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[1]
THE NORTH OF ENGLAND INSTITUTE
OF
MINING AND MECHANICAL ENGINEERS.
ANNUAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
August 3rd, 1912.
Mr. M. W. PARRINGTON, President, in the Chair.
DEATH OF MR. THOMAS WALTER BENSON.
The President (Mr. M. W. Parrington) said that by the death of Mr. Thomas Walter Benson the
Institute had sustained a very great loss indeed. Mr. Benson had been a member of the
Institute since the year 1866; he was at one time President, and he had always taken a very
great interest in the work and affairs of the Society. He moved that a vote of sympathy and
condolence should be addressed to the relatives of the deceased, expressing their great regret
and also sympathy with them.
Mr. J. G. Weeks seconded the motion, which was sympathetically adopted.

DEATH OF MR. WILLIAM HENRY PICKERING.
The President (Mr. M. W. Parrington) said that Mr. Pickering's death, under circumstances with
which they were unhappily acquainted, was not only a loss to the Institute, but to the entire
mining community. He proposed that a vote of sympathy and condolence should be addressed
to Mrs. Pickering and her son.
Mr. John H. Merivale seconded the motion, and it was passed in silence.
[2]
ELECTION OF OFFICERS, 1912-1913.
The President (Mr. M. W. Parrington) appointed Messrs. N. B. Ridley and W. B. Wilson, Jun., as
Scrutineers of the balloting-papers for the election of officers for the year 1912-1913.
The Scrutineers afterwards reported the result of the ballot, as follows: —

Mr. R. Donald Bain.
Mr. Frank Coulson.
Mr. R. S. Anderson.
Mr. J. B. Atkinson.
Mr. W. Cochran Carr.
Mr. Benjamin Dodd.
Mr. Mark Ford.
Mr. Samuel Hare.

President: Mr. W. C. Blackett.
Vice-Presidents:
Mr. T. Y. Greener.
Mr. F. R. Simpson.
Mr. C. C. Leach.
Mr. John Simpson.
Councillors :
Mr. A. M. Hedley.
Mr. W. C. Mountain.
Mr. T. E. Jobling.
Mr. A. D. Nicholson.
Mr. A. C. Kayll.
Mr. J. H. Nicholson.
Mr. Austin Kirkup.
Mr. C. B. Palmer.
Mr. Philip Kirkup.
Mr. J. J. Prest.
Prof. Henry Louis.
Mr. E. S. Wood.

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 on June 6th.
The Annual Report of the Council was read, as follows:-—
ANNUAL REPORT OF THE COUNCIL, 1911-1912.
The Institute has sustained great loss through the death of Mr. Thomas Walter Benson, a PastPresident of the Institute, and a member since the year 1866; through the death of Mr.
Cuthbert Berkley, for many years a Vice-President, and one of its original members; through
the death of Mr. William Henry Pickering, H.M. Inspector of Mines, an honorary member,
whose heroism resulted in his tragic death at the recent explosion at the Cadeby Main Pit;
through the death of Mr. Joseph Dickinson, late H.M. Inspector of Mines, an honorary member,
who had been connected with the Institute since the year 1852; and through the death of Mr.
Joseph Samuel Martin, I.S.O., an honorary member.
[3]
The following table shows the progress of the membership during recent years : —
Year ending August 1st 1906 1907 1908 1909 1910 1911 1912
Honorary members
25
21
21
22
26
27
24
Members
931
903
942
935
926
921
893
Associate members
114
108
105
103
106
107
101
Associates
190
194
209
210
214
209
204
Students
56
47
48
54
54
43
43
Subscribers
33
34
33
34
35
35
33
Totals
1,349 1,307 1,358 1,358 1,361 1,342 1,298
The somewhat large decrease in the membership is a matter for regret, and is due to the
exceptional number of deaths and resignations. The additions to the register number 61, and
the losses by death, resignation, etc., 105.
The Library has been maintained in an efficient condition during the year; the additions, by
donation, exchange, and purchase include 660 bound volumes and 21 pamphlets, reports, etc.;
and the Library now contains about 13,599 volumes and 443 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.
An exchange of Transactions has been arranged, during the year, with the Hull Scientific and
Field Naturalists' Club.
The gallery of portraits has been added to during the year Frederick Berkley Matthews having
presented a portrait of the late Mr. Cuthbert Berkley.
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
Saturday afternoons, and the three years’ course embraces the following subjects:1912-1913 – Michaelmas Term : (1) Machine Drawing and (2) The Chemistry of Fuel. Epiphany
Term : (3) The Strength of Materials (with experimental illustrations) and (4) Experimental
Mechanics.
1913-1914.- Michaelmas Term : (5) The Steam-engine, and (6) Theoretical Electricity.
Epiphany Term: (7) Electrical Engineering, and (8) Haulage and Winding.
1914-1915 – Michaelmas Term : (9) Transmission of Power, and (10) Pumping and Ventilation.
Epiphany Term : (11) Metallurgy of iron and Steel, and (12) Mining Machinery (mainly
machinery used underground).
[4]
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 Transmission of Power were attended by 32 students, and on Pumping and Ventilation
by 33 students, 31 of whom sat for examination and 22 passed; and during the Epiphany Term,
the lectures on the Metallurgy of Iron and Steel were attended by 30 students, and on Mining
Machinery by 32 students, 28 of whom sat for examination and 21 passed. Certificates have
been awarded to the following students, who have completed the three years' course:—
Messrs. Gr. W. Bell, R. 0. Carr, W. Grey, E. T. Hardy and J. J. H. Jefferson. The first and second
prizes for the session 1911-1912 have been awarded to Messrs. E. T. Hardy and F. Scott
respectively.
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. M. W. Parrington), represents
the Institute on the Council of the College.
Mr. Thomas Edgar Jobling continues to represent the Institute upon the Board of Directors of
the Institute and Coal-trade Chambers Company, Limited.
The President continues a Representative Governor upon the Court of Governors of the
University of Durham College of Medicine during his term of office.
Prof. George Alexander Louis Lebour will represent the Institute at the Conference of Delegates
of the Corresponding Societies of the British Association for the Advancement of Science, to be
held in Dundee, commencing on September 5th, 1912.
The Institute is represented by the President and Honorary Secretary on the Provisional
Committee for the proposed Exhibition to be held in Newcastle-upon-Tyne in the year 1914.

The next International Congress of Mining, Metallurgy, Applied Mechanics, and Practical
Geology will be held in England in the year 1915, and is, through The Institution of Mining
Engineers, receiving the support of the Institute.
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. No application was made for the
Fellowship for the current year.
[5]
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.”
Prizes have been awarded to the writers of the following papers, communicated to the
members during the year 1911- 1912:—
"The Use of X Rays in the Examination of Coal.” By Dr. Frederic Charles Garrett, M.I.M.E., and
Mr. R. C. Burton.
"The Holmes-Ralph Gas-detecting Portable Electric Lamp.” By Mr. George J. Ralph.
The papers printed in the Transactions during the year are as follows :—
"Miners' Baths.” By Messrs. Harrison Francis Bulman, M.I.M.E., and William Brumwell Wilson,
M.I.M.E.
"The Use of X Rays in the Examination of Coal.” By Dr. Frederic Charles Garrett, M.I.M.E.,
and Mr. R. C. Burton.
"The Working of the Thick Coal-seams of Upper Silesia.” By Mr. Berent Conrad Gullachsen,
M.I.M.E.
“The Holmes-Ralph Gas-detecting Portable Electric Lamp.” By Mr. George J. Ralph.
"Experiments on Liquid Mixtures for Laying Coal-dust.” By Prof. W. M. Thornton, Hon. M.I.M.E.
“Easington Colliery."
An excursion meeting was held at Easington Colliery on July 12th, 1912, and the thanks of the
Institute have been sent to the Easington Coal Company, Limited.
The Committee appointed, with Mr. Stanley Smith as Secretary, to report upon the
Carboniferous Limestone Formation of the North of England, with Special Reference to its Coal
Resources, has completed its investigations, and the report will be published during the course
of the next month.
The following gentlemen have, during the year, presented one or more lamps towards the
collection which the Council are forming to replace that destroyed by fire at the Brussels
Exhibition: Messrs. Cuthbert Berkley, W. C. Blackett, J. A. Dixon, R. Polwarth, and Stephen Southern
(through Mr. Hugh Sterling).
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 Newcastle-upon-Tyne
Economic Society; the Northumberland and Durham Provincial
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Committee of the Surveyors' Institution; the Foremen's Mutual Benefit Society; the North of
England Gas Managers' Association ; the St. John Ambulance Brigade; The North of England
Horticultural Society; and the North-East Coast Association of Chartered Secretaries.
The Council, in reporting 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 twenty-fourth year, and the
members are to be congratulated upon its continued success. Meetings were held in Cardiff in
September, 1911, and in London in June, 1912.
Mr. M. W. Parrington moved the adoption of the Report.
Mr. John H. Merivale seconded the resolution, which was adopted.
The Annual Report of the Finance Committee was read, as follows: —
ANNUAL REPORT OF THE FINANCE COMMITTEE,
1911-1912.
The Finance Committee submit herewith a statement of accounts for the twelve months
ending June 30th, 1912, duly audited.
The total receipts were £2,880 1s. 5d. Of this amount, £27 was paid for life-compositions in
lieu of annual subscriptions, and £32 15s. as subscriptions in advance, leaving £2,820 6s. 5d. as
the ordinary income of the year, compared with £2,941 8s. 4d. in the previous year, which,
however, included the sum of £100, received for the safety-lamps destroyed by fire at the
Brussels Exhibition. The amount received for ordinary current-year subscriptions was £2,144
8s., and arrears £264 14s., as against £2,209 1s. and £230 13s. respectively in the year 19101911.
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Transactions sold realized £17 3s. 7d. as compared with £31 2s 8d in the earlier period; and the
sum received for interest on investments was £394 0s. 10d., the amount in the former year
being £370 11s. 8d.
The expenditure was £2,537 9s., that for the previous year having been £2,651 8s. 10d.
Decreases are shown in the contributions to The Institution of Mining Engineers, and in the
expenses of the Committee appointed to Report upon the Carboniferous Limestone Formation
of the North of England, with Special Reference to its Coal Resources; and small increases for
salaries and wages.
From the above figures it will be seen that the balance of income over expenditure was £342
12s. 5d., and adding to this the amount of £31 10s. 6d., brought forward from the previous
year, leaves a credit balance of £374 2s. 11d.
The names of 26 persons have been struck off the membership list in consequence of nonpayment of subscriptions. The amount of subscriptions written off was £173 5s., of which £109

10s. was for sums due for the year 1911-1912, and £63 15s. for arrears. It is probable that a
considerable proportion of these amounts will be recovered and credited in future years. Of
the amount previously written off, £65 1s. was recovered during the past year.
John Simpson, Vice-President.
August 3rd, 1912.
Mr. John H. Merivale moved the adoption of the Report.
Mr. J. G. Weeks seconded the resolution, which was adopted.
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ELECTION OF REPRESENTATIVES ON THE COUNCIL OF THE INSTITUTION OF MINING
ENGINEERS, 1912-1913.
Mr. John H. Merivale moved, and Mr. M. W. Parrington 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 1912-1913: —
Mr R. S. Anderson.
Mr. Samuel Hare.
Mr. J. H. Nicholson.
Mr. J. B. Atkinson.
Mr. T. E. Jobling.
Mr. B. E. Ornsby.
Mr W. C. Blackett.
Mr. J. P. Kirkup.
Mr. C. B. Palmer.
Mr. W. Cochran Carr. Mr. Philip Kirkup.
Mr. Walter Rowley.
Mr. Benjamin Dodd.
Mr. C. C. Leach.
Mr. F. R. Simpson.
Mr. J. W. Fryar.
Prof. Henry Louis.
Mr. J. G. Weeks.

Mr T. Y. Greener.
Mr. Reginald Guthrie.

Mr. John H. Merivale.
Mr. W. C. Mountain.
Mr. A. D. Nicholson.
The resolution was agreed to.

Mr. W. B. Wilson.
Mr. E. Seymour Wood.

The following gentlemen were elected, having been previously
nominated : —
Members—
Mr. James Wilfred Burford, Mechanical and Electrical Engineer, c/o Sir Boverton Redwood,
Bart., 4, Bishopsgate, London, E C.
Mr. John Eskdale, Engineer, Ashington Colliery, Morpeth.
Mr. Thomas Welsh, Engineer, West Stanley, County Durham.
Associate Member—
Mr. Carl Cooper, 104, Lauderdale Mansions, London, W.
Student — Mr. Thomas Arthur Saint, Mining Student, Heatherlea, Choppington,
Northumberland.
DISCUSSION OF DR. F. C. GARRETT AND MR. R. C BURTON'S PAPER ON "THE USE OF X RAYS IN
THE EXAMINATION OF COAL."*
Prof. Henry Stroud (Armstrong College, Newcastle-upon-Tyne) wrote that the results obtained
by the authors were most interesting. There was no mention in the paper of the use of the
ordinary X-ray (fluorescent) screen, but doubtless one had been utilized. A preliminary
examination of a specimen of coal by means of the screen would enable a general idea of the
different shadow-picture to be obtained, so as to determine
*Trans. Inst. M. E., 1912, vol. xliii., page 295.
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the best position in which to place the coal on the photographic plate in order to get the
sharpest radiograph of particular impurities. It would thus appear that in some cases it might
be desirable not only to take the radiograph in two planes at right-angles, but also from
opposite sides. The experiments seemed to give promise of yielding much important detail.
The Chairman (Mr. M. W. Parrington) moved, and Mr. John H. Merivale seconded, a vote of
thanks to the Scrutineers for their services, and the resolution was carried unanimously.
Mr. C. B. Palmer, in proposing a vote of thanks to the President, Vice-Presidents, Councillors,
and Officers for their services during the past year, said that he felt sure that everyone would
agree that the work had been exceedingly well carried out and that the thanks of the members
were especially due to Mr. M. W. Parrington, the Retiring-President.

Mr. R. D. Cochrane seconded the resolution, which was cordially adopted.
The Retiring-President (Mr. M. W. Parrington) said that he had first of all to thank the members
for the great honour it had been to him to be President of the Institute for the past two years.
He had not devoted as much time to the interests of the Institute as he should have liked, but
he thought that they would all agree that there was some little excuse for his remissness. The
last 2 years had been a period more strenuous for those connected with collieries than any
previous period. Parliament had been very busy with them; and then, on top of all that, he
believed it was public knowledge that he had had very great anxiety indeed in connexion with
one of his own collieries. In these circumstances, he hoped that the members would forgive
any delinquencies on his part during his term of office.
Mr. C. H. Steavenson proposed, and Mr. W. B. Wilson seconded, a vote of thanks to the
representatives of the Institute on the Council of The Institution of Mining Engineers for their
services during the past year, and the resolution was carried unanimously.
[15]
The newly-elected President (Mr. W. C. Blackett), on taking the Chair, said that his first word
must be one of thanks for what had already been described as a very great honour. He was
quite sure that all who had dipped into the history of the Institute, and who had studied the list
of Past-Presidents, would realize vividly indeed how great an honour it was to be elected
President of the oldest Institute of its kind in the world. In 1852, when a number of eminent
mining engineers banded themselves together and formed the Institute, their purpose was to
so study and experiment as to avoid the dangers that were attached to mining, and very
successful indeed they had been from the very beginning of the 60 years that had lapsed since
the Institute was first founded. Mr. Parrington's remarks brought to his mind the extraordinary
difference that there was to-day in the outlook of the mining engineer, as compared with 50 or
60 years ago. Then he had time to devote to the real objects of his profession: he could study
and devise means whereby disasters in mines could be avoided, but nowadays it did not seem
to him that things were quite the same. Reason once apparently governed the rules, but now
very largely it looked as if rules were going o govern reason. To-day the mining engineer was
living so strenuous a life that but scant time was left him in which to indulge in scientific
pursuits. Notwithstanding these difficulties, he hoped that the aim of the Institute would still
be a steady one, and that it would continue in the path which it had pursued in the past,
although it might now be more arduous, that the members would strive to remedy, as far as
possible the conditions of mining. So far as he, as their new President, was concerned, if the
members would only help him, as they had helped other Presidents in the past, he would do
his best during his term of office to carry out the traditions of the Institute.
[16]
THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,

October 12th, 1912.
Mr. W. C. BLACKETT, 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, and of the Council
of The Institution of Mining Engineers on September 11th.
The following gentlemen were elected, having been previously nominated:—
Members—
Mr. William Thomas Anderson, Consulting Engineer, P.O. Box 57, East Rand, Transvaal.
Mr. Charles James Fairbrother, Colliery Manager, The Durban Navigation
Collieries, Limited, Dannhauser, Natal, South Africa.
Mr. Guy Ernest Regis, Mining Engineer, P.O. Box 1305, Johannesburg, Transvaal.
Associate Member—
Mr. Hugh Nicholas Wood, Rainton House, Fence Houses.
Associate—
Mr. James Portrey, Colliery Under-manager, West Thornley, Tow Law, County Durham.
Dr. W. M. Thornton read the following paper on "The Ignition of Coal-gas and Methane by
Momentary Electric Arcs”:—
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THE IGNITION OF COAL-GAS AND METHANE BY MOMENTARY ELECTRIC ARCS.
BY W M. THORNTON, D.Sc, D.Eng., Professor of Electrical
ENGINEERING IN ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE.
(1) Introduction, and Method.-The conditions under which explosive mixtures of certain
combustible gases and air can be ignited have been very fully examined for the requirements of
gas-engine theory. In most cases the ignition has been originated by a stream of sparks from an
induction-coil at a frequency of several thousand a second, forming in effect a maintained arc
or by contact with an incandescent wire. The inverse of the gas-engine case—that is, under
what conditions may single electric sparks fail to ignite mixtures of gas and air—is a question of
the first importance in regard to the safe use of electricity in coal-mining, and is the subject of
this paper. Previous investigations on this question have had in view chiefly the influence of
changes in the gaseous mixture. The work of Mallard and Le Chatelier* for the French Firedamp Commission is probably the most important from this side. That of A. Wüllner [Wuellner]
and O. Lehmann† for the Prussian Fire-damp Commission of 1881 was the first systematic
examination of the influence of electric sparks and flashes in igniting gas. Much of it deals,
however, with discharges from electrostatic machines - that is, with true single sparks caused
by breakdown of the gas between the poles under the voltage-gradient, as distinct from

momentary arcs which are maintained by ionization from the materials of the poles whilst
these are being separated, as in the present experiments. At the request of the Commission,
Wüllner [Wuellner] and Lehmann further investigated ignition by hot wires, and
* “Recherches expérimentales et théoretiques sur la Combustion des Mélanges Gazeux Explosifs”, by F.
E. Mallard and H. Le Chatelier, Annales des Mines series 8, 1883, vol. iv., page 274.
† “Report of the Prussian Fire-damp Commission,” Trans. Inst. M. E., 1891, vol. iii, page 1145.
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note the interesting fact that the gaseous mixture appeared to be ignited by iron and copper
wires at the moment of fusion, at which point ionization becomes active.
Some years later, the problem was attacked from the more directly practical side by Heise and
Thiem,* who broke 196 small incandescent lamps, running at voltages from 65 to 220, in
explosive mixtures of pit-gas and air; their chief conclusion was that thick filaments were more
dangerous than thin ones. They further examined the effect of opening switches in an
explosive mixture of methane and air, making about 800 breaks in all, and found that ignition
first occurred at 1.75 amperes on a 100-volt direct-current circuit. They concluded that voltage
as well as current had to be considered, that fuses in melting fired gas always, that white-hot
carbons did not, that the sparking of continuous-current motors when starting did, and finally
that all visible sparks may be looked upon as dangerous, a point still generally accepted by
mining men. They also found that it appeared to be impossible to ignite coal-dust by electricity,
a conclusion which can be no longer maintained.† A fuller research of a similar nature has
recently been carried out by Prof. Lemaire,‡ of Mons (Belgium), on both carbon- and metallicfilament lamps. His conclusion is that the incandescent filament of any lamp, however low the
voltage, will cause ignition if exposed in an explosive mixture. The question of ignition by
incandescent filaments has also been investigated by Hauser§; and more recently, in the case
of small electric lamps with tungsten filaments, by Mr. H. H. Clark in Technical Paper No. 23 of
the American Bureau of Mines.
A recent paper by Messrs. Burgess and Wheeler|| establishes
*“Versuche betreffend die Entzündlichkeit [Entzuendlichkeit] von Schlagwettergemischen und
Kohlenstaubaufwirbelungen durch die Wirkungen der Elektrizität [Elektrizitaet], ausgeführt
[ausgefuehrt]
auf
der
Versuchsstrecke
der
Westfälischen
[Westfaelischen]
Berggewerkschaftskasse auf Zeche Consolidation III./IV. bei Gelsenkirchen," by F. Heise and Dr.
Thiem, Glückauf [Glueckauf], 1898, vol. xxxiv., pages 1, 25, and 45 ; and Trans. Inst. M. E., 1899,
vol. xvii., page 88 ; vol. xviii., page 183.
† “On the Ignition of Coal-dust by Single Electric Flashes,” by W. M. Thornton and E. Bowden,
Trans. Inst. M. E., 1910, vol. xxxix., page 201.
‡ “Inflammation de Grisou par les Filaments Incandescents des Lampes Electriques.” by
Emmanuel Lemaire, Annales des Mines de Belgique, 1911, vol. xvi., page 321.
§ “Leçons sur le Grisou,”by Dr. Enrique Hauser, Madrid, 1908; and Annales des Mines de
Belgique, 1907, vol. xii., page 1084.

|| "The Lower Limit of Inflammation of Mixtures of the Paraffin Hydrocarbons with Air,” by M.
J. Burgess and R. V. Wheeler, Journal of the Chemical Society, Transactions, 1911, vol. xcix.,
page 2013.
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clearly the relation between the inflammability and the calorific value of a gas suggested by Le
Chatelier, Victor Meyer and H. B. Dixon.
A good resume of work on gaseous explosions up to 1904, chiefly from the chemical side, is
given by J. W. Mellor*; and the Reports of the Gaseous Explosions Committee of the British
Association, which begin in 1908, deal very fully with outstanding gas-engine problems.
With the exception of a few isolated experiments, the above represents the available
systematic information upon which mining men have had to work.
The new Coal Mines Act of 1911 prohibits the use of electricity where more than 1¼ per cent.
of gas may be present, and limits the pressure to 25 volts in signalling circuits where the bare
wires used may be touched together. It seemed well, therefore, to re-examine the whole case
of the ignition of gas by single sparks such as may possibly arise in mining practice, especially at
signalling voltages, with special reference to the influence of voltage, percentage of gas, and of
differences between direct and alternating current.
To connect these with gas-engine
researches, experiments were also made with gas — that is, the usual town supply for lighting
and power.
[Fig. 1: Diagram of explosion vessel.]
The occasions in which open sparking—as it is called—may arise in practice are when a power
cable is broken by a fall of roof, and on signalling circuits either at momentary or vibrating
contacts. In all these cases the final separation is between points of metal. The simplest way of
obtaining a spark between metals at a point which may be renewed is that used in the present
work by making contact between two round wires touching at right-angles. The arrangement of
these and of the
* Chemical Statics and Dynamics, 1904, page 445.
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explosion vessel used is shown in Fig. 1. The latter was of well annealed glass, 5.5 centimetres
in diameter, and had a volume of 300 cubic centimetres. The vertical exit tube at the top was
fitted after each explosion with a plug of cotton-wool, the mercury then raised to the level of
the inlet, the air in the pipe fully swept out by gas from the reservoir, the top of the tube closed
with the finger, and the explosive mixture drawn in by lowering the mercury. After the
chamber had been filled with gas, the vertical tube was further covered with an india-rubber
cap, which prevented diffusion and blew off easily at ignition. The pole-rods could be rotated
by hand through an arc of 90 degrees, and the speed of separation was found by trial to be
nearly the same throughout at 3.5 radians a second. A metronome set to a convenient
frequency served to give uniformity in the make and break when desired.

The rods used were of iron, copper, and nickel, the first to represent more especially the
conditions of mining signalling wires, but to cover also the case of armouring in possible
contact with live conductors; the second to give the case of breakage of a conducting wire; and
the third chiefly as a control. No attempt has been made to follow precisely the kind of break
likely to arise in practice, nor could the results then be under sufficiently uniform conditions for
comparison. The state of the points of contact could not in the present case be kept quite
unaffected by previous sparking, although the rods were frequently taken out and cleaned with
fine sand-paper. It was then necessary to make a great number of trials under conditions as
nearly as possible the same, and to proceed by small steps in the approach to the limiting
current. Some idea of the work entailed may be given by the fact that, to determine each point
on the curves, observations of 600 breaks were on an average recorded, or over 50,000 in all.
In the earlier stages there was no guide as to the igniting current to be expected under any
given conditions of voltage and mixture. The procedure was, therefore, to guess at a current
and to make a hundred contacts in succession. If no ignition occurred, the current was raised
and the trials repeated. When a current had been found which gave ignition after the first few
contacts, this was considered to be too high. The limiting igniting current was taken to be one
which fired the gas within
[21]
fifty sparks slowly repeated. For part of the time mica vanes were attached to the rods in
order to ensure circulation of the mixture in the explosion-vessel; but this had no perceptible
effect on the limiting current. The conditions under which single sparks may ignite gas are so
difficult to control perfectly that a current of, say, 3.30 amperes might cause explosion at the
third, 3.35 at the thirtieth, and 3.4 at the eightieth, and any two of these might change places.
Near the critical current many trials were made, with fresh charges of mixture, ten or more in
difficult cases. Reliance is placed on the average from a great number of trials, and upon having
the contacts in as nearly the same condition as possible throughout as to polish and state of
the surface. The regular results on the influence of diameter and material support the method
adopted.
(2) Direct Current: Influence of Voltage (a) Coal-gas. - It being difficult to obtain pure fire-damp
in large quantities, the first ignitions were made in a mixture of coal-gas and air. The
composition of the gas used was as follows: -

Carbon dioxide
Oxygen
Olefines
Carbon monoxide
Methane
Hydrogen
Nitrogen
Total

Per cent.
0.0
0.1
3.9
5.3
34.2
47.1
9.4
100.0

Part of the work was done during the coal strike, during which the composition was modified
by the extensive use of “water-gas"; the calorific value was, however, little less than that of the
normal supply. Only the results with nickel poles are materially affected by the change, as
shown in Fig. 12.
After some preliminary trials, it was decided to use an 8-to-1 or 11-per cent. mixture, rather
than the more sensitive mixtures about 9 per cent., on account of the expected rapid increase
in the current necessary for ignition on either side of the minimum, which was found later to
occur. The "time of explosion” —that is, the interval of time between the moment of ignition
and the establishment of the maximum pressure of explosion -- is also less at 11 than at 9 per
cent. The results in other strengths of mixture can be found by reference to Fig. 7.
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In working with direct currents, large storage-cells were used up to 50 volts, and above this
voltage, machines. The resistances inserted were non-inductive in every case—that is, having a
Table 1.—Least Direct Currents, in Amperes, which Ignited at Break on an 11 per cent. Mixture
of coal-gas and Air. Atmospheric Pressure. Temperature, 18° to 20° Cent.
[Table]
power-factor greater than 0.96—and consisted at the higher voltages of banks of lamps. The
results are given in Table 1., in which the columns marked “inductive “are for circuits having an
inductance of 0.0025 henry added, this being approximately that of average signalling circuits.
The figures marked > indicate that no ignition took place at the highest current that could be
used without burning the contacts badly.
The non-inductive cases are illustrated in Fig. 2. At the higher voltages the current required
with iron poles is greater than with others, but at signalling voltages it is less.
Fig. 2.—Least Direct Currents at different Voltages to ignite an 11 per cent. Mixture of
Coal-gas and Air. Non-inductive Circuits.
[Graph]
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The difference is marked, but cost and inconvenience of handling prevent the use of bare
copper wires for signalling purposes.
(b) Mixtures of Methane and Air. – The time of explosion of methane does not appear to have
been recorded. In view, therefore, of the known shortness of the range and percentages of
methane in which ignitions are possible, it was decided to make all trials in the mixture giving
perfect combustion, that is, 9.36 per cent. The results are noted in Table II., and are illustrated
in Fig. 3, and a comparison with Fig. 2 shows that the currents required to ignite a mixture of
marsh-gas and air in its most explosive proportions coincide, when the poles are iron, with
those for coal-gas and air in a mixture having a minimum "time of explosion."

Fig. 3.—Least Direct Currents to ignite a 9.36-per cent. Mixture of Methane and Air. Noninductive Circuits.
[Graph]
In the very rich mixture of 12.2 per cent. of marsh-gas and air, the currents for copper and iron
are more than doubled, and nearly agree, crossing at 230 volts, the iron curve being higher at
the lower voltages. In order to bring the copper curve up to that for iron, the quenching action
of the denser gas must be greater for copper than for iron arcs, the current to cause ignition
being therefore higher.
[24]
It was to be expected that the curves of Figs. 2 and 3 would fall as the voltage increased,
according to an approximately hyperbolic law. At voltages below 50, however, the currents
increase very rapidly, and it would appear to be impossible to ignite even the most explosive
mixture of fire-damp and air by single break-sparks from a signalling circuit at the maximum
voltage of 25 allowed by the Coal Mines Acts. At these low voltages electrical signalling may be
used with safety in any part of a coal-mine, provided that care is taken to prevent wires from
remaining in contact on short circuit and by local heating from becoming red hot where they
touch, an improbable occurrence.
Table II.—Least Direct Currents to Ignite a 9.36-per cent. Mixture of Methane and Air.
Atmospheric Pressure. Temperature, 18° Cent.
[Table]
The bells should be preferably of the single-stroke pattern; no bell of the trembler type is safe
in gas, unless the sparking-contact is enclosed in an explosion-proof case.
(3) Influence of Diameter of Poles.—In order to examine the influence of the size of the wire,
the igniting currents of mixtures of coal-gas and of methane with air were found with poles of
iron, copper, and nickel in three sizes at constant voltage ; these are stated in Fig. 4. In all cases
the igniting current is a linear function of the diameter, in coal-gas nearly proportional to it, the
lines intersecting the vertical axis at about 0.5 ampere. In methane the rate of change of
current with diameter is the same at 75 volts for all three substances, that for iron cutting the
axis at 1.5, copper at 2.2, and nickel at 2.6 amperes. At the lower voltages, as shown in Figs. 1
and 2, iron and nickel change places in order of igniting activity.
Since at this voltage the arcs are short compared with the diameters of the rods, the sectional
area of the spark, assumed to be circular, is also a linear function of the diameter, for a
[25]

given length of arc. The higher currents required at the larger diameters would therefore
appear to be proportional to the surface of the metal in contact with the arc, and to its cooling
action, a point further discussed in section (9).
Fig. 4.—Influence of Diameter and Material of Poles on Least-igniting Currents.
[Graph]
(4) Influence of Inductance: Direct Currents.—With low-voltage apparatus the inductance of the
circuit is of the first importance from the point of view of safety at break. To examine this,
inductances from 0.0025 to 1.35 henries were placed in a 20-volt circuit and the resistance
adjusted until the current just failed to ignite the 11-per cent. mixture of coal-gas and air. The
small copper poles were used, with the results noted in Table III.
Table III. Influence of Inductance on Ignitions.
Direct Current. 20 Volts.

11-per cent. Mixture of Coal-gas and Air.

[Table]
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The curve of these is shown in Fig. 5, together with the energy of the arcs. The risk of ignition
increases rapidly as the inductance is raised, and no direct-current signalling circuit could be
regarded as safe with a total inductance of 0.1 henry. In practice they have, as a rule, much less
than this, and a typical mining signalling circuit connected through the explosion-chamber
failed to show any signs of igniting the most explosive mixture of coal-gas and air, when the
contact was broken in it. The maintained spark at the spring contact in a trembler-bell is known
to ignite gas.
The curve of the least energy required to ignite the mixture is interesting. At the lower
inductance there is some variation.
Fig. 5.—Influence of Inductance on Igniting Current, and Energy of Igniting Flash. Coal-gas.
Direct Current, 50 Volts.
[Graph]
but the energy remains nearly constant at about 0.10 joule. We have here a measure of the
electrical energy required to start a gaseous explosion by arcs of short duration. It is in thermal
units about 0.025 small calories, equivalent to the combustion of 4.1 cubic centimetres of coalgas or of 37 cubic centimetres of an 11-per cent. mixture. At the highest inductance the energy
was less, corresponding to the combustion of 21 cubic centimetres of mixture. It is agreed that
the cause of the period of induction observed in all gaseous explosions is the slow combustion
of a certain volume of gas before enough heat is set free to enable the mixture to ignite itself;
but there can be no doubt that the ignition of only a few cubic centimetres—in a test-tube,
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for example – is necessary to start an explosion. A similar pause is observed on coal-dust
ignitions. With both gas and coal-dust it is longer when the source of ignition is an incandescent
wire than an arc, possibly to some extent in the latter case on account of the clear space
around an incandescent wire in gases investigated by Lodge and Clark*, but in the former more
probably on account of the “combustion by stages” of the paraffins in the presence of hot
wires.† Wüllner [Wuellner] and Lehmann found that with a leyden jar having an area of 2,000
square centimetres, a discharge spark 0.5 millimetre long was sufficient to ignite gas, but not
less. The energy of this would appear to be about a tenth of that with break-sparks, owing, no
doubt to the more active ionization first shown by Hertz to be characteristic of high-frequency
sparks. Momentary arcs of the kind considered here appear to ignite gas with difficulty, in
comparison with the shattering sparks from condenser discharge.
(5) Time of Duration of Spark. - The known influence of inductance in prolonging break-sparks
led to an attempt to measure their duration. A photographic film was mounted on a drum 8
centimetres in diameter, driven by a small motor at a uniform speed between 1 and 2
revolutions a second. A blackened tube 2 centimetres in diameter led from the outside of the
box containing the drum to within 3 millimetres of the surface. A membrane closing the inner
end was pierced with a pin-hole, and the outer end placed against the explosion-vessel in line
with the rods when in contact. The vessel being filled with an explosive mixture, the circuit was
broken at a current just insufficient to cause ignition. Occasionally this did occur, but no
indication of it was found in developing the films, although the spark causing it was drawn out,
as in every case, into a black line from 0.3 to 1 centimetre long. The results were as shown in
Table IV.
*”On the Phenomena exhibited by Dusty Air in the Neighbourhood of strongly Illuminated Bodies,” by
Oliver J. Lodge and J. W. Clark, Philosophical Magazine, series 5, 1884, vol. xvii., page 214.
† “The Slow Oxidation of Methane at Low Temperatures,” by William A. Bone and Richard V. Wheeler,
Journal of the Chemical Society, Transactions, 1902, Vol. lxxxi., page 535, and 1903, vol. lxxxiii., page

1,074: also “The Combination of Hydrogen and Oxygen in Contact with Hot Surfaces,” by
William Arthur Bone and Richard Vernon Wheeler, Philosophical Transactions of the Royal
Society of London, series A, 1906, vol. ccvi., page 1.
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Table IV. — Time of Duration of Direct-current Break-sparks in a 9.36-per cent. Mixture of
Methane and Air. Non-inductive Circuits.
[Table]
The curves of Fig. 6, which give the times of duration at currents very near those causing
ignition, show that there is little or no similarity between them and the curves of change of
igniting current with voltage given in Fig. 3. From the experiments noted in Section (8), it will,
however, be shown that there is a critical duration of spark. In the above cases the current is

Fig. 6.—Time of duration of Direct-current Break-sparks in a 9.36-per cent. Mixture of Methane
and Air. Non-inductive Circuits.
[Graph]
falling rapidly as the arc is drawn out, and provided that the energy of the spark exceeds a
certain limit, its duration would not in the direct current case appear to be of the same
importance as that of voltage. In the case of all the rods the time of duration of the spark
below 20 volts falls rapidly. It reaches a maximum in each case at a voltage where the igniting
current is relatively great, falls as the current decreases, despite the rising voltage, and begins
to increase as this approaches the higher limit of direct pressure. The arcs from nickel poles are
at low voltages clearly shorter than from iron or copper, but it will be shown later that when
the current is alternating, nickel arcs ignite
[29]
methane on the whole more readily than the others. In view, however of the known quenching
influence of the gas, a few observations were made in mixtures of marsh-gas and air of various
strengths, and are noted in Table V.
Table V.- Time of Duration of Direct-current Break-sparks. Non-Inductive Circuits. 50 Volts
throughout.
[table]
These experiments are shown in Fig. 7, and it is now seen that when the voltage is maintained
at a constant pressure the
Fig.7.- Influence of relative proportion of Gas and Air on igniting Current. Direct Current at 50
and 100 Volts. Iron Poles. Curve S, Duration of Arcs in Methane at 50
[graph]
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rate of variation of the duration of the spark with change of percentage of methane is similar to
that of the igniting current. This result is interesting, as showing that the duration of the spark
is proportional to the current passing, and not to the energy of the spark.
(6) Influence of Percentage of Gas on Igniting Current.—The above results show that the least
current required for ignition in a circuit at a constant voltage must vary considerably with the
richness of the gaseous mixture. To examine this more fully, experiments were first made on
coal-gas, with the results shown in Table VI.

Table VI.—Variation of Least-igniting Current with Percentage of Coal-gas in Air. Atmospheric
Pressure and Temperature. 50 Volts throughout. Small iron Poles.
[table]
Below 6 per cent., no ignitions could be obtained, and this is the limit found by most observers
with the usual sparking-coil ignition. The upper limit is generally assigned at 30 per cent., but
it is clear from Fig. 7 that ignition can occur beyond ft, provided that the source is violent. The
flash at 13 amperes 50 volts is brilliant, the activity of the circuit approaching 1 horsepower.
With methane, the results were as follows (Table VII.):—
Table VII.—Variation of Igniting Current with Percentage of Methane in Air. 50 Volts. Small iron
Poles.
[table]
At 50 volts no ignitions could be obtained at 4 or above 14 per cent., the limits generally given
being 5 and 13. From the curves of Fig. 7, the limiting values under the present conditions
would appear to be 4.25 and 14.25. At 240 volts, however, a feeble ignition was obtained with
0.6 ampere in a 15 per cent. mixture, the explosion being doubled by a second ignition, the air
for which was drawn in after the first.
[31]
The limiting percentages of mixture may, and probably do depend on the method of ignition,
and upon the presence of small quantities of more highly combustible gases. In the present
case analysis did not reveal any of these in quantities to be readily detected in the gas upon
which the percentage experiments were made. The analysis of the gas as prepared from
sodium acetate and soda-lime was as follows: Per cent.
Carbon dioxide
0.2
Air
3.5
Methane
96.3
Hydrogen or acetone, if present, was less than 0.2 per cent. In the Final Report of the Royal
Commission on Accidents in Mines, 1886, it is stated that "In some of our experiments an
ignition, with all the characteristics of an explosion, has been produced throughout the whole
of our apparatus by a Davy lamp, when the current contained very little, if any, more than 4.25
per cent. of marsh-gas.”*
Fig. 8.- Suggested Synthesis of the Curves of Fig. 7.
[graph]

The shape of the methane curve is very similar to that for coal-gas. There is first a sharp drop
curved to point, from which there is a linear rise to a less well-defined bend, above which the
mixture rapidly becomes inert. The suggested explanation of this is as follows:—The two
controlling factors appear to be (1) the "time of explosion,” and (2) the reduction of
sensitiveness to ignition by excess of either constituent of the mixture. In Fig. 8 A is the most
inflammable mixture. On either side of this the lines A-B and A-C give for any percentage the
amount of dilation – to the left with air, to
*Final report of Her Majesty’s Commissioners appointed to inquire into Accidents in Mines and
the possible means of Preventing their Occurrence or Limiting their Disastrous Consequences,
together with Evidence and Appendices, 1886, page 20.
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the right with the active gas, the upper limits being perfectly inert mixtures. The time of
explosion T of a combustible gas is found in all the recorded cases to reach a minimum value,
and to rise again as the strength of the mixture is increased. For petrol vapour the curve is a
parabola symmetrical on either side of the minimum value; the time of explosion then
increases as the square of the percentage excess of either air or vapour.
With coal-gas the curves of variation of T with richness of mixture are not so well defined.* At
the upper and lower limit T approaches 0.4 second; the minimum — which is very nearly the
same in all the recorded cases—is 0.05 second at atmospheric initial pressure, and occurs at
14.5 to 16 per cent. On either side of this T increases with excess of gas or air, but the branches
are not usually symmetrical. No figures are available for methane, but the reciprocal of the
velocity of explosion gives a curve similar in character, with a minimum at 13 per cent. In every
case of a combustible gas mixed with air, the time of explosion reaches a minimum in a mixture
several per cent. richer than that required for a perfect combustion. The curve of T lies
between the upper and lower
Fig. 9. —Influence of Strength of Mixture on Least-igniting Current at different Voltages. Coalgas. (See page 33.)
[graph]
* The Gas, Petrol, and Oil Engine, by Dugald Clerk, 1909, pages 129 and 465.
[33]
percentages limiting ignition, and is shown in Fig. 8 symmetrical within them. The product of
the excess of gas or air and the time of explosion is a curve agreeing closely in shape with that
of the observed least igniting current. It would appear from this that these are the chief, if not
the only, factors winch determine the direct current or power required for ignition when the
voltage and poles remain the same. That this relation remains much the same when the
duration of the arc is increased by the use of higher voltage is shown by the similarity seen in
Fig. 7 between the 50- and 100-volt curves, although an examination of the influence of voltage

with different strengths of mixture given in Fig. 9 indicates that it is only below about 150 volts
that much difference in the igniting currents is to be expected. At this point, also the difference
in the duration of the arcs begins to increase. With coal-gas at both 50 and 100 volts the
igniting currents at 11 per cent. In Fig. 7 are slightly above the straight line drawn.
Fig. 10.- Alternating Igniting Currents for an 11-per cent. Mixture of Coal-gas and Air. 40 periods
per second. Iron poles. (see page 34.)
[graph]
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(7) Ignitions by Low-frequency Alternating Currents.—In the previous work the influence of the
time of duration of the spark, although masked by that of voltage, has been always in evidence.
It was to be expected, therefore, that very different values from the above might be obtained
by the use of alternating currents. The first experiments on this were made at 40 periods with
coal-gas and air, and with the same density of mixture (11 per cent.) throughout. To avoid
disturbing effects, pure sine wave-forms were used. The upper curve of Fig. 10 was obtained
with non-inductive circuits and iron poles. This was seen to be different in sweep from those of
Fig. 2, as if in effect it had been forced upwards by some influence beginning about 100 volts
and continuing beyond 300. The currents required for ignition were all much greater than the
direct currents at the same voltages, the ratios of alternating to direct being as shown in Table
VIII.
Fig. 11.—Alternating Igniting Currents for Coal-gas. 40 Periods per Second. Copper Poles. (See
page 163.)
[graph]
Table VIII.—Ratios of least Alternating to least Direct Igniting Currents. Coal-gas and Air, 11-per
cent. 40 periods. Non-inductive Circuits.
Volts
Ratios A.C./D.C.

50
3.0

100
4.9

200
6.2

300
9.0

400
10.8

500
12.5

There may be, therefore, a very real increase in safety from gas-ignitions by the use of
alternating currents compared with direct, although when open sparking does occur it is
generally in excess of the minimum values found here. An interesting result followed the
addition of small inductance (0.0025 henry) to the circuit. At the higher voltages, which
were first
[35]
examined, a perceptible but not great diminution of the igniting current was observed. At 200
volts the difference was greater, although the ratios were much the same, but at 100 volts

there was evidence of an unexpected drop. At 50 and 25 volts the gas was more readily fired
than at 100, the curve taking the form shown in Fig. 10. No variation in the conditions, such as
polishing the poles or making fresh mixtures of gas and
fig. 12.- Alternating Igniting Currents for Coal-gas. 40 Periods per second. Nickel Poles.
Normal Gas-supply. B, During Coal Strike, with Water-gas added. (See page 36.)

A,

[graph]
air, changed the result, the significance of which will be further discussed in Section (8). The
flattened form of the curve suggests some instability similar to that familiar in the liquefaction
of gases by compression, which is still more clearly brought out by the curves of Figs. 17 and
18. With copper rods, under the same conditions of frequency and density of mixture, the
addition of the same inductance produced a similar diver[36]
gence in the curves of Fig. 11 at about the same current, but both non-inductive and inductive
curves now show a flattening beginning at about 200 volts as the voltage is lowered. Both
curves are remarkably deflected between 50 and 100 volts, and again at the higher voltages.
There is clearly some critical condition introduced by the use of alternating current in all these
cases, or rather a third factor of equal importance with voltage and current. The influence of
inductance on the iron curve further suggested that time might be this factor, and that the
shape of the curves might be greatly affected by the frequency of the current.
Fig. 13.—Variation of Alternating Igniting Current, with Strength of Mixture. 200 Volts. 40
Periods. Nickel Poles. (See page 37.)
[graph]
Frequency is not, however, the only important factor, for the currents in Figs. 10 and 11,
although similar, are not identical, and the difference is still further brought out in Fig. 12 for
nickel poles. The currents here are less than for either iron or copper, and so differ from the
results with direct voltages. There is also in this case a remarkable sensitiveness to the
composition of the gas. Curve A of Fig. 12 is for coal-gas, the analysis of which is given in
Section (2). Curve B, taken during the coal strike when using gas very largely composed of
water-gas, shows that in this case larger currents were required for ignition. The calorific value
of the gas was very little reduced, but the proportion of higher hydrocarbons no doubt was.
The currents with iron and copper poles were not affected by the change, and one is led to
suggest that the well-known catalytic action of nickel on methane in the presence of hydrogen
had some influence on the result.
On the flat part of the curve of Fig. 12 the current is little
[37]

affected by voltage. The portion between 120 and 200 volts was therefore suitable for the
examination of the influence of change of percentages of gas with alternating current similar to
that recorded in Fig. 7 for direct currents. The results are given in Fig. 13 and it is now seen
that the characteristic flattening at the bottom of the curve formerly obtained is nearly
obliterated in the case of methane, and entirely so in coal-gas. This may be interpreted as
showing that the time element is now predominant, and that it is the relation between the
frequency of the current and
Fig.14.-Alternating Igniting Currents for Methane. 9.36-per cent. Mixture. 40 Periods per
Second. Iron Poles.
[graph]
the time of explosion which is here important. The curves of Fig. 13 approximate to parabolas,
and that of coal-gas might well be taken for the “time of explosion” itself.
Before, however, examining further the influence of frequency, the trials were repeated in
methane. The curves of Fig. 14 for this gas with iron poles are of the same type as those for
copper and nickel poles in coal-gas, but the flattening is prolonged to much higher voltage.
[38]
The practical significance of this is shown by its influence on the ratio of the least igniting
currents in methane and coal-gas, also given in Fig. 12. With alternating currents at working
frequencies fire-damp begins to be safer than coal-gas at voltages above 200, the ratio rising to
as much as 8.1 between 800 and 1,000 volts.
With copper poles (Fig. 15) and at low voltage, the currents are rather greater than with iron;
at the higher voltages they are lower, but the curves are very similar in shape. The difference
between these and nickel (Fig. 16) is remarkable. Both with coal-gas and methane the igniting
currents are much lower with nickel than with iron or copper poles. This is more clearly the
case at voltages above 500, the point at which active ionization due to the high-voltage
gradient across the incipient arc-gap is the controlling factor in starting ignition. The flat part
continues to higher voltages in methane than in coal-gas, as in the previous cases.
Fig. 15. — Alternating Igniting Currents for Methane. 9.36-per cent. Mixture. 40 Periods per
Second. Copper Poles.
[graph]
(8) Least Igniting Currents at Various Frequencies.—As previously mentioned, the initial period
of induction always recorded in experiments on gaseous explosions provides an
[39]
explanation of the influence of frequency on ignitions of the kind considered. The full ”time” of
explosion is rarely less that 0.05 second, and the period of induction is generally of this order.

When the contacts are separated, the arc which is formed has to restart itself across the gap
after passing through its zero value, and unless the air is being strongly ionized, a small gap
suffices to prevent the arc from restarting. If the break begins just when the current is just
passing through zero value, there will
Fig. 16.— Alternating Igniting Currents for Methane. 9.36-per cent. Mixture. 40 Periods per
Second. Nickel Poles.
[graph]
be no arc at all; if at a crest or maximum value, the arc is greatest at the start, but is falling as
the poles are separated; and unless the initial current is sufficient to have strongly ionized the
gap, the current on reaching zero will be unable to re-form the arc in the opposite direction.
The most favourable point in the cycle for the break to take place, in order that an arc should
be formed with minimum energy, is on the rising side of the current wave.
[40]
It is evident that at the lowest circuit voltages the current must be large in order to cause
ignition by the liberation of a greater number of ions from the material of the pole. When,
however, the maximum voltage gradient approaches 40,000 per centimetre, as it does on a
500-volt system at 0.017-centimetre length of arc—that is, within a third of a period at a
frequency of 40—the arc will be maintained whatever the current may be, and small currents
then ignite the gas. At voltages between these limits of ionization by large currents on the one
hand, or high voltage on the other, the igniting current must be controlled
Fig. 17. —Approximation to the Curves of Alternating Igniting Currents. Ordinates inversely
proportional to Product of Voltage and Time of Duration of Arc.
[graph]
by both; and since it has been shown that there is in the case of methane an evident relation
between duration of arc and current required for ignition, the simplest expression taking
account of duration and voltage is that the current is inversely proportional to the product of
voltage and time of duration. Fig. 17 has been drawn from the curves of Fig. 6, having for
ordinates the reciprocal of the product of voltage and time of duration of arc; and it will be
seen that there is a close similarity between the curve for nickel and that of the actual igniting
currents.
The curves for iron and copper are also
[41]
of interest, showing as they do the dip observed first in Fig. 10 for iron, and to a less degree in
Fig. 11 for copper. The reason why this type of curve is not obtained from direct current arcs is
that voltage is there the controlling factor, as current arcs is that voltage is there the controlling
factor, as shown by the approximation of Figs. 2 and 3 to hyperbolas. The influence of the

alternation of the current can, in fact, be regarded as that of a time-filter or screen which
retards the influence of voltage and brings out that of time of duration of the arc.
In order to examine the actual influence of frequency, the following experiments were made.
Good sine wave-forms were available from large machines at frequencies of 20, 40, and 80
periods a second, and the various voltages were obtained by grouping a series of 3- and 2½killowatt [sic] transformers as desired. This point is mentioned, because of the difficulties
experienced at first of keeping voltage the same during and after contact: voltage-drop in the
circuit disturbs the position of the points on the curves. The trials were made in 9.36-per
cent. mixtures of methane and air, with small iron poles, and non-inductive circuits
throughout. The results are given in Fig. 18. The influence of increase of frequency in raising
the least igniting current,
Fig. 18.—Influence of Frequency on Igniting Current in a 9.36-per cent. Mixture of Methane and
Air. Iron Poles.
[graph]
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when the frequency is low, is very marked: there appears to be a critical point between 40 and
50 periods and at about 100 volts. The figures are given in Table IX. for more ready comparison.
Table IX.—Influence of Frequency on Least-ignition Currents. Methane, 9.36-per cent.
Atmospheric Pressure.
[table]
The influence of this is most noticeable in the case of nickel, which both in shape and relative
position in the curves of Fig. 18 agrees in general with the experimental currents. The first
approximation to the direct-current curves of Fig. 2 is current
I α 1/V, and to the alternating-current curves of Figs. 10 to 18
I α 1/(VS).
It is probable that the fact of alternation has less influence with longer periods of induction.
This can, in fact, be shown experimentally by working with very dilute mixtures in which the
time of explosion is much longer. Using a 6.5-per cent. mixture of coal-gas and air, the curves of
Fig. 19 were obtained, at frequencies of 40 and 80, and it is now seen that the lower-frequency
curves are approaching the limit of the direct-current type, whilst the higher have all the
characteristics of the alternating-current type under discussion.
It may be concluded that when the duration of an arc approaches the period of induction of a
gaseous mixture, ignition becomes increasingly difficult.
All the foregoing results are for currents in circuits opened by a single clean break.
[43]

(9) Influence of Physical Actions in the Poles.- If explosive ignition is controlled by ionisation in
the immediate neighbourhood of the spark, there should be, in addition to the influence of the
gas, some relation between the physical properties of the wires which affect the flow of
energy, either electrical or thermal, to it. The three which may clearly have influence are the
electrical and thermal conductivities and the melting-point of the metal, for the exposure of
fresh surface must depend upon the last. Regarding ionization as relatively proportional to
the current passing in the spark, the least current should be directly proportional to the
resistivity of the metal, for the flow to the surface exposed through the action of the arc must
experience the same resistance as the normal steady current.
Fig. 19.—Alternating Igniting Currents for a 6.5-per cent. Mixture of Coal-gas and Air. 40 and 80
Periods. Iron Poles.
[graph]
The extinguishing influence of cold metal surfaces on flame is well known. We may, then, as a
first approximation, take the required current to be directly proportional to thermal
conductivity. In the same way the higher the melting point is, the greater the current should be
to expose the same area of fresh surface; and Wüllner [Wuellner] and Lehmann's observation
that ignitions occurred at the melting-point indicates a close relationship
[44]
between them. The products of these three are given in Table X., and it will be seen that their
order of magnitude is that of the positions of the curves in Fig. 2 at medium voltages. 1n order
to compare them more closely, it is necessary to find points on two curves the ordinates of
which are proportional to two of these products, and to observe the position of the third.
Table X. —Physical Constants of Poles.
[table]
The ratios of the three products for copper, nickel, and iron are 1, 1.51, and 2.16 respectively.
This is the sequence found in coal-gas with direct currents (Fig. 2), and the point where the
ratio of copper to iron is 2.16 is at 60 volts. The ratio there for nickel is 1.6, the currents
being: copper, 0.8; nickel, 1.3; iron, 1.75 amperes. This approximate numerical agreement can
at the best be little more than accidental, considering the assumptions made; but that the
order of the three metals is the same as above possibly points to a simple relation of the kind
suggested. In the above the diameter of the nickel rod was less than that of the others,
although all were small; the current should, therefore, have been less rather than greater than
the calculated value. The possibility of catalytic action has also to be considered.
With regard to the gas, ignition is probably a question of intensity of ionization in the first
place, and secondly of the speed of diffusion of ions into the gas. The difference between the
ignition of coal-gas and methane is no doubt partly caused by the presence of hydrogen in the
former. O. W. Richardson has shown* that “the energy of the ions, both positive and negative,

emitted by hot metals is the same as that of a molecule of gas at the temperature of the
metal.” In the case of the
* Philosophical Magazine, series 6, 1908, vol. xvi., page 915.
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break-spark, the activity of ionization must be much more intense than this, in order that a
volume sufficient to maintain self-ignition should be ignited by so small a source.
Ionization by α rays has been shown by Prof. Bragg to be greater in pentane ad ethylene
(constituents of coal-gas) than in methane or air,* and with α, β,† and γ‡ rays it is from four to
five times greater. This is in itself sufficient to account for the observed difference in
sensitiveness to ignition of coal-gas and methane by any means, such as an electric spark,
which gives rise to direct ionization.
In conclusion, it may be said that, for the same voltages, the ignition of gaseous mixtures by
direct currents would appear to depend chiefly upon the material of the poles, and ignition by
alternating currents upon the nature of the gas.
(10) Summary.—The results are in three groups, the first dealing with the influence of
direct-current break-sparks on ignition ; the second with the change in the least igniting
current produced by altering the proportions of gas and air; the third with ignitions by
alternating current, and the influence of frequency. Direct currents are very approximately
proportional to the reciprocal of the voltage.
Methane is not so readily ignited as coal-gas in
mixtures of the same percentage, but in most explosive mixtures the difference is small. The
igniting currents are found to be rising linear functions of the diameter of the rods, the rate of
change with diameter being the same each case. The energy of the least spark to ignite gas is
found to be about 0.1 joule.
The time of duration of the spark at first increases, then
decreases, and rises again with the voltage. The influence of varying the proportions, of the
gas and air is very marked. The igniting currents for coal-gas and methane have in each case
the same type of transition, which can be accounted for by regarding the result as the
combined effect of the "time of explosion” and the dilution of the explosive mixture by excess
of either constituent. There is a great difference between
*“On the Properties and Nature of various Electric Radiations”, W.H. Bragg, Philosophical Magazine,
series 6, 1907, vol. xiv., page 429.
† “The Ionization Curve of Methane”, by W.H. Bragg and W. T. Cooke, ibid., page 425.
‡ “On the Ionization of various Gases by α-, β- and γ-Rays”, by R.D. Kleeman, Proceedings of the Royal
Society of London, series A, 1907, vol. lxxix., page 220
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alternating and direct-igniting currents, the former having much higher values and a
remarkable curve of variation with voltage. This is shown to depend upon the frequency,
period of induction and voltage, ignition being much more difficult at the higher frequencies
used.

It follows that the use of low-voltage alternating currents for signalling purposes gives a much
greater margin of safety than is possible in direct-current working.
-----Mr. W. C. Mountain (Newcastle-upon-Tyne) said that the paper was most interesting, and
would, he thought, be of considerable service; he wished, however, that Dr. Thornton had
condensed it into some definite formula as to what was really safe and what was not safe in a
pit. It appeared that a 4-per cent. mixture of fire-damp or 6 per cent of coal-gas could not
be exploded by either alternating or continuous current. Dr. Thornton's last experiment
was interesting, because it seemed to show that a continuous current was a more explosive
factor than an alternating current. That, however, was a point which really did not concern
them very much, because, at any rate in any large transmission scheme nowadays, they did
not use continuous current except in older installations, which were, of course, of small
capacity and also of comparatively low voltage. He had made some experiments some 6 or 7
years ago in connexion with the new Home Office rules, and he found then that it was almost
impossible to explode—in fact, he could not explode—a mixture of 6 per cent. of coal-gas and
air, although he had placed an electric motor in a box which contained that mixture, and had
run it sparking as badly as was possible. He convinced himself that in any kind of mixture in
which electricity was likely to be used in a pit, it was about as safe as it could possibly be. Of
course there were occasions, he assumed, when they might get more explosive mixtures than
that, but he understood that regulations existed whereby men were withdrawn, and electrical
machinery had to be stopped running, before they got a mixture of gas and air approaching
those used by Dr. Thornton in his experiments. He thought that the conclusion to be drawn
was very much in favour of the
[47]
extended use of electricity in mines. The fear of explosions – at any rate, with properly–
installed apparatus and machinery, and particularly with modern switch-gear, had been grossly
exaggerated, and Dr. Thornton’s experiments, in his opinion, went to prove conclusively that
there was no valid objection to the extended application of electricity in any kind of mixture in
which men were expected to work, or even permitted to work.
Dr. W. M. Thornton (Armstrong College, Newcastle-upon-Tyne) said that the experiments were
devoted almost exclusively to signalling circuits, but of course, the same conclusion would
apply to others.
Mr. Robert Nelson (H.M. Electrical Inspector of Mines, London) said that Dr. Thornton must
have devoted a great deal of time to his paper, in view of the large number of experiments that
he had made, and the members were certainly indebted to him for some interesting results.
All the results were, however, qualified by the statement in the paper to the effect that "When
open sparking does occur, it is generally in excess of the minimum values found here.”
That was to say, that Dr. Thornton did not, apparently, claim that one might have open
sparking without fear of consequences; except, possibly, on signalling circuits. He (Mr.
Nelson) had certainly, until then, been a believer in the statement made on the first page of the
paper —that all visible sparks might be looked upon as dangerous. He had always thought that

any visible spark would ignite an explosive mixture of gas, but Dr. Thornton had clearly
demonstrated that such was not the case: they had seen some very intense sparks, and yet the
gas was not ignited. He observed that Dr. Thornton's method of making the spark was by
separating two rods, and that it was claimed that the velocity of separation was more or less
constant. Might he ask whether, if that velocity had been increased, it would have had any
effect on the experiments? Would they have a fresh set of results for a quicker break, or a
slower break, as the case might be, because they all knew that a quick-break switch made
much less spark than a slow-break switch.
In another part of the paper Dr. Thornton had given a
[48]
table from which, he (Mr. Nelson) gathered that even with a current of 20 amperes he was
unable in some cases to ignite gas, and the statement was made that no ignition took place at
the highest current that could be used “without burning the contacts badly.” It was very
surprising to hear that they could burn metal away, and yet not ignite the gas in the tube. He
would also like to ask Dr. Thornton whether he could explain what he (Mr. Nelson) had himself
seen in South Wales. A small explosion (which was afterwards proved to have been
caused by an electric bell) occurred at a colliery; and, in order to assist those
investigating the accident to come to a definite conclusion as to the point of origin,
some experiments were conducted in one of the mine rescue-stations in South Wales.
Among other experiments endeavours were made to ignite a mixture of coal-gas and air
from very low-voltage circuits, and without any inductance in the circuit. Secondary batteries,
giving about 2 volts and multiples of 2 volts, and bare iron wires were used. The experimenter
put his hand inside the gas-chamber, and scraped an old file across the wires, just as men were
in the habit of doing on haulage-roads. With 4 volts direct current they succeeded in igniting
an explosive mixture of coal-gas and air. Later, with 15 volts alternating current at 50 periods
they were successful in igniting gas, but only after a prolonged attempt. Those experiments
were, however, much cruder than Dr. Thornton's—no attempt was made to measure the
amperes. He should have gathered from Dr. Thornton's paper that it would be impossible to
ignite gas with 15 volts alternating current. They had endeavoured, in their case, to get what
they considered to be the most explosive mixture of coal-gas and air. Dr. Thornton, in his
paper, said that, as regarded signalling apparatus: “It would appear to be impossible to ignite
even the most explosive mixture of fire-damp and air by single-break sparks.”
He (Mr.
Nelson) thought the importance of that sentence rested in the word “single.” Might he ask
Dr. Thornton whether if one made a quick succession of break-sparks, such as were made when
a man was signalling in a haulage-road, with an old knife or a file across iron wires, one would
get results similar to those which he had placed before them?
Dr. Thornton mentioned that
a “typical mining signalling circuit” connected through the
[49]
explosion-chamber failed to ignite the most explosive mixture of coal-gas and air when the
contact was broken in the mixture. He would like to ask Dr. Thornton whether he merely tried

breaking the contact, and not a quick succession of makes and breaks. Also, what was the
voltage of the circuit in that case?
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that they ought to
congratulate Dr. Thornton upon giving them one of the most useful of all the papers that he
had yet put before them, and he thought that the results were likely to prove of very great
interest and value.
He would like to say a few words—not so much in criticism of this
particular paper as of the method that Dr. Thornton had used in it.
He had called it the
“statistical“ method, which was a very good name, and he (Prof. Louis) would adopt it in
discussing it. Dr. Thornton was not the originator, nor was he by any means the only observer
who had used that method, which was a very favourite one with experimenters on this and
similar subjects, and he (Prof. Louis) had for some time been waiting for an opportunity of
raising a discussion on the subject. He was, therefore, using Dr. Thornton, through his present
paper, as a peg on which to hang his remarks. His point was this: Dr. Thornton, or anybody
else using the statistical method, would work with, say, two different mixtures, or two different
electrical pressures, or in some other way two different sets of conditions. He would perhaps,
in one case, get a succession of ten sparks, and then an explosion. In another case twenty
sparks, and then an explosion. And then he would deduce that the first set of conditions was
more dangerous the second. That, he thought, was a fair description in rough terms, of
what Dr. Thornton called the "statistical” method. He (Prof. Louis) could not see that that was
a sound and scientific way of working. They could not help admitting that if conditions were
identically the same two experiments, identical results would follow. If then out of ten
experiments, nine did not cause an explosion but the tenth did, he thought the he was justified
in saying that there was a difference in the conditions of the first nine and of the last
experiment. Seeing that, if the conditions were identically the same, the result must be the
same. Surely what was actually measured was not the relative danger or the safety of the two
sets of experiments,
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but the liability to variation of the conditions of the experiments, or, in other words, the
accuracy of the experimenter himself. In the one case, and in the other case, if he had got his
conditions identically the same, identical results would follow. The results which had been
postulated could surely be interpreted to mean that in the first set of conditions the operator
had been experimenting less carefully: he had been getting a greater range of variability in one
or other of the conditions of the experiments, rather than that the worse results were due to
the known conditions. The only other explanation which he thought could be given was that
the previous nine or nineteen flashes, as the case might be, had had an actual effect upon
modifying the conditions of the experiment. Could Dr. Thornton say that, in such a case as he
had taken, the first nine flashes had not changed the chemical or the physical condition of the
gaseous mixture, had not changed its temperature, or had not changed its pressure? They
must have done something, otherwise he maintained that the tenth experiment could not
have produced the explosion. In his opinion this uncertainty was a very great blot on the
statistical method. If the cause of the explosion was an accidental irregularity in the work of the
experimenter himself, then that accidental irregularity might just as well have occurred at the

first attempt as at the tenth or the twentieth, and in that case the statistical method was surely
not a very safe one to trust. If the explosion was due to the possibility of changes in the
chemical or physical nature of the materials experimented upon, then obviously some fact was
introduced which required further investigation. He quite agreed that the upper and lower
limits of explosibility could be defined by such a method as this; but he held that within these
limits the statistical method gave no information. If an electric spark were passed through a
given gaseous mixture, and no explosion occurred, he maintained that this precise mixture was
absolutely safe from explosion by an identical electric spark, all other conditions remaining the
same, and that the only inference that could be legitimately drawn, supposing that the
experimenter repeated (or attempted to repeat) the experiment, and then obtained an
explosion, was that the experimenter had failed to reproduce exactly the previous conditions.
He took it, therefore, that all these statistical methods were open to very considerable doubt.
As he had said
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his criticism was directed not to the individual paper, but to the method which had been used
in it as well as in so many others.
He would be very pleased indeed if Dr. Thornton could
throw some light on the scientific value of the statistical method in the face of the above
criticism.
Mr J H Merivale (Acklington) said that he would like to know what they could learn, from a
practical point of view, from Dr Thornton's experiments. He would like to ask him whether he
drew from the experiments that he had made the conclusion that they need not be quite so
particular in the safeguards which the Home Office called for in their coal-mines regulations
and electrical rules.
Prof. P. Phillips Bedson (Armstrong College, Newcastle-upon-Tyne) said that there were many
chemical points in the paper which struck him, and he expected many more would be revealed
to him by careful study. He would like to say one thing in connexion with the paper, and that
was on the point which had just been raised by Prof. Louis. The mode of experimentation
which Dr. Thornton had adopted was very interesting, but it was, he thought, looking at it from
a chemical point of view, one which carried with it certain errors. There was no doubt in his
mind, or there appeared very little doubt, that where they had a mixture of marsh-gas
(commonly called methane) and air, and a spark was passed through that mixture, and no
explosion resulted, or any vivid evidence of chemical change, there might still have been a
chemical change. Such changes might be very small; but then, in this question they were
dealing with the influence of very minute factors. They were dealing with “ions” and particles
sent off from the metals, and whilst those might be very small, they were certainly factors. If
they took a case where they sparked a mixture, say, nineteen times, and the twentieth time it
exploded, unless the experiment were repeated with a new, he thought that the twentieth
spark was applied, not to the original mixture, but to one which they had produced by the
original nineteen sparks. Even with marsh-gas and air they might have various stages of
combustion, and so he would imagine it quite possible that after the nineteen sparks, or by the
nineteen sparks, they had converted their marsh-gas into some other substance which was
more readily
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ignited than the gas itself. It also appeared to him, from a chemical point of view, that this
matter required some examination, and a very careful examination from the point of view of
pure chemistry. They wanted to know something of the composition of gas after it had been
submitted to such violent disturbances as those described in the paper. Then there was a point
with which Dr. Thornton had dealt in connexion with nickel and its behaviour. Nickel, they
knew, possessed the property of combining with carbon monoxide, and he would say that they
might expect very considerable influence due to the carbon monoxide in the coal-gas. He did
not like to suggest future work for Dr. Thornton, but he felt compelled to do so, and that was
that he should repeat his experiments, not only with marsh-gas or coal-gas prepared in the
laboratory, but with natural fire-damp. In his opinion there was a great variety amongst the
natural fire-damps. He was convinced that fire-damp coming off from some of the coals which
had been found by previous investigations to occlude not only marsh-gas but the members of
the paraffin series, must contain such hydrocarbons as were more readily inflammable, and a
smaller proportion of which when mixed with air formed a more violent explosive mixture
than marsh-gas itself. In the usual analysis of fire-damp such compounds as ethane were not
returned, as, owing to the large proportion of methane, their presence would scarcely be
appreciated by the usual methods adopted in their analysis. Only after the removal of a
considerable proportion of the methane, did the analytical results show reliable evidence of
the presence of the higher paraffins. This fact was borne out by the results of the investigations
of the gases enclosed in coal-dust, which he had laid before the Institute some years ago. It was
his intention in the near future to submit this question to a further examination, with the
object of isolating and separating such hydrocarbons from the methane with which they were
associated. He had been very much interested in Dr. Thornton’s paper, and he hoped that,
after careful study of it, he would be able to propound some more questions to him.
Mr. W. C. Mountain asked whether, after the mixture had changed with constant breakings, it
would be desirable to keep it well stirred up, in which case the results might be more
satisfactory than if they had a dense mixture of unknown character.
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Dr. Thornton said that he had tried that method, but it had made no difference.
Mr. C. C. Leach (Seghill) asked whether it was not a fact that during the coal strike the
Newcastle-upon-Tyne & Gateshead Company had used oil with which to make their gas,
instead of coal.
Dr. Thornton replied that that was so; the company had put a lot of water-gas in and had
enriched it with oil-vapour.
Replying to the various criticisms, Dr. Thornton said that he thought that the point Mr.
Mountain had raised was quite a good one. The currents were such as might conceivably be
got in a power-circuit with leakage, so that it would really apply in that case. In reply to Mr.
Nelson, it had been held up to the present that any visible spark would fire gas, but his
experiments, if they were of any use at all, would correct that belief ; there were sparks which
did not fire gas, even in most inflammable mixtures. With regard to quick and slow break,
they had found that the speed of the break did not make much difference, excepting a very

slow one, what they called a “scraping“ break. If the contacts were joined together, and
drawn apart and along, then they did get a considerable increase in the risk of igniting gas.
Whether they broke rapidly or slowly, there was not so big a difference that it made any visible
alteration in the curves. With regard to the interesting case in South Wales, he took it that
the ignition there was first at the sparking contact of a bell, and that they went on with the
other experiments for their own satisfaction. Not having an ammeter, they did not know what
current there was, but he would not have thought that they would get a very big spark at 4
volts from the cells. To obtain an ignition at that voltage, he thought that they must have had
what he called a “maintained” spark - that was, not a break-spark – and therefore they might
have the gas fired. If they drew a knife along signal-wires they might get a maintained spark,
and if that was the case and was always done, then that habit should be prevented. He would
like to suggest to Mr. nelson that there was, in alternating bell-circuits, a way of stopping any
risk of a big rush of current such as he had described: that was by adopting a choking-coil, so
that not more than three or four times the ordinary signalling current could pass.
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In reply to Prof. Louis' criticisms of the statistical method that was of course the very a b c of
the subject. It was the first point that they had to consider when they began the experiments.
He would not have attempted them if he had thought for a moment that such a word as
“error” could apply to the method. He was convinced, of course, that it did not. To put it
another way: they took a mixture, and a current of, say, 3.25 amperes, and found that
whatever they did, however long they might spark it in the mixture, they got no ignition
whatever; then they took, say, 3.5 as against 3.25, and found that after the fiftieth, or sixtieth,
or eightieth spark the gas fired. The gas had become slowly ionized by the discharge from the
metal of the contacts. At 3.75 amperes the ignition might take place at the first or second
contact. Before that they knew nothing about what it would go at—the whole subject was
perfectly open. But they had now obtained two factors—on the one hand no ignition, and on
the other ignition after a certain number of sparks. He would like to ask anybody who criticized
the paper, where was the inaccuracy in saying that the limiting igniting current was somewhere
in between? There was no inaccuracy: it was the same process as was used in weighing; and he
thought that if that argument went out as a criticism of the statistical method, it would be a
wrong criticism, because it did not show the care taken in arriving at the two limiting values
between which they arrived at their results. There was a man in Brussels who had made some
experiments, and who had come to the conclusion that if after fifty sparks the mixture did not
ignite, it should not be taken as ignitable at the current used. He (Dr. Thornton) thought that to
take fifty as the limiting value was what he should be rather inclined, from his own
experiments, to regard as correct. They were so near the limit that whether it went in 50 or 80
sparks, it was not a question of inaccuracy of the method; it was a question of a slow and very
small change in the gas.
With regard to Mr. Merivale's remarks, he understood that the Coal Mines Act set the
percentage of 1¼ per cent., not on the ignition of the gas, because everybody knew they could
not fire that, but on the influence of the gas on coal-dust. There was one thing certain: it had
been known for many years that they could not fire a 4-per cent. mixture of gas and air, and
that
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could not have been in the mind of the Home Secretary unless as a very large factor of safety.
But it was known that even ½ per cent. of gas would effect coal-dust explosions, and therefore
he thought that they were quite right in choosing 1¼ per cent. as a compromise.
With regard to what Prof. Bedson had said of the catalytic action of nickel, he was quite sure
that that was the explanation of the peculiar effects with nickel poles; but how it applied to
cases of solid rods was doubtful. He would have liked to have experimented with fire-damp,
but he had been unable to collect a quantity, and so had made his own on the spot. With
regard to the influence of the higher paraffins in the natural fire-damp, he noticed that the
1886 Commission on Accidents in Mines found 4.25 per cent. as the limiting value in the work
that they were doing*. Dr. Garrett had one day asked him: "What do you fix the lowest limiting
value at?" He told him from the curves 4.25 per cent., and Dr. Garrett had then shown him the
report alluded to, so that he (Dr. Thornton) thought that it was a fair confirmation of the results
obtained.
In conclusion, he would not like to sit down without expressing his thanks to his assistant, Mr.
Walker, who had undertaken a considerable amount of the observation-work for him. It was
very trying work, work that got on the nerves, and was not at all easy.
The President (Mr. W. C. Blackett) said that he was always delighted when, in a discussion, any
one person went "hammer and tongs" against another. There were just one or two points that
had struck him, one of which was brought forward, he thought, mostly by Prof. Louis, namely,
how it was that with science so exact they did not get identical results under supposed identical
conditions of experiment; and he felt rather inclined, so far as his position allowed him, to
sympathize with Prof. Louis in wondering why it had taken 50,000 experiments in order to
demonstrate what ought to be found in fifty. Dr. Thornton had said that they proceeded to
make fifty or sixty experiments, and if they got a result at the end, then they were
* Final Report of Her Majesty's Commissioners appointed to Inquire into Accidents in Mines, and the
Possible Means of Preventing their Occurrence or Limiting their Disastrous Consequences, 1886 [C.—
4699], page 18.
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entitled to certain conclusions. That might be so, but, so far as they were concerned, under
no conditions whatever could they make fifty or sixty sparks in a mine continuously in the same
mixture, as had been done in the tube by Dr. Thornton. Another point which occurred to him
was: when was a break-spark not a break-spark? because it seemed to him that with their
fingers they could not always produce exactly the same speed or nature of spark by breaking it,
and they might, on occasions, linger at a critical moment and get what might be something like
a maintained spark.
He failed to see how they could tell in that fashion, by fingering those
two wires, when a spark was strictly a break-spark, and not maintained, and whether that
would affect the results.
With regard to the 1¼ per cent. that was mentioned in the
Coal Mines Act, he did not think that the question of coal-dust, while, of course, ever present in

the minds of legislators, was exactly the reason why they fixed 1¼ per cent. He rather thought
that it was on the much more crude principle that if they fixed the percentage low enough, it
would be safer than one higher.
What did seem to him perhaps to come as a little comfort
to them was, when they had those experiments to guide them, that having established
certain results with coal-gas, they knew that fire-damp was a little safer. That was one of the
matters referred to in Dr. Thornton's paper, and had been a well-known fact for some time.
Also that their signalling circuits, as they were now to be operated, were more or less safe.
They must remember that they hoped never to have sparks in a mine where there was danger.
The Coal Mines Acts had taken as much care as possible that under no circumstances whatever
should they be using electricity where there was danger; and, therefore, with the
knowledge that Dr. Thornton had given them, they might feel fairly safe with their signalling
circuits in future. He would have liked to have heard from his scientific friends how they
differentiated between the sparks and the burning metal. How much was the result due to
burning particles of metal and how much of it due to electricity, and what was the difference, if
any, between the two as “sparks”? That seemed to him to be a matter upon which Dr.
Thornton might on some future occasion perhaps be able to enlighten them. It appeared to
him that there must be a very extraordinary difference between an electric spark, whatever
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that might be, and particles of burning metal; and, of course, it did occur to his mind that
burning metal might have much to do with the differences found in the diagrams. Scraping
wires as mentioned might more easily provide particles of metal for electricity to burn.
He did not think that they could adjourn the discussion without giving a very hearty vote of
thanks to Dr. Thornton, and his assistant, Mr. Walker, because a vast amount of time and
thought had been expended on the preparation of the paper, and he was sure that all had been
done with a view to helping mining engineers as well as electrical engineers.
The vote of thanks was heartily accorded.
Mr. A. W. Brown read the following paper upon "Electrically-driven Winding-engines in South
Africa": —
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ELECTRICALLY-DRIVEN WINDING-ENGINES IN SOUTH AFRICA.
By A. W. BROWN, A.M.I.E.E.
Introduction.—During a recent stay on the Rand, the writer was engaged in the electrification
of many of the winding-engines which serve the various gold-mines, and also the installation
Fig. 1.—Steel Headgear for Vertical Shaft (Cinderella Central Shaft).
[Photograph]

of several entirely new electric winding-engines. Although the conditions of winding differ from
those in this country, there is sufficient that is of general interest to justify a description of a
few of the many electrified winders on the Rand.
Perhaps the first point to be noticed is the use of the rectangular shaft, generally served by
two, and frequently three, double-drum winding-engines. These shafts are divided for the
[59]
entire length of the shaft by the timber shaft framework into compartments, one for each
drum and one in addition. There are three general classes of shafts sunk, depending upon the
occurrence of the ore-body or vein in relation to the shaft-mouth. These are: —
(1) The inclined shaft, usually sunk on outcrop mines, the shaft following the vein. The
inclination is not constant, but varies in accordance with the dip of the vein.
(2) The vertical shaft, sunk when the ore lies nearly vertically, or horizontally, or is inclined, but
is at a considerable depth below the surface.
(3) The compound shaft, comprising, usually, a vertical shaft, which is sunk until the vein is
reached, and an inclined
Fig. 2. — Steel Headgear for Inclined Shaft (West Rand West Shaft).
[Photograph]
shaft, which follows the dip of the vein. In such shafts the ore is brought to the surface from
the stations on the incline in a single wind.
The depth—or length—of wind does not at present greatly exceed 4,000 feet for vertical
shafts, 5,000 feet along inclines, or 3,500 feet in compound shafts. The limits of depth do not
appear to have yet been reached, and the economical limit of
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depth for a single wind is a subject that is too involved to be discussed fully in a paper of this
character.
It is fixed in part by the strength of the rope, in part by the dimensions of the
winding-drums which can be installed, and by other conditions depending upon the output of
the mine, cost of power etc.
On the Rand, a rope safety-factor of 6 is required by the
Government, and this permits of a greater depth than the safety factor of 10 which is usual in
England. In recent communications to the South African Institute of Engineers an even lower
safety-factor is recommended (see Appendix V.), which will still further increase the
permissible depth. The low safety-factor, however, is discounted somewhat by the practice of
employing several layers of rope on the drum, in order to keep the dimensions of the drum as
small as possible.
In the majority of the mines, hoisting has to be carried out from several different levels in
the shaft, necessitating the use of double-drum hoists with clutched drums, so that
the length of the ropes may be adjusted
to
suit each level, and so permit of

balanced hoisting from each station. This alteration of the rope-lengths, combined with the
timbers between shaft compartments, prevents the use of a tail-rope to compensate for the
changing balance of the hoisting-rope. However, in some of the deep-level shafts, such as
Brakpan, City Deep, and Village Deep, hoisting is carried on from only one level, and tail-ropes
may be, and are, used. In other deep shafts, notably at the Rand Collieries and Cinderella
Deep, the changing weight of the winding-rope is compensated for by the use of a partly
conical and partly cylindrical drum.
Fig. 3.—Typical Load-diagram of Hoist with Tail-rope.
[Diagram]
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The winding-drums themselves are generally of cast-iron or steel, with cast cleading provided
with turned grooves to accommodate the first layer of rope. Small drums frequently have
cleading of rolled mild-steel plates, without grooves. Wooden lagging is not often used, nor are
there many drums built up of channels, girders, and plates, such as are frequently encountered
in England and Wales.
The ore is brought to the surface in self-tipping skips, which deliver their contents into bins
fixed in the headgear. This is impracticable for most coal-mines at present, but it would be an
excellent system for any coal-mine in which the entire output could be utilized at the pit-mouth
for coking and electric-power generation.
Fig. 4.—Typical Load-diagram of Hoist without Tail-rope.
[Diagram]
The headgears of the modern mines are usually of steel, and good examples may be seen in
Figs. 1 and 2, the former being for a vertical shaft and the latter for an inclined shaft.
In inclined shafts the skips run on rails, and in vertical shafts either steel or wooden guide-rails
are used, but never guide-ropes. The speed of winding varies between 2,000 feet per minute in
inclined and compound shafts (slowing to 1,000 feet
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per minute around curves at the changes of incline) to 3,500 feet per minute in vertical shafts.
Although these speeds are by no means low, they are not so high as those obtaining in many
British mines.
In the electric winders, the drums are driven according to circumstances either by directcoupled slow-speed motors, or by medium-speed motors through gearing. When gearing is
used the tendency is to employ a single reduction, with either Citroen or Power-plant double
helical teeth. Good results have been obtained with these gears, with powers as high as
1,000/2,000

Fig. 5.—General Lay-out of Foundations at Brakpan Mine.
[Photograph]
brake-horsepower, and ratios up to 5.6 :1. The pitch-line speeds in some cases exceed 2,600
feet per minute.
The advantages of the gear-drive are very striking in the case of the alternating-current hoists,
as they permit of the use of smaller motors, with higher power-factors and efficiencies, and
lower prices than those of motors suitable for direct coupling. The gear losses are practically
compensated for by the gain in motor efficiency.
The majority of the electric winders on the Rand are supplied with power by the Victoria Falls
and Transvaal Power Company,
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Limited, their usual supply being three-phase at 50 periods and 2,100 volts. The generating
stations of this company at present have an aggregate capacity of over 130,000 kilowatts,* and
are consequently capable of carrying any peak which can be imposed upon them by any
winders yet installed. No equalizers are used, and all the hoists are driven either by alternatingcurrent motors taking power directly from the line and controlled by means of resistances in
the rotor circuit, or by direct-current motors controlled on the Ward-Leonard system.
Both the Ward-Leonard and the alternating-current rheostatic
Fig. 6.—One Drum complete at Braikpan Mine.
[Photograph]
systems have their advocates on the Rand; and whilst all agree that each system has its own
sphere of economical application, there is much diversity of opinion as to what actually
constitutes economical operation. If current consumption alone were to be the criterion, then
the choice of system could be readily made from an inspection of the horsepower-time
diagram, since it can be shown, approximately, that if in the horsepower-time diagram,
represented in Fig. 3, (P2 t2)/(P1 x t1) = 1.4,
* "Electrical Power in the Transvaal," by Rowland Gascoyne, Cassier's Magazine, 1912, vol. xli., page 99.
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then the power-consumptions of the alternating-current and Ward-Leonard systems will be
practically equal; but if smaller than 1.4, then the Ward-Leonard system will show the greater
economy, and vice versa. For diagrams of the type represented in Fig. 4, P1 and P2 represent
the average powers.
Current consumption is not, however, always a very influential factor in deciding the system.
Thus, some engineers are content to pay the greater first-cost, in order to obtain the easy and

certain control of the Ward-Leonard system; whilst others base their choice upon the simplicity
and greater reliability of the
Fig. 7.-Motor-generator Set partly completed at Brakpan Mine.
[Photograph]
alternating-current hoist. In many cases the choice is undoubtedly a difficult one to make, and
is usually settled by personal inclination.
Surface Winders.—An interesting installation of electric winders is that at Brakpan No. 2
Shaft.
This comprises two equipments, one Ward-Leonard and the other alternating
current, erected side by side, and winding similar loads through the same shaft.
A full
description of the duty of these hoists is given in Appendix I.
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These two winders hoist in a seven-compartment shaft, in which there is provision for the
installation of a third winder, the system to depend upon the observed behaviour of the
present two sets.
Of these equipments, the alternating-current hoist is used entirely for hoisting rock, since it has
but one economical winding speed; and the Ward-Leonard hoist is used not only for hoisting
rock, but for raising and lowering men, tools, timber, and explosives, for shaft-inspection, and
for all work requiring easy and accurate speed-control.
Fig. 8.—Direct-current Winding-motor and Hoist complete at Brakpan Mine.
[Photograph]
The erection of these two winding-engines was carried out under very adverse conditions.
Owing to delays, the construction of the engine-house was not commenced until after the
arrival of the first parts of the mechanical equipment of the Ward-Leonard hoist. It was, of
course, said to be essential that the engines should be in operation without delay, so erection
of the first hoist was commenced before the first courses of the engine-room walls were laid.
At this time the South African summer (the rainy
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season) had commenced, and before the work of erecting the machinery and engine-house
was completed, the machinery was exposed to rain and clouds of dust blown in from the veldt.
In addition, the machinery had to be transported in ox-wagons for 1½ miles, and had to be
lifted into its place by means of a gantry, as there was no travelling crane. The progress of
erection of the Ward-Leonard hoist is indicated in Figs. 5, 6 and 7, which show clearly the lack
of protection for the engine. The erection of the alternating-current hoist was continued

Fig. 9. — Motor-generator Set, from Exciter-end, at Brakpan Mine.
[Photograph]
after the completion of the building, the rotor of the winding-motor having to be built up and
wound in place, as it was too large to be shipped complete. The completed hoists are shown in
Figs. 8 to 10, from which their compactness and substantial construction are clearly apparent.
Actual figures showing the comparison between the two hoists are not available, so the writer
has given in Appendix II a comparison based upon the calculated power-consumption when
winding rock. These figures show that in this case the Ward[67]
Leonard hoist is the more economical in power-consumption, but it is not quite economical
enough to compensate the increased capital expenditure required, for the greater risk of
breakdown, the additional care required, and the increased consumption of oil and stores. The
extra cost of the Ward-Leonard equipment is, therefore, not justified unless actual results show
that the advantages of control mentioned previously are of sufficient value to warrant the
expense.
At the time when the Brakpan hoists were put into operation,
Fig. 10.—Alternating-current Hoist, showing Motor, at Brakpan Mine.
[Photograph]
they were the largest electric winders at work on the Rand, but since then still larger
alternating-current winders have been started at the City Deep and Village Deep Mines. These
hoists comprise one new double-drum hoist and two Whiting hoist conversions at each mine.
All six are of equal size, the motor capacity being 1,600/4,000 brake-horsepower at 98
revolutions per minute, and, as at Brakpan, the rotors had to be built up and wound on the
site. Particulars of the double-drum hoists, and of the duty of the Whiting hoists, are given in
Appendix III.
[68]
Fig. 11. -Double-drum Hoist partly completed at City Deep Mine.
[Photograph]
Fig. 12.—Alternating-current Motor driving the Hoist at City Deep Mine.
[Photograph]
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The double-drum hoists are intended principally for winding the men, tools, timber, explosives,
etc., so that considerable weight has to be lowered at times. The alternating-current motor is
not well adapted for such a service, although it can perform it. Mechanical brakes are not good,
as they fire at the high speeds employed, and wear very rapidly when used continuously.
To enable the loads to be safely lowered, an electrical brake was fitted, consisting of a watercooled stator of cast-iron, surrounding a field-magnet system similar to those used in the
Fig. 13.—Eddy-current Brake at City Deep Mine.
[Photograph]
engine type of alternating-current generators, and keyed to the drum-shaft. When the magnetring rotates, and the field is excited, the induced eddy-currents in the stator exert a very
powerful drag on the magnet-ring, thus giving a braking effect without mechanical friction.
In actual service this brake has shown itself capable of lowering an unbalanced load of 9,000
pounds at a speed of 200 feet per minute, and of controlling the speed up to the full speed of
3,500 feet per minute. The brake can be applied at any speed without shock, firing, or wear;
indeed, the higher the
[70]
Fig. 14.—Driver's Platform and Controller at City Deep Mine.
[Photograph}
Fig. 15. —Converted Steam-winder at Bantjes Mine.
[Photograph]
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speed is the greater is the braking effect produced, which is precisely the opposite effect to
that of a mechanical brake. Airbrakes are provided, in addition to the electric brakes, for
holding the hoist when at rest.
All six hoists are equipped with similar brakes, so that any hoist may be used for lowering loads
as required. Direct current for exciting the field-magnets of the brakes is obtained from a small
motor-generator set, working in conjunction with a battery of accumulators, which guard
against accidents due to any unforeseen failure of the power-supply.
Fig. 16.—Alternating-current Motor driving Hoist through Crank-and-drag Link at Bantjes Mine.
[Photograph]
Fig. 11 illustrates one of the double-drum hoists during erection, before the completion of
either the motor or the brake. The magnet-ring of the brake is shown on the left, the motor

being on the right. The completed hoist is shown in Figs. 12, 13, and 14, from different viewpoints.
A point to be noted in these double-drum hoists is that there are only two bearings to carry all
the rotating parts of the hoist.
The writer regrets that at the date of preparation of his
[72]
paper, no photographs of the Whiting hoist conversions were available. However, a smaller and
geared conversion at the Bantjes West Shaft is shown in Fig. 15, and the method of coupling
the motor to the old steam-engine crank-shaft by means of a crank-and-drag link is shown in
Fig. 16. The winding-motor is a Westinghouse slip-ring induction-motor of 960/2,400 brakehorsepower capacity at 360 revolutions per minute.
All the foregoing hoists, which are only a few of those installed on the Rand, are on the surface.
In view of the enormous underground developments which are taking place
Fig. 17. Approximate Lay-out of Underground Hoist at New Heriot Mine.
[Diagram]
this paper would be incomplete without some reference to the hoists used underground.
Underground Winders.—Owing to their location, underground hoists must be as simple and as
compact as possible, so as to reduce the amount of excavation required, the difficulty of
lowering the parts of the hoist down the main shaft, and of transporting them along the roads
to the site. They are, there[73]
fore, of the alternating-current geared type. The future may bring underground Ward-Leonard
winders, but so far none has been installed.
Much ingenuity is exercised in arranging the underground hoists so as to avoid expensive
excavation, and a simple lay-out adopted at the New Heriot Mine is shown in Fig. 17. The
general appearance of the hoist is shown in Fig. 18, and the 500-horsepower Westinghouse
motor which drives it is illustrated in Fig. 19. Particulars of the duty of the hoist are given in
Appendix IV.
Fig. 18.—General, View of Underground Hoist at New Heriot Mine.
[Photograph]
Many further instances could be given of electric hoists, but sufficient have been given to
indicate that the problem has received every attention from the responsible engineers on the
Hand. The number of new winders that have been installed, the number of conversions that
have been made, and the repeat orders that are being placed, show the favour in which electric

winders are held. It is very unlikely that any large steam-winders will be installed on the Rand in
the future.
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Electric winders can be adapted to suit any conditions of winding, and any location of engineroom. They are cleaner and more convenient than steam-winders, and can frequently be used
where a steam-winder cannot. With electricity in many cases cheaper in Great Britain than on
the Rand, the advantages are even greater than can be shown in Africa and Great Britain
should lead, instead of follow, South Africa in the number and size of electric winders installed.
Fig. 19. - Alternating-current Motor driving Hoist at New Heriot Mine.
[Photograph]
In conclusion, the writer thanks the consulting engineers of The General Mining and Finance
Corporation, Limited, Messrs. H. Eckstein and Company, Limited, and The Consolidated Mines
Selection Company, Limited, for their permission to publish the particulars given, and also The
British Westinghouse Electric and Manufacturing Company, Limited, for the photographs used
in illustrating his paper.
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APPENDICES.
Appendix I.—Description or the Ward-Leonard and
Brakpan Gold-mining Company's No. 2 Shaft.
Duty of each Hoist.
Depth of wind, vertical
3,800 feet.
Weight of rock hoisted
10,000 pounds.
Weight of each skip
6,000
“
Weight of each rope
14,000 “

Alternating-current Hoists at the

Diameter of rope

1½ inches, making two layers on drum

Weight of tail-rope
Number of drums
Diameter of each drum
Width between cheeks
Revolutions of drums
Winding speed
Winding time
Tipping time
Power-supply

14,000 pounds.
2
11 feet
7 “
96 per minute.
3,500 feet per minute.
80 seconds.
20 „
2,000 volts, three-phase, 50 periods.

Brake-horsepower of winding-motor

Direct current, 1,450/3,600 ; alternating current,
1,500/3,750.
The load-diagram is illustrated in Fig. 20.
Fig. 20. —Load-curve of Winding-engine at Brakpan Mine.
[Diagram]
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Alternating-current Hoist.—From the switchboard, the power is led directly to the liquid
controller, and thence to the driving motor, which is directly coupled to the drum-shaft. Both
drums are loose on the shaft, and are driven through hand-operated multi-tooth clutches
sliding on feathers screwed to the shaft. Whitmore brakes are provided for each drum, applied
by weight and released by compressed air obtained from a small motor-driven compressor. The
brakes are interlocked, so that they cannot be released on an unclutched drum.
Direct-current Hoist.—From the switchboard, the power is led to a motor-generator set,
comprising: —
One 1,500-brake-horsepower three-period 50-volt slip-ring induction motor,
running at 420 revolutions per minute.
One 1,200-kilowatt direct-current generator.
One exciter.
The generator field is controlled in the well-known manner by supplying current to the
winding-motor at a varying voltage, depending upon the speed and direction of rotation
required.
The winding-motor is coupled direct to the drum-shaft, and, like the generator, is provided with
commutating poles. The mechanical equipment of this hoist is a duplicate of that of the
alternating-current hoist.
Both hoists are equipped with safety-devices for the prevention of overwinding, the directcurrent hoist being provided with automatic retarding gear and the alternating-current hoist
with the Whitmore overspeed preventer.
Appendix II.—Calculated Power-consumptions.
The power-consumptions of the two hoists are calculated upon the load-diagram shown in
Fig. 20.
Machine Losses.
Alternating-current Motor.
No-load losses
46 electric horsepower.
C2R at 1,500 horsepower
54
„
Full-load efficiency
93.8 per cent.
Ward-Leonard Equipment.
Electric Horsepower at full load.
Winding-motor
Excitation
16.5
Brush friction
6

Direct-current generator

Alternating-current motor

Iron loss
C2R
Excitation
Brush friction
Friction and windage
Iron loss
C2R
No-load losses
C2R

Auxiliaries.
Alternating-current hoist:
Air-compressor and controller pump
Ward-Leonard hoist:
Air-compressor only

20
40
8.5
16
21
23
30
54
26

Electric Horsepower.
11
6
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From the above figures, the power-consumption is: —
Alternating-current hoist: 114,720 electric horsepower seconds per wind, plus 11 electric
horsepower seconds for each second of standing time above the 20 seconds allowed.
Ward-Leonard hoist: 103,490 electric horsepower seconds per wind, plus 114 electric
horsepower seconds for each second of standing time above the 20 seconds allowed.
Assuming that both hoists are in operation for 16 hours per day, and 300 days per year, and
that they are actually hoisting rock during 60 per cent. of the time when they are in service,
and standing idle, but ready to run, during the remaining 40 per cent. of the time, the WardLeonard hoist consumes 204 units per day less than the alternating-current hoist.
As the price of power is about 0.6d. per unit, this amounts to 10s. 2½ d. per day, or £153 in a
300-day year.
The cost of each complete hoist, delivered, was about £8,511 for the Ward-Leonard hoist, and
£6,811 for the alternating-current hoist. The alternating-current hoist is the cheaper by £1,700;
consequently the direct-current hoist must show sufficient economy to pay interest and
depreciation on that amount before it can be placed on an equal footing for economy.
Assuming interest and depreciation to be 6 and 5 per cent. respectively, this will amount to
£187, excluding extra oil, spares, and attendance, and as the saving in power-consumption is
£153, the Ward-Leonard hoist is not, in this case, the equal of the alternating-current hoist for
economy.
Appendix III.—Description of the Alternating-current Double-drum Hoists, with Eddy-current
Brakes, at the City and Village Deep Mines.
Duty or each Hoist, including converted Whiting Hoists.
Depth of wind
4,000 feet.
Weight of rock hoisted
10,000 pounds.
Weight of each skip
6,000
„
Weight of each rope
14,400 „

Diameter of rope
Weight of tail-rope
Number of drums
Diameter of each drum
Width between cheeks
Revolutions of drums
Winding speed
Winding time
Tipping time
Power-supply
Brake-horsepower of winding-motor
The load-diagram is illustrated in Fig. 21.

1½ inches, making four layers on drum.
14,400 pounds.
2.
11 feet (Whiting sheaves, 12 feet).
4 ,,
97 per minute.
3,500 feet per minute (3,650 for Whitings)
91 seconds.
20
„
2,000 volts, three-phase, 50 periods.
1,600/4,000.

From the switchboard, the power is led directly to the liquid controller, and thence to the
winding-motor, which is mounted directly on the drum-shaft.
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The main drum-shaft is carried on two bearings only, between which are carried the windingmotor, two winding-drums, and eddy-current brake. Only one drum is loose on the shaft,
being driven through a compressed-air operated multi-tooth clutch. Both drums are provided
with air-brakes of the Iverson type.
Air for the brakes and for the controller is obtained from a small motor-driven compressor
controlled by an automatic switch on the switchboard which starts or stops the compressor in
accordance with the demand for air.
Direct current for exciting the eddy-current brakes is obtained from motor-generator booster
set and a small accumulator, which acts as a stand-by in case of failure of power-supply.
Fig. 21.— Load-curve of Winding-engine at City Deep Mine.
[graph]
Whiting Hoists.—The Whiting hoists were electrified by first removing the connecting-rods
from the existing steam-engine, and mounting the rotor of the winding-motor directly upon the
shaft of one driving sheave. In all other respects the equipments of the hoists are similar to
those of the double-drum hoists.
[79]
Appendix IV.—Description of the Underground Alternating-current Double-Drum Hoist at the
New Heriot Mine.

Depth of wind
Weight of rock hoisted

Duty of Hoist
1,080 feet, at 45 degrees to the horizontal.
5,000 pounds.

Weight of each skip
Weight of each rope
Diameter of rope
Number of drums
Diameter of each drum
Width between cheeks
Revolutions of drums
Winding speed
Winding time
Tipping time
Power-supply
Brake-horsepower of winding-motor
Revolutions of winding-motor

3,000
„
1,840
„
1 inch.
2.
6 feet.
3 „
106 per minute.
2,000 feet per minute.
44 seconds.
20
„
2,000 volts, three-phase, 50 periods.
500.
360 per minute.

The load-diagram is illustrated in Fig. 22.
Fig. 22. - Load-curve of Winding-engine at New Heriot Mine.
[graph]
From the switchboard, the power is led direct to the liquid controller, and thence to the
winding-motor, which drives the drum-shaft through single-reduction gear of the Power Plant
Company's manufacture.
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The two drums are arranged in tandem, but are slightly displaced laterally with
respect to each other. Both are loose on their shafts, and driven through hand-operated
multi-tooth clutches.
Foot-brakes with hand screw-down gear are provided for each drum and are arranged so that
in case of emergency a heavy weight is dropped across each foot-lever.
A supply of power at low voltage is obtained from a small transformer and is used for driving
the pump-motor on the controller, for the solenoid on the emergency device, and for a few
lights.
Appendix V.—Safety-factor of Winding-ropes.
The safety-factor of a rope is usually the number of times the total dead load, including the
weight of the rope, is included in the ultimate strength of the rope. As all the stresses on the
rope are not included in the above, a factor is taken sufficiently large to cover the (usually)
unknown stresses.
In addition to the dead loads, there are the bending stresses as the rope passes over the
sheaves and around the drum, and the enormous stress that may occur when a winder is
started with slack rope on top of the cage. The latter, for a given amount of slack rope, is less
for a deep shaft than for a shallow one, owing to the greater possible stretch in the rope. This
has been recognized in South Africa, and at a meeting of the South African Institution of

Engineers held on April 20th, 1912, it was proposed by Dr. W. Glucksman that the safetyfactors of ropes should be reduced in the following manner: —
For depths of
Feet.

Percentage
reduction.

For depths of
Feet.

Percentage
reduction.

600
1,000
1,500
2,000

3
5
8
19

3,000
4,000
4,500
5,000

34
47
56
62

The existing safety-factor in Africa is 6, and this new proposal would reduce the factor to 2.28
at a depth of 5,000 feet. This factor appears to be somewhat low, and it is doubtful whether
such a figure will be adopted.
Table I.—Data of Rope-construction.
[table]
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The bending-stress in a rope may be readily approximated when the construction and modulus
of elasticity of the rope are known, and ought to be added to the dead load when choosing a
rope to suit any particular service.
It is difficult to estimate the stresses due to slack rope, and it is usually safe to consider that
they are covered by the safety-factor used.
The data of rope-construction contained in Table I. have been given to the writer by Messrs.
Glaholm & Robson, of Sunderland.
With regard to the modulus of elasticity, it will be apparent that, owing to the construction of
wire ropes, this value will be lower for the complete rope than for the individual wires of which
the rope is built up. In regard to this, Messrs. Glaholm & Robson state that the great stretch,
noticed when loading a new rope, is due largely to the tightening-down of the wires and the
bedding of the strands into the hempen cores. After a rope has been in service for a while, it
settles down to an elastic condition, in which the modulus of elasticity is from 10,300,000 to
14,800,000, a good average figure being 11,180,000. In old ropes, the wires tend to take a
permanent set, reducing the amount of tightening into the hempen cores to a minimum, and
thus increasing the modulus of elasticity to a value which may be taken as 19,000,000. All
further calculations in this appendix are based by the writer upon the foregoing figures.
For a rope bent around a drum or sheave, the bending-stress, in pounds per square inch, is:
Pounds per square inch = E x δ/D,
where E = modulus of elasticity of rope,
δ = diameter of largest wire of which rope is constructed, and
D = diameter of smallest pulley around which the rope passes.

From the expression for the bending-stress in a rope, it will be seen that the smaller the drum
or sheave around which the rope passes, the greater is the bending-stress. In a rope with a
given safety-factor used on a small pulley, the bending stress must form a greater proportion of
the total load than it does when the rope is used on a larger pulley. In consequence, any
increase in the bending-stress due to the stretch of the rope and the bedding-in of the wires
must form a larger proportion of the total stress in the former case than it does in the latter.
For example, a rope 1 inch in diameter and of 100-ton steel, with a safety-factor of 6, will bear
a total load of 13,800 pounds. If it be assumed that the rope is constructed of six strands of
seven wires per strand, then, on a pulley of 60 inches in diameter the bending-stress is about
8,250 pounds, leaving about 5,550 pounds for the rope and load.
After the rope has been in service, and is nearing the end of its life, the bending-stress is
increased, owing to the increase in the modulus of elasticity, to about 13,200 pounds. Thus,
making no allowance for wear, the safety-factor has been reduced from 6 to 4.4 with the same
dead load, owing to the increase in bending-stress alone. For the original safety-factor, leaving
wear again out of the question, the rope capacity has been reduced 89.2 per cent.
If the same rope is run over a pulley 100 inches in diameter, the bending-stress is 4,950 pounds
when new, and 8,000 pounds when old, giving a dead load of 8,850 pounds and a final safetyfactor, neglecting wear, of 4.9, or, for the original safety-factor, the rope capacity is reduced 34
per cent.
The foregoing shows that small sheaves not only reduce the useful load that a rope will carry,
but also tend to decrease the safety-factor more rapidly during use than do the larger sheaves.
Better results with small sheaves are naturally obtained by using the more flexibly constructed
ropes.
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Table II. gives the bending-stresses in ropes, in pounds per square inch when bent around
sheaves or drums of the stated number of rope diameters
Table II.-Bending-stresses of Ropes, in Pounds per Square Inch.
[table]
It should be noted, in the formula S = E δ/D, that—
For ropes built up of
6 strands of 7 wires each, δ = 0.113d.,
„
„
6
„
19
„
δ = 0.0653d.,
„
„
6
„
37
„
δ = 0.046d.,
where d is the diameter of the rope. These figures are sufficiently close for calculations of
bending-stress.
In order to arrive readily at the size of rope required for any particular service, the writer has
devised a simple and easily-applied formula, the development of which may be of interest. It
will be found that the sectional area of steel in any rope is nearly independent of the
construction, being approximately as follows: —

Rope diameter, in inches
Square inches of steel

½
¾
1
0.092 0.201 0.37

1¼
0.61

1½
0.85

1¾
1.14

2
1.48

2¼
1.9

From this, and the weight per fathom, which is also nearly constant for all constructions, there
may be found a length of rope, constant for all diameters, which will be just self-supporting.
This length will differ with the quality of steel and with the construction, the latter on account
of the differing allowances to be made in determining the ultimate breaking-strain from the
aggregate breaking-strain of the sectional area of steel. These lengths, for 100 ton steel, are—
16 strands of 6 strands of
6 strands of
Construction
7 wires each. 19 wires each. 37 wires each.
Length, in yards
16,100.
14,700.
14,400.
For other qualities of steel, the lengths should be divided by 100 and multiplied by the strength
in tons per square inch. In dividing this length
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by the desired safety-factor, a length is obtained which will be self supporting, and will not give
a higher static stress in any part than is determined by the safety-factor. If from this length the
depth of the shaft is subtracted, the remainder represents the length of rope which should
equal in weight the total dead weight of the load to be hoisted. From this, the weight of rope
required in pounds per yard may be readily obtained.
So far, this formula has been known and used by practically all mining engineers. Its general
form is:
Pounds per yard = (Total weight on rope)/( 1,610 - depth in yards),
for a safety-factor of 10, steel of 100 tons per square inch, and a rope of six strands of seven
wires each.
This formula does not, of course, take the bending-stress into account, and in order to embody
this, Table III. may be used, in. which the writer has converted the bending-stress into a value
which may be subtracted from the length obtained above.
Table III.— Length or Rope, in yards, which will give a static stress equivalent to the bending
stress.
[table]
The complete formula then becomes
[mathematical formula], where
W = weight of rope, in pounds per yard,
G = total weight on end of rope, in pounds,
L = length of rope which is just self-supporting at 100 tons per square inch,
S = ultimate strength of steel to be used, in tons per square inch,

F = factor of safety,
Y = depth of shaft, in yards, and
B = value for bending-stress taken from table.
From the above formula, W may be calculated, and the required rope found in a
manufacturer's table of ropes. Since the bending-stress is allowed
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for, and consequently the actual loading of the rope more closely known, smaller safety-factor
can be used than is usually employed.
A still further refinement is to add to the dead load on the rope the load due to the steady
acceleration of the load and rope. This, however, cannot hp done very readily, as the
acceleration is not always known, and usually this extra load is but a fraction of the dead load.
The writer does not consider it necessary to take this extra load into account, except in those
special cases where the accelerations are very high.
Mr. W. C. Mountain (Newcastle-upon-Tyne) said he thought that the paper was of value
because it conveyed to their minds in a very lucid manner, by means of illustrations, a great
deal of valuable information of a practical kind; and, personally, he thought that it was very
much to be preferred to a long written description. He had not been in South Africa himself,
but he had followed the application of electricity to the gold-mining industry for some time,
and thought that there was no doubt that the real reason why electrical winding-plant
had been adopted in South Africa was because they had a very large power company, who
were supplying the current at extremely reasonable prices to the different mining companies.
Mr. Brown had not stated the price paid per unit for the current, nor had he given them the
usual prices of coal as used at the mines at the present time. To enable the members to draw
a true comparison between the relative advantages, commercially, of the two systems, it was
necessary for the writer to supply those figures. He knew that the coal in South Africa was not
particularly good, and it was dear, so that if electricity was provided at reasonable prices, he
would consider electrical winding, under those circumstances, the best possible means of
working. At the same time, he had had some very extraordinary figures sent to him by a
friend of his in South Africa as to the results that they were getting from modern steam
winding-engines. Perhaps Mr. Brown could give them some data on that subject. Mr. Brown
had described two classes of winding-plants, one with alternating-current motors directly
attached, and the other with the Ward-Leonard system, with, he presumed, a flywheel
constituting the Ilgner [sic] system, although he did not see the flywheel on the photographs.
Some time ago a paper had been read before The Institution of Electrical Engineers by Mr.
Heather,* which he (Mr. Mountain) had helped
* “The Driving of Winding-engines by Induction Motors,” by H. J. S. Heather, Journal of The
Institution of Electrical Engineers, 1911, vol. xlvii., Page 609.
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to discuss, and he had worked out some examples of power-costs, with the result that he
found that if one took into account the loss of the motor-generator, which was in the
neighbourhood of 30 to 40 per cent., the supposed advantage of the motor-generator
disappeared; and that in actual practice, assuming that the power company was able to
withstand the heavy loads which came upon the motor in starting, the direct-driven method,
with alternating currents, was as economical as, and in some cases more economical than, the
Ward-Leonard system. This was, of course, determined by the class of winding to be done. If
they were winding to a great depth, with a long winding period, then the sudden big load
during acceleration did not affect the result to any extent; but if it was a short winding period,
it was a serious matter, and that was pretty well shown by the direct winding-gear at Harton
Colliery, where the overloads were so heavy that they could detect each wind at the Carville
power-station, although they had six 6,000-kilowatt machines running. One must bear in mind
that in the Ward-Leonard system they had, first of all, a motor, then a flywheel; if it was an
Ilgner [sic] system with the bearings in between, they then had a generator, and also the
switch-gear and other items, all of which, as he had pointed out in other discussions,
constituted so many links in the chain, and the weakest link was, of course, the strength of the
chain. He therefore thought that, if direct winding with alternating current could be used, it
was the safest and best. At the same time, that method was limited by power-station and
other conditions. He would like to ask Mr. Brown what voltage was used on the motors, and
also the periodicity. He believed, himself, that when one put down a winding-gear to last for
many years, it was best to adopt a low voltage on the motors, and he would far rather put in a
transformer and have very simple winding on the rotor and stator of the motor, consisting of
merely copper bars carried in insulating tubes (such a winding as could be very quickly repaired
in case of accident), than high-tension winding, which, in case of accident, took a long time to
repair, and could only be attended to somewhat unsatisfactorily on the spot. There was one
other item that he had noticed with interest, and that was the system of driving haulage or
winding gears by means of a drag-link.
He had always hesitated to try that method, as it
involved putting the whole power through one crank-pin.
Perhaps Mr. Brown would let him
know to what
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extent that system had been carried out, and with what success. The controller which Mr.
Brown had illustrated was a very simple apparatus, and was satisfactory. The control was
effected by means of a centrifugal pump, which pumped water into a vessel and, as the water
rose, it made more or less contact with the dippers and controlled very satisfactorily. Of course,
there was an alternative arrangement of rising and falling dippers, but he would like to know
which type had given the best results in practice in South African mines.
Mr. Robert Nelson (H. M. Electrical Inspector of Mines, London) said that Mr. Brown had
introduced so little debatable matter that it was rather difficult to respond to the invitation
which the President had given earlier in the meeting, namely, to produce a “hammer-and-tongs
discussion.” He did think, however, that Mr. Mountain was very difficult to convince on the
subject of the efficiency of winding by electricity. Mr. Brown had told them that 130 electric
winders had been introduced recently into South Africa, and that he was expressing the

prevailing opinion when he stated that no more steam-winders would be installed. Mr.
Mountain, even with these facts before him, was still unconvinced, although he had admitted
that he was not well acquainted with the local circumstances. He would like to draw attention
to Fig. 19. He ventured to say that to put in a connexion to a high-tension motor like that, and
to put a man to work it, was simply to invite accident. They would be better off if they had
some electricity rules in South Africa.
Mr. W. C. Mountain, in reference to his supposed objection to electrical winding, said that if
Mr. Nelson would read his (the speaker's) very first paper* and other communications
which he had given on the subject, he would find that his objection had never been to electrical
winding, but to the application of electrical winding in places where it could not compete
satisfactorily or economically with steam.
There were thousands of cases where electrical
winding, owing to the circumstances, namely, the price of coal and many other factors,
could be very economically adopted; and assuming that coal was such a price on the Rand that
electricity could be supplied at a price which would compete with steam-winding, then he
ventured to say that
*”Notes on Electric Power applied to Winding in Main Shafts,” Trans. Inst. M. E., 1904, vol.
xxvii., page 142.
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electrical winding was the proper method to adopt. But the whole question was a commercial
one, and, so far, in England he had never seen a single figure produced which could be relied
upon as to the actual cost of electric winding per 100 tons of coal raised from the shaft-bottom
to the shaft-top.
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that he would like to ask Mr.
Brown a question about the factor of safety of winding-ropes. The factor of safety in South
Africa was, he believed, adopted as a result of a Commission of Inquiry into the safety of ropes.
He was speaking from memory, but his impression was that the factor of safety which was
decided upon in South Africa was an ultimate factor of safety of 6; that was to say, when the
factor of safety fell below 6, the rope had to be taken off. In this country the factor of safety
was an initial factor, which meant that a rope was first put on with a safety-factor of 10. If he
was right in his recollection, the two factors were not comparable. Furthermore, he would
point out that there was the matter of depth, which had to be taken into very serious account.
If they looked upon the question of safety, not as a factor, not as a multiplier, but as a marginal
figure to be added, then, obviously, in dealing with a deep shaft with a low factor of safety,
they might have a very much higher marginal quantity of safety, if he might put it in that way,
than they would have in the case of a shallow shaft. He believed that this fact was in the minds
of some of the engineers in South Africa who were desirous of reducing the factor of safety. He
looked upon South African mining as standing very high, and he did not think that it would be
fair to let it go forth that they were running undue risks with their winding-ropes.
Mr. A. E. du Pasquier (Manchester) wrote that Table II. in Appendix V., dealing with the
bending-stresses of winding-ropes, was particularly interesting. The data supplied had, he
believed, never appeared in so convenient and useful a form, and would, no doubt, be very

valuable for reference. At the same time, he was afraid that the tables of bending-stresses for
various ratios of drums to rope diameters, and for different standard rope constructions, might
give rise to an exaggerated idea of the importance of these bending-stresses in a windingengine calculation. In the example given in the same appendix of a rope,
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1 inch in diameter, working on a drum 60 inches in diameter, he showed that for the same
factor of safety the rope capacity would be reduced by 89.2 per cent. towards the end of its
life, owing to the increase in the bending-stresses alone. This was apparently an appalling
figure, and would seem to be a very weighty argument against the use of small drums, which in
themselves had great advantages. He (Mr. du Pasquier) did not think, however, that this was
looking at the matter in the right light. After all, what everyone was concerned with was the
actual margin of safety; and looking at it from that point of view, it would be seen that when
the rope was new there was a margin on the assumed safety factor of 69,200 pounds. The
effect of the increasing bending-stress was to reduce this figure to 64,250 pounds, or a
reduction in the actual margin of only 7 per cent. at the end of the life of the rope—a figure
which he suggested would not cause anyone anxiety. Further, the author had not taken a
very flexible rope.
For a larger rope constructed of six strands of thirty-seven wires per
strand, the bending-stresses would be more than halved if it were still desirable to go as low as
a ratio of 60 diameters.
The point was, he thought, an important one, as smaller drums did
unquestionably make for more economical winding-engines.
The ordinary term "factor of
safety” was, he thought, misleading: it was the margin that was the important thing. There
was a good deal to be said for Dr. Glucksman's proposals, and with modern keps or moving
platforms, which did away with the necessity for lifting the cage, such high factors of safety as
at one time were thought necessary seemed no longer to be required. He had a case in mind
of a very large winding-engine, where, if a comparatively low tensile rope were used, the actual
factor of safety, including accelerating and bending-stresses, would be about 5, but the margin
was about 175 tons. The winding-engine to which he referred was for the Great Western
Colliery Company, Limited, and was interesting, as he believed it to be the largest in the world.
It was designed to-deal with a lift of 12 tons of coal from a depth of 2,250 feet, with a normal
output of 360 tons per hour.
The 12 to 18-foot cylindro-conical drums, arranged, in order to
accommodate very wide centres, “diabolo” fashion, would be connected direct to two
continuous-current motors, each of a normal capacity or 900 horsepower, and would run at 28
revolutions per minute during the maximum velocity period of the wind. The equaliz[89]
ing set had a 40-ton flywheel, with a peripheral velocity of 800 feet per second. The windingengine would be served off the mains of the South Wales Power Company, and was a striking
example of the modern tendency in such matters. There was on other point to which he
would like to refer.
Mr. Brown had stated in connexion with Fig. 3 that, if the area
corresponding to the maximum velocity period, divided by the area of the starting period, were
greater than 1.4, the Ward-Leonard system would be the more economical in actual
consumption per wind, or, in other words, that the smaller the starting area of the diagram
was, the greater would be the economy of the Ward-Leonard system. This was a rather curious

statement, as one would expect the result to be reversed. The starting period was the
uneconomical period for an alternating-current hoist, owing to the rheostatic losses, and the
maximum-velocity period should be more economical than in the Ward-Leonard system, owing
to the absence of any conversion losses.
Referring to the diagram of the Brakpan hoist,
here (P2 t2)/(P1 x t1) equalled about 1.3, and according to the author's formula the alternatingcurrent system should be the more economical; but the actual figures quoted gave about a 10per cent. advantage for the Ward-Leonard winder on the actual diagrams.
Mr. A. W. Brown (Manchester), in reply, said that the price-of current in South Africa varied
according to a sliding-scale, the lowest price charged being 0.525d. per unit with a load-factor
of 70 per cent. and above.* The price of coal was about 10s. to 14s. per ton delivered. He
believed that tests had shown as low a steam-consumption as 25.5 pounds per shaft-horsepower-hour on a high-class steam winding-engine, but that was only under test conditions,
which could not be kept up in service. Flywheel equalizers were not used with the windingengines in South Africa. With regard to the losses in the motor-generators, he doubted
whether they could accept Mr. Mountain's figure of 40 per cent. With a modern plant there
would be an overall efficiency of at least 52 per cent.; and, allowing 85 per cent. for the
mechanical efficiency, and 92 per cent. for the efficiency of the winding-motor, the losses in
the motor-generator set became 33 per cent., and less in many actual cases. Alternating* See Cassier's Magazine, 1912, vol. xli., page 104.
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current winders were certainly the simplest. It was doubtful whether they were any more
reliable than the Ward-Leonard hoists, since direct-current machines were thoroughly reliable
and breakdowns were few on either type of machine. For the winders, a voltage of 2,100 at
50 periods was used directly on the motors, unless the motors were below 200 horsepower,
when the voltage was stepped down to 500. On motors of about 200 horsepower and more,
the lower voltage did not sensibly increase the reliability.
There were a number of motors
running at 6,000 volts at the General Mining and Finance Corporation's mines, but they were
not on winding-engines.
That voltage had been used successfully for underground pumps
without any extraordinary precautions being taken. He had only seen a drag-link used on one
winding-engine, with a motor of 960 brake-horsepower, giving a peak of 1,800 horsepower.
All the power was transmitted through one crank-pin, but they had to deal with shearing
and bending stresses only, without the periodic reversal given by a steam-engine. The type of
controller used in South Africa was that described by Mr. Mountain, in which the height of the
liquid was varied.
For large motors the electrodes became very heavy, and it was more
practicable to move the liquid than the heavy electrodes. Locked-coil ropes were not used on
the windings-engines, as they required larger drums than Lang's-lay ropes of equal strength.
Mr. Nelson had criticized the connexions in Fig. 25.
It was true that they were not in
accordance with the Home Office Rules for Great Britain, but they certainly fulfilled all
requirements in South Africa. Mr. Nelson probably referred to the high-tension connexions to
the stator, which were made by the mine's own staff of electricians, and had been running
for 2 or 3 years.

Mr. Nelson said that they might be perfectly safe for that length of time; but he would not like
to trust them indefinitely.
Mr. Brown, continuing, said that Prof. Louis had spoken of the safety-factor of the ropes. The
required safety-factor in South Africa was the ultimate safety-factor for men alone, as no
safety-factor was specified for ore-winding. The proposed diminution of the safety-factor for
greater depths was, he thought, on account of the increased extension of the rope, due to its
elasticity, which reduced the effect of any shocks through slack rope, jamming, etc.
There
was no intention of implying that
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undue risks were being run with the winding-ropes; but, even with the present safety-factors,
accidents occurred through rope failures, and any reduction in the safety-factor might be
followed by an increase in the number of accidents. Both Prof. Louis and Mr. du Pasquier had
spoken of the "quantity of safety." It was a useful figure to know, but he (Mr. Brown) thought
that it was more correct to use a multiplier rather than an addendum. It would be clear that a
6-ton load, with a 12-ton "quantity of safety," would be safer than a 12-ton load with a 12-ton
"quantity of safety," since in the latter case all stresses due, not only to dead-load, but to slack
chains, jamming, etc., would be doubled. With regard to Mr. du Pasquier's remarks respecting
bending-stresses, the example taken to illustrate the bending-stresses was purposely
exaggerated, in order to show their effect, and to demonstrate how a flexible rope reduced the
bending-stress, which should always be taken into account. Small drums were not always
advisable, as, unless winding in more than one layer, the throw of the rope was increased. A
smaller drum permitted the use of a faster motor, with higher efficiency than the slower
motor; but this, which might be 2 to 3 per cent., was usually all the gain in economy, provided
that the drum was in both cases no larger than was necessary to hold the rope. Further, ropes
coiled around a drum had to withstand a radial pressure which increased with a decrease in
drum diameter. This pressure tended to deform the rope, and this deformation would be least
resisted by the more flexible ropes necessary for the small drums. There was no advantage in
using excessively large drums, but one should not go to extremes in reducing the diameter. The
expression given in connexion with Fig. 3 was a ratio, and the constant was only approximate.
The relative economy of the two types of hoists depended upon the ratio of the uneconomical
period of the one to the similar period in the other, and the constant given applied to smaller
hoists than for Brakpan, and also took into account the waiting period between winds.
A hearty vote of thanks was proposed, and unanimously accorded to Mr. Brown, for his
valuable paper.
The following paper, by Messrs. T. V. Simpson and G. W. Bell, on "A Photographic Method of
Rapidly Copying out Pay-notes, in Use at Throckley Collieries," was taken as read: —
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A PHOTOGRAPHIC METHOD OF RAPIDLY COPYING OUT PAY-NOTES, IN USE AT THROCKLEY
COLLIERIES.
By T. V. SIMPSON and G. W. BELL.
Owing to the large increase in clerical labour entailed by having to supply workmen with
detailed pay-notes, and the introduction of weekly instead of fortnightly pays, in consequence
of the Coal Mines Act, 1911, the writers have evolved a system by which it is possible to copy
rapidly the details for pay-notes from the pay-bills themselves. The bills are in consequence at
once liberated for use in making up the accounts and in preparing the next week's bill. At the
same time, the arrangement ensures the current pay being carried out accurately, and
independently of the bills after they are once checked.
This object is achieved by the pay-bills being made out on single sheets of suitable paper, and a
copy taken from them by means of a photo-copier (Figs. 1 and 2). The information contained
on each line of the copy is the detail required for a pay-note. The lines are cut off and attached
to slips, the printed heading on each of which is the same as the bill-heading, so far as the
calculation of wages is concerned (see Appendix).
The pay-bills were re-drafted, in order that all the details of each individual piece- and datalworker's wages should appear on one line, thus allowing the workman to see exactly how the
amount of his wages is arrived at. For example, on the hewing bill the tonnage rate is shown
after the number of tons, instead of as formerly at the top of the bill, so that the information
appears on each completed pay-note (see Appendix). All particulars required by the owners are
placed to the left of the man’s name, and not photo-copied. In order to save space, the
headings giving the different classes of work are written vertically in a narrow column.
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The paper used for the pay-bills is an extra strong "bank" paper, sufficiently transparent for
copying, but thick enough to allow errors to be erased. The writing is contained on one side
Fig. 1.—Halden Duplex Radial Electric Photo-copier.
of the paper, and only inserted on every other line, and as the lines are 3/16 inch apart, each
photo-slip is thus ⅜ inch in width. The particulars should be written with an opaque ink, in
order
[94]
to give well-defined copies; and, after experiment, it was found that Stephens' black drawingand-ticketing ink, diluted with water to the required consistency, suited the purpose admirably
Fig. 2. —Copying two Tracings at one Exposure.
[Photograph]

The abstract is printed on ordinary stout paper, and is used as a backing for the loose sheets.
An extra width of margin on the left-hand side folds over, and allows of the whole being
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fastened together with wire staples. The headings and columns on the slips to which the photocopies are attached are a duplicate of the particular part of the bill relating to the man's name
and the details of his wages. The yard-work prices can either be printed on the headings, or be
put on with a rubber stamp. In addition, a perforated receipt-slip is attached, which must be
signed and handed in at the pay-office before the wages are paid. Examples of these pay-notes
are given in an appendix, the black-ruled portion representing the photo-slip.
The photo-copier consists of two semi-cylindrical plate-glasses, each measuring 53 inches in
length and 31 inches around the bend, fitted into a ring at both the top and the bottom, thus
forming a cylinder. To this cylinder is attached trunnions, which fit into an iron stand, thus
giving a free motion and allowing the cylinder to swing around to either a vertical or a
horizontal position (Fig. 2). Over each glass is a canvas cover, which is drawn tightly over the
convex face of the glass by means of a mechanical arrangement fitted to the framework. An
enclosed arc lamp, giving about a 2-inch arc on a direct-current voltage of 220 to 250 (which is
most suitable), and giving a powerful light of about 2,000 candlepower, is suspended on a steel
rope, which travels over pulleys fixed to a bracket attached to the wall, and allows the lamp to
be raised or lowered inside the cylinder by means of lowering gear, which can be regulated to
any desired speed (Fig. 1).
The copying of the pay-bills is a very simple operation. The cylinder is turned into a horizontal
position (Fig. 2), and the canvas cover over one of the semi-cylindrical glasses thrown back. The
bills to be photo-copied are now placed upon the face of the glass, a sheet of ferro-prussiate
paper is laid on top of them, and the canvas cover is again stretched tightly into place. This
process is repeated on the other side, and the cylinder then turned into a vertical position. The
arc lamp is now switched on, and lowered down the centre at such a speed as to give the
correct exposure. The machine prints four sheets of the bill at one exposure, the time taken
being approximately 4 minutes; but the duration of exposure varies, of course, with the
thickness and transparency of the paper used.
The prints are washed by running water over them in a trough made for the purpose, the
operation taking only a
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moment or two. They are then "squeegeed,” clipped on to wooden drying rods, and hung in an
oven to dry. The oven consists of a sheet-iron box with a hinged door, and is heated by a
Bunsen burner, which is covered in order to prevent the prints from catching fire. Both the
trough and oven were made at the colliery, and are of a convenient size for the pay-bills used
After the prints have been washed and dried, their backs are coated with a solution of gumarabic; and so as to allow of their drying quickly, they are again put into the oven. After the
gum has dried, the copies are cut into strips, on each of which appears the workman's name,
with the particulars of wages detailed on it, as before mentioned. This strip is stuck on the pay-

note in such a manner that all the columns coincide. The whole process, from taking the photocopy to finishing the note, is carried out by two boys.
In conclusion, it is found that the time taken up by this method of preparing the pay-notes is,
with practice, about a quarter of what it would be if they were written in the ordinary way.
Apart, however, from this saving of time, a decided advantage is that the pay-bill is only
detained for a few minutes, thus leaving it free for other office use. A further advantage is that
if the bill is checked before being copied, errors cannot occur on the pay-notes.
The cost of the new bills, notes, and photo-paper is about 25 per cent. more than the old form;
but this increased cost is easily compensated for by the smaller staff required, and the facility
with which the office work can be carried out.
The President (Mr. W. C. Blackett) said that time compelled them to adjourn the consideration
of the paper until the December meeting, when it would come forward for discussion; and he
proposed that the thanks of the meeting be accorded to the authors for what would, without
doubt, prove a useful contribution to the Transactions.
The vote of thanks was carried unanimously.
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Appendix: Examples of pay-notes
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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, 1912.

Mr. W. C. BLACKETT, President, in the Chair.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on November 30th and that day.
The following gentlemen were elected, having been previously nominated:—
Honorary Member—
Mr. Thomas Douglas, The Garth, Darlington.
Members —
Mr. Arthur Edgar Bennett, Mechanical and Electrical Engineer, Botallack, Limited, St. Just,
Cornwall.
Mr. Edward Otto Forster Brown, Mining Engineer, 706-707, Salisbury House, Finsbury Circus,
London, E.C.
Mr. Clement Dixon, Consulting Mining and Metallurgical Engineer, P.O.Box 305, Bulawayo,
Rhodesia, South Africa.
Mr. James Kenneth Guthrie, Mining Engineer, 21, Grainger Street West, Newcastle-upon-Tyne.
Mr. John Hands, Mechanical Engineer, c/o Messrs. Huttenbach Brothers & Company, Kuala
Lumpur, Federated Malay States.
Mr. Douglas Hay, H.M. Inspector of Mines, Durham.
Mr. Alfred Edwin Kirk, Colliery Manager, Aberdare Extended Colliery, Cessnock, New South
Wales, Australia.
Mr. Charles Anthony Nelson, Mining Engineer, Glenview, Kings Road, Wallsend,
Northumberland.
Mr. James Cartmell Ridley, Jun., Engineer, Cathedral Buildings, Newcastle-upon-Tyne.
Mr. Roland Francis Young, Metallurgist, c/o Tarkwa Banket West, Tarquah, Gold Coast,
West Africa.
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Associate Members—
Mr. Malcolm Dillon, Dene House, Seaham Harbour, County Durham.
Mr. John Johnson Huntley, 54, Beacon Street, Low Fell, Gateshead-upon-Tyne.
Associates—
Mr. Marshall Blackett Bell, Colliery Manager, 1, Cross Bow, Felling, Gateshead-upon-Tyne.
Mr. William Hall Coulson, Colliery Under-manager, Shamrock House, Durham.
Mr. Alfred Bessell Hare, Assistant Colliery Manager and Surveyor, Howlish Hall, Bishop
Auckland.
Student—
Mr. Rowley Hall, Mining Student, Station House, South Hylton, Sunderland.

DISCUSSION OF DR. W. M. THORNTON'S PAPER ON "THE IGNITION OF COAL-GAS AND
METHANE BY MOMENTARY ELECTRIC ARCS."*
Dr. F. C. Garrett (Armstrong College, Newcastle-upon-Tyne) said that the author had taken up a
subject which was of great chemical interest, and the results were very striking. It seemed that
the voltage-current curves were practically arc characteristics, and that the current required to
produce an explosion was that necessary to produce a true sustained arc in the mixture. It was
well known that if the voltage fell below about 40, no current would give such an arc between
carbon poles in air; the author had used metal electrodes, and had not worked in pure air,
which would influence the voltage required; but his curves suggested that for explosion also
there was a lower limit of about 40 volts. There had been some discussion as to why a number
of sparks should be needed before the mixture exploded, and the suggestion had been made
that this was due to ionization of the gas by the sparks; the very interesting curves shown (Fig.
7, page 157) appeared to support this view, for they were exactly what would be obtained if
the ignition were the result of ionization. He was indebted to Mr. H. Morris-Airey for these
suggestions, and would like to have Dr. Thornton's opinion on the point.
He was afraid that, owing to certain chemical errors, it was unsafe to draw any conclusions
from the author's experiments, and it was possible that he himself was in part to blame
* Trans. Inst. M. E., 1912, vol. xliv., page 145.
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for an unfortunate mistake. Dr. Thornton gave the composition of the gas used,
the figures, however, not being the result of any single analysis, but the average
of a number made during the winter of 1911-1912 with the view of showing the
approximate composition of Newcastle coal-gas under normal working, and with no
admixture of water-gas. At Dr. Thornton's request, he had supplied him with a copy of the
figures, but it had never occurred to him that Dr Thornton would publish them, as they were
not prepared for his (Dr. Thornton's) purpose; or that he would imagine the composition of the
town-supply to be invariable.
Dr. Thornton mentioned that part of his work was carried out
during the coal strike, when “the composition was modified by the extensive use of water-gas,”
but evidently did not realize the importance of this. The carburetted water-gas which was
supplied was of variable composition, but would contain about 40 per cent. of hydrogen, 30
per cent. of carbon monoxide, 10 per cent. of methane, and 10 per cent. of nitrogen, with
smaller percentages of ethane, propane, olefines, etc., and such a mixture was very different
from that described by Dr. Thornton. He was not prepared to say that on no single occasion
was gas such as that shown by Dr. Thornton supplied, although it was highly improbable. It
was possible that on some occasions pure carburetted water-gas was in the apparatus; most of
Dr. Thornton's experiments had been made on a mixture of coal-gas and carburetted watergas, and he was in a position to say that the composition of the mixture varied greatly from day
to day.
Dr. Thornton had, apparently, accepted the statement of the Newcastle-upon-Tyne
& Gateshead Gas Company, that the calorific power of the gas had been steady, as a sufficient
guarantee that it would yield uniform results in his apparatus, forgetting that the temperature
of ignition was also of importance, and that although H. Le Chatelier and O. Boudouard found

that with a mixture of air and a gaseous compound of carbon the limiting explosive mixtures
had a constant calorific value, they showed that there were exceptions, and that the principal
constituent of coal-gas (hydrogen) did not conform to this rule.*
It appeared that Dr.
Thornton
*"Sur les Limites d'Inflammabilité des Vapeurs Combustibles,” by H. Le Chatelier and O.
Boudouard, Comptes Rendus hebdomadaires des Séances de l’Academie des Sciences,
1898, vol. cxxvi., page 1,510.
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had worked with a gas of unknown and variable composition, and it was obvious that no
weight could attach to experiments performed under such conditions. It was most unfortunate,
and if any careless speech of his had misled his colleague, he regretted it very much, and could
only repeat that he had no idea that Dr. Thornton intended to use the figures in that way.
The second series of experiments were made with methane, but here again there was
uncertainty as to the composition of the mixtures used. Dr. Thornton had prepared several
hatches of the gas by heating a mixture of sodium acetate and soda-lime, and samples of these
had been examined by Mr. R. E. Forbester. It was well known that by the method used pure
marsh-gas was never obtained, and the impurities which occurred in it were troublesome to
estimate. The complete analysis of such a mixture was therefore a matter of some difficulty,
and Mr. Forbester could not give the time required for such a purpose; but, in order to oblige
Dr. Thornton, he had determined the percentages of carbon dioxide and oxygen, and, as a
check, had exploded a portion of the residue with oxygen—using the Hempel apparatus—and
the analysis published was one of those in question. Mr. Forbester authorized him to say that
he was not aware that Dr. Thornton intended to publish any of the figures, that he had
informed him that he had not tested for hydrogen or acetone, and that all combustible gas had
been returned as methane. He would like to ask Dr. Thornton what reason he had for saying
that "hydrogen or acetone, if present, was less than 0.2 per cent." Mr. Forbester disclaimed
responsibility for the statement, and the readings that he had obtained when making the
analysis quoted, although inconclusive, suggested a very much greater amount of impurity.
In Fig. 7 (page 157) Dr. Thornton gave the lower limiting mixture for methane as about 4¼ per
cent. with direct current, and with alternating current he found it to be about 5½ (Fig. 13, page
164); variations in the composition of the gas used for preparing the mixtures would be
sufficient to account for this, and he would like to know whether all the experiments were
made with methane from the same batch.
To have to criticize the work of a colleague in this way was most distasteful, but the subject
was of such importance that he could not allow his long friendship with the reader of the paper
to prevent him from pointing out these errors.
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Dr. W. M. Thornton (Armstrong College, Newcastle-upon-Tyne) said that with regard to Mr.
Blackett's remark at the last meeting—that it had taken 50,000 sparks to demonstrate what
ought to be found in 50—each point on the curves was a new result; he (Dr.

Thornton) had counted them and there were over 130.
One would have to be
superhuman to hit the exact igniting current of any gaseous mixture at one attempt: it would
be like getting the weight of an unknown mass to several significant figures without weighing it.
With regard to the sparking alluded to by Mr. Blackett, what was in that gentleman's mind was
doubtless the experiments with alternating currents which he (Dr. Thornton) carried out at
the last meeting, in which there were no doubt some metallic iron sparks. That was due to
the fact of the use of very large alternating currents in a mixture which did not explode; in
actual working, when they were getting near ignition with direct currents, there was no
trace of iron sparks. Of course, there were always ions discharged; they could call those ions
particles of metal of minute dimensions squirted out in the gas, but they were not particles in
the sense of being distinct bodies. He thought, therefore, that in nearly every case what
actually did ignite the gas was not metallic particles as such, but ions of molecular dimensions.
He regarded the spark as a kind of electrical shrapnel-shell which discharged from itself a great
shower of electrically-charged particles into the mixture, and then the process of ignition
proceeded, by this igniting the other explosive elements, gas and air together. When this
proceeded automatically through the gas, they had a self-ignition.
He thought that Mr.
Morris-Airey was right in calling attention to the resemblance of the curves to steady arc
characteristics. The direct-current curves were characteristic in the way in which they fell with
the voltage; the igniting current decreased with the voltage in very much the same way that
the current in arcs at different voltages varied with the voltage when the arcs were maintained.
That was a coincidence, and showed that there was some relation between the two, depending
on the metals of the circuit.
With regard to the gaseous compositions, he regarded the
criticism as a typical example of wrong criticism, because the actual facts of electrical
ignition by break-sparks could be shown to depend very little
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upon variations of the constitution of the gas. Referring to Figs. 2 and 3 (pages 150 and 151), in
Fig. 2 with 100 volts they obtained a point of 1 ampere with iron poles in gas that contained 40
odd per cent. of hydrogen, with methane, nitrogen, and so on. In Fig. 3 they had methane, and
at 100 volts they found that 1 ampere with iron poles ignited the gas: that was to say, they
were the same; in other words, the addition of 40 per cent. of hydrogen to methane had
produced no electrical difference whatever. But the calorific values of the gases were nearly
the same in the two cases, and in the light of Burgess and Wheeler's work on the lower limit of
inflammation,* it would appear that, so far as the gas was concerned, the most decisive factor
in ignition was the calorific value of the mixture. He would point out that his paper was an
electrical one, not a chemical one, and a point like that would seem to him to be convincing
that all this talk of extreme nicety of chemical composition was beside the mark, and fell to the
ground in the light of actual experiments. There was not such a fundamental difference
between the electrical ignition of coal-gas and methane by momentary break-sparks as might
be suggested by the remarks about chemical analyses. With regard to the variation from day to
day, he would like to ask anyone who had read the paper, whether the regularity of the
curves—-for example, in Fig. 4 (page 153), where the straight lines were parallel—throughout
suggested that there was some unconsidered error which came in from day to day by the mere
variation in the composition of the gas. He thought that those who had had experience of

experimental work would agree that curves such as that could not be obtained if there was an
error which fluctuated from day to day. For example, he took a sample of Newcastle coal-gas in
the laboratory, and repeated the observations a year after the first ones were made, and the
results were correct to within 1 per cent. He ventured to say that a statement of that kind
completely overcame the chemical objections to slight variation of composition. The method
used was not the usual way of igniting gas; the usual way was by a stream of high-tension
sparks between two terminals, which gave practically a continuous arc, or they might
* "The Lower Limit of Inflammation of Mixtures of the Paraffin Hydrocarbons with Air,” by M. J.
Burgess and R. V. Wheeler, Journal of the Chemical Society, Transactions, 1911, vol. xcix., page
2,013.
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have a hot wire; the method used was a peculiar one, by separating the poles and so giving, as
it were, an explosion of current. Reverting to Fig. 13 (page 164), he would point out that the
limiting mixture seemed to be about 6 per cent. of methane ; it went at 8 amperes, and below
that he did not get it to go at all. That was with alternating current at a frequency of 40. In Fig.
7 (page 157), with direct current, the methane line crossed over to the left, below 5 per cent.; it
seemed to him, therefore that the limiting ignition of gaseous mixtures depended very largely
upon the electrical conditions, upon the method by which one ignited the gas. The former
figure agreed almost exactly with Burgess and Wheeler's work done with alternating currents
and he suggested that it was conceivable that working with very large direct currents they
might get such a tremendous splash as to give the gas enough ions to make it self-igniting for a
considerable distance. With regard to the quoted analysis of coal-gas, he had been told by Dr.
Garrett that it was not confidential; and with regard to the methane, that was a matter
between Mr. Forbester and himself. At the end of his remarks Dr. Garrett had attributed the
difference in the lower limits with direct and alternating current, as shown in Figs. 7 and 13
(pages 157 and 164 respectively), to variation in the composition of the methane, namely, to
the presence of hydrogen. But if that were so, the upper limit should be more affected than the
lower, for by reference to Fig. 7 it would be seen that the limiting percentage with coal-gas
approached 30 to 40, and with methane it was at 14. One would expect, therefore, that the
introduction of hydrogen, or variation in its percentage, would influence the upper limit
materially; but by a comparison of Figs. 7 and 13 it would be seen that it did not, the upper
limits being the same in both cases.
Wiith respect to Prof. Bedson's remarks, he thought that his reply to Dr. Garrett would cover
them. The igniting current appeared to him to be much more sensitive to change of physical
conditions such as pressure than to changes in chemical composition. For instance, if one
applied a foot of water-pressure to the gas, it changed the point of ignition, from where it
ignited at the twelfth contact, to one where it ignited at the first. It certainly lowered the
igniting current more than any normal variation of the Newcastle coal-gas. He would say, in
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conclusion, that lie hoped the paper would he found useful to mining men as a fairly complete
examination of gaseous mixtures ignited in the simplest possible way to imitate practical
electrical conditions in mining; and that he would be able to lay before them shortly a similar
examination of the ignition of pit-gas.
The President (Mr. W. C. Blackett) said that the discussion had been very interesting; they were
grateful to those gentlemen who were more skilful in science than the rest of them for the way
in which they had dealt with the subject. He at once confessed that with regard to Dr.
Thornton's reply to one of his remarks, he should probably, instead of hastily saying 50, have
been more careful and said "fewer." With regard to particles and ions, the thought occurred to
him during the description of some experiments that Dr. Thornton had given, where there was
a scraping of contacts with an iron file, that they could quite easily get a confusion of the effect
of a scraped-off particle with what might otherwise have been described as ionization. In
connexion with the subject, grateful as they were to Dr. Thornton for new methods of thought,
he would also like to recommend a study of the reports of the Explosions in Mines Committee,
two of which had been issued so far, and there was a third about to be issued, all of which they
would find of considerable interest.
DISCUSSION OF MR. A. W. BROWN'S PAPER ON "ELECTRICALLY-DRIVEN WINDING-ENGINES IN
SOUTH AFRICA."*
Mr. S. Eckmann (Manchester) wrote expressing his high appreciation of the perspicuous way in
which Mr. Brown had shown what a great amount of important British work had been carried
out in the way of electrically-driven winding-engines. He (Mr. Eckmann) believed that the
appendices added to the value of the paper, although they might contain perhaps one or two
points on which engineers might differ from the opinions propounded by Mr. Brown. For
instance, it occurred to him that the bending-stresses in a steel rope might perhaps not be
quite as readily calculated as intimated in Appendix V. (page 208). The bending* Trans. Inst. M. E., 1912, vol. xliv., page 186.
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stresses set up in a steel rope when coiled round a drum equalled according to the paper, the
modulus of elasticity of the rope multiplied by the diameter of the wires, and divided by the
diameter of the drum. The conception “modulus of elasticity” of the rope was apparently
defined as the load per square inch, which would double the length of the complete rope, if
such elongation were possible, without exceeding the elastic limit. As the rope could be
conceived as being made up of a number of spiral springs it was obvious that the so-called
"modulus of elasticity” of the complete rope was very different from the true modulus of
elasticity of the steel out of which the wires were made. The modulus referred to in the paper
was dependent on the construction of the rope, the diameters of the steel wires, the state of
the hempen cores, and the modulus of elasticity of the steel used; whereas the true modulus of
elasticity had nothing to do with either form or section or hempen core, but solely depended
on the quality of the steel. It followed from this that an alteration of the elasticity of the

complete rope, such as occurred as the result of the tightening-down of the wires and the
bedding of the strands into the hempen cores, had no direct connexion with the elasticity of
the steel out of which the wires were made. In other words, if the rope as a whole grew less
elastic, that did not mean that the elasticity of the individual wires underwent a corresponding
and proportional change, or that the bending-stresses in the wires increased in such an
alarming way as had been made out in the paper.
It also occurred to him (Mr. Eckmann) that while the paper dealt largely with the stresses due
to bending and tension, no mention was made of the torsion that was nevertheless
undoubtedly set up in the spirally-wound wires, in the same way as torsion was set up in every
spiral spring when subjected to tension or compression, or to combined tension and
compression, namely, bending. It seemed to him that the deformation which a rope underwent
when coiled round a drum might easily be brought about by torsion in those wire sections
which lay on the innermost and outermost diameter of the rope, as anyone might see for
himself by bending an ordinary spiral spring into a circle. He (Mr. Eckmann) did not maintain
that a certain amount of bending-stress did not occur, but he submitted that the formula in the
paper was not built up on the right basis, although it
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appeared here and there in text-books. He believed that it put unnecessary restrictions on the
selection of the drum diameters, and that it was extremely difficult and hardly necessary in
present-day practice to calculate the additional stresses set up by the coiling of the rope round
the drum. Ropes generally broke near the cage—that was, in the portion which in ordinary
service never touched the drum or even the pit-head sheave. Thus it was just the portion which
theoretically should have no bending-stress, and was subjected to the lowest tension-stress,
that proved to be weaker than those portions which permanently wind and unwind on the
drum.
That the drum diameters might safely be reduced as against the average practice of to-day had
been proved by experience. For instance, on the electric winder at the Maritime Colliery, South
Wales, ropes which were coiled round a drum, part of which had a diameter of only 56 ropediameters, had worked quite satisfactorily for two or three years. The fact was referred to by
Mr. Hugh Bramwell at a recent meeting of the South Wales Institute of Engineers.
It was by practical experience in actual winding service rather than by semi-theoretical
formulae that the question of the relation between rope and drum diameter could be solved,
and therefore it was highly desirable that mining engineers should come forward with their
experiences in the same way as had been done by Mr. Bramwell.
In conclusion, he begged to suggest that the decrease of elasticity due to the bedding-down of
the strands and wires had the effect of making the shocks occurring in the rope more abrupt—
for example, when a cage was suddenly lifted—so that old bedded-down ropes might break,
while new ropes, owing to their greater elasticity, would lessen the shock, and a rupture was
thus prevented. It also seemed to him that the danger caused by these sudden shocks was
reduced with electric winders, owing to the more perfect control and the uniform torque of the
motors, which enabled the engine to obtain the same acceleration with a lower maximum
torque on the drum-shaft than a steam-winder would have to exert.

Mr. A. W. Brown (Manchester), in reply, said that Mr. Eckmann's remarks regarding the
stresses in wire ropes were interesting, coming as they did from an engineer of his standing.
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It was a pity, however, that in disagreeing with the method adopted in the paper for calculating
the bending-stress, Mr Eckmann had not put forward an expression of what he would accept as
being correct, for that would have enabled a direct comparison of methods to be made. Mr.
Eckmann's definition of the modulus of elasticity of a rope was correct, and he was quite right
in stating that it was different from the modulus of elasticity of the steel of which the rope was
constructed. In his (Mr. Brown's) paper the modulus of elasticity of the complete rope was
about two-fifths of the modulus of elasticity of the steel, and, for a given form of rope, it should
be nearly constant for all sizes. A single wire taken from a rope formed what might be termed a
compound helical spring, in that it was a helix wound again into a second helix. It must be
remembered that this helix was formed with a very large angle, and thus any attempt to extend
it by direct pull would produce a greater stress in tension than in torsion—so much so that he
did not think that the torsion-stress need be considered as serious.
With regard to the ageing of the rope not having any direct connexion with the bending-stress,
a little consideration would show that it had. Taking two extreme cases, first, of a straight wire
fastened on the outside of a hempen core and bent around a pulley, and, secondly, of the same
wire fastened on the outside of a steel bar, and bent round the same pulley : in the first
example the wire would bed into the hemp in order to find its shortest path; in the second
example the wire, being unable to bed into the steel bar, vas constrained to take the longest
path, and consequently would be subject to stress to a greater extent. The same phenomenon
took place with a new rope and an old rope. The bedding-down of the wires into the hempen
core would in time so harden the core that the wires would not be able to bed down any
further, and, as a consequence, the stress due to bending such a rope must rise. He did not
agree with Mr. Eckmann that the bending-stress should not be taken into account; if possible,
every stress that might occur should be considered, and adequate provision made for dealing
with it. If the bending-stress in a rope were not of some moment, makers would not make the
more expensive flexible ropes for use on small drums.
It was true that ropes did break more frequently near the capel than at any other point; but
this part of the rope could not
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be compared with the remainder, since it was more subject to corrosion, and endured greater
fatigue from vibration than any other part. If that part of the rope were subjected, in addition,
to the bending-stress endured by the other parts of the rope, breakages would be far more
frequent than they were at present. Undoubtedly smaller drum diameters than were in
common practice at present might be used, but not without due consideration of the bendingstress introduced, and the use of suitably flexible ropes.
The President (Mr. W. C. Blackett) said that it appeared to him that, as there were so many
movements in ropes, care should be taken to lubricate them—not merely to grease them.

Many people merely painted their ropes on the outside with grease, and forgot that the inside
also required oiling.
DISCUSSION OF MESSRS. T. V. SIMPSON AND G. W. BELL'S PAPER ON "A PHOTOGRAPHIC
METHOD OF RAPIDLY COPYING OUT PAY-NOTES, IN USE AT THROCKLEY COLLIERIES."*
Mr. J. J. Prest (Horden) wrote that it would be interesting if the authors would state the actual
cost per week of labour and material for preparing pay-notes by their process, as it appeared to
him that the time occupied in compiling, printing, drying, gumming, and cutting up the paybills, and completing the separate pay-notes, would be considerably greater than in writing the
notes out in the ordinary manner. The time occupied in arranging them in their proper order
and sections would also be considerable, and the portion presented for payment would require
to be checked, as this appeared to be filled in after the printing process was completed.
The excessive length of the pay-notes was most objectionable. The hewers' notes would,
apparently, need to be about 31 inches long, and the shortest pay-notes 16 inches, as it would
be necessary to provide for the various royalties; and, where men were paid different prices for
hewing during the same pay, there would be need for two or three slips on the same pay-note.
Further, under existing conditions it was customary to make
* Trans. Inst. M. E., 1912, vol. xliv., page 220.
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out the pay-notes at the most convenient opportunity, whereas it would be impossible to do
this by the suggested process, as the time between the completion of the pay-bills and the
distribution of the pay-notes would be inadequate.
It appeared to him that it would be difficult to suggest any cheaper method than the existing
one, as the cost for material and labour in writing out 2,500 pay-notes per week only amounted
to about 25s.
Mr. E.J. George (Consett) wrote that he had carefully looked into the system, which was very
ingenious; but, as a practical method of doing the work, it could not, he thought, be compared
with the ordinary writing-out of pay-notes, as regards cost, convenience, or time occupied.
Experience had proved that a clerk, working from 9 a.m. to 5.30 p.m., and commencing on
Monday morning, could make up the pay-bills for 600 men by 4 p.m. on Wednesday. The
minimum that any one man should do in that time was 600, including checking; but they had
several clerks who could make up pay-bills for 900 men in the same time. The checking was
from the pay-bill to the original records of weights and time, and was well done.
Their pay-bills, with the cost-sheets worked out in thirty items of detail for each seam, and with
comparison to the previous pay and the last half-year, were handed over to the managers at 4
p.m. on Wednesday in each week, no overtime being worked. Before sending the pay-bills from
the general office at Consett to the viewers, the pay-notes were made out ready for
distribution by the pay-clerks on the day before the pay to the men at the pits. A duplicate or
"baff” bill was not made by the Consett company, one copy of the bill sufficing for the viewers'

use, check-viewers' use, auditor, etc. The averages on the cost-sheets were worked by
Bainbridge's colliery-manager's slide-rule.
A boy-clerk of 15 years of age wrote out 400 to 500 pay-notes in a day of 8 hours, and he (Mr.
George) would be surprised to learn that anything like that number could be printed, gummed,
dried, cut into strips, and attached to blank pay-notes, by the photographic method.
The method was, no doubt, an extremely ingenious one, but as a working method was not, he
thought, comparable for speed and cost with ordinary clerical labour.
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Messrs. T. V. Simpson and G. W. Bell (Throckley Collieries), replying to Mr. Prest's request for
costs, said that these had already been given as about 25 per cent. more for material, against
which considerably less labour was required ; also the time taken, with practice, was about a
fourth of that, which would be taken under the old system of copying out by hand. This saving
in cost was not of so much account as the freedom of the pay-bills for other purposes, and it
would hardly be fair to institute a comparison between the pay-notes of two collieries, as the
amount of writing, of course, varied considerably under different conditions. There was no
question as to the convenience of the system, so far as the making-up of the pay-notes was
concerned, as the pay-bills were only detained for a few minutes for that purpose. The lengths
of the various pay-notes were as stated in the paper.
With reference to Mr. George's criticism, under certain given conditions there was nothing
extraordinary in one man making up a pay-bill for 1,000 men. The writers' comparison applied
only to their own colliery; it did not follow that their conditions were the most favourable for
the making-up of pay-bills, and it was quite conceivable that there were much simpler pay-bills
than those in use at the Throckley Collieries, the details of which were governed by the
particular conditions prevailing.
The writers did not consider the system perfect, and the object of their paper was to ascertain
whether there was a machine on the market which would automatically copy complete paynotes, as it was hardly necessary to state that such would prove of great value in every colliery
office at the present time.
The President (Mr. W. C. Blackett) said that there was another method, by which, instead of
the pay-bill being photographed, duplicate bills and the pay-notes also were prepared at one
and the same time by the use of special thin sheets, the writing being transferred by carbons in
a particularly easy way. Mr. Fearon, who was present, would perhaps explain the system. The
authors of the paper were certainly deserving of the gratitude of the members, and he trusted
that any other gentleman who had devised anything of a similar character would not hesitate
to bring it forward.
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Mr. Arthur N. Fearon (Newcastle-upon-Tyne) said that the additional clerical work now entailed
in the preparation of the weekly pay-bill, and the necessity for separate detailed pay-notes had
made a new form of bill essential; and it was with the object of reducing the work to a
minimum that the “Multigraph Carbotyp” combined pay-bill and pay-note, devised by Messrs

Kenrick & Jefferson, Limited, had been introduced. By this method it was possible to obtain two
or three copies of the pay-bill, together with the pay-note in full detail, at one writing.
Requirements, of course, varied under different conditions and each pay-bill, therefore,
received special treatment so far as headings and rulings were concerned, the various
grades of workers being divided as at present, namely, each grade—hewers putters, shiftworkers, coal-cutter machinemen, etc.— was printed upon a separate sheet of convenient
size. The sheets were designed to allow for forty spaces, or more if required, each space
being allotted to a set of men, or a single man, as the case might be. The pay-notes were
printed upon a sheet of the same size as the pay-bill, and the headings reproduced in an
abbreviated form forty times, the lines upon the first and second sheets being sufficiently wide
apart to allow of this being done. Upon the back of each pay-note sheet the name of the
company and colliery also appeared forty times, and at the right-hand edge a receipt of
payment was provided, to be detached by the man and handed to the pay-clerk. The forty
spaces were perforated across, so that each pay-note sheet when completed was easily
separated into the individual pay-notes.
When two copies of any pay-bill were required, these were obtained in the following
manner:—Taking, for example, the hewers' pay-bill, two sheets of the bill (forming the principal
bill and the "barf” bill respectively) and one sheet of pay-notes were joined together, making
what was termed a “carbotyp” set. The method of securing them together was carried out by
special machinery, which, in addition to securely joining them into a set, perforated each for
detaching purposes. The machinery also gave perfect register, each column and heading being
m absolute register with the same column and heading on the sheet below. They had thus a
complete set of the hewers' pay-bill proper and one sheet of forty pay-notes. The pay-bills for
other classes of workers, such as putters, etc., were, of course,
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made up in a similar fashion. The abstract of the whole pay-bill was made in duplicate upon
separate sheets of the same size, being also carbotyped in the same way as the bill. Hence a
weekly bill when completed comprised, say, the following: — Two sheets of hewers, two of
putters, one sheet of coal-cutter machinemen, one of shift-workers, one of abstract, and one
cover. For convenience in binding, all the sheets were punched down the left margin, this
enabling the whole to be bound within a strong cover, printed as at present with an
endorsement. For convenience, it was suggested that the copies remaining at the colliery-office
should be contained in a special binder constructed for the purpose, forming an actual book,
with each week's pay separated by dividers.
Two conditions were essential to obtain satisfactory results— the paper must be of correct
texture, and, equally important, the carbon-paper used must be of special quality, sensitive,
and clean. Particular attention had been devoted to these two important points, and he stated,
without fear of contradiction, that any person could obtain excellent results without any
practice whatsoever. Indeed, in offices where this system had already been installed most
satisfactory and excellent results were being obtained. What were known as carbo-plates were
provided to assist the clerks in writing the bill; these were metal plates, provided with a springclip to hold the sheets of carbon, and formed a hard and solid foundation upon which to write.

In a triplicate set the carbo-plate was placed below the third sheet, and a sheet of the special
pen carbon inserted between the first and second and another between the second and third
sheets, and the clerk, having provided himself with a sheet of blotting-paper to form an arm
protection, then wrote upon the first sheet in ink, using a slight but imperceptible pressure.
When the whole was completed, the two copies of the pay-bill were detached, one going to
form the head-office copy and the other the colliery-office copy, leaving the pay-note sheet for
division into the individual pay-notes. Each and every one showed a clear and perfect copy of
the actual earnings, deductions, and so forth.
A most rapid method of printing the workmen's names upon the pay-bills was provided by
the use of the " Writerpress"
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printing-machine. This was really a small and effective office printing-press, with a series of
specially-constructed chases containing the workmen's names set up in type, so arranged that
any change in the names could be made in a few moments. The chases were placed upon the
bed of the machine and the bill printed in triplicate with one run of the printing carriage. By the
adoption of the “Writerpress” printing-machine, the laborious process of writing hundreds of
names was altogether eliminated, thus effecting an enormous saving of time.
In cases where the pay-bill had to include figures and information for the use of the colliery
officials only, such as royalties, averages, etc., this was easily provided for by simply printing
that portion in a position which did not copy on to the pay-note sheet.
The advantages enjoyed by the foregoing system were that duplicate or triplicate pay-bills and
pay-notes were obtained at, one writing; there was no copying; hard and durable paper only
was used, which allowed of constant handling; pay-notes of a convenient size, and made of
thick paper, were easily folded and handled by the men; and as the bills were made up in
separate sets, it was possible for several clerks to work simultaneously on the same bill,
thereby distributing the work and enabling it to be done within reasonable office hours. It
followed that when the bill was completed all the pay-notes were also ready, thereby relieving
the present congestion of work between the completion of the bill and the payment of the
men, the time for this work being invariably limited.
Mr. E. A. Hailwood read the following paper on "The Hailwood Gas-cap Observationmachine” : —
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THE HAILWOOD GAS-CAP OBSERVATION-MACHINE.
By E. A. HAILWOOD.
The Hailwood gas-cap observation-machine, which calls for no superior or expert knowledge on
the part of the operator, and requires no motor or similar auxiliary and expensive device, is
made in two types, namely, (1) the drum type, and (2) the gallery type.
In attempts at standardizing the apparatus, difficulty was experienced in arriving at a suitable
method of fixing a constant pressure of the ingoing gas. Owing to the comparatively small

quantities required to make mixtures of even up to 5 per cent., it was found to be practically
impossible to control properly the pressure on the ordinary gas-mains with valves, watergauges, ordinary gas-pressure regulators, and variable regulating valves. The regulation of
ordinary gas-pressure regulators, to correspond with certain readings of the water-gauge, did
not prove sensitive enough, because, in the first machines, on changing the nipples, the bore of
which varied to represent varying percentages, it was found that the mixture did not always
correspond, the results also varying from day to day. A reduction in the bore of the nipple
apparently caused the gas to rush through at a higher and uncertain velocity; possibly the
reduction of bore caused a back resistance, which created an accumulation of gas under
pressure between the nipple and the water-gauge or ordinary gas-pressure regulator. This
accumulated pressure evidently causes the increased velocity, which upset the calculations of
desired variations in the gas-mixture for certain variations in the bore of the nipple. For most
general purposes such a variation would have been of no moment, but for gas-cap observation,
in which a variation of 0.5 per cent. is important, this uncertainty was a serious drawback,
especially when the constant fluctuation in pressure of town-gas is also borne in mind. In the
gallery type the difficulty has been overcome by allowing all surplus and back-pressure gas to
escape through a water- or
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glycerine-seal, the supply of gas, in consequence, being received from a source always
maintained at one definite pressure The mixture, therefore, now responds to the several
variations in the bore of the regulating valve, which represent the various percentages of gas.
The very small quantity of gas consumed in these machines allows of their use in an ordinary
room, in contrast with other appliances, especially of the motor type, which require so
comparatively large a quantity of gas that the outlet must be connected to the outside
atmosphere, when, if the wind be blowing in a certain direction, the amount of air blown back
into the apparatus, or the resistance to the free exit of the gas-mixture, may possibly dilute or
upset the percentage.
Attention is also drawn to the fact that the lamps are not open to the ordinary atmosphere,
and should therefore truly indicate the actual mixture in which they stand. In a test with a
machine open towards the bottom, a distinct diminution in the cap was observed when the
gas-mixture was driven at the lamp in a vertically descending direction, as compared with the
cap obtained when the same gas-mixture was horizontally projected.
The gas-mixture
escape was at the bottom of the chamber in the first of these tests, and at the opposite
side in the second. The difference was particularly marked in the higher percentages of,
say, 5 per cent. and upwards.
This would seem to point to the possibility of inaccurate
readings in the past, as if when sending gas downwards at a lamp more than 7 per cent. is
required to give the “7-per cent. standard reacting of the gauze being full of flame,” it would
appear to follow that, as the starting percentage is wrong, subsequent percentages
obtained by the insertion of nipples of varying bore may also be wrong to a corresponding
degree. In the gallery type the great length of the gallery, the comparatively low velocity of
the mixture, and the several mixing-plates, ensure a uniform blending of the mixture, which,
the writer contends, is obviously better than the method by which the gas is driven down at
a high velocity on to the lamp. In the latter method, probably the high velocity, and the

large open mouth of the chamber, admit of the formation of eddy-currents of varying
degrees of dilution. Therefore, the percentage of gas in different-parts of the chamber may
vary, and lamps of different heights
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may have their flames at other than the position at which such apparatus was calibrated.
In both the drum and gallery types the lamp is completely enclosed in the gas-mixture; in the
former the carbonic acid is absorbed as described later, while in the latter the products of
combustion from the lamp-flame pass away through the chimney of the apparatus. Owing to
the smallness of the usual testing-flame, the consumption of oxygen is comparatively low. In
any case, the writer would suggest that his system apparently is better than one in which any
part of the lamp is open to an atmosphere other than the gas-mixture, such, for instance, as
the device in which the gas-mixture is sent into the middle portion of the lamp, with apertures
left open at the top of the lamp for the escape of the consumed gases. In this case there is a
great possibility of ordinary air, owing to its relatively higher specific gravity, descending
through such apertures and diluting the lighter gas-mixture as it enters the lamp. The writer is
of opinion that any lamp open to the atmosphere, or any observation-apparatus open to the
atmosphere, in the near vicinity of the lamp, is subject to eddy-currents or dilutions, generally
to an unknown extent.
Both the drum and gallery types are calibrated in such a manner that, when using town-gas,
allowance is made for the non-combustible gases generally present therein.
By experiment the writer hopes to show that, so far as the visible effect on the flame is
concerned, the gas-caps of equal percentages of town-gas and air, and of methane and air, are
to all intents and purposes identical; and that, whereas town-gas usually contains some gases
of high illuminating power, these, so far as gas-caps are concerned, are nullified or balanced by
the lower illuminating power of the comparatively high percentage of hydrogen usually
present, as compared with methane. This, the writer thinks, proves the error of recent
statements that it is wrong to employ town-gas as a substitute for fire-damp in flame gas-cap
testing by firemen. Town-gas might give different results from those obtained with methane
when platinum detectors, as in the Holmes-Ralph gas-detecting portable electric lamp, are
employed ; but there seems to be practically no difference in the effect on a flame-lamp.
* "The Holmes-Ralph Gas-detecting Portable Electric Lamp," by George J. Ralph , Trans. Inst. M.
E., 1911, vol. xlii., page 201.
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The following are descriptions of the two types of apparatus :—
(1) The Drum Type.—This type (Fig. 1) consists of a large drum A, to which is attached a
measuring-chamber B, and an observation-chamber for holding the lamp, which latter stand in
a water-ring seal, so arranged that the pricker can be operated from the outside.
The
observation-chamber is in direct communication with the large drum A.
The machine is

adapted for use either with ordinary town-gas or with cylinders of compressed gas, and will, it
is thought, prove of great utility at collieries which are not supplied with the former.
The mode of operation is as follows :—Tap C is opened and the measuring - chamber B filled
with water. The gas-tap D being now opened, the water is allowed to escape from the
measuring-chamber B by means of the tap J, gas entering and taking its place, and water to the
level of the zero-mark being left to form a seal. The taps D and J are coupled together by a rod
M, to ensure their working m unison. The gas-tap D should then be closed, and tap E
momentarily opened so as to allow any surplus gas, over and above atmospheric pressure, in
the measuring-chamber B, to escape.
Fig. I.—Drum Type of Gas-cap Observation-machine.
[Photograph]
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Tap F in a pipe communicating between the measuring-chamber B and the drum A is now
opened, after which water is again allowed to enter the measuring-chamber B, through the tap
C, until the level upon the water-gauge indicates that the desired quantity of gas has passed
into the drum A, which is normally full of air. The taps C and F are coupled together by a rod K,
so as to ensure their working in unison. Each division upon the water-gauge represents ½ per
cent., so that to pass 1 per cent. of gas into the drum A it is only necessary to allow sufficient
water to enter the measuring-chamber B to cover two divisions of the scale ; 1½ per cent.,
three divisions ; 2 per cent., four divisions ; and so on. To allow an equivalent quantity of air to
escape from the drum A, tap G is opened whilst gas is being driven in, and a handle H,
connected with a large mixer, is rotated to blend the mixture well, the handle being operated
each time that gas is added.
To absorb any carbonic acid given off by the lamp, a tray of caustic soda or ordinary groundlime may be placed in the drum A, the lid P of which, resting in a water-ring seal, is detachable.
With this machine it is a simple matter to change very rapidly from small percentages up to 5
per cent., at which the gas-cap extends towards the top of the lamp-gauze. If more than a 5-per
cent. mixture is desired, it can readily be obtained by recharging the measuring-chamber B with
gas, and operating as already described.
In the observation-chamber the lamp is very accessible, and quite close to the eye of the
observer. At very low percentages the gas-cap remains steady for 15 to 20 minutes, and at high
percentages for a few minutes. An average of not more than 5 minutes for observations of
each percentage is recommended; but, if a longer period be desired, larger chambers are made
for this purpose.
Before commencing to use the apparatus, care should be taken that the seals to the lid of the
large drum and the lid of the observation-chamber are filled with water, as also the seal in
which the lamp stands. The lamp-seal may be filled through an aperture in the side of the
observation-chamber, but care should be taken to replace the screwed plug.
(2) The Gallery Type.—In the gallery type (Figs. 2 and 3) the fundamental function lies in the
velocity created by a gas-flame in the chimney of the apparatus.
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The apparatus takes the form of what might be called a horse shoe gallery J, about 5 feet 9
inches long, giving a total length over the two sides of the horseshoe of about 11½ feet,
Fig. 2.—Gallery Type of Gas-cap Observation machine, with Chimney removed.
[Photograph]
the front portion (one side of the horseshoe) being arranged to receive a lamp or lamps
immediately in the rear of a glass observation-window or windows. The lamp or lamps may
be of
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any usual pattern or size, and are placed under covers P, the lower end of which rests in a
water-ring seal. The pipe A carries town-gas to an accumulation-box B, to one end of which is
connected a water-gauge N by the pipe C. A tube D, provided with a cock, is also carried from
the accumulation-box to the chimney E, terminating in a gas-jet pipe Ex. A regulator-box Bx is
attached to the side of the accumulation box B, a pipe from the top part of the latter passing to
the bottom of the former and dipping in a glycerine regulating cup L. The regulator-box Bx is
provided with an overflow pipe M, at the upper end of which the overflow gas may be ignited.
A tube F conveys the gas at a regulated constant pressure, through a measuring-valve G and a
tube H, to the extremity of the rear portion of the gallery, which is also provided with
regulatable air-supply holes K. At intervals along the gallery, gauze mixing-baffles are arranged.
In order to operate the machine, town-gas is allowed to enter the accumulation-box B through
the pipe A, the glycerine regulating cup L being screwed up or down until the water-gauge
reads at the correct figure, this being dependent on the size of the apparatus supplied; in one
size the water-gauge reads at half-an-inch difference of level. The measuring-valve G is now
opened: the area of the valve porthole exposed fixes the percentage of gas passing into the
apparatus and a pointer on the valve indicates the various percentages, such as, say, 1½ , 2 per
cent., and so on,
Fig. 3.— Gallery Type of Gas-cap Observation-machine, placed on Trestles.
[Diagram]
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rising by ½ per cent. The gas-jet pipe Ex in the chimney E is then ignited, thereby creating a
natural draught in the gallery which draws in the gas at a uniform velocity, through the pipe H,
and air through the supply-holes K. The mixture is well blended as it passes along the gallery

by 24 gauze mixing-baffles and, of course, passes through the lamps standing in the gallery
before reaching the chimney E.
With this apparatus, by the simple operation of the measuring-valve G, it is possible to change
(very quickly) the percentage from zero to the explosive point, and vice versa, and to check the
skill of the student in reading caps.
The lamp-covers P, which rest in water-ring seals, act as safety-valves in the event of an
explosive mixture being ignited; and other similar, though smaller, covers are provided in the
rear portion of the gallery as additional reliefs. Tubes can, if desired, be provided for the
purpose of drawing samples from the gallery, in order to check and prove percentages.
Amongst the advantages claimed for the gallery type are—the steady velocity of the mixture
along the gallery, which conforms more to the conditions prevalent in an actual mine ; the
mixture arrives at the lamps in a thoroughly blended condition; and, as the lamps are
completely enclosed, they are not so subject to eddy-currents of gas. The caps, therefore, truly
indicate the percentage of the mixture that is passing.
It is thought that an apparatus provided with a chimney, as in the present one, which pulls the
mixture past and through the lamps, gives an infinitely superior result to that given by one in
which the current is driven at the lamps. In the latter method the gas seems to advance in
layers, waves, or eddies, and when it reaches the lamp may not be thoroughly blended;
therefore, lamps placed in different positions in the testing-chamber of such a machine may
give varying unknown percentages, which do not correspond with the indicator.
Care should be taken to see that all the water-ring seals are full of water or glycerine, and, if
rubber pipes are used to convey the gas, that such hang free of kinks.
Fig. 2 illustrates the principal end of the apparatus, with the chimney E removed, so as to
expose the gas-jet pipe Ex while Fig. 3 shows the apparatus conveniently placed on trestles U.
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Upon the conclusion of the reading of his paper, Mr. Hailwood carried out the following
experiments:—
In an apparatus of the gallery type (Figs. 2 and 3) gas-caps resulting from 1.5, 2.5, 3.5, and 4 per
cent. of gas were shown.
In an apparatus of the drum type (Fig. 1) gas-caps of Morley town-gas, of 0.5 per cent. mixture,
advancing up to 5 per cent. in steps of 0.5 per cent., were shown, as also were similar
percentages of Newcastle town-gas and Leeds town-gas, so that any variation between the
caps from such gases could be noted. The Morley town-gas was carried in the measuringchamber of the apparatus, while the Leeds town-gas was carried in a steel cylinder of a
capacity of 20 cubic feet, thereby illustrating the facilities offered by the apparatus for the use
of town-gas at out-of-the-way collieries. The Newcastle town-gas was taken direct from the
mains.
In another apparatus of the drum type, provided with five measuring chambers instead of one,
so as to allow of the simultaneous use of several gases, were shown gas-caps resulting from
mixtures of hydrogen and air from 0.5 to 5 per cent., and separately of methane and air from
0.5 to 5 per cent. The methane used was of about 95-per cent. purity, the remaining 5 per cent.
being principally hydrogen. This test demonstrated the comparative faintness of the hydrogen
gas-cap as compared with the methane.

During these last two tests a lamp was kept burning in the other drum-type machine, with the
usual testing-flame, in a 2½ -per cent. mixture of town-gas, and also in the gallery-type
machine, so that comparisons could be made.
Mixtures of 2½ per cent., representing, as nearly as possible, three of the analyses of fire-damp
given by Prof. R. A. S. Redmayne, were next produced in the large drum-type apparatus, the
mixtures being as follows :—

Methane, per cent.
Nitrogen
„
Carbonic acid ,,

Test 1.
92.8
6.9
0.3

Test 2.
93.4
4.9
1.7

Test 3.
98.2
1.3
0.5

In the next experiment mixtures of various percentages of carbon dioxide and air were
produced in a drum-type machine, in order to show the effect on a lamp-flame of different
percentages of carbon dioxide.
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Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that there were one or
two points to which he thought attention ought to be drawn. It was very unfortunate indeed
that Mr. Hailwood had not confined himself to the description of his own machine, instead of
also comparing it with others, because he had no hesitation in saying that his comparisons
were not correct in regard to those other machines.
He had had much experience of
machines of what Mr. Hailwood had termed the “motor” type, where an air-current was blown
through the lamp-chamber, and if such a machine were properly constructed, he was certain
that there was no chance of the air being blown back into the apparatus; neither was there
any possibility of resistance to the free exit of air affecting the composition of the mixture with
a machine correctly made. He (Prof. Louis) had experimented quite extensively with that type
of machine, and had no hesitation in saying that those two difficulties could not be fairly
imputed to such a machine. In the same way, he had used an appliance in which the lampflame alone was surrounded by a mixture of gas, and although he could not claim so high a
degree of accuracy for it as for appliances in which the lamp was inserted into a mixture, such
machines were by no means so imperfect as Mr. Hailwood had suggested. He had made
careful observations side by side with an accurate machine, and he might explain that, in order
to get accurate results, he had designed a machine in which air was blown through a chamber
by means of a motor whilst a gas-current was thoroughly mixed with it, and measurements
were taken in duplicate ; the quantity of gas and air passing were both measured by inserting in
their respective tubes diaphragms, with apertures of known arc, fitted with differential
pressure-gauges, and by measuring- the difference of pressure on either side of the
diaphragms, the velocity of the current could be calculated. That, of course, was a wellknown principle which gave a highly accurate measure of the gas or air passing through the
tube. In addition to that, both gas and air were passed through accurately-calibrated meters,
and by means of a stop-watch the volume of either passing through was accurately measured.
He was not suggesting that as an appliance for ordinary purposes, but merely as an

appliance for careful scientific observations. Using an appliance of that kind, and comparing
the heights of flame-caps in it with the heights of
[127]
flame-caps obtained in the second method that Mr. Hailwood had referred to, he thought that
there was practically no difference, although he would not affirm that there was absolutely
none.
With regard to Mr. Hailwood's other statement, that there was practically no difference in the
effect on a lamp-flame between coal-gas and fire-damp, he was not disposed to agree with it.
One could certainly see a difference. He did not wish to commit himself at present to say
whether there was or was not a difference in the height of cap; he hoped to make a further
series of observations on that point; but he did say quite definitely that it was not correct to
assert that there was no difference. There was a very distinct difference in the texture of the
caps, so much so that anyone of experience could tell whether a flame-cap was due to ordinary
coal-gas or to firedamp. Therefore, that observation of Mr. Hailwood must not be accepted
without reservations.
With regard to the two forms of appliance that had been put before them, the drum type, as it
was called, was an exceedingly convenient form; it was the kind which everyone used for small
experimental work. For instance, if he had to make an experiment on a small quantity of gas,
he would take a bell-jar filled with air, and then from a similar bell-jar he would put in the
required amount of whatever gas he might be experimenting upon, so as to produce the
mixture. The type itself was a, perfectly well-known laboratory method used by everybody; but
it struck him also that the appliance was uncommonly like one on the market at the present
time, manufactured by an Edinburgh maker; the only difference, as far as he could make out,
between the two being that the Edinburgh appliance had a series of concentric drums placed
inside each other. He was speaking from memory, and was open to correction. With regard to
the gallery type, he was by no means certain of its reliability, because there the air-current was,
he understood, produced wholly by the heating effect of a gas-flame inside a metal chimney.
Obviously, if there was any air-current in the room blowing upon that chimney and cooling it,
they would certainly get marked differences in the quantity of air passing. It was a matter
which would require to be carefully tested. He was of opinion that the machine could be very
much improved if the tube was surrounded by a non-conducting cylinder, so as to prevent any
external effects of that kind.
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Dr. P. Phillips Bedson (Armstrong College, Newcastle upon-Tyne), in supporting the point
raised by Prof. Louis with reference to the statement that “by experiment the writer hopes to
show that, so far as the visible effect on the flame is concerned, the gas-caps of equal
percentages of town-gas and air and of methane and air, are to all intents and
purposes identical,” said he thought that in experimenting with marsh-gas and town-gas that
was not a safe expression, because town-gas varied so much, sometimes being coal-gas, and
sometimes other mixtures. There was a very distinct difference between the caps produced
by methane and the caps produced by ordinary coal-gas.
He had himself observed a

considerable difference, not only in height, but also, as Prof. Louis put it, in texture, and in
some cases in colour.
Mr. A. D. Nicholson (H.M. Inspector of Mines, Durham) said that, when he was attending some
examinations for deputies, the variation in the caps seemed to him to be very considerable.
With the same machine it appeared to vary in different gases; with coke-oven gas, for instance,
the results seemed to be to some extent different from the results obtained with town-gas. He
remembered one examination where several deputies, one after another, gave the percentage
as about 1 per cent. higher than the actual percentage was supposed to be. They were
perfectly correct in gauging the height of the cap, and in stating the percentage according to
that height.
Dr. W. M. Thornton (Armstrong College, Newcastle-upon-Tyne) suggested that the size of the
cap might depend chiefly on the supply of oxygen to the flame to maintain combustion, and
that this itself depended on the calorific value of the gas. The higher the calorific value, the
smaller the flame could be. Thus an oxyhydrogen flame, in which the heat of combination was
28,000 calories per gramme of gas burnt, was a small one. That of methane, with a calorific
value of 13,250, could not be expected to be very different from coal-gas at 11,000. The
difference was, however, about 20 per cent., and if the height of the flame varied inversely as
the heat of combination of the coal-gas in the burner and the mixture around it, there should
be a cap somewhat higher when burning in coal-gas than when burning in the same per[129]
centage-mixture of methane. This might account for the deputies (mentioned by Mr.
Nicholson) finding a higher cap with coke-oven gas than with town-gas, which contained gases
of higher calorific value.
Mr. E. A. Hailwood (Morley), in replying to Prof. Louis's remarks with respect to the motor type
of machine, said that he wished it to be understood that, so far as he was concerned, he did
not want to appear to be disparaging other machines; it was close upon three or four years
since patents were taken out for his machine, and he had hesitated about putting it on the
market, because in dealing with mine gases he had found such distinct variations to contend
with. He had encountered a number of the difficulties to which he conceived the motor type of
machine to be subject, and it was quite possible that in such machines those might now have
been overcome. His remarks had been merely intended to draw attention to some of the
obstacles with which he had had to deal, and, so far as he could say, had overcome.
Unfortunately, he was that day at some disadvantage, as he had expected to carry out
personally a long series of experiments prior to the meeting, in order to be able to give the
members more data; but business had interfered with his intentions, and he had not been able
to afford the necessary time. Referring to the motor type of machine, he might say that on the
previous day experiments had been made of sending a gas-mixture of 5 per cent. down at the
lamp, and the difference in the gas-cap was very marked between that and when the gasmixture was driven sideways at the lamp. The downward method was, of course, at present
adopted in most of the motor-driven machines. In one test with a machine having the

observation-chamber open directly to the atmosphere at its base, he had moved the lamp into
various parts of the chamber, and found, according to the gas-percentages with which he was
working, and the velocity at which the mixture was moving, that he could see a difference in
the effect of the velocity on the flame in different parts of the chamber. He had not, however,
had much opportunity during the present year of carrying out further experiments with the
motor type of machine.
With regard to methane and town-gas, he was quite open to have his statement upset. In one
series of experiments carried
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out with methane the acetylene-gas was not taken out, and that possibly was one of the
factors which helped the methane cap to look more similar to the coal-gas cap. In another
experiment carried out only the previous day, the acetylene-gas had been taken out of the
methane and the latter very carefully cleansed; and, judging by the results obtained, it seemed
as if the statements contained in his paper would be completely upset. Finally however, the
conclusion was arrived at that in the hurry some air had got into the methane storage-cylinder
or its pipes, and when it was analysed the gas was found to contain 7½ per cent of oxygen.
However, so far as one could observe after allowing for this, it really seemed that the
comparatively small percentage of higher-quality illuminants usually present in coal-gas was
required to balance the poorer illuminating quality of the hydrogen. He thought that
it was reasonable to suppose, from the tests that had been carried out, that such was the case.
As already stated, he would have liked to have gone further into the question, and so have
been in a position to give them more definite figures.
With respect to the gallery type of machine being subject to the variations of temperature in
the room, he did not personally think that there would be as much variation in a room (such as
that in which a machine of that kind would be stationed) as there would be in the case of a
machine which communicated with the outside air. Prof. Louis had stated that he had not
noticed the effect of the wind coming against the motor type of machine. He (Mr. Hailwood)
had, and he had observed it very distinctly. In one test when he was trying to get a 2½ -per
cent. mixture, it could not be made out what was preventing the cap from showing up at 2½
per cent., and, on investigation, and going outside the building, it was clear that the wind was
blowing in their direction, and blowing very strongly back into the machine, thus upsetting the
mixture. With regard to the Edinburgh apparatus, it might conceivably be the same as the
drum-type machine; he had not seen it, but if Prof. Louis could give him its name, he might
recognize it. He quite realized that in most of these matters one must follow laboratory
experiments, and as far as commerce was concerned, most commercial undertakings were
based on something that had happened in the laboratory. All that he had professed to have
done
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was connected with the particular application, the general arrangements, and the compactness
and handiness of the machine, and this might have been done also at Edinburgh.

With respect to the coke-oven gas variations, he took it that there was a considerable variation
in such gas as compared with town-gas, and that it would contain some different
hydrocarbons, which might make a difference in the cap.
In conclusion, he might say that he had spent a good deal of time and money on the gas-cap
observation question, and in bringing forward his paper it was intended to draw attention to
some of the facts incidental to the machines used.
The President (Mr. W. C. Blackett) said that he agreed with Prof. Louis that it was not desirable,
in cases where they had commercial contrivances put before them, that any other appliance
should be introduced with a view to criticizing it adversely. They should have all the advantages
of any machine put before them, and leave the members to judge of its merits. If he were
comparing the two kinds that he had already seen, he would introduce a consideration which
had not been mentioned, and that was one that required a good deal more enquiring into,
namely, the difficulty of diffusion of gases. He was quite certain that it was more difficult than
had hitherto been imagined. One advantage of the cap-testing machine, where they had a
rapid inlet of air driven by a fan through a small pipe on to the gas, was that they obtained a
much more rapid diffusion of gases than they would by merely subjecting these to a journey in
a slowly-moving current. It also struck him, while Mr. Hailwood was speaking of the
illuminating-gas that was required to make hydrogen-flames visible, whether some of the
devices that had been invented for making cap-flames visible had not the same effect— for
instance the Cunynghame-Cadman device, or the wire-loop device; either of these might have
some such effect as the introduction of a more highly illuminating mixture of gas. It did not
seem to him that they ought to treat the subject of gas-caps from the actual laboratory
standpoint; what they had really to do was to discover whether thousands of deputies at the
present time could detect small gas-caps with reasonable accuracy. He thought that the
machines employed, even if they were not accurate from the analytical chemist's point of
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view, were sufficiently accurate for the purpose; arid they should not lose sight of the fact that
they were not seeking to obtain highly scientific results, but practical results for many
thousands of working men under conditions into which they could not introduce absolutely
scientific accuracy.
MINERS' ELECTRIC SAFETY-LAMPS.
The following miners' electric safety-lamps were exhibited: The Ceag Lamp.
The Ceag lamp (Fig. 1) may be said to consist of three parts namely, the accumulator, the
bottom part, and the top part, and weighs, notwithstanding its extraordinarily strong
construction, only about 5½ pounds. In construction the lamp is so sound that it can be thrown
upon a stone floor without suffering any damage.
The accumulator possesses a strong celluloid casing, and being separated by an intermediate
space from the steel casing of the lamp, is protected against damage by rough usage or

external force. The two freely suspended centrically arranged electrodes, of circular shape, are
screwed into the lid of the casing, by which means troublesome warping is avoided, and a
considerable capacity of resistance attained. The lid is easily detachable, so that the electrodes
can readily be changed. A novel acid-proof closing arrangement of the battery-cell permits of
free egress to the gases without allowing the liquid to escape. Both pole-ends are provided
with detachable contacts on springs, this arrangement preventing the troublesome oxidation of
the contacts; and as they can easily be cleaned with warm water, they are consequently not
liable to destruction by acids, etc.
Fig. 1.— The Ceag Lamp.
[Photograph]
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The bottom part of the lamp, circular in shape, is a stout casing of heavily-tinned drawn-steel
plate, strengthened by pressed corrugations. Almost across the inside bottom is a small raised
portion, which, engaging with a furrow almost across the bottom of the accumulator, keeps the
same in position.
The top part of the lamp is fastened with a bayonet-joint to the bottom casing, and is locked
with a strong magnetic lock, thus preventing unauthorized opening. The connexion between
the loose contacts and the glow-lamp is effected through a brass segment, placed in insulating
material; and the light is switched on and off by a quarter-turn of the top part of the lamp while
locked. The metal-filament glow-lamp, of 1.5 candle-power, is protected first by a thick glass
dome, and then by four iron bars, and is also placed between spiral springs, so that damage to
it very rarely occurs. By this arrangement not only is great economy of bulb realized, but an
absolute safety against fire-damp is attained, as the circuit is broken automatically if the glass
dome be shattered.
Charging takes only 4 to 5 hours, and the lamp will burn continually for 12 to 16 hours.
The advantages over the oil safety-lamp are manifold, and only a few may be enumerated as
follows: —
(1) A strong, steady, and well-distributed light, which does not flicker, and burns in any
position; the glass also never becomes clouded or dull.
(2) The strong and steady light enables the miner to work more easily and remuneratively, and
danger can also be more readily observed.
(3) The user is not so liable to nystagmus and other ophthalmic diseases.
(4) Official tests have proved that there is an absolute safety against fire-damp.
(5) Developing no heat, it can be comfortably handled, and in difficult places carried in the
pocket, on the belt, or in the mouth, or can be laid down on the floor.
Another important feature, in some cases decisive, is its cheapness. Careful calculations
demonstrate that at collieries equipped with modern Ceag lamp-cabins the cost is no higher
than the oil safety-lamps.
The lamp has been in actual practical use with 20,000 miners for a number of years.

[134]
The Stach Lamp.
The Stach lamp (Fig. 2) is of strong construction, adapted to withstand the rough usage
necessarily obtaining in mining work, and essentially consists of three parts, namely, the
accumulator' the bottom part, and the top part.
The lamp, ready for use, weighs about 5½
pounds.
The 2-volt semi-dry leaden accumulator is enclosed in a strong celluloid casing; and the
electrodes being wrapped in glass-wool, absorb some two-thirds of the sulphuric acid used as
electrolyte. The plates are so prepared as to be able to stand rapid discharge, and can also be
left for many months in a discharged condition without being damaged in the way in which
most accumulators suffer by such treatment. In consequence, they may be charged and
discharged fully 200 times before their useful life is exhausted, whereas 60 to 90 charges form
the maximum limit for an ordinary accumulator. A special stopper is provided to prevent the
escape of acid, and to render harmless any gas evolved during discharge; it is so arranged that
it is impossible to spill the acid, even if the accumulator be inverted. If any very small drops
come through with the gas, they are taken up by a small and easily-placed piece of absorbent
material. The terminals consist of substantial leaden blocks, and the celluloid casing is
hermetically sealed, with the exception of the special stopper.
The bottom part of the lamp, circular in shape, is of welded wrought-iron, around the top of
which is fitted a brass ring, in which the top part of the lamp is engaged. Almost across the
inside bottom is a furrow, which, engaging with a celluloid
Fig. 2. —The Stach Lamp.
[Photograph]
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projection on the bottom of the accumulator, keeps the same in position. Attached to the
casing is an iron hoop, to which is also attached a spiked iron hook, which permits of the lamp
being-used in any position, or of being suspended during work.
The top part of the lamp is fastened with a bayonet-joint to the bottom casing, and is locked by
means of an iron pin worked by a spring. This pin can only be withdrawn by means of a
powerful magnet kept in the lamp-cabin, and it is therefore impossible for the miner to open
the lamp. The lamp is thus rendered entirely fool-proof, and, without detection resulting, it is
impossible for it to be opened except in the lamp-cabin. The glow-lamp is protected by a thick
glass dome, which is in turn protected by a stout four-pillar brass-wire guard. The dome being
set upon a rubber ring, this portion of the lamp is rendered both watertight and gastight. The
lighting of the lamp is effected by about an eighth of a turn of the top part of the lamp, this
causing the contact-springs to slide over and engage with the terminals of the accumulator, a
good rubbing contact being ensured. There is no perceptible spark at opening or at closing the
circuit; and lengthy experiments have been carried out which have proved that the ignition of
inflammable gas, either inside or outside the lamp, is impossible. Between the leading-in wires
is a wall of glass, so that even if the lamp were destroyed by the breaking of the bulb and

filament, the wires cannot come together and so cause a short-circuit and dangerous spark.
The screw pattern metal-filament glow-lamp, of 2 candle-power, is of the Aegma type, and is
specially designed with a view to a maximum of safety. It has no tip, being sealed off, so that
the bulb is quite smooth. The lamp will burn continually for about 14 hours. A concave nickel or
aluminium reflector can be provided if desired, so as to project the light in any direction, or to
shield the eyes during use.
The lamp is already in use in considerable numbers, and the cost has been proved to compare
favourably with that of the oil safety-lamp.
The Tudor Lamp
The Tudor lamp (Fig. 3) is in general made up of three parts, namely, the accumulator, the
bottom part, and the top part, and weighs when in use about 5¾ pounds.
[136]
The accumulator is contained in a celluloid case; by a special contrivance it is rendered
unspillable, and may be inverted and shaken with impunity.
The bottom part of the lamp is a seamless cylinder of sheet steel 0.039 inch (1 millimetre) thick.
The lamp-top is secured thereto by means of a bayonet-joint, the grooves being pressed into
the case, thus rendering it more rigid.
The top part of the lamp is also stamped out of sheet-steel, of the same thickness as the
bottom part, and a strong glass dome is held firmly in position and protected by a steel disc
supported by five steel pillars, to which it is riveted. The hook for carrying the lamp is attached
by a swivel to this disc. The lamp is locked by means of a spring-catch, which can only be
released by means of a magnet; this prevents the lamp from being tampered with when in use.
The contact-pieces are carried on an insulated disc, secured in the lamp-top; this disc also
carries the lamp-holder, which serves the purpose of a reflector as well. The contact-pieces can
be made to engage with the terminals of the accumulator by slightly turning the top part of the
lamp. The capacity of the accumulator is sufficient to light a 1.5 candle-power lamp
continuously for 10 hours.
The lamp has been submitted to severe tests and under all conditions of practical use, and has
given entire satisfaction: it has also been tested and damaged in explosive atmospheres, and
has proved to be absolutely safe against ignition of the gases prevalent in mines.
Fig. 3.— The Tudor Lamp.
[Photograph]
The President (Mr. W. C. Blackett) said that there were two schools of thought so far as the
light was concerned, one being that the light should be thrown all round—in front, at the sides,
and behind; but he preferred the one that threw a light in front and on the roof and floor.
[137]

Prof. Henry Louts (Armstrong College, Newcastle-upon-Tyne) said that a lamp not down for
exhibition had recently been submitted to him to test, and he had brought it to the meeting
because he thought that it would interest the members, more especially as it was the invention
of an old Armstrong College and Newcastle man; he referred to the Faraday-Hawdon miners'
electric safety-lamp. It was stated that the Ceag lamp had a metal-filament glow-lamp of 15
candlepower, protected by a thick glass dome, etc.; but it must not be supposed that the lamp
gave this candle-power, because the thick glass prevented this. The best that could be got was
0.986, practically 1 candle-power, and it kept at that continuously throughout 10 hours, with
no diminution. The Faraday-Hawdon lamp gave a candle-power of 1.3, but he was not yet in a
position to say whether it would do that continuously, as he had not fully tested it. He
suggested that a description of the Faraday-Hawdon lamp might be included in the discussion.
Mr. A. F. Hawdon (Newcastle-upon-Tyne.) wrote that the Faraday-Hawdon lamp (Fig. 4) was
constructed of lead-coated steel, and was of the necessary stoutness to withstand accidental
dropping and other rough usage. Being the outcome of practical experience, it was of
moderate height, namely, 6½ inches over all, and could therefore be used in the most awkward
places; further, weighing only 3½ pounds, it could, if necessary, be carried easily in the mouth.
The bulb was protected by a thick glass dome, guarded by a stout bridge, to which was
attached the usual handle or hook. The light was switched on and off by means of a. small gastight screw-switch, and the lighting capacity was 1½ candle-power for 10 hours as a minimum.*
The hinged lid upon which the bulb, etc., was mounted was closed by means of a hasp, and
sealed either by a small lock or the usual leaden pin, and, when sealed, the lamp could not be
interfered with without detection. A spun reflector was supplied to cover one half of the glass
dome, if required. No tools were necessary to take the lamp entirely to pieces, and as this
could be done in 10 seconds, its simplicity reduced the cost of upkeep to a minimum.
* Mr. Hawdon subsequently wrote that further tests had been made and 1.62 candle-power
obtained for 10 hours.
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The accumulator, the case of which was of stout celluloid weighed, when charged ready for
use, 2¼ pounds, and gave for its size the maximum output obtainable. The plates had a large
area, and could, in case of emergency, withstand charging at a high rate; and, being mounted
on rubber cords, they were protected from damage, etc. The terminals were constructed so
that no
Fig. 4.—The Faraday-Hawdon Lamp.
[Photograph]
creeping could take place, and attached to them were brass springs to make contact with the
lamp-base; these brass springs were very easily renewed. The accumulator was of 2 volts, and
contained free acid; it was constructed so that no acid or gas could escape, no matter in what
position it was held, thus pre-
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venting the usual troubles due to corrosion. It could normally be recharged in 7 to 8 hours, but
in cases of emergency in 5 hours. One hundred of the accumulators could be put on to charge
within 10 minutes, no loose wires being used in connecting them up.
The price of upkeep and maintenance would, he felt sure, compete favourably with most types
of oil safety-lamps now in use.
Mr. E. A. Hailwood (Morley) said that it was best to face the question squarely, especially in the
light of experience of miners' electric safety-lamps up to the present. He had studied the
question and carried out experiments for a long while, and one of the difficulties that had to be
faced was the effect of the accumulator acid on the iron of the outside casing (if manufactured
of that material). Having a knowledge of such effect, he had been reluctant, and was so yet, to
use iron in connexion with these little batteries, because, although they might galvanize the
case, galvanizing was always subject to peeling. The next question was that most of the lamps
were of 2 volts, and his experience with 2-volt lamps was that the difference between 2 volts
and nothing was so small that it was a very difficult matter indeed to be sure that the filaments
were in good order.
The President (Mr. W. C. Blackett) said that electric hand-lamps had been in use in the North of
England for a great many years, and for dangerous mines there was not the slightest doubt-in
his mind that they were the lamps of the future.
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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, 1913.
Mr. W. C. BLACKETT, President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the proceedings of
the Council at their meetings on January 25th and that day.
The following gentlemen were elected, having been previously nominated:—
Members—
Mr. Hugh Clarkson Annett, Colliery Manager, Hartford Colliery, Cramlington, Northumberland.
Mr. Albert Henry Hooper, Mining Engineer, 29, Station Road, Keswick.
Mr. William Kirtley, Engineer, 32, Honister Avenue, High West Jesmond, Newcastle-upon-Tyne.
Mr. William Smith Wilson, Engineer, 54, Queens Road, Jesmond, Newcastle-upon-Tyne.
Mr. Charles Cuthbert Wood, Mechanical and Ventilating Engineer, 21, Mosley Street,
Newcastle-upon-Tyne.

Associate Members—
Mr. Walter John Benson, Collingwood Buildings, Collingwood Street, Newcastle-upon -Tyne.
Mr. Alfred Strathmore Bowes, Valuation Department, Inland Revenue, 32, West Street,
Gateshead-upon-Tyne.
Mr. Frederick Tillotson Walker, 27, Woodbine Avenue, Gosforth, Newcastle-upon-Tyne.
Associates—
Mr. John Batty, Colliery Under-manager, South Woodhouse, Whitehaven.
Mr. Thomas Berryman, Mining Engineering Draughtsman, 64, Dolcoath Road, Camborne.
Mr. Eric Loufwin Ford, Colliery Under-manager, Nant-y-Gaer, Chopwell, Ebchester, County
Durham.
Mr. Leo Dorey Ford, Mining Engineer, c/o Mr. Arthur Claydon, Snaresbrook, Broadwater Road,
Worthing.
Mr. John Brown Graham, Assistant Overman, 9, Low Kells, Whitehaven.
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DISCUSSION OF DR. J. S. HALDANE AND DR. T. LISTER LLEWELLYN'S PAPER ON "THE EFFECTS OF
DEFICIENCY OF OXYGEN ON THE LIGHT OF A SAFETY-LAMP,'* AND OF DR. T. LISTER
LLEWELLYN'S PAPER ON "ILLUMINATION AT THE COAL-FACE. WITH SPECIAL REFERENCE TO
THE INCIDENCE OF MINERS' NYSTAGMUS." †
The President (Mr. W. C. Blackett) said that the paper by Dr. Haldane and Dr. Llewellyn showed
how comparatively poor was the light of a safety-lamp, and how much poorer it became in an
atmosphere that contained less oxygen; while Dr. Llewellyn's paper showed how nystagmus
was mostly caused by the deficiency of light given by a safety-lamp. The whole suggestion of
Dr. Llewellyn's paper was that the ordinary safety-lamp, as they had hitherto known it, was not
as desirable as they had thought it to be in the mine, and was not to be compared with the
candle on the one hand and with the electric light on the other in regard to the avoidance of
affliction, which had come more to the fore lately, of miners' nystagmus.
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that some experiments had
been conducted lately on the subject at Armstrong College, and he would prefer to reserve any
remarks that he had to make until later on, when he hoped that a paper containing the results
would be submitted to the members.
DISCUSSION OF MR. E. A. HAILWOOD'S PAPER ON "THE HAILWOOD GAS-CAP OBSERVATIONMACHINE."‡
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that speaking from memory
he had remarked at the last meeting that the mixer portion of the drum machine appeared to
him to be very like that of some Edinburgh machine. In connexion with that remark he had
been favoured with a

* Trans. Inst. M. E., 1912, vol. xliv., page 267.
† Ibid., page 273.
‡ Ibid., page 503.
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letter from the inventor of the machine that he had in mind, Mr. Wilson, of the Heriot-Watt
College, Edinburgh, who informed him that the machine which he (Prof. Louis) had referred to
was probably—as it certainly was—the machine in question, but that it was no longer made
in Edinburgh. He (Prof. Louis) understood that it would be made elsewhere. Mr Wilson had
been good enough to send him a copy of his patent specification (No. 25,448 of 1911), in which
the following statements occurred: —
“The object of the present invention is to produce an apparatus for mixing gases and liquids in
a variety of proportions, thereby enabling experimental or known mixtures to be readily
produced. The apparatus consists of a tank divided into separate compartments of the desired
proportions. All the compartments preferably bear a certain relation in capacity to the whole
tank and they are built up in one piece or suitably joined. For the gases an inverted tank is used
wholly or partly open at the bottom, and inserted in another tank containing a suitable liquid,
like a gasometer."
He quoted those passages to show that the method of mixing in the two appliances was
identical, but the method of discharging the gas was different. In the Wilson machine, the
mixture of gas was discharged by lowering a tank open at the bottom into water.
In the
Hailwood machine, the gas was discharged by pouring water into a tank closed at the bottom.
That was, so far as he could see, the sole difference between the two as regards the mixing
portion. But it would be very unfair to Mr. Wilson not to add that his machine stopped there.
The Hailwood machine was, on the contrary, a machine for both mixing gases and for
observing the gas-caps at the same time. In other words, the Hailwood machine was nothing
more nor less than an altered pattern of the Clowes chamber, and had therefore the same
defect as the Clowes chamber, which had made him condemn it as an experimental machine
from the very first, because the air in which the safety-lamp was burning in order to test the
lamp was simply one limited volume, and was never renewed from the start to the finish of the
experiment. The percentage of oxygen was constantly becoming less and the percentage of
carbonic acid was constantly increasing, and therefore the lamp did not burn under uniform
conditions. The paper by Dr. Haldane and Dr. Llewellyn, to which the President had referred,
showed how seriously this would affect any experimental work. The deficiency of oxygen
necessarily occurred in the Hailwood machine, and would therefore affect a light burning in it.
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Mr. H. T. Foster (Newcastle-upon-Tyne) said that in his description of the drum type of machine
the author had stated that "If more than a 5-per cent. mixture is desired, it can readily be
obtained by recharging the measuring-chamber B with gas, and operating as already
described." This statement did not appear to be strictly correct. The percentage of mixture was
not obtained directly by adding the volumes of gas discharged from the measuring-chamber

into the drum, as the gas-mixture was being expelled from G when gas was passing into the
drum through the pipe F. For instance, when a 50-per cent. mixture was required, ten
measuring-chambers of gas would give 40.13 per cent. of gas-mixture, if at each operation the
mixture in the drum had been thoroughly diffused. With a 50-per cent. mixture, just half the
volume of gas admitted at F would be expelled at G. He did not press that point unduly, as the
machine was admittedly one for gas-cap observations ; but it would probably be advisable,
even when using small percentages, to wash all the residual gas out of the drum with the mixer
between each experiment.
The President (Mr. W. C. Blackett) said that, so far as the discussion was concerned, he agreed
with what Prof. Louis had said, and he repeated and emphasized some of the remarks that he
had made at the last meeting on the great importance of obtaining a proper mixture between
the gas and the air. He was quite sure from observations that had already been made that
some experiments had been spoiled altogether, and had misled a great number of people for
many years, because the experimenters had failed to obtain a proper mixture of the gases with
which they were dealing. At the same time, he did not think that they required an apparatus
that was scientifically correct, the object being to secure that large numbers of practical men
should be able to recognize gas-caps in the pit such as indicated the standard set up by the new
Act.
Mr. George Harold Greenwell's paper on "The Jherria Coalfield (India) and its Future
Development" was taken as read, as follows: —
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THE JHERRIA COAL-FIELD (INDIA) AND ITS FUTURE DEVELOPMENT.
By GEORGE HAROLD GREENWELL.
Introduction.—The Jherria coal-field lies along the Darauda Valley, about 170 miles from
Calcutta, and forms part of the Damuda Series of measures. This series belongs geologically to
what is known as the "Lower Gondwana System,” and is itself divided into the following
stages:—(1) The Barakar Series of Coal-Measures, (2) The Ironstone Shales, and (3) The
Raneegunge Series of Coal-Measures.
Sir Thomas H. Holland states the thickness of the Barakar Series of Coal-Measures to be 2,000
feet, the Ironstone Shales, 1,400 feet, and the Raneegunge Series of Coal-Measures, 5,000
feet.* The Jherria coal-field belongs principally to the first and lowest of these three stages.
Development of the Coal-field.—Owing to the difficulty in transit, as compared with the
Raneegunge coal-field, which lies about 50 miles nearer Calcutta, and in which coal-mining has
been profitably carried on since about the year 1835, no steps were taken to work the Jherria
coal-field until about the year 1891, when, owing to the increasing demand for coal, its
development received attention. In the year 1890, the East Indian Railway Company arranged
with Mr. T. H. Ward for a survey of the coal-field,† and subsequently published a map, copies
of which were supplied to anyone interested; and it was largely due to the enterprise of this
company that a great proportion of the coal-field was quickly taken up. The extension of the

railway from Barakar, some 30 miles distant, and at that time the nearest point on the East
Indian Railway, was at once undertaken and carried through by the company.
* Sketch of the Mineral Resources of India, by T. H. Holland, 1908, page 13.
† “Report on a Survey of the Jherria Coal-field,” by Thomas Henry Ward, Records of the
Geological Survey of India, 1892, vol. xxv., page 110.
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For a number of years it was only with difficulty that the Jherria coal could find a market, and
compete successfully with the better-known coals from the Raneegunge coal-field. This was
due partly to the lower and inferior seams, with their more clearly-defined outcrops, having
received the first attention, but still more to the higher railway-freight charged to all points, as
compared with the Raneegunge coal-field. The first difficulty was quickly overcome by the
development of the field and the determination of the quality of the various seams; while, with
regard to the second, the East Indian Railway Company was always ready, as far as possible, to
meet the coal-owners and adjust freights. Thus, in the year 1894, representation was made to
the company drawing attention to the impracticability of further development under the then
existing conditions, and in the year 1902 a new coal-tariff was introduced. The trade has also
been greatly assisted by the laying-down of the Grand Chord line, and by the enterprise of the
Bengal-Nagpur Railway Company in putting in sidings where required, an enterprise which will
be still further rewarded in the future as the development of the field trends further
southwards and westwards.
Extent of the Field.—The exposed area amounts to nearly 92 square miles, or, say, 58,843 acres
(178,000 biggahs, this being the usual Indian measure of area). A Bengal biggah is equal to
14,400 square feet, and, in calculating English equivalents, 3 1/40 biggahs are taken as
equivalent to 1 acre.
Area Worked.—The greater part of the field has been taken up by various companies and
European and native private owners, although up to the present the area worked may be said
to be only along the outcrops, no coal having been worked at a greater depth than 500 feet,
while the great bulk of the workings are within 250 feet of the surface. There are over two
hundred collieries, but some of these, which started work in the prosperous years 1907 and
1908, are now closed down. Out of the total area, about 23,100 acres (70,000 biggahs) have
been taken up and are being worked by fifty-three of the more important companies, which
are under European management; and these have raised about 80 per cent. of the coal worked
up to December, 1910, or about 35 million out of a total of 43⅓ million tons.
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Coal-seams.—In dealing with the various coal-seams their available areas, and the
approximate available tonnage contained, the numbering as given by Mr. R. D. Oldham has
been followed, and the seams are therefore numbered upwards from 1 to 18, commencing
from the northern and eastern outcrop of the field. No account is taken of the area (26⅔

square miles) on the west, in the neighbourhood of Mhoda, where the coal, although dealt
with by the Jherria coal-field railway system, belongs to the Raneegunge and not to the Barakar
Series of Coal-Measures ; nor has any account been taken of the concealed area lying below
the Ironstone Shales and Raneegunge Series of Coal-Measures (about 53 square miles). The
stated quantities, areas and thicknesses of the seams are in all cases approximate.
Sections.—Fig. 1 (Plate IV.) embodies sections indicating the relative positions of the seams at
two points, namely, A and B (Figs. 2, 3, and 4, Plate IV.). The distances between the seams and
the thickness of each seam are the average for the district in which the section is taken, and are
not necessarily correct for the points indicated.
Jhama.—Throughout the whole of the coal-fields of Bengal, and particularly in the Jherria
district, a very large amount of the coal has been destroyed by burning, and the coal thus burnt
has received the name of “jhama.”
Apparently at some period subsequent to the
deposition of the Coal-Measures, a vast upheaval took place, during which innumerable
streams of molten matter—trap-dykes, chiefly dolorite and mica-peridotite —were forced up
through the coal-fields and surrounding measures.
Where these streams have
penetrated the Coal-Measures, they, in some cases, appear to have passed through a seam
in the form of vertical sheets or walls varying from 3 or 4 inches to 30 or 40 feet in thickness,
without having appreciably affected the coal to any great distance on either side; while, in
other cases, the molten strata appear to have found some line of weakness above, below, or, in
some cases, in the seam itself, and have spread out in sheets over large areas. In these latter
cases the coal is almost invariably burnt for a greater or less distance away from the sheet, a
30-foot seam being often found with perhaps 4 or 5 feet unburnt in the centre, or at the top,
or at the bottom. This burning of the seams varies all over the coal-
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field, those seams which are completely burnt at one point being untouched at another only a
mile distant; while possibly another seam has been destroyed at this point which is untouched
at the first. It is, therefore, impossible to estimate the conditions at one point on the basis of
those observed at another, and the results obtained from boring cannot be relied on, since in
the area to be proved any particular boring may have passed through the only burnt or unburnt
patch of coal as the case may be. The presence of "jhama” also causes the estimation of the
quantity of coal in any area, or seam to be problematical. Unfortunately, so far as can be
judged, the better classes of coal appear to have suffered quite as much as, if not more than,
the seams containing coal of inferior quality.
Present Workings.—Figs. 2, 3, and 4 (Plate IV.) illustrate the lines of outcrop of three of the
principal seams, Nos. 17, 15, and 10, together with the main features of the coal-field, which
will have a bearing on its future development, such as railways, roads, rivers, etc. The outlines
are reduced from Mr. G. A. Stonier's "Map of the Jherria Coal-field," published as a
supplement, to the Colliery Guardian for September 16th, 1904.* The areas over which coal has
been partly or wholly worked, together with the lines at which the probable depth of the coal

will amount to 500 feet and 1,000 feet respectively, are also shown. Although the proportion of
coal worked up to December, 1910, to that probably available at a depth of 500 feet and under,
is comparatively small, it will be seen that in certain districts, notably that lying to the dip and
north of Bhaga railway-station, the necessity for deeper shafts will soon have to be considered.
The outcrops of the various seams, it will be noted, lie in a curve, the chord of which runs from
east to west; while the dip, which in the centre of the field is fairly constant (1 in 10 to 1 in 12),
increases very much towards the eastern and western extremities, being as great as 1 in 1 to 1
in 1½ in the east, and 1 in 3 to 1 in 4 in the west.
Quantity of Coal Raised.—Appendix I. deals with the quantity of coal raised in the Jherria
district, Bengal, and the Indian Empire, for the years 1894 to 1910; while Appendix II. gives the
approximate total quantity of coal raised, etc., in each
* [Colliery Guardian] 1904, vol. lxxxviii.
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of the seams during that period, the lower seams, Nos. 1 to 8 being grouped together.
Available Coal-supply, etc.—Appendix III. gives the following details for each seam, the lower
seams, Nos. 1 to 8, being again grouped together : —
(1) Seam number.
(2) Total exposed area.
(3) Percentage of area unworkable, owing to the coal having been burnt, or to dykes,
faults, etc.
(4) Average thickness.
(5) Total tons in exposed area, after deducting the percentage that is unworkable.
(6) Total tons at depths of less than 500 feet.
(7) Total tons at depths of over 500 but under 1,000 feet.
(8) Total tons worked to December 31st, 1910.
(9) Percentage of total tons worked to December 31st, 1910, to total tons in
the exposed area.
(10) Percentage of total tons worked to December 31st, 1910, to total tons at depths
of less than 500 feet.
(11) Quality of coal.
(12) General.
Analyses.—Appendix IV. embodies analyses of coal from seams Nos. 18 to 10, which, however,
cannot be considered representative, since an analysis of the coal from any particular seam
varies very considerably in different parts of the coal-field. Each analysis, however, may be
taken as representing broadly the character of the seam from which it is taken. The coal as a
whole is high in ash, this, with the exception of the Assam seams, being the case with all Indian
coals.

Future Development.—-In considering future development, the following heads have been
taken: —(1) Power, (2) deep shafts, (3) system of working, (4) haulage, (5) pumping, (6)
ventilation, (7) cost of working, (8) labour, and (9) general.
(1) Power.—The more economical production and transmission of the power which will be
required for the development of deeper workings is one of the main points to be recognized.
At present the greater part of the coal is obtained from inclines along the outcrops of the
various seams—worked by manual or mechanical haulage—and from shallow shafts, the bulk
of the workings of which lie to the dip. Each mechanical incline and shaft is fitted with its own
series of boilers, engines, and pumps. These remarks refer generally to the whole coal-field,
since in
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some cases inclines and shafts have been or are being laid out and developed with full regard
to the advantages of centralizing the plant and capital outlay required to give the best results.
For the development of the deeper workings, with the necessarily greater lengths of
underground haulage and pump-lines, electric power at once comes into consideration, with
the alternatives of a power-supply company or a private installation. Up to the year 1911, five
companies had installed their own generating plants, with a total capacity of about 1,500
kilowatts. All these plants, with one exception, are driven by high-speed engines producing
three-phase alternating current, and for the most part have all proved entirely satisfactory. A
general power scheme was brought forward in the year 1908, and the authority to form a
company obtained, but for various reasons this was allowed to drop; and, although subsequent
attempts have been made to revive it, or to introduce an alternative arrangement, nothing
definite has yet been done.
Looking to the future, it is evident that more and more electric or other power will be required,
and although in individual cases a private installation may possibly prove more economical
than current obtained from a general power company, this will undoubtedly prove the
exception. One or more power companies will, therefore, have to be formed to deal with the
requirements of the coal-field, the shape and formation of which lends itself to the
development of central stations.
So far as private installations are concerned, there seems to be no doubt as to the suitability of
high-speed compound sets in all cases where the largest generator installed has a capacity of
not more than 700 to 1,000 kilowatts. There is no reason why native enginemen should not,
with proper supervision, be as capable of looking after a high-speed as of a low-speed set. For a
general power installation various types of prime movers may be considered, among which are
(a) gas-engines, (b) steam-turbines, and (c) high- or low-speed reciprocating engines.
(a) Gas-engines.—The application of these would necessitate the use of suction gas-engines, or
of running the supply company in connexion with a bye-product or other form of coking plant.
Suction gas-engines might possibly be used with success, although it is believed that large
suction gas-plants have not proved so uniformly successful in India as to warrant their
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adoption without very careful trial; and more particularly the question of fuel-consumption is
not of so serious an import as it is in the case of places where a high railway freight make such
consumption one of the heaviest items to be reckoned with The running of a power-supply
installation in direct connexion with a bye-product coking plant would ensure a double
advantage, as it would give a constant supply of gas to the power plant and a regular outlet for
the surplus gas from the coke-ovens. This scheme, however, seems hardly feasible, as
the Tata Iron & Steel Company (who went very carefully into the question of installing the
coking plant which was required for their steel-works, on the coal-field) decided to give up the
idea and have now installed the plant required at their works at Kalimati.
The chief
objections to such a plant being installed in the Jherria district were the difficulty in utilizing the
surplus gas, and the uncertainty of being able to obtain a sufficient water-supply throughout
the year without the expense of constructing the enormous reservoirs which would otherwise
be required to keep the plant working during the dry season.
(b) Steam-turbines.—There appears to be no reason why this system should not be adopted,
either alone or in connexion with high- or low-speed reciprocating sets.
(c) High- or Low-speed Reciprocating Engines.—It would seem the most obvious course to
adopt this system, but the question of the respective advantages of low- and high-speed types
need not be gone into here. High-speed sets, with or without the addition of low-pressure
turbines, present the most probable solution.
Alternating three-phase current has almost universally been found the most suitable for heavy
power requirements, and would doubtless be adopted. The question of the voltage advisable
at the generating-station, and for transmission purposes, will not be dealt with; but, in view of
the comparatively small area, this should present no difficulties. For underground use, medium
pressures would be generally adopted, on account of the restrictions under the Indian
Electricity Act.
(2) Deep Shafts.—The deepest shafts at present sunk are just over 500 feet. In the course of
the next few years this depth will certainly be greatly exceeded, and the time is not far dis[151]
tant when shafts of 1,000 feet and upwards will have to be sunk.
It is well known that it is more expensive and difficult to sink a shaft in the Jherria than in the
Raneegunge coal-field, on account of the much larger quantity of water and the more difficult
strata met with. In the past a great many of the difficulties have been created by an inadequate
supply of power for winding and pumping, thus causing constant delay and expense. Where
ample power for all probable requirements has been provided, sinking can be carried on
economically and efficiently; and even for a shaft 1,000 feet deep, there is no reason why the
sinking should not be carried out at an average cost, for sinking only, of between £2 and £2
13s. 4d. (30 to 40 rupees) per foot.
For the sinking of shafts of any considerable size and depth, the provision of permanent and
powerful headgear and winding-engines is necessary. To commence sinking with temporary
plant, in order to make an early start while the permanent winding-gear is being ordered and

erected, will almost invariably be found in the long run to be a much slower and more
expensive method than to put down the permanent winding-engines and headgear at the
commencement, and to install proper pumping arrangements for dealing with whatever water
may be found. Under steady supervision, certain classes of native labour can give excellent
results in sinking; and, if power-drills are used with a small electric or steam-driven
compressor, a good return will be obtained on the money spent, especially where there are any
beds of hard strata to be passed through. On the completion of the sinking, the compressor
and drills will be found of great use for main-gallery driving, or where jhama is found in the
workings.
The proper and efficient lighting of the shaft-bottom while sinking is going on is also an
expenditure which is well paid for by results.
At present there have been no indications of gas in any of the shaft-sinkings; but in sinking
some of the newer shafts in the Raneegunge district, safety-lamps have been made
compulsory. It is probable that gas will also be found in the Jherria coal-field as the sinkings
increase in depth.
(3) System of Working.—As greater depths and more extended workings are attained, a
considerable alteration will have to be made in the systems of working, although this
matter has
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already received much attention, and any inspection of the present workings at the larger
collieries will show a very great change for the better, as compared with ten or twelve years
ago Three of the chief faults in the earlier laying-out and working of the collieries are the
following: —(a) The driving-in of far too many inclines from the surface along the outcrop of
the seams, and then working the outcrop coal right back to the surface, leaving practically no
protection against the water which now pours into many of the workings during the rains. In a
number of instances the whole of the outcrop coal has been quarried, leaving old surfaceworkings to fill up with water during the rains. (b) The working-out of large areas into pillars
without the provision of any system of panels or barriers to form a protection against fire,
water, or creep, or to enable the pillars to be worked within a reasonable time of their having
been formed. In many cases when the time comes for the coal to be worked, there will be
considerable loss on account of the coal round the faces of the pillars having perished. (c) The
originally small dimensions of the pillars and the steady reduction in their size, owing to pillarrobbing by miners and natural causes, have already resulted in large areas breaking down and
being entirely lost, and this will continue in the future.
Much has already been done at the majority of collieries to place matters on a better footing;
but the warnings of subsidence, fire, and explosion, during the past two years, although
fortunately unaccompanied by serious loss of life, show that much can yet be done. Where
new workings are to be laid out at greater depths, the arrangements whereby the coal can be
most cheaply and effectually won, with due regard to the protection and safety of the workers
and of other districts of the mine, will require most careful consideration.
As a whole, the coal-field is fortunate in having a good roof above all the seams. This condition,
where the workings are shallow, has enabled liberties to be taken in the way of robbing pillars

and driving wide galleries which otherwise would have had disastrous results. As the depth
increases, and the question of weight becomes more prominent, far greater precautions will
have to be taken than have been necessary up to the present.
In the future development of the deeper workings, it does not appear probable that there will
be any radical change from the
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present system (bord-and-pillar) of working. Although the bord-and-pillar and allied systems
have in England been almost entirely superseded by that of longwall, even in the thick-coal
areas, the labour conditions in India are against the adoption of longwall unless under
exceptional circumstances. As a rule, the workings are opened out by driving main or narrow
galleries in the required direction, usually about 2½ feet in width by 4 to 6 feet in height. This
work is done by a special class of men, who are paid a footage rate, or sometimes a combined
coal-and-footage rate. A second gang (or sometimes two gangs) of ordinary miners follows on
behind the main drivers, and removes the side and floor coal necessary to give the galleries the
requisite height and width. Good progress can be made in this way where there is not much
water to be dealt with; but as a rule, and provided that the main drivers can be got to work as
required, it will be found better to make the original main gallery of reasonable dimensions, say
6 by 6 feet. In the future, in order to deal properly with the question of ventilation, gas, gobfires, etc., it seems likely that all workings will be laid out on a system of panels, and the main
haulage-roads driven in the solid between two series of panels out towards the boundaries, the
coal in each panel being got as soon as possible after completion, and the barriers brought back
eventually after all the panels have been worked out. It is not advisable to allow the coal to
remain in pillars for any great length of time, owing to the perishing which takes place round
the edges; and, if possible, the working of the "brokens" should be started within 12 or 18
months of the completion of each panel.
Owing to the presence of jhama, dykes, and faults, each set of workings would have to deal
with somewhat different conditions, and the laying-out of any particular area would depend on
these points and on the dip of the measures. A further point which increases the difficulty of
working, especially where there is water, is the disinclination of the native miners to work
uphill, the moment the gradient becomes greater than 1 in 5 or 1 in 6. This is due largely to
their objection to having pieces of coal rolling down-on to their unprotected legs and feet.
(4) Haulage.—About 90 per cent. of the workings, whether incline or shaft, lie to the dip, and
consequently the ordinary main haulage system is that in most common use. Endless-rope
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systems, which might otherwise be adopted, are handicapped, by the prejudice of the Indian
miner, who as a general rule must have his tub waiting for him before he will start to cut any
coal; and when that tub has been filled, will, unless there is another tub ready for him, wait
until it has been taken away and a fresh tub brought in its place. About two tubs per day may
be taken as a fair average for a miner working in the solid coal. Small main-and-tail sets, each

dealing with the coal from one or more blocks of workings, will probably come to the front
where deep or moderately deep shafts are being worked.
(5) Pumping.—There is a large quantity of water to be dealt with in the coal-field, in addition to
that which finds its way into the workings during the rains; and, in sinking a pair of deep shafts
towards the centre of the field, not less than 400 to 500 gallons of water per minute would
have to be reckoned with, while pumps of even double that capacity might be required to
ensure a safe margin. Up to the present pumps of the Tangye and Worthington types have had
the field almost entirely to themselves, and the Tangye Special, with its advantages and its
drawbacks, is to be found in almost every colliery, although owing to the need for larger pumps
for shaft and other work many other types are now being introduced. Although in one case
electric sinking pumps have been made use of, it is probable that at the majority of collieries
steam-sets will be utilized, even where electric power is available, owing to the difficulty
experienced in keeping the motor and pump in good order in the Indian climate during the
periods when the set is out of use. With respect to main shaft pumps, electric examples already
installed, whether of the reciprocating or the centrifugal type, have given excellent results; and
where they can be given regular work, and have not to be laid off for long intervals, there is no
question of their superiority over steam-driven sets. Regarding dip-pumps, as already stated,
the bulk of the workings in all existing collieries lie to the dip, and consequently a large
proportion of the water must be dealt with at the working-faces. With inclined workings and
shallow depths the maintenance of steam-pumps close to the working-face has presented no
special difficulty, as air-shafts are sunk at convenient points as the face of the workings
advances; but with deeper shafts and more extensive workings the difficulty will increase; and,
where electricity cannot be in[155]
stalled the question of a compressed-air installation, or even of hydraulic pumping, will have to
be considered. There appears to be an opening in some cases for small oil or petrol-driven sets,
where no other power is available.
(6) Ventilation.—This is a question to be dealt with mostly in the future, since up to the present
there has been practically no attempt made at artificial ventilation.
In almost every case
natural ventilation, sometimes assisted by the exhaust and escaping steam from the
underground pumps and ranges of steam-pipes, is relied upon.
In the case of new shafts and workings there will be little difficulty in arranging for a fan, and in
laying out the workings to the best effect; but, where there are already areas worked out, and
no shafts except those already in use for winding, it will be difficult to introduce a system of
mechanical ventilation without considerable expense. Those in whose charge the working of
the collieries lie will have ample scope for their ingenuity in designing a scheme that will best
suit their particular conditions. One of the results of the introduction of mechanical ventilation
will probably be a need for further underground supervision and the employment of European
overmen, until such time as the native pit sirdar (overman) has been sufficiently trained to deal
with the questions introduced by a definite system of ventilation.
(7) Cost of Working.—Rates and costs, as compared with 10 or 15 years ago, have increased
considerably. The high price obtained for coal, and the difficulty in obtaining labour during
the years 1907-1909, raised the costs of working considerably; whilst the steadily increasing

depth from which coal is being raised, together with the longer haulages required, are
necessitating greater capital outlay per ton of coal raised.
This will increase still more in the
future, although the centralization of the points at which coal is being got, and the larger
output obtained from each central shaft or incline, tend to keep down the capital-cost per
ton. At a fully-equipped colliery the working-cost at present, apart from Calcutta charges,
should amount to between 1s. 10d. and 2s. 2d. (1 rupee 6 annas to 1 rupee 10 annas) per ton,
out of which the coal-getter receives 10d. to 1s. (10 to 12 annas), the amount varying,
however, very considerably with the conditions. The colliery costs vary greatly from
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month to month with the fluctuations of output, which may oscillate as much as 100 per cent.
between the worst and best months of the year. With regard to the future, there will be
tendency in India, as elsewhere, for costs to rise and rates to increase, while there will be
additional charges due to the necessity for providing further and better sanitary arrangements
and good drinking-water for the miners. These points have already received attention from
some of the companies, but much has yet to be done; and the provision of a water-scheme for
the whole of the coal-field, in which direction steps have already been taken, will mean a
considerable charge on the coal-industry of the district.
(8) Labour.—At present the mining community as a whole may be considered as almost
entirely agricultural, the mining side of their lives being, from the aspect of the workers, only
supplementary to their agricultural home life. Instead of being miners possessing plots of
ground which they cultivate in growing paddy (rice) and other crops in their spare time, they
are largely agriculturists, who in the periods between working on their crops (that is, ploughing,
sowing, and reaping) supplement their earnings by coal-mining. This condition of affairs is in
many ways very similar to the condition which prevailed in England during the Middle Ages,
when the serfs and villeins had to do so many days' work in the mines every year for the owner
of the property, after which they returned to their ordinary vocation—generally cultivation or
stock-raising.
For the most part the homes of the miners are several days march from the mines at which
they work, and a constant force of recruiters has to be employed to bring in fresh miners and
to keep in touch with and make arrangements for their return after their frequent visits to their
home villages. The greater portion return regularly to the colliery at which they have been
working, although there are many who are constantly on the move, working sometimes at one
place and sometimes at another. The aim of the owners should be to induce the miners
gradually to settle permanently in the district by giving them at first such land as they require
for cultivation on suitable terms, and thus to bring up a class of miner who has never known
any other home than that at the colliery where he has been working, and who will prefer to
work regularly in the mines as a miner than in the
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fields as an agriculturist. In many places steps have been taken in this direction, but progress is
bound to be slow, and it will be many years before an entirely mining class of native is
created.

The question of bringing to a small area crowds of natives who have hitherto lived in isolated
villages, with primitive systems of sanitation and water-supply—which, although tolerable in a
comparatively thinly-populated area, are certain, if introduced into a crowded mining
community, to ensure outbreaks of cholera and plague—is an important matter. Any steps
taken to increase the density of the population must go hand in hand with the provision of a
sanitation and water-supply scheme, and these are points which are receiving great attention
both from the colliery-owners* and from the Government authorities.†
The main breaks in the miners' year are, first, the Monsoon from May to July, when the miners
go to their villages to plough their land and sow their crops; and, second, from the end of
September to the end of November, when the paddy is ready for cutting. In consequence the
outputs of coal are at their best from December to May, with a very great falling off from May
to August, an improvement in August and September, and two very poor months in October
and November. Indian coal does not stock well, and the effects of unequal raisings cannot
consequently be neutralized by accumulating stocks during the good months and despatching
from stock when the raisings are slack. There is, therefore, an invariable tendency towards a
wagon shortage during the cold weather (December to May), which shortage is accentuated by
the inadequate facilities for dealing with the congestion of wagons in and around Calcutta and
at the docks. The grain traffic, which also comes on during these months, helps to decrease
the supply of available wagons.
(9) General.—Other points in the future development of the coal-field lend themselves to
special consideration. In the separation and cleaning of the coal, the advantages to be gained
by screening and picking are beginning to make themselves felt, and the provision of screeningplants suitable for Indian conditions
*”Presidential Address,” by Mr. R. P. Ashton, Transactions of the Mining and Geological
Institute of India, 1911, vol. vi., page 16.
†The Coal District Sanitation Bill and The Coal District Water Supply Bill.
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will necessarily follow any future development. The main difficulties to be overcome in the
design of a screening-plant for Indian use are the objection of the railway companies to any
type of screen that crosses over the rails, and to the use of covered wagons for the conveyance
of coal. These objections necessitate a special design of plant, and the use of telescopic and
adjustable shoots which can be drawn back, when required to a point well clear of any wagons
which may be standing or passing on the line. So far as the question of coal-washing has been
entertained, it has been found that washing as a means of taking out the dirt from the small
coal has little effect. The incombustible matter in nearly the whole of the Indian coals is so
closely mingled with the coal that the percentage of ash can only be very slightly reduced by
washing. As a rule, the ash percentage of the small coal is rather lower than that of the steamcoal.
Some of the seams make a very fair quality of hard coke, the type of oven used consisting as a
rule of two side-walls about 5 feet in height and 30 to 40 feet in length. The walls are 8 to 10
feet apart, the ends being built up, while firing, with loose bricks. Flues are formed by passing
rollers (wooden props) between the openings in the base of the side-walls through which the
firing of the ovens is started, while the charging is being carried on. When the oven is ready for

firing, these rollers are drawn out. Except during the rains, a very fair quality of coke is made,
but the process is wasteful, at least 2 tons of dust being used for each ton of fair-class coke
made. No attempt has been made to introduce bye-product recovery ovens into this district,
although there seems no reason, judging from the results given by those installed elsewhere,
why they should not prove a success, and why a good market should not be obtained for the
coke and bye-products.
At present the amount of slack and small coal produced greatly exceeds the demand, and
consequently a large quantity has in many place[s] been left underground. It is chiefly in
demand for brick-burning, an industry that prevails all over India during the winter months,
namely, October to April. The sale of briquettes should be a profitable one, the present
difficulty with regard to an installation being the high price of tar.
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APPENDICES.
Appendix I.- Quantity of Coal raised in India, 1894-1910.
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Appendix II.- Approximate quantity of coal raised from each seam up to to December 31st, 1910
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Appendix III.— Available Coal-supply, etc.
[Table]
[000]
Vol. XLV Plate IV Figs. 1-5.
To illustrate Mr. George Harold Greenwell’s Paper on “The Jherria Coalfield and its future
development.”
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Appendix IV.—Analyses of Coal taken from various Seams.
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Mr. E. Seymour Wood (Murton Colliery) said that the paper was of great interest, and he would
have some remarks to make upon it at the next meeting. There was one very interesting

feature, and that was the reference to the presence of mica-peridotite in the different seams
that ran throughout both the Raneegunge and the Giridih coal-fields. It was one of the most
interesting geological features of the Indian coal-fields that he had come across. There was no
doubt that a great future lay before the field described by Mr. Greenwell.
The President (Mr. W. C. Blackett) asked whether the "jhama” coal was capable of being burnt.
Mr. E. Seymour Wood said that “jhama” was really a cinder-coal.
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that when he was out in India
some 8 or 9 years ago they were making, so far as he remembered, coke in the Jherria coalfield in nothing but open kilns, and he would like to know whether anything had been done yet
in the way of adopting beehive ovens, as there had been some talk of doing so at that time.
With regard to the "jhama” coal, Sir Thomas Holland had pointed out that mica-peridotite
was very much
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more fusible than any of the other igneous rocks with which one was acquainted, and had
ascribed this cindering of the coal over such enormous areas to the very great fusibility of that
rock.
Mr. G. H. Greenwell (Poynton, Cheshire) said that, so far as the Jherria coal-field was
concerned, practically nothing had been done yet in regard to the question of installing
beehive coke-ovens. In the collieries with which he had been connected a few had been put
up as an experiment, but they had not proved entirely satisfactory.
The President (Mr. W. C. Blackett) said that the paper would be brought forward for criticism at
a future meeting and would, he hoped, provide an interesting discussion. Mr. Greenwell had
communicated a paper containing many points of interest, and he had pleasure in proposing a
vote of thanks to him.
The vote of thanks was heartily accorded.
The following "Memoir of Thomas Walter Benson,” by Mr. Walter John Benson, was taken as
read: —
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MEMOIR OF THOMAS WALTER BENSON.
By W. J. BENSON.
Thomas Walter Benson was born on October 24th, 1844, at Allerwash, near Fourstones, in the
West Tyne district of Northumberland. He was the eldest son of the late Mr. William Benson,

who was then largely interested in the industrial enterprises of quarrying, lime-manufacturing,
and coal- and lead-mining of that neighbourhood.
He received his early education at the Grange School, near Sunderland, after which he worked
for a time in his father's office at Fourstones, before serving his time as a mining student at
Cowpen Colliery, under the well-known mining engineer, the late Mr. George Baker Forster.
In the early years of his business career Mr. Benson assisted in the management of the West
Tyne business of his father, who was lessee, and afterwards owner, of freestone, limestone,
and coal areas on the Langley Barony Estate.
His father having in 1857 become the lessee of Montagu Main Colliery, Mr. Benson was, about
the year 1867, transferred to Scotswood, and was closely associated with that enterprise until
the time of his death. For some years he assisted the then resident manager, the late Mr.
William Rutherford, and later he himself became the certificated manager, and acted in that
capacity for several years. He relinquished the latter position in the year 1882, but had since, as
managing partner, actively controlled the destinies of the place. He was admitted a partner in
the colliery in July, 1876, the concern afterwards being carried on as "Wm. Benson & Son.”
During the period of Mr. Benson's association with Montagu Main Colliery, and while his
father, a man of great energy, was still living, many important works were carried out under
their direction, and the resources of the colliery largely developed. A considerable length
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of the old “Kitty's” drift (driven about the year 1750, in order to drain the East Kenton and
Fawdon mines) was cleared out and widened for use as a haulage-way; and connecting drifts of
1,000 yards to the Caroline Pit at one end and to the surface at the other were made, so as to
enable coals to be brought from the Caroline Pit (which lies north of Denton Burn) to the River
Tyne at Scotswood. The Caroline Pit (which had been abandoned in the year 1805) was sunk
from the Stone Coal Seam to the Brockwell Seam. In later years two other shafts were sunk
contiguous thereto to a depth of 240 feet below the level of the Brockwell Seam; from this
lower level stone drifts were driven to win the coals lying on the north side of the NinetyFathom Dyke, which intersects the Montagu Main Colliery royalty, the execution of these
works greatly increasing the output of coals from the colliery. Mr. Benson also added the
manufacture of fire-bricks to the business, the Montagu Fire-brick Works having been
established about the year 1880.
Although Montagu Main Colliery was always Mr. Benson's special care, he also devoted much
time and energy to the West Tyne business of quarrying and lime-manufacture, which, on the
decease of his father in the year 1882, had passed into the possession of his brothers and
himself. In their hands many large contracts were carried through, including the supply of
Prudham stone to the new Waverley Station and the Scotsman offices in Edinburgh.
In the year 1886, he and his brothers became the lessees of the extensive quarries in the New
Red Sandstone formation at Corncockle, in Dumfriesshire, which under their management
supplied the stone for many important buildings in different parts of the United Kingdom,
including the Caledonian Railway Station and the Fever Hospital in Edinburgh.
In agriculture also he was always keenly interested, and he, together with his brothers, worked
several farms in connexion with their collieries.

Mr. Benson's firm became members of the Northumberland Coal Owners' Association about
the year 1879, in which he acted as a representative up to the time of his death. For many
years he took an active part in the deliberations of that Association, and served upon its most
important Committees, including the Joint Committee, and also upon the Conciliation Board.
He was fre[165]
quently appointed to undertake arbitrations in connexion with disputes between the owners of
the associated collieries and their workmen.
He was elected a member of The North of England Institute of Mining and Mechanical
Engineers on August 2nd, 1866, and a seat on the Council in the year 1876, serving
continuously till the year 1892, when he was elected a Vice-President. He continued as a VicePresident until the year 1904, when he was elected President, and held the latter office for the
two years 1904-1905 and 1905-1906, during which period the American Institute of Mining
Engineers paid a visit to the district. Mr. Benson always had the welfare of the Institute at
heart, and was a regular attendant at its meetings.
Mr. Benson's activities in public life extended to parochial, union, and county affairs. He was
elected a member of the Northumberland County Council for the Humshaugh division in 1892,
and some years later was raised to the Aldermanic bench. He served on the Standing Joint
Committee, the County Rate Basis Committee, and the Education Committee, and for some
years acted as Chairman of the Sub-committee for Elementary Education in the county.
He was for many years a member of the Board of Guardians of the Castle Ward Union, and for
a considerable portion of the time was a member of the Assessment Committee. He took a
keen interest in rating matters, and was an authority on colliery rating.
Mr. Benson was, moreover, greatly interested in educational matters in the county, and
besides his work on the Education committee he for many years acted as manager (when
schools had to be carried on largely on the voluntary system) of several schools, including
Sugley, Denton, and Newburn Hall, in the Newburn district, and of Newbrough, in the Parish of
Warden. He was also a Governor of the Hexham Grammar School and of the Haydon Bridge
Shaftoe Educational Foundation.
On June 29th, 1899, he was placed upon the Commission of the Peace for the County of
Northumberland, and acted in the Hexham Petty Sessional Division.
In the midst of his many duties, public and otherwise, Mr. Benson ever took a keen and
sympathetic interest in the lives and welfare of all engaged in mining and agricultural pursuits,
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and his liberal support could always be counted upon in any efforts made on behalf of those
who had been overtaken by misfortune. His sound advice and good judgment will also be much
missed by those with whom he came into personal touch. He had a considerable fund of
humorous anecdotes and amusing stories relating to North Country mining matters and to
some of the local characters employed about the pits, which will doubtless long be
remembered by his various friends.

For some years prior to his death Mr. Benson's activities were greatly interfered with by
indifferent health. He sought to recuperate by travel, and visited Egypt and America for this
purpose, but did not secure any lasting benefit. He passed away in London on July 8th, 1912, in
his sixty-eighth year, and was interred in Newbrough Churchyard near his home. Mr. Benson
was never married.
A portrait of the deceased gentleman (Plate V.) accompanies this memoir.
[This portrait is actually the Frontispiece of the Volume]
On the motion of the President (Mr. W. C. Blackett), a unanimous vote of thanks was accorded
to Mr. Benson for his memoir.
The following "Memoir of Cuthbert Berkley,” by Mr. Richard William Berkley, was taken as
read: —
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[Portrait of Cuthbert Berkley]
Born on November 29th, 1826, and died on January 27th, 1912.
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MEMOIR OF CUTHBERT BERKLEY.
By R. W. BERKLEY.
Cuthbert Berkley, who was born in Newcastle-upon-Tyne on November 29th, 1826, was the
fourth son of the late Mr. John Berkley, a corn-merchant of that city, his mother, Isabella, being
a daughter of the late Mr. John Shield. He was one of a family of thirteen, of whom the only
survivor is Mr. Henry Berkley, of the firm of Messrs. Farley, Clark, & Berkley, timber merchants,
Newcastle-upon-Tyne.
Mr. Berkley was educated at Dr. John Collingwood Bruce’s academy, which was situated in
Percy Street of his native town, and upon leaving school, at the age of 14, was, for a short
period, employed in the office of Messrs. Harrison, Carr, & Company.
His connexion with mining began about the year 1841, when his father acquired the Tanfield
Moor Collieries, County Durham, and Mr. Berkley went to Kibblesworth Colliery to serve his
time under Mr. Southern, the father of Mr. George William Southern, one of the early
Government Inspectors of Mines.
He remained at Kibblesworth Colliery until about the year 1846, when he took over the
management of the Tanfield Moor Collieries. The Hobson Pit, at Burnopfield, was sunk to the
Busty Seam under his management, and he also reconstructed the railway from that colliery to
Marley Hill. One of the early locomotives was used to haul coals on that line, and the engines of
that locomotive, which were vertical, could be seen until a few years ago driving lathes and
other tools in the colliery workshops.
In the year 1850, the Tanfield Moor Collieries became the property of Messrs. John Bowes
& Partners. Mr. Berkley continued, however, as the manager, and, in addition, undertook

the management of Pontop Colliery, belonging to the same owners, and also, for a period, that
of Medomsley Colliery, all these collieries being at the time under the supervision of Mr.
George Greenwell, who then resided at Marley Hill. About this time Mr. Berkley also had
charge of the construction of the railway for conveying coal from Marley Hill to Kibblesworth,
and thence to Springwell and to the staithes on the River Tyne at Jarrow.
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In the year 1854, Mr. Berkley left Tanfield Moor and Pontop Collieries, and succeeded Mr.
George Greenwell in the management of Marley Hill, Andrews House, Crook Bank, and
Norwood Collieries.
He went to live at Marley Hill, and two years later married Barbara, the
youngest daughter of the late Mr. R. W. Matthews, of Beamish.
In the year 1858, he sank and fitted out Byer Moor Colliery, where coal was worked from
1860. He later took charge of Burnopfield, Pontop, Kibblesworth, Springwell, Mount Moor
and Shipcote Collieries, and subsequently all the collieries in Northumberland and Durham
belonging to Messrs. John Bowes & Partners, Limited, an appointment which he held until his
retirement in 1899. Mr. Berkley was naturally occupied very fully during many years, as, in
addition to his work for Messrs. John Bowes & Partners, Limited, he acted as consulting agent
for Mr. Utrick A. Ritson's collieries from 1873 to 1886.
He made numerous valuations and reports, including one, in 1865, on the Knobis Collieries, in
Bohemia; and with the late Mr. G. B. Forster and Mr. S. Coxon were for many years an
examiner for mine-managers' certificates from the institution of those examinations. Mr.
Berkley was also very actively interested in the business of the Durham Coal Owners'
Association, and on his retirement in 1899 a very handsome presentation marked the
appreciation of the members of that Association. The officials and workmen of the collieries
belonging to Messrs. John Bowes & Partners, Limited, also recognized Mr. Berkley's long
connexion with the firm.
Mr. Berkley's association with The North of England Institute of Mining and Mechanical
Engineers began with the meeting held for the formation of that society on July 3rd, 1852. He
continued a member until his death, and, in addition to serving upon the Council for about 39
years, was a Vice-President for 15 years.
Mr. Berkley left Marley Hill on his retirement at the end of 1899, and went to Highfield House,
Durham, where he resided until his death on January 27th, 1912.
A portrait of the deceased gentleman at the date of his retirement (Plate VI.) accompanies this
brief memoir.
On the motion of the President (Mr. W. C. Blackett), a unanimous vote of thanks was accorded
to Mr. Berkley for his memoir.
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MINERS' ELECTRIC SAFETY-LAMPS.
The following miners' electric safety-lamps were exhibited:—
The Bohres Lamp.

The Bohres lamp (Fig. 1) consists essentially of a lower portion rectangular in cross-section and
made of strong sheet-steel, and of an upper portion made of a very strong alloy of aluminium,
to which is attached a half hoop and protective disc carrying the eye and handle. Altogether it
only consists of seven separate parts—the lower portion of an accumulator-case and the
accumulator with its contact-springs, and the upper portion of a disc of hard insulating
material, carrying the contact-studs and lampholder, a screw-ring, a glass dome, and the glowlamp.
The 2½ -volt two-cell Edison iron-nickel medium-tension accumulator is of 8 or 12½ amperehours capacity, according to the size of the lamp, the electrolyte consisting of a 21-per cent.
solution of caustic potash.
The lower and upper portions of the lamp are secured together in the following manner:—The
upper portion slides into position upon the lower portion, engaging with a projection around
the top of the latter. The projection upon one side is slotted twice to engage with a magnetic
locking pin fixed in one side of the upper portion. The first or longer slot permits of the upper
portion of the lamp being almost disengaged from the lower portion, and so allows for the
charging of the accumulator.
The second or shorter slot allows of a quarter-inch sliding
movement of the upper portion, which makes or breaks contact between two iron contactstuds in the upper portion with two spring-contacts upon the accumulator.
Fig. 1.—The Bohres Lamp.
[Diagram]
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The special metallic-filament lamp has a lighting capacity of 1.5 candle-power, and will last
for about 600 hours The weight of the lamp, ready for use, is about 4½ pounds.
The Oldham Lamp.
The Oldham lamp is the result of experiments which have been carried on continuously for
upwards of four years, and combines not only the experience gained by practical use in coalmines, but also in the test-room. The tests include a practically still explosive mixture, and a
velocity test, in which lamps have been broken and damaged, both by picks and by crushing.
The tests have been carried out in mixtures with velocities up to 600 feet per minute, both with
and without coal-dust.
The Hewers' Type (Fig. 2).— The casing of the lamp is of solid drawn steel, on to which a drawnsteel top is soldered, and riveted into the steel top are the iron standards and brass disc
carrying the eye and handle. In the lower part of the top and in the extreme bottom of the
casing are fixed screwed brass rings, with ten threads to the inch. On to the bottom of the
casing is screwed an aluminium cap, of box section, to fit the accumulator, the cap having a
stop-bit cast on to it, which allows of its being partly revolved, but not screwed off. The
removal of the cap is prevented by means of a locking bolt, kept in position by a leaden plug, or
spring-operated bolt, which can only be unlocked by the use of a magnet.
Fig. 2.—The Hewers' Type of Oldham Lamp.

[Photograph]
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The metallic-filament glow-lamp screws into a socket, carried in an aluminium ring, which also
serves to support the cylindrical glass and carry the connexions for the current. The
connexions are brass bushes let in flush into an ebonite disc, holes in the bushes allowing of
the use of a key to screw up the aluminium ring and secure the glass with a perfect joint.
The 2-volt single-cell accumulator is of 12 ampere-hours capacity, and possesses a strong
celluloid casing. It has three positive and four negative plates, with screwed terminals passing
through, to prevent creeping of the acid; stuffing-boxes in the lid, with rubber washers top and
bottom, and secured with a lead nut; and spring-contacts. The plates are separated by
specially-treated corrugated-wood separators; this not only makes a very strong mechanical
combination, but has the feature that the cells do not run down or discharge on open circuit.
By actual test cells have given 75 per cent. of their output after standing for three months. The
charging can be efficiently carried out in about seven tours. The exit for gas is unique, and
consists of a permanently fixed tube, opening at its upper end into a dome fixed in the lid of
the accumulator. Any gas in the accumulator rises to the dome, and passing down the
exhausts at the bottom of the cell away from the connexions. Special attention has been paid
to the strength of the accumulator-case, and the lid is so attached that, when necessary, the
lampman can wash out the cells, replace plates, etc., with the minimum of trouble.
Fig. 3.—The Shadowless Type of Oldham Lamp.
[Photograph]
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In assembling the lamp, the reflector, with asbestos Washer is placed on top of the cylindrical
glass, and the glass on the aluminium ring carrying the glow-lamp and contacts, and the whole
screwed into place in the usual manner. The accumulator, carried in the screw-bottom, is
then inserted, and the bottom screwed up and locked; and, when required, a slight turn brings
the spring-terminals on the accumulator into connexion with the lamp-terminals, a good
contact resulting. The construction, it will be seen, ensures the enclosure of all the parts of the
lamp—bulb, contacts, terminals, and accumulator—in a permanently flame-tight case.
The weight of the accumulator, charged, is 2 pounds 3 ounces, and of the rest of the lamp, 2
pounds 5 ounces, making a total weight of 4½ pounds.
A photometric test gave, at the commencement, an all-round candle-power of 1.35, and, when
fitted with an outside reflector, of 3.8. At the end of the test, which lasted nine hours, the
figures were 1.1 and 3.1 respectively. The candle-power was measured in each case at a point
20 inches in front of the lamp.
The Shadowless Type (Fig. 3).—This type was designed to give a light, without shadows, over as
large an area as possible, and without in any way diminishing the safety. In general
construction it only differs very slightly from the hewers’ type. The iron standards are divided,

and fixed around only half of the lamp-body, and the steel pressed disc carrying the eye and
handle
Fig. 4.—No. 1 Type of Oldham Lamp for use in Shafts and Roadways.
[Photograph]
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has a portion cut away. The glass or glasses are dome-shaped, with a flange on the lower end,
and the drawn-steel top has an inward turned flange, against which, with suitable washers, the
flange of the dome-shaped glass or glasses rests. The glass or glasses are held in position by a
screwed aluminium ring, carrying the glow-lamp and contacts, in exactly the same way as in the
hewers' type of Oldham lamp.
The weight of the accumulator, charged, is 2 pounds 3 ounces, the rest of the lamp being of the
same weight, making a total weight of 4 pounds 6 ounces.
A photometric test gave, at the commencement, an all-round candle-power of 1.35, and, when
fitted with a loose outside reflector, of 2.1. At the end of the test, which lasted nine hours, the
figures were 1.2 and 2.0 respectively. The candle-power 85 degrees above the horizontal (that
is, the candle-power given by the lamp towards the roof) was 1.0. The candle-power was
measured in each case at a point 20 inches in front of the lamp.
Types for Use in Shafts and Roadways (Figs. 4, 5, and 6).— These lamps, specially designed for
use in the shaft, the shaft-bottom, or in roadways, are made in three types, namely :—
No. 1 Type (Fig. 4) has a brass casing with hinged cover, which carries the whole of the upper
portion of the lamp, and is fastened by two hasps and eyes with leaden rivets. The lamp gives
an all-round light, and the cylindrical glass is held in position against a cast-metal disc-top, in
which are secured four
Fig. 5.—No. 2 Type of Oldham Lamp for Use in Shafts and Roadways.
[Photograph]
[174]
standards which pass through the cover of the casing, and are secured by nuts. The cast
aluminium screw-ring on which the cylindrical glass rests carries the connexions for the glowlamp, the cables to the battery, and a flame-tight switch.
The battery consists of four accumulators, of the same type and size as in the hewers' type, and
is carried in a separate tray, so as to be readily lifted in or out of the lamp-casing. The cables
are run through insulating bushes from inside the switch-box, and are fitted with the Oldham
special terminal, in which no metal is exposed, and with which connexion cannot be made
unless screwed to the battery-terminal.
The total weight of the lamp is about 18½ pounds, and it gives from 10 to 12 candle-power for
12 hours.
Fig. 6.—No. 3 Type of Oldham Lamp for Use in Shafts and Roadways.

[Photograph]
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No. 2 Type (Fig. 5) is similar to No. 1, with one or two exceptions. The hinged cover carries
the eye and handle, and the light is on the bottom of the casing, the glass being of the dome
pattern, held in position by its flange with a screwed ring, and protected by four standards,
which are bent around, so as to form a cage and also a support for the lamp to stand on.
No. 3 Type (Fig. 6) is very similar to No. 1. It is larger, the casing is of cast aluminium, and it
has a 4-volt secondary battery.
The candle-power is the same, namely, from 10 to 12, but the lamp will burn for about 25
hours. The total weight is about 30 pounds.
The Pharos Lamp.
In the construction of the Pharos lamp (Fig. 7) four points have been kept in view, namely, (1)
reliability, (2) immunity from unauthorized opening, (3) lightness, consistent with ample
strength, and (4) cheapness in both construction and maintenance. The lower portion is
constructed of a special aluminium-alloy casting, and contains a Fors circular accumulator of 20
ampere-hours capacity.
The upper portion is also a special aluminium-alloy casting, and carries three Osram glow-lamps
and the switch, the lamps being protected by a cylindrical glass, 3/16 inch thick, and again by
four upright pillars, which carry the disc forming the top of the lamp. The glass is held firmly
in position between the disc forming
Fig. 7.—The Pharos Lamp.
[Photograph]
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the top of the lamp and the disc of insulating material carrying the glow-lamps
by the latter being screwed into place in the usual manner, rubber washers ensuring a gastight joint.
The lamps are connected in parallel, and the chance of the user being left in
darkness is thus obviated, if one or even two lamps were to fail. The plunger-switch projects
and is operated through the disc forming the top of the lamp.
The lower and upper portions are secured together by flanged screw-ring, fitted with a
deeply-recessed locking screw operated by a special form of key.
Attached to the flanged
screw-ring is the carrying eye and handle. Should any attempt be made to open the lamp, the
light is at once extinguished.
The weight, ready for use, is 4¾ pounds, and the lighting capacity is approximately 3 candlepower for a period of 12 to 13 hours at one charge.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.

GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 12th, 1913.
Mr. W. C. BLACKETT, President, in the Chair.
DEATH OF MR. THOMAS BELL.
The President (Mr. W. C. Blackett) said that by the death of Mr. Thomas Bell the Institute had
lost one of its Honorary Members. During the late gentleman's long association with the district
as H.M. Inspector of Mines he had discharged the delicate duties of his office with firmness and
great judgment; and had also during that time taken a close and intimate interest in the affairs
of the Institute. He moved that a vote of sympathy and condolence should be addressed to the
late Mr. Bell's relatives.
The vote was passed in silence.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on March 29th and that day.
The following gentlemen were elected, having been previously nominated:Members—
Mr. Bernard Hedley Charlton, Mining Engineer, Hedley Hope, Tow Law, County Durham.
Mr. William Greaves, Chemical Engineer, 6, Ashwood Villas, Headingley Hill, Leeds.
Mr. Ernest Arthur Hailwood, Engineer. Gladstone Terrace, Morley, Leeds.
Mr. John Johnson Huntley, Engineer, 54, Beacon Street, Low Fell, Gateshead-upon-Tyne.
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Mr. Frank Philip Sleigh Lacey, Consulting Engineer, 78, King Street, Manchester.
Mr. Edward Arthur Langslow-Cock, Chief Inspector of Mines, Naraguta, Northern Nigeria.
Mr. Armstrong Varty, Mines Manager, Liverton Mines, Loftus, Yorkshire
Associates—
Mr. Harold Marmaduke Charles Bell, Colliery Under-manager, North House, Ryton, County
Durham.
Mr. Albert Edward David Holliday, Colliery Under-manager, South View, Murton, County
Durham.
Mr. Thomas Hynd, Teacher of Mining and Surveying, Close Street, Wallsend, New South Wales,
Australia.
Mr. Thomas Lee Robinson, Colliery Under-manager, 1, Johnson Terrace, Croxdale, Durham.
Students—
Mr. Lewis Wigham Hall, Mining Student, Westfield, Ashington, Northumberland.
Mr. Elliot Angus Leybourne, Mining Student, Birchholme, Gateshead-upon-Tyne.

The President (Mr. W. C. Blackett) delivered “An Address to Practical Men, being some Further
Notes on “The Combustion of Oxygen and Coal-dust in Mines,” as follows:—
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ADDRESS TO PRACTICAL MEN, BEING SOME FURTHER NOTES ON “THE COMBUSTION OF
OXYGEN AND COAL-DUST IN MINES.''
By W. C. BLACKETT.
Nineteen years ago the writer communicated a paper bearing the above-quoted title,* in which
he described, from a practical point of view, what he believed took place in a colliery explosion,
more particularly how its path was automatically pioneered by a wave of rushing wind set up
by the violent expansion of the originating inflammation, how this path therefore would usually
be that which was directly open and easy for an ordinary air-current, and which, of course, also
contained sufficient coal-dust to be raised into a thick cloud. The writer especially used the
term "combustion,” as he was then convinced that nothing at all happened of the nature of
what is ordinarily meant by "explosive wave” or "detonation.” He further emphasized how the
violence of this combustion depended on the compression of oxygen in the wave which was
pioneering the occurrence.
These and similar kinded [sic] views by other people were not freely accepted at that time, but
the writer ventures to say that however crudely put from a scientist's standpoint, they have
been more or less completely justified by experiments during the last few years. The question
might even be asked whether there has been any very important practical advance on such
views, except that, now, nearly everybody accepts them, whereas, then, only very few indeed
did so.
It was well known among those who accepted the “coal-dust theory” that either water or
incombustible matter among the coal-dust would prevent its ignition, and, to quote no
other, Messrs. W. N. and J. B. Atkinson in their excellent book again and again pointed out the
effect of the presence of stone-dust. What, then, have we gained more recently? This only (and
with this, of course, must always be associated the name of
* Trans. Inst. M. E., 1894, vol. vii., page 54.
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Dr. W. E. Garforth), that if there is not sufficient incombustible dust present already in the
galleries in question to prevent the ignition of the accompanying coal-dust, it is quite feasible a
and “common sense” to put it there in such positions as will more easily conduce to its being
raised into the air. That is all that so far emerges, and the fact that the idea is taking hold of
increasing numbers of coal-mining men is of tremendous importance.
From all the experiments which are in progress in both this and in other countries, there will be
forthcoming valuable and interesting facts that will greatly help our mental grasp of the
subject, and doubtless establish exactitudes where we now only have rule of thumb; but the

writer doubts whether anything of practical importance will make its appearance to equal that
of the simple application of incombustible dust.
It is strange indeed to find how great a difficulty many colliery officials have had, and have, in
grasping the ease of application of this preventive. They have no difficulty whatever in coming
to an understanding about water, but with incombustible dust it seems quite another thing,
whereas in principle, the two may be looked upon in exactly the same light. If, mentally,
incombustible dust is substituted for water, and regarded as a quencher, the whole difficulty
disappears. Pour a stream of water upon a fire, and the flame is put out. Pour also a stream of
dust upon it, and the same result follows. Moisten coal-dust with water, and it cannot be
inflamed. Do so with incombustible dust, and there is the same effect—with this important
difference, however: coal-dust wetted with water will dry again; but when "wetted” with
incombustible dust, it will be safe for ever. By the rapid absorption of heat both water and
incombustible dust become quenching agents, and act as oxygen-excluders. The use of water
depends upon the continued care of human agency, which may, and does, fail, but the
guarding care of incombustible dust is automatically constant. Let every cranny and ledge in
both roof and sides, therefore, contain incombustible dust rather than coal-dust, and when
once the first-named is in place, there will be no room for the latter: it will remain always on
guard, a perpetual watcher against the miners' fiery enemy.
Like water, too, incombustible dust may be used to act as a brush, and forcibly remove coaldust from its lodgements; though
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In such a case it should be noted that both water and stone-dust are being used, not as
quenchers only, but as mechanical means of displacing coal-dust.
All material when being heaped up forms a natural angle of repose, and therefore it should be
remembered that if incombustible dust already occupies either natural or artificial spaces at
this angle, there can be so little room left for a subsequent coating of coal-dust as to render
its presence more or less innocuous. It should also be borne in mind that when this
incombustible dust is once in place, all suggestions for removal, whether by washing off, or by
"vacuum cleaners,” become a contradiction, as it would be foolish to lay on such dust merely to
remove it again, so that another troublesome procedure can be largely avoided.
The writer has specially used the word "incombustible,” because there are at a great many
collieries large quantities of suitable dust ready to hand for use forthwith, in the burnt dusts
which have been removed from the boiler main flues and similar places.
Experiments with both shale-dust and flue-dust have shown better results with the latter than
with the former, principally for the reason that the latter is thrown more easily into the air by
the “pioneering” disturbance, and has also excellent quenching properties. The qualities of
flue-dusts, however, would depend upon the character of the fuel from which they were
derived, and would, of course, vary considerably.
Certain siliceous dusts, when present thickly and constantly in the air, owing to the nature of
the work being done, have been found to produce in workmen continuously breathing them
fibroid conditions of lung which are favourable soil for the growth of tubercle bacilli, and steps
have had to be taken to avoid this danger. It has been suggested that flue-dust is for this
reason dangerous when used in mines, but there are really no true grounds for such a

contention. There is no reason why any such dust should be present in the air in sufficient
quantities to do harm; and even if, in its application to the roadways, there should arise some
temporary cloud, no one need be in such a position as to breathe or swallow much of it, since
those who are handling it can do so to leeward of the air-current.
Supposing now that a mine is made and maintained in this
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state of incombustibility (and there is no reason why it should not), why could not many of the
restrictions now placed upon mines be removed? Would it not be wise for Government to say:
"Now every colliery which puts its ways into a state of incombustibility may be relieved of all
restrictions which apply to ' dry and dusty mines.'” Why not? At present it is recognized that a
mine which is “naturally wet throughout” need not observe all the restrictions of a dry mine,
and if it is conceded, as it must be, that the application of incombustible dust is equivalent to
the rendering of the mine wet, why not place this strong incentive upon all those concerned to
render the mines safe from their enemy coal-dust?
So soon as experiment and experience have put this question beyond the possibility of doubt
(and with the writer at any rate it has been already so placed), then undoubtedly for the
welfare of all—workmen, manager, owner, and consumer alike—this ought to be done. The
glimpse of such a heaven-sent relief from off the shoulders of the present-day manager
groaning under the pitiless burden of recent legislation is almost too dazzling, but it cannot be
said to be other than possible. Dr. John Harger, too, would feel relief, notwithstanding that his
patent* for an “improved system for preventing and minimizing fires or explosions in mines”
would doubtless then become commercially valueless, and there would be no temptation for
enterprising persons, whether “amateur chemists” or not, to attempt infringements.
Although there are so many legislating politicians and some others who apparently think that
they know all that is worth knowing about collieries, mining engineers have learnt something
about their work, and are aware that to effect inflammation and combustion of any ordinary
kind oxygen is required. It is not difficult even for mining engineers to grasp the elemental fact
that the more closely the molecules of oxygen can be brought into contact with the coal-dust
with which they are to combine, the more easily that matter will inflame, and the more rapid
will be the combustion. It has been demonstrated that as a dust “explosion” progresses in a pit,
it is able by the pressure of its combustion to build up conditions which are more and more
favourable to an increased intensity of action, owing mostly to the compression of oxygen
which takes place between
* British patent, 1911, No. 28,075.
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the momentum behind and the reluctant inertia of the air-column in front . In a rough way it
might be said, in other words, that the thicker the oxygen, the more easy and the more intense
is the combustion. The converse naturally applies, and the thinner the oxygen, the less easy
will ignition be, until it is apparent that a point would arrive where ignition, and, of course,
combustion, would become difficult and, under ordinary circumstances, even impossible.

There are many ways in which some thinning of oxygen can take place: for the pressure being
reduced, a shallow pit would be safer than a deep one, and a low barometer than a high one;
or the room in the air for oxygen molecules could be reduced by increasing the quantity of
nitrogen or other inert gas. Dr. Harger thinks so highly of this latter idea that he has protected
it by patent, and loses no opportunity of recommending that collieries should dilute their
ordinary atmospheric air by adding purified flue-gases. Even at the risk of being pilloried as one
of a crowd of unenlightened experts who have been running the mines for so many years
(which is a very unkind way of describing mining men), the writer must venture to disagree
with Dr. Harger, and say that his method is impracticable in mining: for, even if the production
of inert gas in such quantities as would sufficiently dilute the hundreds of thousands of cubic
feet of air per minute in the largest and most dangerous mines were commercially possible, it is
still more than doubtful that this diminution of oxygen could be physiologically endured by
men engaged in hard work. The writer has had on more than one occasion to exert himself in
an atmosphere deficient in oxygen, and the increased breathing required was too distressing to
make it possible to admit that it could be daily endured in mines for the purpose of ordinary
toil.
Dr. Harger contends that, provided a man breathes the same weight of oxygen, it does not
matter how much nitrogen there may be with it. In other words, a man may with equal
benefit breathe 17½ per cent. of oxygen at sea-level as 21 per cent. at an altitude of 5,000
feet,* because in each case there is exactly the same weight of oxygen. In such circumstances
a lamp would not burn at the sea-level, but it would burn on the mountain, so
*Coal, and the Prevention of Explosions and Fires in Mines, by John Harger, 1912, page 41.
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that according to Dr. Harger while combustion would fail in a lamp it would not at all fail in a
man.
The writer would like to know on what ascertained physiological grounds such an assertion is
made. Is it true? Men who have to live and get their living in the mines will want more solid
proof than mere assertion, or the evidence only of comparatively short-periods of experiment.
The writer is very ignorant of physiological chemistry, but from a common-sense point of view
he fails to see how the two conditions above assumed can be “exactly alike” for respiration. If
the nitrogen is so “thick” at sea-level (Dr. Harger must forgive the crudity of this expression)
that it prevents the lower percentage of oxygen from burning at the candle, why may it not
also detrimentally affect proper physiological action among the lung-cells. Man's lungs have
been evolved through countless thousands of years now to deal with 21 per cent. of oxygen by
volume, and whether that volume contains more or less condensed air, the molecules of
oxygen have always to meet the same number of molecules of nitrogen, and their relative
effect is always the same; but if the oxygen molecules had more nitrogen molecules to
encounter, as would be the case in Dr. Harger's proposal, how could the results be the same?
There can be little doubt that man's lungs have been developed to deal with oxygen when its
action is modified by that of a definite proportion of nitrogen, and therefore 17½ parts of
oxygen among 82½ of nitrogen cannot have the same freedom of effect as when these 17½
parts are among only 66 of nitrogen, which is the ordinary atmospheric proportion.

No! The liberties of the subject are being very much curtailed in mines nowadays, but the
writer does humbly hope and pray that we may be allowed to continue the use of ordinary
unpatented air for breathing. If our pits can be rendered incombustible, there will be no need
to worry about a new brand of air.
Are there any other preventives that may be suggested as well as incombustible dust? It is
quite possible that there are expedients which in certain circumstances would prevent
ignitions, but these have not yet been tested, and would, as a matter of fact, be unnecessary if
incombustible dust were used, on the principle that the greater contains the less.
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It has however, been found that conditions to start a coal-dust explosion must be so exact
that very little departure there-from spells experimental failure.
If the flame is not big
enough, or the cloud not just thick enough, or if the former does not come into contact exactly
at the critical moment, then there is no ignition.
It will, the writer thinks, be eventually proved that without any concussive wave in the air, a
comparatively large body of flame will be required to fire coal-dust, while much less flame will
suffice if there is also a wave. Take shot-firing, for instance: the shot-hole, or other direction of
relief for the explosive, would have to be aimed at a store of fine coal-dust in order to raise it in
suspension in time to receive some projected vagrant flame and a concussive wave all exactly
at the critical moment. If the shot-hole happened to be in such a position in a gallery as to
favour the reflection of one wave on top of another, so that two crests coincided at the critical
moment, there would then exist a condition more favourable to ignition. It is quite possible
that the crest of a wave from mechanical propulsion might disastrously coincide with the crest
of a sound wave, or both with another reflected from the shape of the gallery, when a still
more favourable condition would be set up. Obviously, then, if any of these coincident
necessities were to fail, or be prevented, there might be no ignition.
Of course, the whole chain would fail always if the dust were not capable of ignition, and it
would be quite as easy to “wet” the surroundings of a shot by means of incombustible dust as
by water. The laying-down of incombustible dust near a shot or the wetting of its surroundings
with water is equivalent to covering the coal-dust with a carpet and so preventing it from
rising. Then why not cover the dusty neighbourhood a few yards in front of a shot with a carpet
of, say, brattice-cloth? The writer prophesies that experiments will show that this expedient
will frustrate ignition, if it can be established that ignition would otherwise be certain—not
quite so easy a matter as some people think.
In all these cases the coal-dust menace only has been killed, which is enough; but might some
of the other “ingredients” be killed also? It may be possible that a brattice-cloth screen
could be so hung that it would cut off the flame from the coal[186]
dust raised, but, what seems equally important, it might also muffle or cut off some of the
dangerous air-waves.
All these points may be very difficult to demonstrate either for or against. In time, however,
this may be accomplished. Failing these demonstrations, it should not be forgotten that there is

now the incombustible dust to be going on with and mixed with brains, it should prevent if
not all, at least very large proportion of occurrences which might otherwise become
colliery explosions.
There are coincident possibilities of the creation in collieries of conditions favourable to
explosions which it is difficult to deal with otherwise than by incombustible dust. Take, for
example the heavy fall of roof, wherever it may be. It may at once create at least two of the
dangerous conditions—a thick cloud of dust and a wave. Without the wave it would probably
ignite only at a large flame, but with the wave the writer thinks that much less flame would
suffice. The wave serves to knock the molecules together where more gentle impact fails.
How many things are there at a colliery which could, by a strange coincidence—and it should
be borne in mind that the coincidence must be most extraordinary—furnish a source of ignition
for this condition? There is the menace of the discarded matches. How many have been found,
and how very many more there must be still remaining hidden in all mines! A forgotten box in
the pocket; the fear of prosecution, so strongly advocated by some members of the Royal
Commission; and the hiding of it in the pit!
A roller spindle may have run hot and set contiguous dust a-smouldering just as the last “set”
of the day has been run, until, hidden and unnoticed, the ventilating current has fanned it into
a flame at the most unlucky of coincidental moments.
Then, of course, there is the oft suspected and usually undeserving electricity, which may also
furnish the ignition; but the coincidence here would be more remote, because of the time
element, as the maintenance of an arc and the blowing of safety-fuses would be but
momentary occurrences, while the first-named possibilities of flame could last over a long
time.
The writer does not think that small flames of lamps are at all a likely source, except through
the medium of fire-damp, for the pioneering wind from the cause of the dust-cloud would
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probably blow out such a small flame before its contact with sufficient dust could have been
possible.
The whole effort of the miner should be directed towards preventing the possibility of coaldust ignition, and, when this is consistently done, there will be no need to strain one's mind in
devising means for the quenching of an explosion once started. The conditions which will
prevent ignition will be quite sufficient and all the talk about zones, water-screens, automatic
trip-quenchers, and similar devices, will die a natural death. It is much easier to prevent ignition
than to quench combustion, and once coal-dust has been scotched there will be little need to
fear fire-damp, for the danger of the latter is trivial in the absence of its more deadly ally.
Although much study has been given to the steps to be taken and the observations to be made
in order to discover the place of origin and cause of ignition in colliery explosions, notably by
Messrs. W. N. Atkinson and A. M. Henshaw, in their pamphlet on The Investigation of Colliery
Explosions, there is still much to be learnt concerning the forces which have been exerted and
the evidence which they leave. While the driving force of the rush from the initiating centre,
and also its radiating explosive violence, doubtless produce the chief violence, there are, as is
well known, very violent secondary forces, and, as is not so well known, there must be also
many subsequent movements. The position, extent, and direction of the communicating

galleries will largely govern these, and there must be also numerous cases where the “backlash” and “counter back-lash” (to coin a new term), instead of retraversing the paths of direct
return to the seat of cooling vacuum, would find themselves forestalled by an inrush from
other parts of the mine which were nearer and had found readier communication through
some blown-out doors or stoppings. The bounding and rebounding due to air elasticity alone
must also produce many varying later currents of diminished force. The writer has counted as
many as sixteen oscillations m the experimental tube at Eskmeals, several of which carried
flame with them.
In such circumstances as these, it is little wonder that the indications of force and direction in a
mine after an explosion are found at times to be very bewildering, and to require very great
caution in reading. Particularly so is this the case in.
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reconstructing mentally the course of events from deposits of dust and coke on props and
similar surfaces. When the explosion has driven in towards an expanded cul-de-sac of a
district of workings wherein the air contents may be compressed, the rebound to fill the pull of
the vacuum on one side, while being pushed by the compression on the other, must sometimes
produce a comparatively more violent “back-lash” than where quite contrary conditions have
prevailed, such as out towards the open shaft.
In the former case there would be a
diminishing explosive force due to weakened “pioneering,” and an increased “rebound”
whereas in the latter case the explosive force would be increasing, but have no push back from
compression into gallery ends.
Dust-deposits are very deceiving at times: there may be narrow bands, broad bands, and coke
bands, reversing themselves in what appears to be an unaccountable manner, while if by
chance a still atmosphere prevails, due to a balance in pressure, and the gallery is full of the
thick oily smoke distilled from the combustion of coal, there will be extraordinary deposits of
thick velvet-like soot lying in a blanket on horizontal surfaces. On the whole, while the narrow
band of dust on a prop may mean the more forcible propulsion of a dense coal-cloud in the
direction from the side of the band to the other side, and the broad band indicate a less violent
reverse current, there cannot be much reliance placed upon either to indicate the source of
ignition until all other conditions have been studied and brought into account.
Coke is generally the deposit of the hot sticky coal-dust in the heated returning current, but is
not so always, and may be deposited in a different form by the original blast.
The writer feels that he cannot bring this somewhat disjointed Address to a close without
reference to the recent Coal Mines Act, which provides for stoppings being so constructed as
not to be liable to destruction by an explosion. In his opinion this is a most serious and
probably deadly provision, and should be removed. He ventures to assert that there have been
far more lives saved by the stoppings giving way and short-circuiting the air, so that it failed to
reach men beyond, than have ever been lost for the same reason. Many members will be able
to recall instances, but certainly Wingate Colliery furnishes one of the most striking.
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Apart from life-saving, there is another view altogether which has not apparently been
considered. If the intention had been to provide stoppings which would tend towards a
greater volume of air reaching the face, one could better have understood the motive; but a
stopping which could provide both tightness and comparative weakness would then have
been required.
It has now been quite definitely proved that a colliery explosion increases in violence with its
progress against the resistance furnished by the gallery along which it is travelling. If this
resistance finds some relief through the stoppings giving way, the consequent violence should
not be so great, and its progress therefore would have a better chance of coming to an end. In
other words, if a gun had holes in the sides of its barrel, as well as in its muzzle, would the
muzzle velocity of the projectile be as great? Moreover, how often has it been within the
experience of the members that the broaching of some stopping has been of urgent and
perhaps vital importance in order either to establish an air-current when its need existed, or to
divert one where its onward progress was undesirable. In such cases stoppings of great
thickness and permanent character would be most objectionable. It has been suggested lately,
not, however, by anyone with much practical knowledge of mines, that, by periodical reversals
of the air, coal-mines could be systematically cleared of quantities of dangerous coal-dust.
Apparently this idea is conceived upon the assumption that dust deposits itself out of aircurrents in such a condition that a reversal of the current from which it originally fell will
redisturb it, pick it up, and carry it away.
Mining men could quote numerous examples in their own experience where “changing the
wind” did not carry away the dust, nor even raise it; and it is difficult to see how dust which has
already proved itself to be too heavy to remain in an air-current going in one direction, can
again rise into an exactly similar air-current going in the other. Even the lighter top-dust clings
together with much mutual attraction, and is not so easily disturbed.
This light-hearted suggestion to change the ventilating pressure in various parts of mines, even
if it were entirely feasible account of the valve-like character of the doors, has many
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possibilities of danger which do not appear to have received much consideration.
The
reversal of air in a mine might almost h compared to the reversal of, say, sewage in a town, and
could only be carried out in fairly safe mines where the air-sewage was clean, or, under dire
necessity, after very careful consideration of the attendant circumstances.
Hitherto it has been made an unwritten law that the principal "return” airways should be so
arranged that they might cut off the foul gases of the goaves from the clean “intake” air and to
reverse this condition might be serious. In doing this a certain co-relationship of pressures has
been established, which even under barometrical changes remain comparatively constant. To
put the higher water-gauge pressure of an “intake” upon some large area of goaf, instead of its
customary “return” pressure, or vice versa, might result in some other part of the mine being
flooded with gas.
The writer well remembers a very prominent instance when it was desirable to reduce the
ventilating pressure in a mine where a fire was raging, and the fan was therefore slowed down
so that a greater pressure accumulated in the main return, which had usually had the pull of
several inches of minus water-gauge, and had shared the drainage of a very large acreage of

abandoned old workings with an adjoining colliery possessing a separate fan and separate
system of ventilation. When the first-named mine ceased to do its share, and failed to maintain
its usual pull, the neighbouring mine was invaded by a dangerous flow of fire-damp and work
therein was suspended.
In this case, therefore, if, instead of merely reducing the fan-speed, the pressure had actually
been reversed, the gas invasion of the other colliery would have been much more copious and
dangerous; and the same sort of thing is bound also to take place, not only between mines
communicating with each other, but also between parts of a mine.
It may be taken that in every coal-seam there is a certain maximum pressure of pent-up gas
which finds issue with increasing ease as it nears its exit at the artificial surfaces laid bare by
the work of the miner. This decreasing pressure terminates at last in that of whatever
atmosphere may exist at the point of issue; but there will always be an average feeder,
sometimes with little or no actual issue, when being pressed back,
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and sometimes with more if the opposing pressure becomes less. It must be obvious, however,
that, after being dammed back by an increasing pressure, there will be a greater flow when the
dam is removed. So that in such a case as this, after the pressure of "intake” air is changed to
that of the "return,” more gas will escape for a time, exactly as in the case of a decreased
barometer.
This phenomenon, however, has reference only to the exit of gas by fissures and cleavages in
the natural strata, but very different conditions are to be met in the case of the artificial spaces
and goaves made by mining. One instance has already been considered, but there are others.
Some goaves and spaces may be regarded as bottles into which fire-damp is received and
stored.
Some of the bottles will have their mouths lying upwards, some level, and some
downwards.
If increase of pressure is regarded as making a heavier air fluid, then these
bottles will act as if water could, in the first case, flow into them, displacing the contained gas,
and, in the latter case, seal up the bottle-mouth and its contents. In one the gas would then
have exit more or less continuously under changes, while in the other there would be none at
one time and great quantities at another. The new Coal Mines Act has provided (Section 71)
that both barometers and hygrometers are to be provided at all mines, and that readings of the
latter have to be made by certain persons at prescribed intervals.
The mining engineer
understands and appreciates the barometer. It is of some use in helping colliery officials to
account for the presence of gas when they might otherwise be, for instance, anxious as to
whether some interference had taken place with the ventilation. But can anyone explain how
it is intended that observations of the hygrometer day by day, or week by week, are going
to affect the conduct of the official making them? What practical use can anyone be expected
to make of the readings of the hygrometer? The mining engineer knows that it tells him
the amount of moisture in the air; he knows, too, that dryer air will make dryer dust, and that
moister air is less endurable from an hygienic point; but he does not know that the ordinary
changes in this dryness from day to day will make one day any more dangerous than another
from a practical point of view. Even if it did, what could be done? Supposing that in a deep,
hot,
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and dangerous mine an official finds the air dryer or moister. Is he under dryer conditions to be
more anxious about the dust than under moister conditions about the health of the workmen?
The writer does not know. Wiser men may be able to tell him but in the meantime he rests
under the impression that such provisions as these lower the prestige of English mining law
amongst England's miners.
Prof. John Cadman (Birmingham University) telegraphed that he had just returned from a
holiday, and was extremely sorry that he could not be present at the meeting. He was greatly
interested in the Address, which would no doubt provide a useful discussion.
Mr. John Gerrard (H.M. Inspector of Mines, Worsley) wrote that he was glad to support Mr.
Blackett's views. His own experience in an explosion many years ago was first a violent wind,
which put out all lamps, blew some down, and carried away caps, then the face peppered with
pieces of coal and stone, followed by great heat.
He liked the way in which Mr. Blackett expressed the effect of water and incombustible dust,
namely, “by the rapid absorption of heat both water and incombustible dust become
quenching agents.” He (Mr. Gerrard) felt sure that if Sir Frederick Abel had lived, he would have
made further experiments and altered his views. He thought that Sir Frederick's pronounced
opinion, formed on a slender basis, had done much to withhold the protection which Mr.
Blackett so well advocated, and which he (Mr. Gerrard) was ready to support in every possible
way.
Personally, he preferred shale-dust, some of which in his district had a nice soapy feel; he had
often seen it applied, and had brought plenty of it away on his clothes and body, although
standing to leeward to a great extent; but when the dust was administered by hand, it fairly
covered one. He thought that Mr. Blackett was on the right line in his remarks as to the
encouragement of owners by relaxing onerous obligations.
Dr. J. S. Haldane (Oxford) wrote that he would like to express his complete agreement with Mr.
Blackett in what he had stated with respect to stone-dusting. Like Mr. Blackett,
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he “found salvation” on the coal-dust question after reading W. N. and J. B. Atkinson's most
valuable book, henceforward he had no doubt that practically every great colliery explosion
was due to coal-dust alone. He was also well ware both from references in the book, from Dr.
W. E. Garforth's evidence before the Royal Commission on Explosions from Coal-dust in Mines,
and from conversations with Dr. W. N. Atkinson, that stone-dust in sufficient quantity would
prevent coal-dust from igniting; but it required the genius of Dr. Garforth to show the world
how easily and effectively stone-dust could be applied as a remedy.
The experimental data hitherto available indicated that an explosion could not be initiated, and
probably could not be propagated indefinitely, if about an equal quantity of fine stone-dust
was mixed with the fine coal-dust. For exact information as to the minimum proportion of
stone-dust which would be safe, all interested were looking to the Eskmeals Committee, of

which Mr. Blackett was a member. At Bentley and Brodsworth collieries, with which he (the
writer) was at present connected in a scientific advisory capacity, the management had for
some time adopted stone-dusting. The percentage of stone-dust along the roads was checked
by analysis, with the view of keeping the percentage of stone in the fine dust well above the
minimum of what was safe; and no difficulty in this respect had hitherto been encountered. It
might be well to remark that probably in most collieries the percentage of stone-dust along the
roads was already considerable, and that the quantity of added stone-dust needed was,
therefore, not so great as would otherwise be the case. In some collieries there was so much
stone-dust naturally present that no dust explosions could occur. He agreed completely with
Mr. Blackett in regard to the relaxation of unnecessary restrictions in mines which were safe on
account of the presence of stone-dust.
On the physiological question, as to whether a man would be as well off when breathing air
containing 17½ per cent. of oxygen and 82½ per cent. of nitrogen in a mine as when breathing
pure air at an altitude of 5,000 feet above sea-level, he thought that experimental investigation
had given the clearest affirmative answer. The facts were stated, not only by Dr. John Harger,
also in the Report of the Royal Commission on Mines, and
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somewhat more fully by himself in The Investigation of Mine Air. The original investigations
pointing to this conclusion were contained in Paul Bert's La Pression Barométrique, published in
1878. For further details on the whole question, reference might be made to a paper just
published by the Royal Society dealing with observations made by himself and his colleagues
on Pike’s Peak, Colorado, in 1911.
While he (Dr. Haldane) thought that the oxygen could, if necessary, be reduced to 17½ per
cent. without appreciable effects on the men, he did not think that it would be practicable to
go lower, as cases of “mountain sickness” (head ache, nausea, etc., due to slight want of
oxygen) would then begin to occur.
He was glad that Mr. Blackett had again raised the question as to what was likely to happen
when the air-current in a mine was reversed. In case of a serious fire near a downcast shaft the
question of reversing the ventilation might have to be decided on the spur of the moment, and
on that decision might hang the fate of hundreds of men. He thought that every manager
ought to consider beforehand what would be likely to happen in his mine if the ventilation
were reversed. The case of Whitehaven Colliery, mentioned by Mr. Blackett, was certainly very
instructive, but possibly somewhat exceptional. From what was already known, it seemed fairly
clear that if the ventilation were reversed in the ordinary way, namely, by forcing the fresh air
down the upcast, the sudden increase of barometric pressure throughout the mine would for a
time dam back the fire-damp and black-damp in the goaves, porous strata, etc., as was actually
found to be the case by Mr. James Bain and himself. If, on the other hand, the ventilation were
reversed by exhausting air from the downcast shaft, there might be a dangerous discharge of
fire-damp into the intake roads, in consequence of the decrease of barometric pressure in
them. Some interesting observations bearing on this matter had recently been made by
Messrs. J. W. Hutchinson and Edgar C. Evans,* who showed that in the colliery where they
experimented the increased barometric pressure due to stoppage of the fan at once reduced

the discharge of fire-damp into the returns to a mere fraction of what it was before; and that
when
* "Analysis of Mine Air” and "Further Notes on the Analysis of Mine Air,” by J. W. Hutchinson
and Edgar C. Evans, Proceedings of the South Wales Institute of Engineers, 1912, vol. xxviii.,
pages 76 and 159.
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the fan was re-started after some hours the discharge was at once increased again and the
percentage of fire-damp actually increased despite the greatly increased air-current.
He (Dr. Haldane) quite agreed with Mr. Blackett in thinking that some of the provisions of the
recent Coal Mines Act were unfortunate. It seemed to him a pity that the Royal Commission
on Mines could not have been consulted about various details, to certain of which Mr. Blackett
had referred, although he (Dr. Haldane) could not find in the Act any reference to the strength
of stoppings.
Dr. John Harger (Liverpool University) wrote that he had read Mr. Blackett's Address with great
interest. It was especially interesting as being a supplement to his (Mr. Blackett's) paper of 19
years ago. The fact that so little progress had been made during those years in eliminating the
coal-dust danger did not speak well for the progressive spirit amongst Government miningofficials and others, whose work was supposed to be directed, partly at least, towards
increased safety in mines. Most mines were now more dangerous than then, owing to the
introduction of excessive ventilation, balanced, however, by the extensive precautions taken to
prevent an ignition of gas by the introduction of better lamps and the watering of each dusty
place prior to the firing of a shot. Where the roadway of a mine was safe at present, it was
nearly always due to natural causes or to an accident, in the shape of a wet or a stone-dusty
road; but these preventatives of explosion were recognized more than 19 years ago.
There was not, so far as he knew, a single experiment which could be quoted to show that
stone-dusting of the roads would prevent a dust explosion under ordinary mining conditions.
If stone-dust had just been put down, doubtless it would be effective; but if it had lain on the
road for a day or two, or a week or more, and had become covered with coal-dust, the
chances were that the stone-dust would be useless in preventing the spread of an explosion.
Not until experiments were carried under the same conditions as those that prevailed in
dangerous dusty mines would anyone be able to say with truth that stone-dust as at present
used in a few mines, was of any use as a preventative. There should, however, be no difficulty
in making
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the main intake roads safe by stone-dusting. With plenty of stone-dust on the floor, so that
the dust would always be raised into the air by the traffic, and subsequently deposited on the
sides, etc., simultaneously with the coal-dust, they should be safe. As one approached nearer

to the working-faces, however, the problem became more difficult. Any amount of stonedusting could not prevent a disaster similar to that which occurred at Cadeby Main Colliery.
Mr. Blackett, he ventured to state, was out of his depth when he discussed the effect of the
percentage of oxygen on respiration and, in fact, had himself confessed his ignorance on the
subject. The point was put briefly in his (Dr. Harger's) work upon Coal and the Prevention of
Explosions and Fires in Mines, which Mr. Blackett had quoted, and he was sorry if Mr. Blackett
could not understand it. Air containing 17½ per cent. of oxygen at sea-level was the same for
respiration as air containing 21 per cent. of oxygen at an altitude of 5,000 feet.
Mr. Blackett had referred to his (the writer's) patent in connexion with the use of inert gas. He
would like to say that he generally did patent his work, when it was patentable, chiefly in order
to obtain priority.
He would like to say that there was no difficulty whatever in freeing any quantity of inert gas
from poisonous material, and at very little cost. He had no doubt that Mr. Blackett knew of
many instances in his mining experience where a supply would have been invaluable.
There could be no doubt amongst unprejudiced and impartial people that the inert-gas method
could be used in working out any gob-fire with absolute safety and comfort to the men. The
pity was that the Government, instead of talking about these dangers for years, did not do
something to remove them.
He entirely agreed with Mr. Blackett in his preference for flue-dust to ground shale. Some
shales when powdered gave off a dangerous amount of heavy hydrocarbon gas. One shaledust, in actual use in a large mine which he had been investigating within the last few days,
gave off gas sufficient to form an explosive mixture with the air above it.
The hygrometer as used under the Act was, he agreed, of no use whatever, and the ordinary
barometer was of little use either. A pocket hygrometer used in the working-places was,
however, of
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great service, as indicating the quantity of moisture in the air, which was an important matter
in hot mines for the health and comfort of the men, and was invaluable in mines subject to
gob-fires. The registering barometer was of great service also, as giving a complete and
continuous record of changes; but one or two readings in 24 hours were of little, if any, use to
the manager of a coal-mine.
Mr. H. W. G. Halbaum (Cardiff) wrote that he had read Mr. Blackett's Address with the greatest
interest and pleasure. He would be very sorry indeed to miss anything that had been
contributed on this subject by Mr. Blackett or Messrs. J. B. and W. N. Atkinson. He was afraid
that he could hardly offer much in the way of criticism with regard to the Address, because,
with one exception, all that he knew about coal-dust had been learnt from the three gentlemen
named. He was very doubtful indeed whether any real progress had been made in the study of
the matter beyond the mere amplification of the statements of those gentlemen, and putting
on the “4-foot plates “ in those headings into which those gentlemen had long since laid the
“turns."
There was, however, continued need for the principles of the coal-dust theory to be earnestly
promulgated, since, as pointed out by Mr. Blackett, it was still found that many colliery officials

had great difficulty in grasping the question, especially in so far as the principle of the
incombustible-dust treatment was concerned. Even in the present year of grace he (Mr.
Halbaum) had had the doubtful pleasure of meeting with the type of colliery manager who
strongly argued that there could be no coal-dust danger apart from the actual presence of firedamp in the atmosphere, and not even then unless the fire-damp, or as one would prefer to
say the methane, formed at least 6 or 7 per cent. of the mixture.
For his own part, having first accepted the hints long since given by Messrs. Atkinson and
Mr. Blackett, he had always found it of advantage to study the coal-dust question from the
standpoint of the doctrine of the transformation and conservation of energy. Applying this to
the stone-dust treatment, the efficiency of such treatment was easily apparent. He had a
little rule relating to the area of surface exposed by a quantity of fine dust, which he had
already communicated to the members, and this rule might be repeated, as follows: —Assum[198]
ing that a cubic foot of coal in the solid weighed 80 pounds, then if 10 pounds, that was to say,
a 6-inch cube of this coal, were ground into fine dust particles one-nth of an inch in diameter
the superficial area of this 10 pounds of dust would be n square yards, n having the same
numerical value in both cases. Thus a 6-inch cube, either of coal or of incombustible stone,
reduced to fine dust particles 1/50,000 of an inch in diameter, would present if raised as a
cloud in the air, an exposed surface of 50,000 square yards.
This immense surface might be looked at in three different ways. First, it was a surface of
absorption. For example, it afforded 50,000 square yards of exposed surface by which the
oxygen of the air might enter the pores of the dust. Secondly, it afforded 50,000 square yards
of exposed surface by which any inflammable gases contained in the dust might be exuded into
the mine atmosphere under a given environment. And thirdly, should any abnormal rise of
temperature occur in the mine atmosphere, then these 10 pounds of dust, raised as a cloud in
the air, would present a heating surface of 50,000 square yards, and this enormous heating
surface facilitated the immediate raising of the suspended dust to the point of ignition. All the
three points named must be studied in connexion with coal-dust if any one was to appreciate
adequately the significance of the coal-dust theory.
With regard to the action of the incombustible stone-dust proposed as a preventative, its
absorptive power for gases and its exuding power might perhaps be left out of account; but it
appeared to him that one great advantage presented by the stone-dust treatment was that
when the dust was raised as a cloud in the heated air, the stone-dust, as well as the coal-dust,
would also provide a large heating surface equal to n square yards. In that particular case,
however, the largeness of the heating surface was an advantage, since, like the coal-dust, it
rapidly absorbed the heat of the atmosphere, but with this significant difference—the
absorption of heat by the stone-dust tended to safety, since whatever portion of the heat was
absorbed by the incombustible dust could not also be absorbed by the inflammable coal-dust,
and therein lay the efficacy of the stone-dust treatment. It was merely a question of the
transformation and conservation of energy. A highly-heated atmosphere had to be
[199]

provided against: the question was, what were they going to do with the surplus heat? Mr.
Blackett had shown them that they had their choice. They could allow it to be absorbed with
disastrous results by the inflammable coal-dust, or, on the other hand, a large proportion of
that heat could be harmlessly absorbed by raising the stone-dust as a cloud in the air.
The same question arose with regard to the energetics of the case when they came to consider
what kind of incombustible dust they would use. Immediately they looked at the case from
this standpoint, any doubt in that direction would be solved.
The stone or other
incombustible material used for the dust must be ground to a sufficient fineness in order to
produce the maximum area of surface whereby to absorb the heat of the atmosphere. In
other words, the efficacy of the stone-dust treatment would vary directly as the fineness of the
dust employed.
In the second place, the specific gravity of the material was of importance,
since coal-dust was most potential for evil when raised as a cloud in the air. Conversely, the
stone-dust would be most potential for good if also raised as a cloud in the air. Consequently,
the specific gravity of the material employed for making this fine dust should not be such that
the coal-dust could rise as a cloud in the air while the incombustible dust continued by reason
of its superior specific gravity to lie on the floor or on the ledges of the road, leaving only an
infinitesimal portion of its surface exposed to the heated atmosphere.
He ventured,
therefore, to submit that the fineness of the incombustible dust employed and its specific
gravity were questions of as great importance with regard to the efficiency of the treatment as
the questions of the fineness and nature of the coal-dust were in any consideration of the coaldust danger. The finer the dust was, whether inflammable or otherwise, the more easily
would it rise as a cloud in the air, and the longer would it float there; and the same proposition
was true with regard to the specific gravity of the dust. The same factors which accentuated
the peril of coal-dust also accentuated the efficacy of the stone-dust employed to combat the
coal-dust danger, and it was therefore evident that flue-dust would naturally have much better
results than shale-dust, as stated in the Address.
With regard to Mr. Blackett's remarks on Dr. Harger's proposals, it would appear that Dr.
Harger was now being hit as
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hard as Mr. Blackett himself was some 19 years ago. Considering the one case in the light of
the other, he was prepared to give Dr. Harger's proposal patient and careful consideration
although he joined heartily in Mr. Blackett's hope that it would be long before the use of
“ordinary unpatented air” for breathing was rendered illegal.
Mr. Blackett had stated that it would probably be eventually proved that, without any
concussive wave in the air, a large body of flame would be required to fire coal-dust, whilst
much less flame would suffice if there were also a wave. In that respect he went a good deal
further than Mr. Blackett seemed to go, because he had seen coal-dust fired by a jet of
compressed air without any flame whatever. He had hoped to have been able, with the
assistance of others, to investigate fully what was at that particular time an unaccountable
occurrence. He had had some communication with Dr. Bedson on the subject, and had also
been in communication with Dr. Wheeler, who was in charge of the Government Testing
Station at Eskmeals; but he had not heard that any success had as yet been attained in

reproducing the same conditions and in obtaining the same results by experiment at the
surface.
Mr. Blackett had stated, in the last sentence of his Address, that some of the provisions lately
made must lower the prestige of British mining laws, and on that point he (Mr. Halbaum) was
in absolute agreement with the President. At the same time, he thought that British mining
engineers were themselves very much to blame for the present position of affairs, since he had
found that, as a rule, they thought a great deal more about the claims of party than about the
claims of the noble profession by which they obtained their livelihood.
The remarks made by Mr. Blackett as to the stoppings required under the Coal Mines Act and
General Regulations were worthy of the earnest consideration of all men interested in the
subject of mining, and his words in describing this requirement as a “deadly provision” were
not a whit too strong.
He (Mr. Halbaum) noted the remarks made with regard to the question of the reversal of the
air, but he would not say more than that he agreed with those remarks for reasons which he
hoped be able to state in a paper on that subject to be shortly read before the Institute.
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In conclusion, he had the greatest pleasure in thanking Mr. Blackett for his Address which he
had fitly described as an “Address to Practical Men.” It was certainly that, and although he
could not be present in the flesh, he would most heartily (in spirit) join in the acclamation with
which he was sure the members would receive it.
Mr. J. G. Weeks (Bedlington) said that as those present had heard the opinions of several
distinguished men upon Mr. Blackett's Address, there was not very much for him to say. He
agreed with Mr. Blackett from beginning to end, so that he was in the position of being unable
to criticize. He would like, however, to allude to the present-day manager, of whom Mr.
Blackett spoke as groaning under the pitiless burden of recent legislation. Managers had his
fullest sympathy so far as that was concerned. No one knew better than Mr. Blackett and
himself, for they had both been trying during the last two or three years with others to correct
the errors that had been perpetrated by the Home Office. He did not wish to dwell upon the
point, but when he told them that probably four out of every five clauses of the Coal Mines Act
of 1911 required amending in some shape or form between its introduction and passing, they
would understand what he meant. They had now the General Regulations, which were in very
much the same condition as the Act was when originally put before them. They were full of
clauses which required most careful and serious attention, and some of them, he thought,
were deadly in their consequences. One, to which Mr. Blackett had alluded, was with respect
to the provision of permanent stoppings, and he (Mr. Weeks) knew of nothing in his experience
that he would consider more dangerous—assuming their provision was practical—than that
proposal. It was to be hoped that when the matter came before an umpire, as would be the
case—because he could not understand any mining man possibly agreeing that such a clause
was desirable—this defect would be remedied. He remembered a case some 49 years ago in
his own experience when instead of six or seven men being lost thirty or forty would have
probably perished if such permanent stoppings had been put in.
There were several other
points which were ill conceived, and which he hoped that the members would strongly resist,

and that they would be able to divest such crude legislation of much, if not all, of its baneful
effect.
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In conclusion, he believed that all Mr. Blackett's remarks tended in the direction of greater
safety, which was the very object that they were there to further and promote to the best of
their ability, and he had the greatest possible pleasure as a Past- President of the Institute, in
moving a vote of thanks to Mr. Blackett for his Address.
Mr. J. H. Merivale (Acklington) said that as the only other Past-President present, he rose with
great pleasure to second Mr. Weeks's proposal. He congratulated Mr. Blackett, not only on his
Address, but on his having revived a very good old custom which had fallen rather into disuse
lately, no doubt on account of the modesty of the gentlemen who had preceded him in the
Presidential chair.
The vote of thanks was enthusiastically accorded.
Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that he had followed the
Address with the greatest interest, and must express his admiration for the clear and
emphatic way in which Mr. Blackett had put his points, with the great majority of which he was
in thorough accord.
He noted that Mr. Blackett held that the proper attitude of the coalmining industry at the present moment was to sit in dust and ashes, and however right that
might be metaphorically, possibly something might be said about the question from the more
practical point of view. He was not altogether a believer in the idea that ashes from boilerflues were the best material to use for dusting the coal-mine. They possessed certain defined
advantages, among them being that they were particles of inorganic material, more or less
rounded by the action of the flame, and therefore there was much less risk of danger to the
lungs of the men than when they used dust that had been ground and possessed sharp angles.
On the other hand, he did not think that from the chemical point of view a boiler-ash was the
best material, because he had great belief in the action of dust as a heat-absorber in checking
coal-dust explosions. Heat absorption could be very materially promoted by using a material
which contained water in the form hydrates, say a shale consisting of hydrated silicate of
alumina. When such a silicate was heated to a sufficient temperature, and was split up, all the
water was vaporized, and a great deal of
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heat absorbed thereby, and thus a. high cooling efficiency was obtained. He had put forward
a suggestion which he believed be perfectly sound—that in districts where there were large
deposits of crude gypsum, this material when finely ground would probably make the best dust
for quenching an explosion, because gypsum contained a considerable amount of water of
hydration, which came off at a very low temperature. The material of which he was speaking
was practically worthless: it was a bye-product, there were huge mountains of it in various
parts of England, and he thought that it could be used with great advantage. There was one
point which he was surprised that Mr. Blackett had not mentioned, and that was the great

success which appeared to have attended the recent Belgian experiments in what was called
“external stemming.” In Belgium experiments had been tried most successfully by (so to speak)
prolonging the stemming in a shot-hole by a pile of dust outside it. The shot when fired blew
this dust into the air, thus producing a cloud of inert dust which was in the best possible
position for quenching the flame and stopping an explosion at the outset, and this was
undoubtedly in his opinion the right way to prevent a coal-dust explosion. He saw by a recent
notice that these Belgian experiments had been repeated in Austria, and were spoken of
as being highly successful. He only hoped that this, which appeared to him one of the most
promising lines of investigation, would not be neglected in this country. Obviously it was not
everybody who would be in a position to use boiler-flue ashes; it was only those people who
were fortunate enough to have a very large colliery consumption, or a very dirty coal, who
could have sufficient flue-ashes for the purpose, and necessarily it must only be an ash which
did not clinker, so that he was not altogether enamoured of the idea of using ashes when other
materials, which, from a chemical point of view, were more suitable, were available.
There was a point in Mr. Blackett's Address that he would like to criticize, and that was the
definition of a coal-dust explosion as “combustion pure and simple.” They knew from what had
transpired quite recently that they had to be very careful in distinguishing between
inflammation and explosion, and he would submit that in the case of coal-dust in air they had a
true explosion. So far as he could follow it, the action commenced with combustion
(inflammation), the velocity of
[204]
which proceeded with increasing rapidity until it reached true explosion. He would
probably be challenged, in making that statement, to explain what he meant by “explosion,”
and would therefore say that his definition of an explosion, whether of dust or of gas (one
which he believed they would find accepted by high scientific authority), was "a selfpropagating ignition propagated with a velocity which was approximately that of sound in air.”
If that were accepted as a proper definition, he thought that it was undeniable that the
inflammation of dust in air—given sufficient length to travel—ended ultimately in a true
explosion.
Mr. Blackett had raised a number of interesting points, one of them being that of the danger
produced by the "thickening,” as he called it, of oxygen in front of a dust explosion. He (Prof.
Louis) did not think that anyone doubted the fact that when there was an excess of oxygen, a
dust explosion was more likely to take place than when there was a deficiency of oxygen.
What, then, were they to say of the recent action of the Government in passing, or in making it
easy to pass, explosives as “safety” explosives that contained an over-balance of oxygen ?
Many of them actually gave out free oxygen into the air when they were exploded, as had been
shown quite recently by Prof. Vivian B. Lewes in his admirable paper upon “The Testing of
Safety Explosives,” read recently (April 2nd, 1913) before the Royal Society of Arts, which he
(Prof. Louis) cordially recommended to the attention of the members.
He begged to remind the members that he had laid stress upon the few points on which he
ventured to differ from Mr. Blackett, and had passed over the many in which he was in entire
accord with him.

Prof. P. Phillips Bedson (Armstrong College, Newcastle-upon-Tyne) said that he would like to
associate himself with Prof. Louis on the point that he had raised respecting the composition of
the dust used in the form of stone-dust. He quite agreed with him that it would be advisable to
use a dust which would take up the heat, as certain shale-dusts readily do, and these owed
their facility in that respect to the fact that they contained hydrated compounds which were
more or less readily dehydrated by heat. In that connexion he would suggest another form of
dust, a plentiful supply of which could be
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obtained in this district, namely, Chance Mud, which was a bye-product in the recovery of
sulphur from the alkali waste. When this mud was dried, it formed an impalpable powder,
which would readily mix with coal-dust. This mud consisted essentially of calcium carbonate,
which when decomposed by heat yielded lime and carbon dioxide, and this latter, as was well
known, would tend to stop or reduce the inflammation of coal-dust. In the speaker's opinion,
dried Chance mud would form a very suitable material to serve as a stone-dust.
There was really only one other point on which he wished to speak, namely, the question of the
"thickening” of oxygen. Of course, it did seem reasonable to assume that the "thicker” the
oxygen the purer it would be, and the more rapid and the more complete would be the
combustion after it had once commenced -- in other words, the more complete the oxidation.
In this connexion he would cite an experiment, which appeared to lead to the opposite opinion,
namely, that diluted oxygen was more active than pure oxygen itself. If yellow phosphorus
were placed in pure oxygen, it ceased to emit the phosphorescent light that it emitted in
ordinary air. This phosphorescence was brought about by the oxidation of the phosphorus, yet
it was inhibited in pure oxygen, but not by air, in which oxygen was diluted by the inactive
nitrogen. Further, whilst phosphorus in oxygen at ordinary atmospheric pressure did not give
out light, it became gradually luminous as the pressure was reduced and was very distinctly
luminous under a pressure of about a fifth of an atmosphere. Thus it was evident that
phosphorus was less readily attacked by pure oxygen, that is, by the “thicker” oxygen, than
when the oxygen was attenuated, either by reduced pressure or by the admixture with it of an
inactive gas such as nitrogen.
Mr. J. W. Fryar (Eastwood Collieries, near Nottingham) remarked that he had considerable
hesitation in saying anything on the subject in view of the weight of scientific opinion present
in the room, but would call attention to the practical side of the question, namely, the amount
of dust which should be used in order to make a pit safe.
A month or two ago he had
attended a lecture given by Dr. W. E. Garforth, who stated—and he thought that he had done
so several times—that, in order to make a pit thoroughly safe, the proportion of stone-dust to
coal[206]
dust should be something like 14 to 1. He (Mr. Fryar) would like to ask Mr. Blackett, and also
some of the experts, including Dr. Garforth himself, whether that percentage of 14 to 1 was all
necessary. From other information, and according to some good authorities, a percentage of

about 2 to 1, namely, about 66 per cent., made a pit safe under all ordinary conditions; in fact
many people thought that a percentage of 1 to 1, or 50 per cent would prevent the initiation of
an explosion. It appeared to him that if colliery managers once became assured that stone-dust
was easy of application in practice, and not at all costly, there would be very much more of it
used than was the case at the present time.
Mr. R. R. Blair (Whitehaven) said that he would like to criticize one point, to the effect that
once the stone-dust was put down in the main road it was practically unnecessary to remove it.
It seemed to him, judging from the condition of certain pits which he had known in the past,
that coal-dust was always being deposited, and that, even if 90 per cent. of stone-dust were
put down to commence with, a certain percentage of coal-dust would ultimately be added,
which would make the mixture explosive, and might propagate an explosion. He would like to
suggest that perhaps it would be necessary sometimes to remove the coal-dust and
redistribute the stone-dust.
Mr. William Severs (Beamish) said that he quite agreed with most of what Mr. Blackett had
said, although there were some points upon which he differed. He had for some time tried the
application of flue-dust in one of his dustiest pits, but notwithstanding the fact that the desired
grey colour was obtained at first, in a very short time he found that the mixture became
covered again with coal-dust and was as black as it had been before. It seemed to him that he
would have to apply the flue-dust from time to time, in order to maintain the proportions
necessary to prevent an explosion. He had at the same time collected all the coal-dust, put it
into tubs, and sent it to bank before applying the flue-dust. A good deal of the flue-dust
had been applied wet, and he thought that this had prevented, where it had been put
on to the sides of the roads, the coal sides from falling on to the travelling roads and being
ground up under the feet of the men, and afterwards being dis[207]
persed into the air. In that case it would have been really pure coal-dust, whereas at the
present time it was mixed with the particles of stone-dust, or with the dust from the boilerflues. He was not sufficiently conversant with the character of the dust that he had used to
know whether it was a better or a worse dust than that which Prof. Louis had just mentioned;
at the same time, he thought that the specific gravity of his dust was less than that of the
stone-dust mentioned, and would be more readily raised in the air in case of any disturbance
caused by a shot. He believed that the surface of the flue-dust was more likely to be greater, on
account of its flocculent character, than that of the ground dust obtained from ordinary shale.
Apart from that, flue-dust did not require any grinding; they got it for nothing, and had to get
rid of it somehow. With regard to the use of the hygrometer, he thought that it was just
possible that the instrument might be of service; at any rate it did let them know when the air
entering a mine was likely to take up moisture from the sides or from the dust that was lying
about, as well as when it was likely to deposit moisture.
He had often wondered whether the pressure of the air was likely to have any influence upon
an explosion. For instance, it was fairly well known that certain proportions of air and gas at
ordinary atmospheric pressure would not form an explosive mixture, but that if the

atmospheric pressure were doubled, a very explosive mixture was the result. If such were the
case (and he had no doubt that it was so), then it seemed to him that pressure, which Mr.
Blackett said occurred between the inertia of the air in front and the pressure of the explosive
behind, had a great deal to do with the explosive condition of the dust. In providing stoppings
such as were suggested in the Home Office Regulations, the pressure would be so increased
that when an explosion occurred, it would be most disastrous in the pit. He quite agreed with
Mr. Blackett that the provision was likely to do a great deal more harm than good.
Mr. Mark Ford (Washington) said that he had found that shale-dust had a very much better
sweeping action than flue-dust. The shale-dust might be a little heavier, but it got into the
crevices and lay on the sides. It displaced coal-dust very much better than flue-dust would, and
he thought from that point of
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view that it was an advantage to use shale-dust. Like a previous speaker, he felt that it would
be an advantage to know what percentage of stone-dust was required for safety. For instance
an intake from a downcast shaft where no traffic occurred might be stone-dusted, and two
hours after winding commenced deposit would be found on the top, so much so indeed that
one's name could be written on it. Even if there were 100 parts of stone-dust to 1 of coaldust, was the mine safe even then? Did Dr. Garforth's percentage of 14 to 1 mean that the
stone-dust had to be intimately mixed with the coal-dust? Any information that colliery
managers could obtain on that point would greatly calm their fears as to what might happen.
It would be of great advantage if the experiments at Eskmeals could be extended and means
devised whereby a colliery manager could test his own dust on the spot, and in that way find
out whether he ought to stone-dust at stated periods, say at a certain interval for the shaftsiding, another for the engine-plane, and another for way-ends, where there were generally
extra accumulations of coal-dust.
Mr. C. C. Leach (Seghill) said that some pits were naturally stone-dusty; where there was a soft
fire-clay bottom, which became cut up by everyone who went in-bye, such a seam might have a
great excess of stone-dust.
He would like Mr. Blackett to give them a rough idea of the number of people who had been
found alive and well after explosions owing to the stoppings and air-crossings having been
blown out. Probably no one had investigated so many explosions as Mr. Blackett.
Mr. E. A. Leybourne (Gateshead) asked what information led the Home Office to lay down a law
which demanded that the construction of stoppings should be of such large dimensions.
The President (Mr. W. C. Blackett) gratefully acknowledged the vote of thanks accorded to him
by the members, and the courtesy so many had shown him by their attendance that day. His
reply to the points raised in the discussion on his address would be very brief.
If Dr. Harger would more carefully and patiently consider the objection that he (Mr. Blackett)
had raised to the proposed
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diminution of the oxygen supply, it would be found that there was conflict between him and
the experts that a diminished weight of oxygen could be safely breathed at each inhalation. It
would be foolish for him to question that statement in the face of facts. What he contended
was that mere short periods of experiment were not sufficient to satisfy him, and would not be
sufficient to satisfy the miners of this country, that an entirely new composition of air,
containing 25 per cent. (that was, 82½ instead of 66) more nitrogen, could be breathed for
many hours daily without injury to health in the long run.
It was quite evident that to breathe 17½ molecules of oxygen when they were mixed with 66 of
nitrogen (ordinary atmosphere) was quite healthy, especially if one had been born and bred to
it; but it was not evident, and almost impossible to prove in practice, that it was healthy to
breathe 17½ of oxygen when mixed with 82½ of nitrogen over long periods and day after day.
Neither Dr. Haldane nor any of the other great authorities had ever been able to prove that,
and short of that proof mining men could not be satisfied. It might as well be asserted that the
same quantities of whisky drunk in full glasses of water would have exactly the same effect
physiologically as if drunk in glasses only three parts filled.
In answer to Prof. Louis, it was to be observed that while there were undoubtedly different
phases of combustion in a colliery explosion, none could be carried right outside of that term.
The inflammatory or initial phase was chiefly distinguished by the burning of the volatile
compounds, and the more violent phase by the burning of the coal-dust in its complete state
with its carbon. He had certainly intended to include the method named by Prof. Louis of
covering a shot-hole, if possible, with stone-dust, when he spoke of "wetting” the
"surroundings of a shot by means of incombustible dust."
He could not quite follow the analogy drawn by Prof. Bedson between the effect of oxygen on
phosphorescence and on coal-dust. Other considerations here seemed to require bringing in;
but he would not venture to argue with Prof. Bedson on a chemical point. In any case the fact
remained, that the greater the density of air when mixed with coal-dust, the greater was the
violence; while, with air in a liquid form, coal-dust would act as an ordinary explosive under the
blow of a detonator.
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Mr. Fryar must have been mistaken about the 14-to-l proportion of incombustible dust. Such
a quantity was ridiculous and the proportions of 50 to 66 per cent. as named by Dr. Haldane
and by Mr. Fryar himself were much nearer the mark.
Mr. R. R. Blair must, of course, take the remark as to the subsequent removal of stone-dust by
vacuum-cleaners, etc., in a commonsense way. Naturally there might arrive a time when the
total amount of dust in places became so thick upon the floor as to be a nuisance, and have to
be removed in the usual manner. In case of doubt, the way to settle whether the mixture had
become dangerous would be by analysis or perhaps by washing.
Mr. Mark Ford had found the heavier stone-dust to be a better “brush” than the lighter fluedust; but the latter would act more quickly as a quencher, because it would rise more quickly
into the air.

He questioned whether Mr. William Severs was doing wisely in actually wetting his stone-dust,
because then it might cake. While, however, slightly damp, but still flocculent, it sometimes
stuck better to the sides than when applied bone dry; but such moisture was only useful in a
mechanical sort of way, and it would be a disadvantage if the moistening were carried so far as
to prevent the dust from rising quickly on disturbance. In any case, it very soon reached the
same state of dryness as that of the air-current, but it should not be allowed to cake. Flue-dust
would not cake like shale-dust, which must remain dry. In a pit which was moist of air in the
summer and dry in winter, shale-dust would compare badly with flue-dust in this respect.
Mr. Severs was undoubtedly right in pointing out the general use of a hygrometer, but that did
not supply an answer to his question, and one of great personal interest to managers, on the
practical use of its daily or periodical examination under the new Coal Mines Act and
regulations.
He could not at present with propriety attempt to answer individually some of the other
questions, being a member of the Home Office Experimental Committee. Reports were,
however, in course of preparation and publication, which would perhaps provide an answer.
They must therefore wait and see.
Mr. T. A. Saint's paper upon “The Lighting Efficiency of Safety-lamps “was taken as read, as
follows: —
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THE LIGHTING EFFICIENCY OF SAFETY-LAMPS.
By T. A. SAINT, B.Sc.
Introduction.—The object of this paper was the investigation of the lighting efficiency of safetylamps of standard patterns, and the following were the conditions under which the various
tests were made:— The room in which the candle-power was measured was very similar to a
heading in a mine, and was about 6 feet in height and breadth, and 60 feet in length. One end
remained entirely open, and at the other a window was kept slightly ajar, in order to maintain a
through draught of air. The temperature was about 46° Fahr., and remained more or less
constant throughout the whole of each experiment. The photometer was placed at the window
end of the room, as if at the coal-face. The conditions, therefore, were almost the same as
would be met with in a mine. The photometer used was a standard form known as the
"Flicker,” and consists of a scale, along which both the lamp to be tested and the photometer
slide. The standard lamp or candle remains fixed at one end of the scale, the support holding
the lamp to be tested being placed on the other side of the photometer, and moved by a
handle towards or away from it as may be required, until the light on the one side balances
that on the other. When this has been brought about, the flickering hitherto seen in the
telescope of the photometer disappears. The complete apparatus is shown in the figure in the
text.
The distances of the two lamps from the photometer are now measured. Let d be the distance
of the standard lamp or candle, and d1 the distance of the lamp to be tested; then the candlepower of the lamp to be tested in relation to the candle-power of the standard lamp or candle
is d1/d8.

A 240-volt 8-candle-power incandescent lamp was used as the standard, but this was of too
high a candle-power for comparison with that of a safety-lamp; a resistance was accordingly
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introduced into the circuit, and a voltmeter inserted across the terminals of the lamp, by means
of which the candle-power of the standard could be accurately regulated (as shown in Fig. 1,
Plate X.).
During the tests, before each reading was taken, the voltage was carefully adjusted, so that the
candle-power remained constant throughout. The standard lamp was first tested against a
Board-of-Trade standard candle, which burnt at the rate of 120 grains per hour, as ascertained
by careful tests. The candle-power of the standard lamp proved to be 1.69; it was kept constant
at this for all the tests, and checked daily.
Apparatus for testing the Lighting Efficiency of Safety-Lamps.
[Photograph]
Lamps Tested. — The lamps tested were (1) the Small Donald, (2) the older type of Small
Donald, (3) the Large Donald, (4) the Marsaut, (5) the Mueseler, (6) the Davy, (7) the
Stephenson or "Geordie,” (8) the Clanny, (9) the Scottish Davy, (10) the Deflector, (11) the
Routledge-&-Johnson, (12) the Wolf, and (13) the Protector.
Illuminants.—In lamps Nos. 1 to 11 oil was used, but in Nos. 12 and 13 spirit was employed.
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Oils.--- Five different blends of oil were used, the particulars of which are given in Table I.
Table I.—Particulars of Oils used in the Experiments.
[Table]
No. 1 or colza oil is very mobile, and when it has burnt for a short time becomes exceedingly
hot; after about two hours the oil-vessel can hardly be touched. If mixed with a vegetable oil,
the heat generated during combustion decreases as the proportion of vegetable oil increases.
The residues of the oils were tested after the experiments, and were found to be of the same
composition as before, showing that the mineral and vegetable constituents burn at the same
rate.
Spirit.— Benzine of a specific gravity of 0.765 was used, its cost being 1s. per gallon.
Wicks Used with the Different Oils.—With No. 1 oil, the specific gravity of which was 0.82, the
wicks used were of the ordinary flat and round types. The flat wick was sewn up the centre,
and was compact in texture, which prevented a very rapid absorption of oil; whilst the round

wick was of a ropy nature. The wicks had to be attended to almost every five minutes for about
the first two hours of the test, as the oil is so mobile that the flame flared up repeatedly. After
two hours the oil and vessel become very not and the flame remains steady. With Nos. 2, 3, 4,
and 5 oils, a hollow wick was used, which could be made to serve either as a flat or as a round
wick. Thus an absolutely accurate comparison cannot be made between the first oil and the
others, on account of the different types of wick used.
The size of the flame was the largest possible that could be used without causing the gauzes to
be smoked. With No. 1 oil it was very difficult to adjust the flame during the first two hours, as
it was continually flaring up, but with the others this difficulty was not encountered.
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A series of tests were made on two Donald lamps with wicks of different widths, in order to
determine the influence of the width of the wick.
The candle-power was taken both with the wick on the flat and with the wick on the edge in
the case of the flat wicks.
Tests.—The tests were carried out over a period of 10 hours, the first set being conducted on
Nos. 1 and 3 lamps. No. 1 oil was burnt, and a different wick was used in each lamp on three
consecutive days, the width of the wicks used being ½, 7/16, and ⅜ inch respectively. The two
lamps were lit at 10 a.m., when the first readings on the photometer were taken. They were
then hung up so as to get the full benefit of the through draught, the idea being to assimilate
the conditions to the method adopted by the miners, who hang their lamps on a pit-prop. The
wicks were regulated from time to time, in order to keep the consumption of the oil as regular
as possible.
At the end of two hours, namely, at 12 o'clock, the readings were again taken, and repeated
every two hours until 8 p.m. Throughout the course of the day the candle-power of the
standard candle was tested, and the candle-power of the safety-lamps was calculated from it.
The candle-powers during the 10 hours were then plotted graphically against time. The results
of the tests are embodied in Tables III., IV., and V. (Appendix), and the curves of candle-power
are shown in Figs. 2 and 3 (Plate X.).
The next tests were conducted on Nos. 2 and 4 to 11 lamps, with No. 1 oil, the wicks varying
with the lamps. The results are given in Table VI. (Appendix), and the curves of candle-power
are shown in Fig. 4 (Plate X.).
Tests were now carried out on Nos. 2, 4, 6, and 8 lamps, with Nos. 2, 3, 4, and 5 oils, the same
width of wick in each lamp being used as in the tests with No. 1 oil. Tables VII., VIII., IX., and X.
(Appendix) give the respective results, and the curves of candle-power are shown in Figs. 5, 6,
7, and 8 (Plate X.).
The remaining tests of candle-power were conducted on Nos. 12 and 13 lamps with benzine.
The results are given in Table XI. (Appendix), the curves of candle-power being shown in Fig. 9
(Plate X.).
Consumption of Material.—The oil-vessel with its contents was weighed before and after
each test, the difference
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giving the consumption of oil during 10 hours. The specific gravity of each oil or spirit, the
average candle-power, the consumption of oil during 10 hours, and the price of oil per gallon
being known, the consumption of oil in gallons per candle-power per hour, and from this the
cost of 1,000 lamps per candle-power per hour, was calculated. Tables XII. to XVIII. (Appendix)
record .the various results obtained.
Curves of Consumption and Candle-power.—Tests were now carried out on Nos. 2, 4, 6, and 8
lamps, in order to ascertain whether or not the curve of consumption was of the same form as
that of the candle-power—that is, whether or not the consumption varied with the candlepower.
The oil-vessels were weighed at the beginning of the test, and then every hour afterwards, so
as to calculate the consumption of oil per hour. As the flame was never extinguished, the
consumption went on steadily throughout the test. The consumption varied as the candlepower, as will be seen by the results recorded in Table II.
Table II.—Consumption of Oil, in Grains per Hour.
[Table]
Fig. 10 (Plate X.) shows the consumption in grains per hour plotted against time.
The foregoing experiments were conducted, and the results obtained in the form shown, in the
hope that they might prove of use, as well as of interest, to the members of the Institute.
They were carried out in Armstrong College, Newcastle-upon-Tyne, and the writer takes this
opportunity of expressing his indebtedness to Prof. Henry Louis for advice and assistance
rendered.
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Appendix.—Results of Tests on the Lighting Efficiency of Safety-lamp
Table III. —Comparison of Small and Large Donald Lamps.
Size of wick, ½ inch flat; oil used, No. 1.
[Table]
Table IV.—Comparison of Small and Large Donald Lamps.
Size of wick, 7/16 inch flat; oil used, No. 1.
[Table]
Table V.—Comparison of Small and Large Donald Lamps.
Size of wick, ⅜ inch flat; oil used, No. 1.
[Table]
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Table VI.—Experiments with No. 1 Oil.
[Table]
Table VII.—Experiments with No. 2 Oil.
[Table]
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Table VIII. — Experiments with No. 3 Oil.
[Table]
Table IX.—Experiments with No. 4 Oil.
[Table]
Table X.—Experiments with No. 5 Oil.
[Table]
Table XI.—Experiments with Benzine.
[Table]
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Table XII.—Experiments with No. 1 Oil (Cost, 9d. per Gallon).
[Table]
Table XIII.—Experiments with No. 1 Oil (Cost, 9d. per Gallon.)
[Table]
Table XIV. — Experiments with No. 2 Oil (Cost, 1s. 6d. per Gallon).
[Table]
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Table XV.—Experiments with No. 3 Oil (Cost 1s. 9d. per Gallon).
[Table]
Table XVI. Experiments with No. 4 Oil (Cost, 2s. 3d. per Gallon
[Table]
Table XVII.—Experiments with No. 5 Oil (Cost, 2s. 9d. per Gallon).
[Table]
Table XVIII.—Experiments with Benzine (Cost, 1s. per Gallon).
[Table]
[000]
Vol. XLV Plate X. Figs. 1-9
To illustrate Mr. T.A. Saint’s Paper on “The Lighting Efficiency of Safety-lamps.”
[Graphs]
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DISCUSSION OF MR. GEORGE HAROLD GREENWELL'S PAPER ON “THE JHERRIA COAL-FIELD
(INDIA) AND ITS FUTURE DEVELOPMENT."*
Sir Ralph P. Ashton (Oxted, Surrey) and Mr. Allan Greenwell (London) wrote that the Indian
coal-fields were of rapidly increasing importance to the world, and were attracting some of the
best British mining talent.
The author was to be congratulated on his effort to make their
conditions more widely known in this country, and it was to be hoped that his paper would
induce criticism and stimulate others to follow his example. The author was more favourable to
the claim of the East Indian Railway as having been the promoters and supporters of the coal
industry than were most of his contemporaries and predecessors. History showed that in its
inception this railway had neglected the coal-fields, in order that it might divert traffic from the
rivers to its lines, and that it had ever since lingered behind the demand for extra facilities. Its
entry into the Jherria coal-field was made in order to forestall the Bengal-Nagpur Railway,
which forced its hand. The subsequent entry of the latter railway was bitterly opposed by it,
although the East Indian Railway was and still is unable to deal with the traffic offered to it. Its
connexion with the coal-field was made rather with the view of being the first section of the
Grand Chord line, than of being a railway to serve the coal-field, and the alignment chosen
necessitated the hauling of all coal up hill to the collecting station at Dhanbaid. The branchlines in the coal-field were not laid out with any comprehensive view of serving the field as a

whole, which might have been done had the railway company been willing at that time to
discuss the matter with the representatives of the coal-trade, whom, however, the then
management declined to meet. In the matter of wagon supply, capacity, load of wagons,
weighment, and reduction of freight charges, the management had to be forced on by public
agitation, and despite this the company was still further behind the necessities of the moment
than it ever had been. At present the mineral industry was partly strangled for want of
transport.
With regard to the area worked, the author's use of the words “taken up” was ambiguous.
Presumably he meant that the
* Trans. Inst. M. E., 1913, vol. xlv., page 88.
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mineral rights in 23,100 acres, out of 58,843 acres, had been acquired by fifty-three companies.
It did not follow, however that all this area was worked or workable. As a rule, the original
owner had parted with his entire rights in a “mouzah” or village.
The use of the term “exposed area” gave the idea that the strata were in part covered. On the
contrary, unlike the Raneegunge coal-field, which dipped under the Deltaic alluvium the Jherria
field was well defined, and its boundaries were ascertained. The Ironstone Shales and Upper
Damuda Series were indications that the Lower Damuda Series existed beneath. It was thus
merely their depth, and not the want of definition, that put that portion of the lower series out
of present calculation.
"Jhama” meant a collection or agglomeration of things. “Jhama bricks,” for instance, were
bricks overburnt and fused together.
“Jhama karna” was, in colloquial lingo, "to
collect.” It was true that the burning of the better seams was more in evidence than
that of the inferior, but that might well be because the better seams had been more
extensively worked.
The trap must have burst through the lower lying and inferior (quality)
seams to get at the upper and superior one; yet the upper seams, so far, showed most damage.
It might prove that the principal eruption had been at the locality where the better
seams were now near the outcrop. The occurrence of trap in Jherria was well worth scientific
investigation on the part of the mining community or of the Government. Did it invade the
rocks before or after the faulting or tilting of the strata? There was a widely-held theory that
Nos. 13 14, and 15 seams were burnt out to the dip. Such a theory assumed that the damage
occurred subsequent to the tilting of the strata. Was the damage to any extent bounded by
faults, or did identical conditions at both sides of the fault show that the dislocation occurred
subsequently? With regard to boring, although the author's statement was correct, systematic
boring of the field would to some extent elucidate its condition. It would be necessary to put
down the borings at regular intervals, and to take the law of probabilities as a guide.
Regarding the quantity of coal raised and the available supply, the author did not say whether
he had obtained the figures given in Appendix II. from official returns, or had
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estimated them from the amount worked out. In either case the figures could not be regarded
as more than a very rough approximation. Coal-owners had been under the temptation to
return as much of their coal as possible as being the produce of the seam most in favour.
The analyses given might, accurately represent individual small selected samples, but did not
represent averages of the quality of coal as put on the market; nor did they give a correct idea
of the respective comparative value of the different coals from the coal-users' point of view.
The words “inclines worked by manual haulage” were misleading. “Manual inclines,” in the
local jargon, were inclines from which the coal was carried in baskets on the heads of coolies.
Haulage-inclines were all steam-driven, with the exception of one or two which were
electrically driven.
Steam-turbines under present conditions were generally unsuitable for the field, because of
the dearth of condensing water, although they might be advantageously used for pumping
where the water pumped could be used for condensing.
Pillar-robbing was mostly done by coolies who were allowed to carry out coal for domestic
purposes, and who naturally preferred to fill their baskets from a pillar near the surface or piteye to carrying the coal from the far end of a distant working.
Loss of life from subsidence, fire, and explosion had been considerable, as reference to the
Reports of the Chief Inspector of Mines would show.
With regard to pumping, electricity could be installed anywhere, given the necessary capital.
In speaking of labour, the author had omitted reference to the many Poojahs which interrupt
work, apart from seed-time and harvest.
In conclusion, the following were problems to be solved: —
(1) The supply of wagons, as it was of no use to raise coal that could not be distributed to
consumers, nor to sink capital to extend an industry that had already gone ahead of the ability
of the railway to deal with its output.
(2) The extent and distribution of the trap and fire damage.
(3) The origin of the water which was giving so much trouble. In view of the fact that most of
the annual rainfall of 40 to 50 inches occurred in the six months from July to December,
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in heavy showers which ran off the surface at once, the amount of water which had to be dealt
with was extraordinary. The Nos. 4 and 5 shafts of the Raniganj Coal Association, Limited
pumped 50,000 gallons per hour, which was equal to 1,200 000 gallons per day, and
438,000,000 gallons or 70,080,000 cubic feet a year, or 45 inches of rainfall over 1,298 biggahs.
Assuming that 90 per cent. of the rainfall ran off at once, that 5 per cent. was used for
cultivation or evaporated, and that 5 per cent. sank into the lower strata, this pumping would
deal with the percolation of 25,960 biggahs. There were, however, several other shafts
pumping within the area of the circle of 25,960 biggahs, with Nos. 4 and 5 shafts as a centre.
(4) The housing and supply of labour.
Mr. F. I. Leslie Ditmas (Resolven) wrote that, although other papers had been published dealing
with the Jherria coalfield, Mr. Greenwell's communication was welcome, as it supplied a want
by bringing the matter up to date as well as giving new and valuable information. In a coal-field
which was opening up so rapidly as was the case with this field during the past 20 years, it was

essential that fresh papers should be written every few years. Not only did the system of
working alter, but the type of labour changed, and the increased depth of winding was bringing
forward difficulties not contemplated by the exploiters of 20 years ago. Herein lay a great
difference between the coal-mining operations of India and those of the United Kingdom, and
it was more than probable that people at home did not sufficiently realize this. The
Government of India were greatly to blame in not pushing the construction of new railways,
not only into the coal-field, but throughout India. The railways had, as a whole, yielded very
handsome returns on the capital invested, and as they consumed rather more than a third of
the total coal-output, it was very essential that they should be developed, for the good of the
country as a whole and the coal-trade in particular. Again, the great and terrible wagon
shortage which had now existed for many years had hit the coal-trade very badly.
As pointed out in the paper, there was great need for a public electricity-supply company, such
as was in existence in the North of England, for it was only companies with a large capital that
could afford to install a private power-station. The coalfield was a large one, and there was
ample room for several
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large central stations for the public supply of current. In the matter of steam-turbines, unless
there was an ample supply of cooling-water these machines would not repay the cost of
erection. When in India a few years ago, he found that the quantity of cooling-water necessary
was so great that he was obliged to reject the use of turbines for a power-plant at collieries in
the Central Provinces. From his own experience in India, he found it more satisfactory to start
with a temporary plant, and fix the permanent plant while sinking. He, therefore, did not agree
with the author when he advocated the erection of the permanent winding-engines and
headgear at the commencement of operations. Owing to the thickness of the seams, bord-andpillar working would probably always be the chief system; but with some of the thinner seams
longwall had been used, and would most probably come more into vogue. Most men working
coal in India were wedded to the use of the large tub, but he (Mr. Ditmas) used the small tub of
the Durham type at his collieries, with most excellent results both in regard to output and to
handling. It would be difficult, however, to get the Jherria coalcutter away from his custom of
filling the large tub.
Mr. Greenwell had compared the present condition of labour to that “which prevailed in
England during the Middle Ages,” and in many respects he was quite right. The caste of the
coalcutter was as yet small, though growing yearly. In India the people were wedded to
agricultural pursuits, and the custom of living in overcrowded villages or small towns with their
many restrictions did not appeal to them, so that the colliery manager had very difficult labour
conditions to deal with. One must not overlook the fact that in the past the native had
frequently been cheated of his legitimate and hard-earned gains by unscrupulous Babus,
Eurasians, and, in some exceptional cases, by Europeans. Moreover, the terribly bad
underground conditions, bad ventilation, and the long and steep distances along which the coal
had to be carried, had not tended to attract the jungle natives, and it was only the higher pay
that had tempted them to take up mining at all.

Mr. N. B. Paddon (Ferry Hill) wrote that he would like to pay a tribute to Mr. Greenwell for his
excellent paper. With regard to the railways that served the Jherria coal-field, the East Indian
Railway, which was the pioneer, seemed hardly to
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have obtained the lion's share of the tonnage raised, as the Bengal-Nagpur Railway had sidings
at many of the more important collieries. Whilst the first-named line ran nearer the outcrop of
the top and inferior seams, the main line of the latter went west from Adra and lay to the
south, and more or less parallel with the outcrop of No. 15 Seam. It was, therefore in a better
position to send out sidings northwards and southwards so as to provide facilities to collieries
working the principal seams, say, Nos. 12 to 17, especially when the coal came to be worked at
greater depths in the future.
From his (Mr. Paddon's) own small experience in the Jherria coal-field, he considered Mr.
Greenwell's estimate of the cost of sinking somewhat too sanguine. He (Mr. Paddon) had
found that from about a depth of 120 feet to about a depth of 260 feet the cost was
approximately £2 19s. 6d. per foot; in this case the permanent winding-gear was in use, but at
a depth of 200 feet the water feeder increased, and it was found necessary to install a pump.
For several months, while the erection of a chimney and the seating of two Lancashire boilers
was completed, no progress was made with the sinking. Several second-hand pumps were of
little or no use, and finally a new one had to be purchased.
He could, therefore, fully
endorse Mr. Greenwell’s remarks as to the wisdom of having sufficient power and plant at the
outset.
Another shaft was sunk to the rise of that already mentioned, to a depth of 40 feet, by women
hauling the débris up in baskets, much as a horse works a gin, although in this case the women
walked backwards and forwards to the pit-mouth. The last 16 feet cost approximately £2 14s.
per foot, but during the last week or two work was hindered by early rains, and the water had
to be bailed out with kerosene tins. After the shaft had been walled and the permanent plant
erected, and with a European assistant in charge, the cost was from 22s. to 30s. per foot until a
depth of 100 feet was reached. Both shafts were 16 feet in finished diameter, and hand-drills
were employed. The figures did not cover time lost when no work was done during the week,
but did include weeks when stoppages occurred.
He (Mr. Paddon) was of opinion that the cost would exceed Mr. Greenwell's figures, especially
at the greater depths of which he spoke, even though power-drills were employed. Any
increase
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in the efficiency of the native sinkers would probably be counterbalanced by a higher rate of
pay. Where hand-drills were employed, and at moderate depths where there was little or no
water to contend with, an average of 6 to 7 feet per week throughout was generally considered
satisfactory, although naturally at the commencement this was easily doubled.
Mr. Greenwell mentioned that far too many openings to the surface were formerly made, and
the cause of this was interesting -- in the earlier days of mining gangs of miners when being

given work generally requested to have a pit to themselves, hence the unnecessary
multiplication.
Even where no pillar-cutting or breakdown had taken place, inclines were sometimes drowned
out by the phenomenal rainfalls, which caused streams to rise above the drift mouth: this
resulted in mud being carried into the galleries, and causing additional expense in subsequent
working.
Mr. Greenwell had stated that the question of gas would probably have to be dealt with in the
near future. Safety-lamps were already used in some mines situated in the Barakar district of
the Raneegunge coal-field. Ventilation would have to receive greater attention than
heretofore, if explosions were to be prevented, as in addition to the loss of life and damage to
property which they entailed, they naturally scared the miners, and a month might easily
elapse before any number would re-enter the mine. At present it was difficult to make the
miner understand the necessity of keeping his lamp locked.
When dealing with the cost of raising the coal he (Mr. Paddon) thought that Mr. Greenwell
might have mentioned that one of two systems was adopted, either sircari or ticca (contract).
In the former case the miners and off-handed men and women were paid by the company
direct; but in the latter case the mine was let to a contractor, generally a native, who as a rule
guaranteed a certain output from the mine, and employed most of the labour. The ticcadar or
contractor should be a man who could influence miners, and it was most desirable to avoid a
man of straw, so that when despatches, on which he was paid, were not brisk, he was willing to
accept payment at the rate of about 75 per cent. of the value of the measured stacks at the
depot, and yet be in a position to meet the claims of the miners and others whom he employed
as they accrued. A contract of this sort
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stipulated that the contractor must be paid a certain rate per ton into wagons (say, 1s. 9d. per
ton, according to circumstances) which included the raising, carting by bullock-wagons where
necessary, and loading of the coal. He also supplied oil and lamps (open) to his men. In old
inclines or drifts, where tubs had not been introduced, the coal was brought to the surface in
baskets, and stacked in gaddas or flat heaps 1 foot high. A gadda should contain 100 cubic feet.
The difficulty of working mines in India on a pre-arranged system was due to the scarcity and,
consequently, independence of the native miner. Fences erected in compliance with the Indian
Mines Act were frequently disregarded, hence the accidents caused by pillar-robbing. Also,
miners chose their own cavils or working-places, thus adding to the difficulty of opening out
the mine on a progressive scale. Contrary to the practice in this country, miners had frequently
to be recruited from a distance. For this purpose natives were employed, and a douceur in the
form of khorachi had to be paid before any work was done. Not uncommonly miners, though
expressing themselves as satisfied after an inspection of the working-places, would flit away
during the night without giving any reason. Much time was lost in pujahs and purrub (festivals
and holidays), and on these occasions buxis (backsheesh) had to be given to the men. Before
broken work was started, they might wish to propitiate their gods, and money must be given to
purchase a goat and wine.

Reductions in bad times were difficult to obtain, as the miners generally had their land to fall
back upon, and curiously enough were more difficult to hire during the depression which
followed the boom of 1908 than previously.
The difficulty of dealing with offences under the Indian Mines Act, when accidents occurred,
would be shown by a perusal of the Annual Report of the Chief Inspector of Mines in India,
wherein the culprit was often stated to have disappeared into the jungle, thus escaping the
consequences of his act.
Mr. C. L. Watson (Tunley, Bath) wrote that up to the present the great drawback to the
scientific working of the seams in the Jherria coal-field had been the fact that, as a
consequence of the large amount of outcrop coal available, the area had been divided amongst
too many owners, each working by his own insular
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methods, entirely regardless of the question of how matters were likely to be affected by such
methods in the not very distant future. The great advantage of having large areas under the
control of one concern, with matters considered, therefore, from a comprehensive point of
view, was shown by a comparison of any of the collieries on the Jherria coal-field with those at
Giridih worked by the East Indian Railway Company, where everything had been laid out in a
scientific and workmanlike manner, the result being that the troubles to be fought against in
their case did not amount to anything like those due to the lack of foresight of a previous
generation. It was well known to all mining men how continuous was the expense involved by
the unsystematic methods that had been adopted by the former workers.
In the case of the Giridih coal-field, the East Indian Railway Company, with very small
exceptions, had the whole of the taking, and this, even if advisable, was, of course, quite
impossible in the case of the Jherria field. In the case, however, of concerns holding large
takings in the Jherria field, no forethought had until lately been exercised, and only the present
seemed to have been considered. The necessity of improving the methods was now being
forced on the colliery-owners, and those responsible were not materially assisted in their
difficulties by the haphazard methods of the past.
Mistakes similar in character, and altogether farther reaching in their results, would
undoubtedly be made again in the future, unless the direct control exercised up to the present
by the purely commercial element in Calcutta was vested in more technical hands, and a
scientific outlook, without the petty interference from managing agents in Calcutta, was
brought to bear on the situation. Certainly, profit-making was the essential reason for the
existence of a colliery, like any other industrial undertaking ; but it was equally certain that a
mine, of all places, was the last undertaking capable of producing profits under the direction of
men, however able, whose primary vocation was that of buying and selling. This radical
alteration would mean the appointment of more highly-trained men, on whose shoulders
should rest the full technical responsibility of the colliery, and in whom sufficient confidence
should be imposed to allow them to appoint all the officials under them who were responsible
for
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the supervision of the work. This would at once mean an increased efficiency in the supervision
of the collieries, which would have the effect of producing in the future profits not
counterbalanced by waste—quite a different result from what would certainly happen if the
present haphazard methods were to continue. Many firms were already adopting this
necessary attitude, and to these would undoubtedly belong the honours of the future.
Mr. George Harold Greenwell (Poynton, Stockport) replying to the various points raised by Sir
Ralph P. Ashton and Mr. Allan Greenwell, wrote that the transport difficulty in the Bengal coalfields had been very prominent of late, as was shown by the action of the Indian Mining
Association, and also by the Coal Traffic Conference held in October, 1912, when the position
and action of certain of the railway companies, in regard to the facilities offered for the
transport of coal, received very severe criticism. It must, however, be remembered that the
East Indian Railway, by its entry into the Jherria coal-field in the year 1894, whether under
compulsion or not, initiated the opening out of that field.
The words “taken up “were correctly interpreted as meaning that the underground rights in the
area named had been taken up, without inferring that the whole of the area had been worked
or was workable. Whilst boring to prove the value of the coal in any small area was practically
useless, systematic boring over the whole or a large portion of the field would yield information
of enormous value. This could only be done by the Government, or by concerted action on the
part of all those who were interested.
The figures tabulated in Appendix II. were approximate, and had been obtained by taking the
total output for each colliery, and then estimating the quantity raised from each of the seams
worked at that colliery.
“Exposed area” defined the area over which the Barakar Series of Coal-Measures cropped out,
as distinct from the area lying below the Ironstone Shales and Raneegunge Series of CoalMeasures.
The origin of the water to which Sir Ralph P. Ashton and Mr. Allan Greenwell referred was of
considerable importance, and the following theory was suggested:—The whole of the Coal –
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Measures were waterlogged, and the water was held in on all sides by the impervious
metamorphic rocks, the only outlet being by the Damuda River, which broke through in the
south-eastern corner of the field. The actual quantity and the depth at which this water was
found varied all over the field, being dependent on local conditions, faults, trap-dykes, more or
less pervious strata, etc. At the Nos. 4 and 5 shafts of the Raneegunge Coal Association,
Limited, this level was, he believed, found at about 140 feet from the surface; and at a depth of
280 feet the water was under considerable pressure, although it was noticeable, both in shaftsinking and in the opening-out, that shortly after fresh ground had been tapped, feeders which
previously had been giving off 100 gallons or more per minute would dry up, only to appear
again in newly-exposed breaks at the fresh face. If this theory of the whole area being
waterlogged, with the Damuda River as its overflow, was correct, no considerable reduction of
the quantity of water to be dealt with could be expected in fresh sinkings, although each shaft
sunk to the dip would relieve those to the rise of it. The quantity of water collected during the

rains, say 5 per cent. of a rainfall of 50 inches, over 200 square miles at the very least, was
enormous, amounting to 7,260 million gallons per annum.
In reply to Mr. Leslie Ditmas, the tendency on the part of the management in the Jherria Field
had been rather to increase than to decrease the size of the tubs. Where the coal was loaded
into tubs, the payment to the miner was per tub, and within reasonable limits the amount did
not vary with the size of the tub. The native miner usually considered his one or two tubs to
constitute a day's work, regardless of the time taken in filling them. Consequently, any sudden
reduction in the size of the tub at a particular colliery would mean a decreased output per
head, while it would be difficult in a district where the competition for labour was a serious
matter to make any reduction in the rate per tub.
In reply to Mr. Paddon, owing to its alignment to the dip of the field, the prospects that the
Bengal-Nagpur Railway would obtain the bulk of the future coal-traffic were obvious, and it was
to be hoped that the company would take full advantage of its opportunities. The estimate of
cost given for sinking which Mr. Paddon considered too low, represented a case in
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which full equipment would be available and in which no unexpected difficulties with water or
labour would occur. A rate of progress of 12 to 14 feet a week might be expected down to very
considerable depths. The many points attached to the advantages and otherwise of the sircari
and ticca systems, and to the difficulties attached to the recruiting and keeping of labour would
alone form the subject of a paper, and had not been dealt with by the writer. One of the main
objections to the ticca system, both now and in the future, was the difficulty in getting
unprofitable development work done quickly and effectively by the contractor. It was generally
difficult to persuade him that work, which at the moment gave him little return, would bring its
reward in the shape of an increased output of cheap coal in the future.
---The Schooling adding and subtracting machine was exhibited and described by the Calculating
Machine and Engineering 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,
June 14th, 1913.
Mr. J. G. WEEKS, Past-President, in the Chair.
DEATH OF MR. WILLIAM HENRY RAMSAY.
The Chairman (Mr. J. G. Weeks) said that, before proceeding with the business of the meeting,
he wished to allude to the loss that they had sustained by the death of Mr. W. H. Ramsay, Chief
of the Northumberland and Durham Collieries Fire- and Rescue-brigade at Elswick. The
circumstances of his death, and the tragic suddenness with which he succumbed, were well

known to all the members. Investigation was to be made, and they would, no doubt, in due
course, learn the real cause of the occurrence, when steps would be taken to guard against
anything of a like nature happening in the future. What they had to concern themselves with at
the present moment was the fact that they had lost the services of a brave and valuable
member of the Institute, and he moved that a vote of sympathy and condolence should be
addressed to Mr. Ramsay's mother and relatives.
The vote was passed in silence, the members standing.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on May 31st and that day.
The Secretary read the balloting-list for the election of officers for the year 1913-1914.
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The following gentlemen were elected, having been previously nominated : —
Members—
Mr. Rollo Samuel Barrett, Mining Engineer, Brookside, Seaton Burn, Dudley, Northumberland.
Mr. Owen Salusbury Batchelor, Mining Engineer, P.O. Box 221, Kamloops, British
Columbia.
Mr. Myles Brown, Engineers' Agent, 4, Beaconsfield Crescent. Low Fell, Gateshead-upon-Tyne.
Mr. Benjamin Starks Field, Colliery Manager, Layabad Colliery, Kusunda P.O., District
Manbhoom, Bengal, India.
Mr. Wardle Heslop, Colliery Manager, 8, Beech Grove Road, Newcastle-upon-Tyne.
Mr. Stanley Walton-Brown, Colliery Manager, Seghill Colliery, Seghill, Dudley, Northumberland.
Associates—
Mr. William Brown, H.M. Sub-Inspector of Mines, 45, Stanton Street, Newcastle-upon-Tyne.
Mr. William Rodway, Colliery Under-manager, South Row, Bedlington, Northumberland.
Student—
Mr. George Herbert Stanton Kent, Mining Student, 38, Ripon Gardens, Newcastle-uponTyne.
DISCUSSION OF MR. T. A. SAINT'S PAPER ON "THE LIGHTING EFFICIENCY OF SAFETY-LAMPS."*
Mr. E. A. Hailwood (Morley, near Leeds) wrote that, after having read Dr. T. Lister Llewellyn's
remarks on the low candle-power of safety-lamps,† it was somewhat refreshing to have an
independent outside authority recording high candle-powers. It was also interesting to note
how small a drop took place during 8 hours of burning. As recorded in Table III. of Mr. Saint's
paper, the drop was only 0.0105 during the first 6 hours, and in the next 2 hours only a further
0.055. According to Table IV., the drop in the first 8 hours was only 0.048; in Table V., 0.023;
and in Table VI., with the Marsaut lamp, 0.0745, and with the Clanny lamp, 0.038. All the tables
showed an astonishingly low drop in the first 8 hours, and very little during the next 2. No

doubt if the lamp had been fitted with a snuffer so as to enable the operator to snuff the wick
completely,
* Trans. Inst. M. E., 1913, vol. xlv., page 327.
† Ibid., 1912, vol. xliv., page 267.
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there would have been practically little or no drop in candle-power. In some experiments that
he (Mr. Hailwood) had recently carried out with a lamp which normally gave a candle-power of
0.575, it had been found that, when fitted with a tin reflector, not specially polished, the
candle-power was increased to 1.16. With another lamp normally giving 0.665 candle-power it
increased to 1.32, and at one angle 1.75 was actually obtained. Seeing that men in the mine
usually got their flame up to the nearest point possible below smoking-point, he thought that
the results obtained by Mr. Saint, and also those which would follow the use of reflectors,
ought to upset a number of the theories advanced in connexion with nystagmus.
Mr. T. A. Saint (Newcastle-upon-Tyne), replying, said that he only hoped that his experiments
would prove of value, and would in some way benefit the miners when at work in the mines.
MINERS' ELECTRIC SAFETY-LAMPS.
The following miners' electric safety-lamps were exhibited : —
The Gray-Sussmann Lamp.
The Gray-Sussmann lamp (Fig. 1), which is made in two sizes, giving 1 to 1½ candle-power and
weighing 5¼ and 5¾ pounds respectively, has a burning capacity of from 11 to 12 hours. The
battery-case, oblong in shape, is made either of strong tinned steel or of cast-aluminium; the
semi-dry type battery itself, of similar shape, has a stout celluloid casing. The acid in the battery
is absorbed by a special composition, so that there is no free liquid to spill. The base-plate of
the upper portion of the lamp is hinged to the battery-case by a strong brass butt, and locked
thereto by either a hasp and staple with lead rivet or by a strong magnetic lock. On the under
side of the base-plate are two spring contacts, which engage with the battery-terminals when
the lamp is closed. To the upper side of the base-plate is attached the lamp-holder, the 2-volt
metal-filament lamp being secured in a conical reflector
Fig. 1.—The Gray-Sussmann Lamp.
[Drawing]
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by a small screw. The lamp is protected by a strong cylindrical glass, about ¼ inch thick, which
carries on its top a second conical reflector, the whole being secured to the base-plate by
means of an aluminium top-plate and four brass standards. Attached to the aluminium top-

plate is the usual carrying handle. The lamp is switched on and off by means of a small gas-tight
screw-switch and all other connexions is also rendered gas-tight by means of asbestos and fibre
washers.
The Wolf Alkaline Lamp.
The standard type of Wolf alkaline lamp (Fig. 2) consists essentially of three parts, the bottom
and top portions, and the accumulator. The bottom part is cylindrical in shape, and is made of
pressed Sheffield steel, which is reinforced by a number of vertical ribs.
These ribs are
convenient for handling, and also act as a protection against accidental pick-blows. Upon the
inside of the bottom part are fitted projections which correspond with flats upon the
accumulator. These projections hold the accumulator in position, and as there is ample
clearance between the accumulator and the shell,
difficulty in the removal of the
accumulator is obviated. They also assist in preventing injury to the accumulator if the
shell be struck by a pick or otherwise damaged. The lamp can be fitted with either the
Wolf alkaline or the Wolf rapid-charging lead cell. If the latter cell be fitted, the inside
of the shell is doubly tinned,
Fig. 2.—The Wolf Alkaline Lamp: Standard Type.
[Photograph]
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and then coated with a special acid-proof solution. The top part of the lamp is secured to the
bottom portion with a bayonet-joint or a square-threaded screw, and locked with a strong
magnetic lock. The top part consists of a base-ring, to which the magnetic lock is attached, with
five pillars supporting the top-plate, to which are fixed the usual eyelet and the carrying
handle. Attached to the under side of the top-plate is a conical reflector. In putting the top part
of the lamp together, there is first placed against the inside of the top-plate a washer of
suitable material; a strong cylindrical glass, about ¼ inch thick, is then put into position,
followed by another washer and a bottom conical reflector. The insulating base carrying the
lamp and terminals is then screwed into position, thus firmly securing all the various parts. A
special device is provided for ensuring maximum safety when switching on or off, this
consisting of a double contact between each pole, with the space between the same bridged
across by a small high-resistance coil embedded in the insulating base. This coil forms a shunt
across the contacts, and thus renders impossible the production of a spark or rupture of the
circuit. The provision for the insertion of the bulb is unique, and enables replacements to be
made in the least possible time, without the removal of any screws or any portion of the top
part of the lamp. The bulb, of cylindrical form, is fitted in such a manner that the filament
Fig. 3.—Showing Method of inserting Bulb in Wolf Alkaline Lamp.
[Photograph]

Fig. 4. —Top Portion of Wolf Alkaline Lamp, with Bulb and Holding-spring in Position.
[Photograph]
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stands much higher in the lamp than is usually the case, and consequently creates the
minimum of shadow.
To insert the bulb, a small spring with a central indentation is swung
to one side (Fig. 3), and the lamp dropped into position; the central indentation in the spring is
then engaged with a similar projection on the base of the lamp (Fig. 4), and this holds the
same securely in position. The lamp is switched on or off by about an inch turn of the
top portion.
The top portion of the lamp is made in a number of patterns, all of which are
interchangeable with any bottom part. Fig. 5 illustrates a standard type of lamp, with dome
glass and hinged handle, intended for roof-lighting, or similar purposes. Fig. 6, known as
the armoured type, is specially designed for rescue-stations and inspection duty. The lamp is
made in two sizes, the smaller of which gives 1½ candle-power for 16 to 18 hours or 2 candlepower for 10 to 12 hours, and the larger size 2 candle-power for 20 to 22 hours or 4 candlepower for 10 to 12 hours.
The height of the lamp is 10 inches and its weight about 4½
pounds. It has unlimited life, and is guaranteed for 6 to 13 years, according to size.
The
alkaline battery has a normal voltage of 1.3 per cell, or 2.6 for the battery, and possesses
numerous advantages. The cells are made throughout of solid metals, and possess maximum
mechanical strength. The battery can be charged at a high rate in a few hours; internal
short-circuiting is impossible, and external
Fig. 5.—Standard-type Wolf Alkaline Lamp, with Dome Glass and Hinged Handle.
[Photograph]
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short-circuiting does not injure the cells in any way.
Moreover, charging in the wrong
direction does not in any way act destructively. The electrolyte, consisting of a 20-per cent.
solution of potassium hydrate, has no corrosive action on the metallic parts of the lamp ; and,
as complete discharge is in no way detrimental, it is not necessary to take the precautions
which are required in the case of lead cells to prevent complete discharge. The cells may be
left idle for long periods after they have been charged. As no gases are liberated during
discharge, no vents are required, and the cells are consequently absolutely unspillable.
The charging current is 3 amperes for 6 hours ; and, on account of the rapidity with which the
batteries can be charged, it is frequently possible to use them as double-shift lamps, so
that only half the number are in consequence required. The electrolyte needs to be
renewed only once or twice a year; as pit-lamps for every day use they are therefore
unique, insomuch as there are no maintenance charges other than lamp-bulb renewals. The
advantages which they possess render them ideally suitable for rescue-stations, for reserve
lamps, and for general emergency work. The Wolf rapid-charging lead cell does not contain
any mechanical supports for the paste; any matter washed out by natural wear

settles at the bottom of the vessel, where it cannot short-circuit the electrodes, and can be
removed periodically by rinsing
Fig. 6.—Armoured-type of Wolf Alkaline Lamp, for rescue-stations and inspection duty.
[Photograph]
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out the cell. The cells can be charged with extraordinary facility. They should receive a 15-hour
charge upon delivery, and afterwards only a 2-hour charge at the rate of 7 amperes. As is the
case with the alkaline battery, it is therefore possible to use them as double-shift lamps. The
celluloid case in which the lead cells are fitted is provided with a stop-block, which, when used
with the "Wolf system of charging boards, renders the accidental reversal of the charge
absolutely impossible.
The Ochwadt Self-Registering Water-Gauge.
The Ochwadt self-registering water-gauge (Figs. 1 and 2), which was exhibited, is designed
to record continuously the pressure of the ventilating current (or water-gauge) in coalmines, or the pressure or vacuum of air or of gas in gas-plants and ironworks. This instrument
is at the present time of particular interest, as it is constructed not only to indicate the slightest
variation of pressure, but to act as a check upon the satisfactory
Figs. 1 and 2.—The Ochwadt Self-registering Water-gauge.
[Diagram and photograph]
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working of the ventilation plant, by automatically indicating the pressure conditions. The base
of the apparatus is formed of two cylinders, of equal width, which merge into one large
cylinder at the extreme base. Water is poured into the cylinders until the requisite point for the
correct working of the apparatus is reached. In each cylinder is a float, the two being joined
together by a chain passing under a wheel in the single cylinder. Fixed to one of the floats is a
vertical rod h, to which the recording pen g is attached. The top of the apparatus consists of a
glass case containing the drum i, on which the recording chart is placed, the drum being
rotated about its vertical axis by a clock fixed on the top of the case. The clock is arranged to
run for 7 days, and can be so adjusted as to rotate the drum either once in 24 hours or once in
7 days, as may be most expedient. The chart is provided with both horizontal and vertical
divisions, indicating the pressure and time respectively. The air is admitted through the inletpipe c into the cylinder containing the float to which the writing device is not attached, and,
bearing on the surface of the water, every variation of pressure causes the floats either to rise
or to fall, which naturally causes the recording pen similarly to rise or fall and so to give a
correct record.

Prof. Henry Louis (Armstrong College, Newcastle-upon-Tyne) said that he was a very firm
believer in the use of self-registering water-gauges. It appeared to him curious that everyone
registered very carefully the pressure of the atmosphere, which they could not control, but did
not trouble to register continuously their water-gauges, which they could control. In Germany
instruments of the kind exhibited were almost universally in use. He knew of appliances based
on two or three different principles in use in Germany, and he personally did not like the float
type as well as some of the others : because, if the water evaporated, which it would in time,
the zero-mark had to be reset. He preferred a type in which a sort of diving-bell rose and fell
with the variation in pressure. He had with him a self-registering water-gauge, made by Messrs.
F. Robson & Company, of Newcastle-upon-Tyne, which, as the members would see, was
practically the ordinary barograph with a set of vacuum discs, instead of aneroid discs,
connected with the fan-drift. The instrument was quite
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reliable; he had tested one for similar purposes, and had found it very useful. The reason why
he exhibited it was that it cost something like a third to a fourth of the price of the Ochwadt
device. He suggested that a description and illustration of the instrument should be included in
the Transactions.
The Chairman (Mr. J. G. Weeks) mentioned that he thought that one of the new regulations
would require self-registering gauges to be kept in the fan-houses.
Messrs. F. Robson & Company's Improved Air-gauge.
Simplicity and accuracy have been aimed at in constructing this instrument, which is similar to
that of the barograph or recording barometer. Instead, however, of the drums or small
chambers being exhausted of air and hermetically sealed, they are open, so that pressure can
be increased or decreased inside the drums, which are balanced so sensitively as to record a
difference of pressure of a twentieth of an inch. The instrument (Fig. 3) is a great advance on
the ordinary recording water-gauge, inasmuch as it does away completely with the use of
water, the evaporation of which rendered the old style of gauge inaccurate. It is connected to
the fan-chamber by a tube attached to a stopcock at one end of the instrument, a
Fig. 3.—Messrs. F. Robson & Company's Improved Air-gauge.
[Photograph]
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control inserted in the pipe overcoming the usual unavoidable vibrations arising in other
recording gauges. It is always ready for use, and the observer can see at a glance not only the
pressure indicated, but the exact time when any rise or fall has taken place. It is set to zero by
simply turning a screw-head, an operation which takes only five or six seconds. It reads up to a
pressure of 6 inches, the pressure being recorded on a chart mounted on a drum actuated by

clockwork, which makes one complete revolution in 7 days. The chart is divided into days and
hours, and thus records the hourly variation in pressure. The complete gauge and clock is
enclosed in a copper case with a glass front, which renders it most portable and compact.
The Davis-Biram Anemometer.
The Davis-Biram anemometer was exhibited. The instrument has already been described in the
Transactions,* but one or two small improvements have since been introduced. Besides the
short handle supplied with the instrument, a second handle of any length, in every case
provided with a disconnecting or connecting slip-ring, can be used, which enables
measurements to be taken in any part of a large roadway. This handle is so constructed that it
can be used as a deputy's stick. An attachment is now also provided, which will permit of all the
pointers being at any time promptly set to zero.
* Trans. Inst. M. E., 1911, vol. xlii., page 382 ; and 1912, vol. xliv., page 30.
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APPENDICES.
1. -NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE
TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND FOREIGN
PUBLICATIONS.
The following contractions are used in the titles of the publications abstracted: —
Anal. Mus. Nac. Buenos Aires. Anales del Museo Nacional de Historia Natural de Buenos Aires.
Ann. Mines Belgique. Annales des Mines de Belgique, Brussels.
Ann. Mines Paris. Annales des Mines, Paris.
Ann. Soc. Géol. Belg. Annales de la Société Géologique de Belgique, Liége.
Ann. Soc. Géol. Nord. Annales de la Société Géologique du Nord, Lille.
Berg-Hüttenm.[Huettenm.]
Jahrb.
Leoben.
Berg-und
Hüttenmännisches
[Huettenmaennisches] Jahrbuch der k. k. montanistischen Hochschulen zu Leoben und
Přibram, Vienna.
Bol. Soc. Nac. Min. Chile. Boletin de la Sociedad Nacional de Mineria, Santiago de Chile.
Bull. Soc. Géol. France. Bulletin de la Société Geologique de France, Paris.
Bur. Mines. Bureau of Mines, Washington, U.S.A.
Eng. & Min. World. Engineering & Mining World, Chicago, U.S.A.
Foldt. Kozl. Foldtani Kozlony, Budapest.
Jahresbericht k. ung. geol. Reichsanst. Jahresbericht der Königlich [Koeniglich] Ungarischen
Geologischen Reichsanstalt, Budapest.
Mém. Com. Géol. Russie. Mémoires du Comité Géologique de Russie, St. Petersburg.

Min. Res. Philipp. Is.
Mineral Resources of the Philippine Islands, Government Bureau of
Mines, Manila.
Mitt. Geol. Gesellsch. Wien. Mitteilungen der Geologischen Gesellschaft in
Wien, Vienna.
Neues Jahrb.
Neues Jahrbuch für [fuer] Mineralogie, Geologie, und Paläontologie
[Palaeontologie], Stuttgart.
Oesterr. Zeitschr. f. Berg- u. Hüttenwes [Huettenwes.]. Oesterreichische Zeitschrift für [fuer]
Berg- und Hüttenwesen [Huettenwesen], Vienna.
Philipp. Journ. Sci. Philippine Journal of Science, Manila.
Proc. & Trans. Nov. Scot. Inst. Sci. Proceedings & Transactions of the Nova Scotian Institute of
Science, Halifax, Nova Scotia.
Proc. Engineers' Soc. W. Penna. Proceedings of the Engineers' Society of Western
Pennsylvania, Pittsburg, U.S.A.
Rev. Noire. Revue Noire, Lille.
Rev. Sci. Paris. Revue Scientifique, Paris.
Verhandl. k. k. Geol. Reichsanst.
Verhandlungen der kaiserlich-königlichen [-koeniglichen]
Geologischen Reichsanstalt, Vienna.
Vierter Jahresber. Niedersächs. [Niedersaechs.] Geol. Ver. Vierter Jahresbericht des Niedersächsischen [Niedersaechsischen] Geologischen Vereins, Hanover.
Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes.
Zeitschrift für [fuer] das Berg-, Hütten[Huetten-] und Salinenwesen im preussischen Staate, Berlin.
Zeitschr. f. prakt. Geol. Zeitschrift für [fuer] praktische Geologie ; and ibid, (Berg,
wirtschaftliche Mitteilungen), Berlin.
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GEOLOGY, MINERAL DEPOSITS, ETC.
Upright Tree-trunks in the Coal-Measures of Lens and Liévin — By Charles Barrois.
Ann. Soc. Géol. Nord., 1911, vol. xi., pages 187-196
This memoir strengthens the evidence in favour of the conclusion that such erect trunks with
their roots are in the position of growth and are not drifted material, despite the observation
that the roots found at the roof of a coal-seam never traverse the seam, but spread out along
its upper surface or appear to be abruptly cut off. It will be borne in mind, however, that coal
and shale are materials of very different resisting power when confronted with tectonic
influences.
The author has made a special study of the roofs of seams:—(1) coarse grit roofs, evidently laid
down near the shore amid currents of quickly diminishing rapidity; (2) plant-shale roofs; (3)
roofs of black bituminous fish shale : (4) roofs of brown bituminous shale, full of brackishwaterlamelli-branchs; and (5) roofs of calcareous shale with marine mollusca. All these roofs
are of remarkable constancy in their occurrence. The roofs belonging to the first two categories
were laid down in turbid marshy waters rarely attaining 16 ½ feet in depth, and occasionally
dried up; the roofs belonging to the last three categories were laid down in comparatively pure
and deep water (fresh, brackish, or sea-water) in lagoons, lakes, or bays. Now, it is practically
only in the first two categories that the erect trunks are found, as may be seen from the tables

showing such occurrences in the case of nineteen seams or more at Lens, and seven at Liévin.
L. L. B.
Marine Bands in the Liége Coal Basin.—By Armand Renier. Ann. Soc. Géol. Belg. 1912, vol.
xxxix., Mémoires, pages 375-392.
In this second memoir on the subject, accompanied by a full bibliography, details are given of
the most recent investigations, which tend to show that there are at least thirteen, if not
fourteen, marine horizons in the Liége coal-basin.
The author notes, by the way, that the habitat of Lingula appears to have varied little in the
course of Carboniferous time: the genus seems to abound especially in the finely stratified
brownish-black shales, which may be regarded as the result of the consolidation of mud
charged with putrefying organic matter.
The various horizons are tabulated in stratigraphical order from the most recent to the oldest,
and proceeding, as far as possible, from west to east. In some cases the synonymy, in others
the constancy of certain horizons are avowedly doubtful; but, on the whole, the author adheres
to the statement above made as to the number of now recognized marine horizons. It will be
noted that most of them occur below the Stenaye Seam, and belong to the Andenne and
Châtelet Series.
Correlation is now permissible with the coal-basins of Dutch Limburg, Aachen (Aix la Chapelle),
and Westphalia, the barren measures being at the summit of a series which contains a great
number of marine horizons closely following one on the other.
L. L. B.
Microscopic Structure of Coal.—By Julius Schuster. Neues Jahrb., 1912, vol. ii., pages 3341.
The results of the author's investigations go to prove that the inclusions in coal previously
regarded as algae (seaweeds) are nothing of the kind, but
[A3]
are, on the contrary, purely mineral structures. He does not, however, contest the importance
of the part played by algae and plankton in the formation of coal and also of petroleum. He
considers that, in the case of coal, algae are merely accessory constituents. All the structures
hitherto described as algal are either resins or sphæroliths (otherwise sphærulitic structures
consisting of silica, calcspar, iron, etc.). What remains of plants happen to have been caught up
in them are typically of terrestrial origin, as, for example, spores.
L. L. B.
Ore-deposits of Traversella, Piedmont.—By Fr. C. Müller. Zeitschr. f. prakt. Geol., 1912, vol. xx.,
pages 209-240.
This very exhaustive memoir includes a complete bibliography of the subject, and the three
main groups of rocks which are characteristic of the district are described in some detail: these
are the eruptive rocks (diorites, porphyrites, mica-traps), the crystalline schists, and the
carbonate rocks, with which last the ores are especially associated. It is observed that pure
limestones or dolomites appear to be absent. Magnetite is the most important ore; sulphidic

ores, such as ordinary pyrite and magnetic pyrite, occur abundantly, but are of no industrial
consequence. Cupriferous ores, in view of possible local enrichments, present a more hopeful
prospect. Galena, the rarely occurring zinc-blende, arsenical pyrite, antimonite, and
molybdenite, are all here of small importance.
If classified according to their genetic relationships, the ore-deposits of Traversella would fall
naturally into two groups, (1) contact-deposits, and (2) metalliferous lodes. The contact oredeposits, yielding especially magnetite, and secondarily chalcopyrite, are characteristic of the
districts of Traversella proper and Montaju-Cima-Gias del Gallo. In the former the two
concessions of Riondello and Castiglione are of ancient renown, and the workings there are
described in detail. The geological structure of the Riondello area is extremely complicated: the
accumulation of carbonated rocks is in causal connexion with the irruption of the diorite.
Mineralization is of stockwork character in the first-named rocks, and is more frequent nearer
the surface. The connexion of the mineralization with eruptive phenomena is clearly apparent
in the Montaju-Cima-Gias del Gallo district: there all the ore-bodies lie among rocks which are
extensively invaded by diorites.
The metalliferous lodes yield sulphidic ores in a quartzose gangue: oxidic ores are entirely
wanting.
L. L. B.
Metalliferous Ore-deposits in German South-West Africa.—By — Dahms. Zeitschr. f. prakt.
Geol., 1912, vol. xx., pages 240-247.
Of late years, mining prospectors have been very active in the colony, being emboldened by
the flourishing condition of the mineral industry of Otavi and by the discovery of diamonds in
the Namib. Thus far, nothing has justified the initiation of mining operations on the grand scale,
for either the ore-deposits have proved to be too insignificant, or else difficulties of transport
and other unfavourable conditions have at least temporarily forbidden the attempt to work
what might be otherwise payable deposits. In some cases, moreover, exploration-work is still in
progress.
The great majority of mineral finds have been made in the region of the African Primary
System, a series of gneisses, mica-schists, and quartzites, into which numerous eruptives have
burst their way. The mineral enrichments occur mostly in these eruptive rocks, or in the vicinity
thereof. As
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regards the basic eruptives, metalliferous deposits are preferably associated with the diabases;
and as regards the acidic eruptives, the association is mainly with the granites and their
derivatives.
A short description is given of the diabases, as also of the granites and
pegmatites.
No considerable primary enrichments or accumulations of heavy metals have so far been
recorded in connexion with the granites, but with regard to the pegmatites another tale is told.
Thus tinstone is found among the pegmatites of the Erongo Mountains, also monazite; while
tantalite is report a from a pegmatite dyke at the northern margin of the Namib, near
Donderhoek. At Goagas and Ubib in the Herero country wolframite occurs in stellate
groups in the granite; the same mineral occurs in small quantities in pegmatite dykes in the

Erongo Mountains.
Molybdenum-ores are found frequently enough, both in the granites
and in the pegmatites.
The occurrence of cupriferous ores in pegmatite at Gaidip, on the Orange River between
Ramansdrift and Homsdrift, is described; and reference is made to the copper-ore deposit on
the Khan River, near Swakopmund. Sulphidic copper-ores, iron pyrites, and their oxidationproducts, in part auriferous and argentiferous, are abundant among the quartz-pegmatites of
various localities. Cupriferous lodes are frequent in the granite at Aiais, along the lower reaches
of the Fisch River.
L. L B
Asphalt-deposits of Hanover.—By Fr. Schöndorf [Schoendorf]. Vierter Jahresber. Niedersächs.
[Niedersaechs].Geol. Ver., 1911, pages 105-138.
The principal deposits are situated in the Velber and Ahlem districts, some 3 miles west of the
city of Hanover. Asphalt has also been found, and was formerly worked at Linden (which may
be described as being to Hanover what Salford is to Manchester). The section exposed in the
great opencast workings of the United Limmer Company, south of Ahlem, is described in full
detail. Under a cover of drift-gravels and sands and Lower Cretaceous blue plastic clays come
the Gigas-beds (bituminous limestones and marls with three seams of asphalt); these are
followed in downward succession by the Virgula-beds (Upper Kimmeridgian); by the
Pteroceras-beds, with the main asphalt-deposit filling cavities and clefts in a shelly limestone
(Middle Kimmeridgian); and these by Lower Kimmeridgian (including two belts of highly
bituminous limestone), Coralline Oolite, and Lower Oxfordian (Heersum Beds). All these strata
may be summarized as an alternation of limestones and marls.
The stratigraphical details are exhaustively discussed, and the author's reading of the
succession in the light of new exposures is contrasted with that of previous writers on the
subject. The tectonic side of the question is then approached, and it is shown that the
bituminous (or asphaltic) impregnation is practically confined to a zone of disturbance lying
between two great boundary-faults. Within this zone the rocks strike generally north and
south, with an easterly dip which steepens in the western portion of the area. This zone is
traversed by the so-called "Eastern Main Fault,” by which and by a south-westerly to northeasterly overthrust it is split into three fault-blocks. In two of these the strata are practically
undisturbed, but in the third or north-western block they are traversed by innumerable crossfaults.
It is important to note that the asphalt is not restricted here to particular geological horizons,
but is dependent on the lithological character of the strata: permeable rocks, oolitic or
cavernous limestones and porous marls, are so to say "steeped” in asphalt;
while
impermeable rocks, such as compact
[A5]
limestones and marls or plastic clays, are bereft of it. Rocks of a more or less permeable
character are correspondingly rich or poor in bitumen, an observation which applies to the
varying permeability of one and the same stratum. As the workability of a deposit is
dependent, not only on its percentage of contained bitumen, but also on its thickness, in

practice only the thickest limestone belts, more especially the Middle Kimmeridgian, are
actively worked.
Another important observation is, that only those permeable strata are impregnated with
asphalt which lie along or between faults. There appears to be no possibility of doubt that
these deposits should be classified as "secondary"; in a word, that the bitumen made its way
through clefts and fissures into permeable rocks belonging practically to any horizon in the
"White and Brown Jura (Cornbrash).” It seems evident that it came up from greater depths, and
possibly it is derived from the highly bituminous shales and limestones of the Lias, which crop
out south of the asphalt-occurrences; or it may be derived from yet older strata, but the author
refrains from committing himself to a definite opinion on this matter. There is a noticeably
large proportion of sulphur in the Ahlem asphaltic limestones: much pyrite is irregularly
dispersed therein, often in such masses that it enhances the difficulties attendant on boring
operations.
L. L. B.
Asphaltic Limestones of the Pescara District, Italy.—By Georg Thiel. Zeitschr. f. prakt. Geol.,
1912, vol. xx., pages 169-196.
The petroliferous and asphaltic belt of Central Italy stretches in a broad ellipse from north-east
to south-west, practically right across the peninsula. The district with which the author deals
lies in the eastern portion of this belt. The asphaltic limestones and dolomites of the Pescara
valley, according to E. Camerana, yielded 25,554 tons of asphalt out of the total Italian output
of 131,371 tons, the greater part of the remainder being produced by the Sicilian mines at
Ragusa. The principal occurrences of the Pescara valley are grouped in the neighbourhood of
the railway-station of San Valentino-Caramanico (on the line from Pescara to Rome across the
Abruzzi), in the province of Chieti. The output from them is practically controlled as to twothirds by a German company, and as to the remaining third by a British company: both
companies treat the raw material in factories in the village of Scafa, lower down the Pescara
valley. Orographically, the asphaltic limestone-area occupies the northern flank of the Majella,
one of the ranges of the Abruzzi. Vegetation is on the whole scanty, and during the dry season
the water-supply is extraordinarily restricted.
A brief conspectus is given of the geology of Central Italy, the rocks being defined as exclusively
Mesozoic and Kainozoic. In the asphaltic limestone-area, the following formations are
described somewhat fully:—The Tertiary Nummulitic Limestones; the older marls; the
Bryozoan Limestones; the younger marls; the Lithothamnion Limestones; the clays and gypsum;
and the conglomerates. These range in age from Lutetian-Bartonian (Eocene-Oligocefie) to
Upper Miocene. The history of the earth-movements which took place in the Kainozoic Era in
this region is sketched, and it would appear that the asphaltic limestone-area is characterized
by considerable faulting.
The following deposits are described in some detail: Santo Spirito, Acqua Fredda, Fonticelli,
Piano de' Monaci, Cusano, San Giorgio, and Torretta. According to the tabulated analyses, the
percentage of bitumen in the limestones ranges from 10.62 to 15.70, and the more bitumen
the limestones contain the softer they are.
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The origin of the asphaltic deposits is discussed at great length, and the author lays down as
axiomatic the statement that irregular distribution of the bitumen, as revealed by the
microscope-slide, the hand-specimen, and the entire working-face, points to secondary
immigration of the substance from its primary deposit. The excellent preservation of the most
delicate structures of the fossils in the asphaltic limestones also shows that the bitumen cannot
have been formed in situ. Moreover, the numerous clefts and fissures originated by earthmovements within the calcareous deposits (by that time hardened into limestones) must have
favoured the percolation of hydrocarbons. It will be further noted that the bitumen occurs in
limestones of very different ages -- ranging from the Eocene to the Upper Miocene. The fact
that petroleum originates in the deeper-lying strata of the earth's crust is, in the author's view,
confirmed by the association with these asphaltic deposits of a hot sulphur spring, which he
regards as a sort of conduit from unplumbed depths. The deposits are worked in part
underground and in part opencast. Rock-falls are infrequent, the toughness and hardness of
the material rendering underground working in this respect practically exempt from danger.
The only workings now in activity are the opencast mines of Piano de' Monaci and San Giorgio,
and the deep levels of Fonticelli and Cusano. Shot-firing is carried on with black powder. The
crude bitumen is in part fused at Fonticelli and Scafa, and the output of the Cusano mine is
previously washed and picked.
L. L. B.
Asphaltic Deposits of the Val de Travers, Switzerland.—By F. Breynaert. Ann. Mines Paris, 1912,
series 11, vol. ii., pages 316-347.
The Val de Travers occupies a syncline striking from south-west to northeast, the constitutive
strata of which have been laid bare by the mine-workings, by numerous quarries, and by vast
natural exposures. From the Lake of Neuchatel on the east it is separated by the anticlinal
range of Chasseron -- Creux du Van; and from French territory on the west by the rugged
plateau of the Cote aux Fees and by the Travers Mountains, similarly anticlinal in structure. The
strata more especially associated with the bituminous impregnation are of Upper Neocomian
age (Urgonian): two subdivisions are recognized, the lower consisting of yellow Echinoderm
Limestones, and the upper of Caprotina Limestones. In the Val de Travers, the Lower Urgonian
shows no trace of bituminous impregnation, whereas on the shores of the lake sufficient
bitumen has been observed in the limestone to justify sporadic attempts at working. The Upper
Urgonian, on the other hand, which is but little impregnated with bitumen in the
neighbourhood of the lake, is the site of the main deposits in the Val de Travers. It is a chalky
granular limestone, yellowish-white where bitumen is absent, dark chocolate-brown where the
rock is impregnated with bitumen; it dips beneath the Tertiary strata on the south-eastern
flank of the valley. Reasons are adduced for the opinion that the asphaltic deposit does not
extend very far north-eastwards, but south-westwards the data are less positive: the known
extent of the Urgonian belt, whether bituminous or not, exceeds 9 miles.
Within the limits of the mining concession the asphaltic deposit may be described as broadly
undulating, with a general south-easterly dip. Approximate measurements, carried out in 1905,
form the basis of a strictly conservative estimate that the amount of asphalt still in sight
exceeds 4,000,000 tons. Pillars have been left in the old workings, and by a judicious system of
packing it may well be found possible to work these pillars out also.
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The working of asphalt in the Canton of Neuchatel dates from very ancient times, but it is
first mentioned in "modern” literature in 1620. A brief but sufficiently detailed account is
given of the various mining concessions granted by the Neuchatel authorities down
to and inclusive of the one which is at present in force. In summarizing the legal
provisions and regulations to which the lessees are subjected, the author points out
thatexorbitant privileges are reserved to the surface-owners, with the ultimate effect of
restricting the natural development of mining operations. A new mining law, now under
consideration, will probably embody clauses which are directed to the mitigation of this and
other evils.
Working may be said to have begun seriously in 1871, before which time such little mining as
had been done was carried on by opencast workings. A description is given of the pillar-andstall method adopted in the year above mentioned, and a mathematical discussion of that
method is subjoined, whence the general conclusion is drawn that, not only in the case of the
Travers asphalt, but in all cases where pillar-working is adopted, it is advisable in the
preliminary workings (at all events) to leave very extensive pillars. An account is given of the
methods now utilized for removing the pillars, the industrial value of which is considerable.
Ventilation is easy, and the haulage and hewing operations are said to present no particularity
that needs to be dwelt on. The fissures which traverse the deposit, in wet seasons especially,
cause trouble in the way of considerable inflows of water, but these are successfully dealt with
by electrical pumping plant. The new organization of the mine carried out in 1895 has
increased the output by 60 per cent.
L. L. B.
Croatian Bauxites.—By M. Kishpatich. Neues Jahrb., 1912, Beilage-Band xxxiv., pages 513-552.
It had been reported that in the area of the Croatian Karst (fissured limestone plateaux) great
masses of rich iron-ore were everywhere observable. The author personally investigated the
district, examined all the supposititious iron-ore deposits, and found that, in every case except
one (the haematites of Debelyak in the Vekbit Hills), the deposits were really bauxites. It is true
that, with the latter, a small amount of iron-ore is generally associated; and this circumstance,
together with the red coloration of the bauxites, accounts for the popular delusion. Crystalline
rocks do not occur anywhere near the deposits, nor will lateritic weathering account for their
genesis—which is, in fact, traced to the limestones.
First of all, a detailed description is given of the deposits of Grginbrieg; here entire hillsides and
summits are built up of bauxite: the mineral is pale red, generally oolitic in structure, rarely
compact. Close to the village of Vratce, a bedded bauxite-deposit, which overlies the
limestones and disappears beneath the dolomites, extends over a length of 330 yards and a
breadth of 131 yards: according to three chemical analyses, it contains from 55 to 61 per cent.
of alumina. Far more extensive, however, is the Rudopolye deposit, where bauxite crops out
uninterruptedly over a length of 3¾ miles and a breadth varying between two-thirds and a
third of a mile: the village owes its very name ("Redfield") to the deposit. Here again the
texture of the ore is predominantly oolitic. Four chemical analyses show percentages of
alumina ranging from 53 to about 67. The Mazin deposit covers also a large area, which is given

over to arable farming, and the blocks of bauxite which bestrew the ground have been
collected in countless heaps: the high road
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itself at the village of Babichi is actually cut in bauxite. Three chemical analyses of the mineral
are tabulated, yielding percentages of alumina which range from 38.4 to 48.1. The bedded
bauxites (10 feet thick) of Skochaj are also described, and they are shown to contain more than
56 per cent of alumina. A description is then subjoined of certain Dalmatian and Bosnian
bauxites, as also of those of Villeveyrac in Southern France and Linwood in Georgia.
The views of various writers regarding the origin of bauxites are recapitulated and discussed.
Stress is laid on the fact that practically all known bauxite-deposits lie among limestones;
further, that the Croatian bauxites contain so little combined water that their lateritic origin
cannot be postulated: they must be regarded as the residues of limestones and dolomites
which have been dissolved away. But that process is not quite so simple and straightforward as
the current literature would lead one to believe, and the author proposes, on a future
occasion, to deal with this subject in detail.
L. L. B.
Bismuth Lodes in Eastern Servia [Serbia].—By M. Lazarevič and E. Kittl. Zeitschr. f. prakt. Geol.,
1912, vol. xx., pages 280-287.
The bismuth lodes of Aljin Dol and Jasikova are situated some 9 miles south of Knjaževac. They
occur among the gabbros (crystalline igneous rocks) over a considerable area. The main lode of
Aljin Dol is associated with numerous intrusions of a later diabase. In regard to their
mineralization, the lodes are divisible into two groups: (1) ferruginous sulphides, poor in
quartz; and (2) quartz-sulphide lodes, poor in iron-ore. Chalcopyrite, zinc-blende, and magnetic
and arsenical pyrites are associated with the bismuth-ores. Malachite and "bismuth ochre”
(Bi203) occur as secondary minerals. It is to be noted that accumulations of ore are invariably to
be found here in the neighbourhood of diabase dykes.
The association of bismuth-ores with the lodes in the basic eruptive rocks bearing chalcopyrite
and spathose carbonates (iron, etc.) appears to be very frequent in this area. Further
prospecting work is needed, and the outlook is by no means hopeless; but these deposits, like
many another mining proposition in Servia, await more favourable financial conditions. The
smaller capitalists cannot face the indispensable preliminary expenditure; while the bigger
capitalists are discouraged, to use no stronger term, by the exorbitant demands of the so-called
“mining owners” (landowners, etc.).
The gabbros, the country-rocks, and the bismuth-ores and associated minerals are described in
some detail, but the paper is singularly lacking in precise data of economic interest.
L. L. B.
Boracic Deposits in Asia Minor.—By — Coulbeaux.
Ann. Mines Paris, 1912, series 11, vol.
ii., pages 294-315.
Some preliminary observations are devoted to the utilization of borax and boracic acid for
various industrial purposes. The output from Asia Minor has greatly increased within the last
decade, and amounts to about a third of the world's consumption.

The deposits here described occur in the neighbourhood of the village of Sultan Chair, in the
Province of Brussa, some 42 miles distant from the harbour of Panderma on the Sea of
Marmora, with which they are linked up by a road suitable for wheeled traffic (this will shortly
be superseded by a railway). Workings have been traced here dating back to untold ages, but
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the modern industry dates at earliest from 1865. At one time opencast, the mines are now
exclusively underground, and some difficulty arises from the irregularity of the deposits.
Timbering is unnecessary, except in the vicinity of sundry faults. The pandermite or calcium
borate got here is reckoned to contain from 46 to 48 per cent. of boracic acid, and its value is
therefore such as to compensate for the heavy export duty with which it is burdened by the
Ottoman administration.
A description is given of the gypseous series which overlies the borate-deposits. During the
deposition of the gypseous series volcanic eruptions took place, originating the trachytes north
of the basin, and giving rise to fumaroles of boracic acid, the intensity of which varied with that
of the volcanic phenomena. The gypsum is of Upper Eocene age.
In an appendix, the proper method of analysing a calcium borate is set forth.
L.L.B.
Rounded Pebbles of Coal Found in Sandstone.—By Dr. L. K. Hirshberg. Eng. & Min. World,
1913, vol. xxxviii., page 55.
The writer describes the discovery by Dr. William F. Prouty, of the Alabama Geological Survey,
U.S.A., of rounded pebbles of bituminous coal at Tuscaloosa, Alabama, embedded in coarsegrained sandstone. Other pebbles of smooth coal were also brought to light in other inorganic
minerals. Many of them were exposed in large numbers in a stone quarry which is located on
the banks of the Warrior River, near the Alabama State University. There was nothing unusual
about the sandstone, which is of the common conglomeratic and coarse type. Many fossil trees
of the Carboniferous type were also to be seen. The size of the pebbles of coal differs greatly.
Many of them are larger than 15 inches in diameter, and as small as half an inch. One was more
or less like a football in shape, and was 18 inches long and 12 thick. This chunk of coal was
embedded in sandstone of the coarse-grained type.
Dr. Prouty analysed some of these large coal-pebbles, and found that they contained over 56
per cent. of carbon, nearly 39 per cent. of volatile matter, and only 5 per cent. of ash and
moisture—a better average than even that of the high-grade bituminous coals. He is of opinion
that these pebbles were once transported, not as coal, but as chunks of lignite or wood. It
seems to him also more reasonable to conclude that they were in the form of trees or wood,
rather than in any other form, since many of the pebbles are nearly spherical and not flattened
out, as would be expected if the pebbles were formed of coal.
A. P. A. S.
Coal-fields on the Meuse in Dutch Limburg,—By H. Van Groenendael. Rev. Noire., 1912, pages
341-343 and 470.
The newly-discovered field of bituminous coal at Sittard, near Maestricht, in Dutch Limburg,
derives great importance from the circumstances that it will afford large quantities of a coal

highly suitable for coke-making—some seams contain as much as 40 per cent. of volatile
matter—and that, being on the Meuse, it is in an excellent situation for conveyance to the
Meurthe-et-Moselle iron-field.
In 1901, the deposit was regarded as valueless; but prospectors put down bore-holes which
soon proved that the seams of the Wurm coal-field, to the north of Aachen (Aix-la-Chapelle),
are continued into Dutch Limburg, and,
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passing under the Meuse, join the Campine coal-field in Belgian Limburg. Six applications for
concessions were made; but the Government hesitated to grant them, fearing that the
property would get into the hands of foreigners. Thereupon the State Mines Direction
negotiated with the inventors, who consented to cede their rights to the State for a sum of
£160,000 (1,848, 729 florins)—the cost of their explorations and a third of the value of the
concessions.
The effect of this arrangement, which has been voted by the Low Chamber of the States
General, and will probably be confirmed by the Upper, is to add 18,150 acres (7,345 hectares)
to the 47,370 acres (19,170 hectares) already reserved by the State; and the Minister has
undertaken that the new coal-field shall at once be brought into working.
There is, however, another field to be turned to account in Dutch Limburg. The State Service of
Mine Explorations has proved the existence of this field in the Peel region, also on the Meuse,
and that, in passing under this river between Venlo and Ruremonde, it joins the neighbouring
Rhenish-Westphalian coal-field. No. 10 bore-hole, put down near the Meuse at Kessel, passed
through ten seams, varying in thickness between 1¾ and 6¼ feet (0.52 to 1.89 metres),
containing about 26 per cent. of volatile matter. Although the depth is considerable, there
would be little difficulty in sinking shafts, and probably but little water. At Vlodrop, in the south
of the district, where the coal is less bituminous, the four seams passed through, varying in
thickness from nearly 2 to 6 ½ feet (0.55 to nearly 2 metres), contain from 20 to 27 per cent. of
volatile matter. This coal-field, the area of which is about 42,000 acres (17,000 hectares), is
traversed, not only by the Meuse, but also by two canals and three railways, while the flat
nature of the country is favourable for making branches.
J. W. P.
Lignite-deposits of the Wiener-Neustadt District, Austria.—By W. Petrascheck. Verhandl.
k. k. Geol. Reichsanst., 1912, pages 167-170.
The deposits here described were worked to some extent in the middle of the last century, and
the Wiener-Neustadt Canal was constructed for the very purpose of carrying the output to
Vienna. But, during recent decades, little importance had been attached to them: first, because
it was not so very easy to find a market for the somewhat inferior lignites which they produced;
and, secondly, because it was inferred that the deposits were approaching the stage of
exhaustion.
Besides the occurrences at Zillingdorf, and across the border in Hungary at Neufeld and
Liechtenworth, the lignite-seam had been proved at Sollenau; and in the 'nineties much money
and trouble was expended in the vain endeavour to work the last-named occurrence. The
upwelling of quicksands in the sump, and the inflow of water at high pressure defeated this

attempt. Recently, a number of borings put down at Zillingdorf and Liechtenworth have
revealed an extraordinary extension of the proved lignite-seams and a consequently
unsuspected reserve of this mineral fuel. At the first-named locality there is a main seam 30 to
33 feet thick, and some 66 feet above it an upper seam 10 to 20 feet thick. At Sollenau, a seam
averaging about 33 feet, in thickness had already been proved; and at Liechtenworth a main
seam from 13 to 16 feet thick, together with some thinner overlying seams.
The author does not believe in the suggested correlation of the seams at these three localities,
and adduces the evidence for his disbelief. Nevertheless,
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borings have been put down so close together that unexpected geological phenomena, such as
nips-out or crushes, may be discarded, and the amount of lignite in sight would repay active
working on a grand scale for many years to come.
The average heating power of the Zillingdorf mineral is stated as equivalent to 2,850 calories.
The percentage of ash ranges from 2 to 13, and that of hygroscopic water from 35 to 43.
In the deeper bore-holes, the lignite is found to improve in quality, and so the
heating power of the mineral from the main seam is stated as equivalent to 3,267 calories.
Within the last decade, it has been found possible to utilize industrially lignites even of poor
quality such as these. The wonderful development of the German brown-coal industry is a
brilliant testimony to this advance, and it is based on lignites of inferior quality to these
Austrian minerals. Not to speak of the great utility of lignites in the matter of gas-generators,
those of Zillingdorf are easily convertible into briquettes or patent fuel, without the
intervention of any cementing material.
L. L. B.
Lignite-deposits of the White Körös Valley, Hungary.—By Karl von Papp. Jahresbericht k. ung.
geol. Reichsanst., 1909 (1912), pages 147-185.
Along the upper reaches of the White Koros in Hunyad County, between Brad and Korosbanya,
is a Tertiary lignite-basin which has been opened up of late years by several deep borings.
These have proved to be of scientific as well as of economic interest. A bibliography is followed
by a discussion of the orographical and hydrographical features of the district. A detailed
description is given of the stratigraphy, including the diabases, melaphyres, augite-porphyries,
and derivative tuffs, the quartz-porphyries, reef-limestones, conglomerates, sandstones,
porphyrites and granodiorites, the red clayey gravel, and finally the lignite-deposits themselves.
The last-named overlie the red clayey gravel and a conglomerate of uncertain age. Four ligniteseams have been proved, striking north-west and south-east; they are of considerable
thickness, some measuring 10 and 13 feet respectively. Six chemical analyses are tabulated,
showing a percentage of carbon which ranges from 46.2 to 59.1, and a heating power which
varies between 4,012 and 5,051 calories. The details of eighteen borings are also tabulated, in
most of which the four several seams have been struck.
The measures would appear to be of Miocene age, and in certain cases outbursts of natural gas
are associated with them, but whether these are of industrial consequence seems doubtful; at
all events, the axiom hereabouts holds good, that where there is much gas, there is little coal.

A description is given of the andesitic tuffs and breccias and the andesites which overlie the
fossiliferous Miocene marls; with the andesites gold-mining has long been associated. These in
turn are overlain by Pontic micaceous sands, clays, and gravels.
L.L. B.
Coal Resources of the Philippines.—By F. A. Dalburg. Min. Res. Philipp Is., for the year 1911
(1912), pages 54-62.
In the first sentence of this brief summary the author states that the coal resources of the
islands have been investigated only to a very limited extent. "Nevertheless, coal has been
reported from nearly every island in the Archipelago, and the most important fields have been
visited, and samples taken for analysis."
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The coal-fields are considered under the following six general geographical divisions:— (1)
Batan; (2) Cebu; (3) Polillo; (4) Mindanao; (5) Masbate; and (6) Mindoro.
In tabulating statistics of area and tonnage, the author points out that the figures necessarily
indicate the minimum quantity, and cannot show what are the ultimate coal-resources of the
Archipelago. The factors of uncertainty are considerable, for the coal-seams dip at all angles up
to 90, ° and are folded and faulted. The estimated amounts of coal in sight are as follows:—
Bituminous, 4,959,200 metric tons; sub-bituminous, 31,285,200 metric tons; and black lignite,
30,956,000 metric tons.
It is stated that the Cebu sub-bituminous coal-field is probably the most promising in the
islands. The largest areas therein, and those which have been most extensively prospected
and worked are :—(1) Camujumayan (2) Camansi; (3) Mount Licos; and (4) Uling. These
are very briefly described.
There is a large market for coal within the Philippine Islands themselves - over half a million
tons are used annually by the inter-island steamers, railways, United States army and navy, and
industrial concerns; but most of the coal used at present is imported from Japan and Australia.
Although coal has been known to exist in the Philippines for over 85 years, the amount of
mining so far has been insignificant. During the past year (1911), two coal companies have
been in actual operation and producing coal. New occurrences were reported from some halfdozen localities in 1911.
L. L. B.
Coal and Gold in Mindanao, Philippines.—By W. D. Smith.
Philipp. Journ. Sci., 1911,
vol. vi., pages 359-394.
In the Zamboanga district, gold occurs in a sticky clay, the decomposition-product of the schists
which form the core of the peninsula. The gold is derived from quartz-stringers occurring in the
planes of schistosity, and no lodes which would repay working have been located. The placerdeposit is situated on the Tumaga River, about 25 miles north of Zamboanga. It is thought that
dredging for gold in the lower reaches of the rivers nearer the coast would be a paying
enterprise.
The author twice examined the coal-deposit, at four years' interval, on the Siay River, near the
head of Sibuguey Bay. It is about 12 miles from the mouth of the river, in low country, with a

few small heavily-forested hills. The outcrop "has a very encouraging appearance, being much
the same as the coals of Cebu and Polillo Islands.” Chemical analysis shows that the mineral
contains 48.10 per cent. of fixed carbon, 41.95 of volatile matter, and yields 3.4 per cent. of
ash. At the foot of the Tres Reyes peaks, a seam of coal, 20 inches thick, of semi-anthracitic
character, has been opened up. A sample collected by the author yielded the following
percentage analysis: fixed carbon, 82.34; volatile matter, 10.43; ash, 5.38; calorific value, 7,695
calories. This deposit is within 4¼ miles of tide water.
In the Agusan district, gold is reported from several branches of the river which gives its name
to the district; and coal has been found on the Ua-Ua, Culi, and Bunavan Rivers.
In the Surigao district, a seam of coal about 34 inches thick was struck on the southern bank of
Cobatoc Creek, about 6 miles north of the town of Tarragona. It dips south-eastwards at an
angle of about 15 degrees. The coal is sub-bituminous, and in general appearance "is much like
the other
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coals of the islands.” Another coal-outcrop has been recorded a little way up the Bislig River,
and it is interesting to note that the mineral has thus been found at two distant points near the
eastern coast of the island. Gold-placers have long been worked in the district.
An account is given of the gold-placers worked by the natives in the Caravan district; the output
mostly passes direct into the hands of local Chinese traders.
L. L. B.
Coal-mining in China under the New Régime.—By Fr. Lux. Zeitschr. f. prakt. Geol. (Bergwirtsh.
Mitt.) 1912, vol. xx., pages 191-207.
The financial necessities of the new Republican Government, apart from other cogent reasons,
encourage the hope that the mineral industry will be freed from all needless shackles, and its
development hastened by means of the utilization of Western technical skill and Western
capital.
A conspectus is given of the state of the coal-mining industry of China previous to the
revolution. Most of the collieries then worked lay near the sea, or near the few railways, or the
navigable waterways (more especially the Yangtse and its tributaries). The Fushun, Pinkow,
Kaiping, and Lanchow mines are briefly described. So too the Ching-ching and other collieries of
the Province of Chihli. Much space is, of course, devoted to the Province of Shantung as being
especially interesting to German readers; and an account is given of the mines worked by the
Pekin Syndicate, the various groups of collieries considered in the Chinese Empire numbering
altogether 22. Innumerable smaller mines are known to exist in addition to these. It is plain
from this account that China yields every known variety of coal, including rich gas-coals and
anthracites, and, further, that the principal collieries are favourably situated in regard to the
present or prospective main routes of traffic. And yet the conditions of sale are so bad, that the
imports of foreign coal to Shanghai and other ports continue unabated. Japanese coal plays
here an overwhelmingly important part, but a close scrutiny would perhaps induce the
reflection that this predominance is destined to be transitory.
Then the future development of the coal-mining industry of the country is considered, and
stress is laid on the importance of starting coke-ovens (with the usual bye-product

manufactures) on a large scale. The “lions in the path” are duly enumerated—such as the
uncertainty and irregularity of taxation, the unfavourable financial condition of the Empire, the
dearth of technically capable Chinese officials, and certain characteristics of Chinese
commercial management. Much depends on the use made by the new Government of the
foreign capital and the foreign knowledge freely placed at its disposal.
L. L. B.
Copper- and Iron-ores of Majdan-Pek, Servia [Serbia].—By B. A. Wendeborn. Zeitschr. f.
prakt. Geol., 1912, vol. xx., pages 266-280.
The locality in question is a remote hill township of about 1,500 inhabitants in the
district of Pošarevac. Within the last five years it has been linked up by a cable railway with
Donje Milanovitz, on the banks of the Danube. Majdan is a Turkish word meaning “mineworkings,” while the Pek is a stream, finding its source in the Starica Hills, which ultimately
joins a tributary of the great river already mentioned. There is plenty of evidence, in the shape
of old heapsteads and abandoned workings, of the antiquity of the mineral industry in this
district. The industry was revived
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in 1847, after an interruption lasting more than a century, and has continuously
developed until the present day. After many vicissitudes the Servian Government leased
the concessions at the end of 1902 to a Belgian syndicate for 25 years. Up till 1907, the
results were, from the point of view of the syndicate, financially unsatisfactory; but they
then attacked the problem from a new side, and were able, in 1911, to tabulate net
profits amounting to £12,000. It was this syndicate that constructed the cable
railway down to the Danube.
The hills of Majdan-Pek may be regarded as a southward prolongation of the Carpathians: the
geological formations (Archaean, Jurassic, Cretaceous and Tertiary) impinge closely one on the
other, and give rise to various interesting contact-phenomena and mineralizations. The Tertiary
andesites may be regarded as the ore-carriers and also as the initiators of the various contactmetamorphic deposits. The Starica ("Old Mother") Hills (the main range of Majdan-Pek) are
made up of a compact limestone, occasionally granular-crystalline, in which are numerous
caverns. In the absence of palaeontological evidence, it is uncertain whether this limestone is
of Jurassic or of Cretaceous age. The eruptive andesites which invade the limestones and the
schists are, as above hinted, of considerable importance, because with them are associated the
numerous ore-deposits (cupriferous lenticles of limonite and pyrite-beds). The andesites
themselves are auriferous and argentiferous, especially at those points where they are seamed
by venules of quartz and pyrite.
The ore-deposits are of varied character, and may be classified (1) as primary or contactmetamorphic; (2) as secondary or metasomatic. They are further divisible into the following
four groups:—(i) cupriferous quartz-andesitic (quartzitic) ore-bodies; (ii) cupriferous limonites;
(iii) cupriferous krauke (a local designation for a mixture of oxidic and sulphidic ores); and (iv)
cupriferous pyrites. Of the first three of these a detailed description is given. But in regard to
the fourth, which the author considers to be the most important group of any at Majdan-Pek,
he reserves details for a separate memoir. He holds that these pyritous deposits alone, if

properly and economically worked, would place the mineral industry of the district on a secure
basis.
L. L. B.

Copper-mines of Arghana, Asia Minor.—By E. Contant. Ann. Mines Paris, 1912, ser. 11, vol. ii.,
pages 281-293.
These mines are situated in the vilayet of Diarbekir, 50 miles north-west of the town of that
name, and about 3.7 miles south-east of Kharput, in the immediate neighbourhood of ArghanaMaaden, at an altitude of 3,600 feet or so above sea-level. They are 370 miles distant from the
harbour of Samsun on the Black Sea, with which communication is assured by the one road
suitable for wheeled traffic in the province. The tracks, suitable only for pack-animals, which
lead to the port of Alexandretta, are hardly practicable in winter. When the Baghdad railwayline reaches the town of Orfa (formerly Edessa) a few years hence, the mines will not be more
than 125 miles distant from the railway.
The Phoenicians, and even the Assyrians at an earlier date, are said to have worked the
cupriferous ores long before the Christian Era; but more active working was started after the
Ottoman conquest, although it was not until 1846 that the Turkish Government set up smelting
works at Arghaiia and a refinery at Tokat. The only fuel used being wood, which was formerly
abundant in the neighbourhood of the mines, first-costs are now enhanced
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By the necessity of bringing this fuel from great distances (for locally the timber has all been
cleared off): this partly accounts for the neglect of ores containing as little as 7 per cent. of
copper. The working of the mines remains what it has always been—a Government monopoly.
A brief description of the general geology of the region precedes the description of the
cupriferous deposits. The principal ore-body is associated with eruptive rocks (euphotides and
serpentines) of Eocene age, and is overlaid by Lower Tertiary quartz-schists. It is a flattened
ellipsoid, the known thickness of which is at least 82 feet. Nine more or less tortuous inclined
ways reach the roof of the deposit at an average depth of 100 feet below the surface of the
plateau of Deve Duzi; airways (termed nefezliks) to about the same number reach the deposit
at much the same depth, and hence it may be inferred that the roof is practically horizontal.
The footwall or floor still remains to be identified by investigations pursued at a greater depth
than hitherto. The known portion of this ore-body consists of an intimate mixture of iron
pyrites and copper pyrites with no gangue whatever, and containing, on an average, 13 to 15
per cent. of metallic copper. Other deposits of less importance are described.
Although certain resemblances with the Monte Catini ores of Tuscany are noted, the genesis of
the Arghana ores is undoubtedly dissimilar. The latter are of deep-seated hydrothermal origin,
and were chemically precipitated in the fissures of the basic eruptive rocks.
Mining operations are here conducted, as they have always been, in the most rudimentary
fashion. It is but a few years since a vertical shaft was put down; no packing is attempted,
despite the disquieting nonchalance with which huge cavities, or rather caverns, have been
made in the deposit. Abandoned workings cave in now and then, leaving characteristic swallets
at the surface. In a word, the working is about as wasteful and unmethodical as it can be.

The ore is sorted at the surface, submitted to a preliminary roasting, and then resmelted,
yielding a black matte containing 78 to 80 per cent. of pure metal, the prime-cost of which
amounts to £21 13s. per metric ton. The average annual output of crude ore, based on the
statistics of 1892-1910, is 92,350 tons. The profits realized are small.
L. L. B.
Cupriferous Deposits in Rio Grande do Sul, Brazil.—By Karl Walther. Zeitschr. f. prakt Geol.,
1912, vol. xx., pages 404-414.
The author deals here with the district of Seibal, some 30½ degrees south of the Equator, one
or two days' journey distant from the nearest railway-line. A certain amount of explorationwork has been carried out in the district during the last decade, on behalf of a European
syndicate, and even ore-washing plant (motor-driven) was erected, which has since then been
abandoned.
The most important results of the investigation here recorded are as follows: —
(1) The rocks may be described as a crystalline basement, unconformably overlain by a
Permian-Mesozoic group or cover.
(2) The probably early Palaeozoic basement consists of andesitic (porphyritic) and diabasic
effusive and lode-like rocks, together with brecciated tuffs.
(3) The "cover” may be paralleled with the lower portion of Dr. I. C. White’s Mesozoic Sao
Bento Series, and consist (at the base) of coarse conglomerates and slaggy amygdaloids.
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(4) Parallel belts of eruptive rocks and tuffs, striking north and south to north-north-east and
south-south-west, are impregnated with cupriferous carbonates.
These strikes are along
fissures.
(5) The carbonated waters welling upwards through the clefts and joints carried the
cupriferous ores which were ultimately deposited in the "zone of cementation.”
L. L. B.
Gem-deposits of Madagascar.-—By A. Lacroix.
Rev. Sci. Paris, 1912, No. 20, pages 609614.
Official statistics show that in 1911 about 9 cwt. of precious stones ready for cutting were
exported from Madagascar; and, as the author points out "this looks very promising for the
future of an industry which dates but from yester year.” His personal investigations and
discoveries, though he modestly refrains from laying stress on this point, have considerably
aided if they have not indeed originated, the modern development of the industry. Madagascar
yields more than one example of minerals, not regarded as gems in the ordinary way, which in
that island occur in allotropic modifications possessing characteristics such as to entitle them to
classification among the precious stones. For instance, orthoclase-felspar occurs in the far
south of the island in magnificently limpid crystals of an unusual and splendid yellow,
suggestive of a "yellow beryl.” Kornerupine, hitherto known only in Greenland, and there in
uninteresting opaque, grey rods, is in Madagascar a sea-green transparent mineral of
magnificent lustre, incomparably superior to that of aquamarine.

Thus far, no diamonds have been found in the island, but nearly all the other known gems
occur, though in extremely variable abundance. The gem-deposits in the original rockmatrix appear to be restricted to the high plateaux which form the backbone, so to say, of
the island, within a great rectangular area measuring some 125 miles in length from north to
south and 37 miles in breadth from east to west. As a specimen of the deposits, the author
selects that of the broad Sahatany Valley, south-west of Antsirabe, where the precious stones
occur in “bedded” pegmatite-veins, intercalated among metamorphic rocks or traversing some
sporadic bosses of granite. These pegmatites consist essentially of huge crystals of quartz and
microcline, the latter presenting occasionally a vivid green coloration.
In one type of
pegmatite the quartz has a beautiful pink hue, which makes it suitable for ornamental purposes
on a small scale. The only gem found in this type of pegmatite is beryl, but its dimensions are
often colossal: the author brought away one crystal which exceeded 3 feet in length. The
coloration is variable. Outside the Sahatany Valley monazite-deposits have been found, also
uraniferous titano-tantaloniobates from which radium may one day be extracted. In the second
type of pegmatite the variety of precious stones is greater, the most abundant gem being
transparent tourmaline, the coloration of which ranges through the entire scale from ruby
red through purple, blue, green, smoky brown, to a brilliant golden yellow.
Beryl occurs
frequently, but of so unusual a colour (pale pink to rich carmine) that a special name—
morganite—has been proposed for it.
Kunzite of exceptional lustre and fine coloration
(hitherto known only from California) has also been found. Orange-coloured spessartite of
extraordinary powerful refringence occurs; and danburite makes its first appearance as a
precious stone, being, when cut, difficult to distinguish from Brazilian yellow topaz.
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In the alluvial deposits, owing to the selective action of transport agencies, which has
necessarily eliminated the brittler and softer minerals, the variety of gems is smaller; but, on
the other hand, there is a larger proportion of really fine individual specimens. The author
describes a typical deposit of this kind, which he saw in the Ifempina river-bed, south-west of
Ambositra, in the midst of the tropical forest. Here, the natives, in washing the alluvia for gold,
find associated therewith much-rolled big crystals of perfectly transparent corundum, and
minute rubies and sapphires. But deposits which are rich in rubies, and especially in sapphires,
occur farther north in the volcanic massif of Ankaratra, where sundry lateritic alluvia are
worked.
L. L. B.
Auriferous Lodes of the Aroroy District, Philippines.—By H. G. Ferguson. Philipp. Journ. Sci.,
1911, vol. vi., pages 397-424.
The district lies near the north-western extremity of Masbate, a mountainous island lying
almost exactly in the centre of the Philippine Archipelago, which was only visited by geologists
after the rediscovery of gold at Aroroy in 1901. Attention was called in 1906 to the fact that the
great majority of the metalliferous lodes strike in a north-westerly direction, parallel to the
principal axis of the island. The rainfall on Masbate is well below the average for the
Philippines; the temperature is very even (annual mean = 28° Cent.), showing a smaller range
between the seasons than at Manila; excellent harbours are to be found on the northern and

eastern coasts; timber of good quality is abundant, and firewood is furnished by the extensive
mangrove-swamps. Promising coal-deposits of Miocene age, as yet unworked, occur between
Dimas-Alang and Kataingan. The Lanang River, if dammed at a suitable point, would supply
valuable water-power; and the conditions of labour are favourable, as work has now been
going on long enough to build up a class of fairly efficient miners.
A detailed description is given of the geology of the area, the rocks being assigned to six
formations, as follows:—(1) The Kaal slates, etc.; (2) the Aroroy quartz-diorite intrusive into the
Kaal Series; (3) the Panique volcanic series, which covers the greater part of the area; (4) the
Mountain Maid blue limestone; (5) the Lanang conglomerates and sandstones; and (6) the Port
Barrera (Miocene) formation. The alluvial deposits of the upper portion of the Guinobatan
Valley are mentioned as promising locations for placer-mining.
There is no doubt that the metalliferous lodes of the Aroroy district were worked in early times,
even before the Spanish conquest; ancient workings are everywhere to be seen. Modern
mining dates from the American occupation of the Philippines. Development work progressed
slowly at first, and between 1905 and 1907 the renascent mineral industry suffered from the
inevitable speculators' "boom.” New development is now under way, and good progress is
reported. The lodes are confined to the Panique and Aroroy formations, but all of those that
are at present worked crop out in the former. The industrial future of the district is assured if
the ore-bodies now in process of development continue to hold their values at least as far as
the limit of the zone of oxidation. As a rule, the lodes are broad and regular, 20 feet being a not
uncommon width. The strike, as above-mentioned, is prevailingly north-westward, and the dips
are very steep (50 to 80 degrees). The unaltered ore-body is avery hard dark-blue quartz,
carrying irregular amounts of Pyrite. The dark coloration is attributed to finely-divided particles
of manganese
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oxide. In many lodes massive dark-blue or dark-grey calcite is a prominent gangue-mineral in
the sulphide zone. So far as a limited observation extends, all the lodes that at the outcrop
show rich ore are those which manganese oxide is not prominent. Evidence from development
work seems to show that the values in these lodes do not extend downwards in so satisfactory
a manner as in the manganiferous lodes, which are as a rule barren, or nearly so, at the
outcrop. This would appear to confirm the contention advanced by W. H. Emmons, that the
presence of manganese in the upper portion of a gold-bearing lode aids greatly in the solution
and downward transportation of the gold by the action of surface-waters carrying chlorine the
gold being redeposited nearer the sulphide zone.
Brief descriptions are given of individual mining properties, and reference is made to the
occurrence of lenticular deposits of psilomelane (manganese-ore) east of Balangting Creek and
west of Mount Villon.
L. L. B.
Palaeozoic Iron Pisolites in France.—By L. Cayeux. Bull. Soc. Géol. France, 1910, series 4, vol. x.,
pages 531-540.

This paper may be regarded as a summary of the conclusions embodied in the author's great
monograph, recently published in the series of the Études des Gites Minéraux de la France, vol.
viii., issued under the auspices of the French Government.
France is especially rich in pisolitic iron-ores: they make their first appearance in strata of
Silurian age, attain a remarkable development at the dawn of the Mesozic Era, and disappear
finally in Infra-Cretaceous times, as soon as the glauconites come in. The Palaeozoic ores, the
history of which is here described, are widespread in the Silurian rocks of the Armorican
peninsula and scarce among the Devonian. So far, no trace of such ores has been discerned in
the Carboniferous or in the Permian formations.
The Silurian ores form part of a series of synclines aligned from north to south, from May-surOrne in the Calvados to the Laval basin in the Mayenne department, thence to Anjou on the
one hand and to Britanny (Morbihan) on the other. These ores are sometimes interbedded
with the Armorican Grits, sometimes occur at the boundary between these and the Calymene
shales, and sometimes again are interbedded with the Calymene shales themselves. Between
1874 and January 1st, 1909, twenty-seven mining concessions were granted, some of which
have not yet been worked. The author classifies the Silurian and Devonian ores as follows: —
(1) Oolitic or pisolitic ores properly so-called.
(2) Ores which have been pisolitic at one time, but are so now only in part or not at all.
(3) Ores commonly termed oolitic or pisolitic, simply because they include rolled organic
debris.
In the history of the first category he distinguishes three successive periods: (a) genesis of
carbonated oolites; (b) partial or total transformation of these into chloritic oolites; and (c)
formation of ferruginous oolites as a result of the decomposition of the chloritic oolites.
To the second category, invariably metamorphic ores, belong the Silurian deposits of Anjou and
Morbihan, the Lower Devonian deposits of Britanny, and the Middle Devonian deposits of
Upper Normandy.
Of the third category (of miscalled oolitic ores), those found in the Upper Devonian of the
Ardennes are especially striking examples. The pseudo-oolitic deposits of this nature were
originally limestones made up of organic
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debris, and by the addition of pisolites in gradually increasing number they are seen to pass
through all the stages of transition to oolitic or pisolitic ores properly so-called. It is interesting
to note the important part played by algae in these organic debris, but the author denies that
they actually built up the main mass of the limestones. The study of the Girvanellas (associated
with the iron-ores) shows that these were perforating algae, which acted rather is destructive
than as constructive agents.
Silica forms an integral part of all these ores, in such a proportion (in some cases) as greatly to
diminish the economic value of the deposits.
A discussion of the mineralogical evolution of the Palaeozoic ores leads the author to the
conclusion that they were originally deposited in the form of oolitic limestones, although the
deposits do not lend themselves very easily to the demonstration of this hypothesis. The
author hazards the opinion that the pisolitic iron-ores will be found to extend for a
considerable distance beneath the Paris Basin, and that possibly their thickness increases in the

same direction; indeed, he holds that their principal development occurs beneath that basin.
There are reasons for concluding that the burial of the deposits by an enormous thickness of
Mesozoic sediments will be found to have influenced but little the composition of the ores. The
author emphasizes the recommendation to prospectors to avail themselves of every ray of light
that geology can throw on the subject, and to pursue their researches with great caution.
L. L. B.
Haematite-deposits in Asturias, Spain.—By Paul Grosch. Zeitschr. f. prakt. Geol., 1912, vol. xx.,
pages 201-205.
Now that the exhaustion of the great ore-deposits of Bilbao and Santander is within sight,
attention is being directed to the deposits which lie farther west, along the northern coasts of
the Provinces of Asturias and Galicia: those of Vivers in the Province of Lugo are of special
importance. Difficulties of transport have considerably hindered development of the mineral
industry in this region. The author deals more particularly with the western portion of the
Cantabrian ranges in the Province of Asturias: in these mountains are numerous occurrences of
haematite, the working of which is absolutely dependent on the provision of adequate means
of transport. Vast harbour works have now been undertaken in the Bay of Gijon, and the
improvement and extension of the local roads are proceeding apace. Mention is made, in
passing, of the coal-seams cropping out in the Upper Carboniferous of the district: these have
been long worked at various localities, and the coal has been in part utilized for smelting the
local ores.
Between Pola de Lena and Cangas de Tineo on the northern flank of the western Cantabrian
range the strata are almost exclusively Palaeozoic, quartzites and slates predominating in the
older groups, and limestones and conglomerates in the younger. The iron-ores are more
especially associated with the quartzites and limestones, and "stratigraphical consistency” is
conspicuous in the Bayas ore-deposit. The ore-bodies are conformably inter-bedded with the
country-rock, and are generally of considerable horizontal extent but of varying thickness: they
trend in the direction of the strike parallel with the main axes of plication. The exposures are
usually good, and the strike of the ore-bodies is easily determined and followed up. The
universal red coloration and hardness (resistance to weathering) of the ores also facilitate their
recognition from afar. The average distance of the deposits from the sea-coast varies between
18 and 31 miles.
[A20]
The author examined four deposits: (1) south of Proaza, on the road from Trubia to Teverga; (2)
on the crest of the Cordal de la Mesa, above Saliencia; (3) an abandoned mine at the Lago de la
Cueva; and (4) near the Jesuit college at Belmonte. Compact quartzitic iron-ores predominate,
ranging in colour from dark brown to cherry red. The possible amount of ore available in the
Proaza and Teverga groups is estimated at 61,000,000 metric tons. The Lago de la Cueva
deposit is exceptional in character in this region: among-Devonian coralline limestones occurs a
fairly pure, non-siliceous haematite which was at one time extensively worked. The Asturian
ores, in the main, are characterized by their granular texture and by the almost complete'
absence of oolitic structures.
L.L.B.

Chrome Iron-ore in the Northern Caucasus.—By N. Besborodko. Neues Jahrb., 1912, Beilage
Band xxxiv., pages 783-798.
This, the first deposit of the kind so far known to occur in the Northern Caucasus, lies in the
southern portion of the Kuban district, about 7 ½ miles south of the village of Psemyonovka. A
torrential stream, the Bolshaya Laba, traverses the country. There is a great development of
green serpentine, the fissures in which are infilled with asbestos (chryostile). Another
geological characteristic of the region is the occurrence of contact-metamorphic rocks, and also
that of various lodes of chrome iron-ore: the biggest of the latter measures 3½ feet in
thickness. The ore in the main lode varies in texture from coarsely granular to compact, its
hardness is 2 in the conventional scale, and the streak is pinkish white. Chemical and other
tests show that this ore is a chromium chlorite: and that compound of chromium is found in
cracks and fissures of the chrome-iron-ore in other lodes. It contains a large proportion of
chromium, and may well prove to be industrially valuable. The chrome iron-ore sometimes
occurs in granular aggregates, but more frequently in massive accumulations. A silicate of
nickel, identified with redvinskite, has been discovered close to one of the chrome iron-ore
outcrops, but not in sufficient quantity to be of industrial importance.
Another nickeliferous mineral (millerite) has been discovered in the district in small radiate
aggregates in a silicate-hornfels. The chrome iron-ores are supposed to have separated out
from the primary magma; the millerite to be of contact-metamorphic origin; and the
chromium-chlorite and redvinskite to be of secondary formation.
L. B. B.
Deep Borings for Petroleum at Zboró, Hungary.—By L. Roth von Telegd. Földt Közl., 1912, vol.
xlii., pages 393-399.
In the neighbourhood of Zboro and Szemelnye, the youngest member of the older Tertiary
Series, the Magura Sandstone, forms the higher ridges and summits. Below this Upper
Oligocene Series lie the menilite-shales of the older Oligocene; beneath these again come the
red and bluish flaky shales of Eocene age, with which are interbedded thin bands of bluish-grey
fine-grained sandstone. As long ago as 1905, the author, founding his opinion on the analogies
which this succession presents with that of the Galician oilfields, indicated three particular
localities as favourable for boring operations. His opinion was confirmed by that of Dr. Rudolf
Zuber, Professor at Lemberg University, and a recognized expert in oil-prospecting.
At the first locality selected, natural gas was tapped at the depth of 250 feet; the first traces of
oil were noted at the depth of 2,755 feet; at the
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depth of 3,854 feet, benzine gases accompanied the oil, and the boring terminated on April
30th, 1908, at the depth of 3,936 feet, the diameter then "being so small that it could hardly
have been continued further."
At the second locality, boring operations were begun on August 12th, 19O8: the first traces of
oil were observed at the depth of 262 feet, and continued uninterruptedly in association with
gases. A blower was struck at the depth of 1,410 feet. The boring operations were suspended
at the depth of 3,641 feet, after meeting continually with traces of oil, asphalt, brine and

natural gases. But the author holds that, if the boring were continued to the depth of 3,940
feet or so, workable oil-deposits would be struck.
Of the third indicated locality nothing definite is said.
L. L. B.
Iron-ore Deposits of the Neighbourhood of Melilla, Morocco.—By Walter Dieckmann. Zeitschr f.
prakt Geol., 1912, vol. xx., pages 385-430.
The author was busied for some eighteen months in opening up the deposits of the Beni-BuIfrur district in the Rif, and found, in the course of numerous prospecting journeys,
opportunities of studying in detail the geological structure of the neighbourhood of Melilla. To
the description of this latter rather more than a third of the memoir is devoted. The
sedimentary deposits (clay-slates, quartzites, limestones, marbles, conglomerates, breccias,
etc.), together with the associated phenomena of weathering, are first considered. The
eruptive rocks (augite-andesites) and the andesitic outflows are next described: they are
certainly of post-Jurassic, probably of early Tertiary age. The recent, and in fact still continuous
elevation of the coast-line is proved by a study of the localities of Cabas de Agua, Tres Forcas,
and Mar Chica.
The remaining two-thirds of the memoir are concerned with the Beni-Bu-Ifrur iron-ore deposits
due south of Melilla. It is true that lodes of galena, with a predominantly barytic gangue,
traverse both the eruptive rocks and the clay-slates of the district, but their industrial
importance is not so far apparent. The iron-ores occur interbedded among the clay-slates at
the south-easternmost margin of the Gurugu andesite massif, in an area which appears to be
bounded eastwards by Monte Vixan (1,300 feet above sea-level). In the neighbourhood of the
ore-deposits, the eruptive rocks are affected by astonishingly deep-seated weathering. It is but
a thin mantle of sedimentaries that hereabouts cloaks the eruptive rocks, and so at many
points, through weathering-away of the clay-slates, the ore-bodies project at the surface in
ridges and walls, from which blocks and boulders are loosened by atmospheric agencies,
forming a sort of screes. The ores may be described generally as magnetite, classified in three
groups as (1) massive ore, (2) banded ore, and (3) poor ore. Their magnetic origin is affirmed,
and compared with that of the Kiirunavaara ores: in fact, one is here dealing with magmatic
outflows of an andesite mass extremely rich in magnetite, which may be defined as magnetitic
andesite.
In considering the industrial importance of the deposits, one must differentiate between the
rich haematite ores of the gossan with the derived boulders and screes, and the poorer
magnetite ores at greater depths, burdened with mineral associates of unsatisfactory
character.
Of the richer ores, 12,000,000 tons are in sight, the working of which will be easy, and the
distance to the nearest shipping harbour (Melilla) is but small—15½ miles.
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With regard to the poorer ores, the author has a different tale to tell. Pyrite and quartz are
irregularly intermingled with them, and reasons are assigned for the opinion that the
elimination of the associated minerals will prove very costly. It is evident that, for the present
at least, industrial activity will be confined to the working of the ores of the gossan.

L. L. B.
Manganese-deposits of the Philippines.—By P. R. Fanning. Min. Res. Philipp. Is. for the year
1911 (1912), pages 42-47.
The Philippine deposits, similar to occurrences elsewhere, are largely secondary concentration
deposits, and are conveniently divisible into manganese and manganiferous ore-deposits.
The manganese-ore deposits of Ilocos Norte, Pangasinan, Bulacan, Sorsogon (Island of
Masbate), and Tarlac are briefly described. They appear to be mainly nodules of psilomelane
and pyrolusite occurring in bedded deposits. On the whole, their industrial value would seem
to be small.
With regard to manganiferous deposits, manganese is found in association with gold-bearing
veins, especially in Benguet and Masbate, in the form of oxides and carbonates.
L. L. B.
Mercury-mines of Idria, Carniola.—By Josef Kropách. Berg-Hüttenm.[-Huettenm.] Jahrb.
Leoben, 1912, vol. lx., pages 97-146.
This elaborate memoir is illustrated by no less than twenty-nine plates of geological maps and
sections. After a brief historical summary from which we learn that the mineral industry of Idria
dates as far back as 1497 A.D., the author proceeds to describe the most important workings,
to the number of twenty-five. The stratigraphy of the region is next considered in the following
order:—(1) Carboniferous (Gailthal shales and sandstones); these in places contain native
mercury, as also pyritous crystals and nodules with which free mercury is associated, but
cinnabar is of rare occurrence among them; (2) Permian (Gröden [Groeden] sandstones); (3)
Trias (Werfen Shales, Muschel-kalk, Wengen, St. Cassian, and Raibl Beds, and Main Dolomite):
the Muschelkalk dolomites and limestones are of great industrial importance, as they are
mineralized with cinnabar on the innumerable joint- and fissure-surfaces which traverse them,
though, in comparison with their total extent, but a fractional portion is workable at a profit
(average content of mercury = 0.7 per cent.). It is noted also that the fissures in the dolomitic
breccias are frequently infilled with anthracite. The Wengen Shales often bear cinnabar of a
dark colour, a darkening which is attributed to the highly carbonaceous and bituminous
character of the shales. The Wengen Sandstones, too, are richly impregnated with cinnabar,
and in them occur the so-called "Corallian ores“ (brachiopod-beds containing remains of
Discina generally impregnated with cinnabar). In the Raibl Beds a shaly impure brown coal
occurs, its maximum thickness measuring 0.92 foot (the deposit has been spasmodically
explored at long intervals of time, on the last occasion in 1877); (4) Cretaceous; and (5) Tertiary
(Eocene Flysch).
Enormous overthrusting is the principal tectonic feature of the region: in this overthrusting the
entire rock-succession, from Carboniferous to Tertiary, has been involved. The mining area
itself is characterized by a repetition of beds, which results from multiple folding evidently
connected with the dynamic phenomena that took place along a south-east and north-west
strike
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within the ambit of the Dinaric Alps. The local tectonics of the mining district are described in
detail, and a brief account is given of the form and contents of the chief metalliferous deposits
(lodes, beds, and stockworks). The poorer cinnabar (locally classed as Scheidgang or
“separates") contains from 0.2 to 2 per cent. of mercury; the richer, classed as "true ore,”
containing over 2 and generally from 6 to 7 per cent. of mercury, bears in quantity a proportion
to the separates of 1.25 or 1.30. The annual output delivered to the smelters exceeds
1,000,000 double centners. The cinnabar is differentiated by its coloration into three varieties:
the brick-red ore often contains as much as 70 per cent. of mercury, and the proportion of
mercury in the steel-grey ore has been known to exceed 75 per cent. The native mercury,
mentioned above as occurring in the Carboniferous rocks, is of comparatively small industrial
importance. Chemical analyses are tabulated of the average ores sent to the smelters during
the years 1906-1908.
The genesis of the deposits is briefly discussed, and it is suggested that, during the dynamic
processes to which the rocks were subjected, their temperature rose sufficiently to permit of
volatilization and upward sublimation of the mercury through the various clefts and fissures.
The "selectiveness” of the cinnabar, confining itself to the dolomites, breccias, shales, etc.,
already mentioned, and avoiding markedly the highly-fissured Werfen Beds, is hard to explain;
but stress is laid on the influence which bitumen and carbon seem to have possessed in
determining the metalliferous impregnation of the rocks.
L. L. B.
Paraffin Shales of the Pas de Calais, France.—By Charles Barrois. Ann. Soc. Géol. Nord., 1911,
vol, xl., pages 157-170.
The author has already drawn attention to the occurrence, in the coal-basins of the North of
France, of bituminous shales heavily charged with animal and vegetable organic remains. They
yield a paraffin, which has been carefully analysed by Prof. Fosse, of the University of Lille. It
proves to be a pure hydrocarbon belonging to the series CnH3n+2, in which the North American
natural oils are included. The paraffin is a yellowish-white, translucent solid, coating the
fissures in the bituminous shales of Liévin. It may be regarded as the ultimate representative of
important petroliferous deposits which have disappeared in the course of ages—possibly as a
consequence of the erosion of the Coal-Measure anticlines in which they had accumulated.
The author adduces the evidence which favours the notion that, in the Coal-Measure Epoch,
there went on in this area a great formation of animal oils. No less than 28 different horizons of
bituminous shales heavily charged with animal remains are known, for instance, at Lens, and it
seems likely that as many more horizons again will yet be determined. The horizontal extension
and the thickness of these strata are considerable. The saline waters discovered in the CoalMeasures of this region resemble in many respects those which are associated with
petroliferous deposits (as in the Caucasus, for example).
The bituminous shales here dealt with are the final result of the deposition of mud in brackish
lagoons along the sea-shore.
L. L. B.
Nephtyanaya-Shirvanskaya Oilfield.—By I. M. Gubkin. Mém. Com. Géol. Russie. 1912, n.s., part
78, pages 1-169.

This forms part of the Maikop region, and was surveyed in detail during the summer of 1909,
with the result that three petroliferous horizons (the
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two uppermost yielding heavy oils, and the lowermost light oils) were determined; but the
basis of the author's memoir is furnished by the boring cores systematically collected by the
geological surveyors during the latter half of 1910 and the summer of 1911.
In descending order the sequence is as follows: —
(1) Leafy clays (paper shales).
(2) "Nephtyanya Well” beds, with oil (sp. gr. = 0.94).
(3) Thick sands and clays with inclusions.
(4) "Shirvanskaya Well” beds, with oil (sp. gr. = 0.94).
(5) Beds yielding light oil (sp. gr. = 0.84).
(6) Foraminiferal beds underlying the Maikop Series.
These deposits are described in some detail, and attention is drawn to the universal law (in so
far as the No. 2 strata are concerned) that the content in oil diminishes from below upwards:
simultaneously an eastward impoverishment in oil is observed, which is coincident with the
enormous development of the sands in that direction, and with the dip of the beds. The oil
seems to pass into water concurrently with the dip, and by the pressure of the water it is
forced up towards the outcrop of the strata. Denudation has bared most of the petroliferous
sands, and by consequence at the outcrops a considerable waste of natural gas and oil takes
place. When there are inclusions of "alien” pebbles and fragments, no oil has been struck.
The foregoing observations refer more especially to the "Nephtyanaya Well” beds, for, in the
case of the "Shirvanskaya Well” beds, the content in oil by no means diminishes with the
depth, notwithstanding the decrease in thickness of the petroliferous sands. The author holds
that these deposits are primary, and points out that there are no tectonic disturbances or
consequent fissures to favour secondary deposition. The boring operations carried out within
the last two years have not finally determined the question of the industrial importance of
these petroliferous deposits.
L. L. B.
Water Trouble in the Boryslav-Tustanovice Oilfield, Galicia.—By Julius Noth.
Mitt. Geol.
Gesellsch. Wien., 1912, vol. v., pages 287-305.
As a preliminary to his observations on the flooding of sundry bore-holes in this region, the
author gives a general description of the oil-occurrences, and this, with the correlative
discussion of various views, etc., takes up most of his paper. It is shown that the older Tertiary
strata at the margin of the mountainous massif, which rises from 1,082 to over 2,460 feet in
the south of the area, generally dip steeply south-westwards, and are everywhere followed by
the Miocene saliferous clays. Going north-eastwards from Boryslav, the observer notes that the
rocks form a syncline, the axis and southern limb of which constitute the richest reservoir of
ozokerite and petroleum. The beds dip from 60 to 65 degrees north-eastwards, gradually and
regularly flattening out, strike north-westwards, and remain intensely bituminous. The northeasterly continuation of the oil-field is a problem that yet remains to be solved. Meanwhile, it is
shown that the impregnation of the strata with resinous compounds continued right up into

the highest beds of the rock-succession. Some geologists have held that the occurrence of
bitumen, etc., in this region is confined to the deeper-lying Dobrotow Beds; while several
investigators assert that the origin of the Boryslav petroleum must be sought in much older
formations (than those where it is now found). Dr. Zuber's antagonistic view is discussed and
refuted, and the author points out that the intimate association of salt with the bitumen
appears to imply
[A25]
simultaneous upwelling of brine solutions and oil-gases with oil-emulsions. A passing lament is
recorded that, owing to the prevalence of the Canadian system of boring, cores suitable for
detailed scientific examination are rarely to be obtained, and there is still considerable
uncertainty as to the true age, for example, of the Dobrotow Beds. The author sets forth in
detail his reasons for disagreeing with the official surveyors as to the Cretaceous age of the
Hieroglyphic and Fucoid Shales together with the overlying sandstones, all of which he regards
as Eocene. Nevertheless, he points out the possibility of the existence in the BoryslavTustanovice region of a deeper-lying Cretaceous horizon rich in oil.
The inflow of water into the shafts of this oilfield cannot be entirely prevented, but it might be
diminished if borings were only put down at considerable distances apart, whereby the gases
accompanying the petroleum would retain their original inpulsive energy for a certain length of
time. The mining authorities are more and more urgently insistent on this point. The present
inflow of water is regarded as an inevitable consequence of the gradual exhaustion of the
subterranean natural oil-reservoirs and of the simultaneous diminution of the natural-gas
pressure. The working of bitumen, etc., was formerly conducted in a wasteful manner, despite
the advice of competent geologists, and the Government authorities have had to put forth
their most strenuous endeavours to exorcize an evil from which the Galician oilfields are still
suffering. Further borings in older strata are recommended—a procedure perhaps too risky for
private capitalists, but it may well be undertaken by the State Treasury within the extensive
Government domains.
L. L. B.
Further Research in the Kuban Oilfields -- By S. Charnotzki. Mém. Com. Géol, Russie, 1911, n.s.,
part 65, pages 1-80.
This Survey memoir deals with the area embraced by the sheets of the 1-verst map assigned
partly to Maikop and partly to Prusska-Daghestanskaya. In geological sequence, the strata
range upwards from the Neocomian to the Upper Sarmatic and the overlying ochreous sands,
gravels, etc., of uncertain age. Below the Middle Miocene deposits occurs the series which, in
the immediately neighbouring western sheets of the map, includes the productive oil-bearing
horizons. In the district that is here considered, no crude oil has so far been struck, and the
exclusively argillaceous character here of the series, which at Maikop itself is loamy and oilbearing, is comparable with that of the strata mapped in the easternmost portion of the
Nephtyanaya-Shirvanskaya sheet, and with the great exposures along the Pshekha River. These
clays yield scarcely any trace of petroleum, and one can only say that in some few exposures
there is a barely perceptible odour of bitumen.
L. L. B.

Petroliferous Deposits in Argentina.—By E. de Carles. Anal. Mus. Nac. Buenos Aires, 1912, vol.
xxii., pages 257-266.
These deposits occur in the districts of Aguaray and Tartagal, in the Oran department of the
Province of Salta, in the north-eastern region of Argentina, not far from the Bolivian frontier.
Oil-seepages occur at the surface at Iguira and Tuncan in Araguay, and in the Galarce ravine
(Tartagal), and are believed to originate from the Permo-Triassic strata underlying the so-called
"Salta System.” At the two first-named localities, the prospects of profitable working are good.
It will
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probably be unnecessary to bore for oil to great depths, as it is thought that the productive
petroliferous lenticles will be struck at 650 feet or less. The oil which these deposits yield is of
far better quality than any hitherto found in Argentina.
L. L. B.
Phosphate-deposits of the Pas de Calais.—By Georges Negre. Ann. Soc. Géol. Nord, 1911, vol.
xi., pages 8-18.
The author describes and enumerates the localities which appear to be richest in phosphatic
chalk, and would repay prospecting for industrial purposes. They include the tableland lying
between Eguirre Wood and the Longue Attente (“Long Wait"), the tableland extending left of
the railway line on leaving Eguirre, the neighbourhood of Verchin station, the small plateau
lying between the high road and the railway west of Gourney-Rimeux station, the
neighbourhood of Goupelle-Vieille, and Verchocg, north of the wood.
In addition to phosphatic chalk, the presence of pockets of phosphatized sands is unmistakable.
In fact, the phosphate-bearing belt of the vicinity of Fruges is from 1¼ to 2 miles broad, and
extends uninterruptedly over a length of 16 ¾ miles: it is limited by the siliceous sands, and the
outcrops which are richest in phosphate occur along the border of the belt.
L. L. B.
Sulphur-deposits in Chile.—By C. G. Avalos. Bol. Soc. Nac. Min. Chile, 1912, series 3, vol. xxiv.,
pages 101-103.
The author disagrees with the widespread notion that Chile is especially privileged in the
matter of mineral resources. He holds these, with the exception of the nitrate deposits, to be of
small account. On the other hand, he admits that the sulphur-deposits are of prime
importance, and, in some cases, as those of Ascotan and Tacna, they actually form hill-ranges.
Both deposits are within easy reach of railway-lines. Favoured as they are by climatic
conditions and abundantly available labour, the Tacna deposits alone could supply the world's
markets with sulphur. But, for some reason or other, industrial conditions there do not at
present seem to be propitious, and the importation of sulphur from Sicily and Japan has greatly
increased within recent years.
L. L. B.

Tin in Nova Scotia.—By H. Piers. Proc. & Trans. Nov. Scot. Inst. Sci., 1912, vol. xii., pages 239249.
Tin-ore is said to have been found in Nova Scotia at some period previous to 1869; but the
occurrence with which the author deals is at Lake Ramsay, where pieces of cassiterite were first
discovered in 1906. This was the first discovery of tin-ore in situ in Canada in anything
approaching economic quantity, and the first discovery of it in situ in Nova Scotia.” The
cassiterite occurs in a dyke of coarse pegmatite, becoming aplitic in parts, which traverses a
grey mica-granite. The outcrop is about 8 feet wide and 12 feet long: "the deposit appears to
be what is often called by miners a 'blow-out’, it is probably the result of deep solfataric action,
and it should extend to a great depth. There seems to be every prospect of much greater
development.” Much activity followed the first discovery of tin-ore, and several pegmatite
dykes, etc., near New Ross were located and prospected. Besides tin-ores, bismuth, tungsten,
and molybdenum-minerals and rare earths were found.
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Nevertheless, careful assays carried out on the material brought from the dyke at Lake Ramsay
yield so small a percentage of ore as to make the working of it, as a whole, unprofitable.
Further investigation and prospecting work may possibly reveal both ore-shoots and stream-tin
of industrial importance.
L. L. B.
Wolfram-ores in Nova Scotia.—By A. L. McCallum. Proc. & Trans. Nov. Scot. Inst. Sci., 1912, vol.
xii., pages 250-252.
The deposit of scheelite described in this paper is situated at the western boundary of the
Moose River gold-district, Halifax County. Here a 3-foot band of slate is interbedded with
quartzite, dipping steeply at an angle of about 75° N. "The vein is on the footwall, and consists
of a series of lenticles of varying size. The vein-matter is very irregular in composition, varying
from pure scheelite to pure quartz or pure mispickel, and all combinations of these three.”
South of the first lode discovered ten in all have been opened up; some are of too low a grade
to be of any value, but the remainder are all of fairly high grade, averaging perhaps between 30
and 50 per cent. of scheelite (tungstate of lime).
L. L. B.
MINING TECHNOLOGY.
Notes on Mineral Wastes.—By Charles L. Parsons. Bur. Mines, Bulletin No. 47, 1912, pages 144.
In a preface by Mr. J. A. Holmes it is pointed out that during the past year, in producing 500
million tons of coal, half of this vast amount was wasted, or left underground in such condition
that it probably will not be recovered in the future; and that a quantity of natural gas larger
than the total output of artificial gas was turned loose into the atmosphere during the same
period in all the towns and cities of the United States. From 10 to 50 per cent. of the year's
production of such minerals was also wasted or lost in the mining, preparation, and treatment
of other important metalliferous and non-metalliferous minerals.

The present report embodies the results of certain preliminary enquiries as to the nature and
extent of this waste, and will be followed by a more detailed report on the subject, as soon as
the necessary enquiries and investigations have been conducted and the results put into shape
for publication.
A.P.A. S.
Recent Advances in Coal-dressing:.—By —. Eschenbruch. Zeitschr. f. Berg-, Hütt.-[Huett.-u.
Salinenwes., 1912, vol. lx., pages 1-28.
The removal from the coal of the dust adhering to it, and particularly of that formed during the
tipping and screening processes, is effected in the Westphalian district by air or by water. The
former method is preferred, because it does not clog the apparatus, and because it enables the
dust to be collected and sold to the foundries. A number of recently-constructed apparatus,
which for the most part work automatically, are described by the writer. Of these, a revolving
tipping arrangement has two speeds—a slower one during the discharge of the coal, and a
quicker one during the rest of the turn. A double tip, which takes in two tubs at a time, and
allows the discharged one to give place to another while the full one is being operated, gives an
output of six tubfuls per minute in place of four. Mention is made
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of another apparatus at the Gerhard shaft at the Luisenthal working's entirely without
attendance.
A Seltner screen, which has given great satisfaction, is constructed with vertically moving parts
in such a way as to give a rocking motion to the coal, and to assist the sorting of it into the
standard sizes. Its dimensions are 13 feet 1½ inches by 6 feet 11 inches, its meshes 3⅛ by 3 ⅛
inches, its output 150 to 200 tons per hour, and the horsepower required about 3 to 4.
A screen by Gröppel [Groeppel ], with excentric rollers working on ladder-rung-like rods, is said
to work without shocks and swaying motions and to save the coal. For the removal of the dust
from the coal, ventilators, mostly of the vacuum-exhauster type, have been found effective.
Applications of spray and steam have been tried, but with small success. In some cases
combined wet and dry systems are in use. The Mansfeld Pit is instanced as selling coal-dust to
foundries for £1,680 a year. After deduction of the costs of installation, working, and
maintenance, a clear profit of £1,272 a year remains.
In regard to coal-washing apparatus, the Henry system of hydraulic screening, while giving
certain advantages, has been found too expensive. The Baum system follows the plan of first
washing, by means of an inclined band arrangement, which passes the coal through a trough of
water, and then separating by means of large drums into four sizes of nuts and one of fine coal.
Its results are stated to give satisfaction.
Méguin washes the coal by means of a paternoster arrangement in much the same way, and
also with success.
The assorted products of the screening operations on the Braun washing system at the Anna II.
Pit range from round coals of 3⅛ by 3⅛ inches downwards through fourteen grades to the
finest saleable dust.
Coal-dressing plants are constructed for outputs of at most 150 tons per hour. If more be
required, additional plants are added. The motive power is almost exclusively electricity.

A. R. L.
Experiments and Improvements in Mining Work in Prussia in 1911.— Anon. Zeitschr. f. Berg-,
Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 80-146.
Among communications of interest in connexion with this annual record of progress, mention
may be made of a dynamite-thawing apparatus, which is in successful use at the iron-ore mines
of the Ilseder Hütte [Huette] in the Goslar district. Water, in which the dynamite is immersed, is
heated to a maximum temperature of 104° Fahr. by an electric current. The apparatus holds
176 pounds of dynamite.
At the Schwalbach Pit in the Saar district an air-passage, subject to heavy earth-pressure, has
been provided with double timbering. Within the ordinary doorpost construction a polygonal
system is worked in such a way as to shorten the unsupported lengths of beam, side-posts, and
ground-timber. The arrangement is reported to have withstood the pressure without yielding
for five months, and to give promise of lasting for at least a year. It had already proved cheaper
than ordinary door-post timbering when ordinary costs of maintenance were allowed for in
connexion with the latter.
The coal-dust danger is encountered in some of the pits in Hamm (Westphalia) by the
establishment at intervals along the different passages in the mines of turf zones. Blocks of turf
or lumps of turf-waste are suspended on networks of wire and kept wet. The good effects of
this are said to be very marked. Further experiments are also in progress.
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A double-seated four-wheeled cycle is employed underground at the Consolidated Redzionkau
Pit in the Tarnowitz district for the inspection of the electric installation. It weighs about 190
pounds, runs on ball-bearings, and has a powerful hand-brake. It has two carbide lamps, one in
front and one behind or electric lamps. It is intended also to be used in life-saving work.
Waterproof concrete is obtained in the Zellefeld district by using water mixed with soft soap in
the process of manufacture. Concrete thus made remained waterproof when reaching partly
below the ground-water line. In another case, concrete was, with like good effect, covered with
a coating of cement made with a lye of soft soap. Material that had previously proved porous
became waterproof, when treated with a mixture consisting of 11 pounds of cement, 0.22
pound of soft soap, and 0.44 of a gallon of water per 1.2 square yards of its surface.
A. R. L.
Pick-quick Coal-cutter at the Bascoup Colliery.—By —. Vranken and —. Molinghen. Rev. Noire,
1912, pages 194-197.
The Ardinoise Seam, at the depth of 1,102 feet, about 21 inches thick, and dipping about 25
degrees, though with a good roof and floor, was regarded as unworkable; but, owing to the
Pick-quick bar coal-cutter, it now gives a better return per ton than others where the
conditions are considered more favourable. With from 2 to 2¼ hours' actual work, the
machine, supplied with 500-volt continuous current, makes a cut 177 feet long and 39 ½ inches
deep, equal to 36 tons of coal got daily. This is with a bar of a length corresponding with the
actual cut; but it is intended to employ a second machine of the same type with a cutter-bar of
a quarter greater length, which will produce 45 tons daily.

Without its cutter-bar the machine, sliding directly on the floor, occupies a space measuring 8½
feet in length by 39½ inches in width and 16 inches in height. The working-place comprises
three forward stalls 59 feet long, served by a single self-acting incline; and the three stalls
constitute a single working-face of the above-named length. The roads are cut in the floor of
the seam; and stowing follows up at the distance of two cuts from the face. In the second cut,
plates are laid on the floor to facilitate the bringing away of the coal. The complete working of
the stall is performed in three shifts, the machine-cut being reserved for that of the afternoon,
comprizing the machine-man, a second hand, a timberer, and a labourer.
As the machine is hauled forwards at the rate of about 16 inches per minute, the cutter-bar,
revolving at 350 revolutions per minute, and at the same time making twenty 3-inch horizontal
reciprocations per minute in the direction of its centre-line, effects its cut of the above-named
depth, 6 inches wide in front and 4 inches at the back, the props being loosened by the impact
of the machine and taken out one after another. The machineman's mate takes out with a
scoop part of the débris made by the cutter, and draws up the cable as it is unwound by the
labourer.
The ensuing shift (which can begin work before the cutting shift has finished) consists of four
road-rippers and stowers, with a labourer, who is only engaged for two hours in removing the
coal thrown out by the machine and in laying the plates in the cut. It is the next morning's shift
(comprising seven getters, two loaders, and three pushers or hauliers) that brings down the
undercut mass. After the groove is freed from what small coal remains, which is easily done
with the Belgian pick (rivelaine), the coal, already borne down a little on the cut, is taken out,
affording from 55 to 60 per cent. of
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large, against 30 per cent. only by hand-work, the yield of the getter being more than 4 tons
per shift.
To the number of hands already mentioned in the three shifts must be added the smith,
engaged for half-a-day in making or setting up the picks and end-cutter of the machine. The
expense for electric current, machine-picks and cutters, wear of cable, additional timbering,
lubrication and 5 years' sinking-fund, comes to 1s. a ton. The method of long stalls adopted at
Bascoup, which favours the ventilation, appears to be compatible with water-carried stowing,
and also, in the case of insufficient dip, with mechanical conveyance of the coal.
J.W.P.
Deterioration and Spontaneous Heating: of Coal in Storage. -- By Horace C. Porter and F. K.
Ovitz. Bur. Mines, Technical Paper No. 16 1912 pages 1-14.
This paper is published as a brief summary of the results thus far obtained in the investigations
made by the United States Bureau of Mines on the subject. The following suggestions for
storing bituminous coal are made, although it is pointed out that some of the precautions may
prove impracticable or unreasonably expensive under certain conditions: —
(1) Do not pile the coal over 12 feet deep, nor so that any point in the interior of a pile will be
over 10 feet from an air-cooled surface. (2) If possible, store only screened lump-coal. (3) Keep
out as much dust as possible by reducing handling to a minimum. (4) Pile so that the lump and
the fine coal are distributed as evenly as possible; not, as it is often done, allowing the lumps to

roll down from the peak and form air-passages at the bottom of the pile. (5) Rehandle and
screen the coal after two months, if practicable. (6) Do not store the coal near external sources
of heat, even though the heat transmitted be moderate. (7) Allow six weeks' “seasoning“ after
mining and before storing. (8) Avoid alternate wetting and drying. (9) Avoid admission of air to
the interior of the pile through interstices around foreign objects, such as timbers or irregular
brickwork, or through porous bottoms, such as coarse cinders. (10) Do not try to ventilate by
pipes, or more harm than good may often be done.
A. P. A. S.
The Coal-dust Danger: Principles to be Consulted for Preventing Coal-dust Explosions. Ann.
Mines Belgique, 1911, vol. xvi., pages 685-694.
Though not yet definite, the Liévin experiments of the French Permanent Commission for
Scientific Research as to Fire-damp and Mining Explosives may serve as a basis of means to be
recommended provisionally for preventing coal-dust explosions from arising and extending.
The initial causes are probably.: (1) explosion of fire-damp or the gas of underground fires, and
(2) a shot, especially if the explosive be not a safety one, either blown out or not exerting its
full effect. Accordingly, all measures for combating fire-damp are, in fact, exerted against the
coal-dust danger. In dusty workings especially, none but safety explosives, well tamped, should
be used. Another cause, though less important, must not be lost sight of— naked lights; and
electric arcs must not be permitted where thick clouds of inflammable dust may form.
Watering.—To provide for cases in which the essential measures cannot be taken, dusty
deposits should be rendered as little favourable as possible to the starting of a coal-dust
explosion. Careful, abundant, and renewed watering may prove very effective, provided that
the dust be brought to
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state of mud; or, if the dust cannot be mixed so as to come into sufficiently intimate contact
with water, provided there be at any rate an equal weight thereof in contact with it, dry dust
from the sides of workings remaining dangerous, even if the floor be well watered. Evaporation
must be provided for and the fact borne in mind that these precautions must be constantly
maintained up to the moment of a fresh watering. If such watering be confined to 50 feet (15
metres) from a shot-hole, risk of a coal-dust explosion, caused by one of fire-damp, will be only
slightly reduced; but the risk directly due to explosives will be lessened, and the general safety
of the mine greatly increased. The quantity of water must, however, be appreciably increased if
several shots be fired simultaneously, or quickly following one another, in the same workingplace.
Schistification, or stone-dusting, although not recommended for working-places, will often be
found practical in roads and air-ways, provided that it be adequate. Favourable conditions—
unfavourable to explosion—are obtained when 50 per cent. of the dust on floor and sides is
incombustible. Watering and schistification are made effective so much the more easily as the
workings contain less coal-dust. Application of these two methods or, in default, natural
dampness of the mine and efflorescence of the rocks, often realizing the conditions laid down,
will be advantageously completed by diminishing the deposit of coal-dust on floor and sides.

Watering working-places will diminish dust-deposits in the return airways. For coal-haulage,
light tubs are recommended; but for stone, on the contrary, those of open-work or having
holes in them are preferable. Watering tubs at their start from the face, and again, if necessary,
before being caged in downcast shafts, would reduce dust-formation in rolleyways and return
airways. If the dust formed be considerable, it should be removed periodically. Tests have
shown that even complete realization of the above conditions does not guarantee a mine
against a generalized explosion, if the initial cause be a violent fire-damp explosion or the
detonation of explosives in considerable quantity.
Water-dam Stop (Arrét-barrage).—Over a length of about 33 feet (10 metres), at least ten pans
of trough form, so as to be easily overturned, containing together 22 gallons per square yard
(120 litres per square metre) of water, the evaporation of which must be compensated, are
carried by boards fastened transversely under the roof, the length of pan being as nearly the
width of the working as possible without interference with the overturning.
Incombustible-dust Stop.—Over the same length, or double, boards similarly fastened receive
heaps of incombustible dust (not fine enough to be raised by the normal air-current) of a
volume at least equal to 9 bushels per square yard (4 hectolitres per square metre) of working.
The heap, 10 inches (25 centimetres) thick, should occupy the whole width of the working and
come up to within at least 2 inches (5 centimetres) of the timber cap, so that there be a
sufficient space left for the blast of the explosion to raise the dust. In the case of brick-lining
and metal supports, this space must be at least two-thirds the width of the road. There will be
not less than ten shelves, not more than 2 feet (60 centimetres) wide, with at least that
distance between them.
So far as local circumstances permit, stoppage zones and dam-stops will be arranged not too
far from the spot where an explosion is most likely to originate, because the probability of its
interception appears to be greater in inverse ratio to its extension, and the probable number of
victims will thus be reduced. In the case of dam-stops on the fresh-air side,
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precautions will be taken to prevent the asphyxiating gases from entering another group of airways.
In applying these precautionary measures, the more or less dangerous character of a working
must be taken into consideration.
J. W. P.
Experiments on Coal-dust in the Rossiti Coal-field.—By N. M. Czaplinski and —. Jicinsky.
Oesterr. Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 171.
Two reports on the experiments on coal-dust made in the Rossitz coal district have already
appeared. The writers here describe other trials made to test the comparative efficiency of two
different methods. In the one the inflammable coal-dust was kept down by sprinkling the levels
with water; in the other an endeavour was made to attain the same result by the use of two
artificial preparations, hermanit and tresilit. A chamber was constructed in the mine, and in this
space the explosions were started. After the arrangement of the ventilating shafts and doors
had been altered, a wet zone was formed by copiously sprinkling a level to a certain distance
with water. This was found to shorten the length of the flame started in the explosion-

chamber, and in some cases completely to stifle it; but it was necessary to renew the sprinkling
at regular and frequent intervals, otherwise the zones dried out. Unfortunately the constant
sprinkling loosened the walls of the level, and caused a certain amount of “creep."
It is claimed that with the substance known as “Hermanit” these difficulties are overcome.
Hermanit consists of a hygroscopic solution of brine, which does not evaporate when spread
over the walls of a level, and is said to destroy the explosive power of coal-dust by combining
with it. The stuff, when tested, remained intact as a damp mass on the walls for several
months, as had been stated; but the coal-dust settled on its outer surface, and, when exposed
to a flame, ignited in the same way as before. A charge was fired, and the flame swept, not only
through the Hermanit zone, but 150 feet beyond it.
The substance called "Tresilit” is similar in composition to Hermanit, but gave no better results,
unless the quantity of coal-dust present was very small. Neither substance, therefore, can be
said to have the effect claimed for it.
E. M. D.
Clarence Colliery Explosion.—(1) Anon. Rev. Noire, 1912, pages 434-440 and 470-471.
Without attaining such dreadful proportions as the Courrières catastrophe, that at the
neighbouring Clarence Mines must, nevertheless, be numbered among the very serious
disasters, having cost 80 lives.
About 2 p.m. on September 3rd, 1912, as the coming up of the morning shift, consisting of 358
men, at the Calonne-Ricouart plant, worked at the levels of 3,060 and 3,281 feet, was nearly
concluded, a dull report was heard, and smoke escaped from the fan. It was found at the
lamp-room that men were missing, when Engineer Dupont and a few volunteers went down,
followed soon afterwards by the Maries and Bruay rescue-brigades and those of the Liévin firedamp station. In two hours twenty-three injured men were brought up, then ten uninjured,
and then corpses only, while at night there were still thirty-seven missing.
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At 4 a.m. on September 4th, there was another explosion, killing three rescuers and injuring a
fourth, followed by other explosions at short intervals, while the timbering was on fire in
several places. At 4 p.m. Mr. Léon, the chief mining engineer, and four rescuers advanced to
the entrance of the workings, but obtained no answer to their conventional signal on the
compressed-air pipes. The body of a fireman was found; but his bag of explosives was intact. It
is not known whether the first explosion was caused by a blown-out shot or a defective lamp.
On September 5th the fan-register showed brusque variations caused by fresh explosions or
the falling-in of workings. At 7 p.m. a horse was found alive, but no men. On September 9th
analyses of the return-air showed such a dangerous fire-damp content that the InspectorGeneral of Mines gave the order to evacuate the workings; but, as the result of a conference, it
was decided to make another exploration. Medical examination showed that Engineer Dupont
was killed by asphyxia, while the miners on whose bodies he was found lying had met their
death from a previous explosion.
On September 10th the ventilation proved to be greatly defective and the air of the workings
very hot. At a council on the following day, presided over by the Inspector-General of Mines, it
was decided to drown the colliery and make preparations therefor, but to wait 25 days from

the first explosion in case anyone should be still alive. When the catastrophe occurred, Mr.
Taffanel, director of the Liévin experiment station, was in New York, but at once returned, and
lost no time in going underground at Clarence with the general manager and Mr. Léon and
several others, all wearing protective appliances. They made their way with great difficulty to
the place where the first explosion is supposed to have originated; and, after examination, Mr.
Taffanel found that the dam-stop (arrét-barrage), although perfectly well installed, had failed
to act, owing to the slowness of the explosion. Such failure to act had already been noticed at
the Liévin station when a slow explosion occurred. The danger of further explosion became so
great that the men appointed to maintain gas-detector lamps at the landing of the 1,000-metre
level were strictly ordered not to stay there longer than was absolutely necessary.
Drowning the mine (by contract) was begun on October 2nd with water pumped from two
streams; but afterwards that of the Clarence River was also employed. It is expected that this
work will take a month, and the unwatering of tubs from four to five months.*
J. W. P.
(2) By L. Morin. Rev. Noire, 1912, pages 497-498.
The great evolution of fire-damp in this case may be connected with intense pressure on the
unwrought portion of the seams. From the south of the twin shafts, between the distances of
284 and 474 yards from shaft No. 1, the working is continued (1) in No. 7 Seam over a width of
87 to 153 yards, and (2) in No. 8 Seam over a width of 109 to 196 yards, and each of these
surfaces is divided into two parts, separated by protective masses (stots) that were being taken
out. The first of these masses, of rectangular form, measures 328 by 131 feet, and the second,
of the same form but more irregular, is 492 feet long and 131 to 180 feet wide, these two
masses being superposed over a rectangle 328 feet in length by a mean width of 82 feet. Above
the thick No. 7 Seam there is a sandstone bed nearly 20 feet (6 metres) thick, offering relatively
considerable resistance considering the slight width of the workings.
This bed must be
regarded as a beam with its ends bearing on the
* See abstract on the unwatering of the colliery, page 826.
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unwrought portions of the two seams, and supported in the middle by a pillar (constituted
by the two protective masses) which was inevitably destined to be crushed and cause
subsidence of the whole. Here we have an explanation of the normal fire-damp evolution
which caused the catastrophe, with the subsequent discharge of fire-damp and the explosions
which followed, while ignition may easily have been effected by a lamp deteriorated by the
thrust. Indeed it is surprising that such cases do not occur more frequently; but it is fortunate
that so many causes sufficient to bring about an explosion do not often occur together, as in
the present instance—(1) seams not cut into nor drained of gas; (2) great depth; (3) thick
seams; (4) strong roofs; (5) great regularity of deposit; and (6)—capital point—two
superposed protective masses, of different widths, present under quite special conditions
in the middle of a working (exploitation), small in extent and but slightly, if at all borne down.
J. W. P

Fire-damp Explosion at the Lothringen Pit, Westphalia.—[Official.] Zeitschr. f. Berg-,
Hütt.-[Huett.-] Salinenwes., 1912, vol. lx., pages 380-386.
On August 8th, 1912, at the pit called Lothringen, at Gerthe in the mining district of Bochum, a
fire-damp explosion took place at 9.20 a.m., which extended over two colliery "districts,” and
resulted in the death of no less than 114 workpeople; moreover, 16 of the survivors were
injured.
The pit is worked on the “co-operative” system, and possesses four shafts; of the two shafts
concerned in the explosion one is upcast, and the other downcast: all go down to a depth of
1,557 feet. The Coal-Measures here are overlain by a thickness of 525 feet of marl; the seams
which occur in this part of the field belong to the bituminous coal-group, and lie in a flattened
syncline. The measures are much cleaved and broken up by joints. Details are given in regard to
the methods of working and ventilation of the mine. Shot-firing had taken place immediately
before the disaster, and it is estimated that at least 130 or 134 cartridges of dynamite had been
thus used. Evidence as to the previous determination of the presence of fire-damp in those
particular districts of the colliery is conflicting. At all events, the explosion set free a blower,
from which gases continued to pour out for a week after the disaster. All the precautions
prescribed by the regulations appear to have been observed, and the water-spraying system
was in good order. It is hinted, somewhat obscurely, that the explosion was initiated by the
liberation of combustible gases consequent on the firing of the last shots. In consequence of
the disaster, the Official Mining Bureau of the Province has prescribed further precautionary
measures in regard to shot-firing, both in mines working bituminous coal and in mines working
gas-coals, etc.
L. L. B.
Explosion of Gas in the Potassic Salt-mines of Alter-Nordstern, near Grosshauslingen.—By —
Wigand. Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 214-225.
This explosion took place on November 27th, 1911. Ten men were injured, two of whom
died. This was the third severe explosion in the German salt-mines: the first having taken
place at the Frisch-Glück [Frisch-Glueck] Mines in 1904, and the second at the Desdemona
Mine in 1906. In the Alter-Nordstern case, the gas was ignited by a shot - the seventh of a
series fired in succession. An elongated sugar-loaf-shaped hole afterwards found had
contained fissured
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salt, in which gas under high pressure must have collected. Shot No. 7 must have set this gas
free, and it had streamed out and ignited when the next shot was fired. The Desdemona and
Alter-Nordstern accidents have shown that fissured zones of the salt must be worked with
great care. Blasting in the fissured zone was now forbidden by the police, and it was found
better to isolate this part and work round past it. The presence of gas being proved by the
explosion, the Alter-Nordstern Mine was placed under the police regulations for mines
containing inflammable gas. Safety-lamps were now to be carried, shots were not to be fired
when gas in appreciable quantity was present, and other rules of the kind observed, which
have previously appeared unnecessary.
A. B. L.

Outburst of Carbonic-acid Gas in the Consolidated Ruben Pit, Neurode, Lower Silesia.—By —
Laske. Zeitschr. f. Berg-, Hütt.- [Huett.-]u. Salinenwes., 1912, vol. lx., pages 74-80.
An explosion of carbonic-acid gas occurred in September, 1911, in the Ruben Pit in the
Neurode district of Lower Silesia, by which a hewer lost his life. The seams here dip at an angle
of about 30 degrees to the west, and the workings in question were near the third level in the
Josef Seam, which is the highest of the series of workable coal-beds here, and is covered by a
roof of tough clay, which is probably gas-tight and prevents the escape of the proceeds of
oxidation. Several small outbursts of gas had recently taken place, and the one in question,
although somewhat violent, was not very extensive. It occurred in a confined working-place
where gobbing had been worked into within a short distance of the face, and the hewer killed
must have been almost instantaneously suffocated and buried under the fine coal-dust blown
out. Of chief interest here are the safety-appliances, which were considered to have played
their part well.
The precautions ordained by law are:—(1) The presence of two men at every place; (2) boring
in advance for a distance of about 10 feet; (3) the firing of shots from a firing centre on the
ground-level (no coal-cutting machines allowed); (4) all men to retire to the firing centre before
the firing takes place; (5) approaches to the place to be barred till the shot is fired; (6) two
lamps to be hung at different heights near the place, as gas-detectors; (7) if the lamps become
extinguished, report shall be made to the superiors and precautions taken; (8) overman to go
to place with first-aid man and test the air; (9) two electric lamps to remain constantly burning
near the face, and at least four flasks of oxygen to be ready for use; in front of the place, at
about 16 to 33 feet, an electric lamp is to be kept burning, and a flask of oxygen is to be at hand
at the same point for each man there stationed; and (10) the men at both points are to leave
their work when dangerous blowers of carbonic-acid gas occur in the shot-hole or elsewhere,
or in case of disturbance of the ventilation.
Regulations subsequently made by the managers provide that artificial-respiration apparatus is
to be kept at the emergency station below, and that a qualified first-aid man is to be in
attendance during each shift. A mine telephone leads up to bank; and in the present case the
first-aid man was on the spot within 10 minutes of the accident. It took an hour to free the
buried man, and subsequent attempts at resuscitation proved unavailing. In future more room
is to be left in front of the working-places.
A. R. L.
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Ignition of Gas by Miniature Electric Lamps with Tungsten Filaments - By H. H. Clark. Bur.
Mines, Technical Paper No. 23, 1912, pages 1-5
The question whether fire-damp can be ignited by breaking the bulb of miniature incandescent
lamp in a body of the gas is of more importance no than at any previous time, because of the
increasing use of portable electric lamps. The development of the tungsten filament has given
a fresh impetus to the manufacture of such lamps, and there are now upon the market several
types especially designed for mine service. Portable electric lamps are often used where gas is
known to be present, and sometimes, as in rescue-work, such lamps must be used where
gas (methane) may be present in dangerous amounts.

In connexion with its investigations of mine accidents and the dangers attending the use of
electricity underground, the Bureau of Mines at its experimental station at Pittsburg has
undertaken the study of various matters relating to the ignition of fire-damp by electrical
equipment. The tests described were made upon miniature incandescent lamp-bulbs
containing tungsten filaments, and were preliminary to more extensive tests which the Bureau
plans to make upon complete portable lamp-equipments.
In all tests the filaments were glowing at the moment when the bulbs were broken. One
hundred and thirty-one bulbs were broken in a mixture of natural gas (that used at Pittsburg)
and air combined in the proportion of 8.6 per cent. of gas to 91.4 per cent. of air. These
percentages of the gas and air form the most explosive mixture. Forty-five tests were made in
gas-and-air mixtures other than the most explosive. The mixtures contained from 3 to 12.4 per
cent. of gas. Mixtures containing as little as 5 per cent. and others containing as much as 12.4
per cent. of gas were ignited by 1.5-candlepower 3.5-volt 0.3-ampere bulbs that were smashed
while burning at a rated voltage.
A. P. A. S.
Explosions in Prussian Mines during: the Year 1911.—[Official.]
Zeitschr. f. Berg-, Hütt.[Huett.]- u. Salinenwes., 1912, vol. lx., pages 208-214.
At the Deutscher Kaiser Pit (Shafts III.-VII), in the Duisburg mining district, a fire-damp
explosion took place about 6 p.m. on January 28th, 1911, whereby eighteen workpeople were
severely, and three slightly, injured. Here bituminous coals are worked below a covering of
marls about 560 feet thick. Twelve seams are worked at five separate levels, the lowest seam
being the Laura; the strata are much disturbed and folded. The daily output averages 4,250
tons of coal, the number of workpeople employed below ground being 4,087.
On the
afternoon of the disaster shot-holes had been drilled in the coal and in the country-rocks, and
about 6 p.m. the official responsible for the shot-firing put the cartridges himself in the rockhole, while he handed to a hewer several carbonite cartridges for the shot-hole bored in
the coal. Shortly afterwards the explosion took place, accompanied, according to some of the
victims, by a tremendous flame. What exactly was the cause of the disaster will never be
known, as the most important witnesses are dead, and the testimony of the survivors is
conflicting. The presence of fire-damp had been reported previous to the morning shift on
the day of the explosion, but the gas had already been expelled by 8 a.m.
The lamp
belonging to the deceased shot-firer was considerably damaged, while those of the other
victims were untouched. It is assumed that, in order to see better while he was tamping the
cartridges, he slung the lamp to the roof, where there was a
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probable accumulation of fire-damp streaming in from unsuspected fissures. After he had fired
the shot, he probably snatched down the lamp without noticing that the gauge had already
become red-hot, and then the flame struck through, igniting the accumulated gases.
In the Teutoburgia Pit, in the Third Dortmund Mining Inspection district, a fire-damp explosion
occurred about 7 p.m. on December 22nd, 1911, which resulted in the loss of six lives, while
three other persons suffered slight burns. Here gas-coals are worked below a marl-covering
about 660 feet thick. The second level here is some 1,070 feet down, and the daily output

averages 705 tons, the number of workpeople employed below ground being 767. Thirteen
shot-holes were drilled in the afternoon preceding the disaster, and were filled with cartridges
of gelatine-dynamite. The explosion took place immediately after the shots had been fired; but
it was afterwards ascertained that, owing to various causes, about half of the shots had really
not exploded. There seems to be no doubt that while five shots had successfully fired, one had
misfired, and the seventh ignited an accumulation of fire-damp which had formed in front of
the working-face. Coal-dust does not appear to have played any conspicuous part in this
explosion.
L. L. B.
Mine Fires: A Preliminary Study.—By George S. Rice. Bur. Mines, Technical Paper No.
24, pages 1-51.
The following is a summary of the precautions advocated by the writer when dealing with mine
fires: —
(1) Lay water-lines to all parts of the mine. In a coal-mine the water may be used to lay the dust
as well as to fight fires. (2) Have at hand fire-fighting appliances and breathing-apparatus. (3)
Organize the workmen to fight a fire. (4) Assume that a fire may break out at any point and at
any time. (5) Take no chances that a fire will not occur during a repair. (6) Consider always the
escape of the men. (7) Have competitive drills to interest the men, so that they will be ready
when the emergency comes. (8) Use closed or safety-lamps instead of open lights in coalmines. (9) Have the electric plant installed by competent electrical engineers. (10) Assume that
the electric lines may become short-circuited some time, even with the greatest care, and
constantly guard against that eventuality. (11) Do not enclose an active mine fire until other
means have been exhausted; then make all the men leave the mine, except those needed for
the work. (12) Do not reverse the ventilation in fighting fire unless the exact risks are known.
(13) When a water fire-protection system has been installed, give it a trial; and do not assume
that it will operate in an emergency, unless it has operated properly in such a trial.
A. P. A. S.
Gas Analysis as an Aid in Fighting Mine Fires.—By George A. Burrell and Frank M. Seibert. Bur.
Mines, Technical Paper No. 13, pages 1-16.
The conclusions arrived at by the authors from their gas analyses and recorded observations on
the condition of the atmosphere in mines are given in this paper, in the hope that they will be
of service to those who may have to fight mine fires; for, although analyses of the gases from
such fires have been made in the past, the systematic analysis of samples of the atmosphere of
a burning mine or section of a mine has not received the attention that its usefulness warrants.
In the early stages of a mine fire, effort is directed toward fighting it at close range by using
water from buckets, hose, or portable extinguishers,
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or by digging out the hot coal. Frequently this effort is not successful, and the mine or a
section of it is sealed off in order to smother the fire. Some fires gain such headway that the
entire mine has to be flooded. This expedient, though effective, requires the use of an

enormous quantity of water, not always easily obtained, and a subsequent expenditure of
much money and time in draining the mine and putting it into working order again.
When an entire mine, or a section of it, has been sealed off to exclude air, the sampling of the
atmosphere within the sealed area becomes desirable in order to determine the effectiveness
of the stoppings or dams in excluding air. If the stoppings are tight, the fact is shown by a
depletion of oxygen in the atmosphere behind them. A period of anxiety always follows sealing,
and any aid that tends to allay fears as to whether the fire is spreading, or enables the mine
officials to act promptly in case conditions get worse, is worthy of consideration.
Another reason for the systematic collection and analysis of samples of air from the sealed area
is to obtain information regarding the advisability of removing stoppings. Disastrous
consequences have sometimes followed the premature re-opening of sealed areas; moreover,
fires have burned vigorously after the external air was supposedly excluded entirely. Hence,
stoppings are sometimes left in place for many months, and when they are eventually removed
much uncertainty is sometimes felt as to the result.
The burning of coal and wood in a mine fire differs in some respects from the ordinary
combustion of coal or wood in a boiler-furnace; yet, just as periodic analyses of the escaping
gases will indicate the conditions of combustion in the furnace, so periodic analyses of the
atmosphere within a burning mine or section of a mine will indicate the conditions of
combustion there, although these indications are less clearly understood, and will be until
some features of mine fires have been studied more fully.
A description of an improved portable gas-analysis apparatus is described, by which the
presence of carbon dioxide, carbon monoxide, and methane may be determined to within
about 0.2 per cent.
A. P. A. S.
Fire in the Main Switch Installation at Heinitz, with Notes on the Reconstruction of the
Building:—By A. Peucker. Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages
304-309.
The fire occurred in February, 1912, in a two-storeyed building containing two switch
installations for a total of more than 15,000 volts and twenty-three switch-circuits. The interest
attaching to the mishap is considered to centre in the steps taken to prevent the recurrence of
fire. The old switch arrangements were abandoned, and a new house was built, the first care in
the design of which was the avoidance of inflammable material. A condition made was that the
new switch installation should withstand a test of twice the working voltage applied for the
space of an hour. The leads were so dimensioned that, on the occurrence of a short-circuit,
they would never heat to a dangerous degree. The new house has three storeys, the upper one
containing the bus-bars and the manipulating appliances, the middle one the oil-switches, and
the lower one the cable-attachments with the current and potential changers. The storeys are
separated by concrete ceilings, so that fire cannot spring from one to the other. Concrete is
also extensively applied inside the rooms where fire is possible. In the arrangement of the
ordinary switches and oil-switches themselves, safety-appliances are provided as far as
possible.
A. R. L.
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Drowning a Colliery owing to Underground Fires.—By —. Saint Maur. Rev. Noire, 1912, page
470.
The decision of the Clarence Company to drown the colliery* has caused much astonishment to
mining engineers in the South of France. After the Courrières catastrophe it was decided to
inundate the workings in order to master the underground fires; but this was avoided owing to
the fortunate escape of a few miners, and the resumption of working was on that account less
difficult. Collieries in the Aveyron, where fire-damp and underground fires are ever present,
would long have been abandoned if fires, even the most violent, were not combated by patient
and rational methods, of very various nature and requiring great experience.
There is no certainty that the fire in the Clarence Colliery will not break out again after the
drowning, and in any case fire-damp will always be there while gas-accumulations in the blind
ends of workings will constitute an additional source of danger. The roads and airways will fall
in to a large extent, because the water sent into them will not be of sufficient depth to
counterbalance the pressure of the measures. Some ground, however, for the decision to
drown is afforded by the circumstance that the spaces are not considerable, and the workings
will not be long inundated. An important point that should be kept constantly in view is that
precautions will have to be taken against fires of increasing severity, and that they must be
combated, as in the south, by organized brigades carefully trained and of great experience.
J. W. P.
Effect of Stemming on the Efficiency of Explosives.—By Walter O. Snelling and Clarence Hall.
Bur. Mines, Technical Paper No. 17, 1912, pages 1-20.
The experiments conducted by the authors at the United States experimental station,
Pittsburg, prove definitely that confinement by the use of stemming greatly increases the
efficiency of a charge of explosive. The expansion of the bore-hole of the lead-blocks in the
experiments is a good measure of the pressure that is exerted on the wall of a drill-hole by the
same explosives in actual mining operations; and it is reasonable to assume that the useful
work done by the explosives would be in the same ratio.
The increase in efficiency from the use of stemming varies considerably with different
explosives. With slow-burning explosives, such as black blasting-powder, a large quantity of
stemming is required for effective results, and the greater the quantity of stemming used, and
the more firmly this stemming is tamped into the bore-hole, the greater is the useful work
done by the shot. Since the stemming in a drill-hole is seldom as firm or unyielding as the
surrounding rock, as much stemming should be used as can be placed in the drill-hole. Only
when the hole is filled completely with well-tamped stemming are the conditions most
favourable for the maximum utilization of the energy of the charge.
With 40-per cent. “straight” nitroglycerine-dynamite, which is very quick in acting, and with
ammonia-dynamite of 40-per cent. strength, which is intermediate between the slow-burning
and the very quick-acting or "high” explosives, such as "straight” dynamite, stemming increases
the efficiency of a
* See abstract as to the Clarence Colliery Explosion, Trans. Inst. M. E., 1912, vol. xliv., page 819,
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shot. Small quantities of stemming greatly increase the efficiency of quick-acting explosives,
and further additions of stemming increase the efficiency, but at a diminishing rate.
Although the tests were made with drill-holes of the same size, and test with holes of different
sizes have shown different relations, it is the belief of the writers that, when efficiency alone is
to be considered, the length of the space occupied by stemming in a drill-hole should be at
least three times the length of the space filled with explosives. The results of the tests indicate
that with high explosives less stemming need be used, but it should be remembered that each
small charge of the explosives used in the tests received the full effect of a powerful detonator
and that its rate of detonation was the maximum. The explosives used were freshly made, and
in the best of condition. If explosives are old, or if they are frozen when used, a greater amount
of stemming will be required to ensure effective results.
From the results obtained the general conclusion is drawn that tamped moist fire-clay, or some
similar plastic material, is the best stemming for all explosives, and dry pulverulent material,
such as dry fire-clay, is least efficient. This conclusion is further strengthened by the results of
tests with the ballistic pendulum, in which large quantities of black blasting-powder were used
with dry fire-clay and moist fire-clay stemming. The greatest swing of the pendulum resulted
from the use of fire-clay stemming containing about 11 per cent. of moisture.
A. P. A. S.
“Externally” Tamping a Mine Shot with Incombustible Dust.—By V. Watteyne and E. Lemaire.
Ann. Mines Belgique, 1911, vol. xvi., pages 937-968.
The chief object of the Frameries experiments, always carried out in media of maximum
explosibility, has been to prevent the initial ignition of fire-damp and coal-dust, the two chief
causes—miners' lamps, and that, far more important, of explosives—having received special
attention. If a single solution of the problem as to preventing colliery explosions were of
general application and absolute efficacy, it would alone suffice; but this is not the case, so that
several measures must be taken concurrently. If fire-damp explosion is now to a large extent
prevented, the question is far less advanced as to avoiding dangerous mixtures of air and coaldust, either alone or with small proportions of fire-damp.
The method for preventing an explosion suggested by one of the authors (Mr. Lemaire) consists
in placing, at the outside of a charged shot-hole, a heap of incombustible dust—sand, ground
shale, or powdered chalk—destined to stifle and cool down the flames following on a blownout shot or one not exerting its full effect. Trials have been made intentionally with the most
dangerous explosives, their danger being verified by a previous experiment without "external
tamping,” as the authors call this method. At the testing-station, trials were made with two
explosives that readily ignite coal-dust, the charges being increased up to 1½ pounds (700
grammes) of No. 1 gelatine-dynamite and 2 pounds (910 grammes) of No. 1 Favier explosive,
fired without tamping, in the ordinary sense, from mortars 2 3/16 or 2¾ inches (55 or 70
millimetres) in diameter. No ignition ensued with an "external tamping” of 6.6 pounds (3
kilogrammes); but the dust must be free from carbonaceous matter, because, when boilerashes still containing some coal particles were used, explosion ensued.
The incombustible dust was heaped on a board 10 inches (25 centimetres)
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wide, placed across the gallery on a level with the mortar, its lateral confinement above being
found unnecessary. The tests were made with the dust of coals containing 20-22, 25, and 35-36
per cent. of volatile matter, either strewn on the floor or suspended in the atmosphere.
Sometimes a little coal-dust was even spread on the board carrying the incombustible dust;
and in some cases a shot put in at the floor of a drift was reproduced by placing a board with
coal-dust at the mortar level.
The power of the gelatine-dynamite experimented with is but slightly inferior (10: 11) to that of
No. 1 dynamite; and the 25-ounce charge adopted in some cases has far greater force than the
32-ounce limit-charge of the best safety-explosives. Tests have shown that the calculated
quantity, 8.8 pounds of incombustible dust, is largely sufficient to prevent coal-dust ignition by
a blown-out shot charged with 21 ounces of gelatine-dynamite, while half and even less have
often sufficed.
With Favier explosive (No. 1 extra), composed of ammonium nitrate 44, dinitronaphthaline 6,
nitrate of baryta 32, and trinitrotoluine 18 (12.9 weight-units of which explosive produce the
effect of ten No. 1 dynamite units), the calculated quantity of incombustible dust necessary to
prevent ignition by a blown-out shot of 28 ounces is 10½ pounds; but 8.8 pounds have been
found sufficient for charges up to 32 ounces. Ignition, however, ensued with smaller charges
when the quantity of the protecting substance was reduced.
Few experiments, but those satisfactory, have been made in the presence of fire-damp,
because of the deficiency of this gas during transfer of the testing-station to a more convenient
situation.
J. W. P.
Magazines and Thaw-houses for Explosives.—By Clarence Hall and Spencer P. Howell. Bur.
Mines, Technical Paper No. 18, 1912, pages 1-34.
This paper contains notes on the storage and handling of explosives, the protection of
explosives in magazines, the protection of adjacent property, the construction of magazines
and thaw-houses, and the precautions to be taken when thawing frozen explosives, and
supplements the directions for storing and thawing explosives given on pages 29-32 and 61-66
of Bulletin No. 17, issued by the same Bureau.
A. P. A. S.
Goulet Benzine-fed Incandescent Safety-lamp.—By E. Lemaire.
Ann. Mines Belgique,
1911, vol. xvi., pages 623-636.
Although great improvement has been made in miners' lamps with respect to their degree of
safety, there is but little progress as to their illuminating power, which scarcely equals a
Heffner unit; but the Goulet lamp, introduced during 1910, gives 3½ units after half an hour's
lighting, and 1.25 units after 9 hours.
The lamp (illustrated and minutely described) does not differ greatly in outward form from the
ordinary type; nor is there any apparent reason why it should be heavier. The top is
surmounted by, although not in contact with, the carburettor, which is a cylindrical metal case
filled with absorbent material, impregnated with 2.36 ounces of benzine, and pierced with
vertical holes for air-circulation. As carburetted air is heavier than pure air, it descends (by an
outside tube) to the burner (a simple brass tube) mingled with the proportion of pure air (that

may be regulated) necessary for complete combustion, which brings the mantle to
incandescence. A double horizontal gauze, interposed between the plate in which the burner is
inserted, and a
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gauze-capping which closes the top of the burner, prevent all return of flame to the
carburettor, air-circulation in which is favoured by the chimney draught. Extinction
does not always ensue on the air-supply being intercepted; but may be determined by a
slight shock. The inner glass, slightly tapering upwards, constitutes a chimney, the outer glass
being of the ordinary form. There are two gauzes, sharply tapering upwards and gauzeclosed above, with a space of nearly 0.394 inch between them. The shield bonnet, is
capped at the top, but has a series of apertures at the top.
Subjected to stringent tests at the Frameries station of the Belgian Government, the Goulet
lamp, although becoming greatly heated in air at rest, showed no dangerous pressure in the
carburettor, even when directly heated by a bunsen burner; nor was there explosion, the
vapours merely igniting, when the solder melted. The lamp stood well in a current (1)
horizontal, (2) descending at 45 degrees, (3) rising at 45 degrees, (4) rising vertically, and (5)
descending vertically, of air with 8 per cent. of methane, at a speed of 50 feet per second; but
the gauzes turned red in currents of the same composition and direction (1) at 26 feet, (2) at
19½ feet, (3) at 30 feet, and (4) and (5) 43 feet. The outer glass withstood all these currents up
to 46 feet (14 metres), when it broke; and the inner glass, although not breaking in any of the
tests, became softened and bent. For ascertaining the explosion-point of the gas generated in
the carburettor, it was frequently ignited at the burner exit after removal of the gauzes for
preventing flame return; but ignition never extended to the carburettor.
J. W. P.
Recent Progress in Shaft-sinking by the Freezing: Process.—By A. Breyre. Ann. Mines
Belgique, 1911, vol. xvi., pages 369-423.
Although the freezing method has been but little modified since it was first employed by
Poetsch in 1883, its applications have made wonderful progress, while the depths to which its
effect is now extended have quadrupled, attaining 1,082 feet (330 metres) at the Levant du
Flenu Colliery, Mons, and 1,312 feet (400 metres) in the new Campine coal-field (Belgian
Limburg), where, as will be seen below, still greater depths have been arranged for. Herr
Zaringer, General Manager of the Tiefbau und Kaltindustrie Gesellschaft, attributes the great
extension to improvement in boring and also in cold-producing machines, as well as to the
experience gained in freezing ground, to which causes the author also adds that of the
emulation provoked by a desire to bring into working increasingly inaccessible deposits. This is
strikingly shown in the North Belgian coal-field, where arrangements have been made for
applying the freezing process to sinking the shafts of five out of six collieries —at any rate
through the cover, which attains a thickness of 1,595 to 2,034 feet (486 to 620 metres). The
depth of sinking with freezing is fixed at 1,404 feet (428 metres) for Winterslag, and 1,542 feet
(470 metres) for Limbourg-Meuse, where the Coal-Measures are being reached in both cases.
Sand saturated with water freezes more easily and rapidly than any other deposit, and clay far
more slowly, while the resistance with a temperature of 59° Fahr. (15° Cent.) of the former is

1,963 pounds per square inch (138 kilogrammes per square centimetre), and of the latter 1,024
pounds per square inch (72 kilogrammes per square centimetre), pure ice giving only 256
pounds (18 kilogrammes) at 626° Fahr. (17° Cent.). Sinking can be begun in all security so soon
as the bottom of the ice-tower is closed, and proved to resist by water continuing to rise in the
central bore-hole or advance shaft, owing to expansion at the base, notwithstanding an
artificial raising of the level.
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Opinions are divided as to the advisability of a temporary shaft-lining. The most serious
objection is that it so masks the sides (inside) of the shaft excavation, as to prevent the leakage
of a freezing pipe from being detected; but at Beeringen, in the Campine, a special
arrangement, applied to each circuit, gives immediate notice of a leak. For the backing, a slowsetting concrete, with a minimum of water and well rammed, appears to give the best results.
At the Grand-Hornu Colliery, in 1906, liquid cement was, after the thawing, injected through
holes made in the tubbing. In all shafts now put down (in Belgium, at any rate) the tubbing is
for this purpose, fitted with short tubes, spaced about every 33 feet (10 metres).
Artificial thawing, which has the advantages of rapidity, regularity, and uniformity (avoidance
of one-sided action), is easily effected by sending a heated solution through the freezing pipes;
but this warming must be gradual, in order to avoid breakage of the pipes.
Although the progress made in boring has reduced its duration to a minimum, means have not
yet been found for preventing deviation of the holes to any great extent, there being too many
factors in the problem, especially the inherent conditions of the deposit—succession of strata,
their varying hardness, etc. No time or expense, therefore, should be spared in putting down
supplementary holes, for making good the freezing effect of those that have deviated, so as to
close the “ice-tower”: for on its complete and successful closing security of the work depends.
Before 1906, freezing was effected in stages, or passes, owing to the deviation of the holes,
making it impossible to ascertain the extent of deviation, and efforts were concentrated in
devising instruments for this object; but it is only quite recently that a few types have been
brought into use. The Gebhardt and Erlinhagen appliances, both of which are used by the
Tiefbau-und Kältindustrie [Kaeltindustrie] Gesellschaft, are credited with measuring, for depths
of 2,296 feet (700 metres) deviations within a few centimetres, say, about an inch, and their
bearing within a few degrees. The teleclinometer of Mr. Luc Denis is used with success for the
Winterslag (Campine) shafts of the Ressaix Colliery Company.
At the Beeringen colliery, which is one of the most advanced of those in the Campine, the
deviation of each bore-hole is measured, with the Erlinhagen instrument, by two different
observers, one representing the colliery and the other the boring company, thus checking and
minimizing error. A horizontal section is plotted every 164 feet (50 metres), with circles of 39½
inches (1 metre) radius (representing the minimum influence of the freezing liquid) drawn from
the centre of each hole at that level. Generally the circles cut one another, so that their areas
overlap; but when there is an interruption, owing to two holes deviating in contrary directions,
a supplementary hole is put down, for ensuring continuity in the tower. At a depth of 1,404
feet (428 metres) the greatest deviations were found to be about 16½ feet (5 metres).
Special attention should be directed to the systematic organization of rescue measures, ready
for any emergency, because ladders are out of the question with freezing. Not only are they

dangerous, owing to their sides and rungs being covered with ice, but also a ladder
compartment in the portion of shafts being sunk would necessitate interference with the inside
surface. One kibble does not afford a sufficient solution; but two independent kibbles, guided
so as to permit of rapid winding—as adopted at the Heribus sinking shaft of the Levant-duFlenu Colliery—afford more rapid and effective means of rescue. As regards safety-hooks, the
author prefers the form with
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hinged side, fastened by a pin, to the German type with spring side; but there is a good and
simple hook, used at the Lambrechies Colliery, so designed that the pull can never be shifted
from the base, or throat.
J. W P
Utilization of a Bore-hole in Shaft-sinking: in Prussia.—Anon. Zeitschr f. Berg-, Hütt.-[Huett.-]
u. Salinenwes., 1912, vol. lx., pages 84-85.
With the object of facilitating the sinking of an air-shaft at the Königsgrube [Koenigsgrube]
(Königshutte [Koenigshutte] district), a bore-hole was brought down exactly in the centre of the
cross-sections of the proposed shaft.
Its diameter at the top was 28½ inches (720
millimetres), and at the bottom, at a depth of 623½ feet (190 meters), where it met the
underground workings which the shaft is intended to ventilate, 20¾ inches (530 millimetres).
The ground removed in sinking the shaft was shot down the bore-hole, and used at the bottom
as filling-up material. The total cost of sinking the shaft, including not only the tubing of the
bore-hole and the lining of the shaft with masonry, but also £187 (3,750 marks) extra
expense caused by clearing a temporarily clogged part of the bore-hole, amounted to £4,245
(86,595 marks) or about £25 (500 marks) per metre (39½ inches) sunk. If the shaft had been
sunk without previous boring, the costs would, according to a careful computation based upon
the experience actually undergone in sinking, have totalled £5,456 (108,120 marks), or £31
(620 marks) per metre. The saving in money represents, therefore, fully 20 per cent. of the
total cost; but there was also a very considerable saving in time, seeing that, despite the delay
caused by the temporary clogging of the bore-hole, the whole work was finished in 12 months,
while without the bore-hole the sinking of the shaft would have taken at least 18 months.
This mode of shaft-sinking is, therefore, recommended, especially in wet ground and for
shafts with rather narrow cross-sections.
A. P. A. S.
Verifying: the Parallelism of Shaft-guides.—By A. Breyre. Ann. Mines Belgique, 1911, vol. xvi.,
pages 191-194.
Reduction in the hours of work renders imperative an increased speed of winding, in order to
maintain the output; and for this it is necessary that the guides be parallel, of equal distance
apart, and free from irregularities which cause shock to the cages and exert a prejudicial
influence on the life of a rope. The method of verification with an iron rod or lath in a slowlymoving cage is too slow and uncertain, while it leaves no record of the defects that have to be
remedied.

Great facility for verification, and also record, are afforded by the Musnicki ecartometer, which
is used and appreciated at two large collieries in the Pas de Calais and at fifteen collieries in
Belgium. It consists essentially of a telescopic rule (hung from the roof of the cage containing
the observers), terminating at each end in a roller, which is kept by a spiral spring in constant
contact with its corresponding guide. One of the rollers, having a finely-grooved surface for
preventing slip, transmits its motion, by strap and pulley, to the gear of the registering
apparatus, thus communicating to a paper band, unrolled from a drum, a displacement
proportional to the distance passed through, the ratio being 1 : 100. The movable end of the
rule communicates its displacements to a style, which traces on the paper band a diagram
representing the irregularities. For facilitating the reading, three adjustable pencils bear against
the upper surface of the drum, and draw three parallel lines—that along the centre-line of the
band representing the normal distance
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apart of the guides, and the two others (on either side of it) the permitted tolerance. When the
diagram goes outside these lines, it shows that there is some irregularity which must be
remedied. A fourth pencil marks on the paper band all obstacles encountered by the cage; and
the apparatus, designed for timber guides, can, with a slight change, be adapted for use with
metal guides.
J. W. P.
Winding: in Deep Shafts in the Dortmund District.—By — Schultze-Höing [Hoeing]. Zeitschr. f.
Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 28-56.
In the Rhenish-Westphalian colliery districts, pits are now worked to the deeper levels. A list of
fifty pits shows forty-seven shafts of more than 2,130 feet, nine of these being from 2,625 to
3,282 feet deep. The effect of the greater length and weight of the main rope with its factor of
safety of 9½ in increasing the work of winding is particularly emphasized by the author. The
tail-rope, also, which is in general use in the district, and which, to ensure good working, ought
to be as strong and heavy as the main one, is of no less importance. For a depth of shaft of
3,282 feet and a breaking-stress in the strands of 95¼ tons per square inch (150 kilogrammes
per square millimetre), the rope must have a diameter of 2¾ inches. In the Hermann shaft,
Westphalia, a rope 2½ inches in diameter working to the 3,120-foot level has a breaking-stress
of 117½ tons per square inch (185 kilogrammes per square millimetre). The highest stress put
on the single wires in Westphalia is 127 tons per square inch (200 kilogrammes per square
millimetre). In Breslau, a 10-per cent. greater stress is stated to have given good results.
For great depths the rope-drums attain weights of from 60 to 95 tons, a double drum in one
case reaching 180 tons; these have, in many places, been replaced by large blocks, which are
from 20 to 50 tons lighter. The wooden lining of the blocks, having worn out in 8 weeks, was
replaced in some cases by leather of four times the cost, which lasted 26 weeks. It is
recommended that the angle made by the rope with the direction of motion of the drum be
not allowed to exceed 1 degree 30 minutes, the danger of slipping being too little realized. An
advantage of the blocks is that they enable the whole installation to be built more compactly
and to lie closer to the shaft. Most of the newer installations have either steam-engines of the
twin-tandem type or electric engines. Which of these systems is the better depends on the

general conditions of each case. Tail-ropes as well as head-ropes have latterly been attached to
the cages with springs, which, however, have to be very carefully adjusted. From figures given,
it appears that the winding output of a 985-foot shaft is double that of a 2,952-foot one. A
difficulty in deep-shaft work is the extra time spent in riding. Only fifty men may ride at a time,
and the speeds of winding are fixed at 26¼ feet per second for steam and 32 feet 10 inches per
second for electricity. Since, by law, the times of sending in and bringing out the men must not
exceed half an hour each, a limit may easily be reached when a loss will be experienced by the
colliery. To save time, four-decked cages are used, each having one working platform for tubs
and two or even four for men.
A. K. L.
Means of Access and Travelling: in Shafts in Belgium.—Ann. Mines Belgique, 1911, vol.
xvi., pages 247-261.
The regulations, which came into force in Belgium on July 1st, 1911, provide that the workings
of every mine shall communicate with the surface
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face by two distinct issues, easily accessible to all employed, and provided with means of
circulation, so far as possible protected from destruction, while having between them a rockmass at least 82 feet (25 metres) thick; and in fiery mines the issues must be carried down to
the place of working. In new plants, buildings over the issues, and also heapsteads, are to be
fireproof.
Except the quantities required for current use, stores of combustible or inflammable
substances are forbidden near shafts, while in the warming and lighting of buildings, and the
lubrication of tub-axles, every possible precaution must be taken. The motors for men
travelling in the two issues must not both receive their energy from the same source, unless
independent means of escape be afforded.
In new pits, including staples and also sinking shafts, ladders must be set up as soon as
workings are begun; but they must not be taken as alone sufficient when the distance to be
traversed exceeds 3,281 feet (1,000 metres). The mouths of all shafts and staples must be so
fenced as to prevent objects from falling down them; the bank and underground landings
sufficiently lighted during the shift; and winding shafts provided with means for distinctly
signalling between bank and landings.
In sinking shafts, kibbles or tubs may never be filled more than 4 inches (10 centimetres) above
the edge, and must be fastened to the rope so that they cannot get loose accidentally, while
workmen below must be protected by a safety platform. A shaft temporarily disused must be
covered in by metal or masonry; and, once definitely abandoned, it must be filled up. In shafts
where men are wound, there must be an emergency signal that can be worked from the cage,
and also means of stoppage other than the keps (which must be normally “off "), the guides
above bank being brought nearer together for preventing cages from being drawn up to the
pulleys (unless there be a detaching arrangement); safety keps must be provided for preventing
a cage from falling down the shaft; and all water is to be intercepted, or so directed as not to
incommode the men. Besides the daily inspection, a thorough one is to be made at least once a
month, and a log kept.

The angle of ladders for travelling or rescue must not exceed 80 degrees; and there must be
level landings every 32 feet (10 metres), each ladder rising at least 2 feet 8 inches (80
centimetres) above the landing, unless there be hand-holds at that height; and in a shaft
utilized for several services, the ladder compartment is to be closed in.
Cages for men's travelling must be so arranged as to prevent accident through shock or from
falling objects. If men ride in tubs, the latter must be securely clamped, kibbles being bound by
a band; and such travelling is only permitted in one compartment out of two, the other having
a movable floor or none. Tubs and kibbles used for travelling, whether guided or not, must
have protection against falling stones, etc.
Each colliery manager will report to the Mines Administration, for approval, the number of men
that he proposes to admit into a cage, which must not receive any other load; and men may
not ride on the cage roof, nor in kibbles wholly or partly loaded. Winding- and hauling-engines
must be fitted with an effective brake, acting directly on the drum-shaft, with lever handy to
the engineman; and in a new plant this brake must go on automatically or by release, if the
motive power should fail. There must be a lift-indicator within sight of the engineman; and two
automatic bells will announce the arrival of a cage at bank, one of them, with distinctive tone,
indicating the moment for shifting the lever. In the absence of safety[A47]
appliances for automatically reducing the speed on arrival to 39½ inches (1 metre) per second
and preventing the cage from being drawn up to the pulleys, the engineman is to be
accompanied by a mate capable of doing his work in the event of sudden indisposition. (The
wisdom of this provision is, however, much contested.) Besides other precautions of obvious
advisability, the regulations enact special directions as to winding-ropes, the substance of
which was foreseen and given in Prof. Denoël's paper on the subject read at the Dusseldorf
International Mining Congress, 1910.*
J. W. P.
Saving Time in Caging Workmen at the Gosson-Lagasse Colliery.—By P. Fourmarier. Ann.
Mines Belgique, 1911, vol. xvi., pages 467-469.
Shaft No. 6 of this colliery, in the Province of Liege, is fitted with Briart valves, so as to serve for
winding. To minimize the disturbance of ventilation caused by men leaving and entering the
cage, a simple arrangement of fixed and movable platforms facilitates entrance and exit,
though leaving the bank clear while coal is being wound.
As the cage has four decks and the landing only one floor, three caging platforms, which are 5
feet (1.5 metres) apart, were required, the two upper fixed and the lower one (guided and
counter-weighted) susceptible of being raised, so as not to interfere with the circulation of the
tubs. Directly the winding of men is over, this platform is raised 2 feet (0.6 metre), thus
bringing up the available height of the landing to over 6 feet (1.9 metre). All three platforms
are reached by staircases with hand-rails.
J. W. P.
Mechanically Shaping Mine Timbers.—By A. Renier. Ann. Mines Belgique, 1911, vol. xvi., pages
489-491.

At the Marihaye Colliery mechanically-shaped timbers are used in the working of thin seams,
where, especially in rearers, preparation on the spot is difficult, so that, if the miner's risk be
not diminished, he at any rate benefits by a saving of time. About half the timbers used in
working-places are so shaped; but, as regards the support of roads and airways, the practice
has been abandoned, owing to its slight utility in their case. The shaping is effected by the
band-saw; and one man can shape 600 timbers in a 10-hour day. Forming the hollow at the
head requires a considerable amount of skill.
J. W. P.
MECHANICAL ENGINEERING, ELECTRICITY IN MINES, ETC.
Waterworks of St. Andreasberg (Harz).—By — Werner. Zeitschr. f. Berg-, Hütt.- [Huett.-] u.
Salinenwes., 1912, vol. lx., pages 56-74.
The author describes the arrangements of an ancient reservoir in the mountains above
Andreasberg, in the south-eastern part of the Upper Harz. The first reservoir was made in 1703,
when the waters in the upper reach of the Oker with its affluents were impounded in a trench
5.85 miles long and carried to the town. In 1721, a dam was constructed at a somewhat lower
level, the work costing about £11,200 (76,148 thalers). The capacity of the reservoir thus
created was about 367 million gallons (1,668,000 cubic metres).
For about 200 years this was the largest work of the kind in Germany. The basin had a length of
1,640 yards, an extreme breadth of 295 yards,
* See Trans. Inst. M. E., 1910, vol. xl., page 572.
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and a superficial area of 66.32 acres. The water was at first used for driving mine machinery,
and later, after the mines had gradually been abandoned, for all kinds of mills and other works.
In the flood-year of 1904, it kept back 220 million gallons (1,000,000 cubic metres) of water,
which would otherwise have gone to swell the inundation of the Oker Valley. Proposals have
been made to increase the capacity of the reservoir for the sake of the industries of
Andreasberg, and to give increased safety against flood. The proposed larger dam would cross
the lower part of the Oker Valley. Its construction within the next 10 years is considered
probable.
A. R. L.
Transmission of Heat into Steam-boilers.—By Henry Kreisinger and Walter T. Ray. Bur.
Mines, Bulletin No. 18, 1912, pages 1-180.
The results of the investigations described in this report indicate that the conductivity of the
heating-plates of steam-boilers is so high that the present steaming capacities can be tripled or
quadrupled by forcing over the heating-surfaces three or four times the weight of gases now
passed over them. With well-designed mechanical-draught apparatus this greater weight of
gases can be forced through the boilers at a small operating cost. It is possible to increase the
capacity of many of the present boilers in this way without greatly reducing their efficiency; in
fact, by a proper arrangement of the heating-surfaces the efficiency can be made higher than

the present rating. The efficiency of any boiler can be increased by arranging its heatingsurfaces in series with respect to the path of hot gases. New boilers of high efficiency can be
constructed by making the cross-section of the gas-passages small in comparison with the
length.
The material presented in this bulletin is arranged, for convenience, in five parts, as follows:—
(1) Introductory statements; (2) description and results of original investigations of the steamengineering section of the United States Geological Survey; (3) abstracts from the works of
others and discussion thereof; (4) general discussion of the laws governing the three modes of
heat-propagation; and (5) practical application of the laws governing heat-transmission to the
design of steam-plants and steam-boilers and to methods of increasing the capacity and
improving the economy of boilers already installed.
Part 1 of the report contains an exposition of the path of heat-travel from the source of the
heat to the boiler-water, and an explanation of true boiler efficiency and its relation to other
efficiencies used in many reports on boiler trials. General deductions are given at the end of
the section.
Part 2 contains the original investigations made by the steam-engineering section of the United
States Geological Survey. These investigations consist mainly of about three hundred tests
carried out on small laboratory multitubular boilers fed with air heated in an electric furnace.
Laboratory apparatus was used, on account of the ease with which the running conditions
could be controlled. The objects of the tests were to find : (a) The effect of increasing the
velocity of the air on the rate of heat-absorption and on the true boiler efficiency, when the
temperature of the air entering the boiler remains constant; (b) the effect of raising the
temperature of the air entering the boiler on the rate of heat-absorption and on the true boiler
efficiency, when the initial temperature of the air remains constant; (c) the effect of varying the
diameter of the flues on the true boiler efficiency, when the initial velocity and the
temperature remain constant; and (d) the effect of varying the length of the flues on the true
boiler efficiency, when the initial velocity, the temper[A49]
ature of the air, and the diameter of the flues remain constant. In this part of the report are
also discussions of cognate special observations taken during tests made with large boilers, a
torpedo-boat boiler, and a locomotive boiler.
Part 3 comprises a brief historical review of such work, by other investigators, as bears directly
or indirectly on the subject of heat-transmission into boilers, as applied in steam-engineering
practice. Abstracts or short quotations are made from those writings that, although almost
unnoticed, are of extreme value to engineers. The writings of the following investigators
receive particular attention : Osborne Reynolds, John Perry, Dr. Nicolson, and E. Stanton.
Part 4 contains a detailed mathematical discussion of the physical laws governing the three
modes of heat-transmission. The conclusions arrived at mathematically are tested by the
results obtained from the experiments made by the technological branch of the United States
Geological Survey.
Part 5 treats of the application of the laws of heat-transmission to steam-boilers, and of the
possibilities of improving boilers already installed by special arrangements of baffles and
grates. It further gives a few instances where such principles as are developed in Parts 2, 3, and

4 have been successfully applied, and concludes with a brief summary of the significance of
surface-combustion as applied by Prof. W. A. Bone, of Leeds University, to boiler-heating.
A. P. A. S.
Briart Rail-guides Substituted for Timber.—By E. Libotte. Ann. Mines Belgique, 1911, vol. xvi.,
pages 665-668.
The winding shaft of the Bois de la Haye No. 2 plant, 10 ½ feet in diameter, is masonry-lined
from the surface to 33 feet, between 151 and 190 feet, 308 and 637 feet, and again between
677 and 1,463 feet; timber-tubbed between 33 and 59 feet, 85 and 151 feet, and 190 and 308
feet; metal-tubbed between 59 and 85 feet; and lined with channel-iron rings backed by
wooden staves between 637 and 677 feet, and also between 1,463 and 1,771 feet.
To allow for the ladder compartment there is the difference of about 12 inches between the
transverse centre-line of the cages and that of the shaft; and this arrangement is maintained,
so as to avoid displacing the heapstead pulley. This is also the reason why the Briart guides
could not be placed centrally back to back. For ensuring good engagement (serrage), the
second rail of the Briart guides, arranged at the outer sides of the cages in each compartment,
is a forged bar with engagement exactly the same as that of a rail-flange. The ordinary and the
new form of guide are both fastened, above and below, to the cross-bearers by cast-steel
clamps. The cross-bearers are, so far as circumstances permit, spaced 13 feet apart; and the
joints of the guides are not made where the cross-bearers occur.
The cross-bearers are put in place during the night-shift of week-days, and temporarily wedged
at their ends. The rail-guides, 39 feet long, are placed on Sundays, being let down, two
together, hung by a chain from the rope-capping, and occupying, along one side of the cage,
almost their definite position, the upper ends coming flush with the cage-roof, and the lower
carried by a flying platform, guided like the cage and hung 12 feet below. On reaching its place,
the rail-guide rests on the end of that last placed, with a distance-piece of 1 9/16 inches
(afterwards taken out) between the two. It is held temporarily in place above, and fastened
definitely below. The cage can then move along this rail-guide, which is fastened to the
cross-bearers in
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succession, not being freed from the chain, however, before it is fixed to the last of them.
Where the cages cross, the rails on one side have been set out little, so as to give a clearance of
10 inches.
J. W P
German Mining: Electric-lamp Competition.—Glückauf [Glueckauf], 1912, vol. xlviii page
1,705.
The Verein für [fuer] die bergbaulichen Interessen im Oberbergamtsbezirk Dortmund (Mining
Association for the Dortmund District) offers a premium of £1,250 (25,000 marks) for a
serviceable electric safety-lamp provided with a reliable fire-damp indicator. The lamp and
indicator must fulfil the following conditions:—They must be secure against fire-damp, even
after being damaged, and must give 12 hours' uninterrupted service. Further, they must be
handy, durable, capable of being securely fastened, of simple construction easy to manipulate,

and economical. The indicator must also be able to indicate the presence of fire-damp (CH4)
and defective ventilation, at least as efficiently as the benzine safety-lamp. The lamp, after
burning for 12 hours must still have a candle-power equal to at least one Hefner candle.
The adjudication of awards will be decided by a Committee of Judges, whose decision shall be
final. They have the right to make the award if more than one type successfully fulfilling the
conditions is handed in. If the conditions are not satisfactorily fulfilled by any of the competing
types, a proportion of the premium may be awarded to those examples which most nearly fulfil
the conditions or partially solve the problem.
The following regulations govern the competition: —
(1) Three examples of each lamp must be submitted to the Verein für [fuer] die bergbaulichen
Interessen im Oberbergamtsbezirk Dortmund, at Essen (Ruhr), Germany.
(2) Descriptions, drawings, and full directions for manipulation, in triplicate, must accompany
each type of lamp.
(3) The documents must all be drawn up and submitted in German.
(4) The applications must be handed in by October 1st, 1913, at the latest.
(5) The Committee of Judges will publish the result of the competition in the periodicals
Glückauf [Glueckauf], Der Bergbau, and Der Kompass.
A. P. A. S.
Accidents in connexion with Electrical Plant in Prussian Mines during: the Year 1911.—
[Official.] Zeitschr. f. Berg-, Hütt. [Huett.]- u. Salinenwes., 1912, vol. lx., pages 255-275.
In this illustrated review thirty-nine different accidents are dealt with, eighteen of which were
attended with fatal results. Many of them were due to momentary forgetfulness or absence of
mind on the part of the victim, who touched or handled live wires through which high-tension
currents were passing; but some were due to wilful neglect of the regulations or disobedience.
In one case, where a man sustained burns on his right arm, the indiarubber of certain discs,
etc., connected with the switchboard had become crumbly and brittle, and therewith lost its
insulating properties. In another case, in a briquette or patent-fuel factory, a man was engaged
in cleaning the protective hood of an exciter (of a dynamo) when some of the "rag” that he was
using caught fire; he attempted to put the fire out before the engines were switched off, and
sustained burns which ultimately proved fatal. In a third case, there was a misunderstanding as
to preconcerted signals, and so a current was switched on from above bank, when a man below
ground was in contact with the live wire, and he was struck down on the spot.
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At Shamrock III. and IV. Colliery, in the district of Herne, the electric current seems in some way
to have travelled from the bare haulage-cable on to the wires used for purposes of shot-firing,
and thus caused premature ignition of a shot. Since then, the bare wires have been sheathed
with india-rubber insulation.
Only three cases are recorded in which the appliances themselves were not installed in strict
accordance with the regulations formulated by the German Union of Electrical Engineers.
L. L. B.

Electrical Symbols for Mine Maps.—By H. H. Clark. Bur. Mines, Technical Paper No. 22, 1912,
pages 1-11.
The State mining law passed by the Pennsylvania Legislature in 1911 requires that the location
of all stationary electrical apparatus forming part of the electrical system of bituminous coalmines, including permanent cables, conductors, lights, switches, and trolley-lines, shall be
shown on a map, and that the map shall also show the capacity of each motor, generator, or
transformer, and the nature of its duty. The Federal Bureau of Mines for some time previous to
the enactment of the statute just mentioned had been considering the same subject, and had
prepared a list of symbols for the purpose. Realizing the advantages that will attend the
adoption of a uniform system of indicating electrical apparatus on mine maps, the Bureau has
issued a description of its symbols for the consideration of all who may be interested in the
matter.
In the list given in the paper, rotating machines are represented by circles, explosion-proof
apparatus is inclosed in a square, and signals are inclosed in a triangle. Whenever possible,
related symbols should be built up from a common basic character, as words are from a
common root by the addition of prefixes and suffixes to show the shades of meaning. For
instance, a certain fundamental character has been taken to represent a direct-current motor,
and this is reproduced in all symbols referring to direct-current motors of any sort. An
enclosing square is added to represent an explosion-proof motor, and certain other additions
are made to represent fan-motors, pump-motors, hoist-motors, etc.
The list of symbols given does not cover all the electrical equipment of a mine, but is quite
sufficient to represent the permanent machines and conductors. No symbols have been
prepared for portable or temporary apparatus, as the representation of such apparatus on
maps will seldom be required. The list of symbols will be revised and enlarged from time to
time by the Bureau of Mines; and a series of symbols for other features of mine equipment is
being prepared for immediate issue.
A. P. A. S.
METALLURGY, CHEMICAL INDUSTRIES, ETC.
Copper Converter Process in Special Relation to the Basic Method of Working:.—By —
Redepenning. Zeitschr. f. Berg-, Hütt.-[Huett.-] u. Salinenwes., 1912, vol. lx., pages 275-304.
Since the converter method was, some 30 years ago, introduced into copper-works practice by
Manhés, it is stated to have been everywhere adopted, its development having been mostly
forwarded by the Americans, for whose extensive undertakings it was, in general, well suited. It
had hitherto been principally applied to the winning of crude copper. According
[A52]
to the author, the older acid method formerly withstood from five to six charges, the wear
taking place chiefly at the tuyères. Since the introduction of the basic lining, renewals had
become much less frequent. Other improvements which had accompanied the foregoing were:
(1) increase of the size of the converter, which also enabled higher temperatures to be used;
(2) increase of the storing room, which has made for cheapness ; (3) introduction of mechanical

ramming in the application of the lining, and the use of gold, silver, and copper-ores in place of
deads, quartz, and clay.
The dimensions of some of the older converters were as follows — Vertical, 8 feet 2½ inches
high by 5 feet in diameter to 16 by 8 feet ; horizontal, 10 feet long by 6 feet 11 inches in
diameter to 12 feet 6 inches by 7 feet. The new converters are given as 14 feet long by 7 feet in
diameter or 11½ feet long by 8 feet in diameter, the larger types having now been 7 years in
use.
Attention is called to the undesirability of too high a wind-pressure, which it is considered
might by a suitable arrangement of the converter be reduced to from 5 to 10 pounds. In seven
copper-works, particulars of which are listed, the pressure ranged from 11 to 20 pounds.
A. R. L.
Coke Production in the Grafschaft of Schaumburg.-By — Finze. Zeitschr. f. Berg-, Hütt.- [Huett.-]
u. Salinenwes., 1912, vol. lx., pages 185-208.
The production of coke at the coal-pits of Schaumburg began in May, 1811. Landsale collieries
had been at work since 1386. The first coke-oven installation brought with it a great increase in
the output of coal, which was further extended when the railways were begun in 1840. The
author traces the gradual development of the industry, and gives sketches of the earlier and
later coke-ovens. When the railways gave up coke-firing for coal, the Schaumburg Collieries
gradually found more customers among the blastfurnaces and other such works. Bye-products
were not found remunerative until later. In 1902, a new colliery was opened out, and the
coking industry was removed from its older seat in Osterholz to the new Georg Pit. Two sets of
thirty Brunck ovens were erected, being designed to produce tar and sulphate of ammonia as
bye-products. From a table of results given, it appears that, in 1910, coal in sizes of grain up to
⅜ inch (10 millimetres), with 9 per cent. of water and from 5 to 7 per cent. of ash, yielded
78.11 per cent. of coke when wet and 85.46 per cent. when dry. The dry coal yielded 2.25 per
cent. of tar and 0.979 per cent. of ammonia. The prices per ton obtained for coke ranged from
about 7s. per ton for inferior to about 24s. per ton for the best kinds. The total production of
coke at the Georg Pit in 1910 was 85,016 tons. Less than half of this quantity was sold in large
pieces, the rest being broken up and finding a ready sale in the small-lump and small-grain
conditions. Thirty more coke-ovens, arranged also for the winning of the bye-products, are on
order for the colliery.
A. R. L.
Coal-smoke and its Practical Abatement.—By J. M. Seable. Proc. Engineers' Soc. W.
Penna., 1912, vol. xxviii., pages 459-498.
The author directs attention to and enlarges on the following points in his paper:—
(1) A smokeless chimney-stack does not always denote high furnace efficiency; when it does
not, the fault always lies with the management. (2) The making of smoke means direct
waste of money to the manufacturer. (3) Public health and convenience are martyrs to
the smoke evil in our
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cities. (4) There are already far too many unavoidable losses in the process of combustion
without submitting to an easily avoidable loss. (5) The difficulties in burning bituminous coal

smokelessly, and how some of these may be eliminated. (6) How to attain the greatest
economy and at the same time produce a smokeless chimney-stack. (7) The steam-jet in any
form, as a smoke-abater, should not be used. (8) Owners should commence at the boilers, and
not at the engines, in order to improve their plants. (9) The locomotive underfeed stoker, the
gas-producer power-plant, and powdered coal are growing factors as smoke-abaters. (10)
Engineers should not permit the construction of any more smoky metallurgical furnaces. (11)
Hand-firing is extravagant and necessarily smoky, and should not be considered. (12) Sufficient
areas through the proper arrangement of combustion-chambers are among the prime factors
in smoke-abatement. (13) Coloured smoke can be, and is, burned; the phrase "smokeconsumer,” therefore, is not a misnomer. (14) Smoke-makers, for their own protection,
should be compelled to so arrange their plants as to render their chimney-stacks practically
smokeless. (15) Much smoke does not indicate prosperity for our cities. (16) There is nothing
mysterious in securing high furnace efficiency and smokeless chimney-stacks.
The author emphasizes the necessity of having recourse to some reliable form of automatic
recording instrument, or some good hand-sampling device or apparatus, to determine
approximately the composition of the products of combustion, if even an approach to ideal fuel
economy be aimed at.
A. P. A. S.
Proportions of Volatile Matter in the Courrières Coal-seams, France.— By Pierre Gény. Ann.
Soc. Géol. Nord, 1911, vol. xl., pages 147-155.
The proportions of volatile matter in fifteen different seams were tested at various points, and
the results were plotted out, showing that curves of equal percentages of volatile matter
dovetail one into the other, accompanied by a general diminution from south to north. Out of
183 results recorded, only seven appeared anomalous. The horizontal variations in percentage
range from 3 over a distance of 1¼ miles (Amé Seam) to 10.1 over a distance of 2½ miles
(Joséphine Seam). The curves are somewhat capricious, and exhibit marked indentations; but,
for a given seam, they present a notable parallelism. The influence of faults appears to be
negligible.
The theory of diminution of volatile matter concurrently with increasing depth will not fit in
entirely with these results. It may be surmised that at those points where the deposited
vegetable matter was most rapidly sheltered by superposed sediments from the action of air,
water, and changes of temperature, the percentage of volatile matter has been least affected.
On this hypothesis the curves of equal percentage for a given seam would coincide with the
contour-lines of the basin in which that seam was laid down. But the original topography of the
basin has been masked by subsequent tectonic phenomena, especially by the south-to-north
thrust.
L. L. B.
Variations in the Composition of the Aniche Coal.—By Charles Barrois. ; Ann. Soc. Géol. Nord,
1911, vol. xl., pages 177-186.
In the Nord coal-basin considerable variations in the composition of the mineral are observed,
and three main belts have long been distinguished; (1) the northernmost, wherein the coal
contains less than 14 per cent. of

[A54]
volatile matter; (2) the middle or semi-bituminous belt, with 14 to 20 per cent of volatile
matter; and (3) the southernmost, with more than 20 per cent of volatile matter. The
distribution of these belts is sufficiently regular to be of practical utility in the exploration of the
seams, the bituminous character of the coal (with few and anomalous exceptions) diminishing
the lower one gets down in the Coal-Measure Series. But horizontal variation is also noted in
one and the same seam, the percentage of volatile matter differing as much as 10 per cent. at
points 2½ miles apart.
These variations are evidently assignable to an unknown law, the discovery of which has so far
defied the arduous and persevering efforts of many investigators. After recalling Prof. J. J.
Stevenson's researches on the Mammoth Seam of the anthracitic basin of Pennsylvania, and
similar work carried out in Germany, Great Britain, and Belgium, the author tabulates sundry
chemical analyses of the Aniche coal, showing considerable variations in chemical composition
within a single seam. The percentages in volatile matter, when compared one with the other,
vary by from 6 to 8 per cent.
There were undoubtedly original differences, due to the nature of the constituent plants, the
mode of accumulation and transport, the proportion of ash, the form and topography of the
lagoon bottom, the rate of covering by other sediments, etc. There are also superimposed or
secondary differences, on which the author dwells but briefly.
L. L. B.
Methods of Determining the Sulphur Content of Fuels, especially Petroleum Products.—By
Irving C. Allen and I. W. Robertson. Bur. Mines, Technical Paper No. 26, pages 1-13.
The authors point out that the corrosive action of sulphur acids on fireboxes and boilerflues and on the cylinders of internal-combustion engines is not thoroughly understood.
The effects of such action are sufficiently evidenced by the pittings, scales, and roughened
spots on metal surfaces that have been exposed to the products of combustion of fuels rich in
sulphur. An exact knowledge of the sulphur content of fuels is therefore desirable. The
methods for the quantitative determination of sulphur in fuels, especially petroleum products,
are classified as follows :—(1) Dry fusion with alkalies and subsequent oxidation with bromine;
(2) dry fusion with a mixture of alkalies and oxidizing agents; (3) treating with wet alkalies
and oxidizing agents; (4) oxidizing with fuming nitric acid at high pressures; (5) burning in pure
oxygen at atmospheric pressure; (6) burning in a stream of pure oxygen; (7) burning in a
lamp in atmospheric oxygen; and (8) burning in a bomb-calorimeter with pure oxygen under a
pressure of 30 to 40 atmospheres. Methods for the determination of sulphur in fuels are taken
up in the order stated above; a discussion of each method with observations on its value is
given; and a bibliography of pertinent literature is presented.
The following are the
conclusions arrived at by the authors:—Methods 1, 2, and 3, although successful for such slowburning materials as coals and cokes, are not dependable for oils; method 4 is accurate, but
because of liability to explosions is unsatisfactory; method 5 is not accurate, because at
atmospheric pressure the combustion is not always complete; method 6 is accurate, but is
tedious, and must be under the constant observation of the chemist; method 7 is applicable to
burning oils, but not to gaseous oils or to heavy residues; method 8 is applicable to all oils and
combustible materials, and is accurate, rapid, and reliable.

A. P. A. S.
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Behaviour of Nitroglycerine when Heated.—By Walter O. Snelling and C. G. Storm.
Bur. Mines, Technical Paper No. 12, 1912, pages 1-14.
The authors state that the knowledge of the action of heat upon nitroglycerine is most
important, because of the information thereby gained in regard to the stability of explosives
and the behaviour of large masses of explosives when burning, and the relation of such facts
to fires in magazines and nitroglycerine factories : more especially as very little information on
the behaviour of nitroglycerine at high temperatures is available in the literature relating
to explosives.
The results obtained in the series of experiments carried out at the
United States experimental station are given, of which the following is a brief summary: —
Nitroglycerine begins to decompose at temperatures as low as 50° or 60° Cent.; at a
temperature of 70° Cent. it evolves enough nitrous fumes to give a decided test with
potassium-iodide-starch paper at the expiration of 15 to 30 minutes; at a temperature of about
135° Cent. its decomposition is so rapid as to cause the liquid to become of a strongly reddish
colour, and at a temperature of about 145° Cent. ebullition begins, and the liquid "boils”
strongly; at temperatures between 145° and 215° Cent. the ebullition becomes increasingly
violent, the amount of heat produced by the decomposing liquid becoming proportionately
greater at higher temperatures; and at about 218° Cent. the nitroglycerine explodes.
A. P. A. S.
New Form of Tippler.—By E. Priwoznik.
Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 143.
The writer describes a new form of tippler, for tipping slag from a ladle mounted on wheels,
and running on rails. The ladle, which is in five sections, is secured to a strong steel ring by bolts
and wedges. The ring is connected to horizontal spur-gearing, and works on a rack and pinion.
The machinery is driven by compressed air at a pressure of 57 pounds per square inch, and the
ladle can be tilted to any desired angle. The slag is delivered clear of the rails, on either side, by
means of an arrangement of levers worked by hand.
E. M. D.
ADMINISTRATION AND STATISTICS.
Mine Concessions in Belgium.—Ann. Mines. Belgique, 1911, vol. xvi., pages 747-756.
Applications for Concessions.—The new law (modifying and completing those of 1810 and
1837) on mines, open workings, and quarries states that applications for a concession must be
made to the Authority (Députation Permanente) of the Province in which the mine is situated,
and, if it extends over more than one, that in which the extent is greatest, copies being lodged
in the others. The petition must be accompanied by four copies of a plan drawn to a scale of 1:
10,000 (which must be checked by the Mine Inspector and certified by the “Députation"),
showing adjacent concessions. The application, when registered, will be open to general
inspection.

Within 30 days of registration the application will, at the applicant's own cost, be posted up
and also advertised in the Moniteur and at least one local paper. During another 30 days
counter-applications will be admitted, and determined upon by the Minister of Industry and
Labour, on the advice of the
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Conseil des Mines. Opposition to the counter-applications will be admitted to 60 days from
the publication being registered and notified to the Governor of the Province; but advertising
counter-applications is only required so far as they may relate to lands not included in the
original application.
Within a further period of 60 days at latest, if everything be satisfactory the “Permanent
Deputation” will emit its opinion, which will be sent with all the documents to the Minister; and
a definite decision, approved by the Mines' Council, will then be embodied in a Royal Decree.
The extent of the royalty as fixed by the Act of Concession is defined by vertical planes of
indefinite depth, passing through points marked on the ground according to a method
approved by the Ministers, but, when circumstances require, the limits may be other than
vertical planes, and their depth determined. Obligation may be imposed on the concessionaire
to join in co-operative measures for economically working, sending off products, etc.
Renunciation.—Subject to Royal authorization, every mine concessionaire may renounce his
concession, or part thereof, on finding that it contains no workable deposit, or that the deposit
is no longer commercially workable the procedure being similar to that for obtaining a
concession. Third parties interested have the right to lodge opposition, while proof that
creditors have been notified must be appended to the application. No renunciation can be
granted without a favourable report by the Conseil des Mines; and a Royal Decree will
determine the conditions, fixing, if opportune, the delay (that may be extended by Decree)
during which the concessionaire must execute all works required by the regulations and clear
himself from obligations connected with the concession. On the expiration of this period, the
petitioner will send to the Provincial Authority a certificate that the mine is clear of all claim
upon it, which body will, within 60 days and after consulting the Mine Inspector, certify
accomplishment of the imposed conditions. Third parties have the right to appeal. While
exonerating the concessionaire from the various charges on a mine, renunciation does not free
him from the obligation to compensate surface-damage.
Transference.—Under the present law no mine can be wholly or partly sold, ceded, divided, or
let on lease, without Government authorization; and this must be obtained previously, except
in the case of public adjudication of the mine, whether voluntary or enforced. The acquirers or
the inheritors of a mine must obtain Government ratification in due form within six months on
pain of nullity; and opposition, to be valid, must be entered, within a week, at the Ministry of
Industry and Labour.
Forfeiture.—Saving legitimate impediment, every concessionaire must begin working, at the
latest, five years after the Act of Concession is promulgated. The work must be pursued
regularly until the mine is brought into effective working, and must not be interrupted without
legitimate cause. Forfeiture is incurred, six months after the concessee has been duly notified
by the Minister of Industry and Labour, if he has (1) not satisfied the above conditions; (2)
ceased working for five years without reasonable excuse, or has not, after notice, resumed

working and continued it for five years; or (3) if, without cause proved legitimate, and owing to
action of the concessionaire, working has been restricted or suspended, so as to compromise
public safety or deprive consumers of their necessary supplies. When forfeiture is admitted by
a judgment, or a decree having the force of law, the concession will be revoked by a Royal
Decree, which brings matters back to their state before the concession existed; and the mine
can only be again brought into working by virtue of another Act of Concession.
A new
concessionaire may take pos[A57]
session of the shafts, and generally all the underground workings, without giving
compensation; but he can only take the surface-works in return for an indemnity, fixed by
experts, but never exceeding the amount actually expended. The ex-concessionaire is held
responsible for all damage caused by his working; and he must keep up the mine until a fresh
concession is granted, there being official provision for neglect on his part in this respect.
J. W. P.
Mining Regime of the Belgian Congo.—By Daniel Coppieters and Jacques van Ackere. Ann.
Mines Belgique, 1911, vol. xvi., pages 700-702.
A Decree of 1888 lays down the three following principles of mine legislation :—(1) Distinction
is drawn between ownership in the soil and in the special substances that it may contain, which
are reserved exclusively to the State; (2) right to work must result from a definite and individual
concession; and (3) the natives who on their own account worked minerals in the lands
occupied by them may continue their working. As regards principle, the mining system
sanctions, like most colonial legislations, the domaniality of mineral wealth.
In the parent country minerals, before their discovery, form an integral part of the surfaceproperty; but, after the finding, they can only be worked under an Act of Concession in legal
form. Although, however, this concession gives perpetual ownership in the mine, and creates a
domanial right in favour of the concessee, the decree of 1888 only acknowledges his right to
work, which right is, by the 1893 decree, limited to 99 years. But, when a native population
came into question, the 1888 decree, out of respect for acquired rights, admitted a derogation
from the principle of domaniality, by acknowledging the natives' right to work mines owing to
their occupation of the lands containing them, this being a return to the system of accession.
The Decree of 1893 completes that of 1888, the two constituting a complete system of mine
legislation, according to which the Government determines, by Decree, the regions in which
mine prospections are authorized, either indistinctively or to individuals named in the decree.
The legal provisions deal successively with classification of the conceded minerals, the
conditions required for obtaining permission to explore, the rights acquired by finders, and the
dues levied on prospectors and concessees. Decrees of December 16th and 23rd, 1910,
regulate the special regime of the rich Katanga Province, which is characteristically
differentiated from the general regime of the other regions.
J. W. P.
Mine Legislation in Portugal.—Report by —. Fieux to the Congrès de la Propriété Minière.
Rev. Noire, 1912, page 403.

The acquisition of mining property comprises three successive steps: (1) permit to explore, (2)
“inventor's” certificate, and (3) definite concession. The first, which consists of a simple
declaration, is only good for 12 months, and cannot be prolonged. Works executed must be of
sufficient importance to prove, the value of the deposit. If more than one competitor finds the
same deposit on the same territory, the inventor's certificate is given to the holder of the
earliest permit. But the definite concession is only granted on proof of the applicant having
sufficient capital to work the mine. In the contrary case, the mine being put up to public
competition, the applicant has right to an indemnity from the successful bidder. Ownership in
the mine is perpetual, but not transmissible without Government authorization; and the
surface-owner is entitled to a royalty.
J. W. P.
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Mining Industry and Mine Administration of Prussia in 1911.- [Official] Zeitschr. f. Berg-, Hütt.[Huett.-] u. Salinenwes., 1912, vol. lx., pages 309-361
A review of the German iron-industry shows that the production of pig-iron had in 1911
considerably exceeded 15½ million tons, while the exports of material of all kinds exceeded
the imports by 5 million tons.
The output of the German collieries in 1911 was about 158,200,000 tons against about
150,400,000 tons in 1910.
The inland consumption of coal for 1911 was about 142,000,000 tons against about
137,500,000 tons in 1910. Meanwhile, the average wage per head of the mining population has
largely increased.
The total output of the Prussian mines of all kinds was as follows: -Tons.
Value.
1911
222,300,000
£89,000,000.
1910
210,250,000
£85,800,000.
Eighteen more mines and 8,376 more persons were at work in Prussia in 1911 than in 1910.
A. R. L.
Reserve Funds for State-worked Mines.—By — Gutdeutsch. Zeitschr. f. Berg-, Hütt.- [Huett.-]
u. Salinenwes., 1912, vol. lx., pages 147-184.
The author refers to a proposal lately made, that the State-worked mines should hold over a
part of their earnings in the good years to help them through the bad years that might follow,
somewhat on the system pursued by the State railways. After a searching investigation into the
conditions obtaining in these different branches and into the purposes for which such reserve
funds are accumulated and used, he comes to the conclusion that a fund that would cover
working expenses might easily be created in connexion with already existing institutions. Apart
from the circumstance that the general State funds form a sufficient reserve, the creation of an
equalizing fund of larger scope, which would prevent fluctuations of profit and loss in the
different years, and would represent a capital outside of that sunk in the undertaking, is
considered to be a plan too much beset with difficulties to have a chance of success. Its
necessity, also, is not quite admitted, the more so that the proportion of the mines as yet

worked by the State is not very great. The question is recommended for future consideration
when the State may have a larger share in the mining industry.
A. R. L.
Selling of Gas-coal by Guarantee.—By — Stauss.
Zeitschr. f. Berg-, Hütt.- [Huett.-]u.
Salinenwes., 1912, vol. lx., pages 362-380.
The author refers to a movement which was some years ago set on foot by a number of coalusers to promote the sale of coal under guarantee as regards the calories and percentages of
ash and water contained in it as well as by kind and weight. The coal-producers stood out
against this, and declared the application of the system impossible. After a comprehensive
study of the subject, the author has come to the conclusion that, in view of the very many
objections to the system, the collieries may be expected to continue their opposition. Were it
acceded to, he considers that a thorough dislocation of the coal-market would ensue.
Meanwhile, considering the good circumstances enjoyed by the gasworks (minimum earnings,
10 per cent.), the introduction of such a system is thought to be unnecessary. It is suggested
that the broaching of the question is merely a move directed against the alleged abuse of the
powerful economic position of the German Coal Syndicate.
A. R. L.
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Russian Legislation on Work in Mines.—Report by P. Mallieux to the Congrès de la
Propriété Minière. Rev. Noire, 1912, page 493.
There are at present three laws affecting workmen—on limitation of the working-day, accident
compensation, and insurance against illness. The last-named law affords medical advice,
ensured by the masters, and also monetary assistance, the relief-fund being maintained by
subscriptions—one-third by the workmen and two-thirds by the masters—administered by a
committee elected by both parties, the workmen having a majority of one vote. The relief
payment is made for four months at the outside.
J. W. P.
Miners' Nystagmus.—Report by Dr. Rutter to the Congrès de la Propriété Minière. Rev. Noire,
1912, page 493.
This is not a malady of ophthalmic origin, but a nervous affection occasioned by the miners'
abnormal attitude. The only prophylactic means are limitation of working hours and payment
by the day. Mr. Haex, general manager of the Orange-Nassau Colliery, stated, however, that
there is no nystagmus in Holland, where payment is by piece-work, and the 8½ -hour day
includes going down and coming up. Dr. Stassen observed that in the Liége district there were
about two sufferers from nystagmus per thousand workmen. The best means, in his opinion,
for dealing with the malingerer (malade professionnel) is to insure against all the maladies.
J. W. P.
Effect of Climate in Mines on the Health of the Miners.—By W. Hanatter. Oesterr. Zeitschr. f.
Berg- u. Hüttenwes [Huettenwes] , 1912, vol. lx., page 10.

The writer describes experiments made to test the health of the miners in the coal-mines of
the Saar district and of Upper Silesia, and in the potash-mines in Hanover. In the coal-mines the
temperature of the air varied from 59° to 75° Fahr., and the percentage of moisture which it
contained from 85 to 90. Efficient ventilation contributed to reduce both these factors, but
much depended on whether the coal was won by bord-and-pillar, or by longwall and shortwall
work. With the former, there was little movement of air, although the supply through the
airways was abundant; whereas in longwall work ventilation was always more thorough. The
body temperature of the miners when not at work was 98° Fahr.; when working it rose to 99°
Fahr. The writer considers that the health of the miners was mainly influenced by the moisture
in the air, the fluctuations of temperature having scarcely any effect on it. The increased
temperature of the body was more marked in unacclimatized persons than in miners who were
used to the work. This increase in the heat of the body did not diminish the capacity for work,
but the period of invalidity, or disablement, began nine years earlier, namely, at 45 years of
age, with workers in mines where the percentage of moisture in the air was high, than with
those working elsewhere. In the Halle salt-mines, where experiments were also made, the
percentage of moisture in the air was much less, and the rise in temperature of the body
almost nil.
Tests made in the potash-mines of Hanover yielded interesting results, on account of the great
depth of these mines, their high temperature, and the dryness of the air. In one which was
3,000 feet deep, the moisture in the air at the surface was 80 per cent., in the mine itself 27 to
48 per cent., and the temperature in the mine 85° Fahr. The writer considers that the reason
why efficient ventilation is conducive to health is mainly because it favours
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perspiration. This may also be promoted by copious drinking. In these mines alcoholic
beverages are forbidden, but abundance of weak coffee is provided. Those who have been
longest in the mines drink least. Still deeper mines than those here mentioned may be safely
worked with temperatures up to and over 100° Fahr. in the mines; but this will necessitate
shorter shifts more thorough ventilation, and possibly a provision of cold-generating plants.
E. M. D.
Economic Conditions of Coal-mining in the Cracow District.—By F. Bartonec. Œsterr.
Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx page 1.
The writer treats his subject under four heads, namely: (1) production of coal; (2) its cost,
including freight charges and railway rates; (3) waterways of the country as a means of
transport; and (4) economic, social, administrative, and national effects of the Galician coalindustry.
In 1909, 10 per cent. of the coal mined in Austria was won in Galicia, but so great is the reserve
of coal in this province that, in the writer's opinion, the whole Empire could be supplied from it,
if properly developed. The number of miners employed in that year was 6,257, and the output
per man averaged 231 tons (2,352 quintals). At present the bulk of the coal used comes across
the frontier from Upper Silesia. In Western Galicia the consumption of foreign coal was 53 per
cent., while in Eastern Galicia the consumption was 95 per cent., and only 5 per cent. of native

coal. The consumption per head of the population was 704 pounds per annum, being the
lowest of any European country except Russia.
In view of the many industries in the country to which an impetus might be given by a larger
output of coal, the development of the industry becomes a question of national importance.
Cheap transport is much needed in the province; therefore, to enlarge the available waterways
connecting the three great rivers, the Danube, the Oder, and the Vistula, is, in the writer's
opinion, essential. A canal between the Danube and the Oder has been projected. At present,
however, the railways bring Silesian coal into the country at a cheaper rate than native coal can
be transported. The production of rock-oil in Galicia has also hindered the development of the
coal-industry. The writer is convinced that nothing can so well supply the necessary impetus to
the industrial progress of the province as an extension of the existing facilities for water
transport.
E. M. D.
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APPENDIX.
NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE
TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND FOREIGN
PUBLICATIONS.
The following contractions are used in the titles of the publications abstracted :—
Ann. Instit. Geol. României. Annuarul Institutului Geologic al României, Bucarest.
Ann. Mines Paris. Annales des Mines, Paris.
Ann. Ponts et Chaussées. Annales des Ponts et Chaussées, Paris.
Bull. Internal. Acad. Sci. Cracovie. Bulletin International de l'Académie des Sciences de
Cracovie, Cracow.
Bull. Soc. Belge Géol. (Bruxelles). Bulletin de la Société Belge de Géologie, de Paléontologie, et
d'Hydrologie, Brussels.
Bull. Soc. Ing. Civ. France. Bulletin de la Société des Ingénieurs Civils de France, Paris.
Bull. Univ. Illinois. Bulletin of the University of Illinois, Urbana, Illinois, U.S.A.
Bur. Mines. Bureau of Mines, Washington, U.S.A.
Min. & Engin. World. Mining & Engineering World, Chicago, U.S.A.
Œsterr. Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.] Œsterreichische Zeitschrift für
[fuer] Berg- und Hüttenwesen [Huettenwesen], Vienna.
Org. Indus. Organe Industriel, Liége.
Rev. Noire. Revue Noire, Lille.
Rev. Univ. Min. Revue Universelle des Mines, de la Métallurgie, etc., Paris.
Soc. Ind. Min. Société de l'lndustrie Minérale, Paris.
Trans. Can. Min. Inst. Transactions of the Canadian Mining Institute, Montreal, Canada.
Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes.
Zeitschrift für [fuer] das Berg-, Hütten[Huetten-] und Salinenwesen im preussischen Staate, Berlin.
Zeitschr. f. prakt. Geol.
Zeitschrift für [fuer] praktische Geologie; and ibid. (Bergwirtschaftliche Mitteilungen), Berlin.

GEOLOGY, MINERAL DEPOSITS, ETC.
Progress in the Geology of the Austrian Coal-fields.—By W. Petrascheck. Œsterr. Zeitschr. f.
Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 516.
The writer lays stress on the great advantage which has accrued to our knowledge of the
geology of the Austrian coal-fields by the advance made in scientific boring. This method of
research is newer than the study of the
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surface and interior of the earth by prospecting in mines. Geology is chiefly concerned with
mountain-ranges, but plains and smaller hills are of more importance in coal-mining. Where
the coal-fields of the Austrian Alps lie along a depression, more coal is always found on one
side of the depression than the other. There are here two types of coal-seams, namely, the
lowest Coal-Measures lying immediately over the Primary rocks, and the coal-seams embedded
in later formations. The former, to which the Kladno and Carpano coal-fields belong, are always
more capricious and variable in character than the latter, the chief of which are the OstrauKarwin seams. These are more permanent and reliable in their configuration.
The most important coal-horizons south of the Danube are the Styrian lying along the line of
the Drave and the Save. The coal-fields of Schatzlar and Markanoch and those in Middle
Bohemia have been thoroughly investigated. Most important results have been obtained by
boring in the great Ostrau-Karwin coal district, and the results show that this field is of
immense extent, probably more than 967 square miles (2,517 square kilometres), but the bulk
of it lies at a great depth, with an enormous thickness of superimposed rock. The whole of
these seams have been traced by boring, but little work has been done as yet in the Galician
coal-fields. Enough, however, has already been established by boring to confirm the writer in
his opinion that the latest coal-horizons here overlap others of a much earlier formation,
similar in character to the Ostrau-Karwin coal-measures.
E. M. D.
Stratigraphical Succession of the Belgian Coal-Measures.—By Armand Renier. Bull. Soc. Belge
Géol. (Bruxelles), Mémoires, 1912, vol. xxvi., pages 57-119.
This elaborate summary of the work accomplished in the matter of the classification and
correlation of the Coal-Measures of Belgium is provided with a very full bibliography, and also
with correlation-tables (beginning with that of A. Dumont in 1832 and terminating with those
drawn up by various modern authors in 1910). The author recapitulates in some detail the
progress which has been made in correlation, and notes therein three distinct stages of
advance: (1) from the year 1832 to 1880; (2) from 1880 to 1900; and (3) from 1900 to the
present day. The first stage was typified by the separation of the barren from the productive
Coal-Measures; the second, by the separation of the Coal-Measure Conglomerate as a distinct
horizon; and the third, by the subdivision of the Middle Coal-Measures. It is pointed out
incidentally that, so far, the Coal-Measures of Northern Belgium (the Campine syncline) are
only known from borings.
Some account is given of the correlation of the Belgian Coal-

Measures with those of the Nord and Pas-de-Calais in France, of Dutch Limburg, and of the
Inde (Eschweiler) and Würm [Wuerm]in Germany.
A remarkable feature of the Belgian Coal-Measures is their general uniformity in composition,
but the author regards the stratigraphical distinction between them and the Carboniferous
Limestone as purely lithological. He recalls the fact that in 1860 Dr. Gosselet actually proposed
to bracket the barren Coal-Measures (on palaeontological grounds) with the Carboniferous
Limestone; but that venerable writer does not appear to have maintained his bold hypothesis
for very long. At all events, from the palaeobotanical point of view, the actual base-line of the
Coal-Measures is uncertain; and with regard to the evidence supplied by the fauna opinions are
contradictory. There is, however, a tendency observable among Continental geologists to
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agree on the distribution of the Ammonitidae as affording a secure basis of classification. The
upper limit of the Belgian Coal-Measures reaches, at the very highest, the summit of the
Westphalian; whereas the British and Saarbrücken [Saarbruecken] Coal-Measures extend
upwards continuously from the Westphalian into the Stephanian.
In the barren Coal-Measures the distinctively abundant forms are not so much Posidonomya
Becheri (as certain authors will insist on asseverating), but rather Posidoniella laevis and
Glyphioceras striolatum. Various characteristic species of fossil ferns, etc., also afford
assistance in distinguishing this division from the productive Coal-Measures.
Within these productive measures, the separation of the lowermost or Andenne Series (or
Conglomerates of Monceau-sur-Sambre), at first founded on purely lithological evidence, is
now justified by palaeontological research, and the series may be termed the Pecopteris-aspera
Zone. Its uppermost limit coincides with the summit of the coarse grits. The coal-seams are of
remarkable constancy, so much so that the Belgian miners are unanimous in believing that the
seams extend over the entire surface of the coal-basins. The floor is invariably either shaly or
gritty, and filled with rootlets of plants, while upright tree-trunks are of frequent occurrence,
justifying the inference that the Belgian seams represent the ultimate residues of swamp
vegetation decayed in situ.
L. L. B.
Bringing the North Belgian Coal-field into Working.—By V. Lechat. Rev. Noire, 1912,
pages 440-441.
A bore-hole near the Oostham railway-station, Campine, in land not yet conceded, struck the
Coal-Measures at a depth of 2,182 feet (665 metres) below sea-level. Works at the new
collieries are being pushed forward actively, their state on July 1st, 1912, being reported as
under by Mr. Firket, Ingénieur Principal des Mines : —
Concession André-Dumont-sous-Asch, at Genck.—The ice-tower of shaft No. 1 closed on May
19th, and the sinking has attained a depth of 328 feet (100 metres). At shaft No. 2 about 360
tons of liquid cement have been injected into the measures by ten bore-holes; and twelve
freezing holes, five of them fitted with tubes, have reached their intended depth.
Concession Charbonnière des Liégeois en Campine, Zwartberg Plant.— Of the 38 freezing holes
for No. 1 shaft, four have attained depths varying between 1,312 and 1,640 feet (400 and 500
metres); and boilers have been laid down in readiness for the sinking.

Concession Genck-Sutendael, Winterslag Plant.—The ice-tower for No. 1 shaft closed at the
beginning of May; and sinking, begun with limited gangs, but continued with three 8-hour shifts
of seventeen men each, was interrupted, at the depth of 265 feet (80.8 metres) for wedging a
crib to receive the first length of tubbing-rings. The depth of 333 feet (101.3 metres) has since
been attained; and excavation of the unfrozen central portion, about 10 feet (3 metres), is
effected with the shovel, the diameter being then increased to 22 feet by blasting.
Concession Beeringen-Coursel, Kleine-Heide Plant.—The ice-tower for No. 1 shaft closed on
February 1st, and sinking was begun early in May without explosives. At the depth of 371 feet
(113.35 metres) two cribs were wedged to receive the tubbing. For No. 2 shaft forty-five
freezing holes have
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been put down to 1,620 feet (494 metres) and fitted with their tubes. The central bore-hole,
for indicating completion of freezing, has attained the same depth; and the water-levels in the
Tertiary and the Cretaceous Measures are isolated by reinforced concrete.
Concessions Sainte-Barbe et Guillaume-Lambert, Eysden Plant.—For shaft No. 1 liquid
cement has been injected into the Cretaceous Measures; and fifteen out of the thirty-eight
freezing holes have reached the intended depth their deviation from the vertical having been
measured by the Denis teleclino-graph. At shaft No. 2 cementation of two out of the four
holes has been completed down to the Coal-Measures; and the freezing plant is being erected.
J. W. P.
The Rumanian Mineral Industry.—By I. Tanasescu. Ann. Instit. Geol. României, 1912,
vol. v., pages 122-258.
This elaborate memoir deals with the output of petroleum, natural gas, coal (chiefly lignites),
and salt, and it is pointed out that the publication of statistics in regard to these has been
extremely irregular. However, great progress has been made of late years, and the author
supplies very full statistical tables.
After a discussion of the importance of the part played by petroleum in the world's markets,
the author dwells on the utility of mineral statistics in the investigation of economically
valuable deposits. He then enters on the subject of the production of mineral oil in the
Rumanian Carpathians, considering the workable deposits in their chronological order, as
follows: — (1) Paleogene; (2) Miocene; and (3) Pliocene. During the years 1903-1911, out of the
total Rumanian Carpathian oil-production (8,914,900 tons), 98.54 per cent. came from
Oligocene and Pliocene formations, and 1.46 per cent. from Eocene and Miocene (Saliferous
and Sarmatian) deposits. On the whole, the richest petroliferous deposits occur in the sandy
fades of the Oligocene, as also in the Lower Pliocene (Maeotian) and in the Upper Pliocene
(Pontian, Dacian, Levantine). The regional distribution of the petroleum, from the tectonic
point of view, has been classified as follows:—(1) Deposits of the marginal sheet of the Flysch;
(2) deposits of the western sheets of the Flysch; and (3) Neogene deposits of the SubCarpathians.
The inevitable connexion of the Rumanian with the Galician oil-fields is suggested by a
consideration of the total output of what the author terms the "Carpathic Rumano-Galician
Belt.” With regard to the differentiation of the oils according to their geological age, it is noted

that the Eocene petroleum belongs to the paraffins, so too does the Moldavian Oligocene
petroleum, while the Bastenari Oligocene petroleum contains scarcely any paraffin. The oils of
the Saliferous and Sarmatian Series are very light and rich in paraffin; while the Maeotian oils
comprise (a) light oils, rich in paraffin and benzine; (b) light oils, poor in paraffin; and (c)
somewhat heavy oils, poor in paraffin.
Of the total output of petroleum in Rumania, which commenced in 1857 with the utilization of
the oil simply for purposes of lubrication, three-quarters were got in the years 1903-1911.
Analyses of the various oils are tabulated, and a general account is given of the situation of the
workings at the end of the year 1910. In 1911, among the world's producers of petroleum
Rumania ranked next to the Dutch Indies, ousting Galicia from the fourth place which she had
so long held. It would appear that Egypt and Great Britain are
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Rumania's best customers, both for refined oils and for residues (pӑcura). No less than 25
pages of detailed statistics in regard to the output of Rumanian petroleum during the years
1903-1911 are appended.
Natural gas is then dealt with; its industrial use in Rumania would appear to be, so far, confined
to the petroleum-workings.
The known carbonaceous deposits of Rumania occur in rocks of various ages, from the
Carboniferous to the Upper Pliocene. The earlier deposits (Carboniferous, Liassic, etc.) have
been sheared and dislocated by earth-movements of orogenic importance, to such an extent
that they are of purely local industrial value. The lignites alone, highly developed in the
Pliocene, and especially in the Dacian stage, are of economic consequence. The exploitation of
these lignites is yearly increasing "by leaps and bounds,” among the principal consumers being
the Rumanian State Railways. It is estimated that the lignite deposits will be exhausted in little
more than a century, on the supposition that the annual output after 20 years will not exceed
350,000 tons. But this estimate does not take into account possible vast extensions of the field.
A fairly detailed description is given of the Lower Pliocene lignites of the Comânesti Basin (with
map); also of the Upper Pliocene lignites of "the Getic Depression,” of the Southern SubCarpathians (with map), and of the Rumanian plain. The heating power of the mineral ranges
between 3,000 and 4,400 calories; it yields no coke. Workings do not extend at present deeper
down than 330 feet; some are opencast.
The rock-salt deposits, like those of Galicia, are disseminated along the external margin of the
Carpathians for some 250 miles; they are chiefly worked in the districts of Târgu-Ocna, Slanic,
and Ocnele-Mari. The mineral is extremely pure, containing from 98 to nearly 100 per cent. of
sodium chloride. Anhydrite and gypsum are of rare occurrence. The amount of mineral in sight
is enormous; and, even if we admit a rapid development of output, it would take literally
thousands of years to exhaust the deposits. The sale of salt is a State monopoly in Rumania.
Exports are practically confined to Bulgaria and Servia [sic].
The output is at present
stationary.
L.L. B.
Minerals in Rhodesia and Zambesia.—By Albert Bordeaux.
pages 42-63.

Rev. Univ. Min., 1911, vol. xxxiii.,

The origin of gold in these two countries may be attributed to intrusions into the granite,
gneiss, quartzite, and micaschist of picrites, which are granitoid ferro-magnesian rocks of dark
colour.
Rhodesia.—During the last two or three years attention has been drawn to the sandstones and
conglomerates, because they have been found to contain gold, while shales have also given
serious indications of impregnation; and even granite, that was formerly considered sterile, has
shown itself auriferous. Recent discoveries have pointed out that in Rhodesia, as in the
Transvaal, prospecting has more chance of success with auriferous sediments than with veins.
A consequence of intense erosion is that but little surface-ore of great richness remains, as in
some other countries. The old workings, which at first held out great hopes, have scarcely
satisfied prospectors; whereas the mines now considered to have a future are in quite new
deposits. It is probable that the gold reserves will not be exhausted before the industrial
development of the country is ensured. As accessories of gold-working, small quantities of
silver, lead, and copper are extracted.
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Coal, that appears to be of Permian age, has been found at several points; but only the Wankie
deposit is worked. This is near the Victoria Falls of the Zambesi, and must have been of great
extent; but denudation has only left patches here and there. The country is habitable by
whites.
Zambesia, which is a colony of Portugal, is far from being in so advanced a state of
development as Rhodesia, although discoveries of gold and of ancient workings were made
nearly 200 years ago. It would appear that more progress ought to have been made by a
country that has the Zambesi for its “road that runs" ; but this river is becoming more and more
silted up, while its affluents are dry for so much of the year that water is scarce. The causes of
this backwardness (which act and re-act upon one another, and are all the more regrettable
[sic] as the region above Tete is healthy) are want of communications and insufficiency of
prospecting. The Tete region has no other communication than the Zambesi, which is quite
inadequate during part of the year; but labour is cheap and not yet scarce.
Gold is widely disseminated, and ancient workings are very extensive, the most important
being at Chifumbesi, 155 miles (250 kilometres) north of Tete; but they have not yet been
examined methodically. Not far from Tete some of the ancient workings have been explored
for copper, while cupriferous schists and limestones crop out on the banks of the Zambesi
about 62 miles (100 kilometres) above Tete. The beds of copper-ore extend over a large area;
but their thickness is far from being so great as in the Katanga, although the conditions of
deposit appear quite comparable.
The coal is analogous to that of the Wankie Colliery in Rhodesia; but the deposits are more
continuous. The important coal-field of Tete appears to occupy a belt 125 miles (200
kilometres) long, about 807 miles (1,300 kilometres) to the west of the deposit at Victoria Falls
in Rhodesia, and at a far lower altitude.
J. W. P.
Useful Minerals in Madagascar.—By F. Bonnefond. Bull. Soc. Ing. Civ. France, 1913, series 7, vol.
i., pages 95-104.

Up to 1909, gold was practically the only mineral substance extracted from Madagascar; but
since that year prospectors have turned their attention to exploring and developing “common
mines,” that is, those containing any mineral except precious stones and precious metals. The
author believes firmly in a prosperous future for mining in the large island, where waterfalls are
abundant over nearly the whole area, and water-power will not be wanting wherever it may be
required. The following, in the order of their importance, are the principal substances that may
be worked to a profit.
Graphite.—At the beginning of 1909, important deposits of this mineral were found at various
points on the high plateaux and on the east coast, the line of outcrop extending for 620 miles
(1,000 kilometres). The graphite is disseminated in gneisses where, but where only, they are
traversed by a quartzose, which appears therefore to bear a direct relation to the intrusive
presence of graphite. In some places there are masses, 60 to 90 feet thick, of gneiss
decomposed by atmospheric agency, which is easily hand-washed so as to give 80 per cent. of
carbon. To a world-production of about 100,000 tons, Madagascar contributed 1,500 tons in
1911 and more than double that quantity in 1912, with the prospect of quadrupling it during
the present year.
Corundum.—This high-quality abrasive, that obtains £20 to £24 per ton in Europe, is found in
the decomposed pegmatites; and its production is at
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present easy, for only scattered crystals, detached from the rocks enclosing them, are gleaned
from the most convenient ravines. The quantity produced increased from 150 tons in 1911 to
496 tons in 1912, and will probably attain 1,500 tons this year.
Titanic Iron.—Several deposits are found, having a titanium percentage attaining 50; and those
of Vongoa and Vongoakely contain proved quantities of more than 100,000 tons, while the
neighbouring Mehajilo River will afford both carriage and motive power. Kidneys of titanic iron
are also abundant in places; and alluvial deposits of rutile have been found in the Marolambo
and to the north of Fort Carnot (analyses showing 96 per cent. of titanium), as also in
abundance at the bottom of three small valleys descending from a -wooded mountain.
Copper.—Cupriferous deposits were formerly worked by the Malagasy government in the
province of Ambositra, while such deposits have also been found in the regions of Betafo and
Vonizongo, as well as near Lake Kinkony. In 1898, Mr. Villiaume discovered a deposit following
for a considerable distance the lower course of the River Vato, to the west of Ambositra, in the
region of Ambatofangehana, continuing to the north of Mount Ibity, the outcrops extending for
more than 248 miles (400 kilometres). In 1908-1909 the (French) Mine Service explored
deposits : (1) to the west and north-west, in the Soalala district, near Lake Kinkony, of
malachite and native copper associated with a large quantity of magnetite, and (2) in the west,
at Betsiriry, constituted by the Kiranomena lode, both cupriferous and auriferous, copper in the
state of malachite, allied with iron pyrites in a quartzose gangue. In 1909, a concession was
granted to a French company for working copper at Ivoainana, in the Ambositra.
Lead, both as cerusite and as galena, was formerly worked in the Ambositra, and a deposit of
non-argentiferous galena at Ambatofangehana, the deposit continuing to the west of Mount
Ibity, just like the cupriferous deposit found by Mr. Villiaume in the same region, as mentioned
above, a circumstance appearing to indicate that the two mineralizations were

contemporaneous. Galena has been met with in the island of Nossi-Be, and generally at the
same places where copper-ore occurs. A company is being formed for working a promising lode
recently discovered at Ankitokazo, near the Andavakoera.
Nickel.—A thick deposit of garnierite has been found by an English company at Valozoro, near
Ambositra, with a nickel content of 7 to 8 per cent. for part of it and an average of 3.5. It is
situated on the high plateaux, in a healthy region near a forest and not far from water that can
furnish 8,000 to 10,000 horsepower.
Uranium.—Numerous pegmatite deposits contain crystals and nodules of uraniferous rocks
with sometimes 25 to 26 per cent. of uranium.
Coal.—A deposit, the outcrops of which were notified four years ago near the Onilahy River,
has been proved in the Ianapera, a small tributary of the Onilahy, 77 miles (125 kilometres)
from the sea. The four seams, with a collective thickness of 13 feet (4 metres), yield a coal
resembling that mined at Durban, in Natal.
Bitumen and Petroleum.—Naphtha oozes out in the Trias, over a great part of the west coast,
especially at Ankaramy and in the regions of Ankavandra and Folakara, where an English
company has put down boreholes that have struck oil at depths of 285 and 590 feet (87 and
180 metres).
J. W.P.
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Mineral Resources of the Province of Szechuan, China.—By —. Cremer. Zeitschr. f. Berg-, Hütt.[Huett.-]u. Salinenwes., 1913, vol. Ixi., pages ,1-146.
The author gives here practically a diary of the journey which he made through the province
between the end of September, 1905, and the first week of May, 1906. He regards the results,
from the economic point of view, as on the whole somewhat disappointing.
Perhaps the most promising metalliferous deposits are the gold-bearing-gravels of An-hsiën. As
it is, these are being worked, although roughly, on a comparatively large scale. If modern
methods of working were adopted, the deposits should prove very remunerative: the rocks
forming the original matrix of the gold which these gravels contain should be sought for in the
mountains north of Shi-tyüien-hsiën. The gold which occurs in all the streams that flow from
north and west in the province is in too finely divided a state to repay working. No placers, in
the true sense of the word, or rich accumulations in terrace-deposits, etc., appear to have been
discovered so far.
Rock-salt and petroleum, in association with combustible gases, occur in and around Tse-liuching. The deposits are being profitably worked, as it is; but the application of modern methods
would enormously develop the industry.
No less than thirty-seven analyses of coal are tabulated. The Coal-Measure seams of
Fung-yu-tsüi, Lung-pa-pu, Yu-chi-kau, and Tiën-chüan-chau are of small industrial value;
whereas the seams which occur in the Carboniferous Limestone Series south of Nan-chuanhsiën are workable without difficulty, but the want of transport facilities will unfortunately
hinder their development for a long time to come. This statement holds good also of the
mines which work the apparently Carboniferous coals of Lau-lung-tung.
The Permian
occurrence of Chau-tiën-chön is too insignificant, and the deposit of probably the same age
north of An-hsiën is too remote from a navigable waterway. This may be said, too, of the
Rhætic-Jurassic coals of Yung-hsiën; but they might find a market in the salt-district of Kung-

ching, with which communication by means of a cable-way or narrow-gauge railway could be
easily effected.
The other occurrences of Rhaetic-Jurassic coal would hardly repay
working by Europeans, nor do the iron-ore deposits of that age afford a more hopeful prospect:
they are of purely local interest.
Outcrops of cupriferous ore were observed only at Bel-shan-tiën. Here a flourishing industry
must have existed in days gone by.
Although direct European intervention in the mineral industry of the province is hardly to be
looked for, Szechuan may yet furnish a good market for mining machinery (dredgers, boring,
pumping and ventilating apparatus, steam-boilers, etc.).
L. L. B.
Deposits of Arsenic in Bosnia.—By F. Katzer. Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 267.
There are two deposits of arsenic ore in Bosnia, the most important being at Srebrink, about 13
miles from Tuzla, where it is 6½ feet thick. The ore is almost wholly realgar, or red arsenic,
veins of which run through the dolomite crystals. The lumps of crystal are accompanied by
marcasite or white pyrite which decompose rapidly. The second deposit, which lies west of
Sarajevo, and has long been known, is immediately contiguous to large but later deposits of
porphyry and mica. The arsenic ores, which are partly realgar, partly orpiment, are of primary
formation. The arsenic zone is from
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18 inches to 10 feet thick, and consists of a network of veins about 1¼ inches thick. Both
realgar and orpiment are in pure and beautiful crystals, and the ore is often interspersed with
fluorite. Small fragments of marcasite and orpiment are often found in fields, and near villages
throughout Bosnia and Herzegovina.
E. M. D.
Asphalt-working in Switzerland.—By F. Breynaert. Ann. Mines Paris, 1912, series 11, vol.
ii., pages 316-347.
The Cretaceous beds impregnated with asphalt in the Val de Travers, Canton of Neuchatel,
were estimated in 1905 to contain 4,000,000 tons of a rock in which the bitumen may attain 12
per cent. Although they appear to have been known ages ago, it was only in 1837, when the
Seyssel deposit was brought into working, that attention was seriously turned to that of the Val
de Travers. A concession, granted for 30 years, was renewed in 1867, and further extended to
1925; but working (with horizontal galleries) was not begun in earnest before 1871. There is
great trouble with water, as much as 1,760,000 gallons (8,000 kilolitres) per 24 hours having
been collected behind coffer-dams, and sent to the surface by powerful electric pumps. Half
the rock mined is exported raw; and the rest is worked up near the mine, partly into cakes and
partly into powder.
J. W. P.
Proving Coal in the Aveyron.—Anon. Rev. Noire, 1912, page 441.

Two seams of excellent coal, together 21½ feet (6.5 metres) thick and only 65½ feet (20
metres) from the surface, were entered by a bore-hole in the south of the Bouquies
concession, 164 yards (150 metres) from the boundary. After passing through the
conglomerate of the breccia, the drill entered the Lower Carboniferous Measures, very regular
and containing a few thin seams. At the depth of 1,378 feet (420 metres) a seam of good coal
3¼ feet (1 metre) thick was cut, followed by another 4 feet (1.2 metres) in thickness. To make
sure that this is not merely a chance mass, the Société Métallurgique de l'Ariège, for which
syndicate the boring was undertaken, drove an inclined drift, which proved the first-named
seams 65½ yards (60 metres) from the bore-hole.
J. W. P.
Results of Boring for Coal in Hainaut.—Anon. Org. Indus., 1912, No. 41.
Borings undertaken in the south of Hainaut for proving the extension of the coal-field under
the Eifel Fault, which is there almost horizontal, gave continuously better results as the southwest was approached. West of the Oignies-Aiseau Colliery, the Ormond and Boubier companies
have put down, almost side by side, two bore-holes, which reached the Coal-Measures
between 1,312 feet (400 metres) and 1,640 feet (500 metres), and were continued to nearly
double the last-named depth, cutting a few coal-seams. Two holes were put down for the
Marchienne-Nord Company, one of which passed through 853 feet (260 metres) of limestone,
and were continued to 3,280 feet (1,000 metres) after cutting a dozen workable seams of semibituminous coal. A boring at Nalinnes almost immediately struck the Coal-Measures, and cut a
seam 6½ feet (2 metres) thick, dipping 50 degrees. A bore-hole at Gozée, which reached the
Coal-Measures at a depth of 1,476 feet (450 metres), was continued to 3,280 feet (1,000
metres), and cut seven seams of a coal containing 17 to 18 per cent. of volatile matter.
Further south, at Bouffioulx, one of four holes bored by the
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Société de Recherches de Charleroi struck the Coal-Measures at a depth of 1,043 feet (318
metres), and was continued below the usual 1,000-metre level cutting sixteen workable seams
of good coal.
In the region west of Charleroi the results of the Bienne-lez-Happart bore-hole have greatly
stimulated exploration. Three of a first series of holes spaced only slight distances apart, at La
Hougarde, Ansuelle, and Mahy-Faux, entered the Coal-Measures between 1,312 feet (400
metres) and 1,968 feet (600 metres), cutting several good seams of coking and semibituminous coal. The Ressaix Company's bore-hole at Buvrinnes entered the Coal-Measures at
984 feet (300 metres), and cut several seams of coking coal at the depth of 3,937 feet (1,200
metres). Coal suitable for coke-making was also proved by the Trou d'Aulne boring at Hourpes,
which was continued to the same depth and cut twenty-two workable seams. Three companies
then joined in putting down a fresh hole at Bienne-lez-Happart, which attained the CoalMeasures at 1,968 feet (600 metres), and cut a great many seams, together nearly 40 feet (12
metres) thick, of coals containing from 20 to 30 per cent. of volatile matter. A new series of
explorations has since been begun along a line between the above-named Trou d'Aulne and
Bienne, while applications for concessions have been made in consequence of the results
obtained.

J. W. P.
Conformation of the Moravian-Polish Coal District.—By F. Bartonnec. Œsterr. Zeitschr. f. Bergu. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 185.
The boundaries of the great coal-fields which run from the eastern part of Moravia into Silesia
and Poland have been well defined on the north, the west, and the east, but little is known of
their southward extension. It is believed that under the Carpathian Flysch, towards the
Hungarian border, productive coal-fields of considerable extent may be found. One difficulty is
to define the boundary between the Culm strata and the productive Carboniferous Limestone
below them. At Zalas this Carboniferous formation has been found to contain seams of
extremely pure and hard anthracitic coal, and also veins of melaphyre (augite-porphyry), and
metamorphic rocks. The high heating value of the coal (above 7,000 calories) is attributed by
the writer to the presence of melaphyre. Since the Culm strata are known to extend into
Prussian Silesia, it seems reasonable to conclude that, if followed up in their southward
extension, they will be found to overlie the same seams of rich coal. The presence of the coalbearing Carboniferous formation has already been verified by boring; but so large a question,
and one involving so much expense, requires for its elucidation the co-operation of the State
and the great municipalities.
E. M. D.
The Itabirite Iron-ores of Minas Geraes, Brazil.—By Th. Gathmann. Zeitschr. f. prakt. Geol.,
1913, vol. xxi., pages 234-240.
The most interesting deposits from the industrial point of view are naturally those which are
most favourably situated in regard to transport facilities, and among these the Congonhas
deposit takes the first rank.
The ore-bearing region is of vast extent, and the itabirite series being largely covered up by
drift deposits (denominated canga), it is extraordinarily difficult to form a correct notion of the
lie of the primary deposits. The itabirites form a long range of hills, sparsely clothed with
vegetation, rising 3,000 feet or so above the plateaux of Minas Geraes. The footwall of the
main ore-deposits consists of quartzites, and the hanging wall of sericitic
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schists. The quartzites in part carry manganese-ores, and are the original matrix of the gold
which was at one time worked in important alluvial deposits. Indeed, gold was at one time
sought for in the itabirites themselves, and the jacutinga or ferricupriferous decompositionproduct of these is said to have been also largely auriferous.
The itabirite occurs (1) as hard rock with a comparatively small proportion of iron; (2) as a
friable, shaly, and (at the underground water-level) spongy substance, containing medium to
high percentages of iron; and (3) as a very rich to nearly-pure haematite, varying from
brittleness to toughness in texture, in the covering canga. The typical “textbook” itabirite
consists of thin alternating layers of granular quartz and ferruginous mica, very hard and tough,
containing on the average 30 per cent. of iron. The friable material contains often more than 65
per cent. of iron, and is frequently of such loose texture that it can be worked away with a
shovel. The amount of ore of this character in sight is expressed in millions of tons, and that of

ore containing about 50 per cent. of iron is beyond all measurement. In fact, the first
impressions of the traveller who visits these regions are even more overwhelming than those
experienced by the observer who sees for the first time the Bilbao or the Gellivaara and
Kiirunavaara deposits. The tropical forests generally characteristic of these latitudes in Brazil
cannot grow here, and it is but a scanty vegetation that screens the ore-deposits from the
prospector's covetous eye.
The percentage of phosphorus is only small enough in the very richest ores (70 per cent. of
iron) not to be injurious in the Bessemer process; while in the poorer ores the percentage of
phosphorus is not high enough to be of especial use in the basic process. It has been
ascertained that the phosphorus "enrichment” is especially characteristic of the rock-fissures
that are infilled with ochre.
As working is likely to be cheap, a great export trade in those ores that contain over 60 per
cent. of iron may be looked for so soon as the Brazilian railways "rise to the situation,” and also
so soon as the Brazilian harbours are equipped with modern loading arrangements. At present,
this cannot be said, for the export of manganese is being checked by the lack of these
necessary facilities.
Concessions have been freely granted by the Brazilian Government, and the enterprising
citizens of the United States are preparing to take advantage of them. There would appear to
be no mining code in force at present in Brazil, the minerals being simply regarded as the
property of the surface-owner. An intimate knowledge of the people and the country, as also
truly angelic patience, are the necessary preliminaries of the acquisition of mining rights. It is
hinted, not too obscurely, that the Brazilian palm needs plentiful "greasing.”
L. L. B.
Galena-mining in the Region of Linarès and La Carolina.—By G. Braecke. Rev. Univ. Min., 1912,
series 4, vol. xxxvii., pages 243-262.
This mining region, of about 400 square miles in extent, is bounded on the north by the Sierra
Morena, on the south by the Guadalquivir, on the east by the Madrid and Seville Railway, and
on the west by the Rios Pinto and Rumblar. The town of La Carolina is connected with Linarès,
13½ miles to the south of it, by a light railway, which has given an impetus to mining: and
generally communications are easy. Labour is relatively cheap and mining plant can be
obtained in the locality.
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While Linarès represents an industry that was formerly prosperous but is now decadent,
though still leaving something to be won, La Carolina is a fresh field, holding out great
prospects and capable of immense development provided, however, that the workings be laid
out judiciously and economically. Both districts were worked long before the Roman epoch;
and Hannibal's wife, born at Beocia, now Baeza, a little to the south of Linarès, brought to her
husband, as dowry, a lead and native silver mine, still known as Los Palazuelos.
Linarès.
A plateau of granite, to the north of this town, sometimes cropping out but generally overlain
by a thin bed of Triassic red sandstone, forming a good building-material, contains the most

important galena-lodes of this district. Ancient workings, that extend over an area 8 to 10 miles
long by 5 to 6 miles wide, leave evidence of great mining activity and judgment. Indeed, it is
still considered in the district that a concession in which there may be old Roman workings
offers on that very account a great chance of success. Although the Linares district has passed
the zenith of its development, mines may still be found that can be worked to a profit; but
newcomers must exercise great care in making arrangements for lease or purchase.
La Carolina.
Here the dominant rock is Cambrian schist—soft, fissile, and dipping slightly but regularly
southwards—extending from east to west, and in it many mines are situated; while those of El
Contenillo and Los Curas, of great importance, are located in the Silurian shale more to the
north. On the north-east, mines like those of San Fernando and Ojo Vecino, where working is
now carried to the depth of 1,312 feet, win lodes which, beginning in the Cambrian schist, have
continued into the granite without change of dip, bearing, or metallization. All this district
contains a great many veins of massive galena, that of the Lentenillo having an average
thickness of more than 3 feet.
Explorers must not be discouraged by sterility of the outcrops, because as a rule metallization
only begins at depths of about 400 feet. Indeed, the workings of many mines have afforded
conclusive proof that the lodes continue in the same direction for a few miles without being
interrupted by any considerable fault. There is less trouble with underground water than in the
Linares district, while the advance is more rapid and less costly. As the lodes yield a large
proportion of pure and compact galena, surrounded by a light gangue, washing the ore is easily
effected by hand-screens, currently affording a 78-per cent. product.
J. W. P.
Borate-of-Lime Working: in Asia Minor.—By M. Coulbeaux. Ann. Mines Paris, 1912, series 11,
vol. ii., pages 294-345.
Calcium borate is now produced in Asia Minor to the amount of 12,000 to 13,000 tons yearly,
about one-third of the world's consumption. The deposits already proved are situated in the
Province of Brussa, being 43½ miles (70 kilometres) from the shipping port of Panderma, on the
Sea of Marmora. Communication is at present by road; but a railway is shortly to be opened.
The ore, called pandermite, contains 50 per cent. of boric acid, which is increased to 55.85 per
cent. by calcination. Working is entirely underground, stalls being driven so as to leave pillars of
dimensions varying with the richness of the ore, and the pillars are worked out, while the
spaces are packed;
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but pillars with insufficient content are left in for support. The ore is roughly picked
underground, sterile rock being used to gob the workings. The price of borax is now about £17
(400 to 450 francs) per ton.
J. W. P.
The Rock-salt and Potassic-salt Deposits of Upper Alsace and Baden.— By E. Harbort. Zeitschr.
f. prakt. Geol., 1913, vol. xxi., pages 189-98.

Preceded by an elaborate bibliography, this memoir deals mainly with the origin of the Tertiary
saline deposits of the above-mentioned provinces, and controverts the explanation advanced
by Dr. B. Forster. The deposits admittedly belong to the lower portion of the Middle Oligocene;
they consist of an alternation of thin layers of pure salt with layers of clay and marl. The
thickest beds of salt range from 33 to 52½ feet, but even so there are thin partings of marl
within these. In sum, out of the entire thickness of the saliferous series, about a third to a half
consists of salt, the remainder being marl, clay, or anhydrite. Two beds of potassic salt are
recognized, the main deposit averaging 11½ feet in thickness. The rock-salt is mostly coarsegrained, white to yellowish; while the sylvine, as a rule finely granular, is deep red in colour.
Anhydrite is dispersed throughout the deposit in small crystals.
Over a hundred borings have been put down in Upper Alsace, and have practically determined
the limits of the salt-field in that province, though in Baden but few borings have been
successful as yet. Although the amount of salt in sight in the region here dealt with would
suffice to cope with the present consumption for several centuries, it is but an eighth of the far
older (Permian) salt-mass of the Elm syncline in Brunswick. It seems quite possible that the
saliferous deposits of Upper Alsace are of secondary origin, being derived in fact from the
Permian (Zechstein) deposits; and their chemical composition, among other attendant
circumstances, confirms this hypothesis.
The apparent connexion between the petroliferous and the saliferous deposits of Upper Alsace
is dwelt upon, and the question whether the former are primary or secondary is discussed at
length, the author deciding (apparently with some reluctance) that the petroleum-deposits
must be regarded as primary.
L. L. B.
Salt-deposits at Kalusz, Eastern Galicia.—By J. Niedžwiedzki. Œsterr. Zeitschr. f. Berg- u.
Hüttenwes. [Huettenwes.], 1912, vol. lx., page 411.
These vast deposits are found in hills lying between two tributaries of the Dniester, and stretch
along the southern slope of the Carpathians, from Kalusz to the above-mentioned river. The
main shaft is 964 feet (294 metres) above sea-level. Below this are four superimposed levels,
the lowest being 450 feet below the main shaft. The mines run north and south, and are threequarters of a mile (1,220 metres) long and 1,300 feet wide. The formation consists of marly
limestone, gypsum, sterile clay, and finally the salt-bearing strata. These consist mainly of
saliferous clay, 410 feet thick, containing 40 to 60 per cent. of salt, with some admixture of
potassium salt, interposed with pockets of pure salt, and strata of impure fine grained rock-salt.
Nodules of anhydrite are found here, together with a considerable quantity of kainite and
sylvine. The writer thinks that there must be 119,000 tons, or about 20 per cent. of raw
potassium chloride, worth working. In places the salt is so pure, that it can be ground and used
in its native condition. It appears probable that this great bed of salt was originally deposited in
an isolated arm of the sea.
E. M. D.
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The Kaczyka Salt-mines, Bukovina.—By J. Niedžwiedzki.
1913, No. 2a, pages 65-75.

Bull. Internat. Acad. Sci. Cracovie,

The Kaczyka saliferous deposit is the south-easternmost of the long series of productive saltmines which may be regarded as starting at Przemyšl, in Central Galicia, at the north-eastern
base of the Carpathians. The Emperor-Ferdinand shaft of the mine goes down to a depth of 295
feet below the surface which is at 1,392 feet or more above sea-level. The workings disclose a
mass of rock-salt of fairly uniform, coarsely granular texture. It is about 525 feet thick, dips 30
to 35 degrees south-westwards, and strikes generally south-westwards. Grey clays and shales
are conformably interbedded with the salt-deposits and overlie and underlie them. In the
underlying clays thin venules of gypsum have been traced, but no fossils have as yet been
found in the district. Reasons are adduced for correlating these strata with the well-known
Menilitic Shale Series of Oligocene age, which is so characteristic of the entire Carpathian belt
in Eastern Galicia; but the salt-deposit itself is probably Lower Miocene.
A description is given of two thermal springs which are connected with the above-mentioned
deposits.
L. L. B.
Earthquakes, Strains, and Stresses in Relation to Colliery Explosions.—- By F. Napier Denison.
Trans. Can. Min. Inst., 1912, vol. xv., pages 282-287.
The author presents the results of personal investigations into the question of the relationship
between earthquakes and colliery explosions. He points out that, of thirty explosions occurring
in Great Britain and four in other parts of Europe between January, 1899, and December, 1911,
26 per cent. occurred on the day of the earthquake, 29 per cent. on the day after and 12 per
cent. on the day before; that is, 67 per cent. of these explosions occurred either on or within
twenty-four hours of the day upon which the earthquake was recorded on his instrument at
Victoria (British Columbia). Of 126 colliery explosions which have occurred in North America
between January, 1900, and December, 1911, 22 per cent. occurred on the day of the recorded
earthquake, 16 per cent. on the day after, and 8 per cent. on the day before; that is, 46 per
cent. occurred either on or within twenty-four hours of the day of the tremor. The author
points out that, although his list is doubtless incomplete, and only includes those where five or
more lives were lost, the figures given certainly point to some connexion between earthquakes
and colliery explosions.
The writer has kept a constant record of the daily movements of the Victoria (British Columbia)
seismograph, or horizontal pendulum, from 1889 to the present time. These movements have
been reduced to mean monthly values, and a curve for the latter clearly demonstrates the
presence of a decided easterly swing, reaching its maximum in midsummer, and a westerly
movement, with a maximum in midwinter. After grouping the 160 explosions mentioned as
occurring in Great Britain and North America, it is found that when they are studied in
conjunction with the monthly pendulum curve, the explosions chiefly occurred near the
months when the pendulum reached its extreme easterly or westerly swing.
From the appearance of the curve, the writer suggests the presence of a five to six-year cycle,
and if this should prove correct, he states that the year 1913 will be a minimum year, whilst
1915 or 1916 will be a maximum year for colliery explosions. During these critical periods of
maximum earth-unrest, it seems possible that movements of the strata, though small
and slow in
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action, may be sufficient to permit of the abnormal escape of gas into the mine. This gas, if not
detected in time, only awaits the far too numerous forms of ignition to bring about an
explosion, and, if aided by dust, may cause a far-reaching catastrophe.
A. P. A. S.
MINING

TECHNOLOGY.

Intensive Working of Gold- and Diamond-mines.—By Maurice Bertrand. Rev. Univ. Mines, 1911,
vol. xxxiv., pages 150-203 and 297-322.
Sent by the Union Minière du Haut Katanga to visit and report upon South-African mines that
have special interest on account of their great production or low cost of working, the author
observes that Rand gold-mines work to a profit ores containing less than ¼ ounce to the ton,
while the Premier Diamond Mine only gets a third of a carat out of a ton of "blue ground.”
These results are due to powerful and improved plant, the large tonnages extracted, and
excellent yield of the labour employed, thanks to a system of progressive premiums.
Robinson Deep Gold Mine.—This mine, one of the most important and best organized in the
Rand, works the beds of auriferous conglomerate, comprising also quartz and sandstone,
overlying argillaceous shales and quartzites; but the quartzite pebbles are sterile, and it is only
in the siliceous cement of the conglomerate that gold is found, being present in the form of
microscopic crystals or crystalline aggregates. The Main Reef leader, 1 to 3¼ feet thick, and the
South Reef, that are now worked, dip about 35 degrees, and are divided into 100-foot stages,
while at each level a horizontal heading starts from the inclined shaft which has been sunk in
the bed. The ore is got by the method of leaving in pillars, and the working is limited to the
thickness of the seam; but in the Main Reef leader a quartzite parting is also taken out,, making
a total thickness of 3¼ to 4¼ feet.
The got ore slips along the floor, and is received in hoppers, which deliver it into "skips,” or
tubs, on the road at a lower level. Those parts of the conglomerate that contain less than 4¼
dwts. to the ton, regarded as sterile, are, so far as may be possible, reserved for the pillars to
be left in. Gobbing is but little practised; but successful trials have been made with water-borne
packing in the working out of pillars. The shot-holes are bored by rock-drills with compressed
air, or by hand with chisel and a 4-pound hammer. The natives are paid ½ d. for each inch, but
nothing if less than 30 inches be bored in a day; while they are lodged and boarded, and
premiums are given for progressively greater depths. The explosive is a gelatine with a high
proportion of nitro-glycerine, and is fired by detonator.
Premier Diamond Mine.—This vast quarry, one of the largest opencast workings in the world, is
served by endless-wire ropes, which lead “blue ground” from the bottom to “gears,” that
reduce 30,000 tons of rock to a handful of stones in a few hours. Nine bore-holes have been
put down, some of them to nearly 1,000 feet; and the diamonds found in the cores give great
encouragement. From the first finds in 1902 to near the end of 1909 about 9,000,000 carats, or
1.854 tons, had been won. As yet only two 50-foot steps have been worked; but it is thought
that open working may be continued to a depth of about 1,400 feet. The step, almost vertical,
is bored into, over its whole height, to a depth varying from 8 to 16 feet, exclusively with long
bars, which are also used for subdividing the blocks, by two “boys” for each hole: the "boys”

are paid 3d. per foot, while a white ganger directs the placing of holes, charges them, and fires
the shots.
J. W. P.
[A76]
Coal-mining in the Rossitz District.—By Ed. Panek. Œsterr. Zeitschr f. Berg- u. Hüttenwes.
[Huttenwes.], 1912,, vol. lx., page 35.
The working of several of the pits in this important mining centre is described in detail. One
mine, 1,154 feet (352 metres) above sea-level and 2,086 feet (636 metres) deep, has been
worked since 1856. It contains three workable seams, the most important of which is 21½ feet
thick. The coal is got out both by pillar-and-stall and by longwall and shortwall work. It is hauled
in trucks, and also sent on by conveying belts driven by compressed air. Ventilation is by means
of Capell and Guibal fans. At another pit the coal is got out in two stages, by longwall and
shortwall work, the lower bank being first removed. This pit and another are served by 300and 200-horse-power winding-engines, and steam is furnished by seven Cornish and one
Fairbairn boiler, and six bouilleurs. The coal is sorted at the mine by a Baum washer.
The coal-dust, which is present in large quantities, is kept down by water-spraying, 18,000 feet
of pipes being required. Notwithstanding these precautions, there have been five mine fires
within the last ten years, due to the coal-dust. There is a rescue-station above ground, with a
staff of fourteen trained men. In a cross-cut 2,620 feet (800 metres) from the pit-bottom is a
safety chamber, 56 feet long by 6 feet in width, fitted up with compressed-air tubes, cutting
tools, and a hermetically-sealed store of food and water.
Further particulars are given by the mine manager, who states that, as the mines are to a
certain extent dangerous, ventilation in the working-places is carefully watched. The official
regulations require the provision of 70 cubic feet (2 cubic metres) of fresh air per man per
minute, or 35 cubic feet per ton of coal raised per 24 hours. The work of the men at the rescuestation consists not only in succouring the miners in case of accident, but also in repairing the
walls in dangerous places, and in parts of the mines walled off through risk of fire. One man
thus employed was able to work uninterruptedly for 75 minutes in various postures, lying
down, kneeling, etc., without difficulty. An important point is that the men using the breathingapparatus accustom themselves to breathe for a few minutes in fresh air before going into the
danger zone. This is the chief rescue-station, and serves the whole district. The men are paid
according to the time that they practise with the apparatus: 10d. (1 krone) for an hour's work,
1s. 8d. (2 kronen) for 1½ hours, etc. All are medically examined within 48 hours after coming
up. During the last ten years the death-rate has been five per thousand.
A coking plant with recovery of bye-products was added in 1907 to serve these important
mines. The coal from the pits yielded 78 per cent. of coke, and the time required for coking was
30 to 35 hours. The transport of the coal to the ovens, and thence by an elevator to the
cooling-towers, and the tar-separators and ammonia-washers, is effected by electrically-driven
engines. There are thirty-five regenerative ovens, each having a capacity of 8 tons (80 quintals).
The gas generated has a heating value of 537 to 560 British thermal units per cubic foot; from
40 to 45 per cent. is used to heat the ovens, and the remainder is fired under the boilers. For
every pound of dry coal fed into the ovens 0.6 pound of steam at a pressure of 140 pounds per
square inch is obtained. The production of gas is at the rate of 4½ cubic feet per pound of coal.
Sixty-nine men are employed in the work, working 10-hour shifts.

E. M. D.
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Modern Methods of Utilizing Small Coal and Slack.—By T. Moehrle. Œsterr. Zeitschr. f.
Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 340.
In the modern methods of utilizing the slack and small coal from the screens, it is necessary to
convert it into fuel at the pit-mouth, as, after washing, it contains too much water to transport.
The problem stated by the writer is how to employ the heat units in the slack to the best
advantage by combustion under boilers. The usual system is to carry off the water and slack to
settling-ponds, either stepped or connected with each other by sieve-plates. In another
arrangement the slime and water are admitted to a vat, and, as soon as the heavier coal has
settled at the bottom, the water is run into a second vat, and the coal left behind is recovered.
The disadvantages of these methods are that they require much space, and are difficult to carry
out in winter, owing to the low temperature. The slimes contain from 50 to 60 per cent. of
water.
The coal thus recovered is sometimes carried off on a travelling dredger, or discharged on to a
truck running the length of the settling-vats. In the Wolf-Waldenberg system, an elevator with
a movable bottom, from which the contents are easily discharged, is substituted for an elevator
of the usual type, which is apt to become clogged, owing to the greasy and caking condition of
the coal. The bottom is kept clean by a moving scraper, but the machine is costly. In the
pneumatic Schubert patent, the slimes are contained in a cylindrical vessel placed between an
air-pump and a suction-pipe, and the cylinder is alternately exhausted and filled by means of
the vacuum thus formed. In another arrangement compressed air only is used, and no suction;
but these systems deal only with the wet slack, and do not dry it. In a new method the washed
slack is treated in an air-cylinder fitted with an agitator. The water is first mechanically
separated from the coal, and the latter then forced by a compressor into a series of boxpresses or moulds. The slime contains about 25 per cent. of water, which is extracted in the
presses, and is quite clear when discharged. The finished product in the form of briquettes, is
emptied into trucks, and is ready for use as fuel. This system has been satisfactorily worked at
a mine at Weisstein.
Elsewhere the briquettes are raised by an elevator, and delivered on
to a travelling belt. A firm at Hamburg convey the slack and slimes through troughs along a
small electrically-driven aerial railway. With modern mechanical stokers, the slack, after this
treatment, can be continuously fed to the boilers, provided that the grates on which it is burnt
are suited to it.
E. M. D.
Experiments and Improvements in Mining: Work in Prussia in 1912.— [Official.] Zeitschr. f.
Berg-, Hütt. [Huett] - u. Salinenwes., 1913, vol. lxi., pages 146-210.
Safety-hook.—Among improvements, mention may be made of a safety-book for the kibble
used in sinkings. A wrought iron sleeve-like end-piece for the winding-rope is made with a
conical hole. The end of the rope is inserted and the wires doubled back on themselves, so as
to form a thick end tapering back to rope thickness, thus filling the conical hole aforesaid. The
lower end of the end-piece has a pair of projections, one at each side, through one of which the
longer leg of the hook is screwed and secured above by a safety-nut. The short leg of the hook

is made with a conical point over which a bar let down from above through the other
projection of the end-sleeve of the rope is made to fit. The bar is secured in the projection
against lifting by a spring arrangement.
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Compressed Air has been used with success in sinkings down to depths of 187 feet (57 metres),
as for instance in Shaft III. of the Gewerkschaft Biesgardt II. in the Duisburg district, in boring
through strata containing large quantities of water. The pressure ranged up to 3 atmospheres.
It was found however, that pressures of more than 1 atmosphere were detrimental to-bodily
health, and produced headaches, pains, and swellings of the joints singing in the ears, etc. Two
workmen died of apoplexy immediately after leaving the air-lock.
Old Wire Ropes as Partitions in air-shafts have been applied in the Dechan Pit in the Saar
district. The ropes do not rot, as wooden partitions would, and their use admits of a clear view
of the whole shaft being obtained from the cage. The ropes 6 inches (15 centimetres) thick,
obtained from old winding-ropes, are set 6¾ inches (17 centimetres) apart.
Timbering has been replaced by iron-bar framing in the König [Koenig] Ludwig Pit in the OstRecklinghausen district. The "door-frame” arrangement is formed by a cross-piece and two
side-posts, all three of which are arched (upwards and outwards respectively), in order the
better to resist earth-pressure. Iron or wooden longitudinal pieces are worked at the corners.
The arrangement has proved very satisfactory.
Cap-holder.—In the Friedrichsthal Pit in the Saar district the caps of the timbering are fixed and
held in position by a system of strong hoop-irons, which fit round the uprights and form ledges
at the sides of these. The ledge is in each case supported by an iron hinged rod which turns
downwards, its point being driven into the upright. Another rod hinges upwards, and its end is
driven into the cap, keeping the latter in place.
This appliance can be easily removed, and the caps can thus be recovered or shifted when the
roof has been gobbed up. It has been calculated, after 2 years' working, that a saving of about
£4 to £4 5s. (80 to 85 marks) per metre is effected as compared with the older system of
wooden cap-supports.
Fire Prevention.—In the Gerhard Pit, in the Saar district, hot places were discovered in the coal,
that were due to earth-pressure and were expected to break out into fire. Holes were bored
39½ inches (1 metre) deep, and water from the main (20 atmospheres) was introduced into
these with the nozzle apparatus. The water percolated through the fissured coal, and in a few
days the danger was over.
A. E. L.
Reducing the Volume of a Feeder.—By R. Martinet.
Soc. Ind. Min., Comptes Rendus
Mensuels, 1912, pages 122-124.
At the face of a stall that was being driven in the Montvicq Colliery (Department of the Allier), a
feeder showed itself in February, 1911, which, after several variations in volume, finally
remained at 176,000 gallons (800 kilolitres) per 24 hours. Inasmuch as there could be no
question of putting up stoppings to arrest the flow, and it would have cost too much to make
cement injections by bore-holes from the surface, the plan was adopted of building a mass of
masonry from floor to roof of the seam, while leaving in it a pipe for off-flow of the water.

When the masonry had set, a 10 per cent. cement-wash was injected through the pipe by a
boiler-testing pump for ten days, during which 44 cwts. of cement were used, when the feeder
became reduced to 26,400 gallons (120 kilolitres) per 24 hours.
J. W. P.
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Hydraulic Stowing at French Collieries.—By L. Gamzon.
Soc. Ind. Min., Comptes Rendus
Mensuels, 1912, pages 124-142.
The first French collieries to employ water-borne stowage were Lens and Bruay, in the Pas-deCalais; and in 1909 it was decided to apply the system to the Saint-Eloi Collieries, in the Puy-deDome, for protecting the principal winding shaft and preventing subsidence of its surfaceworks. The gob-material consists of shale and sandstone, containing a little coal, from the
workings; refuse from screening and washing; and clay, shale and sandstone from the gobbin
quarry, all of which are passed through a 2-inch gauge. They are conveyed by transporterbands to hopper-bins of large capacity, whence they are led, by a transporter-band delivering
130 cubic yards (100 cubic metres) per hour to the mixing hopper, where sufficient water is
added to ensure the flow. The stowing is effected in layers, horizontal or inclined, a unit of void
requiring 1.06 unit of gobbing. During the first eleven months of 1911 as much as 63,191 cubic
yards (48,314 cubic metres) of void were packed.
J. W. P.
Cement Injection for Consolidating: Rocks.—By M. de Marillac. Soc. Ind. Min., Comptes Rendus
Mensuels, 1912, pages 251-255.
At the Trelys Colliery, in the department of Gard, it became necessary to drive through
measures that had become much dislocated in consequence of a violent outburst of carbonicacid gas. A cement stopping was put in, behind which 25 tons of cement "milk,” or wash,
composed of 10 parts of cement to 15 of water, were injected, under the pressure of
compressed air, through pipes of about 2 inches (40 to 60 millimetres) diameter, flattened at
the end, and drilled with small holes. A fortnight after the injection the cement had set
sufficiently to permit of the continuation of driving without fear of a fall at the face.
J. W. P.
Sinking: of a Shaft at Trifail, Styria.—By E. Pietsch. Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 199.
At Trifail, in the district of Cilli, Styria, where there are large deposits of lignite, it was desired to
sink a new shaft from the surface to one of the main levels, at a considerable incline. The shaft
was required to bring the coal direct from the workings to the screening plant at the pit-mouth.
The lignite in these mines, not being hard, is worked by hand. As a bore-hole already existed at
the spot, 23½ inches in diameter, it was used to send down the stuff excavated to the sump,
and to assist ventilation.
The shaft, 13 feet in diameter, was sunk in three sections, and each section walled with
brickwork 17¾ inches thick, before proceeding to the next. The total length of this inclined
shaft was 511 feet (156 metres). The work of excavation took 90 days, of walling 58 days. The
average rate of progress was —sinking, 5½ feet (1.73 metres) and walling, 8¾ feet (2.7 metres)
per 24 hours. Bricks of local manufacture were used. The shaft when finished, served for

haulage on the funicular system, and the incline being steep, no winding-engine was used. The
useful load was utilized in the brake. To secure uniformity of work, the energy was absorbed by
an automatic hydraulic brake, and a pump driven from the shaft of the winding-drum, and the
speed so regulated as not to exceed 19½ feet (6 metres) per second.
E. M. D.
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Boring with Loose Grains of Hardened Steel.—By —. Martel. Soc. Ind. Min., Comptes Rendus
Mensuels, 1912, pages 255-260.
This method, first adopted in 1908, for a bore-hole at Lure in the Haute-Sâone, has since been
employed for several borings of 5 inches (9 to 14 centimetres) diameter, with a mean daily
advance of about 40 feet (8.75 to 15.6 metres). As in diamond boring, an annular groove is
worn in the rock leaving a central core; but the abrasion is effected by hardened steel grains
0.079 inch (2 millimetres) in diameter. These are sent down with the injection water into a
slight space between the bottom of the hole and the end of a tube attached to the boring-rod,
which is made to revolve rapidly, fresh grains being added from time to time for replacing
those that are worn out. A core is detached by being broken off short at the bottom, as in the
diamond method, but this is effected in a different manner. The tube is raised a little, and
quartz-grains are sent down, which become jammed between the core and the inside of the
tube: this, continuing to turn, breaks off the core, so that it can be brought up with the tube.
J. W. P.
Boring for Oil by the "Wet” System.—By —. George. Zeitschr. f. Berg-, Hütt.- [Huett.-] u.
Salinenwes., 1912, vol. lx., pages 395-401.
Premising that the wet system represents a great advance in boring technology, the author
refers to the case of boring for oil, in which its use has in many districts been forbidden. This
latter measure has, however, been challenged from several quarters. Experience with borings
for oil in Hanover has shown that the inhibition is in some cases justified, but not in all. The
cases met with were those of the boring of oil-sandstone strata with strong and with weak
pressures of gas or oil, similar borings in oil-sand beds, borings in porous oil-strata where
consideration had to be extended to neighbouring bore-holes, borings of dry absorbent beds,
and borings of water-bearing strata. The general results went to show that in oil-sand and in
dry but absorbent strata either the dry or the wet system may be used. The wet system proved
entirely unsuitable for oil-sandstone, because it damaged the oil-beds and made judgment of
the borings difficult. Also, in view of the temporary flooding of neighbouring borings, the
authorities could not in all cases allow the process to be applied. Finally, the wet system was
found to be useless in working through water-bearing strata, which are not then suitably
insulated and form a standing menace to the oil-beds. The necessity for a “restriction” of the
use of the wet-boring system is considered to be thoroughly established.
A. R. L.
Fall of a Shaft in the Bochima Salt-works, Galicia.—By F. Bartonnec. Oesterr. Zeitschr. f. Berg- u.
Hüttenwes. [Huettenwes.], 1912, vol. lx., page 248.

This was an old shaft, 1,300 feet deep, which it was desired to enlarge and line with masonry. It
was known to be traversed by a stratum of quicksand, through which sinking must be carried;
but experts were of opinion that, as the shaft had long been worked, the water had probably
dried out. Unfortunately, this was not the case. Not only was the quicksand as difficult to deal
with as before, but the strata had dipped. The pressure became so great that it was necessary
to reduce the diameter of the shaft, and ultimately it fell in. The trouble was chiefly caused by
the angle of the dip. The shaft was sunk vertically, and part had already reached the quicksand
zone while another part still rested on firm rock. Fresh attempts are, however, in progress to
overcome the difficulty.
E. M. D.
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Creosoted Timbers for Underground Workings.—By Joseph Wuillot. Rev. Univ. Min.,
1911, vol. xxxiv., pages 323-329.
The author, who is chief engineer of the Mariemont and Bascoup Collieries, in the Centre
district of Belgium, where the measures have far less resistance than in many other coal-basins,
so that can not profit so much by impregnated timbers, is nevertheless determined to employ
them whenever possible.
Creosoted fir timbers, set in a damp portion of the Sainte-Henriette Pit, are in a good state of
preservation after the lapse of ten to eleven years, whereas unimpregnated oak timbers have
been twice renewed in the same period. The results obtained, therefore, warrant the
conclusion that a fir timber set will last at least as long as one of oak, the former treated and
the latter not; while in a dry position, if oak lasts four years, fir may be expected to last about
eight.
The fir timbers placed in 1900 were creosoted throughout their mass, while those put in
subsequently have only been impregnated to a depth of 1 3/16 to 1 9/16 inch (3 to 4
centimetres). The outside of such timbers, set in 1906, is still good; but the heart is not so well
preserved. The cut surfaces of timbers that have been shortened after use in mine workings
have shown signs of rapid attack at the centre, so that this practice should be avoided. The
author is not alone in his preference of creosote as the protecting agent. He has also tried
creosyle; but sufficient time has not yet elapsed to permit him to pronounce on its merits.
J. W. P.
Methods of Measuring Lengths and Distances in Mines.—By F. Kohler. Oesterr. Zeitschr. f. Bergu. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 353.
The difficulties of measuring areas underground are much greater than those above ground.
The light is bad, and the ground never level enough to afford a straight run. The measurement
of polygons and their sides affords, in the writer's opinion, the only reliable method. These can
be measured either directly or indirectly. By the direct method the points, in large mine areas,
are determined in the roof, and transferred to the thill by a plumb-line. In the indirect method,
the vertical angle is determined with a micrometer screw, and calculations are made from it as
a basis. Correct results, however, can only be obtained by measuring the lengths along a cord
stretched along the side of the polygon. The cord or tape should be composed as to 36 per
cent. of nickel, and as to 64 per cent. of steel. A three-legged strut with an inner and an outer
tube should be used, and a scale with a marker. A theodolite is necessary to give the

differences of level, and variations in temperature should be noted. Allowance must be made
for errors due to elasticity, expansion, and deflection of the cord, to temperature, faults in
calculating the angle of inclination, and to friction. When measuring in winding or narrow
places, the strut must be supplemented by a plumb-line.
E. M. D.
The Gauging of Mining Tubs.—By J. Treptow. Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 346.
The writer takes great exception to the new mining regulations issued by the Imperial German
Government, which came into force in January, 1913. According to these, all mining trucks,
including those already in use, must be
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officially gauged. In miners' trucks and tubs not having a capacity corresponding to a complete
multiple of 11 gallons (½ hectolitre), the contents must be calculated to within a twentieth
part of a hectolitre, the permissible limit of error being one-fortieth of the volume. The
capacity of all trucks must be stamped on a certain part of them. This is to be especially
enforced where the trucks are used to measure the daily output of a miner. The writer
considers that these regulations lay an unnecessary burden on the mining industry. In the large
Zwickau mines hundreds of tubs are already in use, each one of which must be gauged afresh.
When determining miners' wages by the truck-load, it is important to note that if the trucks
buckle through wear, their volumetric capacity, and hence the statutory output of the miner, is
diminished. But, in the writer's opinion, these stringent regulations are not necessary, because
it is impossible for the trucks to swell through wear, and so increase the miner's work, as they
would then not fit into the cages. Hence existing conditions are not altered in any way to the
advantage of the miner, but merely rendered more onerous for the mining authorities.
E. M. D.
Aerial Wire Ropeway erected by the Orconera Iron-ore Company.— Oesterr. Zeitschr.
f. Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 441.
The rich iron-ore deposits at Bilbao in the North of Spain have been worked for many years. At
first the iron-ore was quarried direct from the rock, but of late it has been found desirable to
treat also the inferior beds of ore-bearing earth, from which the iron is extracted by washing.
The Orconera Iron-ore Company therefore decided to set up modern machinery, and first
proposed to pump the water from the sea to the mines, 1,300 feet above sea-level. As this
could not be done, it was resolved to bring the excavated stuff (ore and earth) to the sea, and
install the washing plant at Povena, close to the shore. Six drums were set up, each 9¾ feet in
diameter, and capable of dealing with 375 tons of stuff per day. To transport it from the mines
to Povena over several adjacent properties, wire-rope traction was supplied by Bleichert, of
Leipzig, consisting of two parallel ropes, the weight of stuff being too great for one rope.
As the company had no landing stage at Povena, the ore after washing was despatched along a
second branch wire-rope line to Pucheta, half-way between the mines and Povena, whence it
was conveyed to the company's landing-stage at the mouth of the Bilbao river. 210 tons of
excavated stuff, and 105 tons of washed ore were sent per hour along this aerial line for a total

distance of 5 miles. This is the largest output yet obtained with this kind of rope-traction. The
full trucks on reaching Povena are mechanically emptied into the washers, filled with the
washed ore from an endless belt, and sent on to Pucheta; here they are automatically
uncoupled, their contents emptied into other trucks on the branch wire-rope line, and the
empty trucks run back to the mines. At Gallarta, a mile further on, they are finally run on to the
railway-line connecting the mines with the sea-coast. The wire-rope line is worked by two 100horsepower Siemens electric engines. The trucks act by their own weight as brakes on the
rope, and gradients of as much as 41 degrees are safely surmounted. The work was begun in
May, 1909, and completed in November, 1910, since which time the line has been working
satisfactorily.
E. M. D.
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Trials with an Electrically-worked “Pick-Quick” Coal-cutter at the, Viktoria Pit, Gerhard Colliery,
Louisenthal.—By Dr. Weise. Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx.,
pages 389-394.
Referring to a description of a compressed-air pick-quick coal-cutter machine contributed by
him to the above journal in 1911, Dr. Weise gives some supplementary information relating to
an application of electricity to a similar machine. The machine of medium size (size B)
experimented with, which was supplied by Messrs. Mavor & Coulson, Limited, of Glasgow, is 10
feet 8¼ inches (3.26 metres) long by 1 foot 8 inches (.509 metre) high by 3 feet 9¼ inches
(1.15 metres) broad [in transporting condition 2 feet 8½ inches (0.822 metre) broad]. It is
equipped with a polyphase motor of 22.3 horsepower for a nominal voltage of 250 with 50
periods. Its weight is 43 cwts. (2.17 tonnen). It differs from the compressed-air machine only in
its electric parts. The trials were made in a seam lying at a considerable angle, in hard coal,
which in ordinary work had to be blasted. The general conditions were difficult, and
interruptions occurred owing to breakages of the sliding framework, heating of parts, fusing of
safety-plugs, and minor accidents of various kinds. The cutter-bar broke soon after work began
in the hard coal. As in the case of the compressed-air machine, work could proceed during
about half the time of trial. About 25.43 per cent. more work was done by the cutter than by
hand work. An estimate of the time of amortization of the electric as compared with the
compressed-air machine, based on the results obtained, showed to the advantage of the
former by about 18.17 per cent.
The total actual saving of the electric machine-work over hand-work was 2.2d. (0.184 mark) per
ton of coal worked. The cost of working with the compressed-air machine had been about the
same as that of hewing. The trials were considered to show that the machine was more
suitable for somewhat softer coal and a good roof. The larger size of machine (size B) would
have been more suitable for the trial conditions. Disappointment was expressed at the many
interruptions to which work with the machine was subject.
A.R. L.
Wear of Wire Ropes. - By E. Baticle. Ann. Fonts et Chaussées, 1912, pages 20-40.
It is well known that wire ropes subject to considerable deformation wear out rapidly; but the
conditions under which they are affected by the strains are not sufficiently explained. A

portion, at any rate, of the wear may be attributed to the hammer-hardening (écrouissage)
which wire ropes undergo during repeated change of direction, when wound up on drums or
pulleys and unwound therefrom. The empirical formulae employed for calculation do not give
the exact value of the supplementary strains imposed on ropes by their very manufacture or by
their winding up, and do not permit of ascertaining whether their limit of elasticity has been
exceeded—a matter of great importance, however, when the strains are variable.
The author has found it possible, by the method of the resistance of materials, to determine
the total work (travail) of the most strained wires in a rope, whether wound on a drum of
known radius, or subjected to a concentrated load giving it a certain curvature not known
beforehand. This comprises the direct tensile strain, that resulting from deflection and that due
to torsion, which last is always slight in a well-made rope. The work of the wires' deflection is
due to two causes: (1) the "laying,” or making up, which causes
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a strain, often considerable, resulting in a loss of resistance, and (2) the curving of the rope
when wound on a drum or pulley, the work due to this last cause being variable. If, as generally
happens, the total work should exceed the limit of elasticity, the repeated and variable work
due to incurvation must cause a rapid hammer-hardening of the metal. The work due to
manufacture always varies in inverse ratio to the radius of individual wires and the same is the
case with the work of incurvation in ropes wound on a pulley of known diameter. A rope's
flexibility is in inverse proportion to the radius of each wire that composes it, and also to that of
the rope; but it varies with the method of manufacture, and is generally greater in a rope made
up of several strands than in one formed by a single strand.
J. W. P.
Strength of Kibble Sling-bows.—Report of the Halle Section of the Rope-riding Committee.
Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 430-434.
A death caused by the breaking of one of the kibble sling-bows in the Breslau district led to an
investigation into the effect exercised by the forms of these on their strengths. The prevailing
forms are the semicircular and the roughly triangular. It appeared as the result of calculation
and experience with these that the latter was the stronger. The difference between the two
forms, however, was not so great that the prohibition of the semicircular form could be
declared desirable. Ordinary steel, as a material for the bows, is not considered strong enough.
It is proposed that the granting of permission to ride with the kibble be made dependent on
the following conditions:—(1) That ordinary steel be avoided, (2) that the bow be forged in one
piece, and (3) that the factor of safety allowed be 12 for the semicircular form when goods are
dealt with and 15 for the transport of men. For the triangular bow, the factors may be 10 for
goods and 13 for men. Similar strength requirements are suggested for the parts of the kibbles
to which the bows are attached.
A. R. L.
Miners' Acetylene Lamp.—Report by the Spanish Fire-damp Commission. Rev. Noire, 1912,
page 178.

Results of the committee's tests show that, with a good carbide, the Tombelaine lamp can give
a 3-candle lighting power for 10 hours, which is a great advance on what is afforded by benzine
safety-lamps. The specimen tested weighs 3½ pounds (1.6 kilogrammes) empty, and 4 pounds
(1.85 kilogrammes) charged. Thus, three times more light is afforded by the acetylene-lamp
than by the unbonneted oil-lamps at the Reunion Mines, with 60 per cent. increase of weight,
and with only 35 per cent. increase, as compared with the bonneted oil-lamps at the Penarroya
mines; while, compared with the bonneted benzine relighter lamps of the same mines, the
difference of weight is in favour of acetylene.
Contrary to what might be supposed with so bright an illuminant, gas-caps are easily observed.
In comparison with a round-wick unbonneted benzine-fed safety-lamp in atmospheres
containing 2.35, 3.16, and 4.14 per cent. of methane, the heights of cap observed were 6, 12,
and 45 millimetres with the acetylene, against 15, 30, and 60 to 70 millimetres with the
benzine lamp, respectively. The shorter and more diffuse ring with acetylene does not
constitute a drawback in media with more than 10 per cent. of gas, which
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is observed without difficulty. Error is, however, possible, owing to the formation of an
acetylene atmosphere round the lamp: that may, however, be avoided by gradual reduction of
the flame.
The Commission concludes that, notwithstanding this difficulty and the fact that an acetylenelamp allows passage across the gauze more readily than do those of other illuminants, it
possesses the advantage of difficult extinction in addition to great lighting power, while
permitting of observations for gas. Though the Tombelaine cannot yet be classed as a safetylamp, its defects may be remedied; and the advantages above recited should be an incentive to
its improvement.
J. W. P.
Ignition of Gas by Standard Incandescent Lamps.—By H. H. Clark. Bur. Mines, 1912. Technical
Paper No. 28, pages 1-6.
Electric incandescent lamps are used in a large number of mines, as their design and
construction is such that, when properly installed, they offer only a small fire hazard, on
account of the filaments being so quickly broken to pieces after the fracture of the bulb. The
presence of explosive mixtures of gases, however, increases the risk: for, when an incandescent
lamp-bulb is broken in such a mixture, gas is brought into violent contact with a wire having a
temperature of 1,800 to 2,000° Cent., or two or three times the ignition temperature of
methane.
The Bureau of Mines has made a study of the action of incandescent lamps when, under
various conditions and in different ways, the bulbs are opened in gaseous atmospheres. The
investigation has been carried out in a practical rather than in a theoretical way, although
certain pertinent theoretical points will be discussed in a forthcoming bulletin describing the
investigations in detail. The present paper summarizes the results of the tests, and is issued as
a preliminary statement.
The general method of testing the lamps was to cause an explosive mixture of gas and air to
come into contact with the filaments while they were glowing at normal or more than normal

brilliancy. Such contact was brought about, either by smashing a bulb with a sudden blow, by
snipping off the tip, or by puncturing a hole in the neck. A few tests were made by removing
the glass, surrounding the filament with gas, and then impressing rated potential upon the
filament.
The results of the tests are given in tabular form, which shows the number of tests of each kind
made on each size of lamp, and the percentage of ignitions that took place.
A. P. A. S.
Special Method of Tamping, for Greater Safety in Blasting.—By G. Volf. Oesterr. Zeitschr. f.
Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 469.
The chief danger from explosions in mines is now known to be caused by fire-damp or coaldust, and special efforts are in progress to minimize risk in blasting, and to restrict the area of
explosions. Research-work in this direction is the latest outcome of scientific mining. The
difficulty is met by forming explosion-proof areas, constant damping of the coal-dust in a mine,
and its removal as far as possible.
Experiments have lately been made to reduce the danger of an explosion spreading through a
level by the use of external tamping of sand or powdered rock. A cap of non-explosive dust or
sand is placed over and in front of the mouth of the bore-hole, the object being to stifle the
flame of the hot gases
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generated by the explosion. The dust is said to act partly by absorbing the heat of the gases,
partly by converting it into work by adiabatic expansion. The writer describes experiments
made to determine the quantity of external tamping required to quench the flame of a given
blasting charge. The temperature of ignition of mine gas he gives at 675° Cent. (1,247° Fahr.) ;
the temperature of the tamping must therefore not be allowed to exceed 603° Cent (1,112°
Fahr.). The amount required varies from 4½ to 15½ pounds (2 to 7 kilogrammes) according to
the kind of explosive used. This method has been worked with success in the Ostrau-Karwin
coal-mines, and should in the writer's opinion always be resorted to when blasting in critical
places. Sand or powdered rock should be freely laid over the thill, and, if the blasting is in the
roof or “breast-face,” the sand should be piled on planks under the bore-hole.
E. M. D.
Chalk for Tamping Mine Shots.—By —. Jardel.
Soc. Ind. Min., Comptes Rendus Mensuels,
1912, pages 320-324.
It is only blown-out shots that are dangerous, projection of the tamping material being
followed by a discharge of gas, having still a high temperature owing to the slight amount of
work that it has performed; but this danger may be prevented by tamping the shot with
powdered chalk. In such a case the heat of the gases is expended in decomposing the
carbonate of lime. The carbonic acid set free counteracts the influence of oxygen on fire-damp
or coal-dust; and the lime—it is believed—diminishes the combustibility of the latter,
which is all the more dangerous on account of its purity, its finely-divided state, and the
difficulty of suppressing it.
J. W. P.

Facilitating: Experiments on Coal-dust Ignition.—By J. Taffanel. Ann. Mines Paris, 1912, series
11, vol. ii., pages 167-169.
The author has devised an appliance, which he calls a “coal-dust injector,” for
facilitating observations (connected with coal-dust ignition) as to limits of inflammability,
influence of the degree of fineness and of different modes of ignition, with measurements of
the combustion, speed, flame-temperature, etc.
It consists of a tapering tube, 10 feet (3
metres) long, having diameters of 2 feet 4½ inches (72 centimetres) at the mouth and 10 inches
(25 centimetres) at the base. It is fitted to the end of an air-pipe leading up air compressed to
30 inches (75 centimetres) of water, while a funnel permits of distributing coal-dust, through
wire gauze, as evenly as possible, though in variable quantities, both speed and volume being
regulated.
This appliance affords convenient means for immobilizing (as regards the
experimenter, and therefore making very observable) a coal-dust flame that does not
differ greatly in size from one propagated in the workings; while the agitation and activity of
the eddies are of the same order of magnitude, at any rate during the first phase, often
decisive, of the explosion.
J. W. P.
Fire-damp Explosion at the Oberhausen Colliery, Germany.—By -- Koepe. Zeitschr. f.
Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 620-627.
On July 3rd, 1912, shortly before 1 p.m., towards the end of the morning shift, an explosion
took place at the Osterfeld I.-III. Pit (Westphalia) of the Oberhausen Colliery, resulting in the
loss of sixteen lives, and in severe injury to seven other persons.
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The disaster occurred at the 1,919-foot level in a heading driven from the Mathilde Seam
(workable thickness, 3½ feet) to be overlying unworkable Mathias II. Seam; both seams belong
to the Upper Bituminous Coal Group, dip southwards some 12 degrees, are gently undulating,
and much fractured by faults. Details are given as to the system of ventilation, spraying
appliances, and haulage (endless, rope). The above-mentioned seams were not regarded as
fiery, but they are very dusty: accumulations of fire-damp of any consequence had not been
recorded in the workings, and vigorous spraying was enforced to minimize the danger arising
from coal-dust. On the day of the disaster a rising barometer showed an average height of 755
millimetres (29.45 inches).
Shot-firing had taken place in the new heading the previous day at 6.30 p.m., and on the
following morning the work of removing the fallen rock, etc., was continued, fresh bore-holes
were drilled, and preparations made for further shot-firing. Meanwhile the place had been
reported free from fire-damp, and the ventilation arrangements were in perfect order. About 1
p.m., just after the head shot-firer had gone down from the upper level to the new heading, a
sort of muffled roar was heard, followed by tremendous blasts of air and long sheets of flame.
The dynamic effects of the explosion were comparatively restricted; even the double-gauze
lamps carried by the victims were, with one exception, practically undamaged.
There appears to be no doubt that the explosion originated from shots fired with an excessive
number of dynamite-cartridges and a time-fuse by two pitmen who were among the killed; and

the men responsible for this had knowingly contravened the regulations, in order to bring
down more coal at a time, and probably thus save time or earn more money.
L. L. B.
Fire-damp Explosion at the Lothringren Colliery, Westphalia.—By —. Grassy. Zeitschr.
f. Berg-, Hütt.- [Huett.-] u. Salinenwes., 1912, vol. lx., pages 628-641.
The explosion which occurred in the morning shift of August 8th, 1912, at I. and II. Pits of the
Lothringen Colliery in the Northern Bochum district, was the most serious disaster that had
befallen the German mining industry since the Radbod catastrophe of the autumn of 1908. No
less than 107 persons were killed outright, and of the 23 injured survivors 7 subsequently
succumbed.
The four seams worked here, opened up by means of four haulage-shafts and four separate
levels, lie in a fairly flat syncline belonging to the Bituminous Coal Group, and are covered by an
average thickness of 525 feet of marl. The evolution of pit-gas in the north-western district of
the colliery is especially marked, and yet it hardly ever has attained the percentage in a split
air-current of 1 unit of methane. Still, whenever new workings were started, a notable
evolution of pit-gas (chiefly in the form of blowers) was recorded, and on this account shifts
were often suspended for weeks on end; but, concurrently with the establishment of airways
and the progress of forewinning, the evolution of gas gradually diminished. The coal-seams are
not especially dusty; nevertheless, spraying is regularly carried on in accordance with the
Mining Bureau's Ordinances.
Two explosions had previously occurred at the colliery, but not much damage had been done
by them.
A detailed description is given of the ventilation system, as also of the work of the rescueparties. The course followed by the explosion and its
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dynamic effects are discussed, and it is noted that the deposition of "coke” was not very
extensive; whence it is inferred that coal-dust can hardly have played a predominant part in the
initiation and propagation of the explosion.
There appears to be no doubt that unauthorized shot-firing with dynamite had taken place in a
cross-cut which had not been reported as free from pit-gas.
As a consequence of this disaster the regulations in regard to shot-firing have been made still
more stringent than heretofore.
From the economic and ethnical point of view, it is interesting to note on scanning the names
of the individuals concerned, that the Polish labour invasion of the coal-fields of Western
Germany is very persistent.
L. L. B.
Shot-firing: Accident in a Westphalian Colliery.—[Official.] Zeitschr. f. Berg-, Hütt.- [Huett.-] u.
Salinenwes., 1912, vol. lx., pages 614-620.
On May 8th, 1911, at the Glückauf [Glueckauf] Tiefbau Pit in the Dortmund mining district,
premature discharge of a shot resulted in the death of two persons and in injury to three
others. The accident took place at the working-face in a sump-level 11½ feet below the seventh

or 1,410-foot level, and 100 feet below the Sonnenschein Seam, which had been driven in
tough and perfectly dry sandstone. The heading was being driven by means of cylindrical
boring-machines, and the blasting explosive used was gelatine-dynamite. Four shots fired at 8
a.m. had failed to secure the desired result, and fresh cartridges were being inserted in the
boreholes when the explosion occurred. An official inspection of the site of the accident at
11.30 a.m. showed that the boreholes had been so enlarged that the hand could be thrust
through to the end of them, and many unfired cartridges were withdrawn; but it was deemed
impossible to determine with certainty the cause of the premature ignition.
Details are given of a series of experiments carried out on June 14th, 1911, chiefly with the
view of finding out to what extent the rise of temperature in the shot-holes might account for
the premature explosion of the cartridges. In the sump-level the rock passes westwards from
sandstone into clay-slate, and increased humidity is observable concurrently with this passage:
the different thermal conductivity of the two rocks and their different hygroscopic capacity
were evidently factors of some potency in the disaster, and the conclusion is reached that no
other plausible reason can be assigned for the explosion than an unlooked-for rise of
temperature in the shot-hole. It was found that the temperature rises in proportion to the
increase in the charge of dynamite. An account is also given of a further series of experiments
carried out at the Gneisenau Colliery.
It is suggested, however, that the explosion may have been initiated by smouldering remnants
of the first-utilized fuse, or of the cartridge wrapping-paper.
L. L. B.
Safety Telephone for Fiery Mines.—By M. Feder. Soc. Ind. Min., Comptes Rendus Mensuels,
1911, pages 572-573.
As the sparks given out by ordinary call-bell appliances have been found distinctly dangerous, a
system has been devised to secure the following safeguards :—(1) No spark is produced in
working, except those of the microphone that cannot be dangerous; (2) there is no pressure on
the lines except when the instruments are being used; (3) the electric pressure and energy
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present are but slight, even with short-circuiting; (4) the lines, current inputs, etc., are
rendered safe by strong metal protectors; and (5) the safety of the appliances is ensured by the
manner in which they work, and not by air-tight joints or the filling of voids.
J. W. P.
Improvements in Apparatus used for Rescue-work in Mines.—By G. Ryha. Oesterr.
Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 427.
The writer passes in review the various difficulties encountered in devising apparatus for
rescue-work in mines. He divides them under two heads: (1) those in which the air for
breathing is regenerated by means of solid oxygen, and (2) those in which it is purified by
means of gaseous oxygen (compressed). The danger in the use of the latter is that the wearer
may be suffocated if the reducing-valve does not act properly. This he proposes to obviate by
duplicating the valve, passing the gas through a stone filter, and having an efficient alarm
signal. Either in the compressed-oxygen holder, or in the tube connecting it with the pressure-

gauge, an explosion may take place while the holder is being filled, or when the apparatus is at
work. To avoid this, an apparatus has been patented by Neupert, of Vienna, and drawings of
three different types are given, while another of the same kind has been brought out by Draege
of Lübeck [Luebeck]. But the best plan is not to allow the rubber surface of the tube to come
into direct contact with the highly heated compressed oxygen, to use oil-free packing, to avoid
all sharp corners in the valves, and all risk of their sticking. The gas must be perfectly dry.
The writer quotes experiments, to show that the chief danger is caused by the presence of
small particles of soot or other inflammable substances in the gas. A further source of trouble is
the steel holder, and the writer strongly advocates the use of a stone filter, and of explosionproof wire-gauze between the oxygen-tube and the holder. This little filter of artificial stone is
7/16 inch long and ⅜ inch in diameter, and it does not hinder the supply of the needful
quantity of air. With this filter the pressure of the oxygen was reduced from 120 to 6
atmospheres, and from 55 to 70 litres of perfectly filtered air were supplied per minute, with a
vacuum of 5 to 6 inches of water. There is always the risk of accidents to the delicate
mechanism of the reducing-valve, air-circulating nozzle, and safety-valve, or of a hitch in the
supply of the precise quantity of oxygen, which again is affected by the tension of the spring. A
bye-pass valve has been suggested, but it is complicated, and increases the weight. If the
temperature is high in the locality where the apparatus is used, the membrane of the reducingvalve may split, hence it should be constantly tested. Upon the faultless action of this
membrane the safety of the wearer greatly depends. In the Neupert apparatus there are two
reducing-valves, one behind the other; the writer advocates placing them side by side, each
having a separate connecting tube. Allowance must always be made for a diminution in the
pressure of the gas, depending on the length of time during which the apparatus has been at
work.
E. M. D.
Discharge Sluices in Alpine Salt-mines.—By C. Schraml. Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 512.
The writer discusses the difficulties attending the present arrangements in Austrian salt-mines.
The usual plan is to run off the brine through Mannesmann pipes into a lower vertical or
horizontal chamber, which is shut
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off by a dam or sluice. The latter is always a source of danger, as the briny water gradually eats
it away, and salt from the neighbouring saliferous rock penetrates it, and makes it porous. Out
of sixty-six salt-works at Hallstadt, Austria, eleven were rendered useless for a time, owing to
the collapse of the dam. It is the dearest as well as the most vulnerable part of the works, and
requires as much labour as all the rest together. The writer invites discussion of the suggestion
why it should not be possible to revert to the old system of doing away with the dam
altogether. In place of an underground sink-work, or artificial lake below the brine, he proposes
to have simply a vertical shaft, and to raise the brine direct to the surface by plunger pumps.
The shaft could be used for winding the men, of whom a certain number would be required
below. This plan was given up many years ago, because of the difficulties of ventilation and of

the pumps; but by modern scientific methods these can be overcome. An electric 10horsepower motor would supply sufficient power to work the fans, winch, and pumps.
E. M. D.
MECHANICAL ENGINEERING, ELECTRICITY IN MINES, ETC.
Utilizing the Exhaust-steam of a Winding-engine.—By C. Servonnat. Soc. Ind. Min.,
Comptes Rendus Mensuels, 1912,. pages 151-158.
About 7 tons of exhaust-steam per hour are produced at the Mines de la Bouble, in the Puy-deDôme, and about 20 per cent. are used for heating the feed-water, leaving available 5.6
tons, of which half is furnished by the winding-engine. A Rateau steam-accumulator,
containing 5,280 gallons (24 kilolitres) is designed to provide for stoppages of 1½ to 2
minutes; and resistance to the passage of the steam is only 0.077 pound (0.035 kilogramme).
The single-disc Laval turbine, making 7,500 revolutions per minute, gives out 280 kilowatts, and
drives, through reducing-gear, two alternators running at 750 revolutions, the steam being
finally condensed in a Westinghouse-Leblanc appliance, which affords a vacuum of 92 to 94 per
cent. The plant cost about £4,800; and the low-pressure turbine contributes 1,000 kilowatts
per annum out of the 1,250,000 kilowatts generated by the station, the cost of a kilowatt
coming out at a tenth of a penny against 3 or 3.5 tenths by coal.
J. W. P.
Steam Generation and Consumption at the Noeux Colliery.—Anon. Soc. Ind. Min., Comptes
Rendus Mensuels, 1911, pages 510-512.
The very complete Annuaire of the Comité Central des Houillères de France gives the conceded
area of the Noeux Colliery, in the Pas-de-Calais (distinct from the Vicoigne concession in the
Department du Nord, held by the same company), as 19,717 acres (7,979 hectares), the
number of workmen as 8,057, and the production in 1911 as 1,797,350 tons.
At this colliery, steam is generated for the winding-engine (which is steam-jacketed and fitted
with lifting valves for distribution) in Buttner water-tube boilers. Winding is at present effected
from the depth of 1,710 feet (521 metres); and steam-consumption during the period of
winding is 46 pounds (20.8 kilogrammes) per indicated horsepower, or 80 pounds (36.4
kilogrammes) per brake-horsepower. Steam for the electric generating station is raised, in six
Belleville boilers, each of 120 square yards (100 square metres) heating surface, by the waste
gases of simple recovery coke-ovens
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and the surplus gas of recovery-ovens with heat-regeneration. The station is provided with two
three-phase current flywheel alternators, a turbo-alternator with Rateau turbine, and a
Westinghouse-Leblanc condenser, affording a vacuum of 91 per cent.
J. W. P.
Three-phase Current Winding-engine.—By M. Viannay.
Soc. Ind. Min., Comptes Rendus
Mensuels, 1911, pages 569-570.
The actuating portion of this new winder is constituted by two Deri collector-motors, each
supplied with three-phase current, and coils for evenly charging the three phases of a three-

phase net, the conical drum being driven directly by the motor through spur-gear. The
following advantages are claimed for this arrangement: —
(1) Simplicity: the motor requires no starting appliance, while both starting and speed
variations from zero to the maximum are obtained by simply moving the brushes.
(2) Contrarily to what occurs with three-phase motors, when working with counter-current,
the motor restores current to the net.
(3) The tug (à-coup) at starting is, at the outside, equal to two-thirds of the torque in normal
working; and the current expended is proportional to the torque produced.
(4) Cost of the installation is moderate; and expenditure of current less than in other systems.
For instance, an expenditure of 1.4 kilowatt per horsepower, in coal raised, has been recorded
in normal working from 8 a.m. to noon.
J. W. P.
“Tomson” Electrically-driven Winding-gear.—By G. Ryba. Oesterr. Zeitschr. f. Berg- u.
Hüttenwes. [Huettenwes.], 1912, vol. lx., page 525.
At one of the pits at Brux, North-Western Bohemia, it was found necessary to increase the
winding output by 44 per cent. In 1883, 250,000 tons were wound per year from a depth of 650
feet with two shifts of 10 hours. It was now proposed to wind 360,000 tons per year with two
shifts of 8 hours, and for this purpose the existing winding-gear was insufficient. The Tomson
gear was therefore adopted, and as, owing to the severity of the winter in this province,
hydraulic power, which had been used in Westphalia, was not available, it was determined, for
the first time in this country, to work it electrically. The cages were double-tier, each tier having
its own moveable platform and set of rails; the whole arrangement was automatic. The
platforms were connected in pairs by chains passing over the same shaft, and were in duplicate
at the pit-eye and at the surface, and the trucks were run over them into the cages at an angle
of 35 degrees. As soon as the cages came to bank, the brakes were thrown on automatically
from the pit-frame, and the empty trucks run on at the same time as the full trucks were
discharged. The gear was worked by an 8-horsepower alternating-current motor. The
advantages of this system were the simultaneous change of trucks on both decks at once, the
continuous automatic working of the platforms, and the uninterrupted admission of the trucks
into and their uninterrupted exit from the cages.
E. M. D.
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Accident with a Benzole Locomotive at the Rossleben Potassium Saltmines.—By —. Ziebarth.
Zeitschr. f. Berg-, Hütt.- [Huett.-] u. Salinenwes. 1913, vol. Ixi., pages 214-222.
In front of a pillar-and-post working-place eight workmen were rendered insensible by fumes
from a benzole locomotive. One of them died. The investigation instituted showed that the
accumulation of gas in part came from the benzole locomotive, the machinery of which had
been running disconnected for about an hour. Owing to a loose screw in the mechanism which
produced the ignition, the latter frequently missed, and thus benzole flowed into the workings.
Meanwhile, a ventilator intended to assist the current had, owing to insufficient supply, drawn
air through an untight brattice, instead of round it, and thus produced short-circuit. Carbonicoxide gas, which issued in small quantities from the salt, had also collected, and the two

gases—benzole and carbonic oxide—had together overcome the men. In future, the running of
the machinery without load is to be avoided as far as possible. In regard to the ventilator, care
is to be taken that, in carrying the current to remote places in connection with brattices, at
least the quantity of air suitable for the suction is provided.
A. R. L.
Electric Locomotives Underground at Marles.—Anon. Soc. Ind. Min., Comptes Rendus
Mensuels, 1911, pages 521-530.
Pit No. 5 of the Marles Colliery, Pas-de-Calais, has two shafts of 20 feet (4 metres) diameter,
provided with similar horizontal duplex Sulzer engines having expansion-gear variable by the
governor, that wind from depths of 853 feet (260 metres) and 1,000 feet (305 metres), giving a
yearly output of about 800,000 tons. The underground haulage, over about 6 miles (9.188
kilometres), is effected by seventeen Siemens-Schuckert locomotives, each weighing about 4
tons, and capable of hauling twenty tubs, with a useful load of 20 tons, at a mean speed of 10
miles (14 to 19 kilometres) per hour, each of the two engine-axles being driven by a 50-horse
electro-motor. Current is furnished by a generating station that comprizes [sic] two portions :
namely, the first, with two 500-kilowatt Postel-Vinay-Dujardin sets and one 400-kilowatt
Boulte-Labodière-Schneider set, that afford 550-volt continuous current; and the second, more
recent. with four Brown-Boveri-Parsons sets, the turbines of which, supplied with steam of 170
pounds per square inch (12 kg. per sq. cm.), superheated to 300 degrees centigrade, are
coupled directly to alternators, making 1,500 revolutions per minute, and capable of giving out
from 1,500 to 1,950 kilowatts of 3,000 to 3,200 volt three-phase current.
J. W. P.
Haulage by Electric Locomotives Underground.—By —. Magne.
Soc. Ind. Min., Comptes
Rendus Mensuels, 1912, pages 260-262.
The Galerie Sainte-Barbe of the Grand' Combe Colliery, 3,280 yards (3,000 metres) long and
having a mean gradient of 1 in 20 (5 per cent.) is laid with two pairs of flange-rails weighing
40.3 pounds per yard (20 kilogrammes per metre), to a gauge of 2 feet (60 centimetres), for
haulage between two winding-shafts and the screening plant. Alternating current of 5,000
volts, 50 periods, is transformed at a sub-station to 550-volt continuous current, which is sent
by two overhead copper wires of ⅜ inch (9.3 millimetres) diameter, one for each track, with
return by the rails. The 7½ -ton locomotives, of which there are seven, 13½ feet (4.1 metres)
long and 6¼ feet (1.9 metre) wide, can
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receive a surcharge, for increasing the adhesion. Each is fitted with four 8½ -horsepower
motors, placed between the wheels before and behind the axles, The motors can be coupled in
series or in parallel, and the engines run in forward or backward gear, while an oil lamp is
provided for emergencies. At a speed of 7½ miles (12 kilometres) an hour fifteen tubs of gobmaterial or forty empties are hauled up-hill, and forty tubs of coal run down. The installation
cost £52,000 (1,300,000 francs) including £8,640 (216,000 francs) for the electric plant; and
repairs were insignificant after the engines had run together 105,633 miles (170,000

kilometres). During the second half of 1911, the net cost of haulage did not exceed ¾d. per tonmile (4.7 centimes per ton-kilometre).
J. W. P.
Pneumatic Hauling-engine or Brake.—By —. Leroyer.
Soc. Ind. Min., Comptes Rendus
Mensuels, 1912, pages 324-331.
A hauling-engine at the Dourges Colliery, Pas-de-Calais, is connected with the compressed-air
supply, and fitted with a lifting valve, so arranged that compressed air can always be sent into
the line for braking, while, on the contrary, passage of air from the line into the engine, for
power, can be afforded, when required, by means of appropriate gear. For economizing space,
oscillating cylinders are employed; and their pistons work directly on to cranks at 90 degrees,
keyed on a shaft carrying two pulleys, one for the emergency brake. The distribution is effected
with partial expansion of the compressed air, which permits the engine to act as a compressor
without heating, or to work economically as a motor.
J. W. P.
Investigation of Explosion-proof Motors.—By H. H. Clark. Bur. Mines, 1912, Bulletin No. 46,
pages 1-44.
The term "explosion-proof,” as applied by the Bureau of Mines to an electric motor, refers to a
motor enclosed by a casing so constructed that an explosion of a mixture of mine gas
(methane) and air within the casing will not ignite a mixture of the same gas surrounding the
motor. There are two classes of motors so constructed: (1) a totally-enclosed class built strong
enough to withstand high internal pressures and so designed that the efficiency of all enclosing
covers can be satisfactorily maintained; and (2) a class provided with relief openings or valves
designed to relieve the pressure of an explosion within the motor-casing and to cool any
products of combustion discharged through the valves. A satisfactory motor of the first class is
much more expensive to build than an equally safe motor of the second class. For this reason,
attempts to make motors explosion-proof have been confined chiefly to motors of the second
class.
The function of explosion-proof devices for electric motors is to reduce below the ignitionpoint of gas (methane) the temperature of any flames that may be discharged from the motorcasing. The temperature reduction is effected by removing the requisite amount of heat from
the flames during their passage through the devices. Various plans have been proposed and
developed for thus removing heat from the products of explosion. The principle of the Davy
safety-lamp has been the basis of most of the protective devices designed for explosion-proof
motors. The application of this principle consists in causing the discharged gases to pass over or
through metallic plates or screens which by conduction remove the heat from the gases. In
some devices the cooling effect of expansion is also utilized.
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According to the definition of an explosion-proof motor, such a machine can presumably be
operated safely in an atmosphere containing gas (methane) under conditions most conducive
to explosion, provided that the protective devices with which the motor is equipped are in
good condition and in their proper places. In conducting the investigation here reported, an

effort was made to produce conditions that would probably introduce the greatest elements of
danger. In the earlier tests especially, and to some extent in subsequent tests, it was not
evident just what the most dangerous conditions would be. The design of some of the
protective devices required the introduction of special conditions which are in this report
recorded under the description of the tests of such devices.
A summary of the general conclusions arrived at as a result of the investigation is given
as follows: —
The most satisfactory form of protective device is one that is capable of absorbing a large
amount of heat. In order to do this, the device must be constructed of a metal that is a good
conductor of heat. A considerable amount of metal should be used, and it should be so
disposed as to offer a large amount of heat-absorbing surface to the flames without being itself
raised to an unsafe temperature. The total area of protected openings through the wall of the
motor-casing should be as large as is consistent mechanically. There are two reasons for this
arrangement: first, it permits of the use of more heat-absorbing material; and, secondly, it
decreases the maximum pressure developed. The lower the pressure the lower is the
temperature of the flame, and the less heat is passed through the cooling devices in a given
time. With a lower pressure the rate of flame-propagation is slower; consequently, heatabsorption is facilitated. Use may be made of the fact that the advancing edge of the explosive
wave is the most likely to be chilled because it passes through the coolest metal. If, then, the
relatively cool dead gas produced by this means is passed through a comparatively long
passage, like that between certain baffle-plates, subsequent flames will be cloaked with noncombustible gas and can cause no ignition. Finally, the simpler and more rugged the design of
such devices,the better are they adapted for practical purposes. The devices should be so
mounted as to render impossible the separation of plates or the rupture of gauzes. A splendid
place for such devices would be entirely within the motor-casing, with vent-holes for the
escaping gases,
A. P. A. S.
Characteristics and Limitations of the Series Transformer.—By A.R. Anderson and H. R.
Woodrow. Bull. Univ. Illinois, vol. x., 1912, Bulletin No. 61, pages 1-47.
High potential distribution and the large currents carried by feeders have made the use of
series transformers, or so-called "current-transformers,” imperative. Where high voltages are
used, it would be a source of considerable danger to bring the potential of the distribution
system to the switchboard and controlling apparatus. The use of the series transformer, in
connexion with the potential transformer, makes it impossible to meter the power and control
such a system without handling voltages which are dangerous to life.
In this bulletin the imperfections of the series transformer are studied, with a view to
determining how and to what extent certain constants influence its operation, and to deduce
certain general characteristics. The first part of the bulletin is devoted to a discussion of the
fundamental principles of the
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series transformer and the representation by vector diagrams of its operation. A deduction of
current relations by the method of complex quantities, and a discussion of conclusions that

may be derived therefrom follows. The derivation of current relations by the use of
instantaneous current values is then given. In this last-named section particular stress is laid
upon the application of the current-transformer for the purpose of recording transient
phenomena. A comparison of the results obtained for stable condition by the two methods and
a general summary are given in conclusion.
A few of the most general and important results obtained from the investigation are
summarized, as under: —
(1) The transformation ratio and phase-angle of a series transformer having a core of constant
permeability (as air) are constant under given conditions for all values of primary current; but
this is not so with a transformer having an iron core. With an iron-cored series transformer the
form of variation depends upon the shape of the saturation-curve, and upon the range over
which the transformer operates. The range over which the permeability remains most nearly
constant is the range over which the ratio remains most nearly constant. In a transformer of
constant core reluctance, the so-called magnetizing current is proportional to the primary
current, and its phase position is constant.
(2) The introduction of resistance in the secondary circuit of a series transformer has the effect
of increasing the phase-angle, and this increase in phase-angle is practically proportional to the
secondary resistance for reasonable values. Increasing the secondary resistance decreases but
slightly the transformation ratio. Hence it may be said that, in general, the introduction of
secondary resistance is very objectionable when the transformer supplies current for a
wattmeter, but is not seriously objectionable when the transformer supplies current for an
ammeter.
(3) The effect of secondary reactance, and the equivalent effect of magnetic leakage is to
reduce the phase-angle slightly, and the transformation ratio very considerably.
(4) The phase-angle increases with decreased permeability, and consequently in a transformer
with an iron core the phase-angle increases as the line-current decreases.
(5) The effect of changes in frequency within a range of ten cycles is not generally serious. In a
transformer with an iron core, however, a decrease in the frequency raises the point of
operation on the saturation-curve, and hence increases the core loss and alters the form of
variation of transformation ratio and phase-angle with primary current.
(6) The desirability of a high number of turns is pointed out. With a reasonably high number of
turns and a not excessive value of secondary resistance the effect of frequency over a
considerable range is negligible.
(7) The effect of core loss is to decrease the secondary current, this effect being lessened by
inductive secondary load. Increased core loss decreases the phase-angles, and this effect is
increased by inductive secondary load.
(8) In an iron-core series transformer the value of flux density should be low. This means a low
value of magnetizing current. To this end excessive secondary impedance should be avoided, as
increased impedance requires an increase in flux in practically direct proportion to the
impedance. Since the effect of magnetic leakage is equivalent to the effect of secondary
reactance, the transformer should be designed with a view to minimum magnetic leakage.
This requires a well-closed iron circuit.
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(9) For recording instantaneous values of current in transient or unsymmetrical systems, the
commercial series transformer with an iron core is quite inadequate, and cannot be relied
upon.
(10) If necessity demands the use of a series transformer in recording transient or
unsymmetrical currents, an air-core transformer, designed to have a very small secondary
resistance and a large secondary reactance, will be found to give results nearer to those
desired than can be obtained with an iron-core transformer.
A. P. A. S.
METALLURGY, CHEMICAL INDUSTRIES, ETC.
Heller Generator.—By G. Kroupa.
Oesterr. Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.],
1912, vol. lx., page 614.
This generator consists of a tall column of brickwork, closed with an ash-pit at the bottom, and
without a grate. There is an air-chamber at each side of the ash-pit, and two grooves lead from
them into the generator, through which a blast of air, or preferably steam, is delivered into the
combustible. The grooves prevent the coal from falling through into the ash-pit until
completely gasified. Four hundred of these generators are already at work, and lignite,
Bohemian brown coal, and Pilsen bituminous coal have been treated in them. The generator is
also suitable for caking coal, or any other fuel. Ten tons of combustible can be gasified per 24
hours, 12½ pounds of steam being required for every 100 pounds of fuel. The heating value of
the gas is given at 154 British thermal units per cubic foot (1,373 calories per cubic metre).
E. M. D.
Welding: by Electricity and Gaseous Oxygen.—By Eugen Hempel. Oesterr. Zeitschr. f. Berg- u.
Hüttenwes. [Huettenwes.], 1912, vol. lx., page 150. The process of welding metals together by
heating their edges in a current of electricity has been practised for many years. The pieces of
sheet-iron or other metal are held between metal clamps forming the electrodes, and a current
up to 50,000 amperes is concentrated on the edges. The join thus made is stronger than if
riveted, and gives a perfectly smooth surface: the requisite heat of current being once
determined, the welding can be done by an unskilled workman. To join wires in this way, the
two ends to be fused are brought together at the critical moment, by means of a lever worked
by the foot.
The writer describes another method of joining sheet-iron plates by fusion under strong heat,
namely, by autogenous welding, that is, welding by fusing the edges of the metal itself.
Compressed oxygen is mixed with acetylene or hydrogen gas, and yields a flame at a very high
temperature, which when directed on to the metal edges fuses them in the same way as the
electric current, and the join is then made. The process is assisted, if a piece of wire free from
carbon is held in the flame, just above the metal. As it melts, the burning drops fall on the part
under repair, and running off leave a smooth surface. Much welding is now done in this way.
There are several foundries on the Continent for welding tubes and various kinds of forged-iron
work, such as sockets, joints, pipe-connexions, etc., by means of a water-gas flame. The largest
tubes thus treated are 8 feet 3 inches in diameter, ½ to ¾ inch thick, and 49 feet long.
The latest application of this method of welding by flame at a very high temperature is in
autogenous cutting, by which means defective places in a
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boiler or other iron plate can be made good. The plate is brought to a red heat in an oxyhydrogen or oxy-acetylene flame; the part to be excised is then carefully marked out, and burnt
through by directing on to the marked line a stream of gaseous oxygen. Thus a fracture, burst,
or corrosion in the iron can be removed, and a fresh piece of iron accurately fitted into the hole
and welded in, without altering the smoothness of the surface. The system is especially
applicable to repairs in ships, where boilers can be mended quickly and without unmounting.
At Marseilles pure acetylene gas, compressed in the same way as oxygen, is used for the
purpose.
E. M. D.
Experiments on the Treatment of Gold-bearing: Ores, especially Pyrites. By F. Freise. Oesterr.
Zeitschr. f. Berg- u. Hüttenwes. [Huettenwes.], 1912, vol. lx., page 227.
The writer describes various methods for the treatment of gold-bearing ores, especially pyrites.
In his opinion the process of roasting depends mainly on the composition of the ore, and the
size of the grains, when crushed. The action of cyanide of potassium on foreign metals in the
ore is also considered. In the Black-Etard process the ore is treated with permanganate, and a
weak solution of common salt and sulphuric acid is added. In the Sulman-Teed system a
solution of cyanide of potassium and of bromide is used, but the process is very costly. The
recovery of the gold by chlorination is especially applicable to pyrites, where any of the other
precious metals are present. In ores containing arsenic, roasting begins at a lower temperature
than in ores free from arsenic; the process should be carried out slowly. The loss of gold is
sometimes as much as 90 per cent., and is most marked if there is much copper in the ore. The
more concentrated the solution of cyanide of potassium, the greater will be its effect upon the
other metals in the ore, especially if the temperature is high.
E. M. D.
Chemical Characteristics of Brown Coal.—By E. Donath. Oesterr. Zeitschr. f. Berg- u. Hüttenwes.
[Huettenwes.], 1912, vol. lx., page 281.
Brown coal, which is chiefly found in the Tertiary formations, varies much more in outward
appearance and in chemical and physical characteristics than bituminous coal. It consists of
vegetable substances containing many of the waste products of cellulose and lignum, which
have helped to build up the plant. When treated with boiling benzol, brown coal parts with 30
per cent. of the bitumen in it; while an alkali solution withdraws vegetable acid from it. If it be
submitted to dry distillation, the aromatic hydrocarbons pass over into the tar. It is almost
wholly dissolved in caustic soda, which but slightly affects bituminous coal. So varied are the
characteristics of brown coal, that it is not easy to determine where it merges into hard or
bituminous coal. The writer is of opinion that the main difference between the two is the result
of the difference in their original treatment, hard coal having been subjected to much greater
pressure, and more thorough dry distillation than brown coal.
E. M. D.
The Bauer Coke-oven.—Anon. Rev. Noire, 1912, pages 393-394.

It has often been noticed, in recovery coke-ovens, that the gases of distillation become
decomposed and lose their properties when, on rising to the aspiration orifices, they reach
regions where there reigns a temperature higher than that at which they were evolved. It is,
therefore, advisable to arrange that the temperature shall constantly increase from roof to
sole. This
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is obtained in the Bauer system by the repeated entrance of air and gas at different heights,
while the heating chambers, distributed in the thickness of the walls between two adjoining
oven-chambers, constitute a continuous heating flue of serpentine form, constantly receiving
fresh accessions of gas and air. This principle has been applied by the inventor to former ovens;
but in the most recent form it has received a specially judicious application, owing to the
circumstance that these air and gas increments are previously heated, more or less according
to the height of the points at which they are admitted.
The ability to regulate minutely the air and gas admission secures a great saving of gas, while
the working of the oven is easily supervised, all the regulating parts being visible. Tuyères, each
of which can be regulated independently, permit the direct admission of air for combustion, in
the event of any derangement to the fans by which it is, as a rule, introduced, while they also
serve for cleaning and inspection. Air introduction by fans, which draw it from vaults in the
foundations, from the hot-air passages and those in the sole, and force it into chequer-work
cells (chicanes), ensures such an exact regulation of the heating as to permit of dispensing with
a chimney, and of disregarding atmospheric influences, so that air has no longer a tendency to
penetrate into the oven-chambers and cause disadvantageous combustions.
J. W. P.

Comparative Fuel Values of Gasoline and Denatured Alcohol in Internal-combustion engines.—
By R. M. Strong and Lauson Stone. Bur. Mines, 1912, Bulletin No. 43, pages 1-243.
This Bulletin contains the results of a series of over 2,000 tests conducted at the Government
fuel-testing plants at St. Louis (Missouri) and Norfolk (Virginia), and a detailed description of
the equipment used, as also of the methods of procedure, and the complete logs and
deductions from the various tests.
For convenience in analysing the large quantity of material presented, the report has been
divided into the following sections:—(1) Gasoline and denatured alcohol as fuels; (2) apparatus
used in tests; (3) procedure of tests; and (4) deductions from tests. The material embraced in
the last-mentioned section has been taken up under the following headings:—(a) Mechanical
efficiency; (b) mixture quality; (c) time of ignition; (d) character of ignition-spark; (e) jacketwater temperature; (f) speed of engine; (g) load-variation; (h) mixtures with water; and (i)
compression.
Taking as a basis the results of the series of tests described in the report, the Bureau of Mines,
as part of its fuel-testing investigations, propose to carry on further researches relating to liquid
fuels in internal-combustion engines. In this connexion, the field of application of the heavier
fuel oils, both to the internal-combustion engine and to the oil-gas producer, will undoubtedly
demand early attention.

A. P. A. S.
ADMINISTRATION AND STATISTICS.
Effect of Limiting: the Hours of Work in Mines.—By E. Harmant. Rev. Noire, 1912, page 468.
When the (Belgian) law that limits working hours was put into force, the yield of labour was at
first the same as before; but very soon a great diminution was noticed, the difference of
production attaining as much as 800,000
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tons during the second half of 1911. Another disadvantage is the want of care in separating
coal from stone, so that it has to be sent to the washery at great expense. There is also reason
to fear that in times of depression coal-masters will not be able to hold their ground, since
even now, in a period of prosperity, profits have fallen off considerably—from 2.16 per cent. in
1907 to 0.5 per cent. in 1910—while the statistics for 1911, though not yet complete,
foreshadow the disappearance of all profit.
J. W. P.
Technical Progress in the French Northern Coal-field.—By —. Leprince-Ringuet. Soc. Ind. Min.,
Comptes Rendus Mensuels, 1911, pages 503-506.
The area conceded increased from 119,846 acres (48,500 hectares) in 1875 to 172,827 acres
(71,155 hectares) in 1910, while the coal-production has advanced, in round numbers, from 3
to 10 million tons. The mean depth of winding shafts, which was 918 feet (280 metres) in 1880,
is now 1,168 feet (356 metres), while the daily yield of the underground hand has increased
from 0.9 ton in 1880 to 1.043 tons in 1900 and 1.06 tons in 1910. The mean annual output per
winding shaft has increased from 75,000 to 200,000 tons; and the maximum shaft diameter
from 13 feet (4 metres) to 20 feet (6 metres).
While progress has been made in shaft-sinking, coal-getting, lighting, ventilation and shotfiring, great precautions are now being taken against the danger of coal-dust; and in winding
the progress is no less marked. Winding engines have been successively provided with cam
expansion-gear, central condensation, and the Rateau steam-accumulator, supplying a lowpressure turbine; but steam is in course of being superseded by electricity, the first application
of which was made, in 1905, at Ligny-les-Aires. Progress, moreover, has not been absent in
pumping, coal-washing, coke-making and other adjuncts of the colliery, while Lens, like the
Ruhr, will eventually have its blast-furnaces for smelting the ore brought to them with coal
mined on the spot.
J. W. P.
Mine Exploration and Bringing into Work.—Presidential Address by L. Mercier. Bull. Soc. Ing.
Civ. France, 1913, series 7, vol. i., pages 17-28.
The importance that ironmasters now attach to securing a direct and independent supply of
ore and fuel is a great incentive to proving and turning to account fresh mines; but this must be
done wisely, rationally, and economically.

Capital.—The first care of a mine worker should be to forecast the development of which his
output is susceptible, so that future extension may come naturally, for a too scanty estimate
may, owing to unforeseen difficulties (especially in sinking), entail the necessity of an addition
of capital, always dreaded by a prudent administration.
Labour.—If the mine be situated in a totally new district, it will be essential to attract and retain
sufficient labour, wages constituting the principal item in the cost of getting, while a modern
colliery producing 3,000 tons daily requires about 3,000 workmen.
Motive Power.—A great deal of power must be available from the commencement; and
electricity is clearly indicated by the facility which it affords for temporary installations. If no
generating station exists in the neighbourhood, there should be no hesitation in laying down
powerful electric plant
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Boring.—The old free-fall method is improved by the Vogt and Raky apparatus, in which the
trepan and boring rods, though intimately connected are held back in their fall by an elastic
coupling, so as to give a sharp blow, while a stream of water, sent down the hollow rods and
rising in the annular space between them and the inside of the hole, takes off the debris. These
methods have, however, the disadvantage of grinding the rock and reducing it to a state of
mud, so that there was great difficulty in establishing the order of strata passed through.
Diamond and Steel-grain Boring.—The diamond drill was therefore resorted to, which gives
excellent results when the rocks are homogeneous and great rapidity of boring is required
without too great regard to expense; but it is not suitable for rocks in which a soft paste
encloses hard nodules. A new method, however, that with steel grains (like fowling shot)*
permits of traversing excessively hard measures at a speed of 100 to 140 revolutions per
minute. The boring tube, divided horizontally into two compartments for receiving—the upper
one the sediment, and the lower one the core—is attached to the hollow rods, the whole being
hung from a rope passing over a pulley on the surface. This method, which was applied with
success to boring for iron-ore in Normandy, has permitted of traversing, without too great
expense, beds of very hard sandstone, whereas other methods had only given mediocre results
in the same measures, with great expenditure of time and money. Instruments, mostly of
recent invention, record the deviation of bore-holes for freezing the ground in which a shaft is
to be sunk; and the problem of inclined boring, to prove highly upthrown seams, appears to be
on the point of solution. Bore-holes have now been put down to more than 4,921 feet (1,500
metres), a greater depth than that at which working can as yet be carried on.
Shaft-sinking.—Whereas, 20 years ago, sinking through watered measures was regarded as a
difficult and perilous undertaking, it is now quite an ordinary performance, thanks to the
enormous progress made in this branch of mining. At the same time however, freshly found
deposits, especially in the Belgian Campine and the continuation of the Saar coalfield, have
posed problems that are not yet completely solved. In the former coal occurs under a cover
from 1,640 to 2,625 feet thick, consisting of sandy and watered strata; while in the Saar it is
overlain by about 1,312 feet of variegated sandstone, much fissured and having enormous
feeders, sometimes of salt water. Expectations of success in sinking are founded on two
methods, with freezing and cement injection, while, in some cases of running underground
water, cementation has been resorted to for ensuring the success of freezing.

Cementation Method.—This method, due to M. Henri Portier, was first applied, in 1904, to
Béthune shaft No. 11 in the Pas-de-Calais, for stopping fissures in the chalk sides; and the
success obtained led to its being employed in sinking. Observations made between 1905 and
1909, and the introduction of several improvements, permitted the company, in 1910, to
cement the watered measures of its shaft No. 1ter under excellent conditions, the number of
injection-holes being reduced from six to four, the time occupied from 10 to 3 months and loss
of cement from 22 to 7.2 per cent., while the cost was only a third of what it would have been
with freezing. In fine, for watered and not sandy measures the cementation method appears to
be as trustworthy as the freezing method; but it also has the great advantage of
* See “Boring with Loose Grains of Hardened Steel,” Trans. Inst. M.E., 1913, vol. xlv., page 744.
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being more rapid and less costly, while permitting of retouches in the course of execution and
of forming a compact mass of watertight rock round the shaft. Of the thirteen shafts put down
in the Pas-de-Calais between 1908 and 1911 twelve were sunk with cementation against one
with freezing.
J. W. P.
Boiler Accidents in France during the Year 1911.—[Official.] Ann. Mines Paris, 1912, series 11,
vol. ii., pages 526-535.
Of the 26 accidents which took place during the year under review 6 had fatal results, the total
number of deaths being 10; 21 other persons sustained injury, partly in these, but mostly in
other accidents.
Neither of the two accidents that occurred at collieries had fatal results. On April 6th, at the
Aniche Mines, by reason of the deformation under pressure of steam (?) of the sheet-iron
semi-cylindrical shields (which did not fit properly together) of a water-gauge, a workman who
was turning on the steam-tap was rather seriously scalded. The cause is regarded as entirely
fortuitous. On December 8th, at the Escarpelle collieries (in the Nord coalfield) one of the
pendentive Field tubes in an engine-boiler split just when the man in charge had opened the
furnace-door to stir up the fire: he sustained grievous injury. The cause is attributed to
defective autogenous welding of the Field tube.
Of the other accidents, five took place on railways, one on board a river-steamer, and the
remainder in connexion with various industries, including metallurgy, agriculture, flour-mills,
chemical works, etc. Two accidents occurred with non-tubular boilers, 8 with “smoke-tube”
boilers, 4 with water-tube boilers, and one with the Field-tube boiler.
Faulty installation accounted for 6 accidents, faulty upkeep for 5, negligence or foolhardiness
for 10, and undetermined causes for 5.
L. L. B.
Bath-house at the Emscher Pit of the Colonge Colliery Company.— Min. & Engin.
World, 1912, vol. xxxviii., page 1181.
The building-of the colliery consists of a substantial brick structure with a light roof and large
skylights, and measures 130 feet in length by 77 feet in breadth. On the ground floor is a large

changing hall for about 1,200 men, with 54 shower-baths, a small portion of which, with nine
shower-baths, is set aside for the youths. There is also a change-room with five shower-baths
for day labourers, the object being to prevent the operation of the large changing hall for a
small number of men coming off at odd times.
The lamp-cabin and distributing room, ambulance-room containing a shower-bath, mechanical
engineer's office, shift-master's office, storeroom and storekeeper's office, check office and
lavatory conveniences, complete the ground floor. On the first floor, by which the men enter
from the pit-bank, are the change-rooms and baths for the officials, and the under-manager's
office; also baths for the under-manager and mines inspector, and the overmen's office.
The interior walls of the large change-hall are covered with glazed tiles to a height of about 6
feet. Corrugated-iron screens standing about 1 foot off the floor and about 7 feet in height
screen the baths from the change-room.
Shower-baths have been adjudged as being most suitable to the conditions. Cold water under
pressure is led into a boiler, to which there is also a supply of steam; and a careful mixture is
made, water at 35° Cent. (95°Fahr.) being
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distributed under pressure to the baths. The miner, leaving the pit by the covered way, enters
the building, gives up his lamp, receives and hands in his check, and proceeds direct to the
change-room. There he undresses, takes the shower-bath, dresses, and hauls his mine clothes
into place under the roof for drying. Each miner is supplied with a galvanized-iron chain passing
over a pulley in the roof, and having a hook at one end from which are suspended the clothes;
also from this chain there hangs a box containing his soap and towel, and there is a padlock to
secure the chain when in position, so that no tampering with another miner's clothes is
possible.
A. P. A. S.
Mining Industry of Russia in 1910.—By —. Bartels.
Zeitschr. f. Berg-, Hütt.- [Huett.-] u.
Salinenwes., Annual, 1913, vol. Ixi., pages 210-214.
The principal mining products in 1909 were as follows :—
1909.
1910.
Poods.
Poods.
Silver-bearing lead-zinc ore
6,561,817
7,232,725
Copper-ore
36,258,717
42,016,531
Iron-ore
316,457,651
350,643,189
Cast-iron
176,122,472
185,115,752
Ordinary iron and steel
152,546,709
178,198,437
Coal
1,632,218,785
1,521,984,358
Petroleum
568,002,720
587,669,380
Salt
148,437,340
126,254,728
N.B.—1 pood = 36.1 pounds.
A. R. L.

Mineral Industry in Turkey.—Anon. Bull. Soc. Ing. Civ. France, 1913, series 7, vol. i.,
page 296.
Although the great deficiency of railways prevents Turkey from turning to account her
considerable mineral wealth, except in the case of deposits near the sea-coast, the mineral
industry is by no means a negligible factor. Salt, which is a State monopoly, is almost entirely
consumed in the country, the excise duty having produced about £1,000,000 in 1910, and
exports, chiefly to India and Bulgaria, about £88,000. A French company has obtained a
Government concession to work phosphates in the valley of the Jordan, the annual production
being estimated at 100,000 tons. The American consul at Constantinople is of opinion that the
bitumen in the neighbourhood of the Dead Sea might be worked to great advantage; but at
present its working is not regular. A French syndicate which mines iron-ore in the Mersina
district produced about 25,000 tons in 1910, and also 400 tons of zinc-ore from the same
neighbourhood. Chrome iron-ore mines near Alexandretta have been much developed; but the
output is not known. Those of Mersina produced 1,800 tons in 1910, those of Smyrna 14,000
tons, and those of Thessalonica 380 tons. The State works a few mines, including that of copper
at Arghana; but is preparing to lease them to a company. The output of the Heraclea Colliery in
Asia Minor was 654,118 tons in 1909. It is worked by French concessionaires, whose lease will
expire in 1946. Official permits have been issued to work 215 mines; but only 69 are actually
worked, although the mining law of 1906 affords great facilities.
J. W. P.
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II.—LIST OF FATAL AND NON-FATAL EXPLOSIONS OF FIRE-DAMP OR COAL-DUST, AND
BAROMETER, THERMOMETER, etc., READINGS FOR THE YEAR 1912.
Compiled by PERCY STRZELECKI.
The barometer, thermometer, etc., readings have been supplied by the permission of the
authorities of Glasgow and Kew Observatories, and give some idea of the variations of
atmospheric temperature and pressure in the intervening districts in- which mining operations
are chiefly carried on in the United Kingdom.
The barometer at Kew is 34 feet and at Glasgow 180 feet above sea-level. The barometer
readings at Glasgow have been reduced to 32 feet above sea-level, by the addition of 0.150
inch to each reading, and the barometrical readings at both observatories are reduced to 32°
Fahr.
The statistics of fatal and non-fatal explosions have been obtained from H.M. Inspectors of
Mines.
The times recorded are Greenwich mean time, in which midnight equals 0 or 24 hours.
Table 1.—Summary of Explosions of Fire-damp or Coal-dust in the several Mines-Inspection
Districts during 1912.
[Table]
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Table II.—List of Fatal Explosions of Fire-damp or Coal-dust in Collieries in the several
Mines-inspection Districts during 1912
[Table]
Table III.—List of Non-fatal Explosions of Fire-damp or Coal-dust in Collieries in the several
Mines-inspection Districts during 1912.
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Table III - Continued.
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Table III - Continued.
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Table IV.—Barometer, Thermometer, etc., Readings, 1912.
January, 1912.
February, 1912
[Tables]
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March, 1912.
April, 1912
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May, 1912.
June, 1912.
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July, 1912.
August, 1912.
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September, 1912.
October, 1912.
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November, 192.
December, 1912.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND
MECHANICAL ENGINEERS.
ANNUAL REPORT OF THE COUNCIL, 1912-1913.
The Institute has sustained great loss through the death of Mr. Thomas Bell, an honorary
member since the year 1888, and of Mr. William Henry Ramsay, whose sudden death occurred
while experimenting with rescue-apparatus in an old drift at Benwell Colliery.
The following table shows the membership during recent years:—.
Year ending August 1st. 1906.
Honorary members
25
Members
931
Associate members
114
Associates
190
Students
56
Subscribers
33
Totals
1,349

1907.
21
903
108
194
47
34
1,307

1908.
21
942
105
209
48
33
1,358

1909.
22
935
103
210
54
34
1,358

1910.
26
926
106
214
54
35
1,361

1911.
27
921
107
209
43
35
1,342

1912.
24
893
101
204
43
33
1,298

1913.
23
874
100
205
38
33
1,273

The second successive decrease in the membership is to be regretted, and is again due to an
exceptional number of deaths and resignations. The additions to the register number 66, and
the losses by death, resignation, etc., 91.
The deaths (18) include the following : —Honorary member : Thomas Bell. Members: Arthur
Crozier Claudet, William Dick, Michael Dodd, William Bealey Harrison, George Colthurst Hewitt,
Frederick Alva Horswill, Robert Ormston Lamb, James Lisle, John Ernest Mammatt, Robert
Middleton, William Henry Ramsay, Henry William Taylor, Siddell Watson and Thomas Cuthbert
Whitfield. Associate member: Harold Fairbrother Strange. Associates: George Bewick and H.
F. Cowx.

The resignations (40) include the following:—Honorary member: John Boland Atkinson.
Members: John Frederick Allan, Robert Hay Anderson, George Marriott Barber, William
Bawden, Harold Percy Bell, William Bell, Thomas Douglas, George Fergie, Stanley Horace Ford,
Robert Harvey Goodwin, John Norton Griffiths, William Scorer Harris, Rienzi Walton
Macfarlane, Gustaaf Adolf Frederik Molengraaff, Thomas Aloysius O'Donahue, Arthur Herbert
Sheepshanks Page, Thomas Charlton Renwick, Henry Richardson, Timothy Robinson, Ernest
Arthur Smith, John Southern, Arthur Hovey Storrs, Neil Taylor, Errington Thompson, Percy
Graham Buchanan Westmacott, Luke Williams, Archibald Laurence Wilson and Robert Gott
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Wilson. Associate members: William Spence Haswell and Thomas Snowball Innes. Associates:
Charles Dawson, George Roberts Emery, Alexander French, William Henderson, Edward
Herron, Thomas Johnson, Francis McDonald and John Etherington Milburne. Student: John
Anthony Sydney Ritson.
Mr. Thomas Douglas, as the only surviving original Member of the Institute, and Mr. John
Boland Atkinson, late H. M. Inspector of Mines in Charge of the Newcastle District, have been
elected Life Honorary Members, and Mr. John Robert Robinson Wilson, an Honorary Member
during his term of office as an H. M. Inspector of Mines in Charge of an Inspection District.
The Library has been maintained in an efficient condition during the year; the additions, by
donation, exchange and purchase, include 532 bound volumes and 48 pamphlets, reports, etc.;
and the Library now contains about 14,131 volumes and 491 unbound pamphlets. A cardcatalogue 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.
Exchanges of Transactions have been arranged, during the year, with the Cleveland Engineering
Society, the Northern Engineering Institute of New South Wales, and the Tohoku Imperial
University, Sendai, Japan.
The gallery of portraits has been added to during the year, a portrait of the late Mr. John Job
Atkinson having been obtained.
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
Saturday afternoons, and the three years' course embraces the following subjects: —
1913-1914. Michaelmas Term, (1) The Steam-engine, and (2) Theoretical Electricity. Epiphany
Term, (3) Electrical Engineering, and (4) Haulage and Winding.
1914-1915. Michaelmas Term, (5) Transmission of Power, and (6) Pumping and Ventilation.
Epiphany Term, (7) Metallurgy of Iron and Steel, and (8) Mining Machinery (mainly machinery
used underground).
1915-1916. Michaelmas Term, (9) Machine Drawing, and (10) The Chemistry of Fuel. Epiphany
Term, (11) Strength of Materials (with experimental illustrations), and (12) Experimental
Mechanics.
Several colliery-owners have paid the fees (£1 10s. per annum) and railway expenses of pupils
attending the classes from their collieries. During the past year, the lectures of the Michaelmas

Term on Machine Drawing were attended by 28 students, and on Experimental Mechanics by
29 students, 26 of whom sat for examination and 24 passed; and during the Epiphany Term,
the lectures on the Chemistry of Fuel were
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attended by 26 students, and on the Strength of Materials by 28 students, 26 of whom sat for
examination and 24 passed. Certificates have been awarded to the following students, who
have completed the three years' course: Messrs. W. J. Leonard, E. S. Pearse and J. T. Riley. The
first and second prizes for the session 1912-1913 have been awarded to Messrs. J. Harrison and
W. J. Leonard respectively.
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. W. C. Blackett), represents the
Institute on the Council of the College.
Mr. Thomas Edgar Jobling continues to represent the Institute upon the Board of Directors of
the Institute and Coal-trade Chambers Company, Limited.
The President continues a Representative Governor upon the Court of Governors of the
University of Durham College of Medicine during his term of office.
Mr. Hugh Johnstone will represent the Institute at the Conference of Delegates of the
Corresponding Societies of the British Association for the Advancement of Science, to be held
in Birmingham, commencing on September 10th, 1913.
Mr. Thomas William Gibson will represent the Institute at the Twelfth International Geological
Congress to be held in Canada, commencing in Toronto upon August 7th, 1913.
The next International Congress of Mining, Metallurgy, Applied Mechanics and Practical
Geology will be held in England in the year 1915, and Prof. Henry Louis represents the Institute
upon the Executive Committee. A guarantee fund has been established and has received the
financial support of the Institute, and also of a number of .prominent gentlemen and
companies connected with the coal-trade of the North of England.
The representatives of the Institute upon the Council of The Institution of Mining Engineers
during the past year were as follows:—Messrs. R. S. Anderson, J. B. Atkinson, W. C. Blackett, W.
Cochran Carr, Benjamin Dodd, J. W. Fryar, T. Y. Greener, Reginald Guthrie, Samuel Hare, T. E.
Jobling, J. P. Kirkup, Philip Kirkup, C. C. Leach, Henry Louis, John H. Merivale, W. C. Mountain, A.
D. Nicholson, J. H. Nicholson, R. E. Ornsby, C. B. Palmer, Walter Rowley, F. R. Simpson, J. G.
Weeks, W. B. Wilson and E. Seymour Wood.
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. Messrs. Leo Dorey Ford and Henry
Norman John Liddell were in January, 1913, awarded Fellowships, but the latter gentleman
afterwards relinquished his award, he having since the date of his application obtained a
position. Suitable arrangements have been made for Mr. Ford for gaining knowledge and
experience abroad.
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
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and practical suggestions are made by the writer for the avoidance of accidents in mines."
A. G. C. Greenwell bronze medal has been awarded to Mr. W. Hutton Hepplewhite, H. M.
Inspector of Mines, for his paper upon “The Action and Control of Differently Constituted Coalroofs."
Prizes have been awarded to the writers of the following papers, communicated to the
members during the year 1912-1913: —
“The Jherria Coal-field (India) and its Future Development.” By Mr. George Harold Greenwell,
M.I.M.E.
“The Lighting Efficiency of Safety-lamps.” By Mr. Thomas Arthur Saint, Stud. I.M.E.
“The Ignition of Coal.gas and Methane by Momentary Electric Arcs." By Prof. William Mundell
Thornton, Hon. M.I.M.E.
The papers printed in the Transactions during the year are as follows: —
“A Photographic Method of Rapidly Copying.out Pay-notes, in Use at Throckley Collieries.” By
Mr. George William Bell, Assoc. I.M.E., and Mr. Thomas Ventress Simpson, M.I.M.E.
'"Memoir of Thomas Walter Benson.” By Mr. Walter John Benson, Assoc. M.I.M.E.
"Memoir of Cuthbert Berkley.” By Mr. Richard William Berkley, M.I.M.E.
“An Address to Practical Men, being some Further Notes on ' The Combustion of Oxygen and
Coal-dust in Mines.' “ By Mr. William Cuthbert Blackett, M.I.M.E.
"Electrically-driven Winding.engines in South Africa.” By Mr. A. W. Brown.
“The Jherria Coal-field (India) and its Future Development.” By Mr. George Harold Greenwell,
M.I.M.E.
“The Hailwood Gas-cap Observation Machine.” By Mr. Ernest Arthur Hailwood, M.I.M.E.
"The Lighting Efficiency of Safety-lamps.” By Mr. Thomas Arthur Saint, Stud. I.M.E.
"The Ignition of Coal-gas and Methane by Momentary Electric Arcs.” By Prof. William Mundell
Thornton, Hon. M.I.M.E.
"Miners' Electric Safety-lamps."
“The Ochwadt Self-Registering Water.gauge."
"F. Robson and Company's Improved Air-gauge."
“The Davis-Biram Anemometer."
No Excursion Meeting has been held during the past year, but arrangements have been made
to visit the Nenthead Lead-mines and Works of the Vieille Montagne Zinc Company upon
August 8th, 1913.
During the past year the Report of the Committee appointed to Report upon the Carboniferous
Limestone Formation of the North of England, with Special Reference to its Coal Resources has
been completed and published, and it is hoped that the members will purchase copies, and by
so doing return to the Institute a portion
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of the great cost which has been incurred in preparing and publishing this valuable addition to
its publications.
The following gentlemen have, during the year, presented one or more lamps towards the
collection which the Council are forming to replace that destroyed by fire at the Brussels
Exhibition : — Messrs. The “Ceag” Electric Safety-lamp Company, William E. Gray, Oldham and
Son, and The Tudor Accumulator Company, Limited.
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 Newcastle-upon-Tyne
Economic Society ; the Northumberland and Durham Provincial Committee of the Surveyors'
Institution; the Foremen's Mutual Benefit Society; the North of England Gas Managers'
Association; the St. John Ambulance Brigade; the Newcastle Organisation Committee for the
International Polity Lectures; the Institute of Bankers; the Newcastle-upon-Tyne and Gateshead
Gas Company ; the North of England Branch of the National Association of Colliery Managers;
the Central Council of Church Bell-ringers ; and the Northern Under-managers and Colliery
Officials Mutual Aid Association.
The Council, in reporting 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 twenty-fifth year, and the
members are to be congratulated upon its continued success. Meetings were held in
Birmingham in September, 1912, and in London in June, 1913. Endeavours are being made to
raise a Capital Fund in order to place the Institution upon a sound financial footing and to
enable it to maintain a proper station amongst the other leading Institutions. A proposal that
the amount of £15,000 should be raised by the several Federated Institutes in proportion to
their membership has been agreed to by this Institute, which is therefore committed to enlist
subscriptions to the amount of £6,220. A number of donations have already been received
from prominent gentlemen and companies connected with the coal-trade of the North of
England, and it is hoped that when the appeal for subscriptions is finally issued to the members
it will be favourably received and meet with a ready response.
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ANNUAL REPORT OF THE FINANCE COMMITTEE,
1912-1913.
The Finance Committee submit herewith a statement of accounts for the twelve months
ending June 30th, 1913, duly audited.
The total receipts were £2,934, 1s. 3d. Of this amount, £27 was paid for life-compositions in
lieu of annual subscriptions, and £29 16s. as subscriptions in advance, leaving £2,877 5s. 3d. as
the ordinary income of the year, compared with £2,820 6s. 5d. in the previous year. The
amount received for ordinary current-year subscriptions was £2,133 2s., and arrears £338 18s.,
as against £2,144 8s. and £264 14s. respectively in the year 1911-1912. Transactions sold

realised £43 7s. 3d., as compared with £17 3s. 7d. in the earlier period; and the sum received
for interest on investments was £396 15s.
The expenditure was £2,706 8s. 6d., that for the previous year having been £2,537 9s. Increases
are shown in salaries and wages and in printing and stationery, the latter being due to the
publication of the Report of the Committee appointed to Report upon the Carboniferous
Limestone Formation of the North of England, with Special Reference to its Coal Resources.
The balance of income over expenditure was £227 12s. 9d., and adding to this the amount of
£374 2s. 11d., brought forward from the previous year, leaves a credit balance of £601 15s. 8d.
The names of 33 persons have been struck off the membership list in consequence of nonpayment of subscriptions. The amount of subscriptions written off was £151 16s., of which £83
9s. was for sums due for the year 1912-1913, and £68 7s. for arrears. It is probable that a
considerable proportion of these amounts will be recovered and credited in future years. Of
the amount previously written off £124 10s. was recovered during the past year.
John Simpson, Vice-President.
August 2nd, 1913.
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LIST OF COMMITTEES APPOINTED BY THE COUNCIL,
1913-1914.

Mr. R. Donald Bain.

Finance Committee.
Mr. T. Y. Greener.
Mr. M. W. Parrington

Mr. W. Cochran Carr.
Mr. Thomas Douglas.
Mr. T. E. Forster.

Mr. T. E. Jobling.
Mr. C. C. Leach.
Mr. George May.
Mr. C. B. Palmer.

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

Arrears Committee.
Mr. T. Y. Greener.
Mr. M. W. Parrington
Mr. T. E. Jobling.
Mr. John Simpson.
Mr. C. C. Leach.
Mr. J. B. Simpson.
Mr. George May.
Mr. J. G. Weeks.
Mr. C. B. Palmer.

Mr. R. Donald Bain.
Mr. W. Cochran Carr.
Mr. Thomas Douglas.
Mr. T. E. Forster.

Library Committee.
Mr. Mark Ford.
Mr. George May.
Mr. T. E. Forster.
Mr. F. R. Simpson.
Mr. A. M. Hedley.
Mr. John Simpson.
Mr. A. C. Kayll.
Mr. J. G. Weeks.
Prof. Henry Louis.

Mr. R. S. Anderson.
Mr. J. B. Atkinson.
Mr. R. W. Berkley.
Mr. Frank Coulson.
Mr. Benjamin Dodd.

Prizes Committee.
Mr. Samuel Hare.
Mr. John Simpson.
Mr. C. C. Leach.
Mr. J. G. Weeks.
Prof. Henry Louis.
Mr. E. Seymour Wood.
Mr. A. D. Nicholson.

Mr. J. B. Atkinson.
Mr. J. H. B. Forster.
Mr. T. E. Forster.

Mr. J. B Atkinson.
Prof. P. Phillips Bedson.
Mr. H. F. Bulman.

Selection and Editing of Papers Committee.
Mr. T. E. Forster.
Prof. Henry Louis.
Mr Philip Kirkup.
Mr. W. C. Mountain.
Prof. G. A. L. Lebour.
Mr. J. G. Weeks.

N.B. —The President is ex-officio on all Committees.
REPRESENTATIVES ON THE COUNCIL OF THE
INSTITUTION OF MINING ENGINEERS,
1913-1914.
Mr. R. S. Anderson.
Mr. A. M. Hedley.
Mr. R. E. Ornsby.
Mr. W. C. Blackett.
Mr. T. E. Jobling.
Mr. C. B. Palmer.
Mr. W. Cochran Carr.
Mr. J. P. Kirkup.
Mr. Walter Rowley.
Mr. Benjamin Dodd.
Mr. Philip Kirkup.
Mr. F. R. Simpson.
Mr. J. W. Fryar.
Mr. C. C. Leach.
Mr. John Simpson.
Mr. T. Y. Greener.
Prof. Henry Louis.
Mr. J. G. Weeks.
Mr. Reginald Guthrie.
Mr. John H. Merivale. Mr. W. B. Wilson.
Mr. Samuel Hare.
Mr. W. C. Mountain.
Mr. E. Seymour Wood.
Mr. J. H. Nicholson.
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OFFICERS, 1913-1914.
PAST-PRESIDENTS (ex-officio).
Sir LINDSAY WOOD, Bart., The Hermitage, Chester-le-Street.
Mr. JOHN BELL SIMPSON, Bradley Hall, Wylam, Northumberland.
Mr. ADDISON LANGHORNE STEAVENSON, Leconfield, Darlington.
Mr. THOMAS DOUGLAS, The Garth, Darlington.
Mr. GEORGE MAY, Clervaux Castle, Croft, Darlington.
Mr. WILLIAM ARMSTRONG, Elmfield Lodge, Gosforth, Newcastle-upon-Tyne.
Mr. JOHN GEORGE WEEKS, Bedlington, Northumberland.
Mr. .WILLIAM OUTTERSON WOOD, South Hetton, Sunderland.
Mr. JOHN HERMAN MERIVALE, Togston Hall, Acklington, Northumberland.
Mr. THOMAS EMERSON FORSTER, 3, Eldon Square, Newcastle-upon-Tyne.
Mr. MATTHEW WILLIAM PARRINGTON, Wearmouth Colliery, Sunderland.
PRESIDENT
Mr. WILLIAM CUTHBERT BLACKETT, Acorn Close, Sacriston, Durham.
VICE-PRESIDENTS.
Mr. JOHN BOLAND ATKINSON, 16, Belle Grove Terrace, Newcastle.upon.Tyne.
Mr. FRANK COULSON, Shamrock House, Durham.
Mr. THOMAS YOUNG GREENER. West Lodge, Crook, County Durham.
Mr. SAMUEL HARE, Howlish Hall, Bishop Auckland.
Mr. THOMAS EDGAR JOBLING, Bebside, Northumberland.
Mr. JOHN SIMPSON, Follonsby, Hawthorn Gardens, Monkseaton,
Northumberland.

Whitley

Bay,

RETIRING VICE-PRESIDENTS (ex-officio).
Mr. RICHARD DONALD BAIN, Aykleyheads, Durham.
Mr. CHARLES CATTERALL LEACH, Seghill Hall, Northumberland.
Mr. FRANK ROBERT SIMPSON, Hedgefield House, Blaydon-upon-Tyne, County Durham.
COUNCILLORS.
Mr. ROBERT SIMPSON ANDERSON, Highfield, Wallsend, Northumberland.
Mr. HENRY ARMSTRONG, Collingwood Buildings, Collingwood Street, Newcastle- upon-Tyne.
Mr. RICHARD WILLIAM BERKLEY, Marley Hill, Swalwell, County Durham.
Mr. CHARLES SPEARMAN CARNES, Marsden Hall, South Shields.
Mr. WILLIAM COCHRAN CARR, Benwell Colliery, Newcastle.upon.Tyne.
Mr. BENJAMIN DODD, Percy House, Neville's Cross, Durham.
Mr. MARK FORD, Washington Colliery, Washington Station, County Durham.
Mr. JOHN HENRY BACON FORSTER, Whitworth House, Spennymoor.
Mr. ARTHUR MORTON HEDLEY, Eston House, Eston, Yorkshire.
Mr. ALFRED CHARLES KAYLL, Gosforth, Newcastle.upon.Tyne.
Mr. HENRY LOUIS, 4, Osborne Terrace, Newcastle.upon.Tyne.

Mr. JOHN MORISON, 14, Saville Row, Newcastle.upon.Tyne.
Mr. WILLIAM CHARLES MOUNTAIN, 8, Sydenham Terrace, Newcastle-upon-Tyne.
Mr. ARTHUR DARLING NICHOLSON, H.M. Inspector of Mines, Caerleon, Elmsley Road,
Mossley Hill, Liverpool.
Mr. CLAUDE BOWES PALMER, Wardley Hall, Pelaw, Newcastle-upon-Tyne.
Mr. SIMON TATE, Trimdon Grange Colliery, County Durham.
Mr. RICHARD LLEWELLYN WEEKS, Willington, County Durham.
Mr. ERNEST SEYMOUR WOOD, Cornwall House, Murton, 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,
AUGUST 2, 1913.
______
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* WILLIAM NICHOLAS ATKINSON, I.S.O., H.M. Inspector
of Mines, 123, Cathedral Road, Cardiff
2 RICHARD DONALD BAIN, Aykleyheads, Durham
3* Prof. PETER PHILLIPS BEDSON, Armstrong College,
Newcastle-upon-Tyne
4 THOMAS DOUGLAS, The Garth, Darlington (Past
President, Member of Council)
5 Prof. WILLIAM GARNETT, London County Council
Education Office, Victoria Embankment, London, W.C.
6* JOHN GERRARD, H.M. Inspector of Mines,
Worsley, Manchester
7* Dr. WILLIAM HENRY HADOW, Armstrong College,Newcastleupon-Tyne
8 Sir HENRY HALL, I.S.O., Brookside, Chester
9* HUGH JOHNSTONE, H.M. Inspector of Mines, 3,
Priory Road, Edgbaston, Birmingham
10* Prof. GEORGE ALEXANDER LOUIS LEBOUR, Armstrong
College, Newcastle-upon-Tyne. Transactions, etc., sent
to Radcliffe House, Corbridge, Northumberland
11* JOHN DYER LEWIS, H.M. Inspector of Mines,
2, St. Helens Crescent, Swansea
12* Prof. HENRY LOUIS, Armstrong College, Newcastleupon-Tyne. Transactions sent to The Librarian,
Armstrong College, Newcastle-upon Tyne
13 *ROBERT McLAREN, H.M. Inspector of Mines,
Drumclair, Airdrie
14* THOMAS HARRY MOTTRAM, H.M. Inspector of Mines,
1, Marmion Road, Sefton Park, Liverpool
15 DANIEL MURGUE, 1, rue St. Honoré,
St. Etienne, Loire, France
16* ROBERT NELSON, H.M. Electrical Inspector of Mines,
Mines Department, Home Office, Whitehall, London, S.W.
17* ARTHUR DARLING NICHOLSON, H.M. Inspector of
Mines, Caerleon, Elmsley Road, Mossley Hill, Liverpool
18* RICHARD AUGUSTINE STUDDERT REDMAYNE, H.M.
Chief Inspector of Mines, Mines Department, Home Office,
Whitehall, London. S.W

Aug. 4, 1888
June 10, 1911
Feb. 10, 1883
Dec. 14, 1912
Nov. 24, 1894
June 11, 1892
Feb. 12, 1910
June 10, 1911
Oct. 13, 1906

Nov. 1, 1879
Dec. 11, 1909

Dec. 12, 1896
Dec. 13, 1902
June 10, 1911
June 20, 1908
Dec. 11, 1909
June 10, 1911

Dec. 11, 1909
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Date of Election.
19*Prof. HENRY STROUD, Armstrong College, Newcastleupon-Tyne
20*JETHRO JUSTIMAN HARRIS TEALL, Director of the

Nov. 5, 1892

Geological Survey of the United Kingdom, 28, Jermyn
Street, London, S.W
21*Prof. WILLIAM MUNDELL THORNTON, Armstrong College,
Newcastle-upon-Tyne
22*WILLIAM WALKER, H.M. Inspector of Mines, Tyne Lodge,
Grange Loan, Edinburgh
23*Prof. ROBERT LUNAN WEIGHTON, 2, Park Vlllas, Gosforth,
Newcastle-upon-Tyne

Aug. 3, 1901
Feb. 12, 1910
Oct. 14, 1905
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, 18,
Priory Road, Sharrow, Sheffield
2 Abel, Walter Robert, Scottish Provident Buildings,
Mosley Street, Newcastle-upon-Tyne
3 Acutt, Sidney, The Barrett Gold.mining Company,
Limited, Kaapoche Hoop, Transvaal
4 Adair, Hubert, Gillfoot, Egremont, Cumberland
5 Adams, George Francis, Inspector of Mines in India,
Dhanbaid, E.I. Railway, Manbhum District, Bengal, India
6 Adams, Henry Hopper, c/o H. Gilfillan, Jun., 108 and 109,
Victoria Arcade, Auckland, New Zealand
7 Adams, Phillip Francis Burnet, Surveyor.General for the
Orange Free State, Government Office, Bloemfontein,
Orange Free State, South Africa
8 Adamson, Thomas, Jherriah P.O., District Manbhoom,
Bengal, India
9 Ainsworth, Herbert, P.O. Box 1553, Johannesburg,
Transvaal
10 Ainsworth, John W., Bridgewater Offices, Walkden,
Manchester
11 Aldridge, Walter Hull, c/o William B. Thompson, 14,
Wall Street, New York City, U.S.A
12 Allan, Philip
13 Allison, J. J. C, Woodland Collieries, Butterknowle,
County Durham
14 Anderson, Robert Simpson, Highfield, Wallsend, Northumberland (Member of Council)
15 Anderson, William Thomas, P.O. Box 57, East Rand,
Transvaal
16 Andrews, Arthur, 10, Ashwood Terrace, Sunderland
17 Andrews, Edward William, 4, Ashwood Terrace, Sunder-

Feb. 13, 1904
Dec. 8, 1906
Dec. 10, 1904
April 8, 1905
Aug. 5, 1905
April 10, 1897

Oct. 12, 1901
Feb. 10, 1894
Feb. 14, 1903
Dec. 14, 1895

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

Feb. 8, 1908
June 10, 1905
Feb. 13, 1886
June 8,1889
June 9, 1883
Aug. 4,1888
Aug. 3, 1889
Oct. 12, 1912
Aug. 2, 1902

land
18*Angwin, Benjamin, 3, Penlu Terrace, Tuckingmill,
Camborne
19 Annett, Hugh Clarkson, Hartford Colliery, Cramlington
Northumberland
20 Appleby, William Remsen, Minnesota School of Mines, The
University of Minnesota, Minneapolis, Minnesota, U.S. A.
21 Archer, Thomas, Mardale Parade, Gateshead-upon-Tyne
22 Archer, William, Victoria Garesfield, Lintz Green, County
Durham
23 Armstrong, George Herbert Archibald, Castle View,
Chester-le-Street
24 Armstrong, Henry, Collingwood Buildings, Collingwood
Street, Newcastle-upon-Tyne (Member of Council)

Aug. 4, 1906

S.
A.
M.

Nov. 24, 1894
Feb. 15, 1906
June 20, 1908
Feb. 8, 1913

A.
M.

April 14, 1894
July 2, 1872
Aug. 6, 1892
Aug. 3, 1895

A.M.
M.

April 8, 1905
April 14, 1883
June 8,1889
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25 Armstrong, William, Elmfield Lodge, Gosforth, NewCastle-upon-Tyne (Past-President, Member of Council)
26 Arnold, Thomas, Castle Buildings, Llanelly
27 Ashmore, George Percy, 109, Lansdowne Place, Hove,
Brighton
28 Askevold, Harald, Dixon House, Lloyds Avenue, London,
E.C
29 Atkinson, John Boland, 16, Belle Grove Terrace, NewCastle-upon-Tyne (Vice-President, Member of Council)
30 Attwood, Alfred Lionel, Remolinos, por Pedrola,
Provincia de Zaragoza, Spain
31 Aubrey, Richard Charles, Desborough, near Kettering
32 Bagnoli, Ugo, Orbetello, Italy
33 Bailes, Thomas, Jesmond Gardens, Newcastle-upon-Tyne
34 Bain, Richard Donald, Aykleyheads, Durham (Retiring
Vice-President, Member of Council)
35 Bainbridge, Emerson Muschamp, 2, Woodbine Avenue,
Gosforth, Newcastle-upon-Tyne
36 Barnard, Robert, The Manse, Armadale, West Lothian
37 Barnes, James, Vale of Clwydd Colliery and Brickworks,
Lithgow, New South Wales, Australia
38 Barrass, Matthew, Wheatley Hill Colliery Office, Thornley
County Durham

S.
M.

Date of Election
and of Transfer.
April 7, 1867
Aug 6, 1870
April 13, 1907
Feb. 13, 1897
Oct. 14, 1911
Oct. 11, 1902
Aug. 5, 1905
Feb. 5, 1870

S.
M.

Feb. 8, 1908
Oct. 7, 1858
March 1, 1873
Aug. 5, 1876
Feb. 8, 1902
Dec. 11, 1897

S.
A.
M.

Oct.
Feb.
Aug.
Dec.

9, 1909
9, 1884
1, 1891
8, 1900

39 Barrett, Charles Rollo, Whitehill Hall, Pelton Fell,
County Durham
40 Barrett, Rollo Samuel, Brookside, Seaton Burn, Dudley,
Northumberland
41 Barrow, William, Seaton Burn Colliery, Dudley,
Northumberland
42 Barrs, Edward, Cathedral Buildings, Newcastle-uponTyne
43*Bartholomew, Charles William, Blakesley Hall, near
Towcester
44 Bartlett, George Pilcher, Theatre Lane, Durban,
Natal, South Africa
45 Batchelor, Owen Salusbury, P.O. Box 221, Kamloops,
British Columbia
46 Bates, Sidney, The Grange, Prudhoe, Ovingham, Northumberland
47 Bates, Thomas Lionel, Alfred Street, Waratah, New South
Wales, Australia
48 Bateson, Walter Remington, Gildersome, 12, Aylesbury
Road, Boscombe, near Bournemouth
49 Batey, John Wright, Elmfleld, Wylam, Northumberland
50 Bawden, Ernest Robson, The Cordoba Copper Company,
Limited, Estacion de Cerro Muriano, Provincia de
Cordoba, Spain
51 Bayliss, Ernest John, c/o The M. F. H. Syndicate, Limited,
Conquista, Province of Cordoba, Spain
52 Beard, James Thom, c/o Coal Age, 505, Pearl Street, New
York City, U.S.A
53 Bekenn, Alexander Richard, Fairleigh Colliery, Limited,
P.O. Box 30, Newcastle, Natal, South Africa
54 Bell, Joseph Fenwick, Bunker Hill, Fence Houses
55 Bell, Reginald, Shildon Lodge Colliery, Darlington
56 Bell, Walter, c/o Pvyman, Bell and Company, Hull
57 Bell, William Ralph, Wearmouth Colliery, Sunderland

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

Nov. 7, 1874
Aug. 7, 1880
Dec. 11, 1886
Dec. 9, 1905
Aug. 1, 1908
June 14, 1913
Feb. 8, 1902
Aug. 7, 1909
Dec. 4, 1875
Dec. 11, 1909

A.
M.

June 14, 1913
Feb. 8, 1890
June 8, 1895
Feb. 12, 1898
Feb. 11, 1905
Feb. 9, 1901

April 8, 1911
April 13, 1901
Feb. 14, 1903

S.
M.
A.
M.

Feb. 9, 1907
April 12, 1902
Dec. 13, 1902
Oct. 8, 1889
Feb. 10, 1894
Oct. 13, 1894
Dec. 12, 1903
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Date of Election ,
and of Transfer.
58 Bennett, Arthur Edgar, Botallack, Limited, St. Just,
Cornwall

Dec. 14, 1912

59 Bennett. Alfred Henry, Bedminster, Easton, Kingswood
and Parkfield Collieries, Limited, Easton Colliery, Bristol
60 Benson, Robert Seymour, Teesdale Iron Works, StocktonUpon-Tees
61 Berkley, Richard William, Marley Hill, Swalwell,
County Durham {Member of Council)
62 Best, Earle, 12, Station Road, Hetton-le-Hole, County
Durham
63 Bigg-Wither, Harris, The Mount, Gathurst, Wigan
64 Bigge, Denys Leighton Selby, Mercantile Chambers,
53, Bothwell Street, Glasgow
65 Bigland, Hubert Hallam, c/o J. H Holmes and Company,
19, Waterloo Street, Glasgow
66 Bigland, John, Henknowle, Bishop Auckland
67 Binnie, William, E. Ipswich, Queensland, Australia
68 Bird, Edward Erskine, c/o George Elliot and Company,
Limited, 16, Great George Street, Westminster, London,
S.W
69*Birkinshaw, Frederick Edson, Marbella, Province of
Malaga, Spain
70 Blackett, William Cuthbert, Acorn Close, Sacriston,
Durham (President, Member of Council)
71 Blaiklock, Thomas Henderson, The Flatts, near Bishop
Auckland
72 Blair, Robert Richmond, 5, Hamilton Terrace, White.
haven
M.Feb. 11,1911
73 Blandford, Thomas, Craithie Road, Doncaster

74 Blatchford, William Hooper, Greytown, Natal, South
Africa
75 Blenner-Hassett, Gerald, P.O. Box 914, Durban, Natal,
South Africa
76 Bonniwell, Percival Ormond, 222-225, Strand, London,
W.C.
77 Booth, Frederic Lancelot, Ashington Colliery, Morpeth

A.M.
M.

April 10, 1886
June 8, 1889

S.
A.M.
M.

April 8, 1911
Feb. 14, 1874
Aug. 7, 1880
June 8, 1889
April 13, 1912
Jan. 19, 1895
June 10, 1903
Dec. 14, 1901
June 3,1857
April 9, 1910

A.M.
M.

Aug. 5, 1905
Dec. 14, 1907

S.
A.M.
M.

Dec
Nov.
Aug.
June

A.

April 13, 1901
Aug. 2, 1902

S.
A.
M.

Dec. 12, 1903
Aug. 3, 1907
June 12, 1909

10, 1910
4, 1876
1, 1885
8, 1889

Feb. 10, 1912
Oct. 14, 1911

S.
A.
M.

Dec. 12, 1903
Feb. 10, 1894
Aug. 4, 1900
April 8, 1911

78 Borlase, William Henry, Greenside Lodge, Glenridding,
Penrith
79 Bowen, David, 68, Prudential Buildings, Park Row, Leeds
80 Bowman, Francis, Ouston Colliery Office, Chester-le- A.
Street
M.

Aug. 4, 1894
April 3, 1909
June 8, 1895
Feb. 13, 1904

81*Bracken, Thomas Wilson, 40, Grey Street,
Newcastle-upon-Tyne
82 Braidford, William, Jun., South Garesfield Colliery,
Lintz Green, County Durham
83 Bramwell, Hugh, Great Western Colliery, near Pontypridd

84 Breakell, John Edwin, c/o J. Rossner and Company,
Tegucigapla, Republic of Honduras, Central America
85*Brinell, Johan August, Jernkontoret, Stockholm, Sweden
86 Brodigan, Charles Bernard, P.O. Box 3, Brakpan,
Transvaal
87 Bromly, Alfred Hammond, c/o Alfred James, 18, Eldon
Street, London, E.C
88 Broome, George Herbert, Wonthaggi, Victoria, Australia
89 Brough, Thomas, 1, Thornhill Gardens, Sunderland

Oct. 14, 1899

S.
A.M.
M.

June 14, 1902
Oct. 4, 1879
Aug. 6, 1887
Aug. 3, 1889
April 25, 1896
June 9, 1900
Oct. 13, 1906

S.
A.M.
M.

Nov. 24, 1894
Oct. 9, 1897
Feb. 1,1873
Aug. 2, 1879
June 8, 1889
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Date of Election
and of Transfer.
90 Brown, Douglas Philip, The Old House, Sowerby,
Thirsk
91 Brown, Edward Otto Forster, 706-707, Salisbury House,
Finsbury Circus, London, E.C.

92 Brown, John, East Indian Railway Collieries, Giridih, E.I.
Railway, Bengal, India
93 Brown, John Connell, Westport Coal Company, Limited,
Denniston, New Zealand
94 Brown, Myles, 4, Beaconsfield Crescent. Low Fell, GatesHead-upon-Tyne
95 Brown, Robert, 3, Rothbury Terrace, Heaton, Newcastle.
upon.Tyne
96 Brown, Robert Oughton, Newbiggin Colliery, NewbigginBy-the-Sea, Northumberland
97 Brown, Ralph Richardson, Pekin Syndicate, Limited,
Honan, North China
98 Brown, W. Forster, Cefn Coed, Malpas, Newport, Monmouthshire

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

June 11, 1898
Dec. 14, 1901
Aug. 3, 1907
Oct. 12 1907
Dec. 14, 1912
June 8, 1907
Aug. 7, 1909
Feb. 11, 1911
Feb. 8, 1908
June 14, 1913

S.
A.

S.
M.

Feb. 11, 1911
Oct. 8, 1892
Aug. 3, 1895
M. Oct. 12, 1901
Aug. 3, 1907
Aug. 6, 1887
Aug.. 5, 1893

99 Browne, Robert John, Bhowra Colliery, P.O., Jamadaba,
Manbhoom, India
100 Browning, Walter James, c/o Rio Tinto Company,
Limited, Provincia de Huelva, Spain
101 Bruce, John, Port Mulgrave, Hinderwell, Yorkshire

102 Bryham, William, Bank House, Wigan
103 Buckle, Christopher Ernest, Elmwood, Denville, Havant
104 Bull, Henry Matthews, Gopalichak Coal Company,
Limited, Bansjora, Bengal, India
105 Bulman, Edward Hemsley, The North Randfontein Goldmining Company, Randfontein, Transvaal
106 Bulman, Harrison Francis, Priestfield, Burnopfield,
County Durham
107 Bunning, Charles Ziethen, c/o The British Vice-Consul,
Panderma, near Constantinople, Turkey
108 Burford, James Wilfred, c/o Sir Boverton Redwood,
Bart., 4, Bishopsgate, London, E.C
109*Burls, Herbert Thomas, 15, Victoria Street, Westminster,
London, S.W.
110*Burn, Frank Hawthorn, 9, Sandhill, Newcastle-upon-Tyne
Transactions sent to Pattishall House, Towcester
111 Burne, Cecil Alfred, Earlham, Bishopswood Road, Highgate, London, N
112 Burnett, Cuthbert, Grange Iron Works, Durham
113*Burns, David, Vallum View, Belle Vue, Carlisle
114 Burton, George Augustus, Highfield, Nunthorpe, Yorkshire
115 Butters, Charles, 121, Fifty-ninth Street, Oakland,
California, U.S.A
116 Carey, Joseph Macleod, H M. Inspector of Mines, Malpas,
Newport, Monmouthshire
117 Carnegie, Alfred Quintin, 31, Manor House Road,
Newcastle-upon-Tyne
118 Carnes, Charles Spearman, Marsden Hall, South Shields
{Member of Council)
119 Carroll, Miles T., Antsirabe, Madagascar
120 Casebourne, Samuel Ward Jackson, Cleveland Terrace,
Darlington
[A xxiii]

Feb. 10, 1906

S.
A.M.
M.

Oct.
Feb.
Aug.
June
Dec.
Feb.

12, 1907
14, 1874
7, 1880
8, 1889
8, 1900
10, 1900

April 9, 1904

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

Feb. 13, 1892
May 2, 1874
Aug. 6, 1881
June 8, 1889
Dec. 6, 1873
Aug. 5, 1882
Oct. 8, 1887
Aug. 3, 1912

S.
A.
M.
S.
M.

Feb. 9, 1889
Feb. 9, 1889
Aug. 4, 1894
Aug. 3, 1895
Aug. 4, 1894
Aug. 3, 1901
Jun. 8, 1895
May 5,1877
Dec. 9, 1905
Feb. 10, 1894
April 4, 1903
Oct. 11, 1902
Aug. 1, 1891
Feb. 10, 1906
Dec. 10, 1904

121 Casson, William Walter, St. Bees, Cumberland
122 Chambers, Arthur Leo, 52, Bettelheim Buildings,
Johannesburg, Transvaal
123 Chambers, David Macdonald, 47, Inverness Terrace,
Bayswater, London, W
124 Chambers, R. E., Nova Scotia Steel and Coal Company,
Limited, New Glasgow, Nova Scotia
125 Channing, J. Parke, 42, Broadway, New York City,
U.S.A .
126*Chappel, Walter Richard Haighton, Ipoh, Perak,
Federated Malay States
127 Charleton, Arthur George, 5, Avonmore Road, Kensington, London, W
128 Charlton, William, Guisborough
129 Charlton, William John, Jun., H.M. Inspector of Mines,
32, Western Hill, Durham
130 Chater, Cecil William, Naraguta Extended (Nigeria) Tin
Mines, Limited, Naraguta, Bauchi Province, Northern
Nigeria
131 Cheesman, Edward Taylor, Clara Vale Colliery, Ryton,
County Durham
132 Cheesman, Herbert, Hartlepool
133 Cheesman, Isaac Taylor, Throckley Colliery, Newburn,
Northumberland
134 Cheesman, Nicholas, 228, Hayden Road, Nottingham
135 Chicken, Bourn Russell, 212, Osborne Road, Jesmond,
Newcastle-upon-Tyne
136 Childe, Henry Slade, 59, Westgate, Wakefield
137 Church, Robert William, Government of India Railway
Board, Secretariat Buildings, Calcutta, India

Date of Election
and of Transfer.
Aug. 5, 1905

A.M.
M.

Feb. 8, 1902
Oct. 8, 1904
June 12, 1909
June 9, 1900
April 25, 1896
Feb. 14, 1903

A.
M.

A.
M.

Aug. 6, 1892
Feb. 12, 1898
April 12, 1902
Aug. 7, 1909

April 13, 1912
Aug. 2, 1890
Aug. 6, 1892
Aug. 6, 1892
Feb. 1, 1873
Dec. 8, 1900

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

138 Claghorn, Clarence R., Northwestern Improvement
Company, Headquarters Building, Tacoma, Washington, U.S.A.
139 Clark, Henry, 84, Moss Street, Victoria, Vancouver,
British Columbia
140 Clark, Robert, Bracken Road, Darlington
141 Clark, Robert Blenkinsop, Springwell Colliery, GatesS.
Head-upon-Tyne
M.
142 Clark, William Henry
143 Clifford, Edward Herbert, Rand Club, Johannesburg,
S.
Transvaal
A.
M.

Dec.
Feb.
Aug.
Dec.
Aug.
Oct.

12, 1903
12, 1887
3. 1889
9, 1905
3, 1907
12, 1907

Aug. 5, 1899
April 8, 1899
Feb. 15, 1896
May 3, 1873
Aug. 4, 1877
April 28, 1900
Oct. 13, 1894
Aug. 6, 1898
April 8, 1911

144 Clifford, William, Jeannette, Pennsylvania, U.S.A.
145 Climas, Arthur Bertram, Botallack, St. Just, Cornwall
146 Clothier, Henry William, 3, Park Villas, The Green,
Wallsend, Northumberland
147 Clough, Edward Stokoe, Bomarsund House, Bomarsund, A.
Bedlington, Northumberland
M.
148 Clough, James, Bomarsund House, Bomarsund, Bedlington, S.
Northumberland
A.M.
M.
149 Cochrane, Brodie, Hurworth Old Hall, near Darlington
150 Cock, Ben, Woodbine, Beacon Hill, Camborne
151 Colley, John, 3, Bennetthorpe, Doncaster
152*Collins, Hugh Brown, Auchinbothie Estate Office,
Kilmacolm, Renfrewshire
153 Collins, Victor Buyers, Lewis Street, Islington, via
Newcastle, New South Wales, Australia
154 Colquhoun, Thomas Grant, 28, Sylvan Road, Exeter
155 Commans, Robert Edden, 9, Queen Street Place.
London, E.C.
156 Comstock, Charles Worthington. 514, First National
Bank Building, Denver, Colorado, U.S.A.

Feb. 9, 1895
Dec 10, 1910
June 12, 1909
Feb. 14, 1903
April 8, 1911
April 5, 1873
Aug. 3, 1878
June 8, 1889
Dec. 6, 1866
June 11, 1910
Feb. 9, 1901
April 14, 1894
June 11, 1904
Dec. 14 1898
Nov. 24, 1894
June 10, 1905
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157 Cook, George, H.M. Inspector of Mines, Oakbank,
Whitehaven

S.
A.
M.

158 Cook, Joseph, Washington Iron Works, Washington,
County Durham
159 Cook, Joseph, Jun., Washington Iron Works, Washington,
County Durham
160 Cook, James Falshaw, Washington Iron Works,
Washington, County Durham
161 Cook, John Watson, Binchester Hall, Bishop Auckland
162 Cooke, Henry Moore Annesley, Coromandel, Kolar
Goldfield, Mysore, India
163*Coppee, Evence, 103, Boulevard de Waterloo, Brussels,
Belgium
164 Corbett, Vincent. Chilton Moor, Fence Houses
A.
M.
165 Corbett, Vincent Charles Stuart Wortley, Chilton
Moor, Fence Houses
166 Cordy, Fred Cuthbert, 23, Bostock Avenue, Northampton

Date of Election
and of Transfer.
Aug. 2, 1902
Aug. 5, 1905
Feb. 10, 1912
May 8, 1869
Oct.

9, 1897

Feb. 12, 1898
Oct. 14, 1893
Dec. 12, 1896
Feb. 9, 1907
June 11, 1898
Feb. 13, 1904
Sept. 3, 1870
June 1, 1912

167 Corlett, George Stephen, Wigan
168 Coulson, Frank, Shamrock House, Durham (VicePresident, Member of Council)
169 Couves, Harry Augustus, Tovil, Westfield Avenue,
Gosforth, Newcastle-upon-Tyne
170 Cowell, Edward, Horden Colliery, Horden, Sunderland
171 Cowell, Joseph Stanley, Vane House, Seaham Harbour,
County Durham
172 Coxon, William Bilton, Seaton Hill, Boosbeck, Yorkshire

173 Cragg, James Horace Maitland, 53, Manor House Road,
Newcastle-upon-Tyne
174 Craster, Walter Spencer, P.O. Box 336, Salisbury,
Rhodesia, South Africa
175 Craven, Robert Henry, The Libiola Copper.mining
Company, Limited. Sestri Levante, Italy
176 Crawford, James Mill, Denehurst, Ferry Hill
177 Crofton, Charles Arthur, Kantapahari Colliery, Panuria
P.O., via Sitarampur, E.I.R., India
178 Crookston, Andrew White, 188, St. Vincent Street,
Glasgow
179 Crosby, Arthur, Douglas Colliery, Limited, Mine Office,
Grown.Douglas Junction, Balmoral, Transvaal
180 Cross, William Haslam, 77, King Street, Manchester
181 Croudace, Francis Henry Lambton, The Lodge, Lambton,
Newcastle, New South Wales, Australia
182 Croudace, Sydney, New Lambton, Newcastle, New South
Wales, Australia
183 Cruz y Diaz, Emiliano de la, Director-General de
l'Empresa Minas et Minerales, Limited, Ribas,
Provincia de Gerona, Spain
184 Cullen, Daniel, P.O. Box 4352, Johannesburg, Transvaal
185 Cullen, Matthew, The Clydesdale (Transvaal) Collieries,
Limited, Springs, Transvaal
186 Cummings, John, Hamsterley Colliery, County Durham
187 Currie, Walter, P.O. Box 220, Bulawayo, Rhodesia,
South Africa
188 Curry, George Alexander, Thornley House, Thornley,
County Durham
189 Curry, Michael, Cornsay Colliery, Durham

S.
M.

Dec. 12, 1891
Aug. 1, 1868
Aug. 2, 1873

A.
M.

Feb. 10, 1906
Oct. 8, 1904
June 20, 1908

S.
A.
M.

Dec.
Feb.
Aug.
Feb.

12,1908
12, 1898
2, 1902
12, 1910

Aug. 6, 1910
Dec. 8, 1900

S.
A.
M.

A.M.
M.

Feb. 11, 1905
Feb. 14, 1903
Dec. 10, 1898
Aug. 1, 1903
Dec. 14, 1907
Dec. 14, 1895
Aug. 7, 1897
April 12, 1902
Feb. 8, 1902
June 8, 1907
June 8, 1907

June 14, 1902
Dec. 11, 1909

A.
M.

Feb. 12, 1910
Aug. 2, 1902
Dec. 14, 1907
April 25, 1896
Oct. 12, 1907
Aug. 6, 1898

[A xxv]
Date of Election
and of Transfer.
190 Daglish, William Charlton, Littleburn Colliery, near
Durham
191 Dakers, William Robson, Tudhoe Colliery, Spennymoor

A. M.
M.

192 Dan, Takuma, Mitsui Mining Company, 1, Suruga-cho,
Nihonbashi-ku, Tokyo, Japan
193 Danchich, Valerian
194 Daniel, Peter Francis, Greymouth, New Zealand
195 Darling, Fenwick, Sowerby Grange, Thirsk
196 Darlington, Cecil Ralph, c/o Tata, Sons and Company,
Nausari Buildings, Fort, Bombay, India
197 Darlington, James, Black Park Colliery, Ruabon
S.
M.
198 Davidson, Allan Arthur, c/o F. F. Fuller, 638, Salisbury
House, London Wall, London, E.C
199 Davidson, Christopher Cunnion, Hardheads, Egremont,
Cumberland
200 Davies, David, Cowell House, Llanelly
201 Davies, William, West View, New Brancepeth Colliery,
Durham
202 Davies, William Stephen, Maesydderwen, Tredegar
203 Daw, Albert William, 11, Queen Victoria Street,
London, E.C
204 Daw, John W., Walreddon Manor, Tavistock
205 Dean, Harry, Eastbourne Gardens, Whitley Bay,
Northumberland
206 Dean, John, The Wigan Coal and Iron Company, Limited,
Wigan
207 Dean, Samuel, Delagua, Colorado, U.S.A
208 Dew, James Walter Henry, 8, Laurence Pountney Hill,
Cannon Street, London, E.C.
209*Dewhurst, John Herbert, 28 and 29, Threadneedle Street,
London, E.C
210 Dickinson, Arthur, 353, Mansion House Chambers,
11, Queen Victoria Street, London, E.C.
211 Dietzsch, Ferdinand, c/o Miss P. Dietzsch, 7, Emanuel
Avenue, Acton, London, W.
212*Dingwall, William Burleston-Abigail, c/o The
Hutchins, San Antonio, Texas, U.S. A
213*Ditmas, Francis Ivan Leslie, The Old Rectory,
A.
Hammerwich, Lichfield
M.

Dec. 12, 1896
Oct. 14, 1882
Aug. 3, 1889
April 14, 1894
June 10, 1911
April 8, 1893
Nov. 6, 1875
Dec. 10, 1910
Nov. 7. 1874
Aug. 4, 1877
April 13, 1907
Oct. 10, 1908
Dec. 9, 1899
Dec. 9, 1911
Feb. 14, 1903
June 12, 1897
Dec. 14, 1895
June 10, 1905
Feb. 13, 1904
Oct. 13, 1906
June 10, 1911
April 2, 1898
April 14, 1894
Aug. 5, 1899
Aug. 4, 1900
June 11, 1898
June 14, 1902

214 Dixon, Clement, P.O. Box 305, Bulawayo, Rhodesia, South
Africa
215 Dixon, David Watson, Lumpsey Mines, Brotton, York.
shire
216 Dixon, George, Seeterampore Coal Company, Limited, S.
Asansol, E.I.R., Bengal, India
A.
M.
217 Dixon, Joseph Armstrong, Shilbottle Colliery, Lesbury,
Northumberland
218 Dixon, William, Cleator, Cumberland
219 Dobb, Thomas Gilbert, Brick House, Westleigh, Leigh
220 Dodd, Benjamin, Percy House, Neville's Cross, Durham
S.
(Member of Council)
M.
221 Donald, William E., Redburn House, Bardon Mill,
Northumberland
222*Donkin, William, Macequece, Portuguese East Africa
S.
A.M.
M.
223 Dormand, Ralph Brown, Cambois House, Cambois, Blyth A.
M.
224 Douglas, Arthur Stanley, Bearpark Colliery, near
Durham
225 Douglas, James, 99, John Street, New York City, U.S.A.

Dec. 14, 1912
Nov. 2, 1872
June 13, 1896
Aug. 6, 1904
Dec. 8, 1906
Dec. 14, 1901
April 10, 1897
Dec. 8, 1894
May 3, 1866
Aug. 1, 1868
Oct. 14, 1905
Sept. 2, 1876
Aug. 1, 1885
June 8, 1889
Dec. 9, 1893
Aug. 3, 1901
Feb. 13, 1904
Oct. 14, 1899

[xxvi]

226 Douglas, Matthew Heckels, Stella House, Low Fell,
Gateshead-upon-Tyne
227 Draper, William, Silksworth Colliery, Sunderland
228 Dunkerton, Ernest Charles, 53, Grosvenor Place,
Newcastle-upon-Tyne
229 Dunn, George Victor Septimus, c/o G. J. H. Nicholson,
St. Georges Terrace, Perth, Western Australia
230 Dunn, Thomas Bowman, c/o J. Dunn and Stephen, Limited,
21, Bothwell Street, Glasgow.
231 Eastlake, Arthur William, Grosmont, Palace Road,
Streatham Hill, London, S.W
232 Ede, Henry Edward, Rectory Chambers, Norfolk Row,
Sheffield
233 Edmond, Francis, Moorland House, Haigh, Wigan
234 Edwards, Edward, Ystradfechan, Treorchy, Rhondda,
Glamorgan

A. M.
M.
A.

Date of Election
and of Transfer.
Aug. 2, 1879
Aug. 3, 1889
Dec. 14, 1889
M. Dec. 12, 1903
Feb. 9, 1907
June 20, 1908
Aug. 6, 1910
June 11, 1892
July 14, 1896
Dec. 10, 1910
Feb. 9, 1895

235 Edwards, Herbert Francis, 104, Stanwell Road, Penarth
236 Edwards, Owain Tudor, Fedwhir, Aberdare
237 Eliet, Francis Constant André Benoni Elie du,
Commissaire des Mines, Service des Mines le Nouvelle
Caledonie, à Nouméa, New Caledonia
238*Elsdon, Robert William Barrow, c/o Anglo South American Bank,
Reconquista No. 78, Buenos Aires, Argentine Republic,
South America
239 Eltringham, George, Eltringham Colliery, Prudhoe,
A.
Ovingham, Northumberland
M.
240 Elwen, Thomas Lee, Brandon Colliery, County Durham
241 Embleton, Henry Cawood, Central Bank
Chambers, Leeds
242 Emmerson, Thomas, 14, Somerset Cottages, New
A.
Silksworth Sunderland
M.
243 Englesqueville, René d', 7, rue Henri Martin, Paris,
France
244 English, John, North Leam, Felling, County Durham
245 English, William, Ferneybeds Colliery, Widdrington,
Acklington, Northumberland
246 Eskdale, John, Ashington Colliery, Morpeth
A.
M.
247 Etherington, John, 39a, King William Street, London
Bridge, London, E.C.
248 Evans, John William, Glynderw House, Penllergaer, near
Swansea
249 Fairbrother, Charles James, The Durban Navigation
A.
Collieries, Dannhauser, Natal, South Africa
M.
250 Fairley, James, Craghead and Holmside Collieries,
A.M.
Chester-le-Street
M.
251 Falcon, Michael, Ebbw Vale, Monmouthshire
S.
A.
M.
252 Fawcett, Edward Stoker, Battle Hill House, Walker,
A.
Newcastle-upon-Tyne
M.
253*Fenwick, Barnabas, 66, Manor House Road,
Newcastle-upon-Tyne
254 Fergie, Charles, 704, Upper Mountain Street, Montreal,
Quebec, Canada
255 Ferguson, David, 140, Hyndland Road, Glasgow, W.
A.M.
M.
256 Ferguson, James, The Cedars, High Wycombe
257 Fèvre, Lucien Francis, 1, place Possoz (XVIe), Paris,
France

Oct. 12, 1901
Aug. 4, 1906

Aug. 3, 1901

April 13, 1901
Dec. 8, 1894
Aug. 2, 1902
Oct. 13, 1888
April 14, 1894
Oct. 12, 1907
June 10, 1911
Feb. 8, 1908
Dec. 9, 1899
Dec. 14, 1907
Oct. 11, 1902
Aug. 3, 1912
Dec. 9, 1893
April 8, 1911
Feb. 8, 1908
Oct. 12, 1912
Aug. 7, 1880
Aug. 3, 1889
Oct. 13, 1894
Aug. 4, 1900
June 1, 1912
June 11, 1892
Aug. 6, 1904
Aug. 2, 1866
Dec. 9, 1893
Dec. 8, 1883
Aug. 3, 1889
Dec. 12, 1896
Feb. 8, 1908

[A xxvii]
Date
of
Election
and of Transfer.
258 Field, Benjamin Starks, Layabad Colliery, Kusunda, P.O.,
District Manbhoom, Bengal, India
259 Figari, Alberto, Apartado 516, Lima, Peru, South
America
260 Fisher, Edward Robert, Wansbeck, Ammanford,
Carmarthenshire
261 Fisher, Henry Herbert, Calle Sucre, 1841, Belgrano,
near Buenos Aires, Argentine Republic, South America
262 Fleming, Henry Stuart, 1, Broadway, New York City,
U.S. A
263 Fletcher, James, Taupiri Coal.mines, Limited, Huntly,
New Zealand
264 Fletcher, Lancelot Holstock, Allerdale Coal Company,
Limited, Colliery Office, Great Clifton, Workington
265*Fletcher, Walter, The Hollins, Bolton
266 Ford, Mark, Washington Colliery, Washington Station,
County Durham (Member of Council)
267 Forster, Alfred Llewellyn, Newcastle and Gateshead
Water Company, Engineer's Office, Pilgrim Street,
Newcastle-upon-Tyne
265 Forster, Charles, Earls Drive, Low Fell,
Gateshead-upon-Tyne
269 Forster, John Henry Bacon, Whitworth House,
Spennymoor (Member of Council)
270 Forster, Joseph William, P.O. Box 56, East Rand,
Transvaal
271 Forster, Thomas Emerson, 3, Eldon Square, Newcastle.
upon.Tyne (Past.President, Member of Council)
M. June 8, 1889
272 Foster, William Burn, Sea View, Horden, Sunderland
273 Fox, George Charles, P.O. Box 1030, Johannesburg,
Transvaal
..
Feb. 14, 1903
274 Fryar, John William, Eastwood Collieries, near
Nottingham
275 Fryar, Mark, Denby Colliery, Derby

276 Fryer, George Kellett, Woodhouse, Whitehaven

S.
A.
M.

A.M.
M.

Aug. 2, 1902
Aug. 3, 1907
June 14, 1913
April 25, 1896
Aug. 2, 1884
Aug. 3, 1889
Oct.

8, 1904

June 10, 1905

A.M.
M.

Oct. 14, 1905
April 14, 1888
June 8, 1889
Dec. 14, 1895
Aug. 3, 1895

June 8, 1901

S.
A.
M.

April 9, 1910
Nov. 24, 1894
Aug. 7, 1897
Feb. 10, 1900

S.
A.M.

Feb. 13, 1904
Oct. 7, 1876
Aug. 1, 1885
Oct. 14, 1911

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

June 14, 1890
June 12, 1897
Oct. 7, 1876
Aug. 4, 1883
June 8, 1889
Dec. 14, 1901

277 Futers, Thomas Campbell, 17, Balmoral Gardens,
Monkseaton, Whitley Bay, Northumberland
278 Galloway, Thomas Lindsay, 109, Hope Street, Glasgow
279 Galloway, William, Cardiff
280 Gallwey, Arthur Payne, The Pusing Lama Tin Mines,
Limited, Central Office, Papan, Perak, Federated Malay

Aug. 6, 1904
Sept. 2, 1876
April 23, 1887
S.
M.

281 Garrett, Frederic Charles, Armstrong College,
Newcastle-upon-Tyne
282 Gibson, Henderson, Backworth Colliery, Backworth,
Newcastle-upon-Tyne
283 Gibson, James, Geldenhuis Deep. Limited, P.O. Box 54, A.M.
Cleveland, Transvaal
M.
284 Gibson, Richard, Hermitage Colliery, Lithgow, New South
Wales, Australia
285 Gifford, Henry J., The Champion Reef Gold-mining
Company of India, Limited, Champion Reefs P.O., Mysore
State, South India
286 Gillman, Gustave, Aguilas, Provincia de Murcia, Spain
287 Gipps, F. G. de Visme, Mareeba, North Queensland,
Australia
288 Glass, Robert William, Axwell Park Colliery, Swalwell,
S.
County Durham
A.
M.

Oct. 2, 1880
Oct. 10, 1891
April 13, 1912
April 13, 1912
Dec. 9, 1899
Feb. 13, 1904
Aug. 5, 1911

Oct. 14,1893
Aug. 2, 1902
April 25, 1896
June 10, 1899
Aug. 1, 1903
Oct. 12, 1907

[A xxviii]
Date of Election
and of Transfer
289 Goninon, Richard, Menzies Consolidated Gold-mines,
Limited, Menzies, Western Australia
290 Goodwin, William Lawton, School of Mining, Kingston,
Ontario, Canada
291 Gouldie, Joseph, 62, Standard Bank Chambers,
Johannesburg, Transvaal
292 Gowland, Joseph Edwin, Valle de las Mercedes, Benacazon,
Provincia de Sevilla, Spain
293 Graham, Edward, Jun., Bedlington Colliery, Bedlington,
Northumberland
294 Greaves, J. 0., Westgate, Wakefield
295 Green, Edwin Henry, P.O. Box 79, Bulawayo, Rhodesia,
South Africa
296 Green, Joseph, Crag House, Ferry Hill
297 Green, John Dampier, P.O. Box 340, Johannesburg,
A.M.
Transvaal
M.

June 10, 1906
Feb. 11, 1899
Aug. 5, 1893
June 11, 1904
Aug. 1, 1896
Aug. 7, 1862
Aug. 1, 1903
Dec. 13,1902
Dec. 14, 1901
Aug. 2, 1902

298 Greener, Herbert, Swallowhurst, Thorne, Doncaster
299 Greener, Thomas Young, West Lodge, Crook, County
Durham (Vice-President, Member of Council)
300 Greener, William James, Reliance Coal Company,
Limited, Charanpur Colliery, Charanpur P.O., via
Asarisol, E.I.R., Bengal, India
301 Greenwell, Allan, 30 and 31, Furnival Street, Holborn,
London, E.C
302 Greenwell, Alan Leonard Stapylton, Eldon Colliery,
Bishop Auckland
303 Greenwell, George Clementson, Beechfield, Poynton,
Stockport
304 Greenwell, George Harold, Woodside, Poynton,
Stockport
305 Gresley, William Stukeley, Middlesex Road, Bexhill-onSea, Sussex
306 Grey, John Neil, c/o Naworth Coal Company, Limited,
Hallbankgate Offices, Brampton, Carlisle
307 Griffith, Thomas, Maes Gwyn, Cymmer, Porth, Rhondda,
Glamorgan
308 Grose, Frank, 164, Harrowby Road, Grantham
309*Grundy, James, Ruislip, Teignmouth Road, Cricklewood,
London, N.W
310 Grunson, Robert, Brinkburn Colliery, Rothbury
311 Gullachsen, Berent Conrad, c/o Norwegian Consulate,
Johannesburg, Transvaal
312 Gummerson, James M., 17, Hillcrest Road, Acton,
London, W.
313 Guthrie, James Kenneth, 17, Rosebery Crescent.
Newcastle-upon-Tyne
314 Haas, Frank, Fairmont, West Virginia, U.S A .
315*Haddock, William Thomas, Cornelia Colliery, Viljoens
Drift, Orange Free State, South Africa A.M. Aug. 1, 1885
316 Haggie, John Douglass, Walbottle Colliery, NewcastleUpon-Tyne
317 Hailwood, Ernest Arthur, Gladstone Terrace, Morley,
Leeds
318 Haines, Charles George Padfield, 9, Picton Place,
Swansea
319 Halbaum, Henry Wallace Gregory, 7, Mafeking Road,
Roath Park, Cardiff
320 Hale, Alfred Edward, Mountjoy Lodge, Cinderford,

S.
A.M.
M.

Feb. 13, 1909
July 2, 1872
Aug. 2, 1879
June 8, 1889

June 11, 1910

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

Aug. 4, 1900
Oct. 8, 1898
Aug. 5, 1905
Dec. 14, 1907
March 6, 1869
Aug. 3, 1872
Dec. 12, 1903
Aug. 4, 1906
April 8, 1911
Oct. 5, 1878
Aug. 3, 1889
June 10, 1905
Feb. 10, 1912
April 9,1904
April 9, 1910

S.
M.
A.M.
M.

June 13, 1896
June 12, 1909
April 8, 1905
Aug. 3, 1907
June 10, 189
Dec. 12, 1903

S.
M.

Dec.
Oct.
Oct.
June

14, 1912
14, 1911
7, 1876
8, 1889

Dec. 11, 1909
April 12, 1913
Oct. 8,1910
April 8, 1899

Gloucestershire

April 8, 1911

[A xxix]

321 Hall, John Charles, Black Boy Colliery, Bishop Auckland
322 Hall, Joseph John, Ashington Colliery, Morpeth
323 Hall, Joseph Percival, Talbot House, Birtley, County
Durham
324 Hall, Robert William, Fairlawn, Leeholme, Bishop
Auckland
325 Hall, Tom, Ryhope Colliery, Sunderland
326 Hallas, George Henry, Claremont, Huyton, Liverpool

327 Hallimond, William Tasker, P.O. Box 5191,
Johannesburg, Transvaal
328 Hamilton, Edward, Rig Wood, Saltburn-by-the-Sea

329 Hamilton, James, Blackhills Road, Horden, Sunderland
330 Hance, Henry Malkin, Indian Manganese Company,
Nagpur, Central Provinces, India
331*Hancock, Henry Lipson, Wallaroo and Moonta
Mining and Smelting Company, Limited,
Moonta Mines, South Australia
332 Hancock, Henry Richard

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

S.
A.M.
M.

Date of Election
and of Transfer.
Dec. 14, 1889
Aug. 3, 1895
Dec. 10, 1904
Oct. 9, 1897
Aug. 2, 1902
Oct. 9, 1909
Dec. 13, 1902
June 8, 1907
June 8,1889
Oct. 7, 1876
Aug. 4, 1883
June 8, 1889
Dec.
Nov.
Aug.
June
Oct.

14, 1889
1, 1873
2, 1879
8, 1889
10, 1908

Oct. 12, 1907

A.M.
M.

333 Hands, John, c/o Huttenbach Brothers and Company,
Kuala Lumpur, Federated Malay States
334 Hann, Robert, Jun., Harton House, Harton Colliery,
South Shields
335 Hannah, David, Brynderwen, Ferndale, Rhondda,
Glamorgan
336 Hare, George, Ouston House, Pelton, County Durham
A.
M.
337 Hare, Samuel, Howlish Hall, Bishop Auckland (ViceS.
President, Member of Council)
M.
338 Harle, Peter, South Grange, Shincliffe, Durham
339 Harle, Robert Alfred, Alma Cottage, Campbells Hill,
A.
West Maitland, New South Wales, Australia
M.
340 Harle, William, South Brancepeth Colliery, Spennymoor
341 Harris, David, Elands Laagte Collieries, Limited, Elands
A.M.

Dec. 14, 1895
Aug. 4, 1894
Nov. 24, 1894
Dec. 14, 1912
Oct. 14, 1895
Feb. 9, 1895
Feb. 12, 1898
Dec. 14, 1907
Aug. 2, 1879
Aug. 1, 1891
Oct. 8, 1892
April 14, 1894
Oct. 12, 1901
Dec. 12, 1908
June 12, 1897

Laagte, Natal, South Africa
342 Harrison, Charles Augustus, North Eastern Railway,
Newcastle-upon-Tyne
343 Haselden, Arthur, Linares, Provincia de Jaen, Spain
344*Hawker, Edward William, Eagle Chambers, Pirie Street,
Adelaide, South Australia
345 Hawkins, Thomas Spear, c/o The St. John del Rey Mining
Company, Limited, Villa Nova de Lima, Estado de
Minas, Brazil, South America
346 Hay, Douglas, H.M. Inspector of Mines, Durham
347 Hedley, Arthur Morton, Eston House, Eston, Yorkshire
(Member of Council)
348 Hedley, Septimus H., Langholme, Roker, Sunderland

M.

April 13, 1901

A.M.
M.

June 21, 1894
Dec. 11, 1897
April 2, 1898
Oct. 12, 1895

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

349 Heise, Fritz, Hernerstrasse, 45, Bochum, Germany
350 Henderson, Charles, Cowpen Colliery Office, Blyth
351 Henderson, William, Alston House, Littletown, Durham
352 Hendy, John Cary Baker, Etherley, via Darlington
353 Henriksen, Gudbrand, Inspector of Mines, Minde, near
Bergen, Norway
354 Herdman, William, St. John's Chapel, County Durham

Aug.
Dec.
Nov.
Dec.
Feb.
Aug.
Aug.
Aug.
Dec.
Aug.
Oct.

6, 1904
14, 1912
24, 1894
12, 1903
15, 1879
1, 1885
3, 1889
5, 1905
9, 1899
7, 1909
14, 1893

Aug. 6, 1904
April 11, 1908

[A xxx]
Date of Election
and of Transfer.
355 Heron, George Patrick, Pont Head House, Leadgate,
County Durham
356 Herrmann, Henry J. A., a Ain.Sedjera, par Lafayette,
Algerie
357 Heslop, Christopher, Woodside, Marske Mill Lane, S.
Saltburn-by-the-Sea
M.
358 Heslop, Grainger, North Moor House, Sunderland
359 Heslop, Michael, Rough Lea Colliery, Willington, County
A.
Durham
M.
360 Heslop, Septimus, New Beerbhoom Coal Company, Limited,
Asansol, Bengal, India
361 Heslop, Thomas, Randolph Colliery, Evenwood,
S.
Bishop
Auckland
A.M.
M.
362 Heslop, Wardle, 8, Beech Grove Road, Newcastle-upon- S.
Tyne
A.
M.
363 Heslop, William Taylor, St. Georges Colliery, Hatting

April 8 1911
Dec. 10, 1898
Feb. 1, 1868
Aug. 2 1873
Oct. 5, 1872
Feb. 10, 1894
June 21, 1894
Oct. 12 1895
Oct. 2, 1880
Aug. 4, 1888
Aug. 3, 1889
Dec. 10, 1904
Aug. 7, 1909
June 14, 1913

Spruit, Natal, South Africa
364 Hewlett, Alfred, Haseley Manor, Warwick
365 Hewlett, Alfred, The Cossall Colliery Company, Limited,
Cossall, near Nottingham
366 Hewlett, Erne, Ammanford Colliery Company, Limited,
Ammanford, Carmarthenshire
367 Higson, Jacob, Rossland, Northwood, Middlesex
368 Hill, Frank Cyril Gibson, 71, Downs Park East,
Durdham Down, Bristol
369 Hill, William, The White House, Dordon, Tamworth
370 Hilton, Thomas Worthington, Wigan Coal and Iron
Company, Limited, Wigan
371 Hindmarsh, Joseph Parker, Corrimal, South Coast, New
South Wales, Australia
372 Hindson, Thomas, Framwellgate Colliery, near Durham
373 Hodgkin, Jonathan Edward, Shelleys, Darlington
374 Hodgson, Jacob, Cornsay Colliery, Durham
375 Hogg, John, 36, Burn Valley Road, West Hartlepool
376 Holberton, Walter Twining, Compania Estanifera de
Llallagua, Llallagua, Bolivia, South America, via
Buenos Aires i Tupiza
377 Holland, Charles Henry, P.O. Box 415, Auckland, New
Zealand
378 Holliday, Martin Forster, Park House. Durham
379 Holliday, Norman Stanley, Boyne Villa, Langley Moor,
Durham
380 Holman, Nicholas, The Gibraltar Consolidated Gold-mines,
Limited, Sheppardstown, New South Wales, Australia
381 Hood, George, 9, Agents Terrace, Boldon Colliery, County
Durham
382 Hood, William Walker, Tredean, near Chepstow
383 Hooper, Albert Henry, 29, Station Road, Keswick
384 Hooper, Edward, 3, London Wall Buildings, London,
E.C
385 Hooper, James Augustus, Springfield, Lydney
386 Hopper, Samuel Jackson, 53, Victoria Road, Hebburn,
County Durham
387 Hopwood, Howell Arthur, Karangintau, Mynydd Isa,
Mold
388 Hopwood, William, Vron Haul, Buckley, Chester
389 Hornsby, Demster, Choppington Colliery, Scotland Gate,
Morpeth
390 Horswill, Frederick J., 1070, Sixteenth Street, Oakland,
California, U.S.A

Aug. 3, 1895
March 7, 1861
June 20, 1908
Oct. 10, 1896
Aug. 7. 1862

A.M.
M.

April 9, 1910
June 9, 1883
Aug. 3, 1889
Aug. 3, 1865
June 20, 1908
Dec. 9, 1905
Dec. 13, 1902
June 8,1895
Dec. 12, 1903

June 9,1900

S
M.

April 9, 1910
May 1, 1875
April 10, 1897
Feb. 13, 1904
Dec. 11, 1909

A.M.
M.

Dec. 14, 1907
April 9,1904
Feb. 8, 1913
June 4, 1881
April 14, 1894
Dec. 12, 1908
Feb. 11, 1911

A.
M.

Oct. 12, 1907
Aug. 3, 1901
Feb. 12, 1898
Feb. 10, 1912
Oct. 14, 1899

391*Hoskold, Carlos A. Lynes

June 8, 1895

[A xxxi]

392 Hoso, Shonosuke, Mitsui Yamano Colliery, Chikuzen, Japan
393 Hotchkis, Daniel, Coal Cliff Collieries, Limited, Clifton,
New South Wales, Australia
394 Hower, Charles Leonard, Crown Coal and Coke Company,
622-626, Peyton Block, Spokane, Washington, U.S.A.
395 Howes, Frank Tippett, Holmleigh, Colwall, Malvern
A.
M.
396 Howson, Charles, Mainsforth, Ferry Hill
S.
A.
M.
397 Humble, Ernest, Killingworth Colliery, West Wallsend,
S.
New South Wales, Australia
A.
M.
398 Humble, John, Harperley Hall, Tantobie, County
Durham
399 Humble, John Norman, West Pelton House, Beamish, S.
County Durham
A.
M.
400 Humble, William, Lawson Street, Hamilton, Newcastle,
New South Wales, Australia
401 Humphris, Henry, Blaenau Festiniog
402 Hunter, Christopher, Cowpen Colliery Office, Blyth
A.
M.
403 Hunter, Robert, Gympie, Queensland, Australia
404 Huntley, John Johnson, 54, Beacon Street, Low Fell,
A.M.
Gateshead-upon-Tyne
M.
405 Hurst, George, Lauder Grange, Corbridge,
S.
Northumberland
M.
406 Hutchinson, George Weymouth, Greensburg,
Westmoreland County, Pennsylvania, U.S.A
407 Hutchinson, John William, Llwyncelyn Hall, Porth,
Rhondda
408 Hutton, John George, Barfield, East Maitland, New
South Wales, Australia
409 Hylton, Frederick William, Ryhope Colliery, Sunderland
410 I'Anson-Robson, William Leonard, Emerson Chambers,
Blackett Street, Newcastle-upon-Tyne
411 Inskipp, Dudley James, The Bulawayo Club, Bulawayo,
Rhodesia, South Africa
412 Jackson, Walter Geoffrey, Bramham Hall, Boston Spa,

Date of Election
and of Transfer.
April 11, 1908
June 20, 1908
Oct. 14, 1911
Dec. 10, 1892
Oct. 14, 1893
Dec. 14, 1901
Aug. 4, 1906
June 8, 1907
Feb. 14, 1903
Aug. 3, 1907
April 11, 1908
Feb. 8, 1902
Aug. 2, 1902
Aug. 5, 1905
Feb. 10, 1912
Oct. 14, 1893
Oct. 13, 1900
Dec. 10, 1892
Dec. 12, 1903
June 14, 1902
Dec. 14, 1912
April 12, 1913
April 14, 1883
Aug. 1, 1891
Aug. 7, 1909
Oct. 14, 1899
Dec. 10, 1904
Aug. 3, 1907
Aug. 6, 1910
June 8, 1907

Yorkshire
413 Jacobs, Lionel Asher, Raghunathbatty, Sitarampur,
E.I.R., India
414 Jacobs, Montagu, 18, Greville Road, Kilburn, London,
N.W
415 James, William Henry Trewartha, Finsbury House,
Blomfield Street, London, E.C
416 Jamieson, John William, South Hetton, Sunderland
417 Jarvie, James, Kembla Heights,near Wollongong, New
South Wales, Australia
418 Jefferson, Frederick, Whitburn Colliery, South Shields
419 Jeffreys, James Henry, Umtali, Rhodesia, South Africa
420 Jenkins. William, Ocean Collieries, Treorchy, Rhondda,
Glamorgan
421 Jennings, Albert, 12, Grainger Street, Darlington
422 Jepson, Henry, 39, North Bailey, Durham

423*Jobling, Thomas Edgar, Bebside, Northumberland (VicePresident, Member of Council)

S.
A.
M.

June 7, 1873
Aug. 4, 1900
Aug. 4, 1906
April 13, 1907
Oct. 9, 1909
Dec. 12, 1896
Aug. 2, 1902
Feb. 8,190?
Dec. 11, 1897
Oct. 8, 1904

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

Dec. 6, 1862
June 20, 1908
July 2, 1872
Aug. 2, 1879
June 8, 1889
Oct. 7, 1876
Aug. 4, 1883
June 8, 1889
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424 Johns, Bennet, Station Road, Keswick
425*Johns, John Henry, Thorsden, Guildford Road, Woking
426 Johnson, Edward, Washington Hotel, Porth, Rhondda
427 Johnson, Henry Howard, 216-217, Moorgate Station
Chambers, London, E.C
428 Johnson, James, Boldon Lodge, East Boldon,
County Durham
429 Jones, Clement, Neath Colliery, Neath, New South
Wales, Australia
430 Jones, Evan, Plas Cwmorthin, Blaenau Festiniog
431 Jones, Jacob Carlos, Wollongong, New South Wales,
Australia
432 Jones, Thomas, 5, Little George Street, Westminster,
London, S.W
433 Joynes, John James, Ferndale, Lydbrook, Gloucestershire
434 Kayll, Alfred Charles, Gosforth, Newcastle-upon-Tyne
(Member of Council)
435 Kearney, Joseph Musgrave, Lismore, Whitehaven
436 Keighley, Frederick Charles, Uniontown, Fayette

Date of Election
and of Transfer.
Dec. 9, 1905
June 21, 1894
Dec. 9, 1905

A.
M.

Feb. 13, 1904
Aug. 6, 1898
Dec. 12, 1903
Dec. 8, 1906
April 13, 1907
Aug. 6, 1892

S.
M.

June 12, 1897
Aug. 6, 1904
Oct. 7, 1876
Aug. 3, 1889
Aug. 1, 1903

County, Pennsylvania, U.S. A
437 Kellett, Matthew Henry, Eldon, Bishop Auckland
438 Kelsick, Robert, Aberdare Colliery, Cessnock, New South
Wales, Australia
439 Kennaway, Thomas William, Killingworth, near
Newcastle, New South Wales, Australia
440 Kennedy, Percy Joseph Emerson, 4, St. Nicholas'
Buildings, Newcastle-upon-Tyne
441 Kerr, Andrew, Flimby Colliery, Maryport
442 Kidd, Thomas, Jun., Linares, Provincia de Jaen, Spain
443 Kirby, Matthew Robson, 16, Old Elvet, Durham

444 Kirk, Alfred Edwin, Aberdare Extended Colliery,
Cessnock, New South Wales, Australia
445 Kirkby, William, c/o Aire and Calder Navigation, Leeds
446 Kirkup, Austin, Mining Office, Bunker Hill, Fence Houses
447 Kirkup, Frederic Octavius, Medomsley, County Durham

448 Kirkup, John Philip, Burnhope, Durham
449 Kirkup, Philip, Leafield House, Birtley, County Durham

450 Kirsopp, John, Jun., North View, Medomsley, County
Durham
451 Kirtley, William, 32, Honister Avenue, High West
Jesmond, Newcastle-upon-Tyne
452 Kirton, Hugh, Kimblesworth Colliery, Chester-le-Street

453 Kitchin, James Bateman, Woodend House, Bigrigg,
Cumberland
454 Klepetko, Frank, 307, Battery Park Building, 21-24, State
Street, New York City, U.S. A
455*Knowles, Robert, Ednaston Lodge, near Derby
456 Kondo, R., c/o Furukawa Mining Office, 1, Icchome
Taesucho, Kojimachi, Tokyo, Japan
457 Korte, Christian, 10, Avenue Crescent, off Harehills
Avenue, Leeds
[A xxxiii]

S.
M.

Aug. 4, 1900
April 11, 1891
Aug. 3, 1895
June 1, 1912
Aug. 6, 1910

S.
A.
M.

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

June 11, 1910
Dec. 14, 1907
Aug. 3, 1895
June 9, 1900
Aug. 1, 1903
Oct. 12, 1907
Dec. 14, 1912
April 2, 1898
Aug. 6, 1904
April 9, 1892
June 12, 1897
April 9,1892
April25, 1896
Feb. 14, 1903
April 11, 1891
March 2, 1878
Aug. 7, 1886
Aug. 3, 1889
June 9, 1900

S.
A.M.
M.

Feb.
April
Aug.
June

8, 1913
7, 1877
1, 1885
8, 1889

Aug. 5, 1905
Oct. 13, 1900
April 10, 1886
June 21, 1894
Feb. 13, 1909

Date of Election
and of Transfer.
458*Kwang, Kwong Yung, Mines de Lincheng, Lin Tcheng Sien,
Lu Han Railway, via Peking, China. Transactions, etc., sent to
7, Race Course Road, Tientsin, North China
459 Lacey, Frank Philip Sleigh, 78, King Street, Manchester
460 Lancaster, John, Dunchurch Lodge, Rugby
461 Lancaster, John, Auchenheath, Hamilton
462*Landero, Carlos F. de, P.O. Box 226, Guadalajara, Jalisco,
Mexico
.
463 Langford, George Sherwin, Taupiri Coal-mines, Limited,
Huntly, New Zealand
464 Langslow-Cock, Edward Arthur, Chief Inspector of
A.M.
Mines, Naraguta, North Nigeria
M.
465*Laporte, Henry, 151, Chaussee de Charleroy, Brussels,
Belgium
466 Lathbury, Graham Campbell, Giridih, E.I.R., Bengal, India
467 Latimer, Hugh, St. Helens Colliery, Bishop Auckland
S.
A.
M.
468 Lawn, James Gunson, University College, Johannesburg,
Transvaal
469 Lawson, William, Seaham No. 2 Colliery, West Wallsend,
near Newcastle, New South Wales, Australia
470 Leach, Charles Catterall, Seghill Hall, NorthumberS.
land (Retiring Vice-President, Member of Council)
A.M.
M.
471 Lebour, George Alexander Louis, Armstrong College,
Newcastle-upon-Tyne Transactions, etc., sent to
Radcliffe House, Corbridge, Northumberland
472 Leck, William, H.M. Inspector of Mines, Cleator Moor,
Cumberland
473 Ledger, William, Mount Nicholas, Tasmania
474 Lee, John Wilson Richmond, 70, St. Helens Gardens,
North Kensington, London, W
475 Lee, Percy Ewbank, Westfield, Annfield Plain, County
Durham
476 Lee, Richard Henry Lovelock, 1, Burghley Road,.
Highgate Road, London, N.W.
477 Lee, William, Blackhall Colliery, Castle Eden, County
Durham
478 Lee, William, Stow Gate, 118, Stow Hill, Newport,
Monmouthshire
479 Leech, Arthur Henry, 11, King Street, Wigan
480*Lessner, Charles Bluthner, Carril, Spain

June 8, 1895
April 12, 1913
March 2, 1865
Sept. 7, 1878
Feb. 15, 1896
Oct. 9, 1909
Aug. 2, 1902
April 12, 1913
May
Feb.
Feb.
Aug.
Feb.

5, 1877
14, 1903
15, 1896
1, 1903
11, 1905

July 14, 1896
Aug. 6, 1910
March 7, 1874
Aug. 6, 1881
Aug. 4, 1883

Feb.

1, 1873

Nov. 24, 1894
Aug. 5, 1911
Aug. 5, 1893
Feb. 11, 1905
Aug. 5, 1905
Feb. 10, 1912
June 1, 1912
Feb. 9, 1901
Oct. 14, 1911

481 Liddell, Hugh, 21, Framlington Place, Newcastle-uponTyne
482 Lidster, Ralph, Langley Park Colliery, Durham
483 Lisboa, Miguel Arrojado Ribeiro, 426, Praia de Botafogo,
Rio de Janeiro, Brazil, South America
484 Lishman, Robert Richardson, Bretby Colliery, BurtonUpon-Trent
485 Lishman, Thomas, Sunbury, 28, Ripon Road, Harrogate
486 Lishman, Tom Alfred, Horden Dene, Easington, Castle
Eden, County Durham
487 Lishman, William Ernest, 11, Rosebery Crescent.
Newcastle-upon-Tyne
488 Liveing, Edward H., Brookfield House, Long Stanton,
Cambridge

Feb. 11, 1905
April 4, 1903

S.
A.
M.

Aug. 5, 1905
June 9, 1883
Aug. 1, 1891
Nov. 5, 1870
M. Aug. 3, 1872
Nov. 24, 1894
Aug. 7, 1897
April 13, 1901

S.
A.M.
M.

June 10, 1893
Sept. 1, 1877
Aug. 2, 1884
Aug. 3, 1889

S.
M.
S.

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

June 12, 1897
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490 Long, Ernest, 7, Birchvale Drive, Romiley, Stockport
491 Longworth, William, Ocean House, Moore Street, Sydney,
New South Wales, Australia
492 Lonsdale, Talbot Richard, Malton Colliery, Esh, Durham
493*Louis, David Alexander, 123, Pall Mall, London, S.W.
494 Louis, Henry, 4, Osborne Terrace, Newcastle-upon-Tyne
(Member of Council)
495 Lowdon, Thomas, Hamsteels, near Durham
496 Lukis, Ernest du Bois, Peruvian Corporation, Limited,
Lima, Peru, South America
497 Litpton, Arnold, 7, Victoria Street, Westminster, London,
S.W
498 Lyall, Edward, Barton, Yorkshire
499 Lyall, William, 15, Bracken Road, Darlington
500 McCarthy, Edward Thomas, 10 and 11, Austin Friars,
A.M.
London, E.C
M.
501 McCowan, Robert David, Barngill, Distington,
Cumberland
502 McGeachie, Duncan, West Wallsend, New South Wales,
Australia
503 McInerny, Augustin Joseph, 16, rue d’Autriche, Tunis
504 McIntosh, Stewart, 17, Bath Terrace, Gosforth,

Date of Election
and of Transfer.
Aug. 4, 1906
June 11, 1910
June14,1902
April 8, 1893
Feb. 15, 1896
Dec. 14, 1889
Feb. 11, 1911
Nov.
Oct.
Feb.
Oct.
Aug.

6, 1869
14, 1905
13, 1909
8, 1887
3, 1889

Dec. 11, 1909
Nov. 24, 1894
Aug. 4, 1906

Newcastle-upon-Tyne
505 Mackintosh, James, Burrea Coal Company, Salanpur
Colliery, Sitarainpur, E.I.R., Bengal, India
506 McLellan. Neil, Idsley House, Spennymoor
507 McMurtrie, George Edwin James, Radstock, Bath
S.
M.
508 McMurtrie. James, 5, Belvedere Road, Durdham Park,
Bristol
509 McNeill, Bedford, 1, London Wall Buildings, London,
E.C
510 McVee, Robert, Inspector of Mines, Jones Street, Collie,
Western Australia
511 Maitland, Lionel Clinton, Smethurst Road, Orrell, Wigan
512.Manderson, John Thomas, North Seaton Colliery,
Newbiggin-by-the-Sea, Northumberland
513 Manning, Arthur Hope, P.O. Box 88, Heidelberg, Transvaal
514*Markham, Gervase Edward, Acton House, Darlington
S.
A.M.
M.
515 Marks, Arthur Tristman, c/o The Nile Valley Gold-mining
Company, Limited, 15, Copthall Avenue, London, E.C.
516 Marks, Herbert T., 57, Moorgate Street, London, E.C.
517 Marley, Frederic Thomas, Chinchuria Colliery, Chora
S.
P.O., via Ukhara, E.I.R., Bengal, India
A.
M.
518 Marr, James Heppell, Castlecomer, County Kilkenny
A.
M.
519*Marriott, Hugh Frederick, c/o The Central Mining and
Investment Corporation, Limited, 1, London Wall
Buildings, London, E.C
520 Marsh, Thomas Aspinall, Leaders Buildings, Wigan
521 Marshall, Alexander Gilchrist, Denniston, New
Zealand
522 Martin, Henry Stuart, c/o H. Eckstein and Company,
Johannesburg, Transvaal
523 Martin, Henry William, Sherwood, Newport Road,
Cardiff
524 Martin, Tom Pattinson, 22, Station Road, Workington
525 Mathieson, Alexander, Hetton Colliery, Carrington, near
Newcastle, New South Wales, Australia
526 Matthews, Frederick Berkley, Westerhall, Langholm
A.M.
M.

Feb. 12, 1910
Oct.
Dec.
Aug.
Dec.

12, 1895
13, 1902
2, 1884
12, 1891

Nov. 7, 1863
Dec. 11, 1897
June 1, 1912
April 9, 1910
Dec.
Dec.
Dec.
Aug.
June

10, 1910
11, 1897
4, 1875
7, 1880
8, 1889

June 12, 1909
Oct. 12, 1901
Oct. 8, 1898
Aug. 5, 1905
Dec. 14, 1907
Feb. 13, 1897
Dec. 12, 1903

Dec. 12, 1896
Oct. 10, 1908
Dec. 10, 1910
April 13, 1907
Oct. 9, 1897
April 4, 1903
Nov. 5,1892
Dec. 9, 1882
June 8, 1889
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Date of Election

and of Transfer.
527 Maurice, William, Bank Court Chambers, Bank Street,
Sheffield
528 Mawson, Robert Bryham, Elm Bank, Wigan
529 May, George, Clervaux ,Castle, Croft, Darlington (PastPresident, Member of Council)
530 Mein, Henry Johnson, Carterthorne Colliery, Toft Hill,
Bishop Auckland
531 Mellon, Henry, Brook Lea, Askam, Lancashire
532 Merivale, Charles Herman, Middleton Estate and
Colliery Company, Middleton, Leeds
A. Aug. 6, 1904
533 Merivale, John Herman, Togston Hall, Acklington,
Northumberland (Honorary Secretary, Past-President,
Member of Council)
534 The Right Honourable Lord Merthyr, Mardy, Aberdare
535 Merz, Charles Hesterman, Collingwood Buildings,
Collingwood Street, Newcastle-upon-Tyne
536 Michell, Thomas Henry, Bryn Tyrnol, Machynlleth
537 Middleton, John Thomas, 28, Victoria Street,
Westminster, London, S.W
538 Miller, J. P. K., H. C. Frick Coke Company, Scottdale,
Pennsylvania, U.S.A
539 Millett, Cornish, Pentire, Carbis Bay, Cornwall
540 Milne, Norman Boarer, Inspector of Mines Office,
Boksburg, Johannesburg, Transvaal
541 Minns, Thomas Tate, Binchester Blocks, Bishop Auckland

542 Mitchinsok, Robert, Catchgate House, Annfield Plain,
County Durham
543 Moir, Charles Main, Royal Colonial Institute,
Northumberland Avenue, London, W.C
544 Montgomery, Alexander, State Mining Engineer,
Department of Mines, Perth, Western Australia
545 Moore, Marshall Greene, Moorland, Johnstown,
Pennsylvania, U.S.A.
546 Moore, Robert Thomas, 142, St. Vincent Street. Glasgow
547 Moore, William, Westfield. Loftus, Yorkshire
548 Moreing, Charles Algernon, 20, Copthall Avenue,
London, E.C
549 Morgan, John, Stanley Villa, Crook, County Durham
550 Morison, Alan Mushet, Radcliffe House, Acklington,
Northumberland
551 Morison, John, 14, Saville Row, Newcastle-upon-Tyne

Dec. 14, 1907
June 11, 1892
March 6, 1862

S.
M.

Dec. 9,1899
April 25, 1896
June 9, 1900
Dec. 14, 1907

May 5, 1877
Sept. 3, 1864
June 10, 1903
April 3, 1909
Dec. 10, 1910
Dec. 14, 1895
Dec. 11, 1909

S.
A.
M.

Dec. 11, 1909
April 10, 1897
Aug. 1, 1903
Feb. 12, 1910
Feb. 4, 1865
Aug. 6, 1910
Dec. 9,1899

A.M.
M.

Feb. 11, 1905
Oct. 8, 1892
Nov. 19, 1881
Aug. 3, 1889
Nov. 7, 1874
Dec. 9, 1905

A.M.

Oct. 14, 1911
Dec. 4, 1880

(Member of Council)
552 Morland.Johnson, Edward Thomas, Bank of England
Chambers, Tib Lane, Cross Street, Manchester
553 Morris, John, 57, Park Street, Bridgend
554 Morris, William, Waldridge Colliery, Chester-le-Street
555 Morse, Willard S., Seaford, Delaware, U.S.A .
556*Mort, Arthur, Khost, N. W. R., Baluchistan, India
557 Morton, Reginald Charles, 548, Ecclesall Road, Sheffield
558 Morton, William Rostern, 57, Sanderson Road,
Newcastle-upon-Tyne
559 Mountain, William Charles, 8, Sydenham Terrace,
Newcastle-upon-Tyne (Member of Council)
560 Mundle, Arthur, Murton Chambers, 8, Grainger Street,
Newcastle-upon-Tyne
561 Murdoch, Arthur Stanley, Largiemore, Camborne
562 Murray, William Cuthbert, Littletown, Durham
563 Nagazumi, Junjiro, Kannonsaki, Shimonoseki, Japan

M.

A.
M.

Aug. 3,1889
April 10, 1897
April 4, 1903
Aug. 6, 1904
Oct. 8, 1892
June 13, 1896
Dec. 9,1899
Aug. 3, 1907
Aug. 7, 1909

S.
M.

April 9,1892
June 5, 1875
Aug. 4,1877
Aug. 7, 1909
June 10, 1903
Dec. 12, 1908

[A xxxvi]
Date of Election
and of Transfer.
564 Nelson, Charles Anthony, Glenview, Kings Road,
Wallsend, Northumberland
565 Nelson, George Catron, Brancepeth Colliery, Willington,
County Durham
566 Nesbit, John Straker, Marley Hill Colliery, Swalwell,
County Durham
567 Newbery, Frederick, 230, Camden Road, Camden Town,
London, N.W
568 Newbigin, Henry Thornton, 3, St. Nicholas' Buildings,
Newcastle-upon-Tyne
569 Nicholas, Benjamin, Levant Mining Company, Levant
Mine, Pendeen, Cornwall
570 Nicholson, Arthur Darling, H.M. Inspector of Mines,
Caerleon, Elmsley Road, Mossley Hill, Liverpool
(Member of Council)
571 Nicholson, John Hodgson, Cowpen Colliery Office, Blyth

572 Nicholson, Marshall, Middleton Colliery, Leeds
573 Nisbet, Norman, Eppleton Hall, Hetton-le-Hole, County
Durham

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

Dec. 14, 1912
Feb. 8, 1902
Feb. 10,1912
Oct. 9, 1897
Aug. 5,1905
Oct. 12, 1907
April 2, 1898
Feb. 13, 1904
Oct. 13, 1894

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

Oct. 8, 1910
June 13, 1885
Aug. 4, 1894
Feb. 12, 1898
Oct. 1, 1881
Aug. 3, 1889
April 8, 1893
Nov. 7, 1863
Nov. 24, 1894
Aug. 3, 1901
Aug. 6, 1904

574 Noble, Thomas George, Sacriston Colliery, Durham

A.
M.

575 Nogara, Bernardino, Galata, Constantinople, Turkey
576 Nómi, Aitaró, Shinnyu Colliery, Province of Chikuzen,
Japan
577 Northey, Arthur Ernest, Laurel House, Litton, Buxton
578 Oates, Robert Joseph William

579 Oliver, Ernest Hunter, Ravensworth Colliery, Low Fell,
Gateshead-upon-Tyne
580 Olsen, Arnold Carl Louis, P.O. Box 1056, Johannesburg,
Transvaal
581 Ornsby, Edward Thomas, Fenrother, Longhorsley,
Northumberland
582 Ornsby, Robert Embleton, 7, Osborne Terrace, NewcastleUpon-Tyne
583 Osborne, Francis Douglas, The Grove, Balrath, County
Meath
584*Oshima, Rokuro, No. 121, Yoyogi, Toyotama-gun, Tokyo,
Japan
585 Oughton, Ernest, Minas de Soria, Gergal, Provincia de
Almeria, Spain
586 Owens, William David, Lehigh Valley Coal Company, 239,
Philadelphia Avenue, Pittston, Pennsylvania, U.S.A.
587 Paley, George, Glebe House, Whitburn, Sunderland
588 Palmer, Claude Bowes, Wardley Hall, Pelaw, NewcastleUpon-Tyne (Member of Council)
589 Pamely, Caleb, 64, Cromwell Road, Bristol
590 Pamplin, Eliah George, Cherry Hinton, Cambridge
591 Parish, Charles Edward, 31, Hanger Lane, Ealing,
London, W
592 Parrington, Henry Mason, Dene House, Castletown,
Sunderland
593 Parrington, Matthew William, Wearmouth Colliery,
Sunderland (Past-President, Member of Council)

Feb. 13, 1892
June 8, 1895
Dec. 14, 1907
Aug. 5, 1899
June 10, 1903

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

Feb. 10, 1883
Aug. 1, 1891
Dec. 12, 1891
Feb. 8, 1902
Aug. 1, 1908
Oct. 9, 1909
Dec.

9, 1905

Dec. 8, 1900
June 11, 1898
Feb. 14, 1903

A.
M.

A.M.
M.
S.
M.

S.
A.
M.
S.
M.

April 10, 1897
Dec. 11, 1909
Aug. 5, 1911
Feb. 11,1905
Oct. 12,1901
Nov. 5, 1892
June 8, 1895
Sept. 5, 1868
Aug. 5, 1877
Aug. 1, 1903
Feb.
Feb.
Aug.
Aug.
Dec.
Aug.

10, 1900
13, 1904
3,1907
7, 1909
1,1864
6,1870

[A xxxvii]
Date of election
and of Transfer.

594 Parrington, Thomas Elliot, Carley Hill,
Monkwearmouth, Sunderland
595 Parsons, Hon. Sir Charles Algernon, K.C.B., Heaton
Works, Newcastle-upon-Tyne
596 Peake, R. Cecil, Cumberland House, Redbourn, St. Albans

597 Pearse, John Walter, Mont-Saint-Martin, Meurthe-etMoselle, France
598 Pearson, Clement Alfred Ritson, South End Avenue,
Darlington
599 Pearson, Reginald George, Ipoh, Perak, Federated
Malay States
600 Pedelty, Simon, 3, Tunstall Terrace, Ryhope Colliery,
Sunderland
601 Peel, Robert, New Brancepeth Colliery, Durham
602 Percy, Frank, Mining College, Wigan. Transactions
sent to The Librarian, Wigan Free Library, Wigan
603 Percy, Robert McLeod, Karagandy Colliery, Spassky
Copper-mines, Limited, Spassky Zabod, Akmolinsk,
Siberia
604 Peterkin, John Alexander, Balvaird, Campbell Road,
Swinton, Manchester
605 Phelps, Charles, c/o Wragg and Company, Gatooma,
Southern Rhodesia, South Africa
606 Phillips, Henry Archibald Allen, Westmancote,
Uplands Terrace, Swansea
607 Phillips, Percy Clement Campbell, Hall's Collieries,
Limited, Swadlincote, Burton-upon-Trent
608 Plunket, Archibald John Lifford, 22, Granville Road,
Nawcastle-upon-Tyne
609 Pockson, Melville John Hastings, Kenilworth, East
Avenue, Benton, Newcastle-upon-Tyne
610 Pollitzer, Samuel Joseph, Terrys Chambers, 14,
Castlereagh Street, Sydney, New South Wales, Australia
611 Poole, William, School of Mines, Ballarat, Victoria,
Australia
612*Poore, George Bentley, c/o Bucyrus Company,
South Milwaukee, Wisconsin, U.S.A .
613 Porter, John Bonsall, McGill University, Montreal,
Quebec, Canada
614 Powell, Charles Henry, International Mines, Limited,
Biggenden, via Maryborough, Queensland, Australia
615 Prest, John Joseph, Hardwick Hall, Castle Eden, County

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

Aug. 3, 1895
Aug. 1, 1903
Oct. 12, 1907
June 12 1886
Aug. 3 1889
Feb. 7 1880
Aug. 7, 1886
Aug. 3, 1889
June 10, 1899
June 11, 1904

A.
M.

Feb,
Dec.
Dec.
Aug.

12,1910
10, 1892
14, 1907
6, 1892

Dec. 12, 1903

Dec. 14, 1907

A.
M.

Oct. 8, 1910
Aug. 3, 1901
April 8,1911
June 1, 1912
June 10, 1903
Feb. 10, 1912
Oct.

8, 1910

April 12, 1902

A.M.
M.

Feb. 13, 1909
Dec. 10, 1898
April 8, 1899
Dec. 8, 1900
June 14, 1902

Durham
616 Price, Francis Holborrow Glynn, 7, Picton Place,
Swansea
617 Price, Stephen Richard, Dilston House, Corbridge,
Northumberland

Feb. 9, 1901

S.
A.M.
M.

618 Price, Samuel Warren, The Wern, Peterston-super-Ely,
Cardiff
619 Pringle, John Archibald, The Mysore Gold-mines,.
Marikuppam, Southern India
620 Pringle, Robert William, P.O. Box 84, Gatooma,
Southern Rhodesia, South Africa
621*Prior, Hon. Edward Gawler, Victoria, British Columbia.
Transactions sent to Thomas R. Stockett, Western Fuel
Company, Nanaimo, British Columbia
622 Pullon, Joseph Thomas, Rowangarth, North Park Road,
Roundhay,Leeds
623 Purdy, Richard, Katras Colliery, Katrasgarh P.O., E.I.R.,
Bengal, India

June 10, 1899
Nov. 3, 1877
Aug. 1, 1885
Aug. 3, 1889
Aug. 3, 1895
Dec. 10, 1898
Aug. 1, 1903

Feb. 7, 1880
Feb. 11, 1905
Aug. 1,1908

[A xxxviii]
Date of Election
and of Transfer.
624 Rae, John Livington Campbell, Lisgar, 75, King Street,
Newcastle, New South Wales, Australia
625 Raine, Frederick James, Etherley Grange Colliery,
Bishop Auckland
626 Ramsay, John, Tursdale Colliery, Ferry Hill

S.
A.
M.
A.
M.

627 Ramsay, William, Bentinck House, Pegswood, Morpeth
628 Rankin, Thomas Thomson, Mining and Technical College,
Wigan
629 Ray, Charles Edmund, Whinfield, near Ulverston
630 Reckling, Emil, 49, Cannon Street, London, E.C.
631 Redfearn, Walter Maurice, 12, Vernon Road,
Heckmondwike, Yorkshire
632 Redman, Sydney George, Collingwood Buildings,
Newcastle-upon-Tyne
633 Redwood, Sir Boverton, Bart., The Cloisters, 18, Avenue
Road, Regent's Park, London, N.W
634 Rees, Robert Thomas, Glandare, Aberdare
635 Rees, William Thomas, Maesyffynon, Aberdare
A.M.
M.

Oct. 14 1899
Feb. 15, 1896
Aug. 6,1904
Feb. 9, 1907
April 27, 1895
Feb. 13, 1904
Feb. 12, 1910
April 9, 1904
Aug. 3, 1907
April 13, 1912
Feb. 12, 1910
Feb. 10,1906
June 21, 1894
Aug. 7,1897
Oct. 9, 1897
Feb. 12, 1898

638 Rhodes, Charles Edward, Lane End House, Rotherham
637 Richards, Fred, 76, Petherton Road,Canonbury, London,N.
638 Richards, Thomas J., 74, Duffryn Street, Ferndale,
Rhondda, Glamorgan
639 Richardson, Nicholas, c/o Mrs. James Richardson, South
S.
Ashfield, Newcastle-upon-Tyne
A.
M.
640 Richardson, Robert, Park Avenue, Hexham
A.
641 Ridge, Harry Mackenzie, 62, London Wall, London,
E.C
642 Ridley, James Cartmell, Jun., Cathedral Buildings,
Newcastle-upon-Tyne
643 Ridley, Norman Backhouse, Union Chambers, 32, Grainger
Street West, Newcastle-upon-Tyne
644 Ridpath, Thomas Rossiter, Blaydon Burn, Blaydon-upon- S.
Tyne, County Durham
A.
M.
645 Rigby, Thomas Henry, Leaders Buildings, King Street,
Wigan
646 Ritson, John Ridley, Burnhope Colliery, Lanchester,
S.
Durham
A.M.
M.
647 Ritson, Utrick Alexander, Milburn House, NewcastleUpon-Tyne
648 Roberts, James, Jun., The Sungei Besi Mines, Limited,
Sungei Besi, Selangor, Federated Malay States
649 Roberts, John, Laxey, Isle of Man
650 Roberts, John, 12, Framfield Road, Highbury, London. N.
651 Roberts, William, Bella Vista, Perranporth, Cornwall
652 Robertson, Andrew, 49, Mining Exchange, Ballarat,
Victoria, Australia
653 Robertson, Daniel Alexander Wilberforce,
Metropolitan Colliery, Helensburgh, near Sydney, New
South Wales, Australia
654*Robertson, James Robert Millar, Vanduara, Kirribilli
Point, North Sydney, New South Wales, Australia
655*Robins, Samuel Matthew. Transactions sent to Thomas R.
Stockett, Western Fuel Company, Nanaimo, British Columbia
656 Robinson, George, Boldon Colliery, County Durham
657 Robinson, George Henry, Jun., The Itabira Iron Ore
Company, Limited, c/o Wilson, Sons and Company Limited, S.
Rio de Janeiro. Brazil, South America
M.
[A xxxix]

Aug. 4, 1883
Aug. 3,1907
Oct. 10, 1896
Dec. 12, 1896
Aug. 3, 1901
Dec. 14, 1901
Feb. 8, 1890
M. Aug. 3, 1895
Dec. 14, 1907
Dec. 14, 1912
June
June
Aug.
April

8, 1895
8, 1901
4, 1906
9, 1910

Dec. 12, 1908
April 11, 1891
Aug. 3,1895
Feb. 14, 1903
Oct.

7, 1871

Dec.
Dec.
Feb.
Aug.

14, 1895
9,1905
10, 1912
4, 1906

Aug. 7, 1897

Aug. 6, 1892
Aug. 2, 1890
Oct. 12, 1895
June 10, 1899
Dec. 9, 1899
April 8, 1905

658 Robinson, J. B., Colliery Offices, Tow Law, County Durham
659 Robinson, John Thomas, South Medomsley Colliery,
Dipton, County Durham
660 Robinson, Stanley, Chesterholm, North Biddick,
S.
Washington Station, County Durham
A.
M.
661 Robson, J. S., Butterknowle Colliery, Butterknowle,
County Durham
662 Rochester, William, Highfield, Beechwood Avenue, A.
Ryton, County Durham
M.
663 Rodewald, Rudolf, Nenthead Mines, Nenthead, Alston,
Cumberland
664 Roelofsen, Jean Adolf, Post Office Buildings,
Middlesbrough
665 Rogers, John, Tanfield Lea House, Tantobie, County
S.
Durham
A.
M.
666 Ronaldson, James Henry, 3, London Wall Buildings,
London, E.C
667 Rosenplaenter, Carlos Bernard, 2, Elmbourne Road,
Upper Tooting, London, S.W.
668 Routledge, William Henry, Woodfield Park, Blackwood,
S.
Newport, Monmouthshire
A.M.
M.
669 Rowe, Joseph Seymour, Metropolitan Colliery,
Helensburgh, New South Wales, Australia
670 Rowley, Walter, 20, Park Row, Leeds
671 Rumbold, William Richard, Oruro, Bolivia, South
America, via Buenos Aires i Tupiza
672 Russell, Robert, Coltness Iron Works, Newmains,
Lanarkshire
673 Rutherford, Robert, The Lawn, Rhymney, Cardiff
674 Rutherford, William
675*Saise, Walter, Stapleton, Bristol
A.M.
M.
676 Sam, Thomas Birch Freeman, Domkodu, Cape Coast
Castle, West Africa
677 Samborne, John Stukely Palmer, Timsbury House,
Bath
678 Sample, James Bertram, 17, Tynedale Terrace, Hexham
S.
A.
M.
679 Sampson, William, 33, Queen Street, Singapore

Date of Election
and of Transfer.
Aug. 5, 1893
Feb. 13,1892
Oct. 12, 1901
Aug. 1, 1908
June 1, 1912
May 15,1862
Dec. 10, 1898
Dec. 12, 190S
April 7,1906
Aug. 3, 1907
April 8, 1899
Aug. 4, 1906
Feb. 11, 1911
Aug. 6, 1892
June
Oct.
Aug.
June

1,1912
7, 1876
1,1885
8, 1889

Aug. 3, 1907
Aug. 5,1893
June 14, 1902
Aug. 3, 1878
Oct. 11, 1902
Feb. 9, 1901
Nov. 3,1877
Aug. 3, 1889
Aug. 5,1893
Aug.
Jan.
Aug.
Oct.
Oct.

1, 1891
19, 1895
4, 1900
10, 1903
9,1909

680*Samwell, Nicholas, P.O. Box 385, Rangoon, Burma, India
681 Sandow, William John Josiah, St. Day, Scorrier, Cornwall
682 Saner, Charles Benjamin, Luipaards Vlei Estate and
Gold-mining Company, Limited, P.O. Box 53,
Krugersdorp, Transvaal
683 Saunders, David William Alban, Worcester Chambers,
Swansea
684*Sawyer, Arthur Robert, 14, Launceston Place,
Kensington, London, W

April 13, 1901
Feb. 8, 1908
A.
M.
A.M.
M.
S.
A.M.
M.

685 Schmidt, Henry Morton, United Coal Company, 804,
Bank for Savings Building, Pittsburgh, Pennsylvania, U.S.A
686 Schnabel, Leberecht Ferdinand Richard, Sun Buildings,
Corner of Bourke and Queen Streets, Melbourne,
Victoria, Australia
687 Schwarz, Paul, Dortmund, Crook, County Durham
688 Scott, Anthony, Netherton Colliery, Nedderton. NewcastleUpon-Tyne

April
10,1897
June 10, 1911
Feb, 12, 1898
June 11, 1898
Dec. 6, 1873
Aug. 2, 1879
June 8, 1889
Aug. 1,1908

April 13, 1907
April 9, 1904
April 8, 1905

[A xl]

689 Scott, Charles F., Newbell, Consett, County Durham
690 Scott, Ernest, Sun Buildings, Newcastle-upon-Tyne
691 Scott, Edward Charlton, Woodside Cottage, Totley Rise,
Sheffield
692 Scott, George Henry Hall, Down Place, Guildford
693 Scott, Herbert Kilburn, 46, Queen Victoria Street,
London, E.C.
694 Scott, William Angus, 102, St. Mary Street, Cardiff
695 Selby, John Baseley, Leigh
696 Severs, Joseph, North Walbottle, Newburn,
Northumberland
697 Severs, William, Beamish, County Durham
698 Shanks, John, Coal Creek, Fernie, British Columbia
699 Sheafer, Arthur Whitcomb, Pottsville, Pennsylvania,
U.S.A
700 Shiel, Francis Robert Archibald, Rosebank, Burnopfield,
County Durham
701 Shiel, John, South Garesfield Colliery, Rowlands Gill,
Newcastle-upon-Tyne

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

Date of Election
and of Transfer.
April 11, 1874
Aug. 4, 1877
April 9, 1892
Oct. 8, 1892
Feb. II, 1899
April 12, 1902
Dec. 8, 1906
Oct. 11, 1902
June 10, 1911
April 25, 1896

A.
M.

June 8, 1901
Nov. 5,1892
Dec. 8, 1900
Aug. 5, 1905
Aug. 4,1894
June 10, 1911
May 6, 1871

702 Simon, Frank, Rand Club, Johannesburg, Transvaal
703 Simpson, Charles Liddell, 13, Montagu Place, Montagu
Square, London, W
701 Simpson, Francis L. G., Mohpani Coal.mines, Gadawarra,
A.M.
C.P., India
M.
705 Simpson, Frank Robert, Hedgefield House, Blaydon-uponTyne, County Durham (Retiring Vice-President,
S.
Member of Council)
M.
706 Simpson, John, Follonsby, Hawthorn Gardens, Monkseaton,
Whitley Bay, Northumberland (Vice-President,
S.
Member of Council)
M.
707 Simpson, John Bell, Bradley Hall, Wylam,
Northumberland (Past-President, Member of Council)
708 Simpson, Robert Rowell, Inspector of Mines, Dhanbaid, S.
E.I.R., Bengal, India
A.
M.
709 Simpson, Thomas Ventress, Throckley Colliery, Newburn, S.
Northumberland
A.
M.
710 Skertchley, Sydney A. R., Burgeete, Provincia de
Navarra, Spain
711 Sloan, Robert Patrick, Craiglea, Graham Park Road,
Gosforth, Newcastle-upon-Tyne
712 Smallwood, Percy Edmund, The Garth, Medomsley,
A.
County Durham
713 Smart, Alexander, 5, London Wall Buildings, London, E.C.
714*Smith, Richard Clifford, Grovehurst, Tunbridge Wells
715 Smith, Robert Fleming, Hunters Villa, Parkside, Cleator
Moor, Cumberland
716 Smith, William, P.O. Box 653, Johannesburg, Transvaal
717 Smith, William Woodend, 1, Victoria Terrace, St. Bees,
Cumberland
718 Sopwith, Arthur, Wavertree, Handsworth, Staffordshire
719 Southern, Edmund Octavius, North Seaton Hall,
S.
Morpeth
A.M.
M.
720 Southern, R. W. A., 33, The Parade, Cardiff
721 Southwood, Reginald Thomas Enfield, Nether House,
Spencer Road, Putney, London, S.W
722 Spence, Robert Foster, Backworth, Newcastle-upon-Tyne S.
A.M.
M.
723 Stanley, George Hardy, South African School of Mines
and Technology, P.O. Box 1176, Johannesburg, Transvaal

Dec. 14, 1895
April 8,1893
Dec. 13, 1884
Aug. 3,1889
Aug. 4, 1883
Aug. 1, 1891
Dec. 6, 1866
Aug. 1,1868
Oct. 4, 1860
Aug. 3, 1895
Aug. 2, 1902
Oct. 11, 1902
Dec. 14, 1895
Aug. 2, 1902
Dec. 13, 1902
April 13, 1901
Oct. 8, 1910
Oct. 11, 1902
M Oct. 12, 1907
Feb.10,1894
Dec. 5, 1874
Aug. 6, 1904
Oct. 11, 1902
Aug.
Aug.
Dec.
Aug.
June
Aug.

6, 1904
6, 1863
5, 1874
1, 1885
8, 1889
3, 1865

Feb.
Nov.
Aug.
Aug.

10, 1906
2, 1878
2, 1884
4, 1889

April 12, 1902

[A xli]
Date of Election
and of Transfer.
724 Steavenson, Addison Langhorne, Leconfield, Darlington
(Past-President, Member of Council)
725 Steavenson, Charles Herbert, Redheugh Colliery,
Gateshead-uponTyne
726 Steel, Robert, Woodhouse, Whitehaven
727 Stephens, Francis Joseph, c/o Mrs. Stephens, Ashfield,
near Falmouth.
Transactions sent to c/o Royal
Cornwall Polytechnic Society, Falmouth
728 Stephenson, Ralph, Fern Cottage, Poolstock Lane, Wigan
729 Stevens, James, 9, Fenchurch Avenue, London, E.C.
730 Stewart, William, Tillery Collieries, Abertillery,
Monmouthshire
731 Stobart, Frank, Selaby Hall, Gainford, Darlington

732 Stobart, Henry Temple, Wearmouth Colliery, Sunderland

733 Stobart, William Ryder, Etherley Collieries, County
Durham
734 Stoek, Harry Harkness, University of Illinois, Urbana,
Illinois, U.S.A
735 Stoker, Arthur P., 3, Saltwell View, Gateshead-upon-Tyne

S.
A.
M.

Dec. 6,1855
April 14, 1883
Aug. 1, 1891
Aug. 3, 1895
Aug. 5, 1905

Oct. 12,1907
Dec. 10, 1904
Feb. 14, 1885

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

June 8, 1895
Aug. 2,1873
Aug. 5, 1882
June 8, 1889
Oct. 2, 1880
Aug.4,1888
Aug. 3, 1889
Oct. 11, 1890

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

736 Stokoe, James, Herrington Lodge, West Herrington, via
Sunderland
737 Stokoe, John George, Alston House, Crigglestone,
Wakefield
738 Stone, Arthur, Heath Villas, Hindley, Wigan
739*Stonier, George Alfred, 726, Salisbury House, London, E.C.
740 Storey, William, Urpeth Villas, Beamish, County Durham
741 Stow, Audley Hart, Pocahontas, Virginia, U.S.A.
742 Straker, J. H., Howden Dene, Corbridge,
Northumberland
743 Streatfeild, Hugh Sidney, Ryhope, Sunderland
A.M.
M.
744 Stuart, Donald McDonald Douglas, 25, Woodstock Road,
Redland, Bristol
745 Summerbell, Richard, Preston Colliery, North Shields
A.

June 11, 1910
Oct. 6, 1877
Aug. 1, 1885
Aug. 3, 1889
Nov. 24, 1894
Dec. 10, 1904
Dec. 9, 1899
Feb. 11, 1911
June 13, 1896
June 11, 1904
April 12, 1902
Feb. 13, 1909
Oct. 3, 1874
June 8, 1889
Aug. 3, 1889
June 8, 1895
Dec. 9, 1905

M.
746 Sutcliffe, Richard, Horbury, Wakefield
747 Sutherland, Edgar Greenhow, Brereton, Rugeley
748 Sutton, William, Grosmont, 46, Palace Road, Streatham
Hill, London, S.W .
749 Swallow, Frederick Charles, Thornbury, Doncaster
750 Swallow, John, 2, Percy Gardens, Tynemouth, North
Shields
751 Swallow, Ralph Storey, Langiey Park, Durham
A.
M.
752 Swallow, Wardle Asquith, Seaham Colliery, New Seaham, S.
Seaham Harbour, County Durham
A.
M.
753 Swinburne, Umfreville Percy, Inspector of Mines,
A.M.
Pretoria, Transvaal
M.
754 Swindle, Jackson, West House, Swalwell Road, Dunston,
Gateshead-upon-Tyne
755 Swinney, Alfred John George, Lorne Villa, Elm Road,
Sidcup, Kent
756 Symons, Francis, Ulverston
757 Tallis, John Fox, 84, High Street, Newport,
Monmouthshire

Dec. 14, 1907
June 14, 1902
Dec. 10, 1904
April 28, 1900
Dec. 9, 1911
May 2, 1874
Dec. 9, 1899
Dec. 12, 1903
Dec. 9, 1893
Aug. 3, 1901
Aug. 2, 1902
Aug. 4, 1894
June 14, 1902
June 14, 1902
June 11, 1898
Feb. 11, 1899
Dec. 12, 1903

[A xlii]

758 Tate, Robert Simon, Saint Hilda Colliery, South Shields

759 Tate, Simon, Trimdon Grange Colliery, County Durham
(Member of Council)
760 Tate, Walker Oswald, Usworth Hall, Washington,
Washington Station, County Durham
761 Taylor, Thomas, Chipchase Castle, Wark,
Northumberland
762 Teasdale, Thomas, Middridge Colliery, New Shildon,
County Durham
763 Tennant, John Thomas, James Street, Hamilton, Newcastle,
New South Wales, Australia
764 Terry, Arthur Michael, 1, Clifton Road, NewcastleUpon-Tyne
765 Thom, Archibald, Jun., Moresby Parks, near Whitehaven
766 Thomas, David, Quay Street, Ammanford,
Carmarthenshire

S.
A.
M.

Date of Election
and of Transfer.
Aug. 3, 1901
Aug. 4, 1906
Dec. 11, 1909

S.
A.
M.

Sept. 11, 1875
Oct. 12, 1895
Aug. 1, 1903
Feb. 13, 1904
July 2, 1872
April 9, 1892
Dec. 12, 1903
Aug. 6, 1904
Aug. 5, 1905
June 20, 1908

767 Thomas, Iltyd Edward, Glanymor, Swansea
768 Thomas, J. J., Hawthorn Villa, Kendal
769 Thomas, Richard, Cambria Villa, Stockton, New South
Wales, Australia
770 Thomlinson, William, Seaton Carew, West Hartlepool
771 Thompson, John William, East Holywell Colliery, Shiremoor, Newcastle-upon-Tyne
772 Thompson, Robert Reginald, c/o Barclay and Company,
Limited, Bankers, Barras Bridge, Newcastle-upon-Tyne
773 Thomson, Thomas, Westport Coal Company, Limited,
Denniston, New Zealand
774 Thornton, Norman Muschamp, 301, Tegler Building,
Edmonton, Alberta, Canada
775 Thornton, Thomas, Blackhall Colliery, Castle Eden,
County Durham
776*Townsend, Harry Poyser, Village Deep, Limited,
P.O. Box 1064, Johannesburg, Transvaal
777 Trelease, William Henwood, 41, Wear Bay Crescent,
Folkestone
778 Trevor, Earle Wellington Jenks, 78, Palace Chambers,
Westminster, London, S. W.
779 Trotman, Henry Leigh, Singareni Collieries, Deccan, India
780 Tulip, Samuel, Bunker Hill, Fence Houses
781 Turnbull, John James, 135, Osborne Road, NewcastleUpon-Tyne
782 Turnbull, Robert, Usworth Colliery, Washington, County
Durham
783 Tuxen, Peter Vilhelm, 60, Market Street, Melbourne,
Victoria, Australia
784*Tyers, John Emanuel, Rewah State Collieries, Umaria,
Central India
785 Tyzack, David, Bellingham, Northumberland
786 Varty, Armstrong, Liverton Mines, Loftus, Yorkshire
787 Veasey, Harvey C, Tiril, RanchiP.O., Bengal, India
788 Verey, Joseph Crosby, Apartado 1723, Mexico City,
Mexico
789 Verny, George, Pont d’Aubenas, Ardeche, France
790 Voskule, Gedeon A., P.O. Box 1242, Johannesburg,
Transvaal
791 Wadham, Walter Francis Ainslie, Millwood, Dalton-inFurness, Lancashire
792 Wales, Henry Thomas, Bank Chambers, Castle Square,
Swansea

Feb. 10, 1900
June 21, 1894

A.
M.

Feb. 11, 1899
April 25, 1896
June 10, 1893
Feb. 10, 1900
Dec. 10, 1910

S.
A.
M.

Feb. 8, 1908
April 27, 1895
Aug. 2, 1902
June 10, 1903
Feb. 10, 1912
April 12, 1902
April 8, 1893
Aug. 2, 1902
Feb. 13, 1904
June 12, 1897
Feb. 12,1898
Aug. 2, 1902

A.M.
M.

A.M.
M.

April 7, 1906
Dec. 10, 1877
Aug. 3, 1889
Feb. 14, 1874
April 12, 1913
June 21, 1894
April
Oct.
Dec.
Oct.

9,1910
8, 1898
10, 1904
8, 1910

Dec. 10, 1898
Feb. 11, 1893

[A xliii]
Date of Election
and of Transfer.
793 Walker, Henry, H.M. Inspector of Mines, Walden,
Widcombe Hill, Bath
794 Walker, James Howard, Bank Chambers, Wigan
795 Walker, John Scarisbrick, Pagefield Iron Works,
Wigan
796 Walker, Sydney Ferris, Bloomfield Crescent. Bath
797 Walker, Thomas A., Pagefield Iron Works, Wigan
798 Walker, William Edward, Lowther Street, Whitehaven
799 Wall, Henry, Tower Buildings, Wallgate, Wigan
800 Wall, William Henry, 748, Burrard Street, Vancouver,
British Columbia
801 Walsh, George Paton, 143, Stadhouderskade, Amsterdam,
Holland
802 Walton, Arthur John, Rose Deep, P.O. Box 6,
S.
Germiston, Transvaal
A.
M.
803 Walton, Jonathan Coulthard, Writhlington Colliery,
S.
Radstock, Bath
A.M.
M.
804 Walton, William Henry, Bridgewater Offices, Walkden,
Manchester
805 Walton.Brown, Stanley, Seghill Colliery, Seghill, Dudley,
S.
Northumberland
A.
M.
806 Ward, Alexander Houstonne, Sitarampur, Bengal, India
807* Ward, Thomas Henry, Giridih, East Indian Railway, India A.M.
M.
808 Ware, Francis Thomas, The Croft, Corbridge,
Northumberland
809 Watson, Claude Leslie, Dunkerton House, Tunley, Bath
810 Watson, Edward, c/o Allsebrook and Watson, Balfour, S.
Kootenay Lake, British Columbia
M.
811 Watson, John, Jumbunna Mine, Jumbunna, Victoria,
Australia
812 Watson, Thomas, Trimdon Colliery, County Durham
813 Watts, Frank Reginald, Blytheswood North, Osborne
Road, Newcastle-upon-Tyne
814 Webster, Alfred Edward, Manton, Worksop
815 Wedderburn, Charles Maclagan, 8, East Fettes Avenue,
Edinburgh
816 Weeks, John George, Bedlington, Northumberland (PastPresident, Member of Council)

June 8, 1907
Dec. 9, 1899
Dec. 4, 1869
June 11, 1898
June 8, 1895
Nov. 19, 1881
June 8, 1895
June 14, 1902
Nov. 24, 1894
Feb. 12, 1898
Aug. 1, 1903
April 9, 1910
Nov. 7, 1874
Aug. 6, 1881
June 8, 1889
June 10, 1903
June 20, 1908
Aug.3, 1912
June 14, 1913
April 14, 1894
Aug. 5, 1882
Aug. 3, 1889
June 11, 1910
Dec. 8, 1900
Feb. 13, 1892
Aug. 4, 1894
Dec. 12, 1908
Oct. 11, 1890
Oct. 12, 1907
June 12, 1897
Oct. 14, 1905
Feb. 4, 1865

817 Weeks, Richard James, Bedlington, Northumberland
818 Weeks, Richard Llewellyn, Wellington, County Durham
(Member of Council)
819*Weinberg, Ernest Adolph, 19, Queen Street, Melbourne,
Victoria, Australia
820 Welsh, Thomas, Maindee House, Upper Pontnewydd,
Monmouthshire
821 Welsh, Thomas, Holly Terrace, Stanley, County Durham
822 Welton, William Pitt, Santa Ana, Departamento del
Tolima, Republic of Colombia, South America
823 West, Norman, The Intake, Hexham
824 White, Charles Edward, Wellington Terrace, South Shields

A.M.
M.
A.M.
M.

Oct. 8, 1910
June 10, 1882
Aug. 3, 1889
Feb. 12, 1898
Oct. 8, 1898
Feb. 14, 1903
Aug. 3, 1912

S.
A.M.
M.

825 White, Frederick Napier, H.M. Inspector of Mines,
30, Stow Park Avenue, Newport, Monmouthshire
826 White, Henry, Western House, Little Benton, Newcastle- S.
Upon-Tyne
M.
827 Whitehead, Harold Joshua, Wigan Coal and Iron
Company, Limited, Clock Face Colliery, near St. Helens
828 Widdas, Henry, Whitehaven Castle Estate, Somerset
House, Whitehaven

Dec.
Aug.
Nov.
Aug.
Aug.

9, 1905
5, 1911
4, 1876
1, 1885
3, 1889

June 11, 1898
March 2, 1867
Aug. 5, 1871
Dec. 9, 1911
April 7, 1906

[A xliv]

829 Widdas, Percy, Oakwood, Cockfield, County Durham
830 Wight, Frederick William, 5, Bondicar Terrace, Blyth
831 Wight, Robert Tennant, Deaf Hill Terrace, Trimdon
Colliery, County Durham
832 Wilbraham, Arthur George Bootle, 2, Laurence
Pountney Hill, Cannon Street, London, E.C.
833 Wild, Matthew Brown, 37, Arthur Road, Erdington,
Birmingham
834 Wilkins, William Glyde, Westinghouse Building,
Pittsburg, Pennsylvania, U.S.A.
835 Wilkinson, John Thomas, East Hetton Colliery, Coxhoe,
County Durham
836 Wilkinson, Maurice Hewson, Tung Hsing Mine,
Men-Tou-Kou, via Peking, China
837* Wilkinson, William Fischer, Hurstbourne Priors,
Whitchurch, Hants
838 Willey, Joseph Leonard, P.O. Box 3, Brakpan, Transvaal
839 Williams, Foster, Miniera di Libiola, Sestri Levante,
Italy

Date of Election
and of Transfer.
Aug. 6, 1904
Aug. 5, 1905

S.
M.

Oct. 13, 1900
Dec. 11, 1897
Feb. 8, 1902
Oct. 12, 1907
Dec. 11, 1897

A.
M.

Dec. 8, 1900
Dec. 12, 1903
Oct. 10, 1908

A.
M.

Oct. 10, 1896
Aug. 1, 1908
April 13, 1907
June 20, 1908

840 Williams, Griffith John, H.M. Inspector of Mines, Bangor
841 Williams, John, Dolavon, Llanrwst, Denbighshire
842 Williams, Robert, Friars House, New Broad Street,
London, E.C
843 Willis, Edward Turnley, 3, The Drive, Gosforth,
Newcastle-upon-Tyne
844 Wilson, Anthony, Thornthwaite, Keswick
845 Wilson, Frederick, Hebburn Colliery, Hebburn, County
Durham
846 Wilson, James, Wellington House, Edmondsley, Durham
847 Wilson, Joseph William, 118, Abington Avenue,
Northampton
848 Wilson, Lloyd, Flimby Colliery, Maryport
849 Wilson, Peregrine Oliver, c/o F. F. Wilson, 5, South
Street, Finsbury Pavement, London, E.C.
850 Wilson, William, Morpeth Moor Colliery, Morpeth
851 Wilson, William Brumwell, 19, West Parade,
Newcastle-upon-Tyne
852*Wilson, William Brumwell, Jun., 5, North Terrace,
Chopwell, Ebchester, County Durham
853 Wilson, William Smith, 54, Queens Road, Jesmond,
Newcastle-upon-Tyne.
854 Winchell, Horace Vaughan, 505, Palace Building,
Minneapolis, Minnesota, U.S.A.
855 Wood, Charles Cuthbert, 14, High Bridge, NewcastleUpon-Tyne
856 Wood, Ernest Seymour, Cornwall House, Murton, County
Durham (Member of Council)
857 Wood, John, Coxhoe Hall, Coxhoe, County Durham

Aug. 2, 1902
Oct. 8, 1904
June 13, 1896

A.M.
M.

June 10, 1911
Feb. 10, 1900
Dec. 13, 1902
Dec. 12, 1908
April 13, 1901
June 10, 1911
Jan. 19, 1895

S.
M.

Dec. 9, 1893
June 8, 1907
Feb. 6, 1869
Aug. 2, 1873
Feb. 9, 1901
Feb. 8, 1913
Nov. 24, 1894
Feb. 8, 1913

S.
A.
M.

858* Wood, Sir Lindsay, Bart., The Hermitage, Chester-le-Street
(Past-President, Member of Council)
859 Wood, Richard, Barley Brook Foundry, Wigan
860 Wood, Robert, 8, Olympia Gardens, Morpeth
861 Wood, Thomas, Rainton House, Fence Houses
S.
M.
862 Wood, Thomas Outterson, Cramlington House,
Cramlington, Northumberland
863 Wood, William Outterson, South Hetton, Sunderland
(PastPresident, Member of Council)
864 Woodburne, Thomas Jackson, Bultfontein Mine, De Beers
Consolidated Mines, Limited, Kimberley, South Africa

Oct.
June
Aug.
Aug.

10, 1891
8, 1889
4, 1894
3, 1895

Oct. 1, 1857
June 14, 1902
April 13, 1907
Sept. 3, 1870
Aug. 5, 1871
Feb. 14, 1903
Nov. 7, 1863
Feb. 10, 1894

[A xlv]
Date of Election
and of Transfer.
865 Woodeson, William Armstrong, Clarke, Chapman and
Company, Limited, Victoria Works, Gateshead-uponTyne
866 Wright, Abraham, East Indian Railway, Engineering
Department, Giridih, Bengal, India
867 Wrightson, Sir Thomas, Bart., Stockton-upon-Tees
868 Wrightson, Wilfrid Ingram, Ivy Cottage, Norton,
Stockton-upon-Tees
869 Yeoman, Thomas Pressick, Hingir-Rampur Coal Company,
Limited, Jharsuguda Post Office, Sambalpur District,
Bengal Nagpur Railway, Bengal, India
870 Youll, Gibson, Bulli, New South Wales, Australia
871 Young, Andrew, Westview, Broomhill, Acklington,
Northumberland
872 Young, John Andrew, Joseph Crawhall and Sons,
Newcastle-upon-Tyne. Transactions, etc., sent to
3, Fountain Avenue, Gateshead.upon.Tyne
873 Young, John Huntley, Wearmouth Colliery, Sunderland
874 Young, Roland Francis, 7, Crescent Place, Cartwright
Gardens, London, W.C

Dec. 10, 1904

A.M.
M.

Feb. 11, 1905
Sept. 13, 1873
Dec. 9, 1899
Feb. 8, 1908

Aug. 1, 1903
Oct. 12, 1901
Dec. 11, 1909
A.M.
M.
A.M.
M.

Dec. 10, 1887
Aug. 3, 1889
June 21, 1894
June 11, 1910
Dec. 14, 1912

ASSOCIATE MEMBERS (Assoc. M.I.M.E.).
Marked * have paid life composition.

1 Ainsworth, George, The Hall, Consett, County Durham
2 Armstrong, John Hobart, St. Nicholas' Chambers,
Newcastle-upon-Tyne
3 Atkinson, George Blaxland, Edinburgh Buildings,
21, Mosley Street, Newcastle-upon-Tyne
4 Barrett, Sir William Scott, Abbotsgate, Blundellsands,
Liverpool
5*Bell, Sir Hugh, Bart., Rounton Grange, Northallerton
6 Benson, Walter John, Collingwood Buildings,
Collingwood Street, Newcastle-upon-Tyne
7 Bishop, Clarence Adrian, Engineering and Building
Works, Mooi River, Natal, South Africa
8 Borradaile, Noel Collingwood Dickson, Farm Sabonabon,
near Motor Mine, Gatooma, Rhodesia, South Africa
9 Bowes, Alfred Strathmore, Valuation Department,
Inland Revenue, 32, West Street, Gateshead-upon-Tyne

Date of Election
and of Transfer.
Dec. 9, 1905
Aug.

1, 1885

Nov. 5, 1892
Oct. 14, 1899
Dec. 9, 1882
Feb. 8, 1913
Oct. 10, 1903
Oct. 12, 1907
Feb. 8, 1913

10 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.
11 Brown, John Coggin, Geological Survey of India, 27,
Chowringhee, Calcutta, India
12 Brutton, P. M., 17, Sandhill, Newcastle-upon-Tyne
13 Cackett, James Thoburn, Pilgrim House, NewcastleUpon-Tyne
14 Capell, Rev. George Marie, Passenham Rectory, Stony
Stratford
15*Carr, William Cochran, Benwell Colliery, Newcastle-upon-Tyne
[Member of Council)
16*Chewings, Charles, Eton Street, Malvern, South
Australia

Oct. 14, 1899
Dec. 11, 1909
Oct. 13, 1900
Oct. 10, 1903
Oct.

8, 1892

Oct. 11, 1890
April 25, 1896

[A xlvi]
Date of Election
and of Transfer.
17 Cochrane, Ralph D., 14, Brookview Road, Streatham,
London, S.W.
18 Cochrane, William James, York Chambers, Fawcett
Street, Sunderland
19 Cook, Arthur Geoffrey Harold, 2, Westfield Avenue,
Gosforth, Newcastle-upon-Tyne
20 Cooper, Carl, c/o John Sanderson, The Blue Funnel
Line, Melbourne, Victoria, Australia
21 Cooper, R. W., Newcastle-upon-Tyne
22 Cope, William Henry, The University, Birmingham
23 Cory, Sir Clifford John, Bart., c/o Cory Brothers and
Company, Limited, Cardiff
24 Coxon, Samuel, 1, Fern Gardens, Low Fell, GatesheadUpon-Tyne
25 Dillon, Malcolm, Dene House, Seaham Harbour, County
Durham
26 Edwards, F. Henry, Bath Lane, Newcastle-upon-Tyne
27 Elcoate, John, 16, Marton Road, Middlesbrough
28 Fairless, Joseph, Wensleyville, Holywell Avenue,
Monkseaton, Whitley Bay, Northumberland
29 Fenwick, Featherstone, County Chambers, Westgate
Road, Newcastle-upon-Tyne
30 Ferguson, Colin Armstrong, P.O. Box 21, Randfontein,
Transvaal
31 Foster, T. J., Coal Exchange, Scranton, Pennsylvania,
U.S.A.
32 George, Edward James, Beech Grove, Consett, County

June 1,1878
April 3, 1909
Oct.

9, 1909

Aug. 3, 1912
Sept. 4, 1880
Dec. 9, 1905
Dec. 11, 1897
Feb. 13, 1909
Dec. 14, 1912
June 11, 1887
April 13, 1912
June 10, 1899
June 8, 1907
July 14, 1896
Dec. 12, 1891

Durham
33 Gibson, George Ralph, Tyne Saw Mills, Hexham
34 Gibson, Thomas William, Bureau of Mines, Toronto,
Ontario, Canada
35 Giddy, Thomas Grantham James, Blackall Street, Hamilton,
New South Wales, Australia
36* Graham, John, Find on Cottage, near Durham
37 Graham, James Parmley, Sun Insurance Buildings,
Collingwood Street, Newcastle-upon-Tyne
38 Guthrie, Reginald, Neville Hall, Newcastle-upon-Tyne
(Treasurer, Member of Council)
39 Haggie, Arthur Jamieson, The Manor House, Long
Benton, Newcastle-upon-Tyne
40 Haggie, Peter Norman Broughton, The Limes, Whitburn,
Sunderland
41 Hedley, John Hunt, 1, Elms West, Sunderland
42 Heeley, George, East Avenue, Benton, Newcastle-uponTyne
43 Henderson, Charles William Chipchase, c/o John
George Weeks, Bedlington, Northumberland
44 Henzell, Robert, Northern Oil Works, Newcastle-uponTyne
45 Hesketh, Richard, Neville Hall, Newcastle-upon-Tyne
46 Hiley, Ernest Haviland, North Eastern Railway Offices,
Westgate Road, Newcastle-upon-Tyne
47 Hodgetts, Arthur, c/o G. W. Hodgetts, Vaal River
Estate, Sydney, via Delpoort's Hope, District Kimberley,
South Africa
48 Hopper, George William Nugent, The Ropery,
Thornaby-upon-Tees, Stockton-upon-Tees
49 Humphreys-Davies, George, 5, Laurence Pountney Lane,
Cannon Street, London, E.C .

Dec. 9, 1905
June 20, 1908
June 8, 1901
April 8, 1911
Oct. 9, 1897
Dec. 8, 1906
Aug. 4, 1888
Feb.

8, 1908

Oct. 10, 1908
June 13, 1891
Dec. 14, 1895
Dec. 9, 1882
April 11, 1891
Feb. 13, 1909
April 13, 1912

Oct.

9, 1897

Oct. 10, 1908
Oct.

8, 1892

[A xlvii]
Date of Election
and of Transfer.
50 Jeffrey, Joseph Andrew, c/o The Jeffrey Manufacturing
Company, Columbus, Ohio, U.S.A.
51 Jeffries, Joshua, Abermain Colliery, New South Wales,
Australia
52*Joicey, James John, The Hill, Witley, Godalming
53 Jopling, Ford Stafford, Jun., 8, Thornhill Terrace,
Sunderland
54 Kidson, Arthur, c/o Glaholm and Robson, Limited,
Sunderland

Dec. 11, 1897
Dec. 10, 1898
Oct. 10, 1891
Feb. 12, 1910
April 8, 1899

55 Kirkley, James, Cleadon Park, Cleadon, Sunderland
June 8, 1907
56 Krohn, Herman Alexander, 103, Cannon Street, London,
E.C
Oct. 14, 1893
57 Lamb, Edmund George, Borden Wood, Liphook, Hants.
Feb. 12, 1898
58 Latimer, William, 3, St. Nicholas' Buildings, NewcastleUpon-Tyne
Oct. 14, 1905
59 Lawson, Henry Alfred, c/o Robert Frazer and Sons,
Limited, Milburn House, Newcastle-upon-Tyne
April 8, 1911
60 Leake, Percy Collinson, c/o Deanbank Chemical Company,
Ferry Hill
Aug. 3, 1907
61 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
April 13, 1907
62 Major, Herbert, 3, West Mound, Chester Road, Sunderland
June 1, 1912
63 Marshall, Patrick, University School of Mines, Dunedin,
New Zealand
June 12, 1897
64 Moore, Frederic George, Parke Mineral Estate Office, 9,
Fleet Street, Torquay
Aug. 7, 1909
65 Moreing, Algernon Henry, 62, London Wall, London, E.C.
Oct. 14, 1911
66 Morris, Percy Copeland, 79, Elm Park Gardens, Chelsea,
London, S.W
Feb. 14, 1903
67 Oliff, Thomas Millen, Solomon's Temple Tin Mines,
Limited, Mine Office, P.O. , Sterkwater, via Potgietersrust,
Transvaal
April 3, 1909
68 Oliver, James Stuart, Portland House, Jesmond Road,
Newcastle-upon-Tyne
Feb. 10, 1912
69 Palmer, Sir Alfred Molyneux, Bart., Walworth Castle,
Darlington
Nov. 24, 1894
70 Patterson, Robert Oliver, Thorneyholme, Wylam,
Northumberland
Feb. 12, 1910
71*Pickup, Peter Wright Dixon, Rishton Colliery, Rishton,
Blackburn
Feb. 12, 1898
72 Postlethwaite, John, Chalcedony House, Eskin Place,
Keswick
Feb. 11, 1905
73 Prior-Wandesforde, Richard Henry, Castlecomer House,
Castlecomer, County Kilkenny
Dec. 9, 1905
74*Proctor, John Henry, 29, Side, Newcastle-upon-Tyne
June 8, 1889
75 Redmayne, Robert Norman, 14, Neville Street,
Newcastle-upon-Tyne
Dec. 8, 1906
76 Reid, Sidney, Printing Court Buildings, Newcastle-uponTyne
Dec. 13, 1902
77 Rogers, Isaac Bowman, 16, Park Avenue, Mansfield
April 13, 1912
78 Rogerson, John Edwin, Oswald House, Durham
June 8,1895
79 Russell, James, Westgate Road, Newcastle-upon-Tyne
Feb. 13, 1904

80 Sadler, Basil, Craigmore, Lanchester, Durham
81 Samuel, David, Arcade Chambers, Llanelly
[A xlviii]

Feb. 11, 1905
Dec. 13, 1902

.
Date of Election
and of Transfer.

82 Sanders, Charles William Henry, Sherburn House, near
Durham
83 Schumacher, Raymond William, c/o H. Eckstein and
Company, P.O. Box 149, Johannesburg, Transvaal
84 Smith, Arthur Herbert, Broad Street House, London,
E.C
85 Smith, Richard Tilden, 4.6, Copthall Avenue, London,
E.C.
86 Steuart, Douglas Stuart.Spens, Royal Societies Club, St.
James'Street, London, S.W
87 Strzelecki, Algernon Percy Augustus de, 39, Victoria
Street, Westminster, London, S.W.
88 Todd, James, Overdale, Jesmond, Newcastle-upon-Tyne
89 Waley, Frederick George, The Bellambi Coal Company,
Limited, 9, Bridge Street, Sydney, New South Wales,
Australia
90 Watson, John Robert, 3, Whitburn Terrace, Marsden,
South Shields
91 Watt, Percy Buckton, 26, Larkspur Terrace, NewcastleUpon-Tyne
92 Watts, James, Morro Velho Mines, Minas Geraes, Brazil,
South America
93 Watts, John, Blytheswood North, Osborne Road, NewcastleUpon-Tyne
94 Welford, Thomas, Wallarah Colliery, Catherine Hill Bay,
New South Wales, Australia
95 Whettall, Samuel, 5, Pleasant View, Tingley, Wakefield
96 Whitehead, Thomas, Brindle Lodge, Preston
97*Williams, Henry, Llwyngwern, Pontardulais, Glamorgan
98 Wilson, Hugh Russell, 50, Langholm Crescent. Darlington
99*Wood, Arthur Nicholas Lindsay, The Hermitage, ChesterLe-Street
100 Wood, Hugh Nicholas, Rainton House, Fence Houses

Dec. 14, 1901
April 9, 1904
June 14, 1902
Oct. 14, 1911
June 10, 1899
Dec. 12, 1908
Aug. 6, 1892

Feb. 9, 1907
April 9, 1910
Feb. 10, 1912
Feb. 11,1911
April 8, 1911
June 10, 1903
Aug. 5, 1911
June 12, 1897
Dec. 9, 1905
Dec. 12, 1908
July 14, 1896
Oct. 12,1912

ASSOCIATES (Assoc. I.M.E.).
Marked * have paid life composition.

1 Adam, Thomas Walter, The New Monckton Collieries,

S.

Date of Election
and of Transfer.
April 3, 1909

Limited, near Barnsley
2 Alexander, Arthur Cecil, Office Row, Harraton, ChesterLe-Street
3 Allan, Herbert Durham, Rewah State Collieries, Umainia,
Central India, Bengal Nagpur Railway
4 Almond, Charles Percy, 14, Queen Anne's Gardens, Bush
Hill Park, Enfield, Middlesex
5 Archer, Matthew William, Grosvenor House, Manchester
Road, Stocksbridge, Sheffield
6 Armstrong, Henry, 29, William Street, New Seaham,
Seaham Harbour, County Durham
7 Askew, Alfred Hill, 16, Telford Street, Gateshead-uponTyne
8 Bamborough, Jacob
9 Barber, Norman Elsdale, Seghill Colliery, Seghill,
Dudley,
Northumberland
10 Barkes, Percy, Elemore Colliery, Hetton-le-Hole, County
Durham
11 Bates, Johnson, 5, Grange Villa, County Durham
12 Bates, Thomas, West Wylam Terrace, Prudhoe,
Ovingham, Northumberland

A.
S.
A.

Dec. 10, 1910
June 10, 1911
Aug. 3, 1912
Feb. 10, 1906

S.
A.

Oct. 9, 1909
June 8, 1895
Aug. 4, 1900
Dec. 12, 1903

S.
A.

Feb. 9, 1907
Oct. 8, 1904
June 20, 1908
Aug. 2, 1913
June 12, 1909
Feb. 11, 1905
April 13, 1907

[A xlix]
Date of Election
and of Transfer.
13 Battey, Thomas, Station Road, Shiremoor, Newcastle-uponTyne
14 Batty, John, South Woodhouse, Whitehaven
15 Bell, George William, Throckley Colliery, Newburn,
Northumberland
16 Bell, Harold Marmaduke Charles, North House, Ryton,
County Durham
17 Bell, John Valentine, 21, Corporation Road,
Workington
18 Bell, Marshall Blackett, 1, Cross Row, Felling,
Gateshead-upon-Tyne
19 Benson, Herbert Sydney, Seaton Burn Colliery, Seaton
Burn, Dudley, Northumberland
20 Berryman, Thomas, 64, Dolcoath Road, Camborne
21 Bewley, Thomas, Stobswood Colliery, Acklington,
Northumberland
22 Blunden, Philip Sidney, Glencrag, Mainsforth Road,
Ferry Hill
23 Booth, James Frederick, 8, Uxbridge Terrace, Felling,

Oct. 13, 1894
Feb. 8, 1913
Oct. 14 1911
M.
S.
A.

April l2, 1913
Dec. 14, 1907
Aug. 5, 1911

Dec. 14, 1912
S.
Feb. 11, 1905
A.
Aug. 5, 1905
Feb. 8, 1913
Aug. 5, 1905
June 8, 1907

County Durham
24 Brandon, Geoffry, 9, Beech Grove, Benton, NewcastleUpon-Tyne
25 Brooks, Douglas Roy, 82, Laburnum Avenue, Wallsend,
Northumberland
26 Burt, Thomas, Hill House, Washington, Washington
Station, County Durham
27 Carroll, John, Spring Bank House, Newfield, Willington,
County Durham
28 Cheesman, Edward Taylor, Jun., Clara Vale Colliery,
Ryton, County Durham
29 Cheesman, Matthew Forster, Throckley Colliery,
Newburn, Northumberland
30 Chicken, Ernest, Woodlea, Murton, County Durham
31 Clark, Nathaniel J., Associated Northern Collieries,
Newcastle, New South Wales, Australia
32 Clark, Thomas, Dipton Colliery, Lintz Green Station,
County Durham
33 Clephan, Guy, Killingworth Hall, near Newcastle-uponTyne
34 Coade, Samuel
35 Cockbain, Tom Stewartson, Usworth Colliery, Washington
Station, County Durham
36 Cockburn, John, Durham House, Murton Colliery, County
Durham
37 Coulson, William Hall, Shamrock House, Durham
38 Coxon, Samuel George, Hamsteels Colliery, Durham
39 Crawford, Thomas, Eighton Banks, Gateshead-upon-Tyne
40 Crowle, Percy, Mysore Mine, Marikuppam, Mysore State,
India
41 Cummings, William, Beamish View, Stanley, County
Durham
42 Daglish, Frank, Seafield House, Risehow, Maryport
43 Daniell, Henry Edmund Blackburne, 7, Wallace Terrace,
Ryton, County Durham
44 Danskin, Thomas, Springwell Colliery, Gateshead-uponTyne
45 Davies, Daniel John, Cymru, Corrimal, Illawarra Line,
New South Wales, Australia
46 Davis, James E., South Medomsley Colliery, Dipton,
County Durham
47 Davison, Francis, Ash Grove House, Hedley Hill Colliery,
near Waterhouses, Durham
[A l]

S.
A.
S.
A.

Dec.
Dec.
Aug.
Dec.
Aug.

11, 1909
8, 1900
3, 1907
14, 1907
3, 1912

April, 4 1909
Feb. 12, 1898

S.
A.
S.
A.

Dec. 10, 1910
Dec. 13, 1902
Aug. 5, 1905
Oct. 8, 1910
April 13, 1901
Aug. 1, 1903
Oct. 11, 1890
Dec. 10, 1910
Dec. 10, 1904
Dec. 8, 1906
April 9, 1904
Dec. 14, 1912
Feb. 9, 1901
Dec. 8, 1906
Feb. 11, 1905

S.
A.

Dec.
Dec.
Aug.
Aug.

14, 1907
14, 1907
3, 1907
6, 1910

Dec. 10, 1898
Oct. 12, 1907
Feb. 12, 1898
Feb. 12, 1898

Date of Election
and of Transfer.
48 Dick-Cleland, Archibald Felce, Apartado 270,
Guadalajara, Jalisco, Mexico
49 Dixon, George, Moorgreen, Newthorpe, Nottingham
50 Dunnett, Samuel, West View House, Coomassie Road,
Waterloo, Blyth
51 Eadie, John Allan, Jun., Eller Bank, Harrington,
Cumberland
52 Elder, Moses, 19, Duke Street, Workington
53 Elliot, Arthur, Springfield, Cressington Park, Liverpool
54 Elliott, George, Oakwood, Catchgate, Annfield Plain,
County Durham
55 English, Henry Edward, 44, Edwin Street, HoughtonLe-Spring, County Durham
56 English, Thomas Weddle, Ingram House, Corbridge,
Northumberland
57 Flint, Frederic John, 71, Stanley Street, Blyth
58 Foggo, John Frederick, Street Lane, Smithy Houses,
Derby
59 Ford, Eric Loufwin
60 Ford, Leo Dorey, Humboldt Strasse, 12, Bochum,
Westphalia, Germany
61 Ford, Thomas, Blaydon Burn Colliery, Blaydon-upon-Tyne,
County Durham
62 Forster, Edward Baty, 15, Grange Road, Ryton, County
Durham
63 Forster, Frank, Woodhouse, Wingate Grange, Wingate,
County Durham
64 Fowler, Albert Ernest, Usworth Villa, Washington
Station, County Durham
65 Fowler, Robert Norman, Whorlton Terrace, North
Walbottle, Newburn, Northumberland
66 Gallagher, Patrick, Clifton Row, Netherton Colliery,
Nedderton, Newcastle-upon-Tyne
67 Gilchrist, George Atkinson, South Pelaw Colliery,
Chester.le.Street
68 Gore.Langton, Robert Lancelot, Crescent Bay Ranch,
Nakusp, British Columbia
69 Gowans, John Haliburton, Westoe Village, South Shields
70 Graham, John Brown, 9, Low Kells, Whitehaven

S.
A.

Dec. 8, 1906
Feb. 9, 1901
Aug. 3, 1907

S.
A.

June 8, 1895
Oct. 10, 1903
Aug. 5, 1905
June 10, 1911
Dec. 13, 1902
Aug. 1, 1908

S.
A.

June 8, 1907
Aug. 7, 1909
Feb. 11, 1911

S.
A.

Feb. 11, 1905
Aug. 7, 1909
S. June 14, 1902
A.
Aug. 6, 1904
S.
April 11, 1908
A.
Feb. 8, 1913
Feb. 8, 1913
Aug. 2, 1902
April 7, 1906

S.
A.
S.
A.

Feb.
Oct.
Aug.
Aug.
Aug.

S.
A.

Dec. 13, 1902
Dec. 14, 1901
Aug. 1, 1908

S.
A.

Feb.
Feb.
Aug.
Feb.

8, 1902
12, 1907
3, 1912
2, 1902
3, 1907

10, 1906
10, 1912
2, 1913
8, 1913

71 Graham, Robert, 31, Railway Terrace, Willington, County
Durham
72 Graham, William, Jun., Solway House, Moresby,
Whitehaven
73 Hampson, Alexander
74 Hare, Alfred Bessell, Howlish Hall, Bishop Auckland
75 Hawes, George Arthur, 2, Sandringham Terrace,
Leeholme, Bishop Auckland
76 Hawkins, John Bridges Bailey, Staganhoe Park,
Welwyn
77 Heaps, Christopher, 12, Richmond Terrace, GatesheadUpon-Tyne
78 Hedley, George William, Kimblesworth House, ChesterLe-Street
79 Hedley, Morton, Medomsley, County Durham
80 Hedley, Rowland Frank Hutton, 59, John Street,
Sunderland

Oct.
Oct.
Aug.
Feb.
Dec.

12, 1907
13, 1906
3, 1912
12, 1898
14, 1912

S.
A.
S.
A.

Dec.
Dec.
Aug.
Feb.
Aug.

12, 1903
13, 1902
6, 1910
10, 1900
4, 1900

S.
A.

Dec.
Feb.
April
Aug.

13, 1902
13, 1909
4, 1903
7, 1909

S.
A.

[A li]
Date of Election
and of Transfer.
81 Henderson, Christopher Gregory, 17, First Row,
Ashington, Northumberland
82 Hepburn, Henry, Greenhead Terrace, Chopwell, Ebchester,
County Durham
83 Herdman, Fred. G., Main Street, Haltwhistle,
Northumberland
84 Herriotts, Joseph George, 2, West View, Horden, County
Durham
85 Heslop, George, Cambrian Colliery, Dannhauser, Natal,
South Africa
86 Heslop, James, Stobswood Colliery, Acklington,
Northumberland
87 Heslop, William, The Grange, Boulby, Easington,
Yorkshire
88 Holliday, Albert Edward David, South View, Murton,
County Durham
89 Hudson, Mark, 115, Gurney Valley, Bishop Auckland
90 Humble, William Henry, Waldridge Colliery, ChesterLe-Street
91 Hunter, Andrew, 2, Abbotsford Terrace, South Shields
92 Hunter, Herbert Stanley, Blakelaw, Kenton, NewcastleUpon-Tyne
93 Hunter, Percy, 1, Whitehall Terrace, Pelton Fell, County
Durham

S.
A.
S.
A.

June
Oct.
Aug.
Dec.
Aug.

1, 1912
12, 1907
3, 1912
14, 1907
6, 1910

April 28, 1900
Oct.

9, 1909

Dec. 12, 1908
Oct.

8, 1898

April 12, 1913
Dec. 9, 1905

S.
A.

Dec.
Feb.
Feb.
Aug.

14, 1907
13, 1897
9, 1907
3, 1912

April 8, 1911

94 Hutton, Allan Robinson Bowes, Eldon Colliery, Bishop
Auckland
95 Hyde, George Alfred, 96, New Row, New Delaval,
Newsham, Northumberland
96 Hynd, Thomas, Metcalfe Street, Wallsend, New South
Wales, Australia
97 Jeffery, Albert John, Hedworth House, Barn Hill,
Stanley, County Durham
98 Jobling, John Swanstone, 20, Ivy Terrace, Langley Park,
Durham
99 Jones, Walter, West House, Wheatley Hill Colliery,
Thornley, County Durham
100 Kirkley, Aidan, Cleadon Park, Cleadon, Sunderland
101 Kirkup, Ernest Hodgson, Eighton Lodge, Low Fell,
Gateshead-upon-Tyne
102 Lascelles, Walter Reginald
103 Lawson, John, Fair View, Burnopfield, County Durham
104 Leebetter, William, Edith Avenue, Usworth Colliery,
Washington Station, County Durham
105 Lewiss, Edward Middlemass, 3, Eighth Row, Ashington,
Morpeth
106 Liddell, Henry Norman John, Ovingham-upon-Tyne,
Northumberland
107 Lightley, John, Byers Green, Spennymoor
108 Lister, John Alfred, Glencoe House, Hinderwell,
Yorkshire
109 Logan, Reginald Samuel Moncrieff, 33, Boyd Terrace,
Blucher Pit, Newburn, Northumberland
110 Longridge, John, 12, St. James' Terrace, Morpeth
111 Lowry, Joseph Thompson, Armstrong House, Cramlington,
Northumberland
112 MacGregor, Donald, Bentley Colliery, Doncaster
113 McKie, Thomas, Ashington Colliery, Morpeth
114 Magee, Charlie Sharpe, Sharpe's House, Hetton-le-Hole,
County Durham

S.
A.
S.
A.

April 8, 1905
Aug. 3, 1912
Feb. 13, 1909
Aug. 5, 1911
April 12, 1913
April 28, 1900

S.
A.
S.
A.

Oct. 12, 1907
Feb. 9, 1901
Aug. 1, 1908
June 11, 1910
April 13, 1907
Aug. 3, 1912
Feb. 8, 1908
Oct. 10, 1908
Dec. 9, 1911

S.
A.
S.
A.
S.
A.

S.
A.
S.
A.

Oct. 12, 1907
June 10, 1905
Aug. 5, 1911
April 25, 1896
Dec. 8, 1906
Aug. 6, 1910
Feb. 9, 1901
Aug. 1, 1903
Feb. 11, 1905
April
Feb.
Aug.
Oct.
Aug.
Aug.

3, 1909
9, 1901
1, 1908
9, 1909
7, 1909
2,1913

[A lii]
Date of Election
and of Transfer.
115 Magee, Stanley Sharpe, Dunston Colliery, Dunston,
Gateshead-upon-Tyne
116 Maughan, Thomas, Ferry Hill Engine Works, West
Cornforth, County Durham
117 Melville, John Thomas, Melba House, Scriven,

S.
A.

April 13, 1912
Dec. 14, 1907
Aug. 2, 1913

Knaresborough, Yorkshire
118 Milburn, Edwin Walter, 4, First Row, Ashington,
Morpeth
A. Aug. 5, 1905
119 Milburrn, William, Hill House, Ouston, Birtley, County
Durham
120 Miller, Alexander, South Greta Colliery, near West
Maitland, New South Wales, Australia
121 Millne, David, 1, Burdon Street, Bedlington,
Northumberland
122 Minto, George William, Harraton Colliery, ChesterLe-Street
123*Mitchell-Withers, William Charles
124 Muse, Thomas John, 32, Beaconsfield Avenue, Low Fell,
Gateshead-upon-Tyne
125 Musgrove, William, Heddon Colliery, Northumberland
126 Mycock, William, Front Street, Shotton Colliery, Castle
Eden, County Durham
127 Nichols, Henry Herbert, Kibblesworth, Gateshead-uponTyne
128 Nicholson, George Thompson, Dene House, Scotswood,
Northumberland
129 Nutley, Edward, Boldon Colliery, County Durham
130 Oswald, George Robert, The Hydraulic Mines, Taiping,
Federated Malay States. All communications sent to
E. William Oswald, Newdigate Colliery Company,
Bedworth, Nuneaton
131 Owen, Arthur Lewis Scott, 6, Success Terrace, Fence
Houses
132 Owens, George, Westerton Village, Bishop Auckland
133 Paddon, Neville Blackmore, Thinford Mill, Ferry Hill
134 Palmer, Harry, Langley Park, Durham
135 Palmer, Meyrick, Jobs Hill, near Crook, County Durham
136 Parker, Joseph William, Glencoe Colliery, Hatting
Spruit, Natal, South Africa
137 Pattinson, Charles Werner
138 Pattison, Charles Arthur, Evenwood, Bishop Auckland
139 Pattison, William
140 Pearson, John Charlton, Butt Bank House, Fourstones,
Northumberland
141 Peel, George, Jun., 27, Langley Street, Langley Park,

S.

April 8, 1899
Feb. 10, 1900

June 8, 1895
Oct. 10, 1903
Aug. 3, 1907

S.
A.
S.
A.
S.
A.

Oct. 10, 1891
April 28, 1900
Aug. 2, 1902
Dec. 8, 1906
Aug. 5, 1911
June 8, 1895
Aug. 1, 1903
Oct. 10, 1908

S.
A.

S.
A.
S.
A.

S.
A.
S.
A.

S.
A.

Aug. 3, 1907
Dec. 10, 1904
Aug. 5, 1911
June 10, 1911

June 9, 1900
Aug. 3, 1907
June 12, 1909
Aug. 6, 1910
Oct. 9, 1909
Dec. 14, 1907
June 14, 1902
Aug. 7, 1909
June 8, 1901
Aug. 1, 1908
June 11, 1910
June 12, 1909
April 13, 1901
Aug. 5, 1905
Dec. 13, 1902
Feb. 14, 1903

Durham
142 Penney, Isaac, Deaf Hill Colliery, Trimdon Grange,
County Durham
143 Portrey, James, West Thornley, Tow Law, County
Durham
144 Pratt, George Ross, Springwell Colliery, Gateshead-uponTyne
145 Pumphrey, Charles Ernest, Greenside House, Ryton,
County Durham

April 4, 1903
Dec. 9, 1911
Oct. 12, 1912

S.
A.

June 8, 1895
Dec. 10, 1904
Aug. 4, 1906

[A liii]
Date of Election
and of Transfer.
146 Ramsay, John Gladstone, Oaklea, Bowburn, Coxhoe,
County Durham
147 Rayner, Sydney, The Marshes, Atherton Road, Hindley
Green, Wigan
148 Richardson, Frank, Ravensworth, Ashton-under-Lyne
149 Richardson, Henry, Clara Vale Colliery, Ryton, County
Durham
150 Ridley, George Dinning, 14, First Row, Ashington,
Morpeth
151 Ridley, Henry Anderson, Burnbrae, Blaydon Burn,
Blaydon-upon-Tyne, County Durham
152 Ridley, William, Jun., 15, Chester Street, Waldridge,
Chester.le.Street
153 Rivers, John, The Villas, Thornley, County Durham
154 Robinson, John William, Bebside Colliery, Bebside,
Northumberland
155 Robinson, Thomas Lee, 1, Johnson Terrace, Croxdale,
Durham
156 Rochester, William, 1, Office Row, Netherton Colliery,
Nedderton, Newcastle-upon-Tyne
157 Roose, Hubert F. G., c/o Martin Brothers, Casilla 181,
Valparaiso, Chile, South America
158 Rutherford, Hooper, The Lawn, Rhymney, Cardiff

S.
A.
S.
A.

Dec.
Feb.
Aug.
Oct.
Aug.

10, 1892
13, 1909
5, 1911
12, 1901
1, 1908

Dec. 8, 1906
Feb. 8, 1890
Dec. 14, 1907

S.
A.

Dec. 8, 1906
Feb. 9, 1895
April 12, 1902
Aug. 5, 1905
April 12, 1913

S.
A.
S.
A.

159 Rutherford, Robert Archibald, Wellington Terrace,
Edmondsley, Durham
160 Rutherford, Thomas Easton, West Shield Row Colliery,
S.
Stanley, County Durham
A.
161 Schollick, Thomas, 13, Model Street, New Seaham,
Sunderland
162 Scobie, Isaac, Woonona, near Sydney, New South Wales,

Dec. 9, 1900
Dec. 9, 1899
Aug. 3, 1907
Dec. 11, 1909
Aug. 2, 1913
Dec. 14, 1907
June 10, 1899
Aug. 4, 1906
Dec. 12, 1903

Australia
163 Scott, John Linton, 51, Double Row, Seaton Delaval,
Newcastle-upon-Tyne
164 Scott, Thomas Amour, Sea View, Newburgh Colliery,
Acklington, Northumberland
165 Seed, Alexander, 1, College Terrace, Brandon Colliery,
County Durham
166 Severs, Jonathan, 2, St. Cuthberts Terrace, Dean Bank,
Ferry Hill
167 Sharp, Charles Gordon, Union Miniere du Haut Katanga,
Star of the Congo Mine, via Ndola, North Western
Rhodesia, South Africa
168 Simpson, Joseph, Wheatley Hill Colliery Office, Thornley,
County Durham
169 Simpson, Richard Charlton, Wellington Terrace,
Edmondsley, Durham
170 Slater, Thomas Edward, Ystradgynlais, Breconshire
171 Smith, James, View Lane, Stanley, County Durham
172 Snaith, Joseph, Fell House, Burnhope, Durham
173 Snowdon, Thomas, Jun., Oakwood, Cockfield, County
Durham
174 Southern, Charles, Radstock, Bath
175 Southern, Stephen, Heworth Colliery, Felling, County
Durham
176 Stewart, Roland, Thorn Cottage, Whickham, Swalwell,
County Durham
177 Stobart, Thomas Carlton, Ushaw Moor Colliery,
Durham
178 Stoker, Nicholas, South Pelaw Colliery, Chester-le-Street

S.
A.

Oct. 13, 1906
Dec. 12, 1908
Aug. 3, 1912
Oct. 9, 1909

S.
A.

April 4, 1903
June 8, 1895
Aug. 4, 1900

S.
A.
S.
A.

Feb. 10, 1906
Aug. 6, 1910
June 10, 1905
Aug. 2, 1913

S.
A.

S.
A.
S.
A.
S.
A.

Feb. 13, 1904
April 13, 1907
Aug. 2, 1913
Dec. 11, 1909
Oct. 12, 1907
June 12, 1897
Aug. 3, 1901
June 10, 1903
Aug. 7, 1909
Dec. 14, 1895
Aug. 3, 1901
Aug. 6,1910
Aug. 2, 1902
Feb. 13, 1904
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179 Strong, George Adamson, Kibblesworth Hall, GatesheadUpon-Tyne
180 Summerside, Edward, 22, Lefroy Street, Newcastle-uponTyne
181 Swan, William Edward, Stanley House, King Street,
Alfreton
182 Swann, Joseph Todd, 6, Victoria Terrace, Throckley,
Newburn, Northumberland
183 Taylor, Herbert William, El Bote Mine, Zacatecas,
Mexico

S.
A.

Date of Election
and of Transfer.
Aug. 2, 1902
Aug. 1, 1908
Dec. 11, 1909

S.
A.

April 9, 1904
Dec. 13, 1902
Aug. 4, 1906
Aug. 2, 1902

184 Thirlwell, Thomas A., Benwell Old House, NewcastleUpon-Tyne
185 Thomas, Robert Clark, 15, Success Cottages, Bunker
Hill, Fence Houses
186 Thompson, Cyril, Saltore Colliery, Dishergarh Post Office,
Bengal, India
187 Thompson, William, Stone House, Broughton Moor,
Maryport
188 Thornton, Frank, 2, Pilgrim Street, Murton, County
Durham
189 Turnbull, John James, Jun., Sycamore Farm, Morton,
Alfreton
190 Turnbull, William, West Holywell, Backworth Colliery,
Newcastle-upon-Tyne
191 Turner, George, South Street, Ouston, Birtley, County
Durham
192 Varvill, Wilfred Walter, Bryn-yr-afr Mine, near
Talybont, Cardiganshire
193 Wainwright, William, 6, Fieldhouse Terrace, Western
Hill, Durham
194 Walton, Isaac, 15, Hetton Lyons, Hetton Colliery, HettonLe-Hole, County Durham
195 Watson, Thomas, Jun., Rosebank, Darlington
196 Weeks, Francis Mathwin, Bentley Colliery, Doncaster
197 Welch, William Hall, 43, Ravensworth Road, Birtley,
County Durham
198 Welsh, Arthur, Red House, Tunstall Village, near
Sunderland
199 Widdas, Frank, Thrislington Hall, West Cornforth,
County Durham
200 Wild, Robert Powley, Applegarth, Queens Road,
Cheltenham
201 Wood, George, 63, Lamb Street, East Cramlington,
Cramlington, Northumberland
202 Wraith, Charles Osborn, Leeuwpoort, via Warmbaths,
Transvaal
203 Yielder, Hugh Lishman, 14, Moor View, Ryton, County
Durham
204 Young, Charles, Laburnum House, Rowlands Gill,
Newcastle-upon-Tyne
205 Young, George Ellis, Benwell Colliery, Newcastle-uponTyne

S.
A.
S.
A.

Dec.
Aug.
Aug.
Aug.

13, 1902
7, 1909
3, 1907
6, 1910

Aug. 7, 1909

S.
A.
S.
A.

S.
A.

Dec.
Feb.
Aug.
Feb.
Dec.

14, 1907
8, 1902
7, 1909
8, 1908
9, 1911

Oct.

8, 1904

June 8, 1895
Dec. 12, 1908
Aug. 2, 1913
April 2, 1898

S.
A.
S.
A.
S.
A.
S.
A.

Dec.
June
Aug.
Feb.
Aug.
Feb.
Aug.
Aug.
Aug.

14, 1907
8, 1907
5, 1911
10, 1906
2, 1913
10, 1906
2, 1913
1, 1896
1, 1903

S.
A.

Dec. 8,1900
Dec. 8, 1906
Aug. 1, 1908

S.
A.

April 13, 1907
June 10, 1905
Aug. 5, 1911
April 7, 1906

S.
A.

Dec. 10, 1910
Aug. 3, 1901
Aug. 5, 1905

STUDENTS (Stud.I.M.E.).
Date of Election.
1 Atkinson, William Henry, Dans Castle, Tow Law, County
Durham
2 Avery, William Ernest, 11, Station Lane, Birtley, County
Durham

Aug. 7, 1909
June 8, 1907

[A lv]
3 Bootiman, Frank Cecil, 177, Laygate, South Shields
4 Brass, James Robson, Charlaw and Sacriston Collieries,
County Durham
5 Browell, Jasper Geoffrey, c/o Mrs. John Richardson,
Whickham Road, Sunniside, Gateshead-upon-Tyne
6 Brown, John Cecil, 9, East View, South Shields
7 Charlton, George Fenwick Hedley, School House, Seaton
Delaval, Newcastle-upon-Tyne
8 Dakers Edgar Walton, Tudhoe Colliery, Spennymoor
9 Earnshaw, Oscar, Westwood House, Hamsterley Colliery,
County Durham
10 Fletcher, Frank, 11, South View Terrace, North Biddick
Colliery, Washington Station, County Durham
11 Gallon, Joseph, 71, Seventh Row, Ashington, Morpeth
12 Grace, William Grace, Eston Mines, Eston, Yorkshire
13 Guthrie, Kenneth Malcolm, c/o Mrs. Bolam, Ashleigh, Pelton,
County Durham
14 Hall, Lewis Wigham, Westfield, Ashington, Northumberland
15 Hall, Rowley, Station House, South Hylton, Sunderland
16 Hare, Ralph Victor, Howlish Hall, Bishop Auckland
17 Heatherington, Arnold, Kendal, Birtley, County Durham
18 Hunter, John, West View, Front Street, Sacriston, Durham
19 Inman, William St. John, Torrington, West Cliffe Road,
Roker, Sunderland
20 Jacobs, George, 6, St. Georges Square, Sunderland
21 Kent, George Herbert Stanton, 38, Ripon Gardens,
Newcastle-upon-Tyne
22 Kirkup, Philip, Jun., 2, Manor Terrace, Ferry Hill
23 Leybourne, Elliot Angus, Birchholme, Gateshead-upon-Tyne
24 McKensey, Stanley
25 McLaren, Ronald Henry, Offerton Hall, Sunderland
26 Mandl, Otto, Anglo-American Club, Freiberg, Saxony,
Germany
27 Merivale, Vernon, Togston Hall, Acklington, Northumberland
28 Parrington, Matthew Lilburn, Hill House, Monkwearmouth,
Sunderland

Date of Election.
Feb. 10, 1912
April 8, 1911
Oct. 8 1910
Feb 10, 1912
Feb. 10, 1912
Dec. 14, 1907
Feb.

8, 1908

June 1, 1912
Oct. 9, 1909
Feb. 9, 1907
Aug. 5, 1911
April 12, 1913
Dec. 14, 1912
Dec. 10, 1910
Dec. 9, 1911
Dec. 11, 1909
Feb. 11, 1911
Dec. 11, 1909
June 14, 1913
Dec. 9, 1911
April 12, 1913
Oct. 14, 1911
Feb. 10, 1912
Feb. 10, 1912
Oct. 8, 1910
Oct.

9, 1909

29 Prest, Austin Marmaduke Gerald, Office Row, East
Cramlington, Cramlington, Northumberland
30 Ranken, Charles Thompson, Coanwood, Roker, Sunderland
31 Ridley, William, 10, Railway Street, Tow Law, County
Durham
32 Saint, Thomas Arthur, 6, Wardle Terrace, Newcastle-uponTyne
33 Scott, Charles Weatheritt, 6, Evelyn Terrace, GatesheadUpon-Tyne
34 Simpson, Claude Frank Bell, Hedgefield House, Blaydon-uponTyne, County Durham
35 Strong, John William, 7, Earls Drive, Low Fell, GatesheadUpon-Tyne

Feb. 10, 1912
Aug. 5, 1911
Aug. 1, 1908
Aug. 3, 1912
Dec.

9, 1911

Aug. 5,1911
Oct.

9, 1909

[A lvi]
36 Thompson, John Ballantyne, 166, Westoe Road, South Shields
37 Watts, Hubert, Blytheswood North, Osborne Road, NewcastleUpon-Tyne
38 Williamson, George Armstrong, Haslemere, Bourne Road,
Bexley, Kent

Date of Election.
Feb. 10, 1912
June 8, 1907
Feb. 13, 1909

SUBSCRIBERS.
1 Owners of Ashington Colliery, Newcastle-upon-Tyne
2 Birtley Iron Company (3), Birtley, 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 M. Coulson and Company, Limited, Merrington Lane Iron Works, Spennymoor.
8 Cowpen Coal Company, Limited (2), F, King Street, Newcastle-upon-Tyne
9 The Honourable Lord Ninian Edward Crichton-Stuart, House of Falkland,
Falkland, Fifeshire.
10 Crompton and Company, Limited, Pearl Buildings, Northumberland Street,
Newcastle-upon-Tyne
11 Dominion Coal Company, Limited, Glace Bay, Nova Scotia.
12 The Right Honourable the Earl of Durham (2), Lambton Offices, Fence
Houses.
13 The Right Honourable the Earl of Ellesmere (2), Bridgewater Offices,
Walkden, Manchester.
Transactions sent to Capt. Henry Vaughan Hart-Davis, Bridgewater
Offices, Walkden, Manchester.
14 Elswick Coal Company, Limited, Newcastle-upon-Tyne

15 D. H. and G. Haggie, Wearmouth Patent Rope Works, Sunderland.
16 Harton Coal Company, Limited (3), Harton Collieries, South Shields.
17 James Joicey and Company, Limited (2), Newcastle-upon-Tyne
18 The Lambton and Hetton Collieries, Limited (3), Cathedral Buildings, Dean
Street, Newcastle-upon-Tyne
19 The Most Honourable the Marquess of Londonderry (4), c/o Vincent Charles
Stuart Wortley Corbett, Londonderry Offices, Seaham Harbour, County Durham.
20 Mavor and Coulson, Limited, 47, Broad Street, Mile-End, Glasgow.
21 North Brancepeth Coal Company, Limited, Crown Street Chambers, Darlington.
22 Owners of North Hetton Colliery (3), Fence Houses.
23 Osbeck and Company, Pit Timber Merchants, Newcastle-upon-Tyne
24 Ryhope Coal Company (2), Ryhope Colliery, Sunderland.
25 Owners of Seghill Colliery, Seghill, Dudley, Northumberland.
26 Siemens Brothers and Company, Limited, 39, Collingwood Buildings, Newcastle- upon-Tyne.
27 Owners of South Hetton and Murton Collieries (2), 50, John Street, Sunderland.
28 Owners of Stella Colliery, Hedgefield, Blaydon.upon.Tyne, County Durham.
29 Owners of Throckley Colliery, Newcastle-upon-Tyne
30 Owners of Victoria Garesfield Colliery, Victoria Garesfield Colliery,
Lintz Green, County Durham.
Transactions sent to H. Peile, The Priestman Collieries,
Limited, Milburn House, Newcastle-upon-Tyne
31 Owners of Wearmouth Colliery (2), Sunderland.
32 Westport Coal Company, Limited (2), Dunedin, New Zealand.
33 Worthington Pump Company, Limited, Milburn House, Dean Street,
Newcastle-upon-Tyne
[A lvii]
ENUMERATION.
August 2, 1913.
23
874
100
205
38
33
---1,273

Honorary Members
Members
Associate Members
Associates
Students
Subscribers
Total

Members are desired to communicate all changes of address, or any corrections or omissions
in the list of names, to the Secretary.

[Index 1]
INDEX TO VOL. LXIII.

____
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.
Abatement, practical, of coal.smoke, abs. 52.
Accident, shot-firing, Germany, Westphalia, Dortmund, Glückauf [Glueckauf] Tiefbau pit, abs.
88.
Accident, with benzol locomotive, Germany, Saxony, Rossleben potassium-salt mines, abs. 92.
Accidents, boiler-, France, 1911, abs. 101.
--, electrical plant, Germany, Prussia, collieries, 1911, abs. 50.
Accounts, 1911-1912, 8.
--, 1912-1913, app. iii., xi.
Acetylene safety-lamp, Tombelaine, abs. 84.
Ackere, Jacques van, and Daniel Coppieters, mining regime of Belgian Congo, abs. 57.
Aerial wire ropeway, Spain, Bilbao, Orconera Iron-ore Company, abs. 82.
Africa, German South-west, metalliferous ore-deposits, abs. 3.
--, Morocco, Melilla, iron-ore deposits, abs. 21.
--, South, electrically-driven winding-engines, 58, 107.
--, South, Rhodesia, minerals, abs. 65.
--, South, Zambesia, minerals, abs. 65.
Air-gauge, F. Robson and Company's improved, 242.
Alcohol, denatured, and gasoline, comparative fuel values, in internal-combustion engines, abs.
98.
Allen, Irving C, and I. W. Robertson, methods of determining sulphur content of fuels, especially
petroleum products, abs. 54.
Anderson, A. R., and H. R. Woodrow, characteristics and limitations of series transformer, abs.
94.
Anemometer, Davis-Biram, 243.
Annual general meeting, 1.
Annual report of council, 1911-1912, 2.,
[Ditto], 1912-1913, app. iii., v.
Annual report of finance committee, 1911-1912, 6.
Annual report of finance committee, 1912-1913, app. iii., x.
Arcs, electric, momentary, ignition of coal-gas and methane by, 17, 101.
Argentina, petroliferous deposits, abs 25.
Arsenic-deposits, Austria - Hungary, Bosnia, abs. 68.
Ashton, Sir Ralph P.,
and
Allan Greenwell, Jherria coal.field, India, and its future
development, 221.
Asia Minor, Arghana, copper-mines, abs. 14.

Asia Minor, boracic deposits, abs. 8.
Asia Minor, borate-of-lime working, abs. 72.
Asphalt-deposits, Germany, Hanover, abs. 4.
Asphalt-working, Switzerland, abs. 69.
Asphaltic deposits, Switzerland, Val de Travers, abs. 6.
Asphaltic limestones, Italy, Abruzzo, Pescara district, abs. 5.
Associate members, election, 13, 16, 101, 140, list, app. iii., xlv.
Associates, election, 16, 101, 140, 177, 234, list, app. iii., xlviii.
Auriferous lodes, Philippine islands, Masbate, Aroroy district, abs. 17.
[2]
Austria-Hungary, Alpine saltmines, discharge sluices, abs. 89.
Austria-Hungary, Bohemia, Brux, Tomson electrically-driven winding-gear, abs. 91.
Austria-Hungary, Bosnia, arsenic-deposits, abs. 68.
Austria-Hungary, Bukovina, Kaczyka salt-mines, abs. 74.
Austria-Hungary, Carniola, Idria, mercury-mines, abs. 22.
Austria-Hungary, Croatia.Slavonia, bauxites, abs. 7.
Austria-Hungary, Galicia, Bochima salt-mines, fall of shaft, abs. 80.
Austria-Hungary, Galicia, Boryslav-Tustanovice oil-field, water trouble in, abs. 24.
Austria-Hungary, Galicia, Cracow, economic conditions of coal-mining, abs. 60.
Austria-Hungary, Galicia, eastern, Kalusz, salt-deposits, abs. 73.
Austria-Hungary, Hungary, Hunyad county, White Koros valley, lignite-deposits, abs. 11.
Austria-Hungary, Hungary, Zbord, petroleum, deep borings for, abs. 20.
Austria-Hungary, Lower Austria, Wiener-Neustadt district, lignite-deposits, abs. 10.
Austria-Hungary, Moravia, Rossitz coal-field, coal-dust, experiments on, abs. 32.
Austria-Hungary, Moravia, Rossitz district, coal-mining, abs. 76.
Austria-Hungary, Moravian-Polish coal district, conformation, abs. 70.
Austria-Hungary, Styria, Trifail, sinking of shaft, abs. 79.
Austrian coal-fields, geology of, abs. 61.
Avalos, C. G., sulphur-deposits in Chile, abs. 26.
B.
Barometer, thermometer, etc., readings; 1912, abs. 107.
Barrois, Charles, paraffin shales of Pas-de-Calais, France, abs. 23.
Barrois, Charles, upright tree-trunks in coal-measures of Lens and Lievin, abs. 2.
Barrois, Charles, variations in composition of Aniche coal, abs. 53.
Bartels, —, mining industry of Russia in 1910, abs. 102.
Bartonnec, F., conformation of Moravian-Polish coal district, abs. 70.
Bartonnec, F., economic conditions of coal-mining in Cracow district, abs. 60.
Bartonnec, F., fall of shaft in Bochima salt-works, Galicia, abs. 80.
Bath-house, Emscher pit, Colonge Colliery Company, abs. 101.
Baticle, E., wear of wire ropes, abs. 83.
Bauer coke-oven, abs. 97.
Bauxites, Austria-Hungary Croatia-Slavonia, abs. 7.

Bedson, P. Phillips, combustion of oxygen and coal-dust in mines, 204.
Bedson, P. Phillips, Hailwond gas-cap observation-ma.chine, 128.
Bedson, P. Phillips, ignition of coal-gas and methane by momentary electric arcs, 51.
Belgian Congo, mining regime, abs. 57.
Belgium, Bascoup colliery, Pick-Quick coal-cutter, abs. 29.
Belgium, Campine coal-field, bringing into working, abs. 63.
Belgium, coal-measures, stratigraphical succession, abs. 62.
Belgium, Hainaut, boring for coal, results, abs. 69.
Belgium, hours of work in mines, effect of limiting, abs. 98.
Belgium, Liege, coal.field, marine bands in, abs. 2.
Belgium, Liege, Gosson-Lagasse colliery, workmen, saving time in caging of, abs. 47.
Belgium, mine concessions in, abs. 55.
Belgium, travelling in shafts, means of access and, abs. 45.
Bell, G. W., and T. V. Simpson, photographic method of rapidly copying out pay-notes, in use at
Throckley collieries, 92.,Discussion 111.
Bell, Thomas, death of, 177.
Benson, Thomas Walter, death of, 1.
Benson, Thomas Walter, memoir of, 163.
Benson, Thomas Walter, portrait of, frontispiece.
Benson, W. J., memoir of Thomas Walter Benson, 163.
Benzine-fed incandescent safety-lamp, Goulet, abs. 41.
Benzol locomotive, accident with, Germany, Saxony, Rossleben potassium-salt mines, abs. 92.
Berkley, Cuthbert, memoir of, 167.
Berkley, Cuthbert, portrait of, plate ii.
Berkley, E. W., memoir of Cuthbert Berkley, 167.
Bertrand, Maurice, intensive working of gold- and diamond-mines, abs. 75.
Besborodko, N., chrome iron-ore in northern Caucasus, abs. 20.
Bismuth lodes, Servia, eastern, abs. 8.
Blackett, W. C, address to practical men, being some further notes on “the combustion of
oxygen and coal-dust in mines,” 176. Discussion, 192.
Blackett, W. C, death of Thomas Bell, 177.
Blackett, W. C, effects of deficiency of oxygen on light of safety-lamp, 141.
Blackett, W. C, electrically-driven winding-engines in South Africa, 111
Blackett, W. C, Hailwood gas-cap observation-machine, 131, 143.
[3]
Blackett, W. C, ignition of coal-gas and methane by momentary electric arcs, 55, 107.
Blackett, W. C, illumination at coal.face, with special reference to incidence of miners'
nystagmus, 141.
Blackett, W. C, Jherria coal.field, India, and its future development, 161, 162.
Blackett, W. C, miners' electric safety-lamps, 136, 139.
Blackett, W. C, photographic method of rapidly copying out pay-notes, in use at
Throckley collieries, 113.
Blair, E. E., combustion of oxygen and coal-dust in mines, 206.

Blasting, special method of tamping for greater safety in, abs. 85.
Bohres miners' electric safety-lamp, 169.
Boiler-accidents, France, 1911, abs. 101.
Boilers, steam., transmission of heat into, abs. 48.
Bonnefond, F., useful minerals in Madagascar, abs. 66.
Boracic deposits, Asia Minor, abs. 8. Borate.of.lime working, Asia Minor, abs. 72. Bordeaux,
Albert, minerals in Rhodesia and Zambesia, abs. 65.
Bore-hole, utilization of, in shaft-sinking, Germany, Silesia, Konigshutte district, Konigsgrube,
abs. 44.
Boring for oil by “wet” system, abs. 80.
Boring with loose grains of hardened steel, abs. 80.
Borings, deep, for petroleum, Austria-Hungary, Hungary, Zboro, abs. 20.
Braecke, G., galena-mining in region of Linares and La Carolina, abs. 71.
Brake or hauling-engine, pneumatic, France, Pas-de-Calais, Dourges colliery, abs. 93.
Brazil, Minas Geraes, itabirite iron-ores, abs. 70.
Brazil, Rio Grande do Sul, cupriferous deposits, abs. 15.
Breynaert, F., asphalt-working in Switzerland, abs. 69.
Breynaert, F., asphaltic deposits of Val de Travers, Switzerland, abs. 6.
Breyre, A., recent progress in shaft-sinking by freezing process, abs. 42.
Breyre, A., verifying the parallelism of shaft-guides, abs. 44.
Briart rail-guides substituted for timber, abs. 49.
Brown, A. W., electrically-driven winding-engines in South Africa, 58. Discussion, 84, 107.
Brown coal, chemical characteristics, abs. 97.
Burrell, George A., and Frank M. Seibert, gas analysis as aid in fighting mine fires, abs. 37.
Burton, E. C, and F. C. Garrett, use of X rays in examination of coal. Discussion, 13.
C.
Caging workmen, Belgium, Liege, Gosson-Lagasse colliery, saving time in, abs. 47.
Carbonic-acid gas, outburst, Germany, Silesia, Neurode, Consolidated Ruben pit, abs. 35.
Carles, E. de, petroliferous deposits in Argentina, abs. 25.
Cayeux, L., palaeozoic iron pisolites in France, abs. 18.
Ceag miners' electric safety-lamp, 132.
Cement injection for consolidating rocks, France, Gard, Trelys colliery, abs. 79.
Chalk for tamping mine shots, abs. 86. Charnotzki, S.. further research in Kuban oil-fields,
abs. 25.
Chemical characteristics of brown coal, abs. 97.
Chile, sulphur-deposits, abs. 26.
China, coal-mining under new regime, abs. 13.
China, Szechuan, mineral resources, abs. 68.
Chrome iron-ore, Russia, Caucasus, northern, abs. 20.
Clark, H. H., electrical symbols for mine maps, abs. 51.
Clark, H. H., ignition of gas by miniature electric lamps with tungsten filaments, abs. 36.
Clark, H. H., ignition of gas by standard incandescent lamps, abs. 85.
Clark, H. H., investigation of explosion.proof motors, abs. 93.
Climate, effect of, in mines, on health of miners, abs. 59.

Coal, Belgium, Hainaut, boring for, results, abs. 69.
Coal, brown, chemical characteristics, abs. 97.
Coal, examination of, use of X rays, 13.
Coal, France, Aveyron, abs. 69.
Coal, France, Nord, Aniche, composition, variations in, abs. 53.
Coal, gas., selling by guarantee, abs. 58.
Coal, microscopic structure of, abs. 2.
Coal, Philippine islands, Mindanao, abs. 12.
Coal, rounded pebbles of, found in sandstone, United States of America, Alabama, Tuscaloosa,
abs. 9.
Coal, small, utilizing, modern methods, abs. 77.
Coal-cutter, Pick-Quick, Belgium, Bascoup colliery, abs, 29.
[4]
Coal.cutter, Pick-Quick, electrically-worked, Germany, Louisenthal, Gerhard colliery, Viktoria
pit, trials, abs. 83.
Coal-dressing, recent advances in, abs. 27.
Coal-dust, Austria.Hungary, Moravia, Rossitz coal.field, experiments on, abs. 32.
Coal-dust, ignition, experiments, facilitating, abs. 86.
Coal-dust, and oxygen, combustion of, in mines, 176.
Coal-dust, explosions, preventing, principles to be consulted, abs. 30.
Coal-dust or fire-damp, explosions, fatal and non-fatal, United Kingdom, 1912, list, abs. 103.
Coal-face, illumination at, with special reference to incidence of miners' nystagmus, 141.
Coal-fields, Austrian, geology of, abs. 61.
Coal-fields, Belgium, Campine, bringing into working, abs. 63.
Coal-fields, Belgium, Liege, marine bands in, abs. 2.
Coal-fields, Holland, Limburg, abs. 9.
Coal-field, India, Jherria, and its future development, 144, 221.
Coal-fields, northern, France, technical progress, abs. 99.
Coal-gas and methane, ignition of, by momentary electric arcs, 17, 101.
Coal in storage, deterioration of, abs. 30.
Coal in storage, spontaneous heating of, abs. 30.
Coal-measures, Belgium, stratigraphical succession, abs. 62.
Coal-measures, France, Pas-de-Calais, Lens, upright tree-trunks in, abs. 2,
Coal-measures, France, Pas-de-Calais, Lievin, upright tree-trunks in, abs. 2.
Coal.mining, Austria-Hungary, Galicia, Cracow, economic conditions, abs, 60.
Coal-mining, Austria-Hungary, Moravia, Rossitz district, abs. 76.
Coal-mining, China, under new regime, abs. 13.
Coal resources, Philippine islands, abs. 11.
f
Coal-seams, France, Pas-de-Calais, Courrieres, proportions of volatile matter in, abs. 53.
Coal-smoke and its practical abatement, abs. 52.
Coke-oven, Bauer, abs. 97.
Coke production, Germany, Rhenish Prussia, Schaumburg, Grafschaft, abs. 52.
Colonge Colliery Company, Emscher pit, bath-house, abs. 101.

Combustion of oxygen and coal-dust in mines, 176.
Committees, 1913-1914, app. iii., xvi.
Congo, Belgian, mining regime, abs. 57.
Contant, E., copper-mines of Arghana, Asia Minor, abs. 14.
Copper converter process in special relation to basic method of working, abs. 51.
Copper-mines, Asia Minor, Arghana, abs. 14.
Copper-ores, Servia, Majdan-Pek. abs. 13.
Coppieters, Daniel, and Jacques van Ackere, mining regime of Belgian Congo, abs. 57.
Coulbeaux, M., boracic deposits in Asia Minor, abs. 8.
Coulbeaux, M., borate-of-lime working in Asia Minor, abs. 72.
Council, annual report, 1911-1912, 2,1912-1913, app. iii., v.
Council of The Institution of Mining Engineers, representatives on, 1912-1913, election, 13,
1913-1914, list, app. iii., xvi.
Cremer, —, mineral resources of province of Szechuan, China, abs. 68.
Creosoted timbers for underground workings, abs. 81.
Cupriferous deposits, Brazil, Rio Grande do Sul, abs. 15.
Czaplinski, N. M., and — Jicinsky, experiments on coal-dust in Rossitz coal-field, abs. 32.
D.
Dahms, —, metalliferous ore-deposits in German South-west Africa, abs. 3.
Dalburg, F. A., coal resources of Philippines, abs. 11.
Davis-Biram anemometer, 243.
Deaths, Thomas Bell, 177.
Deaths, Thomas Walter Benson, 1.
Deaths, William Henry Pickering, 1.
Deaths, William Henry Ramsay, 233.
Deficiency of oxygen, effects on light of safety-lamp, 141.
Denatured alcohol and gasoline, comparative fuel values, in internal-combustion engines, abs.
98.
Denison, F. Napier, earthquakes, strains and stresses in relation to colliery explosions, abs.
74.
Deterioration of coal in storage, abs. 30.
Diamond-mines, intensive working of, abs. 75.
Dieckmann, Walter, iron-ore deposits of neighbourhood of Melilla, Morocco, abs. 21.
Discharge sluices, Alpine salt-mines, abs. 89.
Ditmas, F. I. Leslie, Jherria coalfield, India, and its future development, 224.
Donath, E., chemical characteristics of brown coal, abs. 97.
[5]
Earthquakes, stresses and strains in relation to colliery explosions, abs.. 74.
Eckmann, S., electrically-driven winding-engines in South Africa, 107.
Economic conditions of coal-mining, Austria-Hungary, Galicia, Cracow, abs, 60.
Effects of deficiency of oxygen on light of safety-lamp, 141.
Efficiency, lighting, of safety-lamps, 211, 234.

Election of members, 13, 16, 100, 140, 177, 234.
Election of officers, 1912.1913, 2.
Election of representatives on council of The Institution of Mining Engineers, 1912-1913,
13.
Electric arcs, momentary, ignition of coal-gas and methane by, 17, 101.
Electric locomotives underground, France, Gard, Grand'Combe colliery, abs. 92.
Electric locomotives underground, France, Pas-de-Calais, Marles colliery, abs. 92.
Electric safety-lamps, 132, 169, 235.
Electric safety-lamps, Germany, competition, abs. 50.
Electrical plant, Germany, Prussia, collieries, accidents, 1911, abs. 50.
Electrical symbols for mine maps, abs. 51.
Electrically-driven winding-engines in South Africa, 58, 107.
Electrically-driven winding.gear, Tomson, Austria-Hungary, Bohemia, Brux, abs. 91.
Electrically-worked Pick-Quick coalcutter, Germany, Louisenthal, Gerhard colliery, Viktoria pit,
trials, abs. 83.
Electricity, welding by, abs. 96.
Etohenbruch, —, recent advances in coal-dressing, abs. 27.
Examination of coal, use of X rays, 13.
Exhaust steam of winding-engine, utilizing, abs. 90.
Exploration, mine, abs. 99.
Explosion, fire-damp, Germany, Westphalia, Lothringen colliery, abs. 34, 87.
Explosion, fire-damp, Germany, Westphalia, Oberhausen colliery, abs. 86.
Explosion, France, Pas-de-Calais, Clarence colliery, .abs. 32.
Explosion, gas, Germany, Grosshauslingen, Alter-Nordstern potassic-salt mines, abs. 34.
Explosion-proof motors, abs. 93.
Explosions, coal-dust, preventing, principles to be consulted, abs. 30.
Explosions, colliery, earthquakes, stresses and strains in relation to, abs. 74.
Explosions, fire-damp or coal-dust, fatal and non-fatal, United Kingdom, 1912, list, abs. 103.
Explosions, Germany, Prussian collieries, 1911, abs. 36.
Explosives, efficiency of, effect of stemming, abs. 39.
Explosives, magazines for, abs. 41.
Explosives, thaw-houses for, abs. 41.
F.
Fanning, P. R., manganese-deposits of Philippines, abs. 22.
Faraday-Hawdon miners' electric safety-lamp, 137.
Fearon, Arthur N., “multigraph carbotyp” combined pay-bill and pay-note, 114.
Feder, M., safety telephone for fiery mines, abs. 88.
Feeder, reducing volume of, abs. 78.
Ferguson, H. G., auriferous lodes of Aroroy district, Philippines, abs. 17.
Fiery mines, safety telephone, abs. 88.
Fieux, —, mine legislation in Portugal, abs. 57.
Finance committee, .annual report, 1911-1912, 6., 1912-1913, app. iii., x.
Finze, —, coke production in Grafschaft of Schaumburg, abs. 52.

Fire, Germany, Silesia, Heinitz, in main switch installation, with notes on reconstruction of
building, abs. 38.
Fire, underground, France, Pas-de-Calais, Clarence colliery, drowning owing to, abs. 39.
Fire-damp explosion, Germany, Westphalia, Lothringen colliery, abs. 34 87.
Fire-damp explosion, Germany, Westphalia, Oberhausen colliery, abs. 86.
Fires, mine, abs. 37.
Fires, mine, fighting, gas analysis as an aid, abs. 37.
Ford, Mark, combustion of oxygen and coal-dust in mines, 207'.
Foster, H. T., Hailwood gas-cap observation-machine, 143.
Fourmarier, P., saving time in caging workmen at Gosson-Lagasse colliery, abs. 47.
France, Aveyron, proving coal, abs. 69.
France, boiler.accidents, 1911, abs. 101.
France, collieries, hydraulic stowing, abs. 79.
France, Gard, Grand Combe colliery, haulage by electric locomotives underground, abs. 92.
France, Gard, Trelys colliery, cement injection for consolidating rocks, abs. 79.
France, Nord, Aniche, coal, composition, variations in, abs. 53.
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France, northern coal-field, technical progress, abs. 99.
France, palaeozoic iron pisolites, abs. 18.
France, Pas-de-Calais, Clarence colliery, drowning,., owing to underground fire, abs. 39.
France, Pas-de-Calais, explosion, abs. 32.
France, Pas-de-Calais, Courrieres, coal-seams, proportions of volatile matter in, abs. 53.
France, Pas-de-Calais, Dourges colliery, pneumatic hauling-engine or brake, abs. 93.
France, Pas-de-Calais, Lens, coal-measures, upright tree-trunks in, abs. 2.
France, Pas-de-Calais, Lievin, coal-measures, upright tree-trunks in, abs. 2.
France, Pas-de-Calais, Maries colliery, electric locomotives underground, abs. 92.
France, Pas-de-Calais, Noeux colliery, steam generation and consumption, abs. 90.
France, Pas-de-Calais, paraffin shales, abs. 23.
France, Pas-de-Calais, phosphate.deposits, abs. 26.
Freezing process of shaft-sinking, recent progress, abs. 42.
Freise, F., experiments on treatment of gold-bearing ores, especially pyrites, abs. 97.
Fryar, J. W., combustion, of oxygen and coal-dust in mines, 205.
Fuel values, comparative, of gasoline and denatured alcohol in internal-combustion engines,
abs. 98.
Fuels, sulphur content, methods of determining, 54.
Funds, reserve, for state-worked mines, abs. 58.
G.
France, Pas-de-Calais, La Carolina, abs. 71.
France, Pas-de-Calais, Linares, abs. 71.
Gamzon, L., hydraulic stowing at French collieries, abs. 79.
Garrett, F. C, ignition of coal-gas and methane by momentary electric arcs, 101. Garrett,
F. C, and R. C. Burton, use of X rays in examination of coal. Discussion, 13. Gas, coal., and
methane, ignition of, by momentary electric arcs, 17, 101.

Gas, coal., ignition of, by miniature electric lamps with tungsten filaments, abs. 36.
Gas, coal., ignition of, by standard incandescent lamps, abs. 85.
Gas analysis as an aid in fighting mine fires, abs. 37.
Gas-cap observation machine, Hail-wood, 117, 141.
Gas-coal, selling by guarantee, abs. 58.
Gaseous oxygen, welding by, abs. 96.
Gasoline and denatured alcohol, comparative fuel values, in internal-combustion engines, abs.
98.
Gathmann, Th., itabirite iron-ores of Minas Geraes, Brazil, abs. 70.
Gauge, air., F. Robson and Company's improved, 242.
Gauges, water., self-registering, 240.
Gauging of mining tubs, abs. 81.
Gem-deposits, Madagascar, abs. 16.
General meetings, 1,16,100,140,177,233.
Generator, Heller, abs. 96.
Geny, Pierre, proportions of volatilematter in Courrieres coal-seams, France, abs. 53.
Geology, Austrian coal-fields, abs. 61.
George, —, boring for oil by “wet" system, abs. 80.
George, E. J., photographic method of rapidly copying out pay-notes, in use at Throckley
collieries, 112.
German South-west Africa, metalliferous ore-deposits, abs. 3.
Germany, Alsace, upper, potassic-salt deposits, abs. 73.
Germany, Alsace, upper, rock-salt deposits, abs. 73.
Germany, Baden, potassic-salt deposits, abs. 73.
Germany, Baden, rock-salt deposits, abs. 73.
Germany, electric safety-lamp competition, abs. 50.
Germany, Grosshauslingen, Alter-Nordstern, potassic-salt mines, explosion, gas, abs. 34.
Germany, Hanover, asphalt-deposits, abs. 4.
Germany, Hanover, St. Andreasberg, water-works, abs. 47.
Germany, Louisenthal, Gerhard colliery, Viktoria pit, Pick-Quick coal-cutter, electrically-worked,
trials, abs. 83.
Germany, Prussia, collieries, electrical plant, accidents, 1911, abs. 50.
Germany, Prussia, colliery explosions, 1911, abs. 36.
Germany, Prussia, mine administration, 1911, abs. 58.
Germany, Prussia, mine industry, 1911, abs. 58.
Germany, Prussia, mining work, experiments and improvements, 1911, abs. 28. 1912, abs. 77.
Germany, Rhenish Prussia, Schaumburg, Grafschaft, coke production, abs. 52.
Germany, Saxony, Rossleben potassium-salt mines, accident with benzol locomotive, abs. 92.
Germany, Silesia, Heinitz, fire in main switch installation, with notes on reconstruction of
building, abs. 38.
Germany, Silesia, Konigshutte district, Konigsgrube, utilization of bore-hole in shaft-sinking,
abs. 44.
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Germany, Silesia, Neurode, Consolidated Ruben pit, outburst of carbonic-acid gas, abs. 35.
Germany, Westphalia, Dortmund, Gluckauf Tiefbau pit, shot-firing accident, abs. 88.
Germany, Westphalia, Dortmund, district, winding in deep shafts, abs. 45.
Germany, Westphalia, Lothringen colliery, explosion, fire-damp, abs. 34, 87.
Germany, Westphalia, Oberhausen colliery, fire-damp explosion, abs. 86.
Gerrard, John, combustion of oxygen and coal-dust in mines, 192.
Gold, Philippine islands, Mindanao, abs. 12.
Gold-bearing ores, especially pyrites, treatment of, experiments, abs. 97.
Gold-mines, intensive working of, abs. . 75.
Goulet benzene-fed. incandescent safety-lamp, abs. 41.
Grains, loose, of hardened steel, boring with, abs. 80.
Grassy, —, fire-damp explosion at Lothringen colliery, Westphalia, abs. 87.
Gray-Sussmann miners' electric safety-lamp, 235.
Greenwell, Allan, and Sir Ralph P. Ashton, Jherria coal-field, India, and its future development,
221.
Greenwell, George Harold, Jherria coal.field, India, and it future development,
144.,
Discussion, 161, 221.
Groenendael, H. Van, coal-fields on Meuse in Dutch Limburg, abs. 9.
Grosch, Paul, haematite-deposits in Asturias, Spain, abs. 19.
Guarantee, selling gas-coal by, abs. 58.
Gubkin, I. M., Nephtyanaya-Shirvanskaya oilfield, abs. 23.
Guides, rail., Briart, substituted for timber, abs. 49.
Guides, shaft., parallelism of, verifying, abs. 44.
Gutdeutsch, —, reserve funds for state-worked mines, abs. 58.
H.
Haematite-deposits, Spain, Asturias. abs. 19.
Hailwood, E. A., Hailwood gas-cap observation-machine, 117. Discussion, 126, 141.
Hailwood, E. A., lighting efficiency of safety-lamps, 234.
Hailwood, E. A., miners' electric safety-lamps, 139.
Hailwood gas-cap observation-machine, 117, 141.
Halbaum, H. W. G., combustion of oxygen and coal-dust in mines, 197.
Haldane, J. S., combustion of oxygen and coal-dust in mines, 192.
Haldane, J. S., and T. Lister Llewellyn, effects of deficiency of oxygen on light of safety-lamp.
Discussion 141.
Hall, Clarence, and Spencer P. Howell, magazines and thaw-houses for explosives, abs. 41.
Hall, Clarence, and Walter O. Snelling, effect of stemming on efficiency of explosives, abs. 39.
Hanauer, W., effect of climate in mines on health of miners abs. 59.
Harbort, E., rock-salt and potassic-salt deposits of upper Alsace and Baden, abs. 73.
Harger, John, combustion of oxygen and coal-dust in mines, 195.
Harmant, E., effect of limiting hours of work in mines, abs. 98.
Hauling-engine or brake, pneumatic, France, Pas-de-Calais, Dourges colliery, abs. 93.
Hawdon, A. F., miners' electric safety-lamps, 137.
Health of miners, effect of climate in mines, abs. 59.
Heat, transmission of, into steam-boilers, abs. 48.

Heating, spontaneous, of coal in storage, abs. 30.
Heller generator, abs. 96.
Hempel, Eugen, welding by electricity and gaseous oxygen, abs. 96.
Hirshberg, L. K., rounded pebbles of coal found in sandstone, abs. 9.
Holland, Limburg, coal-fields, abs. 9.
Honorary members, election, 100, list, app. iii., xviii.
Hours of work in mines, Belgium, effect of limiting, abs. 98.
Howell, Spencer P., and Clarence Hall, magazines and thaw-houses for explosives, abs. 41.
Hydraulic stowing, French collieries, abs. 79.
I.
Ignition of coal-dust, experiments, facilitating, abs. 86.
Ignition of coal-gas and methane by momentary electric arcs, 17, 101.
Ignition of gas by miniature electric lamps with tungsten filaments, abs. 36,
Ignition of gas by standard incandescent lamps, abs. 85.
Illumination at coal-face, with special reference to incidence of miners' nystagmus, 141.
Incandescent lamps, standard, ignition of gas by, abs. 85,
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Incandescent safety-lamp, Goulet benzene-fed, abs. 41.
India, Jherria coal-field and its future development, 144, 221.
Institution of Mining Engineers, representatives on council of, 1912-1913, election, 13, 19131914,list, app.iii.,xvi.
Intensive working of diamond.mines, abs. 75.
Intensive working of gold.mines, abs. 75.
Iron-ore, chrome, Russia, Caucasus, northern, abs. 20.
Iron-ore deposits, Africa, Morocco, Melilla, abs. 21.
Iron-ores, itabirite, Brazil, Minas Geraes, abs. 70.
Iron-ores, Servia, Majdan-Pek, abs. 13.
Iron pisolites, palaeozoic, France, abs. 18.
Itabirite iron-ores, Brazil, Minas Geraes, abs. 70.
Italy, Abruzzo, Pescara district, asphaltic limestones, abs. 5.
Italy, Piedmont, Traversella, ore-deposits, abs. 3.
J.
Jardel, —, chalk for tamping mine shots, abs. 86.
Jherria coal-field, India, and its future development, 144, 221.
Jicinsky, —, and N. M. Czaplinski, experiments on coal-dust in Rossitz coal-field, abs. 32.
K.
Katzer, F., deposits of, arsenic in Bosnia, abs. 68.
Kibble sling-bows, strength of, abs. 84.
Kishpatich, M., Croatian bauxites, abs. 7.
Kittl, E., and M. Lazarevic, bismuth lodes in eastern Servia, abs. 8.

Kospe, —, fire-damp explosion at Oberhausen colliery, Germany, abs. 86.
Kohler, F., methods of measuring lengths and distances in mines, abs. 81.
Kreisinger, Henry, and Walter T. Ray, transmission of heat into steam-boilers, abs. 48.
Kropach, Josef, mercury-mines of Idria, Carniola, abs. 22.
Kroupa, G., Heller generator, abs. 96.
L.
Lacroix, A., gem-deposits of Madagascar, abs. 16.
Laske. —, outburst of carbonic-acid gas in Consolidated Ruben pit, Neurode, Lower Silesia,
abs. 35.
Lazarevic, M., and E. Kittl, bismuth lodes in eastern Servia, abs. 8.
Leach, C. C, combustion of oxygen and coal-dust in mines, 208.
Leach, C. C, ignition of coal-gas and methane by momentary electric arcs, 53.
Lechat, V., bringing North Belgian coal-field into working, abs. 63.
Legislation, mine, Portugal, abs. 57.
Legislation, Russia, work in mines, abs. 59.
Lemaire, E., Goulet benzene-fed incandescent safety-lamp, abs. 41.
Lemaire, E., and V. Watteyne, externally tamping a mine shot with incombustible dust, abs. 40.
Leprince-Ringuet, —, technical progress in French northern coal-field, abs. 99.
Leroyer, —, pneumatic hauling-engine or brake, abs. 93.
Leybourne, E. A., combustion of oxygen and coal-dust in mines, 208.
Libotte, E., Briart rail-guides substituted for timber, abs. 49.
Light of safety-lamp, effects of deficiency of oxygen on, 141,
Lighting efficiency of safety-lamps, 211, 234.
Lignite-deposits, Austria-Hungary, Hungary, Hunyad county, White Koros valley, abs. 11.
Lignite-deposits, Austria-Hungary, Lower Austria, Wiener-Neustadt district, abs. 10.
Limestones, asphaltic, Italy, Abruzzo, Pescara district, abs. 5.
Limiting hours of work in mines, Belgium, effect, abs. 98.
Llewellyn, T. Lister, illumination at coal-face, with special reference to incidence of miners'
nystagmus. Discussion, 141.
Llewellyn, T. Lister, and J. S. Hal.dane, effects of deficiency of oxygen on light of safety-lamp.
Discussion, 141.
Locomotive, benzol, accident with, Germany, Saxony, Rossleben potassium-salt mines,
abs. 92.
Locomotives,
electric,
underground, France, Gard, Grand' Combe cqlliery, abs. 92.
Locomotives, electric, underground, France, Pas-de-Calais, Marles colliery, abs. 92. Louis,
Henry, combustion of oxygen and coal-dust in mines, 202.
Louis, Henry, electrically-driven winding-engines in South Africa, 87.
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Louis, Henry, Hailwood gas-cap observation-machine, 126, 141.
Louis, Henry, ignition of coal-gas and methane by momentary electric arcs, 49.
Louis, Henry, Jherria coal-field, India, and its future development, 161.
%
Louis, Henry, miners' electric safety-lamps, 137.

Louis, Henry, self-registering water-gauges, 241.
Lux, Fr., coal-mining in China under new regime, abs. 13.
M.
McCallum, A. L., wolfram-ores in Nova Scotia, abs. 27.
Madagascar, gem-deposits, abs. 16.
Madagascar, useful minerals, abs. 66.
Magazines for explosives, abs. 41.
Magne, —, haulage by electric locomotives underground, abs. 92.
Mallieux, F., Russian legislation on work in mines, abs. 59.
Manganese-deposits, Philippine islands, abs. 22.
Maps, mine, electrical symbols for, abs. 51.
Marillac, M. de, cement injection for consolidating rocks, abs. 79.
Marine bands, Belgium, Liege coalfield, abs. 2.
Martel, —, boring with loose grains of hardened steel, abs. 80.
Martinet, R., reducing volume of feeder, abs. 78.
Measuring lengths and distances in mines, methods, abs. 81.
Members, election, 13, 16, 100, 140, 177, 234, list, app. iii., xix.
Memoirs, Thomas Walter Benson, 163.
Memoirs, Cuthbert Berkley, 167.
Mercier, L., mine exploration and bringing into work, abs. 99.
Mercury-mines, Austria-Hungary, Carniola, Idria, abs. 22.
Merivale, J. H., ignition of coal-gas and methane by momentary electric arcs, 51.
Methane and coal-gas, ignition of, by momentary electric arcs, 17, 101.
Microscopic structure of coal, abs. 2.
Mine fires, abs. 37.
Mine fires, fighting, gas analysis as an aid, abs. 37.
Mineral industry, Rumania, abs. 64.
Mineral industry, Russia, 1910, abs. 102.
Mineral industry, Turkey, abs. 102.
Mineral resources, China, Szechuan, abs. 68.
Mineral wastes, abs. 27.
Miners' electric safety-lamps, 132, 169, 235.
Moehrle, T., modern methods of utilizing small coal and slack, abs. 77. Molinghen, —,
and — Vranken, Pick-Quick coal-cutter at Bascoup colliery, abs. 29.
Momentary electric arcs, ignition of coal-gas and methane by, 17, 101.
Morin, L., Clarence colliery explosion, abs. 33.
Motors, explosion-proof, abs. 93.
Mountain, W. C, electrically-driven winding-engines in South Africa, 84, 86.
Mountain, W. C, ignition of coal-gas and, methane by momentary electric arcs, 46, 52.
Muller, Fr, C, ore-deposits of Traversella, Piedmont, abs. 3.
“Multigraph carbotyp” combined pay-bill and pay-note, 114.
N.
Negre, Georges, phosphate-deposits of Pas-de-Calais, abs. 26.

Nelson, Robert, electrically-driven winding-engines in South Africa, 86, 90.
Nelson, Robert, ignition of coal-gas and methane by momentary electric arcs, 47. Nicholson,
A. D., Hailwood gas-cap observation-machine, 128.
Niedzwiedzki, J., Kaczyka salt.mines, Bukovina, abs. 74.
Niedzwiedzki, J., salt-deposits at Kalusz, Galicia, abs. 73.
Nitroglycerine, behaviour, when heated, abs. 55.
Noth, Julius, water trouble in Boryslav=Tustanovice oil.field, Galicia, abs. 24.
Nova Scotia, tin, abs. 26.
Nova Scotia, wolfram-ores, abs. 27.
Nystagmus, miners', abs. 59.
Nystagmus, miners', illumination at coal-face, with special reference to incidence of, 141.
O.
Ochwadt self-registering water-gauge, 240.
Officers, 1912-1913, election, 2. 1913-1914, app. iii., xvii.
Oil, boring for, by "wet” system, abs. 80.
Oil-fields, Austria-Hungary, Galicia, Boryslav-Tustanovice, water trouble in, abs. 24.
Oil-fields, Russia, Caucasus, Kuban, further research in, abs. 25.
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Oil-fields, Russia, Caucasus, Nephtyanaya.Shirvanskaya, abs. 23.
Oldham miners' electric safety-lamp, 170.
Ore-deposits, Italy, Piedmont, Traversella, abs. 3.
Ore-deposits, metalliferous, German Southwest Africa, abs. 3.
Outburst, carbonic-acid gas, Germany, Silesia, Neurode, Consolidated Ruben pit, abs. 35.
Ovitz, P. K., and Horace O. Porter, deterioration and spontaneous heating of coal in storage,
abs. 30.
Oxygen, deficiency of, effects on light of safety-lamp, 141.
Oxygen, gaseous, welding by, abs. 96.
Oxygen, and coal-dust, combustion of, in mines, 176.
P.
coal-field, India, and its future development, 225. Palaeozoic

Paddon, N. B., Jherria
iron pisolites, France, abs. 18.
Panek, Ed., coal-mining in Rossitz district, abs. 76.
Papp, Karl von, lignite-deposits of White Koros valley, Hungary, abs. 11.
Paraffin shales, France, Pas-de-Calais, abs. 23.
Parallelism of shaft-guides, verifying, abs. 44.
Parrington, M. W., death of Thomas Walter Benson, 1.
Parrington, M. W., death of William Henry Pickering, 1.
Parsons, Charles L., notes on mineral wastes, abs. 27.
Pasquier, A. E. du, electrically-driven winding-engines in South Africa, 87.
Patrons, list, app. iii., xviii.
Pay-bill and pay-note, combined, “Multigraph carbotyp,” 114.

Pay-notes, photographic method of rapidly copying out, in use at Throckley
collieries, 92, 111.
Petrascheck, W., lignite-deposits of Wiener-Neustadt district, Austria, abs. 10.
Petrascheck, W., progress in geology of Austrian coal-fields, abs. 61.
Petroleum, Austria-Hungary, Hungary, Zboro, deep borings for, abs. 20. Petroliferous
deposits, Argentina, abs. 25.
Peucker, A., fire in main switch installation at Heinitz, with notes on reconstruction of building,
abs. 28.
Pharos miners' electric safety-lamp, 175.
Philippine islands, coal resources, abs. 11.
Philippine islands, manganese-deposits, abs. 22.
Philippine islands, Masbate, Aroroy district, auriferous lodes, abs. 17.
Philippine islands, Mindanoa, coal, abs. 12.
Philippine islands, Mindanoa, gold, abs. 12.
Phosphate-deposits, France, Pas-de-Calais, abs. 26.
Photographic method of rapidly copying out pay-notes, in use at Throckley collieries, 92, 111.
Pick-Quick coal-cutter, Belgium, Bascoup colliery, abs. 29.
Pick-Quick coal-cutter, electrically-worked, Germany, Louisenthal, Gerhard colliery, Viktoria pit,
trials, abs. 83.
Pickering, William Henry, death of, 1.
Piers, H., tin in Nova Scotia, abs. 26.
Pietsch, E., sinking of shaft at Trifail, Styria, abs. 79.
Pisolites, iron, palaeozoic, France, abs. 18.
Pneumatic hauling-engine or brake, France, Pas-de-Calais, Dourges colliery, abs. 93.
Porter, Horace C, and F. K. Ovitz, deterioration and spontaneous heating of coal in storage, abs.
30.
Portugal, mine legislation, abs. 57.
Potassic-salt deposits, Germany, Alsace, upper, abs. 73.
Potassic-salt deposits, Germany, Baden, abs. 73.
Potassic-salt mines, Germany, Grosshauslingen, Alter-Nordstern, explosion, gas, abs. 34.
Prest J. J., photographic method of rapidly copying out pay-notes, in use at Throckley collieries,
111.
Prevention of coal-dust explosions, principles to be consulted, abs. 30.
Priwoznik, E., new form of tippler, abs. 55.
Pyrites, treatment of, experiments, abs. 97.
R.
Rail-guides, Briart, substituted for timber, abs. 49. Ramsay, William Henry, death of, 233.
Ray, Walter T., and Henry Kreisinger, transmission of heat into steam-boilers, abs. 48.
Rays, X, in examination of coal, use, 13. Redepenning, —, copper converter process in
special relation to basic method of working, abs. 51.
Renier, Armand, marine bands in Liege coal-basin, abs. 2.
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Renier, Armand, mechanically shaping mine timbers, abs. 47.
Renier, Armand, stratigraphical succession of Belgian coal-measures, abs. 62.
Representatives on council of The Institution of Mining Engineers, 1912-1913, election, 13.
1913-1914, list, app. iii., xvi.
Rescue-apparatus, improvements in, abs. 89.
Reserve funds for state-worked mines, abs. 58.
Rhya, G., improvements in apparatus used for rescue-work in mines, abs. S9.
Rice, George S., mine fires : a preliminary study, abs. 37.
Robertson, I. W., and Irving C. Allen, methods of determining sulphur content of fuels,
especially petroleum products, abs. 54.
Robson, F., and Company's improved air-gauge, 242.
Rock-salt deposits, Germany, Alsace, upper, abs. 73.
Rock-salt deposits, Germany, Baden, abs. 73.
Rope-riding Committee : Halle Section, strength of kibble sling-bows, abs. 84.
Ropes, wire, wear of, abs. 83.
Ropeway, aerial wire, Spain, Bilbao, Orconera Iron-ore Company, abs. 82.
Roth von Telegd, L., deep borings for petroleum at Zboro, Hungary, abs. 20.
Rumania, mineral industry, abs. 64.
Russia, Caucasus, Kuban oil-fields, further research in, abs. 25.
Russia, Caucasus, Nephtyanaya-Shirvanskaya oilfield, abs. 23.
Russia, Caucasus, northern, chrome iron-ore, abs. 20.
Russia, legislation on work in mines, abs. 59.
Russia, mineral industry, 1910, abs. 102.
Russia, Moravian-Polish coal district, conformation, abs. 70.
Rutter, miners' nystagmus, abs. 59.
Ryba, G., Tomson electrically-driven winding gear, abs. 91.
S.
Safety-lamp, acetylene, Tombelaine, abs. 84.
Safety-lamp, Goulet benzene-fed incandescent. abs. 41.
Safety-lamp, light of, effects of deficiency of oxygen on, 141.
Safety-lamps, electric, 132, 169, 235.
Safety-lamps, electric, Germany, competition, abs.50.
Safety-lamp, lighting efficiency, 211, 234.
Safety telephone for fiery mines abs. 88.
Saint, T. A., lighting efficiency of safety-lamps, 211. Discussion, 234.
Saint Maur, —, drowning a colliery owing to underground fires, abs. 39.
Salt-deposits, Austria-Hungary, Galicia, eastern, Kalusz, abs. 73.
Salt-deposits, potassic,
Germany,
Alsace, upper, abs. 73.
Salt-deposits, potassic,
Germany,
Baden, abs. 73.
Salt-deposits, rock, Germany, Alsace, upper, abs. 73.
Salt-deposits, rock, Germany, Baden, abs. 73.
Salt-mines, Alpine, Austria-Hungary, discharge sluices, abs. 89.
Salt-mines, Austria-Hungary, Bukovina, Kaczyka, abs. 74.
Salt-mines, Austria-Hungary, Galicia, Bochima, fall of shaft, abs. 80.

Salt-mines, potassic, Germany, Grosshauslingen, Alter-Nordstern, explosion, gas, abs. 34.
Schondore, Fr., asphalt-deposits of Hanover, abs. 4.
Schraml, —, discharge sluices in Alpine salt-mines, abs. 89.
Schultze-Hoing, —, winding in deep shafts in Dortmund district, abs. 45.
Schuster, Julius, microscopic structure of coal, abs. 2.
Searle, J. M., coal-smoke and its practical abatement, abs. 52.
Seibert, Frank M., and George A. Burrell, gas analysis as aid in fighting mine fires, abs. 37.
Self-registering water-gauges, 240.
Selling gas-coal by guarantee, abs. 58.
Series transformer, characteristics and limitations, abs. 94.
Servia, eastern, bismuth lodes, abs. 8.
Servia, Majdan-Pek, copper-ores, abs. 13.
Servia, Majdan-Pek, iron-ores, abs. 13.
Servonnat, C, utilizing the exhaust-steam of winding-engine, abs. 90.
Severs, William, combustion of oxygen and coal.dust in mines, 206.
Shaft, fall of, salt-mines, Austria-Hungary, Galicia, Bochima, abs. 80.
Shaft-guides, parallelism of, verifying, abs. 44.
Shaft-sinking, Austria.Hungary, Styria, Trifail, abs. 79.
Shaft-sinking, Germany, Silesia, Konigshutte district, Konigsgrube, utilization of bore-hole,
abs. 44.
Shaft-sinking, by freezing process, recent progress, abs. 42.
Shales, paraffin, France, Pas-de-Calais, abs. 23.
Shaping mine timbers mechanically, abs. 47.
[12]
Shot-firing accident, Germany, Westphalia, Dortmund, Gluckauf Tiefbau pit, abs. 88. Simpson,
T. V., and G. W. Bell, photographic method of rapidly copying out pay-notes, in use at Throckley
collieries, 92. Discussion, 111.
Sinking, Germany, Silesia, Konigshutte district, Konigsgrube, utilization of bore-hole, abs. 44.
Sinking, shaft, Austria-Hungary, Styria, Trifail, abs. 79.
Sinking, by freezing process, recent progress, abs. 42.
Slack, utilizing, modern methods, abs. 77.
Sling-bows, kibble, strength of, abs. 84.
Sluices, discharge, Alpine salt-mines, abs. 89.
Small coal, utilizing, modern methods, abs. 77.
Smith, W. D., coal and gold in Mindanao, Philippines, abs. 12.
Smoke, coal., and its practical abatement, abs. 52.
Snelling, Walter O., and Clarence Hall, effect of stemming on efficiency of explosives, abs. 39.
Snelling, Walter O., and C. G. Storm, behaviour of nitroglycerine when heated, abs. 55.
South Africa, electrically-driven winding-engines, 58, 107.
South Africa, Rhodesia, minerals, abs. 65.
South Africa, Zambesia, minerals, abs. 65.
Spain, Asturias, haematite-deposits, abs. 19.
Spain, Bilbao, Orconera Iron-ore Company, aerial wire ropeway, abs. 82.

Spain, La Carolina, galena-mining, abs. 71.
Spain, Linares, galena-mining, abs. 71.
Spanish Fire-damp Commission, miners' acetylene lamp, abs. 84.
Spontaneous heating of coal in storage, abs. 30.
Stach miners' electric safety-lamp, 134.
State-worked mines, reserve funds for, abs. 58.
Stauss, —, selling of gas.coal by guarantee, abs. 58.
Steam, exhaust, of winding engine, utilizing, abs. 90.
Steam, consumption, France, Pas-de-Calais, Noeux colliery, abs. 90.
Steam, generation, France, Pas-de-Calais, Noeux colliery, abs. 90.
Steel, hardened, loose grains of, boring with, abs. 80.
Stemming, effect of, on efficiency of explosives, abs. 39.
Stone, Lauson, and R. M. Strong, comparative fuel values of gasoline and denatured alcohol in
internal-combustion engines, abs. 98.
Storm, C. G., and Walter O. Snelling, behaviour of nitroglycerine when heated, abs. 55.
Stowing, hydraulic, French collieries, abs. 79.
Strains, stresses and earthquakes in relation to colliery explosions, abs. 74.
Stratigraphical succession, coal-measures, Belgium, abs. 62.
Strength of kibble sling-bows, abs. 84.
Stresses, strains and earthquakes in relation to colliery explosions, abs. 74.
Strong, R. M., and Lauson Stone, comparative fuel values of gasoline and denatured alcohol in
internal-combustion engines, abs. 98.
Stroud, Henry, use of X rays in examination of coal, 13.
Structure, microscopic, of coal, abs. 2.
Strzelecki, Percy, list of fatal and non-fatal explosions of fire-damp or coal-dust, and barometer,
theremometer, etc., readings for the year 1912, abs. 103.
Students, election, 13, 101, 177, 234., list, app. iii., liv.
Subscribers, list, app. iii., lvi.
Sulphur content of fuels, methods of determining, abs. 54.
Sulphur-deposits, Chile, abs. 26.
Switzerland, asphalt-working, abs. 69.
Switzerland, Val de Travers, asphaltic deposits, abs. 6.
Symbols, electrical, for mine maps, abs. 51.
T.
Taffanel, J., facilitating experiments on coal-dust ignition, abs. 86.
Tamping shots, chalk for, abs. 86.
Tamping, special method, for greater safety in blasting, abs. 85.
Tamping externally with incombustible dust, abs. 40.
Tanasescu, I., Rumanian mineral industry, abs. 64.
Telegd, L. Roth von, deep borings for petroleum at Zboro, Hungary, abs. 20.
Telephone, safety, for fiery mines, abs. 88.
Thaw-houses for explosives, abs. 41.
Thermometer, barometer, etc., readings, 1912, abs. 107.
Thiel, Georg, asphaltic limestones of Pescara district, Italy, abs. 5.

Thornton, W. M., Hailwood gas-cap observation-machine, 128.
Thornton, W. M., ignition of coal-gas and methane by momentary electric arcs, 17. Discussion,
46, 101.
[13]
Three-phase current winding-engine, abs. 91.
Throckley collieries, photographic method of rapidly copying out pay-notes, 92, 111.
Timber, Briart rail-guides substituted for, abs. 49.
Timber, creosoted, for underground workings, abs. 81.
Timber, mechanically shaping, abs. 47.
Tin, Nova Scotia, abs. 26.
Tippler, new form of, abs. 55.
Tombelaine acetylene safety-lamp, abs. 84.
Tomson electrically-driven
winding-gear, Austria-Hungary,
Bohemia, Brux, abs. 91.
Transformer, series, characteristics and limitations, abs. 94.
Transmission of heat into steam-boilers, abs. 48.
Tree-trunks, upright, in coal-measures, France, Pas-de-Calais, Lens, abs. 2.
Tree-trunks, upright, in coal-measures, France, Pas-de-Calais, Lievin, abs. 2.
Treptow, J., gauging of mining tubs, abs. 81.
Tubs, gauging of, abs. 81.
Tudor miners' electric safety-lamp, 135.
Turkey, mineral industry, abs. 102.
U.
United Kingdom, barometer, thermometer, etc., readings, 1912, abs. 107.
United Kingdom, explosions of fire-damp or coal-dust, fatal and non-fatal, 1912, list, abs. 103.
United States of America, Alabama, Tuscaloosa, rounded pebbles of coal found in sandstone,
abs. 9.
Utilizing small coal and slack, modern methods, abs. 77.
V.
Van Groenendael, H., coal-fields on Meuse in Dutch Limburg, abs. 9.
Viannay, M., three-phase current winding-engine, abs. 91.
Volatile matter, proportions of, in coal-seams, France, Pas-de-Calais, Courrieres, abs.
53.
Volf, G., special method of tamping, for greater safety in blasting, abs. 85.
Volume of feeder, reducing, abs. 78.
Vranken, —, and — Molinghen, Pick-Quick coal-cutter at Bascoup colliery, abs. 29.
W.
Walther, Karl, cupriferous deposits in Rio Grande do Sul, Brazil, abs. 15.
Wastes, mineral, abs. 27.
Water-gauges, self-registering, 240.
Water-trouble, Austria-Hungary, Galicia, Boryslav-Tustanovice oil.field, abs. 24.

Water-works, Germany, Hanover, St. Andreasberg, abs. 47.
Watson, C. L., Jherria coal-field, India, and its future development, 228.
Watteyne, V., and E. Lemaire, externally tamping a mine shot with incombustible dust, abs. 40.
Wear of wire ropes, abs. 83.
Weeks, J. G., combustion of oxygen and coal-dust in mines, 201.
Weeks, J. G., death of William Henry Ramsay, 233.
Weeks, J. G., self-registering water-gauges, 242.
Weise, —, trials with electrically-worked Pick-Quick coal-cutter at Viktoria pit, Gerhard colliery,
Louisenthal, abs. 83.
Welding by electricity, abs. 96.
Welding by gaseous oxygen, abs. 96.
Wendeborn, B. A., copper- and iron-ores of Majdan-Pek, Servia, abs. 13.
Werner, —, water-works of St. Andreasberg, Harz, abs. 47.
Wigand, —, explosion of gas in potassic-salt mines of Alter-Nordstern, near Grosshauslingen,
abs. 34.
Winding-engines, electrically-driven, in South Africa, 58, 107.
Winding-engines, three-phase current, abs. 91.
Winding-engines, utilizing exhaust steam of, abs. 90.
Winding-gear, Tomson electrically-driven, Austria-Hungary, Bohemia, Brux, abs. 91.
Winding in deep shafts, Germany, Westphalia, Dortmund district, abs. 45.
Wire ropes, wear of, abs. 83.
Wire ropeway, aerial, Spain, Bilbao, Orconera Iron-ore Company, abs. 82.
Wolf alkaline miners' electric safety-lamp, 236.
Wolfram-ores, Nova Scotia, abs. 27.
Wood, E. Seymour, Jherria coal-field, India, and its future development, 161.
Woodrow, H. R., and A. R. Anderson, characteristics and limitations of series transformer, abs.
94.
Wuillot, Joseph, creosoted timbers for underground workings, abs. 81.
[14]
X.
X rays in examination of coal, use, 13.
Ziebarth, —, accident with a benzol locomotive at Kossleben potassium-salt mines, abs. 92.

