FeB. 8, 1908
.............. Oct.

200 Widdas, Frank, 99, West Chilton Terrace, Ferry Hill ...

8, 1904

Dec. 8, 1900

201 Wjdowfield, John Gilbert, Wellington Terrace, Edmondsley, Durham ..................... Dec. 14, 1907
202 Wild, Robert Powley, c/o R. H. Moore, St. Day, Scorrier,
S.O., Cornwall
..................

S.
A.

203 Wilkinson, Maurice Hewson, c/o Mackenzie and Company, Limited, Chungking,
West China, via Siberia, Pekin and Hankow.........
........

Dec. 8, 1906
Aug. 1, 1908
Dec. 12, 1903

204 Wilson, Christopher, 6, Beaconsfield Street, Birtley, S.O., County Durham

........... Feb. 11, 1905

205 Wilson, Hugh, Bajupanee Collieries, Pench Valley P.O., Chindwara District, Central
Provinces, India......
Feb. 13, 1904
206 Wood, George, Dudley Colliery, Dudley, S.O., Northumberland......................

April 13, 1907

207 Wraith, Alfred Osborn, 73, Lyons Terrace, Hetton-leHole, S.O., County Durham
............

June 9, 1900
Aug. 1, 1908

S.
A.

208 Yielder, Hugh Lishman, 14, Moor View, Ryton, S.O., County Durham

.............. April 7, 1906

209 Young, George Ellis, Kimblesworth Colliery, Chester-leStreet ...
..................

S.
A.

Aug. 3, 1901
Aug. 5, 1905

STUDENTS (Stud.I.M.E.).
Date of Election.
1 Avery, William Ernest, Ravensworth Colliery Office, Low Fell, Gateshead-upon-Tyne
2 Bell, John Valentine, 226, Old Farm, Ouston, Chester-le-Street
3 Brooks, Douglas Roy, 83, Victoria Road, Jarrow

.....................

.....

June 8, 1907
... Dec. 14, 1907
Dec. 14, 1907

4 Brown, John, Central Pench Coal Company, Limited, Pench Valley P.O., District
Chindwara, C.P., India
...
...

June 8, 1907

5 Brydon, Andrew Dempster, Millburn, Darlington

Dec. 8, 1906

......

6 Calland, William, Hedley Hope Collieries, Tow Law, S.O., County Durham

[lvii]
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............... April 7, 1906

lvii
Date of Election.

7 Coxon, Samuel Bailey, Prior House, Corbridge, S.O., Northumberland ........................Oct. 12, 1907
8 Dakers, Edgar Walton, Tudhoe Colliery, Spennymoor

...

Dec. 14, 1907

9 Daniell, Henry Edmund Blackburne, 8, Ashfield Terrace, Ryton, S.O., County Durham Aug. 3, 1907
10 Douglas, Albert Edward, Beethoven House, Horden, Castle Eden, S.O., County
Durham
........
..
...
11 Earnshaw, Oscar, Kiln Bank House, Amble, Acklington, S.O., Northumberland

Aug.

1, 1903

...... Feb. 8, 1908

12 Fowler, Albert Ernest, Usworth Villa, Washington Station, S.O., County Durham

Oct. 12, 1907

13 Grace, William Grace, Hall Garth Hall, Winlaton, Blaydon-upon-Tyne, S.O., County
Durham
............

Feb. 9, 1907

14 Graham, William, Jun., Solway House, Moresby, Whitehaven

Oct. 13, 1906

15 Hawkins, John Bridges Bailey, Staganhoe Park, Welwyn ...

Dec. 13, 1902

16 Hedley, Rowland Frank Hutton, Langholme, Roker, Sunderland ..................

April 4, 1903

17 Hepburn, Henry, Greenhead Terrace, Chopwell, Ebchester,
S.O., County Durham
.................

Oct. 12, 1907

18 Herdman, Fred., 7, Chatsworth Parade, Low Fell, Gateshead-upon-Tyne

................. Dec. 14, 1907

19 Heslop, Wardle, Wyncote, Holywell Avenue, Monkseaton,
Whitley Bay, S.O., Northumberland .........
..

Dec. 10, 1904

20 Hudspeth, Henry Moore, c/o John William Hudspeth, Willington, S.O., County
Durham
...............

Oct. 12, 1907

21 Huggup, Ralph, 1, Bentinck Place, Newcastle-upon-Tyne

Feb. 10, 1906

...

22 Hunter, Herbert Stanley, Blakelaw, Kenton, Newcastle-upon-Tyne .......................Feb. 9, 1907
23 Hutton, Allan Robinson Bowes, Bentley Colliery, near Doncaster

........................April 8, 1905

24 Kirkup, Ernest Hodgson, Peases West Collieries, Crook, S.O., County Durham

.......... April 13, 1907

25 Lawson, Richard Forster, Daisy Hill, Edmondsley, Durham...

Feb. 13, 1904

26 Liddell, Henry Norman John, Prudhoe House, Prudhoe,
Ovingham, S.O., Northumberland
............

June 10, 1905

27 Lister, John Alfred, Linden House, Carlton Terrace, Spennymoor ...........................

Dec.

28 Maughan, Thomas, Tudhoe Colliery Office, Spennymoor

Dec. 14, 1907

...

29 Muse, Thomas John, Jun., Cornsay Colliery, Durham......

Dec.

8, 1906

8, 1906

30 Nable, Feliciano, 17, Hazelwood Avenue, Jesmond, Newcastle-upon-Tyne .............. Dec. 9, 1905
31 Nicholson, George Thompson, Dene House, Scotswood, S.O., Northumberland
32 Palmer, Harry, The Manor House, Medomsley, S.O., County Durham
33 Ritson, John Anthony Sydney, Burnhope Colliery, Lanchester, Durham

..... Dec. 10, 1904

...............

June 14, 1902

.................. Aug. 4, 1906

34 Sharp, Charles Gordon, Biding Mill, S.O., Northumberland...

Feb. 10, 1906

35 Simpson, Joseph, Wheatley Hill Colliery Office, Thornley, S.O., County Durham

... June 10, 1905

36 Slater, Thomas Edward, Blaydon Burn Colliery, Blaydon- upon-Tyne, S.O., County
Durham
............
April 13, 1907
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37 Southern, Charles, Heworth Colliery, Felling, S. 0., County Durham

.................... June 10, 1903

38 Thirlwell, Thomas A., 18, Lynwood Avenue, Bentinck Road, Newcastle-upon-Tyne

Dec. 13, 1902

39 Thomas, Robert Clark, Houghton Colliery, Houghton-le-Spring, S.O., County Durham Aug. 3, 1907
40 Thompson, George Heron Dinsdale, Dinsdale Vale, Windsor Avenue, Waterloo, Blyth.. Feb. 14, 1903
41 Thornton, Frank, Cornsay Colliery, Durham

.........

Feb. 8, 1902

42 Turnbull, John James, Jun., 60, Beaconsfield Street, Blyth ...

Feb.

43 Watson, Thomas, Jun., Rosebank, Darlington .........

June 8, 1907

44 Watts, Hubert, Cleveland House, North Shields

......

8, 1908

June 8, 1907

45 Weeks, Francis Mathwin, Eastwood Collieries, near Nottingham

.................... Feb. 10, 1906

46 Welch, William Hall, 49, Mitchell Street, Birtley, S.O., County Durham

...

.... Feb. 10, 1906

47 Wilkinson, Ralph Percy, 51, Railway Terrace, New Herrington, Fence Houses

Dec.

9, 1905

48 Wraith, Charles Osborn, Thornley Colliery Office, Thornley, S.O., County Durham

June 10, 1905

SUBSCRIBERS.
1 Owners of Ashington Colliery, Newcastle-upon-Tyne.
2 Birtley Iron Company (3), Birtley, S.O., County Durham.
3 The Broken Hill Proprietary Company, Limited, 3, Great Winchester Street, London, E.C.
4 Brunner, Mond and Company, Limited, Northwich.
5 The Most Honourable the Marquess of Bute, Bute Estate Offices, Aberdare.
6 The Charlaw and Sacriston Collieries Company, Limited, 34, Grey Street, Newcastle-upon-Tyne.
7 Cowpen Coal Company, Limited (2), F, King Street, Newcastle-upon-Tyne.
8 The Honourable Lord Ninian Edward Crtchton-Stuart, House of Falkland, Falkland, S.O., Fifeshire.
9 Dominion Coal Company, Limited, Glace Bay, Nova Scotia.
10 The Right Honourable the Earl of Durham (2), Lambton Offices, Fence Houses.
11 The Right Honourable the Earl of Ellesmere (2), Bridgewater Offices, Walkden, Manchester.
Transactions sent to Jno. Henry V. Hart-Davis, Bridgewater Offices, Walkden, Manchester.
12 Elswick Coal Company, Limited, Newcastle-upon-Tyne.
13 D. H. and G. Haggie, Wearmouth Patent Rope Works, Sunderland.
14 Harton Coal Company, Limited (3), Harton Collieries, South Shields.
15 Hetton Coal Company (5), Fence Houses.
16 James Joicey and Company, Limited (2), Newcastle-upon-Tyne.
17 Lambton Collieries, Limited (2), E, Queen Street, Newcastle-upon-Tyne.
18 The Most Honourable the Marquess of Londonderry (5), c/o Vincent Charles Stuart Wortley Corbett,
Londonderry Offices, Seaham Harbour.
19 Mayor and Coulson, Limited, 47, Broad Street, Mile-End, Glasgow.
20 North Brancepeth Coal Company, Limited, Crown Street Chambers, Darlington.
21 Owners of North Hetton Colliery (3), Fence Houses.
22 Osbeck and Company, Pit Timber Merchants, Newcastle-upon-Tyne.
23 Rand Mines, Limited, The Corner House, Johannesburg, Transvaal.
24 Ryhope Coal Company (2), Ryhope Colliery, Sunderland.
25 Owners of Seghill Colliery, Seghill, Dudley, S.O., Northumberland.
26 Siemens Brothers and Company, Limited, 39, Collingwood Buildings, Newcastle-upon-Tyne.
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27 Société Houillère de Liévin (Pas-de-Calais), Liévin, Pas-de-Calais.-Franee.
28 Owners of South Hetton and Morton Collieries (2), 50, John Street, Sunderland.
29 Owners of Stella Colliery, Hedgefield, Blaydon-upon-Tyne, S.O., County Durham.
30 Owners of Throckley Colliery, Newcastle-upon-lyne.
31 Owners of Victoria Garesfield Colliery, Victoria Garesfield Colliery, Lintz Green, County Durham.
Transactions sent to H. Peile, Pnestman’s Collieries, Limited, Milburn House, Newcastle-upon-Tyne.
32 Owners of Wearmouth Colliery (2), Sunderland.
33 Westport Coal Company, Limited (2), Dunedm, New Zealand.

ENUMERATION.
August 1, 1908.
Honorary Members
Members ...

...............

… …

Associate Members

21
942

..................

105

Associates

..................

209

Students

… … …

48

Subscribers

...

33

TOTAL

.........

...............

1,358

Members are desired to communicate all changes of address or any corrections or omissions in the list of
names, to the Secretary.

[Ix]

CHARTER.

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; t hat 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 inade 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 ascending 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 auseful 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 large 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 B3^e-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 previously acquired, such annual value as
aforesaid, and also any moneys, stocks, 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 such Bye-laws
as hereinafter mentioned, but so that the Council, including all ex-officio 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 of 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 the 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 declare 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 Bye-laws for all or any of the purposes hereinafter mentioned,
that is to say : for fixing the number of Vice-Presidents, 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 which General Meetings of the Society and Meetings of the Council shall be held,
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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 for 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 our 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 Bye-laws 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.
l.-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 ex-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 twothirds 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 subscripton.

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 the 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 ease 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 he 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 Vice-President 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 MembersandAssociate Members as
theydeem suitable for the various offices. Such lists 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 Ordinaiy 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-offlcio 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 Mbmoiks.
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 op 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 disoussions 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 Meember 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, Honorary Member.
A. B. [Christian Name, Surname, Occupation, and Address in full], being a person who has distinguished
......self
[Here specify distinctly the qualifications of the Candidate, according to the spirit of Bye-law 5.]
On the above grounds, I propose ...... to the Council, from personal knowledge, as a proper person to be
elected an Honorary Member of the Institute.
Signed.......................................Member or Associate Member.
Dated this............day of....................................190
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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 elected an Honorary Member of the Institute.
................................................... )

Five 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 an Honorary
Member 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 .

FORM B, Member.
A. B. [Christian Name, Surname, Occupation, and Address in full], born on the............day
of.................................18
, 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-law 3.]
On the above grounds, I propose him to the Council as a proper person to belong to the Institute.
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 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
[lxxi]

APPENDIX.----BYE-LAWS.

lxxi

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 a Member 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, Associate Member, Associate or Student.
A. B. [Christian Name, Surname, Occupation, and Address in full], born on the............day
of..................................18
, 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 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 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 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
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
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FORM D, Transfer to Member or Associate Member.
A. B. [Christian Name, Surname, Occupation, and Address in full], born
on the...............day of........................18

, 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 or 4.]
On the above grounds, I propose him to the Council as a proper person to be admitted
a........................Member.
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 a.....................Member.
...................................................)

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 a...........................Member 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 E.
List of the names of persons to be balloted for at the Ordinary General Meeting on............the............day
of..............................190 .
Members : —
Associate Members : —
Honorary Members : —
Associates : —
Students:—
Strike out the names of such persons as you desire should not be elected, and hand the list to the Chairman.
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FORM F.
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 £..........,
and, at your option, a life-composition in accordance with the following scale: —
Under 30 years of age ...
Over 30

„

„

...............
...............

...

£31
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 G.
The North of 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.
..........................................Secretary.

FORM H.
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 I.
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 Byelaw 14, the Council have determined that unless payment of the amount £............ is made previous to
the............day of..............................next, 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 J.
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 K.
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 a............... of the Institute.
I am, sir, yours faithfully,
................................................Secretary.
Dated.............................................190

.

FORM L, 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.
-------------- ) Vice-Presidents for the current year eligible for re-election.
-------------- )
-------------- )
------------ ) New Nominations.
------------ )

-------------)
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. [Space for 12 names]
------------- )
------------- )

-------------- )New Nominations. [Space for 6 names]
[The following section printed sideways on]
Any list returned with a greater number of names than ONE President, SIX Vice-Presidents, or EIGHTEEN
Councillors will be rejected by the Scrutineers as informal, and the Votes will consequently be lost.
* 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 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.
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 M.
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.
[Blank page]
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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.
Absorption, heat, circulation and, in steam boilers, 259.
Accidents, boiler-, France, 1905, abs. 45.
—, Germany, Prussia, collieries, electrical installations, 1905, abs. 45.
—, —, —, —, 1906, abs. 47.
Accounts, 8; app. ii., xi.
Address, presidential, J. H. Merivale, 15.
Aerolith rescue-apparatus, 179, 184.
Africa, Cameroons, mining developments, abs. 2.
—, German East, mining developments, abs. 3.
—, uranium-ores, abs. 5.

—, — South-west, mining developments, abs. 3.
—, Manicaland, rare minerals, abs. 8.
—, Rhodesia, auriferous deposits, abs. 1.
—, —, stanniferous deposits, abs. 1.
—, Togoland, mining developments, abs. 2.
—, Transvaal, auriferous deposits, abs. 1.
—,—, stanniferous deposits, abs. 1.
Aguillon, L., working of native sulphur in Sicily and in Louisiana, abs. 26.
Ahlburg, —, metalliferous mines of Styria, Carinthia and Carniola, Austria, abs. 59.
Air, coal-dust and, experiments illustrative of inflammability of mixtures of, 71.
Annual general meeting, 1.
— report of council, 2; app. ii., v.
----------finance committee, 6; app. ii., x.
Armstrong, William, deficiency in nomenclature of mineral deposits, 109.
Arsenical ore-deposits, Germany, Silesia, Reichenstein, abs. 87.
Ashworth, James, report on circumstances attending explosion of firedamp and coal-dust at Urpeth colliery, 40.
Asphalt, Austria-Hungary, Hungary, abs. 66.
Associate members, election, 14, 70, 106, 127, 244.
-------, list, app. ii., xlvi.
Associates, election, 14, 70, 106, 127, 244.
—, list, app. ii., 1.
Atkinson, J. B., deficiency in nomenclature of mineral deposits, 110.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 187, 190, 193, 194.
—, experiments illustrative of inflammability of mixtures of coal-dust and air, 77.
—, flinty chert, hornstone, etc., 201, 202, 247.
—, locking hook for sinking purposes, 153.
— , mining and engineering in America and Canada, 124.
—, report on circumstances attending explosion of fire-damp and coal-dust at Urpeth colliery, December 17th,
1906.—Discussion, 39.
Auriferous deposits, Africa, Rhodesia, abs. 1.
-------,—.Transvaal, abs. 1.
-------, Italy, Piedmont, Brusson, abs. 89.
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Auriferous deposits, Madagascar, abs. 6.
— rocks, Austria-Hungary, Transylvania, abs. 71.
— sands, gold in, determination, abs. 20.
Austin, Lawrence, demonstration of rescue-apparatus, Felling, August 31st, 1907, 178.—Discussion, 185.
Austria-Hungary, Austria, lower, Payerbach-Reichenau district, iron-ores, abs. 68.
-------, Bosnia, fahlore deposits, abs. 64.
------, —, mercury-ore deposits, abs. 64.
-------,—, north-eastern, Bjelina, brown coals, abs. 62.
Austria-Hungary, Carinthia, metalliferous mines, abs. 59.
-------, Carniola, metalliferous mines, abs. 59.
------, Herzegovina, fahlore deposits, abs. 64.
------, —, mercury-ore deposits, abs. 64.
-------, Hungary, asphalt, abs. 66.
-------, —, Karacs-Czebe

gold-mines, abs. 22.

------, —, petroleum, abs. 66.
-------, Moravia, Rossitz, coal-field, abs. 69.
------, Styria, metalliferous mines, abs. 59.
------, Transylvania, auriferous rocks, abs. 71.
B.
Bartling, R., iron-ore deposits of northern Sweden, abs. 94.
Basalts, Faeröe islands, native copper in, abs. 72.
Beck, R., stanniferous and auriferous deposits of Transvaal and Rhodesia, abs. 1.
Bedson, P. Phillips, report on circumstances attending explosion of fire-damp and coal-dust at Urpeth colliery,
53.
Bedson, P. Phillips, and Henry Widdas, experiments illustrative of inflammability of mixtures of coal-dust and
air: part ii., 71.—Discussion, 77.
Bentley colliery, sinking, 168.
Berthelot, Daniel, precious gems and radio-activity, abs. 59.
Beyling, —, dynamite-explosion at Zappendorf bore-hole, Germany, abs. 33.
Biggs, J. T., occurrence and commercial uses of fluorspar, 231.
Blackett, W. C, circulation and heat absorption in steam boilers, 270, 271.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 188, 193, 194.
—, experiments illustrative of inflammability of mixtures of coal-dust and air, 77, 78.
—, report on circumstances attending explosion of fire-damp and coal-dust at Urpeth colliery, 49.

Bodifée, —, iron- and manganese-ore deposits of Oberrosbach, Germany, abs. 84.
Boiler-accidents, France, 1905, abs. 45.
Boilers, steam, circulation and heat absorption in, 259.
Bohdas, F., precious gems and radioactivity, abs. 58.
Bore-hole, Germany, Saxony, Zappendorf, dynamite explosion, abs. 33.
Borussia colliery, Germany, Westphalia, Dortmund, fire, abs. 42.
Bradley, Benjamin L., occurrence and commercial uses of fluorspar, 233, 244.
Brazil, diamantiferous deposits, abs. 10.
—, native copper in diabases, abs. 9.
—, palladium, abs. 11.
—, platinum, abs. 11.
Brough, Bennett H., flinty chert, hornstone, etc., 201.
Brown, E. O. Forster, mining and engineering in America and Canada, 157.
Brown, Martin Walton, annual report of council, 5.
—, death, 104.
—, memoir, 171.
Brown coal, Austria-Hungary, Bosnia, north-eastern, Bjelina, abs. 62.
------deposits, Germany, Hesse-Nassau, Hoher Westerwald, abs. 75.
------mines, Germany, Saxony, Prussia, use of excavators, abs. 31.
Bulman, H. F., memoir of Martin Walton Brown, 171.
Burns, David, occurrence and commercial uses of fluorspar, 244.
Bye-laws, app. ii., lxiii.
C.
Canada, engineering, 111, 157.
—, mining, 111, 157.
—, Rocky mountains, coal-fields, abs. 13.
—,------, lignite-fields, abs. 13.
Cargo Fleet steel- and iron-works, 237.
Cast-iron tubbing : what is its rational formula, 127, 167, 248.
----------for deep shafts, strength of, 80, 133, 167.
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Chemical theory, petroleum, origin, abs. 53.
Chert, flinty, hornstone, etc., 199, 247.
Chile, tourmaline-bearing cobalt-deposits, abs. 12.
China, Shantung, Kiaochau, mining developments, abs. 4.
Choke-damp disaster, Germany, Upper Silesia, König [Koenig] colliery, abs. 44.
Chrysolite, precious, St. John's island, Red Sea, abs. 15.
Circulation and heat absorption in steam boilers, 259.
Clarke, T. B. A., demonstration of rescue-apparatus, Felling, August 31st, 1907, 185.
Clive, Robert, and J. W. Fryar, sinking of Bentley colliery.—Discussion, 168.
Coal, brown, Austria-Hungary, Bosnia, north-eastern, Bjelina, abs. 62.
—, —, Germany, Hesse-Nassau, Hoher Westerwald, abs. 75.
—, France, eastern, Franche-Comté, search for, abs. 73.
Coal-dust and air, experiments illustrative of inflammability of mixtures of, 71.
-------explosion,

Germany,

Rhenish Prussia, Saarbrücken [Saarbruecken], Reden colliery, abs. 40.

Coal-fields, Austria-Hungary, Bosnia, north-eastern, Bjelina, abs. 62.
------, ------, Moravia, Rossitz, abs. 69.
------, Canada, Rocky mountains, abs. 13.
------, China, Shantung, Kiaochau, abs. 4.
------.Germany,
------,—,

Erzgebirge

region, possible new, abs. 79.

Rhenish Prussia, Saarbrücken [Saarbruecken] , government collieries, abs. 80.

Coal-fields, Germany, Silesia, upper, eastern border, lower carboniferous, abs. 85.
------, United States of America, Rocky mountains, abs. 13.
Cobalt-deposits, tourmaline-bearing, Chile, abs. 12.
Collins, J. H., occurrence and commercial uses of fluorspar, 232.
Colomba, Luigi, auriferous deposits of Brusson, Piedmont, abs. 89.
Committees, 1908-1909, app. ii., xvi.
Concrete, ferro-, Dunston-upon-Tyne, 61.
Copiapite, identification with janosite, abs. 16.
—, sulphate-of-iron mineral, abs. 16.
Copper, native, in basalts, Faeröe islands, abs. 72.
—, —, — diabases, Brazil, abs. 9.
Coquimbite, sulphate-of-iron mineral, abs. 16.
Cornu, F., native copper in Faröe basalts, abs. 72.

Cornu, F., and M. Lazarevic, cupriferous deposits of Bor, Servia, abs. 94.
Coulson, Frank, cast-iron tubbing: what is its rational formula, 127.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 191.
—, locking hook for sinking purposes, 56,151:
—, sinking of Bentley colliery, 168, 170.
Council, annual report, 2; app. ii., v.
— of The Institution of Mining Engineers, election of representatives on, 7.
Couyat, J., rare minerals from Manicaland, South Africa, abs. 8.
Cremer, R., Wolf-Bohres electric safety-lamp, 59.—Discussion, 60.
Cupriferous deposits, Servia, Bor, abs. 94.
D.
Death, Martin Walton Brown, 104.
Deep shafts, tubbing, cast-iron, strength, 80, 133, 167.
Desdemona salt-mine, Germany, Hanover, explosion, abs. 35.
Diabases, Brazilian, native copper in, abs. 9.
— and pegmatites as matrices of diamond, abs. 56.
Diamantiferous deposits, Brazil, abs. 10.
Diamonds, diabases and pegmatites as matrices, abs. 56.
Dickinson, Joseph, report on circumstances attending explosion of firedamp and coal-dust at Urpeth colliery,
40.
Douglas, Thomas, annual report of council, 5.
—, portraits of past-presidents and secretaries, 242.
—, presidential address, 38.
Dræger rescue-apparatus, 179, 184.
Dunston-upon-Tyne, ferro - concrete work, 61.
Dynamite explosion, bore-hole, Germany, Saxony, Zappendorf, abs. 33.
E.
Egglestone, W. M., flinty chert, horn-stone, etc., 202, 247.
—, occurrence and commercial uses of fluorspar, 204.—Discussion, 231, 244.
Einer, —, explosion at Reden colliery, near Saarbrücken [Saarbruecken], Germany, abs. 40.
Election of members, 14, 69, 105, 126, 166, 243.
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Election of officers, 1.
------representatives on council of The Institution of Mining Engineers, 7.
Electric pump, Tyne Main colliery, 66.
— safety-lamp, Wolf-Bohres, 59.
Electrical installations, Germany, Prussia, collieries, accidents, 1905, abs. 45.
------,—,—,—,—, 1906, abs. 47.
Engineering, Canada, 111, 157.
—, United States of America, 111, 157.
Escarpelle mines, No. 5 pit, water-stowage, simple method, 159.
Excavators, Germany, Saxony, Prussia, brown-coal mines, use of, abs. 31.
Excursion meetings, 61, 66, 237.
Explosion, dynamite, bore-hole, Germany, Saxony, Zappendorf, abs. 33.
—, fire-damp, France, Pas-de-Calais, Liévin collieries, abs. 35.
—, Germany, Hanover, Desdemona salt-mine, abs. 35.
—,—,Rhenish Prussia, Saarbrücken [Saarbruecken], Reden colliery, abs. 40.
Explosions, collieries, Germany, Prussia, 1905, abs. 37.
F.
Faeröe islands, native copper in basalts, abs. 72.
Fahlore deposits, Austria-Hungary, Bosnia, abs. 64.
-------, ------, Herzegovina, abs. 64.
Felling, demonstration of rescue-apparatus, 178.
Ferro-concrete work, Dunston-upon-Tyne, 61.
Field, E. P., deficiency in nomenclature, of mineral deposits, 155.
Finance committee, annual report, 6; app. ii., x.
Finland, Pitkäranta, ore-deposits, abs. 91.
Fire, Germany, Westphalia, Dortmund, Borussia colliery, abs. 42.
Fire-damp explosion, France, Pas-de-Calais, Liévin collieries, abs. 35.
----------, Germany, Rhenish Prussia,
Saarbrücken [Saarbruecken], Reden colliery, abs. 40.
------indicator, Gréhant, abs. 34.
Fissure-veins, occurrence of kimberlite in, abs. 18.
Fleuss-Siebe-Gorman rescue-apparatus, 180, 184.
Flinty chert, hornstone, etc., 199, 247.

Fluhr, Robert, iron-ore deposits of Württemberg [Wuerttemberg], Germany, abs. 82.
Fluorspar, occurrence and commercial uses, 204, 244.
Formation of kaolin, abs. 57.
Formula, rational, cast-iron tubbing, 127, 167, 248.
Forster, T. E., death of M. Walton Brown, 104.
—, deficiency in nomenclature of mineral deposits, 109.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 194.
—, experiments illustrative of inflammability of mixtures of coal-dust and air, 78.
—, portraits of past-presidents and secretaries, 241.
Fournier, Albert, determination of gold in auriferous sands, abs. 20.
Fournier, Eugène, search for coal in Franche-Comté, eastern France, abs. 73.
France, boiler-accidents, 1905, abs. 45.
—, Britanny,. Morbihan, Coatquidan, iron-ores, abs. 74.
—, eastern, Franche-Comté, coal, search for, abs. 73.
—, Escarpelle mines, No. 5 pit, water-stowage, simple method, 159.
—, Normandy, lower, ordovician iron-ores, abs. 74.
—, Pas-de-Calais, Liévin collieries, fire-damp explosion, abs. 35.
Freise, F., brown-coal deposits of Hoher Westerwald, Germany, abs. 77.
Frigidite, variety of tetrahedrite, abs. 17.
Fryar, J. W., and Robert Clive, sinking of Bentley colliery.—Discussion, 168.
Futers, T. C, locking hook for sinking purposes, 153.
G.
Gäbert [Gaebert], C, possible new coal-fields in Erzgebirge region, Germany, abs. 79.
Galloway, William, cast-iron tubbing: what is its rational formula, 131.
—, strength of cast-iron tubbing for deep shafts, 136.
Garforth, W. E., awarded G. C. Greenwell medal, 13.
Gascuel, L., auriferous deposits of Madagascar, abs. 6.
Gems, precious, and radio-activity, abs. 58.
General meetings, 1, 61, 66, 69, 104, 126, 166, 237, 241.
Geothermic degree, values of, underground temperatures, abs. 48.
German colonies, mining developments, abs. 2.
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Germany, Erzgebirge region, possible new coal-fields, abs. 79.
—, Hanover, Desdemona salt-mine, explosion, abs. 35.
—, Hesse, Oberrosbach, iron-ore deposits, abs. 84.
—, —, —, manganese-ore deposits, abs. 84.
—, Hesse-Nassau, Hoher Westerwald, brown-coal deposits, abs. 75.
—, Prussia, collieries, electrical installations, accidents, 1905, abs. 45.
—, —, —, ------, —, 1906, abs. 47.
—, —, —, explosions, 1905, abs. 37.
—, Rhenish Prussia, Saarbrücken [Saarbruecken], coal-field, government collieries, abs. 80.
—, ------,—, Reden colliery, explosion, abs. 40.
—, Saxony, Prussia, brown-coal mines, use of excavators, abs. 31.
—,—, Zappendorf, bore-hole, dynamite explosion, abs. 33.
Germany, Siegerland, iron-ores, age, abs. 83.
—. Silesia, Reichenstein, arsenical ore-deposits, abs. 87.
—, —, upper, coal-field, eastern border, lower carboniferous, abs. 85.
—, —, —, König [Koenig] colliery, choke-damp disaster, abs. 44.
—, Westphalia, Dortmund, Borussia colliery, fire, abs. 42.
—, Württemberg [Wuettemberg], iron-ore deposits, abs: 82.
Glasser, E., nepouite, a new nickeliferons mineral, abs. 19.
Gold in auriferous sands, determination, abs. 20.
Gold-mines, Austria-Hungary, Hungary, Karács-Czebe, abs. 22.
-------, Mexico, Arzate, abs. 28.
Greenwell, G. G, medal, presentations of, 13.
Créhant fire-damp indicator, abs. 34.
H.
Halbaum, H. W. G., cast-iron tubbing: what is its rational formula. —Discussion, 127, 167, 248.
—, deficiency in nomenclature of mineral deposits, 153, 156.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 195.
—, strength of cast-iron tubbing for deep shafts, 138, 167.
Harker, Thomas, flinty chert, hornstone, etc., 199.—Discussion, 201, 247.
Heat absorption, circulation and, in steam boilers, 259.
Heinhold, Max, origin of pyropissite or paraffin-coal, abs. 51.
Heurteau, Ch. E., ordovician iron-ores of lower Normandy, abs. 74.

Hidden, W. E., and C. H. Warren, yttrocrasite and paratacamite: two new minerals, abs. 20.
Honorary members, election, 243.
------, list, app. ii., xviii.
Hook, locking, for sinking purposes, 56, 151.
Hornstone, flinty chert, etc., 199, 247.
Hughes, H. W., locking hook for sinking purposes, 56.
Hussar, Eugen, diamantiferous deposits in Brazil, abs. 10.
—, native copper in Brazilian diabases, abs. 9.
—, palladium and platinum in Brazil, abs. 11.
I.
Inflammability of mixtures of coal-dust and air, experiments illustrative of, 71.
Institution of Mining Engineers, election of representatives on council of, 7.
Iron, sulphate-of-, minerals, abs. 16.
Iron-ore deposits, Germany, Hesse, Oberrosbach, abs. 84.
----------, —, Württemberg [Wuettemberg], abs. 82.
----------, Sweden, northern, abs. 94.
Iron-ores, Austria-Hungary, Austria, lower, Payerbach-Reicheuou district, abs. 68.
------, France,

Britanny,

Morbihan, Coatquidan, abs. 74.

------, Germany, Siegerland, age, abs. 83.
------, ordovician, France, Normandy, lower, abs. 74.
Iron-works, Cargo Fleet, 237.
Italy, Piedmont, Brusson, auriferous deposits, abs. 89.
J.
Janosite, identification with copiapite, abs. 16.
K.
Kalitzky, K., geology of Grozny oilfield, Russia, abs. 89.
Kaolin, formation, abs. 57.
Karács-Czebe

gold-mines,

Austria-Hungary, Hungary, abs. 22.

Katzer, Friedrich, brown coals of

[I 6]

INDEX.

Bjelina, north-eastern Bosnia, abs. 62.
Katzer, Friedkich, fahlore and mercury-ore deposits of Bosnia and Herzegovina, abs. 64.

Kerforne, F., Coatquidan iron-ores, Britanny, abs. 74.
Kertchenite, a new mineral, abs. 19.
Kimberlite, occurrence in fissure-veins, abs. 18.
Kirkup, J. P., flinty chert, hornstone, etc., 247.
König [Koenig] colliery, Germany, Upper Silesia, choke-damp disaster, abs. 44.
Königsberger [Koenigsberger],

Joh.,

underground temperatures: values of geothermic

degree, abs. 48.
Krasnopolsky, A., mining district of Neviansk, Russia, abs. 93.
Krusch, P., distribution of metalliferous ores in depth, abs. 49.
L.
Lazarevič, M., and F. Cornu, cupriferous deposits of Bor, Servia, abs. 94..
Leach, C. C, circulation and heat absorption in steam boilers, 269, 270.
Liddell, J. M., presidential address, 38.
Liévin collieries, France, Pas-de-Calais, fire-damp explosion, abs. 35.
Lignite-fields, Canada, Rocky mountains, abs. 13.
------, United States of America, Rocky mountains, abs. 13.
Locking hook for sinking purposes, 56, 151.
Lotz, H., age of Siegerland iron-ores, Germany, abs. 83.
Louis, Henry, deficiency in nomenclature of mineral deposits, 108. — Discussion, 109, 153.
—, demonstration of rescue-apparatus, Felling, August 31st, 1907, 195.
—, experiments illustrative of inflammability of mixtures of coal-dust and air, 77.
—, flinty chert, hornstone, etc., 201, 202.
—, locking hook for sinking purposes, 56.—Discussion, 56, 151.
—, mining and engineering in America and Canada, 125.
—, sinking of Bentley colliery, 169.
—, strength of cast-iron tubbing for deep shafts, 133.
M.
Madagascar, auriferous deposits, abs. 6.
Manasse, Ernesto, frigidite, a variety of tetrahedrite, abs. 17.
Manganese-ore

deposits,

Germany, Hesse, Oberrosbach, abs. 84.

Manganese-ores, abs. 21.
Marckwald, W., uranium-ores from German East Africa, abs. 5.
Matrices of diamond, diabases and pegmatites, abs. 56.

Members, election, 14, 69, 105, 126, 166, 243.
—, list, app. ii., xix.
Memoir, Martin Walton Brown, 171.
Mercury-ore deposits, Austria-Hungary, Bosnia, abs. 64.
----------, ------, Herzegovina, abs. 64.
Merensky, Hans, diabases and pegmatites as matrices of diamond, abs. 56.
Merivale, John H., annual report of finance committee, 7.
—, circulation and heat absorption in steam boilers, 272.
—, death of M. Walton Brown. 104, 105.
—, deficiency in nomenclature of mineral deposits, 110.
—, demonstration of rescue-apparatus, Felling. August 31st, 1907, 197.
Merivale, John H., experiments illustrative of inflammability of mixtures of coal-dust and air, 79.
—, locking hook for sinking purposes, 153.
—, mining and engineering in America and Canada, 125.
—, portraits of past-presidents and secretaries, 242.
—, presidential address, 15.—Discussion, 38.
—, strength of cast-iron tubbinq for deep shafts, 103, 151.
Metalliferous mines, Austria-Hungary, Carinthia, abs. 59.
------, -------, Carniola, abs. 59.
------, ------, Styria, abs. 59.
-------, Mexico, Zacualpan, abs. 29.
— ores, distribution, in depth, abs. 49.
Mexico, Arzate, gold-mines, abs. 28.
—, —, silver-mines, abs. 28.
—, Zacualpan, metalliferous mines, abs. 29.
Meyer, G. A., awarded G. C. Green-well medal, 13.
Michael, R., lower carboniferous of eastern border of Upper Silesian coal-field, abs. 85.
Michel, L., precious chrysolite of St. John's island, Red Sea, abs. 15.
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Mineral deposits, nomenclature of, deficiency in, 108, 153.
— industry, Russian Central Asia, abs. 24.
Minerals, rare, Africa, Manicaland, abs. 8.

Mining, Canada, 111, 157.
—, United States of America, 111, 157.
Morrow, John, strength of cast-iron tubbing for deep shafts, 80.—Discussion, 103, 133, 167.
N.
Nepouite, new nickeliferous mineral, abs. 19.
New Guinea, Kaiser Wilhelms Land, mining developments, abs. 4.
Nickeliferous mineral, new, nepouite, abs. 19.
Nomenclature of mineral deposits, deficiency in, 108, 153.
O.
O'Donahue, T. A., strength of cast-iron tubbing for deep shafts, 144.
Officers, election, 1.
—, 1908-1909, app. ii., xvii.
Oil-field, Russia, Grozny, geology, abs. 89.
Okoen, Friedrich, Government collieries in Saare district, Germany, abs. 80.
Oliver, Thomas, demonstration of rescue-apparatus, Felling, August 31st, 1907, 196.
Ordovician iron-ores, France, Normandy, lower, abs. 74.
Ore-deposits, Africa, Cameroons, abs. 2.
------, —, German East, abs. 3.
------,—, — South-west, abs. 3, 5.
------,—, Manicaland, abs. 8.
------,—, Rhodesia, abs. 1.
------,—, Togoland, abs. 2.
------,—, Transvaal, abs. 1.
------, Austria-Hungary, Austria, lower, Payerbach-Reichenau district, abs. 68.
------, ------, Bosnia, abs. 64.
------, ------, Carinthia, abs. 59.
------, ------, Carniola, abs. 59.
Ore-deposits, Austria-Hungary, Herzegovina, abs. 64.
------, ------, Styria, abs. 59.
------, ------, Transylvania, abs. 71.
------, Brazil, abs. 10.
------, China, Shantung, Kiaochau, abs. 4.
------, cobalt, Chile, abs. 12.

------.copper, Brazil, abs. 9.
------, Faröe islands, abs. 72.
------, Finland, Pitkäranta, abs. 91.
------.France, Brittany,

Morbihan, Coatquidan, abs. 74.

------, —, Normandy, lower, abs. 74.
------.Germany, Hesse, Oberrosbach, abs. 84.
------,—.Silesia, Reichenstein, arsenical, abs. 87.
------, —, Württemberg [Wuerttemberg], abs. 82.
------, Italy, Piedmont, Brusson, abs. 89.
------,New Guinea, Kaiser Wilhelms Land, abs. 4.
------.Russia, Neviansk, abs. 93.
------, Servia, Bor, abs. 94.
------, Sweden, northern, abs. 94.
Ores, metalliferous, distribution, in depth, abs. 49.
P.
Padbury, John, demonstration of rescue-apparatus, Felling, August 31st, 1907, 186.
Palfy, M. von, auriferous rocks of Transylvania, abs. 71.
Palladium, Brazil, abs. 11.
Papp, Karl von, Karács-Czebe goldmines, Hungary, abs. 22.
Paraffin-coal or pyropissite, origin, abs. 51.
Paratacamite, a new mineral, abs. 20.
Paravivianite, a new mineral, abs. 19.
Past-presidents, portraits, 241.
Patrons, list, app. ii., xviii.
Pegmatites and diabases as matrices of diamond, abs. 56.
Perry, John, strength of cast-iron tubbing for deep shafts. 136.
Pervinquière, L., chemical theory of origin of petroleum, abs. 53.
Petroleum, Austria-Hungary, Hungary, abs. 66.
—, origin, abs. 55.
—, —, chemical theory, abs. 53.
Pilkington, C, strength of cast-iron tubbing for deep shafts, 135.
Platinum, Brazil, abs. 11.
Popofp. S., paravivianite and kertchenite, two new minerals, abs. 19.

Portraits of past-presidents and secretaries, 241.
Posewitz, Theodor, petroleum and asphalt in Hungary, abs. 66.
Precious gems and radio-activity, abs. 58.
Presidential address, J. H. Merivale, 15.
Presidents, past-, portraits. 241.
Pump, electric, Tyne Main colliery, 66.
Pyropissite or paraffin-coal, origin, abs. 51.
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R.
Radio-activity, precious gems and, abs. 58.
Red Sea, St. John's island, precious chrysolite, abs. 15.
Reden colliery, Germany, Rhenish Prussia, Saarbrücken [Saarbruecken], explosion, abs. 40.
Redlich, Karl, iron-ores of Payerbach-Reichenau district, Lower Austria, abs. 68.
Redmayne, R. A. S., strength of cast-iron tubbing for deep shafts, 134.
Representatives on council of The Institution of Mining Engineers, election, 7.
Rescue-apparatus, demonstration, Felling, 178.
Ritter, Étienne A., coal- and lignite-fields of Rocky mountains, abs. 13.
Rocky mountains, coal-fields, abs. 13.
------, lignite-fields, abs. 13.
Romerite, sulphate-of-iron mineral, abs. 16.
Ross, Arthur, circulation and heat absorption in steam boilers, 259. — Discussion, 269.
Ross, J. A. G., circulation and heat absorption in steam boilers, 269.
Rowley, Walter, mining and engineering in America and Canada, 111. —Discussion, 124, 157.
Rudler, F. W., occurrence and commercial uses of fluorspar, 231.
Russia, Grozny, oil-field, geology, abs. 89.
—, Neviansk, mining district, abs. 93.
Russian Central Asia, mineral industry, abs. 24.
Ruxton, W. L., demonstration of rescue-apparatus, Felling, August 31st, 1907, 187.
S.
Safety-lamp, Wolf-Bohres electric, 59.
St. John's island, Red Sea, precious chrysolite, abs. 15.

Sainte-Claire-Deville, —, simple method of water-stowage at No. 5 pit of Escarpelle mines, 159.—Discussion,
165.
Salt-mine, Desdemona, Germany, Hanover, explosion, abs. 35.
Sands, auriferous, gold in, determination, abs. 20.
Scharizer, R., sulphate-of-iron minerals: coquimbite, copiapite and romerite, abs. 16.
Schmeisser, —, mining developments in German colonies, abs. 2.
Secretaries, portraits, 241.
Servia, Bor, cupriferous deposits, abs. 94.
Sicily, sulphur, native, working of, abs. 26.
Silver-mines, Mexico, Arzate, abs. 28.
Simonds, J. J., demonstration of rescue-apparatus, Felling, August 31st, 1907, 192, 195.
Simonis, Henry, demonstration of rescue-apparatus, Felling, August 31st, 1907, 186.
Simpson, J. B., presidential address, 38.
Sinking of Bentley colliery, 168.
— purposes, locking hook for, 56, 151.
Smith, G. F. Herbert, yttrocrasite and paratacamite: two new minerals, abs. 20.
Stahl, A. F., origin of petroleum, etc., abs. 55.
Stanniferous deposits, Africa, Rhodesia, abs. 1.
------,—.Transvaal, abs. 1.
Steam boilers, circulation and heat absorption in, 259.
Steavenson, A. L., circulation and heat absorption in steam boilers, 269.
—, death of M. Walton Brown, 104.
—, deficiency in nomenclature of mineral deposits, 110.
—, mining and engineering in America and Canada, 124.
—, portraits of past-presidents and secretaries, 242.
—, report on circumstances attending explosion of fire-damp and coal-dust at Urpeth colliery, 39.
Steel-works, Cargo Fleet, 237.
Steinhoff, —, choke-damp disaster in an Upper Silesian colliery, abs. 44.
Stowage, water-, Escarpelle mines, No. 5 pit, simple method, 159.
Stremme, H., formation of kaolin, abs. 57.
Strength of cast-iron tubbing for deep shafts, 80, 133, 167.
Stuart, Donald M. D., report on circumstances attending explosion of fire-damp and coal-dust at Urpeth
colliery, 43.
Students, election, 14, 70, 107, 127, 166, 244.

—, list, app. ii., lvi.
Stutzer, 0., tourmaline-bearing cobalt-deposits in Chile, abs. 12.
Subscribers, list, app. ii., lviii.
Suess, Franz E., Rossitz coal-field, Moravia, Austria, abs. 69.
Sulphate-of-iron minerals, abs. 16.
Sulphur, native, Sicily, working of, abs. 26.
—, —, United States of America, working of, abs. 26.
Sweden, northern, iron-ore deposits, abs. 94.
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T.
Temperatures, underground, values of geothermic degree, abs. 48.
Tetrahedrite, frigidite a variety of, abs. 17.
Thiess, F., mineral industry in Russian Central Asia, abs. 24.
Tornow, M., use of excavators at brown-coal mines of Prussian Saxony, abs. 31.
Tourmaline-bearing cobalt-deposits, Chile, abs. 12.
Trüstedt, Otto, Pitkäranta ore-deposits, Finland, abs. 91.
Tubbing, cast-iron, strength, deep shafts, 80, 133, 167.
—, -------: what is its rational formula, 127, 167, 248.
Tyne Main colliery, electric pump, 66.
U.
Underground temperatures, values of geothermic degree, abs. 48.
United States of America, engineering, 111, 157.
—, Louisiana, sulphur, native, working of, abs. 26.
United States of America, mining, 111, 157.
—, Rocky mountains, coal-fields, abs. 13.
—, -------.lignite-fields, abs. 13.
Uranium-ores, German East Africa, abs. 5.
V.
Veins, fissure-, occurrence of kimberlite in, abs. 18.
Venator, Wilhelm, manganese-ores, abs. 21.
Villarello, Juan D., gold and silver-mines of Arzate, Mexico, abs. 28.
—, metalliferous mines of Zacualpan,

Mexico, abs. 29.
Voit, F. W., occurrence of kimberlite in fissure-veins, etc., abs. 18.
W.
Walker, S. F., awarded G. C. Greenwell medal, 13.
Warren, C. H., and W. E. Hidden, yttrocrasite and paratacamite: two new minerals, abs. 20.
Water-stowage, Escarpelle mines, No. 5 pit, simple method, 159.
Watson, S., occurrence and commercial uses of fluorspar, 232.
Weeks, J. G., mining and engineering in America and Canada, 124.
—, portrait of M. Walton Brown, 105.
—, portraits of past-presidents and secretaries, 243.
—, report on circumstances attending explosion of fire-damp and coal-dust at Urpeth colliery, 40.
Weeks, J. G., Wolf-Bohres electric safety-lamp, 60.
Weg rescue-apparatus, 181, 184.
Weinschenk, E., identification of copiapite with janosite, abs. 16.
Westphalia rescue-apparatus, 182, 184.
Wienecke O., arsenical ore-deposits of Reichenstein, Silesia, abs. 87.
Wigand, —, explosion at Desdemona salt-mine, Hanover, abs. 35.
Wolf-Bohres electric safety-lamp, 59.
Wood, E. Seymour, demonstration of rescue-apparatus, Felling, August 31st, 1907, 191, 194.
Wood, W. O., deficiency in nomenclature of mineral deposits, 109.
—, portrait of M. Walton Brown, 105.
Y.
Yttrocrasite, a new mineral, abs. 20.

