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NORTH OF ENGLAND INSTITUTE
of
MINING AND MECHANICAL ENGINEERS.
ANNUAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
August 1st, 1896.
Mr. THOMAS DOUGLAS, Retiring-President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the proceedings of
the Council at their meetings on July 18th and that day.
ELECTION OF OFFICERS.
The President appointed Messrs. J. T. Todd, R. F. Spence, W. R. Bell, L. Thursby, L.
Austin, and W. E. Nicholson as scrutineers of the balloting-papers for the election of officers
for the year 1896-97. These gentlemen afterwards reported the result of the ballot as
follows:—
President.
Mr. George May.
Vice-Presidents.
Mr. W. Armstrong, Sen.
Mr. C. Berkley.
Mr. T. W. Benson.

Sir W. T. Lewis.
Mr. J. G. Weeks.
Mr. W. O. Wood.
Council.

Mr. Henry Armstrong.
Mr. W. Armstrong, Jun.
Mr. T. W. Asquith.
Mr. Henry Ayton.
Mr. W. C. Blackett.
Mr. J. R. Crone.
Mr. T. E. Forster.
Mr. T. Y. Greener.
Mr. A. C. Kayll.

Mr. C. C. Leach.
Mr. J. H. Merivale.
Mr. J. Morison.
Mr. H. Palmer.
Mr. M. W. Parrington.
Mr. A. M. Potter.
Mr. R. Robinson.
Mr. T. O. Robson.
Mr. R. L. Weeks.

[2]
The Retiring-President said, at the end of his term of office he might say that he was very
much indebted to the Institute for giving him the honour of being President for the past two
years. As far as he could, he had endeavoured to fulfil to some extent the duties of the position;
he had been materially helped by the Council, in everything pertaining to the wellbeing of the
Institute, and he knew that they would be equally prepared to help in the future. He was very
glad that Mr. George May had been elected as his successor; he had known that gentleman

for a very long time, and congratulated him on the appointment. He was sure that he would
worthily fulfil the duties of President, and in resigning the chair to him it only remained for him
to thank the members most heartily for their kindness during the past two years.
Mr. George May thanked the members for the honour that they had conferred upon him. He
had great pleasure in proposing that a cordial vote of thanks be accorded to the RetiringPresident, Vice-Presidents, Council, Treasurer, and Secretary for their services during the
past year.
Mr. F. Coulson seconded the vote of thanks, and it was heartily adopted.
Mr. Thomas Douglas, in acknowledging the vote of thanks, said that he would do all he could
to assist their worthy President in his new position.
The Chairman moved, and Mr. W. C. Blackett seconded, that a vote of thanks be given to the
Scrutineers for their services, which was agreed to.
The Secretary read the Annual Report of the Council and of the Finance Committee as follows
:—

[3]
ANNUAL REPORT OF THE COUNCIL, 1895-96.
The numbers of the members of various classes during a few recent years are as follows :—

Honorary Members.
Members
Associate Members
Associates
Students
Subscribing Collieries, etc.
Totals

1894.
26
624
53
68
20
22
813

August 1st.
1895.
26
717
67
67
36
23
936

1896.
23
767
78
83
46
23
1,020

The members are to be congratulated on the continued increase in their numbers, which still,
however, only slightly exceed the figures of a few years ago.
The class of Associates, consisting of persons occupying subordinate positions in
engineering, has been very successful, and has tended to increase the membership roll.
An Excursion Meeting of the members was held at Wigan, on July 14th, 15th, and 16th, 1896,
and the thanks of the Institute are due to Mr. Henry Hall, H.M, Inspector of Mines, Mr. John
Knowles, Mr. Charles Cockson, and others, who made the excellent arrangements for the
meeting.
The recently initiated meetings of Students have proved successful as to attendance, and one
of the papers communicated has been printed in the Transactions.
The Council are endeavouring to make arrangements in order that papers of interest to Indian
and Colonial members may be locally read and discussed, and it is especially desired that
members will endeavour to ensure the success of these localized meetings. Mr. A. R. Sawyer
has called two meetings in Johannesburg ; but owing to concurrent disturbances no definite
arrangements were made for their being continued.

[4]
The Council are pleased to congratulate the members on the success which has attended the
formation of the Western Australian branch, and trust that members resident in India and the
Colonies will be able to form similar local associations.
The Report of the Committee on Mechanical Ventilators is completed, and will be issued to
the members during the course of the next few months.
Five volumes of the Sinkings and Borings (A to T) have been issued, and the remaining
volumes will be published at early dates.
The additions to the library by donations, exchanges, purchase, etc., have been: —
Bound volumes
Pamphlets, reports, etc.
A total of

264
234
498 titles.

The library now contains 7,178 volumes and 1,261 unbound pamphlets. The card catalogue
is now complete, and renders the books more readily accessible to the members.
The library (including the books and numerous engineering papers) is available to members
from 10 a.m. to 5 p.m., and those residing at a distance may make use of the books by
communicating with the Secretary.
A number of models have been lent, and others presented, to The Durham College of Science,
where they will prove of use to mining students and others.
It will be seen by the list appended to this Report that several of the files of publications have
been rendered incomplete by the neglect of members to return books to the library, and it is
urgently requested that they search for and return the missing volumes.
The Wood Memorial Hall, Lecture Theatre, etc., have been kept in repair.
The arrangement with the Literary and Philosophical Society of Newcastle-upon-Tyne has
proved of great advantage, by which the doorway between the adjacent libraries is opened
daily, and the members of either society are allowed (on the production of a member's pass)
to refer to the books in the library of either society.
A considerable reduction has been made in the prices of the Transactions and other
publications of the Institute, and members are recommended to complete their sets before the
stock is exhausted.
[5]
The Explosives Committee have concluded their investigations, and the results of their
experiments and their recommendations are contained in the Report recently issued to the
members. The Council have been in communication with the Secretary of State for the Home
Department, as to the disposal of the plant, continuation of the experiments, etc., but the
matter is still pending.
The Council felt that the services which Mr. A. C. Kayll had rendered to the Explosives
Committee in preparing the Report, etc., deserved special recognition, and they accordingly
presented him with a gold watch and chain and a cheque, as a token of the appreciation of
the members.

Mr. J. H. Merivale has been re-appointed to represent the Institute at the Conference of
Corresponding Societies of the British Association, for the Advancement of Science, at
Liverpool, in September next.
The Federated Institution of Mining Engineers has now completed its seventh year, during
which period General Meetings have been held at Stoke-upon-Trent, on September 18th and
19th, 1895 ; at Sheffield, on February 19th and 20th, 1896; and at London, on June 4th, 5th,
and 6th, 1896. In addition, a meeting of the Students and junior members was held in this
district on August 13th, 14th, and 15th, 1895, and the thanks of the members are specially
due to the Committee who made the arrangements, and to all those who by their services
contributed to the holding of an instructive and pleasant meeting.
Prizes of books have been awarded to the writers of the following papers, communicated to
the members during the year 1894-95: —
"Sinking with Rock-drills." By Mr. Frank Coulson.
"The Effect of an Obstruction in the Air-way of a Mine." By Mr. T. L. Elwen.
"Magnetic Declination in Mines." By Mr. James Henderson.
"The Working of Haematite in the Whitehaven District." By Mr. J. M. Main.
"The Mining of the Softer Ores of Furness." By Mr. H. Mellon.
"Improvements in Brick-kilns." By Mr. R. W. Moore.
"The Extension of the Cumberland Coal-field, Southward and Northward under the St. Bees
Sandstone." By Mr. R. Russell.
"Electric Transmission of Power." By Mr. Alexander Siemens.
"Saving of Life from After-damp, Smoke, or Fumes in Mines." By Mr. Simon Tate.
"Engineering Heliography, or the Sun-print Copying of Engineering Drawings." By
Mr. B. H. Thwaite.
"British Guiana Gold-fields." By Mr. E. P. Wood.
"The Murton Coal-washer." By Mr. W. O. Wood.
The papers communicated to the members during the year have been
as follows:—
[6]
"Haulage at Wearmouth Colliery."
By Messrs. W. R. Bell and E. McGowan.
"Coal-cutting by Machinery," By Mr. William Blakemore.
"The Kent Coal-field." By Messrs. F. Brady, G. P. Simpson, and N. R. Griffith.
"The Resistances of Air-currents in Mines." By Mr. T. L. Elwen.
"A Compound Winding-engine." By Mr. William Galloway.
"The Causes of Death in Colliery Explosions." By Dr. J. S. Haldane.
"Some Aspects of Recent Colliery Explosions." By Mr. Henry Hall.
"The Quicksilver Mines and Reduction-works at Huitzuco, Guerrero, Mexico." By Mr.
Edward Halse.
"Recovery of Bye-products in the Manufacture of Hard Coke." By Mr. John Jameson.
"The Whitehaven Sandstone Series." By Mr. J. D. Kendall.
"Shot-firing in Fiery and Dusty Mines." By Bergrat H. Lohmann.
"A Deposit found at Delaval Colliery, Benwell, Northumberland." By Messrs. Chas. J. Murton
and Saville Shaw.
"Notes on the Explosion of Coal-dust." By Mr. W. J. Orsman.

"Notes on the Geological Features of the Coast of North Wales, from Liverpool to Menai
Bridge." By Mr. C. E. De Rance.
"The Mode of Obtaining a True North Line." By Mr. A. L. Steavenson.
"Safety-explosives." By Bergassessor Winkhaus.
In conclusion, the Council urge the members to use their best endeavours to increase the
membership, as the continued success of the Institute is entirely dependent upon its ability to
meet the considerable expenses incurred by the connexion with The Federated Institution of
Mining Engineers.
REPORT OF THE FINANCE COMMITTEE.
The total income for the year amounted to £2,474 13s. 9d. ; deducting from this the sum of
£93 18s., subscriptions of new life members; £126, subscriptions paid in advance; and £100
subscribed by the Coal Trade Associations to the expenses of the Explosives Committee—
leaves £2,154 15s. 9d. as the ordinary income of the year, compared with £2,004 0s. 8d. for
the previous year; showing an increase of £150 15s. 1d.
In accordance with the decision of the Council, the names of several members whose
subscriptions were in arrear have been struck out of the list of members. The amounts written
off in consequence are:—For current year, £45 3s. 0d. ; arrears, £86 2s. 0d. The amount of
subscriptions now in arrear, in excess of one year, is £32 11s. 0d.
The total expenditure amounted to £2,235 12s. 0d., an increase of £224 13s. 11d. The
principal items contributing to this increase were:— The presentation to Mr. A. C. Kayll, in
recognition of his valuable
[7]
services in connexion with the Explosives Committee, £131 5s. 0d.; contributions to The
Federated Institution of Mining Engineers, on the increased number of members, £22 3s. 11d.;
and further costs involved in the preparation of the library index, £80 0s. 4d.
The period for which the investment with the River Tyne Commissioners was made having
terminated during the past year, the sum of £1,500 became available for reinvestment, to
which were added certain sums received for life-membership subscriptions. On the
instructions of the Council, the sum of £1,400 was advanced to the Institute and Coal Trade
Chambers Company, Limited, on mortgage at 3½ per cent., and £450 was expended in the
purchase of shares in the same company.

August 1st, 1896.

T. Douglas.
J. L. Hedley.

[8]
The Treasurer in Account with The North of England Institute of Mining and Mechanical
Engineers
For the Year ending July 28th, 1896.
Dr.
[Financial Statements]

[9]
[Financial Statements]
[10]
[Financial Statements]
[11]
[Financial Statements]
[12]
[Financial Statements]
[13]
The Chairman said that he was glad that the Students and Western Australian members had
taken up the suggestion of the Council and arranged for meetings. He trusted these would be
successful, and he was quite sure that they would considerably benefit the art of mining. He
had hoped that there would have been a large increase in the number of Associates. It was,
perhaps, unnecessary for him to refer to the benefits of membership of the Institute. The
papers that had been read during the year were very diverse in their character, and comprised
papers on every subject of importance to mining engineers, contributed by members resident
in every part of the world. Several important subjects had engrossed their attention—
particularly the question of coal-dust; and on that question he thought they had a good deal to
learn. The members had recently received a very valuable paper from Dr. Haldane (he referred
to the chemical part of the paper, more particularly) which had led the members to think over
the subject, for it brought to their minds some fresh information with regard to gases. On the
question of introducing electricity into mines, the difficulty with which they had to contend was
the fear and dread of sparking, especially in mines giving off inflammable gases to a
considerable extent. He did not believe, however, that there were any difficulties of this kind
for which the knowledge of their scientific men would not find a remedy. He was certain that
electricity was a coming power, and he was glad that it was being introduced into mines. He
need not say that if it could be safely introduced either for locomotives underground or for the
various machines brought to supersede labour, it would render most valuable assistance. He
believed he was right in saying that the membership of the Institute was now larger than it had
ever been in the past; but he thought it had not yet attained the magnificence, in point of
numbers, that it would ultimately reach, and he hoped that the Institute would prove as useful
in the future as it had done in the past. In conclusion, he had pleasure in moving the adoption
of the reports of the Council and of the Finance Committee.
Mr. J. B. Simpson seconded the resolution, which was unanimously adopted.
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REPRESENTATIVES OF THE COUNCIL OF THE FEDERATED INSTITUTION OF MINING
ENGINEERS.
The Chairman moved, and Prof. H. Louis seconded, a resolution that the following gentlemen
be elected to represent the Institute on the Council of The Federated Institution of Mining
Engineers for the ensuing- year:—
Mr. Henry Ayton.
Mr. E. Bainbridge.
Sir Lowthian Bell, Bart.
Mr. T. W. Benson.
Mr. W. C. Blackett.
Sir B. C. Browne.
Mr. W. Cochrane.
Mr. J. R. Crone.
Mr. J. Daglish.
Mr. T. Douglas.
Mr. T. E. Forster.
Mr. W. Galloway.
Mr. J. Head.

Mr. J. L. Hedley.
Mr. A. C. Kayll.
Mr. C. C. Leach.
Sir W. T. Lewis, Bart.
Mr. James McMurtrie.
Mr. G. May.
Mr. J. H. Merivale.
Mr. H. Palmer.
Mr. T. O. Robson.
Mr. J. B. Simpson.
Mr. A. L. Steavenson.
Mr. L. Wood.
Mr. W. O. Wood.

The motion was agreed to.
Prof. H. Louis moved, and Mr. Thos. Wood seconded, a resolution that a cordial vote of thanks
be awarded to the retiring representatives of the Institute on the Council of The Federated
Institution of Mining Engineers.
The motion was agreed to.
The following gentlemen were elected, having been previously nominated : —
Members—
Mr. James Atherton, Mining Engineer, 13, Mawdsley Street, Bolton.
Mr. Francis J. Ede, Mining Engineer, Silchar, Cachar, India.
Mr. Edward Graham, Jun., Colliery Manager, East Howie Colliery, Ferryhill.
Mr. Edward Griffith, Colliery Manager, Brymbo Colliery, near Wrexham, North Wales.
Mr. James Patrick Howley, Director of the Geological Survey of Newfoundland, Museum, St.
John's, Newfoundland.
Capt. Cecil Clement Longridge, Consulting Engineer, Leigh, Essex ; and 3, Princes Street,
London, E.C.
Mr. John Robinson, Mining Engineer, The Grange, Haydock, near St. Helens.
Mr. Richard Williams, Mining Engineer, California Gulley, Bendigo, Victoria, Australia.
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Associate Members—
Mr. Leslie Hill, Calgary, Alta, Canada.
Mr. H. E. Neave, Manager, Lionsdale Estates, Limited, Carolina, Transvaal, South Africa.
Mr. James Linn Sherlaw, Coolgardie Gold Syndicate, Coolgardie, Western Australia.
Mr. Louis Wills, Mining and Mechanical Engineer, 29, Cornhill, London, E.C.

Student—
Mr. Arthur Welsh, Mining Student, West Rainton, Fence Houses.
The Secretary read the following paper, by Bergassessor Winkhaus, on "Further Experiments
with Explosives."
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FURTHER EXPERIMENTS WITH EXPLOSIVES.*
By BERGASSESSOR WINKHAUS.
I.—Experiments without Stemming (Appendix A).
Since the publication of the first series of experiments† upon the behaviour of explosives, and
especially of the so-called safety-explosives, towards fire-damp and coal-dust, a number of
new safety-explosives have been introduced, and are being extensively used in coal-mining,
both in Westphalia and in other districts. Experiments were also tried with these explosives
under the conditions set forth in the writer's first paper on this subject, and the results obtained
have been partly communicated already in the author's paper on safety-explosives.‡ These
explosives were roburit I. and Cologne-Rottweiler safety blasting-powder, the most recent
addition being the so-called neu-westfalit.
Experiments upon these newer safety-explosives have shown that roburit I., neu-westfalit, and
kohlen-karbonit in unstemmed shots of 21.16 ounces (600 grammes) each would cause no
ignition in an atmosphere containing 7 per cent. of fire-damp. Doubtless, however, there must
be a difference in the degree of safety of these explosives, and it became of interest to
determine this difference, so as to obtain comparative values of their degrees of safety.
There were two methods in which these comparative values could be obtained; one was to
increase the charges until ignition ensued, and the other, to make the conditions of the
experiments more severe, by experimenting in a more explosive atmosphere, that is to say,
containing higher percentages of fire-damp. The first method could not well be used because
the bore of the cannon was not adapted for taking larger charges, and also because the
cannon would be too rapidly destroyed with such heavy charges. The second method was
therefore selected, and the experiments were continued up to the most explosive and most
easily ignited gaseous mixture with 9 per cent. of fire-damp. At the same time, an opportunity
was thus presented of determining the effect of these highly-explosive mixtures upon the
danger of ignition by the explosives employed.
* Translated by Prof. H. Louis.
† Trans. Fed. Inst., vol. ix., page 250.
‡ Ibid., vol. x., page 337.
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The arrangement of the apparatus, and the mode of conducting the experiments,*
corresponded exactly to those employed in the previous series; the only change made was in
the arrangement of the copper wires from the electric exploder, these being no longer run side
by side along the wall of the gallery. One was now brought along the roof, and the other along
the wall, to prevent any possible contact of the wires, or the production of an explosion by

sparks, caused by short-circuiting. Moreover, in experiments upon 9 per cent. mixtures of firedamp, the charges were diminished by 1.76 ounce (50 grammes) at a time, until five
consecutive shots no longer produced ignition of the explosive atmosphere. The explosives
were all placed at the end of the borehole of the cannon (18.11 inches or 460 millimetres long)
without any stemming whatever.
Explosives Employed.
In this series of experiments, gelatine-dynamit, which is not a safety-explosive, the four abovenamed explosives, and dahmenit A which belongs to the group of safety-explosives, were
included. The composition of some has already been given, but for the sake of completeness
that of all of them is here reproduced, according to the latest analyses made by Dr.
Broockman, of Bochum, in the laboratory of the Westphalian Miners' Provident Society.
1. Gelatine-dynamit, from the Schlebusch dynamite-factory, contained:—
Per Cent.
Blasting-gelatine (gun-cotton and nitro-glycerine)
65
Nitrate of potassium
26
Wood-meal
9
2. Cologne-Rottweiler safety blasting-powder, composed of:—
Nitrate of ammonium .
Organic matter (containing 50 per cent. of carbon
and 10 per cent. of ash)
Sulphur
Nitrate of barium

Per Cent.
91.9
5.8
0.9
1.4

3. Dahmenit A, from the factory of the Castrop Safety-explosives Company, composed of:—
Per Cent.
Nitrate of ammonium
92.9
Naphthalene
4.5
Bichromate of potassium
2.6
*Trans. Fed. Inst., vol. ix., page 250.
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4. Neu-westfalit, from the westfalit factory at Sinsen, composed of:—
Per Cent.
Nitrate of ammonium .
89.6
Resin
5.0
Bichromate of potassium
4.9
Impurities
0.5
5. Roburit I., from the roburit factory at Witten-on-the-Ruhr, composed of:—
Per Cent.
Nitrate of ammonium .
88.2
Dinitro-benzole
7.4
Manganese compounds (permanganate of potassium

and manganese peroxide)

4.4

6. Kohlen-karbonit, from the karbonit factory at Schlebusch, consisting of:—
Per Cent.
Nitro-glycerine
25.0
Nitrate of potassium
34.0
Rye-meal
38.5
Wood-meal
1.0
Nitrate of barium
1.0
Bicarbonate of sodium
0.5
The explosives used were taken from the magazines of neighbouring mines.
Results of Experiments with Coal-dust in the Absence of Fire-damp.
No ignition of coal-dust could be produced, even when the original cartridges of explosives,
packed in paraffin envelopes,* were employed. The following were the heaviest charges that
were used :-—
1. Dahmenit A:
Ounces.
Grammes.
Charges of
19.40 or
550 (Experiments 2 and 3, Table 3, Appendix A).
2. Neu-westfalit:
Charges of
21.16 or
600 (Experiments 5 to 7, Table 4, Appendix A).
3. Roburit I.:
Charges of
21.87 or
620 (Experiment 2, Table 5, Appendix A).
4. Kohlen-karbonit:
Charges of
35.27 or
1,000 (Experiments 4 and 5, Table 6, Appendix A).
Results of Experiments with Explosive Mixtures of Fire-damp.
With the exception of Cologne-Rottweiler safety blasting-powder, all the safety-explosives
showed themselves to be safe in mixtures containing 6 to 6½ per cent. of methane ; the abovenamed safety blasting-powder ignited a 6½ per cent. mixture of fire-damp with a charge of
21.16 ounces or 600 grammes (Experiment 16, Table 2, Appendix A). In 7 per cent. fire-damp
mixtures the following were safe :—
* The Cologne-Rottweiler safety blasting-powder is packed in tin-foil cases. The influence of
paraffined cases is discussed hereafter.
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1. Neu-westfalit:
In charges of
2. Roburit I.:
In charges of
3. Kohlen-karbonit:
In charges of

Ounces.
21.16 or

Grammes.
600 (Experiments 13 to l6,Table 4, Appendix A).

26.45 or

750 (Experiment 11, Table 5, Appendix A).

29.27 or

830

(Experiment 8, Table 6, Appendix A).

Ignitions of the gaseous mixture were on the other hand produced
by:1. Cologne-Rottweiler safety blasting-powder :

Ounces.
In charges of 14.10 or
2. Dahmenit A:
In charges of 17.63 or

Grammes.
400 (Experiment 18, Table 2, Appendix A).
500 (Experiment 6, Table 3, Appendix A).

In the presence of 8 .per cent. fire-damp mixtures all the explosives produced ignition, except
kohlen-karbonit, as follows :—
1. Gelatine-dynamit: Ounces.
Grammes.
With charges of
1.23 or
35 (Experiment 8, Table 1, Appendix A).
2. Cologne-Rottweiler safety blasting-powder:
With charges of
7.05 or
200 (Experiment 22, Table 2, Appendix A).
3. Dahmenit A:
With charges of
14.10 or
400 (Experiment 18, Table 3, Appendix A).
4. Neu-westfalit:
With charges of
14.10 or
400 (Experiment 22, Table 4, Appendix A).
5. Roburit I. :
With charges of
17.63 or
500 (Experiment 15, Table 5, Appendix A).
Kohlen-karbonit was tried in charges of 21.16 ounces (600 grammes) without producing
ignition (compare experiments 12 to 15, Table 6, Appendix A).
Gaseous mixtures, with 9 per cent. of fire-damp, were ignited by the following minimum
charges :—
1. Gelatine-dynamit:
Ounces.
Grammes.
Charges of
0.35 or
10 (Experiment 12, Table 1, Appendix A).
2. Cologne-Rottweiler safety blasting-powder:
Charges of
1.76 or
50 (Experiment 26, Table 2, Appendix A)
3. Dahmenit A:
Charges of
3.53
100 (Experiments 25 and 27, Table 3, Appendix A)
4. Neu-westfalit
Charges of
5.29
150 (Experiment 33, Table 4, Appendix A).
5. Roburit I.
Charges of
8.82 or
250 (Experiment 20, Table 5, Appendix A).
Kohlen-karbonit was safe, even under these conditions, in charges of 21.16 ounces, or 600
grammes (compare experiments 20 and 21, Table 6, Appendix A), and is thus the only
explosive which resisted all conditions of these experiments. This behaviour is only in part
confirmed by the
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experiments of the Committee of The North of England Institute of Mining and Mechanical
Engineers.* According to these, kohlen-karbonit was the only explosive that caused no ignition
in fire-damp mixtures with or without coal-dust, whilst coal-dust alone in the absence of firedamp was ignited by a charge of 2.50 ounces, or 71 grammes. This striking and difficultly
explicable fact caused experiments 22 to 38 to be tried with smaller charges. It was not,
however, possible to get an ignition of suspended coal-dust in the course of nine shots with

charges of 4.40 ounces, or 125 grammes, or in the course of seven shots with charges of 3.17
ounces, or 90 grammes.
The previously determined fact that, in the case of safety-explosives of a very high degree of
safety, the envelope of the cartridge, saturated with paraffin or ceresin,† ceased to have any
influence on the danger of ignition was again demonstrated by these experiments. A
comparison of experiments 27 and 35, Table 3 (Appendix A), with dahmenit A shows that
ignitions were determined in 9 per cent. fire-damp mixtures, with charges of 3.53 ounces, or
100 grammes, whether wrapped in their paraffined envelopes or not, whilst 1.76 ounces, or
50 grammes, even in paraffined coverings, produced no ignition of the fire-damp mixture under
otherwise similar conditions (compare experiments 28 to 32, Table 3, Appendix A). There was
therefore no object in repacking the explosives for these experiments in paraffin-free
envelopes, but the explosives were, on the contrary, tested in that covering in which they
would be used in actual practice. In the case of neu-westfalit, the paraffined covering was
taken off, because it is packed in double envelopes, forming so-called bag cartridges, and in
using it instructions are given to take off the outer paraffined envelope before using the
explosive.
With reference to the Cologne-Rottweiler safety blasting-powder, it must be added that, in the
more recent experiments, it no longer showed that high degree of safety which the earlier trials
assigned to it. In a 7 per cent. fire-damp mixture, ignition was produced by a 14.10 ounces or
400 grammes-charge instead of one of 21.16 ounces or 600 grammes. On analysis, the
explosive showed no essential difference from the former figures. These unfavourable results
caused tests to be made of the explosive in paraffined cases, by transferring it to empty
paraffined roburit-envelopes, and, as experiment 27, Table 2 (Appendix A), shows a coal-dust
ignition was produced in the absence of fire-damp. The correctness of the more recent
experiments is thereby confirmed.
* Report of the Proceedings of the Flameless Explosives Committee.
† Trans. Fed. Inst., vol. ix., pages 262-266; and vol. x., page 344.
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As will appear from the tables contained in Appendix A, the experiments in mixtures with high
percentages of fire-damp were carried out in the absence of coal-dust, because the latter does
not affect the liability to ignition; this appears from the dahmenit A experiments, 21 to 25, 26
and 27, and 28 to 32, Table 3, Appendix A. With charges of 3.53 ounces or 100 grammes,
ignition was obtained in the 9 per cent. gaseous mixture with or without coal-dust, whilst with
charges of 1.76 ounces or 50 grammes no ignition was produced under either conditions. This
result corresponds with those previously obtained and already communicated to the members.
With reference to the temperatures of the gallery, it may be noted that these were somewhat
higher than before. Their average was about 72 to 79 degs.Fahr. (22 to 26 degs. Cent.), but
at times reached 86 degs. Fahr. (30 degs. Cent.), when frequent ignitions were produced at
short intervals of time, and the walls of the gallery became considerably heated thereby. No
especially unfavourable influence could, however, be traced to variations within these limits;
a comparison of the various experiments will show that, under otherwise equal conditions,
ignitions occurred at low temperatures, and were not produced at high temperatures, or vice
versa.
II.—Experiments with Detonators.

Experiments with detonators were repeated in larger numbers, once it was determined that all
kinds of detonators did not give equal security in explosive gaseous mixtures.
With Bornhardt detonators, 45 experiments in 9 per cent. fire-damp mixtures did not produce
a single ignition. Of these 45 experiments, 5 were tried with No. 3 detonators containing 8.3
grains, or 0.54 gramme, of fulminate of mercury; 15 with No. 6 detonators containing 15.4
grains or 1 gramme; 9 with No. 7 detonators of 23.1 grains, or 1.5 grammes, and 16 with No.
8 detonators containing 30.8 grains, or 2 grammes The detonators were partly suspended
freely in the gallery, and partly put into the bore of the cannon.
Experiments with electric detonators from another manufacturer gave less satisfactory results:
11 experiments with No. 8 detonators in a 9 per cent. fire-damp mixture gave 6 ignitions; 10
experiments with No. 6 detonators also gave 6 ignitions; 2 Experiments with Nos. 6 and 8
detonators in a 7 per cent. fire-damp mixture also produced ignitions. These results have,
however, no effect upon the danger of ignition of an explosive. In experiments with neuwestfalit, Nos. 11 to 14 (Table 4.,
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Appendix A), and with kohlen-karbonit, Nos. 9 to 11 and 19 (Table 6., Appendix A), similar
detonators were used without the explosive producing ignition of the explosive gaseous
mixture.
Four experiments, each with Nos. 6 and 8 detonators, fired by means of fuzes, caused no
ignition of a 9 per cent. fire-damp mixture.
It should be added that Bornhardt detonators were used in all the experiments with explosives,
with the exception of the experiments above referred to.
III.—Experiments with Stemming (Appendix B).
The cannon that had been hitherto used, with a bore of 2.16 inches (55 millimetres) in diameter
and 18.11 inches (460 millimetres) long, was found not to be suitable for experiments on
stemmed shots, because it was important in these to imitate as closely as possible the
conditions that obtain in practice. The cannon used for these tests was therefore made with a
bore of 1.57 inches (40 millimetres), so that the safety-explosives used in mining in their
original cartridges of 1.38 inches (35 millimetres) in diameter could easily be charged into it.
The length chosen was such that it would take charges of 16 to 18 ounces (450 to 500
grammes) with lengths of stemming up to 6 inches (150 millimetres), for which purpose a
length of 30 inches (750 millimetres) was found ample. The construction of the cannon was
the same as that of the former one. It consisted of a core of 6.50 inches (165 millimetres) in
diameter, in which was the borehole, and a shell of 19.48 inches (495 millimetres) in diameter
shrunk on to it. The shell was made of tough, the core of hard, crucible cast-steel. The length
over all of the mortar was 36.61 (930 millimetres). The mortar was placed near the floor of the
drift in a recess in the face; but, on account of its greater length, it projected 5.91 inches (150
millimetres) beyond the face. In other respects its position was identical with that of the former
cannon. The axis of the borehole intersected the roof of the drift at a point 32.81 feet (10
metres) from the face.
The internal arrangements of the gallery were as already described, both in the experiments
with mixtures of fire-damp and in those with coal-dust.

The Experiments.
In the first place, the influence of the longer and narrower borehole upon the danger of ignition
by the explosives tested had to be determined, as compared with the older construction of the
mortar. For this purpose, a series of experiments was tried with two explosives used in each
set of
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tests—namely, gelatine-dynamit and westfalit (old composition)—without the use of
stemming, the explosive being always situated at the bottom of the borehole. The results of
these experiments are reproduced in the annexed tables (Appendix B).
With reference to the effect upon coal-dust alone, of which material 122 cubic inches (2 litres)
were invariably scattered over the first 16.40 feet (5 metres) of the drift measured from the
face, whilst another charge of 122 cubic inches (2 litres) was suspended by means of the fan
situated in the roof of the gallery, experiments 1 to 5 (Table 1, Appendix A) show that no
ignition was produced by charges of 3.53 ounces (100 grammes) and 4.41 ounces (125
grammes) of gelatine-dynamit, but that it was regularly produced by 5.29 ounces (150
grammes); whilst with the old mortar a coal-dust ignition could always be obtained with
charges of 3.53 ounces (100 grammes). The influence of the longer bore was, therefore, one
of considerable importance. On the other hand, in explosive mixtures of fire-damp no
difference could be shown to exist: 1.41 ounces (40 grammes) of gelatine-dynamit caused
ignition of a 7 per cent. mixture —a weight of charge which corresponds with that found in the
older experiments.
With westfalit (old composition, containing 95 per cent. nitrate of ammonium and 5 per cent.
of resin) in paraffined original cases, values were also obtained which did not differ from those
previously obtained. Charges of 7.05 ounces (200 grammes) caused no ignition in an
atmosphere of coal-dust alone.
The influence of the longer borehole upon the results obtained with gelatine-dynamit is
probably due to the cooling effect of the longer walls of the borehole upon the flame thrown
out by the explosive. In experiments with fire-damp mixtures, this influence was less
noticeable, because the explosive atmosphere diffused into the borehole, and the flame
produced by the explosive set up an explosion of the fire-damp mixture within the borehole.
The results obtained with westfalit will not appear remarkable, if the fact be borne in mind that
the coal-dust explosion is set up by the ignition of the gaseous products of the paraffin of the
cartridge-case within the borehole.
Experiments with Clay Stemming.
The stemming -used was soft clay made up into rolls, wrapped in paper, of the same diameter
as the borehole, that is to say in the exact condition in which it is used in actual mining. The
stemming was pressed firmly against the explosive with a wooden tamping-bar, but
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FURTHER EXPERIMENTS WITH EXPLOSIVES
.
without force or blows. The greatest care was taken so that the stemming was always
introduced quite uniformly into the borehole in the various experiments.
(1) Experiments with Gelatine-dynamit and Clay Stemming.—The length of stemming
employed was 5.91 inches (150 millimetres); the coal-dust atmosphere was almost regularly

ignited with charges of 8.82 ounces (250 grammes), but not with 7.05 ounces (200 grammes).
To determine the influence of varying the lengths of stemming, experiments were tried with
3.94 inches (100 millimetres), 7.87 inches (200 millimetres), and 9.84 inches (250 millimetres)
of stemming. With 8.94 inches (100 millimetres) of stemming a coal-dust ignition was produced
with charges of 7.05 ounces (200 grammes), with lengths of stemming of 7.87 inches (200
millimetres), and 9.84 inches (250 millimetres), with charges of 10.58 ounces (300 grammes).
The experiments therefore show that increased lengths of stemming augment the safety of
the explosive, whilst decreased lengths diminish it.
In 7 per cent. fire-damp mixtures, with coal-dust present, the least charge of gelatine-dynamit
that produced an ignition with 5.91 inches (150 millimetres) of stemming was 7.05 ounces
(200 grammes). When the stemming was lengthened to 9.84 inches (250 millimetres) 7.05
ounces (200 grammes) charges no longer produced this result. The degree of security from
fire-damp explosions was therefore proportionately higher, and the favourable effect of the
longer stemming was also demonstrated.
(2) Experiments with Gelatine-dynamit and Coal-dust Stemming.— When fine dry coal-dust
was substituted for clay-stemming, ignition of the coal-dust atmosphere was again produced
by charges of 2.64 ounces (75 grammes), which amount also caused it without any stemming
at all. When the length of stemming was increased to 9.84 inches (250 millimetres) ignition of
the coal-dust was still caused by charges of 3.53 ounces (100 grammes).
(3) Experiments with Westfalit and Clay Stemming.—Westfalit (old composition) was included
in the experiments, chiefly because it was desired to determine the effect of stemming upon
the danger of explosion due to an explosive packed in paraffined cartridge-cases. It was found
that charges of 15.87 ounces (450 grammes) of this explosive in its paraffined cartridge-case,
and stemmed with a length of 5.91 inches (150 millimetres) caused an explosion in a coaldust atmosphere, so that the injurious effect of the paraffin still continued in spite of the
stemming. Fire-damp mixtures with 7 per cent. of gas could not, however, be fired
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either by 17.63 ounces (500 grammes) without paraffined cases or by 14.10 ounces (400
grammes) charges in paraffined cases, whilst this explosive, under the same conditions, but
unstemmed, produced ignition of the explosive gases with charges of 8.82 ounces (250
grammes) and 5.29 ounces (150 grammes) respectively.
Unfortunately, it was not possible to continue these experiments with higher proportions of gas
up to 9 per cent. of fire-damp, because the mortar was destroyed after exactly 100 shots had
been fired in it. The experiments recorded show, however, that both coal-dust and gas
explosions can be produced with stemmed shots, but that an increased charge is then
necessary. It must not, however, be supposed that figures can thus be obtained that are
directly applicable to actual practice. Experiments with stemmed shots in an experimental
gallery are carried on under conditions far less dangerous than those that may obtain in the
mine ; for actual facts are known in which dust-explosions have been produced in mining
under far less dangerous conditions and with charges of gelatine-dynamit that have been
found when stemmed perfectly safe in the experimental gallery.
Most important and most interesting is the determination of the fact that the very objectionable
influence of the paraffined cartridge-case upon the danger of ignition by safety-explosives of
a low degree of safety, like the older roburit, westfalit, and dahmenit, is not removed by

stemming. All the more value must therefore be attached to the progress that has been made
in explosives during the past year, so that the effect of this paraffin has been entirely removed
in the case of most of the safety-explosives used in Westphalia, the degree of security of which
has been markedly increased. The only explosive upon which this paraffin still retained an
injurious effect was Cologne-Rottweiler safety blasting-powder, in which case the evil is
avoided by the use of tinfoil in packing the powder.
IV.—-Experiments with Water-cartridges (Appendix C).
The experiments shown in Appendix C were tried with gelatine-dynamit, so as to determine
the effect of water-tamping upon the danger of ignition by explosives. The explosive in
cartridges of 0.91 inch (23 millimetres) diameter, was inserted in waterproof paper-cases of
1.38 inches (35 millimetres) diameter, which were filled with water, as they are used in mining,
so that it lay about 1.97 inches (50 millimetres) from the two closed ends, and was therefore
surrounded on all sides by water. These water-cartridges were fired, lying horizontally upon
blocks
[26]
of wood in the explosion-chamber of the experimental gallery: some lying free, some being
embedded in either dry coal-dust, dry sand, or damp sand, so that in the latter cases the lower
⅓ of the water-cartridge was surrounded, whilst the upper ⅔ of its circumference was free.
In 7 per cent. fire-damp mixtures, in the presence of coal-dust, charges of 17.63 ounces (500
grammes) caused no ignition. On the other hand in 9 per cent. mixtures, violent ignitions were
produced with 8.82 ounces (250 grammes) with free-lying cartridges, and with cartridges
embedded in coal-dust. With water-cartridges embedded in damp sand, 12.34 ounces (350
grammes) were safe, whilst 14.10 ounces (400 grammes) produced a gas ignition; with dry
sand this was also produced with 12.34 ounces (350 grammes).
The effect of the damp sand is due to the circumstance that, by its use, the lower part of the
cartridge of the explosive, which is protected by a thinner layer of water in consequence of its
coming into contact with the case of the water-cartridge, is protected by the damp support on
which it rests.
These experiments confirm the fact, already determined in other places, that water-tamping
considerably increases the safety of an explosive.
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APPENDIX A.
EXPERIMENTS WITH UNSTEMMED SHOTS.
References : I, ignition N, non-ignition.
1. GELATINE-DYNAMIT.
[Table]
2.

[Table]

COLOGNE-ROTTWEILER SAFETY BLASTING-POWDER.
(a).—Older Series of Experiments.
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2.

COLOGNE-ROTTWEILER SAFETY BLASTING-POWDER,—Continued.
(b).— More Recent Series of Experiments.

[Table]
3.

DAHMENIT A.

[Table]
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4.

NEU-WESTFALIT.

[Table]
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5.

ROBURIT I.

[Table]
6.

KOHLEN-KARBONIT.

[Table]
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APPENDIX B.
EXPERIMENTS WITH STEMMED SHOTS.
References ; I, ignition; N, non-ignition.
7. GELATINE-DYNAMIT, WITHOUT STEMMING.
[Table]
8.

GELATINE-DYNAMIT AND CLAY STEMMING.

[Table]
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9.

GELATINE-DYNAMIT AND COAL-DUST STEMMING.

[Table]
10.

WESTFALIT, WITHOUT STEMMING.

[Table]
11.

WESTFALIT AND CLAY STEMMING.

[Table]
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APPENDIX C.
EXPERIMENTS WITH WATER-CARTRIDGES.
12. GELATINE-DYNAMIT IN WATER-CARTRIDGES.
[Table]
Mr. W. C. Blackett said that Mr. Winkhaus, like the Explosives Committee of the Institute, had
made the mistake of using soft clay for stemming. He (Mr. Blackett) had always contended
that it was not the best kind of stemming; and if the experiments were intended to be made
under practical conditions, they should have used the same kind of stemming as was used in
the mines in this district, viz., a sort of hard-setting seggar clay, or the like. If such stemming
were used, and driven firmly into the hole, it would set there, and make the explosive do more
efficient work. He was not surprised that no considerable difference in the degree of safety
had been found when stemming with moist clay. Mr. Winkhaus slightly differed from the
conclusions of the Explosives Committee with regard to stemming, for he said that his
experiments tended to show that increased lengths of stemming did augment the safety of the
explosive. The conclusion of the Explosives Committee was, that increased lengths of
stemming—the soft stemming they used—did not greatly increase the safety of the explosive.
No doubt, if a stemming with more grip on the sides of the hole, or cannon, had been used,
the Explosives Committee would have come to a different conclusion.
It occurred to him (Mr. Blackett) that the conditions of the experimental galleries were more
severe on the explosives than the conditions of
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the mine. In the first place, they absolutely enforced a blown-out shot, an occurrence
somewhat unusual in the mine. He could not understand Mr. Winkhaus saying that the
conditions in the experimental galleries were less dangerous than those obtaining in the mine.
Whether it was fair to assume that the experiments afforded comparative degrees of safety
was open to some doubt. In one part of the paper, Mr. Winkhaus stated that, in the series of
experiments, a number of shots (5) were fired consecutively, and if an explosive did not fire in
five shots, it was considered safer than one which caused ignition in a smaller number of trials.
This was not a fair assumption, as the experiments of the Explosives Committee showed that
a large number of shots might safely be fired, and yet the next shot, made under apparently
the same conditions, gave ignition.
Prof. H. Louis said that one point occurred to him in reading Mr. Winkhaus' paper, and it had
been emphasized by what the previous speaker had said, and that was that he thought, in the
present state of knowledge, they should deprecate the attempt to put explosives on a

quantitative basis. He did not think their present knowledge was such as to warrant it; for
example, it was found, by the experiments of the Explosives Committee, that a number of
shots might be fired without causing an explosion, and another under apparently the same
conditions would produce an explosion, consequently the present state of knowledge
respecting the conditions necessary to determine an explosion was such that they were not
warranted in attempting to put the subject yet on a purely quantitative basis. They wanted to
know more than they actually did about the surrounding conditions. Whether the weight of
explosive used was large or small, the temperature produced by its explosion must be the
same, although the total quantity of heat was different. Earlier experimenters had attempted
to ascribe the explosion of a fire-damp mixture purely to the temperature generated by the
explosive employed, but modern research, amongst which the paper of Mr. Winkhaus may be
included, did not corroborate this view, against which there was much to be said.
Mr. Winkhaus wrote that Mr. W. C. Blackett pointed out that the stemming used for the
stemmed shots did not correspond to that which was in every-day use. But his remark did not
apply to the conditions prevailing in Westphalia; for, as might also be inferred, from the
statement made in his (Mr. Winkhaus') paper, in Westphalia miners constantly used, for
stemming, plastic clay identical in character with
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that used in the experiments. Regarding the further statement set forth in his (Mr. Winkhaus')
paper, that the conditions under which experiments were conducted in an experimental gallery
with stemmed shots were decidedly far different from those which were possible in the matter
of risk belowground, he (Mr. Winkhaus) would point to the report of Mr. Georgi* in which it is
stated that a coal-dust explosion was actually initiated by a shot stemmed with clay, the charge
being only 5.29 ounces (150 grammes) of gelatine-dynamite. Two samples of air from the
place of the disaster yielded mere traces of fire-damp, only 0.048 and 0.079 per cent.
respectively. According to the experiments which he (Mr. Winkhaus) carried out, it was quite
impossible under such conditions to produce a coal-dust explosion in the experimental gallery.
With a length of only 6 inches of stemming, it required charges of 8.82 ounces (250 grammes)
of gelatine-dynamite when no fire-damp was present, and 7.05 ounces (200 grammes) of
gelatine-dynamite in the presence of 7 per cent. of fire-damp (Table 8, Appendix B).
The Chairman moved, and Mr. Geo. May seconded, a resolution that a vote of thanks be
accorded to the author of the paper.
The motion was agreed to.

DISCUSSION UPON THE "REPORT OF THE PROCEEDINGS OF THE EXPLOSIVES
COMMITTEE."†
Mr. Jas. McMurtrie (Radstock) said that he had given attention to the question of coal-dust as
found in the collieries of Somerset shire. At one time he was of decided opinion that in the
absence of fire-damp coal-dust was not a source of danger in mines. Inflammable gas had not
been met with in the mines of Somersetshire for something like 100 years, and during that
time there had not been an instance on record of a single explosion. He thought, therefore,
that he was fully justified in concluding that coal-dust in the absence of inflammable gas was
not an explosive substance, and he had ventured to give evidence to that effect before the

Royal Commission on coal-dust. His faith had, however, been rudely shaken by circumstances
which had taken place during the past three years. There had been two explosions in
Somerset*Jahrbuch für [fuer] das Berg und Hüttenwesen [Huettenwesen] im Konigreich Sachsen, 1891,
page 1.
†Trans. Fed. Inst., vol. viii., pages 227 and 593; vol. ix., pages 115, 206 and 274; vol. x, pages
38, 197, 492, and 503; and vol. xi., pages 175, 218, and 551.
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shire during that period, and in the absence of proof of inflammable gas, most mining
engineers had to come to the conclusion that these explosions were distinctly due to coal-dust
alone. They were now acting to some extent on that opinion, as they considered that coal-dust
was an actual source of danger. Mines were now being watered which previously were not
watered ; roburite and other safety-explosives were being used ; special shot-firers were now
employed—a thing practically unknown before; and mining engineers were now endeavouring
in various ways to minimize the dangers known to exist. After the Timsbury explosion, by
which seven lives were lost, a suggestion was made that it might not have been due to coaldust but to the presence of carbon monoxide existing in some goaves, or as a product of shotfiring by ordinary powder. This theory was put before the coroner, and embodied in his enquiry.
It was generally held, however, and the inspector had reported to the effect, that the explosion
was due to coal-dust.
Mr. G. E. J. McMurtrie (Cinderford) said that the thanks of the members of the Institute were
certainly due to the members of the Explosives Committee, who had so ably devised and
carried out these extensive experiments. Their enquiry had done much good, even if it had
only proved that the so-called flameless explosives were not yet what they were claimed to
be, and that all produced more or less flame. It was stated that the experimental tube might
be said to represent a gallery.* Could this be said of a tube 3 feet in diameter, when the general
size of horse-roads was, probably, 6 feet by 6 feet, and of main haulage planes 10 feet or so
by 6 feet ? Would not the area of the airway have some effect upon the results obtained ?
A table of equivalent weights of explosive for stemmed shots would be of considerable use,
as it would afford reliable information as to the relative strengths of the explosives under these
circumstances, and consequently their relative cost, which it was difficult to otherwise decide.
Did it follow that the relative results obtained, say from 1 ounce of each explosive used, would
be the same for the greater weights required for ripping in the roof or floor ? Would not the
weight affect the relative results ?
The statement that additional length of stemming was not an advantage,† appeared strange,
and might possibly be due to the fact of the clay being damp and puddled.
The finding of the Explosives Committee that no high explosive ignited a gaseous mixture of
pit-gas and air when stemmed was certainly
* Report, page 9.
† Ibid., page 18.
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reassuring; as was also the fact that bellite, roburite, and carbonite, did not ignite a gaseous
mixture, with unstemmed holes, after twenty-five trials with each explosive. As blown-out shots
were practically certain to occur occasionally, explosions were certainly less likely with these
explosives should gas be present, and the shot-firer fail to properly examine the place.
The second and third conclusions of the first report draw attention to very important points,
viz., (1) that these high explosives depend for their action on regularity in the proportion of
ingredients used, and their thorough admixture; and (2) that these explosives alter in character
with age. He (Mr. McMurtrie) understood that some of these explosives are built up on the
basis that flame will be prevented—or, if formed, instantaneously put out—by the formation of
some such gas as chlorine, or upon the assumption that the temperature of the gaseous
products is so low as not to ignite pit-gas or coal-dust. If the mixture be incorrect, or has
undergone transformation, clearly this cannot follow, even if it does at other times, which may
be open to doubt, as the element of time is here all-important.
The danger of coal-dust has been more clearly shown by the experiments of the Explosives
Committee, which have proved that, with blasting-powder only, ¾ lb. of coal-dust placed on
frames, or ½ lb. in suspension, may, with a blown-out shot, cause a very violent ignition. That
blasting-powder with coal-dust alone does cause ignitions, the explosions at Camerton and
Timsbury have proved. Whether the carbon monoxide obtained by the ignition of the
explosives played any part in the production of these explosions has yet to be proved: though,
as Prof. Lewes has shown that, given a blown-out shot, coal dust in the presence of carbon
monoxide is explosive. This may be a possible explanation.
A series of experiments on the conditions necessary to such ignition would be of great interest,
especially to those districts free from firedamp, as why such explosions only occurred at the
very time when the advocates of the coal-dust theory required such evidence is a mystery,
and points to the fact that, under many conditions of practice, even a blown-out shot in the
presence of suspended dust would not cause an explosion. What these conditions are it is
important to know, and it is much to be regretted that the propagation of a dust ignition was
not included in the scope of the work of the Explosives Committee.
Had a series of experiments been made with different dusts to prove the effect which fineness
of the dust, chemical composition and volatile a matter contained in the dust, and dryness of
the dust, had in causing
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dust ignitions, together with the amount of water required to thoroughly damp and render
harmless the dust, the already valuable Report would have been greatly enhanced.
The result of the experiments with stemmed shots fired into mixtures of pit-gas and coal-dust
in suspension, in which two shots only ignited the pit-gas and coal-dust, is reassuring, though
open to the remark of the Explosives Committee, that an explosive which once fails in the
safety test is liable to fail again.
So, also, are the experiments with carbonite and roburite with un-stemmed shots fired into
mixtures of pit-gas and coal-dust in suspension. In all, twenty-four experiments were made,
and one roburite-shot only ignited the mixture; while the experiments with unstemined shots
fired into coal-dust in suspension, resulted in bellite, securite, ammonite, and carbonite,
igniting the dust, are far from satisfactory, although roburite, ardeer-powder, and westfalit
stood the test well.

The experiments, however, with explosives stemmed and fired into coal-dust in suspension,
and coal-dust in situ, and with explosives un-stemmed fired into coal-dust in situ, are most
satisfactory.
It is much to be regretted that the funds necessary to carry out further experiments cannot be
obtained from the Government, especially remembering the national importance of the coal
industry, and the frequent loss of life from unexplained explosions.
The discussion was adjourned.
The meeting was then closed.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
October 10th, 1896.
Mr. GEORGE MAY, President, in the Chair.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on September 26th, and that day.
The Secretary reported the proceedings of the Council of The Federated Institution of Mining
Engineers.
The following gentlemen were elected, having been previously
nominated :—
Members—
Mr. J. S. Chambers, Mining and Mechanical Engineer, Little Italianshaja No. 5, St. Petersburg,
Russia.
Mr. John Macintosh Donald, General Manager, Bantjes Consolidated Mines, Ltd., Florida,
S.A.R.
Mr. Erne Hewlett, Mining Engineer, Ammanford, South Wales.
Mr. T. J. Richards, Mining and Consulting Engineer, Glamorgan Exploring Syndicate,
Coolgardie, Western Australia.
Mr. William Saint, H.M. Inspector of Mines, Kersal Bank, Higher Broughton, Manchester.
Mr. Gilbert Pitcairn Simpson, Mining Engineer, 5, Belsize Park Gardens, London, N.W.
Mr. Thomas Michael Thackthwaite, Civil Engineer, Beechfield, Farnham Royal, Bucks.
Mr. John Webster, Mining Engineer, 83, Lombard Street, London, E.C.
Mr. William Fischer Wilkinson, Mining Engineer, P.O. Box 267, Johannesburg, S.A.R.
Mr. Harry Page Woodward, Mining Engineer, c/o Messrs. Bewick, Moreing, & Co., Coolgardie,
Western Australia.
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Associate Member—
Mr. George Thomas Kennedy, Professor of Chemistry, Geology, and Mining, King's College,
Windsor (Hants Co.), Nova Scotia.
Students—
Mr. Henry Sherratt Tomlinson, Mine Engineering Student, Wingate, R.S.O.
Mr. Harold E. White, Mining Student, Esh Vicarage, Durham.
The Secretary read the following paper by Bergassessor Winkhaus, on "The Danger of
Employing Safety-fuzes for Blasting in Fiery Mines."
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THE DANGER OF EMPLOYING SAFETY-FUZES FOR BLASTING IN FIERY MINES.*
By BERGASSESSOR F. WINKHAUS. †
For the past eighteen months, so called "safety-fuzes" and "safety-igniters" have been
employed in the mining district of Westphalia, in order to ensure greater security in blasting in
fiery and dusty mines. The object of this safety-fuze is to prevent the fuze from burning through
sideways and throwing out sparks, as happens with ordinary Bickford and guttapercha fuzes
: this object is attained by covering the core of powder, not with jute or india-rubber, but with
several layers of cotton thread, and afterwards passing the fuze through liquid tar or a bath of
colouring-matter in order to make it still more impervious.
The igniters that have been chiefly used are those of Norres and Roth; the principle of both of
these consists in lighting the fuze inside a metallic cap, which is nipped on to the end of the
fuze, and which is supposed to stifle the jet of flame thrown out when the fuze is lit. In the
Norres igniter, a small percussion-cap is used to light the fuze, and is exploded by a wire
placed inside the metal cap. A part of the flarne-jet from the fuze can, however, strike through
the hole pierced in the cap for the passage of the wire, and can thus ignite fire-damp, as has
been shown by experiments in gaseous mixtures containing 6 and 9 per cent. of firedamp.
The cap must therefore be enclosed in a wooden hood when the wire is withdrawn.
In the Roth igniter, a small glass bulb filled with sulphuric acid and a pill composed essentially
of a mixture of sugar and chlorate of potassium are enclosed in a metal capsule closed at one
end. When the glass bulb is broken, the action of the acid on the pill produces a tolerably
sharp flash of flame, which ignites the powder-core of the fuze. It is essential that this igniter
shall be very carefully nipped on to the fuze and completely enclose it, otherwise the flame of
the igniter is apt to escape between the cap and the fuze, and may cause ignition of fire-damp.
* Translated by Prof. H. Louis.
† Communications from Bergrath Kaltheuner, of Gelsenkirchen, have been embodied in this
paper.
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The employment of these methods of ignition has, however, been found dangerous in several
respects.
In seven known cases, in which 1 miner was killed and 8 others more or less severely injured,
the shot exploded at the very moment that the igniter was fired or a few seconds afterwards.
Investigation of all these accidents showed that there had been no negligence on the part of

the workmen. In every case, tarred safety-fuzes, 40 to 50 inches in length, were used, and
they were fired in six cases by Norres, and in one case by Roth igniters according to the
printed instructions. The cause of these ignitions can, according to all appearances, only be
that the fuze suddenly burnt through its entire length. The assumption that such burning
through could be caused by absence or deficiency of the core of the fuze is not admissible
owing to the method of manufacture that is employed. After a series of investigations initiated
by the owners of the Consolidation pits, near Schalke, and continued in the experimental drift
of the Westphalian Miners' Association, the following phenomena must rather be regarded as
indicating the cause of these accidents.
If a piece of the black tarred safety-fuze with double cotton covering (manufactured by Messrs.
Bruckner and Zschetsche, Minden) be ignited and then nipped at any place with a pair of pliers
about ½ inch wide and provided with grooves, the pressure being maintained until the core
has burnt past the nipped portion, the fuze almost invariably bursts open below the nipped
spot with a loud report and with the projection of sparks. At times a longer or shorter piece of
the fuze is thus exploded and then it continues to burn quietly. Not unfrequently, it would be
observed that the explosion involved the whole of the yet unburnt end of the fuze, about 40
inches long, when a violent detonation would be accompanied by sparks flying out along the
whole length of the fuze, as also from its end, so that the flame had suddenly traversed the
entire length of 40 inches of fuze. The same phenomenon can be produced by pressing the
burning fuze against the floor with the foot. It is essential that the pressure shall be continued
even after the powder core has burnt past the nipped spot, so that the hollow space produced
inside the fuze by the burning of the core shall be again closed. If this be not done, the fuze
continues to burn quietly. For example, the fuze could not be made to explode by nipping it
between two planed surfaces of cast-iron by means of bolts; but an explosion was immediately
produced when the iron surfaces were drawn up more tightly after a portion of the fuze had
burnt away, so that it was closed up completely behind the burning portion.
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When these experiments were repeated with a fuze covered with guttapercha, this invariably
burnt through immediately behind the nipped spot with the projection of a few sparks ; no
explosion, was, however, observed. When the fuze consisted of an inner jute covering with a
firm outer covering of tarred cotton (manufactured by the Tongauer Company), explosions
again took place below the nipped spot, but were limited to a local rupture of the fuze
accompanied by sparks and report. The fuze of the same makers, with double covering of
cotton tarred and covered with talc, however, burnt through up to a length of 47 inches.
The above described phenomena furnish an explanation of the production of explosions of
fuze. Two classes of fuze may be distinguished, one in which the burning of the core does not
destroy the outer covering, and the other in which the covering partly burns away with the
core. With fuzes of the first kind, as the core burns away, a hollow tube is formed which allows
the gases formed by the burning of the core to escape outwards, that is to say by the already
burnt end. If this tube be now closed, as happens when the fuze is nipped as above described,
the products of combustion are prevented from escaping ; they, therefore, collect in the burnt
out portion of the fuze until the pressure generated overcomes the resistance of the envelope
and bursts the latter, accompanied by the phenomena of an explosion. If the resistance of the
walls be too great, the explosion extends to the unconsumed portion of the core, which at once
explodes and flashes out violently. This explanation shows why long ends of fuzes only

exploded when fuzes with stout cotton covering were tested, whilst in the case of fuzes with
the weaker jute covering, merely local explosions were produced.
With fuzes of the second class, where the covering is partly burnt and destroyed, such
explosions cannot be caused, because the gases evolved from the powder can escape freely
through the damaged covering.
In the practical employment of fuzes, this distinction between the two kinds must be still much
more strongly accentuated. Here the fuze is firmly encased, for the whole or the greater part
of its length, in the stemming. In fuzes with indestructible covering, there is only the tube, left
by the burning of the core, available for the escape of the gases. The obstruction of this must,
therefore, be doubly dangerous with such fuzes, because the stemming prevents the fuze
from bursting laterally; and if the obstruction in the rear cannot be overcome, the flame must
break through forwards, causing the charge to explode at once. Of course, a
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number of quite especial circumstances must coincide for such an occurrence to take place,
otherwise, considering the thousands of shots that are fired every day, there would be a still
greater number of such accidents to record. It is, however, certain that the accumulation of
the products, of combustion within the fuze is favoured by firmly affixing a Roth or Norres
igniter. In the trials in the experimental gallery, it was not found possible to cause explosions
of fuzes by simply nipping on such igniters; but explosions must occur whenever the back part
of the fuze is sealed inside the igniter by the powder dust and the tar of the fuze covering. That
such a case is not impossible is proved by a communication from the management of the
Consolidation Colliery Company, to the effect that, after numerous trials, they had succeeded
in producing an explosion of fuze on firing it with a Norres igniter.
The effect of the igniter is also indicated by the fact that the great majority of accidents
occurred with the Norres igniter, and one only with a Roth igniter; the reason being that the
Norres igniter must be most carefully nipped on to the fuze to avoid a misfire, while the Roth
igniter does not really require to be nipped on in order to light the fuze with certainty. Of course,
as already pointed out, it loses in the latter case its properties as a safety-igniter, owing to the
flames escaping sideways from it.
Other circumstances, however, may also close completely the core-passage inside the fuze.
If, for instance, a fuze is squeezed either by a large piece of stone in the stemming, or by being
kinked inside the borehole, that spot might become closed completely by the residue from the
powder, as would seem to be indicated by the following circumstance. A miner, who was
aware of the possibility of the flame in the fuze striking through, although it had not been
demonstrated at that time, attempted to secure himself by making a knot in the projecting end
of the fuze, which was about 18 inches long. According to his statement, which seems quite
worthy of belief, in this case the shot exploded when the fire inside the fuze must have got as
far as the knot, or "at the outside " of, the stemming. Here, then, a stoppage had been
produced by means of the knot.
Accordingly, the use of fuzes with very resistant coverings, that are not destroyed by the
burning of the core, must be looked upon as a source of danger; and, in the writer's opinion,
there is such danger in the use of all fuzes in which explosive phenomena can be produced
by compression, as above described. Even the employment of those fuzes in which the
phenomena are only local, appears hazardous. Only those fuzes can
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be considered secure against sudden firing which are partly destroyed when the core is burnt,
because with these a great part of the space occupied by the fuze is free for the escape of
gas, so that compression can entail no risk. As a matter of fact, no accident of this kind has
ever happened, as far as the writer knows, with fuzes covered with guttapercha—in spite of
these being so widely used. At the same time, there are objections to these fuzes : the quantity
of gas evolved when they are burnt, as also its penetrating odour, are disagreeable
accompaniments. Moreover, this class of fuzes is subject to the other danger of not being
quite safe in fiery mines.
While safety-fuzes with a resistant covering may be looked upon as quite safe as regards firedamp explosions, when the flame thrown out by them is stifled by a suitable safety-igniter, this
perfect safety does not exist in the case of gutta-percha covered fuzes, as the following
experiments have proved.
In a number of experiments, about 130 feet of fuze were burnt inside the explosion-chamber
of the experimental gallery,* which was filled with a 9 per cent. fire-damp mixture, in such a
way that both ends of the fuzes were outside the gallery or that one end was lit inside it by
means of a safety-igniter. Further experiments were tried with 65 feet lengths of fuzes, which
were slightly kinked at intervals of about 3 feet. The explosive mixture was never fired. A fuze,
26 feet long, sharply kinked at 20 points, and thus partly damaged, caused an explosion of
the firedamp mixture after burning for seven minutes, say at about the twelfth kink. The total
time of burning of a 26 feet length of fuze is about eleven to twelve minutes.
In similar experiments with safety-fuzes, the gas was never fired, and whilst these fuzes
appeared almost unchanged after they had burnt through, the guttapercha fuzes always broke
into a number of separate pieces. It may be concluded from these experiments that there is
no fear of firing a fire-damp mixture by sparks thrown out from the sides of a guttapercha, fuze
so long as the piece projecting from the shot-hole is uninjured. If, however, it be damaged it
can fire a fire-damp mixture just as well as-by the flame projected from the end, when it is lit.
The fuze is thus damaged even when a Norres or a Roth igniter is nipped on to it, and it has
actually been observed that a quantity of sparks are emitted and the fuze is sometimes torn
off completely below the compressed spot when the fuze is lit. Although in a number of
*Trans. Fed. Inst. vol. ix., page 250.
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experiments, it was not found possible thus to fire an explosive fire-damp mixture, this
phenomenon indicates that the employment of igniters that require nipping on to the fuze
would therefore seem not to be free from risk. Attempts have been made to meet this danger
by making the tubes of the igniters so long that they project into the stemming. The sparking
of the fuze is thus also prevented. This is, however, only possible when the depth of the shothole is such that the length of the projecting end of fuze is less than that of the igniter. Damage
to the fuze may be avoided by using the Kost* or the Hohendahl† igniters, both of which cover
the end of the fuze only whilst it is being lit. Then, again, there is the danger that the miner
may take off the igniter before the fuze has ceased to throw out flame.
In fiery mines, the degree of safety attained in using safety-fuzes must, in the main, depend
upon the skill and trustworthiness of the miner employed.
In order to avoid the dangers connected with the lighting of fuzes, Dr. Roth has attempted to
dispense with fuzes altogether by his method of determining the explosion of shots by the

injection of gases or liquids into the cartridge. This method does not, however, appear to have
been adopted in practice.‡
The Jarolimeck "water ignition,"§ which is described as "a method for the central explosion of
shots by means of a chemical reaction, in which the water used for stemming penetrates
through the porous covering of the special detonating-cartridge till it reaches a certain part of
it made of caustic lime, and re-acts upon this, developing sufficient heat to ignite the charge
of a detonator, with a simultaneous increase in volume," has the same object, namely, to
dispense with the fuze. This method has not been as yet adopted in Westphalia; the same
may be said of the Tirmann percussion-igniter|| and the Laner friction-igniter,¶ the construction
of which may be assumed to be known.
A method of firing shots which is most reliable, and in England especially very extensively
used, and which at the same time affords the highest degree of security against explosions of
fire-damp, is electric ignition, to which a few closing remarks may be devoted.
* German patent, No. 43,690.
† German patent, No. 86,569.
‡ Trans. Fed. Inst., vol. x., page 95.
§ German patent, No. 80,954.
|| Trans. Fed. Inst., vol. xi., page 609.
¶ Report of the French Commission on the Use of Explosives in Mines. Translated by Messrs.
W. J. Bird and M. Walton Brown, page 153.
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Electric igniters are divided into low-tension igniters, the charge of which is fired by a wire
brought to a red heat by the electric current, and high-tension igniters, in which the detonating
charge is fired by a spark between the ends of two wires buried in it. The former has the
advantage that the tension required for ignition is so low—about 2 volts— that there is no
danger of fire-damp being ignited by sparks forming at portions of the conductors that are not
insulated. The objection is said to be that there are too many miss-fires. In England hightension igniters are, therefore, chiefly used; these are fired by means of small, extremely
handy, and very light magneto-electric machines. These machines consist of closed boxes,
with a carrying-handle and removable crank, of dimensions 7 inches by 6 inches by 6 inches,
or 7 inches by 5½ inches by 4 inches, and weighing 7 or 8 lbs. They produce sparks with a
tension of about 180 volts.
The author found these in use at every mine that he visited in a tour through the British coalfields. They were said to be most reliable, and miss-fires with them were all but unknown. In
the experiments with explosives conducted by the North of England Institute of Mining and
Mechanical Engineers, for instance, such a machine was employed, and in their reports, in
spite of the great number of experiments, only two miss-fires are recorded due to defective
detonators.
In order to test the trustworthiness of this form of machine, one was obtained for the
experimental gallery at Schalke, from the Roburite Explosives Company, Limited, of Gathurst,
near Wigan. Unfortunately it was found impossible to get from German makers detonators that
could be fired with it, because the German makes of electric detonators contain a less
sensitive charge, that can only be fired by a very high-tension spark, such as is produced by
frictional electrical machines. These machines are, however, too bulky, and too unhandy in
practice. The smallest size, to be obtained from the Nobel Dynamite Company, of Vienna, is

9 inches by 9 inches by 4 inches, and weighs 7 lbs. According to the statements of German
makers of detonators, it is a very difficult matter to manufacture sensitive detonators for
magneto-electric machines ; on the one hand, because it is difficult to make them uniform,
and, on the other, because the charge must be made so sensitive that their transport is
attended with danger. The writer is not able to judge whether the difficulties of producing these
detonators are really so great, but in his opinion a method of ignition which has been employed
most extensively in Great Britain, with the best results, ought also to be applicable in Germany.
The use of electric ignition is made very much easier in Great
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Britain, because the shot-firers, who fire all the shots in dangerous mines, as they do in
Westphalia, only carry the electrical machine, the cable, and the detonators, the miner having
charge of the explosive. In Germany, on the contrary, the shot-firer is also loaded with
explosives ; the introduction of machines as small, as light, and as handy as possible, is
therefore of double importance.
The fear that even electrical ignition may not be quite free from danger in fiery mines, because,
if the connexion with the main cable be badly made, sparks may strike across outside the
shot-hole, is not, in the writer's opinion, justified. This danger can be completely avoided by
making the insulated wires of the detonator and the corresponding insulated wires of the
conducting cable of different lengths ; the non-insulated ends of the wires would then be so
far apart that it would be impossible to bring them dangerously close together.
In addition to its almost absolute safety from fire-damp explosions, electric ignition has the
further great advantage, that accidents due to shots being fired too soon or too late are
completely prevented.
The President said that Mr. Winkhaus' paper brought strongly before their minds the danger
arising from the use of so-called safety-fuzes ; it also showed them that the electrical method
of firing shots was much the better system. The writer appeared to be satisfied that the system
of shot-firing in use in Great Britain was better than that in use in Westphalia.
Mr. A. L. Steavenson said that the paper was valuable, inasmuch as it called attention to what
might appear a small matter, but which on any occasion might be of vital importance. The
moral seemed to be : don't use fuzes, but, where ordinary igniting is not possible, then use
electrical firing. In coal-mines, there might always be gas (notwithstanding the most careful
inspection), and there was always a certain amount of coal-dust, and under the circumstances
electrical shot-firing seemed to be much the best.
Mr. T. E. Forster said that the writer appeared to conclude that the experience in this country
had been in favour of high-tension
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electricity for shot-firing. Experience at the Wallsend sinking, in the presence of water, etc.,
had proved that high-tension fuzes had in a great number of instances failed, and he thought
that low-tension fuzes were more satisfactory.
Mr. M. Walton Brown remarked that in the experiments made by Mr. Foggin and himself, lowtension fuzes were ordinarily employed, without a single miss-fire.*
Mr. A. L. Steavenson said that the principal defect of high-tension fuzes was the occurrence
of occasional miss-fires ; but there was no danger unless the workman dug out the charge

and damaged himself. In the mines under his charge he had told the men that when it was
necessary to fire a second shot the owners would pay the cost.
Mr. F. S. Panton said that in the case of the Hebburn experiments only two miss-fires occurred
with high-tension fuzes. When such a case happened, another charge with a detonator was
placed on the top of the first charge and both shots were exploded simultaneously.
Prof. H. Louis said that the members should distinguish between the ordinary high-tension
generally referred to in this country, which is produced by electro-magnetism and the hightension mentioned by Mr. Winkhaus produced by frictional machines. He (Prof. Louis) had
formerly had some experience with frictional machines, and found them very unreliable. When
Mr. Winkhaus was visiting this district, a few months ago, he appeared to be rather averse to
electrical firing ; no doubt, that view had reference to frictional electricity, and it was satisfactory
to know that he had altered his opinion after seeing electromagnetic detonators in general
use. He had seen low-tension detonators used in America, but the results did not seem to be
very satisfactory ; he had not, however, had any experience with them himself.
Mr. W. Cochrane thought it was very indefinite to say that one was using high-tension
detonators, and that another used low-tension detonators. He thought they might ask the
author to state precisely what he meant when he said that high-tension detonators were chiefly
used in England.
Mr. M. Walton Brown pointed out that Mr. Winkhaus stated that low-tension detonators were
fired with a tension of about 2 volts, and that high-tension detonators required a pressure of
about 180 volts.
*Trans. Fed. Inst., vol. ii., page 85.
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Prof. Louis remarked that the terms "high-tension" and "low-tension" referred to the system of
detonators : low-tension meant that a connecting wire was heated to redness to cause ignition,
and high-tension referred to ignition by sparks passing from wire to wire.
Mr. T. E. Forster agreed with Prof. Louis' definition. Low-tension detonators were more
satisfactory, as they could be tested before use with a galvanometer. High-tension detonators
could not be tested.
Mr. F. Winkhaus, replying to the discussion, wrote that, in his paper, he distinguished between
electric igniters : the glow-igniter and the spark-igniter. By glow-igniters are meant those by
which the detonator is ignited by means of a wire brought to a red-heat by means of a current
of low tension (about 2 volts); and by spark-igniters those by which the ignition of the detonator
is caused by a spark which springs across two wire-ends fixed in the detonator (requiring an
electric spark of about 180 volts tension). He might add that German detonator manufacturers
have succeeded in manufacturing spark-igniters, which can be ignited by means of an
exceptionally small and handy electromagnetic apparatus of about 5 inches cube, and, as a
consequence, the electric firing method had become gradually established in the Westphalian
mining district. The results obtained up to the present time with this igniting method were very
satisfactory, miss-fires rarely if ever occurring.
The President moved a vote of thanks to Mr. Winkhaus for his valuable paper.
Mr. G. B. Forster seconded the motion, which was cordially adopted.
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DISCUSSION UPON THE "REPORT OF THE PROCEEDINGS OF THE EXPLOSIVES
COMMITTEE."*
The Secretary read the following further correspondence with the Secretary of State for the
Home Department, respecting the use of the plant erected at Hebburn for testing explosives
to be used in
mines : — †
Neville Hall,
Newcastle-upon-Tyne,
February 28th, 1896.
Sir,—In view of the importance of the question of the use of explosives in mines, and the
prominence that is likely to be given to it in the future, the President and Council of this Institute
venture once more to draw your attention to their letter of July 12th, 1895, in which your notice
was respectfully directed to the experimental station erected by the North of England Institute
of Mining and Mechanical Engineers at Hebburn. The testing-plant has been seen by several
members of the Royal Commission on Explosions from Coal-dust in Mines, who expressed
their strong approval of its value, and as this plant is still in existence, it is suggested that some
arrangement might be made for its continuance as a testing-station for mining explosives.
The North of England Institute of Mining and Mechanical Engineers (the senior mining institute
in this country) has always devoted itself to objects that might tend to the safe development of
mines, and to the preservation of life ; it has made costly experiments and researches in many
directions, notably in those tending towards the improvement of the ventilation of mines, the
relative security of safety-lamps, the efficiency of mechanical ventilators, the dangers arising
from coal-dust, etc. The results of these experiments and researches have been admittedly of
great value to the mining industry, and having been recorded in the Transactions, are available
for reference by mining engineers resident in all parts of the United Kingdom and throughout
the entire world, in every quarter of which members of this Institute are to be found.
The experiments at the Hebburn explosives testing-station with flameless explosives for use
in coal-mines have extended over a very lengthy period of time ; and apart from the personal
expenses of the mining engineers who have voluntarily given their services, the expenditure
has been borne entirely by the Institute and its subscribers. The Council of the Institute feels
that it is not justified in further encroaching on the funds of the society for the benefit of the
mining community generally ; for the same reason the Council cannot expect or ask
professional men to continue their gratuitous services in connexion with similar experiments;
and it would appear desirable that in the future some recompense should be made to those
who are called upon to give their valuable assistance.
It is therefore urged that the Government should make a grant, with the view of avoiding the
discontinuance of these useful experiments, and in that case the Council venture to suggest
that the apparatus should be retained by the Institute,
* Trans. Fed. Inst., vol. viii., pages 227 and 593; vol. ix., pages 115, 206, and 274; vol. x.,
pages 38, 197, 492 and 503; vol. xi., pages 175, 218, and 551; and vol. xii., page 51.
† Trans. Fed. Inst., vol. x., page 38.
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which is prepared to undertake any further experiments with explosives as suggested by the
Secretary of State. The Council would arrange that reliable engineers should conduct the

experiments, if the Government would contribute an annual sum towards the maintenance of
the plant and other conseqiuent expense, and pay the necessary charges attendant upon its
working for each day that such experiments were made by request of the Secretary of State.
The Council is in a position to make favourable terms as to the rent of the ground, for the
provision of natural pit-gas (an unlimited supply being afforded by the courtesy of the
proprietors of the Hebburn colliery), and for the manual labour of those who have been
connected with the apparatus from the time of its erection, a period extending over four years.
If the Institute be able to retain the station at Hebburn, the apparatus, when not required for
Governmental purposes, may possibly be used for other experiments, as directed from time
to time by the Council of the Institute.
Should this proposal not receive your favourable approval, the Council will be glad to comply
with any suggestions that you consider desirable, as they respectfully submit that it is of vital
importance that the Hebburn explosives testing-station should remain available for future
experiments.
It may be that no similar grants have been made to any of the mining institutes of this country
in the past, but the importance of the subject has constrained this Institute to communicate
with you with the view of avoiding an occurrence which could not fail to be a calamity to the
whole of the mining community.
The Council have pleasure in forwarding herewith two copies of the Third and Concluding
Report of the Committee.
I have the honour to be, Sir,
Your obedient Servant,
M. Walton Brown,
Secretary.
The Secretary of State,
Home Department, Whitehall, London, S.W.
Whitehall,
April 1st, 1896.
Sir,—With reference to your letter of February 28th last, urging that a grant should be made
by Government, with a view to avoiding the discontinuance of the experiments conducted
hitherto by the North of England Institute of Mining and Mechanical Engineers at the Hebburn
explosives testing-station, I am directed by Secretary Sir Matthew Ridley to state that in the
Coal Mines Regulation Amendment Bill, which is to be introduced in Parliament this session,
he intends to deal with the use of explosives in mines ; and that, as soon as the Bill is passed,
the question as to what part should be taken by the Government in the testing of explosives
will be considered, but that until that time has arrived it will be impossible to give any definite
answer to the suggestions of the Council of the Institute.
Sir Matthew Ridley gladly takes this opportunity of recognizing the important work done by the
Institute, and feels sure that, if required, he may count upon receiving from it all the aid that
can be afforded.
I am, Sir,
Your obedient Servant,
Henry Cunynghame.
The Secretary to the North of England Institute
of Mining and Mechanical Engineers,
Newcastle-upon-Tyne.
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Neville Hall,
Newcastle-upon-Tyne,
October 10th, 1896.
Sir,—With reference to my previous letters of July 12th, 1895, and February 28th, 1896, and
to your replies of July 22nd, 1895, and April 1st, 1896, respectively :—
Provisions as to the use of explosives in mines having been included in the Coal Mines
Regulation Act of 1896, the Council of this Institute feel that the time is appropriate for the
establishment of a permanent testing-station, where any explosive which "is or is likely to
become dangerous" may be tried under conditions approaching the actual methods of use in
mines. The same plant would be equally available for testing new explosives produced from
time to time.
In the letter of February 28th, 1896, the President and Council drew your attention to the
experimental plant erected by this Institute at Hebburn-upon-Tyne; and as it is still in existence,
they would again respectfully suggest that some arrangement might be made for its permanent
retention as an explosives testing-station.
The President and Council now ask that you should consider their proposals, with a view to a
grant being made to the Institute by the Government in order to avoid the absolute
discontinuance of the experiments on explosives conducted by the Institute in this district.
The Council will be pleased to adopt any suggestions that you may make upon the question,
but would respectfully urge that the experiments should be continued under the charge of
reliable mining engineers.
The valuable results already obtained may be gathered from the reports forwarded to you with
my previous letters.
I have the honour to be, Sir,
Your obedient Servant,
M. Walton Brown,
Secretary.
The Secretary of State,
Home Department, Whitehall, London, S.W.

The Secretary read the following paper by Mr. H. W. Hollis on "A Spring-coupling for Winding
or Hauling-ropes" :—
[54]
A SPRING-COUPLING FOR WINDING OR HAULING-ROPES.
By H. W. HOLLIS.
It is probably within the experience of every mining engineer that the necessity for frequent
renewal or reversal of winding and hauling-ropes is an important item in the working costs of
a colliery. The writer is consequently justified in assuming that an appliance such as that which
he is about to describe, which has for its object the prolongation of the working life of ropes
moving under heavy strains, will not be without interest to the members.
It will be admitted without question, that when a heavy body previously at rest is set in motion
by a rope, or when a heavy body in motion is stopped by a rope, the moment of most severe
strain upon the rope is the moment when motion commences in the first case, and the moment
when motion is arrested in the second case; in other words, it is the inertia or the momentum

of the body moved by the rope which causes the most severe strain upon a rope. This fact
was strongly forced upon the writer's attention about four years ago when watching the
working of one of the 10 tons hydraulic cranes at the Tudhoe ironworks. These cranes are
worked by wire ropes, driven by hydraulic pistons, of which there are five on each crane, for
supplying the movements of raising and lowering, jibbing round and racking in and out of the
load carried. When the cranes were first started, great trouble was experienced with the ropes
which swing them round. These ropes broke constantly, and when they did not break they
were pulled out of their sockets. This damage always occurred at the moment of either starting
or stopping the jibbing round ; and on one occasion when the writer saw the rope break on
stopping the crane swinging round with a 6 tons ingot at the end of the jib, traversing a circle
of 22 feet radius, he realized how enormously the strain upon the rope was increased at the
moment of starting and stopping the motion, and it occurred to him that if he could convert that
sudden strain into a gradual one, without appreciably varying the working length of the rope,
it would get rid of what was a very serious difficulty. He accordingly designed the springcoupling, which is
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illustrated in Figs. 1 and 2. In place of the rigid attachment previously adopted, one of these
couplings was put in at each end of the jibbing rope, and from that time no further trouble was
experienced.
Fig. 1 is an elevation of one form of spring-coupling or attachment, and Fig. 2 is an end
elevation of the same. The coupling or attachment in
[Diagram: Figs. 1 and 2]
the form shown in Figs. 1 and 2 consists of a pivoted frame composed of two end-plates a a',
one or both of which may be formed or provided with a hook. The end-plates are connected
to the side-plates b b', by means of links c, which are pivoted to both of these plates. The sideplates b b' are normally held apart by means of a spring d, through the centre of which passes
loosely a rod e, one end of which is secured to the side-plate b, while the other end passes
loosely through the opposite side-plate b'.
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It will be seen that, whenever any sudden strain is placed upon the end-plates of the springcoupling, the side-plates separated by the spring approach each other, and thus compress
the spring. As the strain increases, the resistance of the spring to compression becomes
greater, and the compressing power of the links becomes less, so that a condition of
equilibrium is rapidly attained. If the spring were to break, the spring-coupling might still act in
the manner intended, and in the event of a portion of the spring falling out, the spring-coupling
would still act as a rigid connexion.
The adoption of these spring-couplings upon the cranes, having been so satisfactory as almost
to warrant the writer in saying that they made the difference between failure and success in
these important machines, he was desirous to ascertain what would be the result of their
application to winding ropes.
A spring-coupling was applied to the west-side cage at the West Thornley colliery furnaceshaft, on June 2nd, 1894. The west-side rope had then been running for 5½ months, and in

April, 1896, after the spring-coupling had been in use for 23 months, the rope was in excellent
condition, and had drawn during that period 105,000 tons of coal, in addition to changing the
workmen and boys.
It would appear that the life of a winding-rope will be increased very considerably where springcouplings are used ; and possibly, in addition, the cage-hangers, chains, bolts, and shackles
will have a longer life.
Mr. A. L. Steavenson said that the appliance seemed to be a very useful addition to windingropes, but he did not know how it could be used for hauling. He himself had for some time
adopted an arrangement of flat rubber discs, enclosed in a box, for relieving the strain of the
lift of a winding-engine.
Mr. G. B. Forster said that he had used indiarubber below the bearings of the winding-pulleys.
They lasted a number of years and were very effective in increasing the life of the ropes :
being placed under the pulleys, there was no danger of any accident from breakage. If Mr.
Hollis' arrangement were adopted in addition to a safety-hook above or below it, more height
would be required between the flat-sheets and the
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pulleys. The use of such an arrangement was not so necessary in the case of hauling-ropes,
although the rope would last much longer when kept tight at one tension. He had a haulageroad worked by an endless rope kept tightly strained, and the ropes were found to last much
longer. The number of tons drawn by the rope was stated in Mr. Hollis' paper, but it was not
stated what quantity was drawn by a similar rope before the spring-attachment was adopted.
Mr. F. R. Simpson said that a spiral spring-arrangement, somewhat similar to that which Mr.
Steavenson had described, seemed to work very satisfactorily at some collieries in the Midland
district. The springs were of such a strength that on replacing full tubs by empty ones in the
cage at bank, the recoil was sufficient to slightly raise the cage, and allow the keps to be
withdrawn without the usual delay.
The President moved, and Mr. G.. B. Forster seconded, a resolution according a vote of thanks
to Mr. Hollis for his paper.
The Secretary read the following " Notes on the Venterskroom Gold-fields, South African
Republic," by Mr. H. B. Bunkell:—
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NOTES ON THE VENTERSKROOM GOLD-FIELDS, SOUTH AFRICAN REPUBLIC.
By H. B. BUNKELL.
The writer having had occasion to inspect properties near Venterskroom on the Vaal river (Fig.
1, Plate VI.) begs to place before the members of the Institute some of the results of his
inspection. From a number of cross-sections, he has made a typical or ideal section (Fig. 2,
Plate VI.). A glance at the section, naturally induces anyone acquainted with the
Witwatersrand formation to draw comparisons between the two.

Dip.—The beds near Venterskroom dip towards the south, but an examination along an eastand-west line shows that the formations dip sometimes to the north and sometimes are
vertical.
To the south the Vredefort, granite is encountered, and there is no hope of finding these beds
occurring again in that direction as a syncline.
About 30 miles or so to the north-west, however, at Buffelsdoorn, the Table Mountain Series
is found, and further north the Malmesbury Series. Both of these can be traced from the
Witwatersrand : their dip is about south-east, and directly towards Venterskroom. This leads
one to believe that a cross-section from Venterskroom through Buffelsdoorn would show a
syncline of the two above-named series.
The Venterskroom beds would thus form the southern fringe of the syncline, and their proper
dip should be to the north-west more or less, namely, in the direction of Buffelsdoorn.
The following is the order of occurrence of the beds at Venterskroom :—
1.
2.
3.
4.

Vredefort Granite.
Malmesbury Series.
Table Mountain Series.
Amygdaloidal Dolerite.

5.
6.
7.
8.

Black Reef Series.
Dolomitic Limestone.
Gatsrand Flagstones, etc.
Coal-measures.

(1) Vredefort Granite needs little description.
(2) The schists and quartzites of the Malmesbury Series are almost exactly the same as those
found in the Malmesbury Series of the Witwatersrand. Here are found the typical Hospital
Slates with contorted and curved laminas and thin seams of jaspery quartz, the latter being
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most noticeable in the beds nearest to the granite. No very great stretch
of imagination is therefore required to liken the quartzites on the southern side of this series
to the Du Preez quartzites lying on the northern edge of the schists to those known on the
Rand as the Troyville quartzites.
Between the Malmesbury Series of Venterskroom and the Vredefort Granite a considerable
amount of basaltic rock. This rock can be traced for many miles without interruption, but varies
of course in thickness. At Palmietfontein in the Orange Free State, just opposite Brakfontein
(marked Q on Fig. 1, Plate VI.), this basaltic rock occurs in greater quantity, forming a large
hill.
In one instance, the basalt appears to have broken through the granite, somewhat as
represented in the section (Fig. 2, Plate; VI.). It is quite possible that this rock is in some way
connected with the tilting-over of the beds at Venterskroom. The writer noticed also that the
granite on Koppieskraal farm (marked S on Fig. 1, Plate VI.) had formed itself into a ridge
running parallel to the bedded formation, and appeared as if it had been acted on by some
force which had caused a slight upheaval.
Between the Malmesbury and the Table Mountain Series at Venterskroom a considerable
thickness of diabase occurs, forming an unmistakable dividing or datum-line. This also occurs
on the Witwatersrand, although not so noticeable as in the hilly country at Venterskroom.
(3) This series is similar to the Table Mountain (or main reef, etc.) Series of the Rand. It has
been argued that the main reef line of this series is missing, caused probably by a slide or
overlap.

The writer in his numerous investigations failed to find any proof of this argument, more
particularly taking into consideration the dip of the strata. On the other hand, there is much
more probability of the Elsburg or more recent beds being covered over by the Dolerite Series.
This possibility would, in the writer's opinion, account for the missing member of the Table
Mountain Series.
A closer examination shows the existence of three distinct groups of reefs or beds of
conglomerate, classed by the writer under their local names as follows :—
Group A.—
Acme or Odin reef.
Red or Meisters reef.
North or Jumbo reef.
Another unnamed reef.
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Group B.—
An unnamed reef.
Yellow or Roos reef.
Myrtle reef.
Other thin beds.
Group C.—
Stink reef.
Gordon black seams.
Two-feet reef.
Springbok or Brown reef.
Great western reef.
Leach or Amazon reef.
Other leaders.
Group D.—
The missing line of reefs (presumably covered by dolerite).
Remarks.—The similarity of the Venterskroom formations to those of the Rand is very striking,
more particularly in regard to their arrangement into groups.
With regard to the similarity that exists between group A and the main reef series of the Rand
the following evidence is adduced :—(1) The proximity to the dividing-line between the
Malmesbury and the Table Mountain Series; (2) the limited number of reefs in the series; (3)
the red sandstones, underlying group A; (4) the correct position by measurement from groups
B and C; and (5) the actual existence of gold with occasional good assay results.
With regard to the similarity between group B and the bird reef series of the Rand, the following
evidence is adduced :—(1) Their correct distance from groups A and C; and (2) the similarity
of appearance between the yellow reef and the bird reef.
With regard to the similarity between group C and the Kimberley series of the Rand, the
following evidence is adduced :—(1) The correct distance from groups A and B ; (2) the great
number and size of the reefs ; (3) the similarity of the rock taken from the Leach shaft to that
of the Kimberley reef, more particularly noticing the striated pebbles, chloritic talc pebbles, and
chlorite ; (4) the existence of sandstone, with thin seams of oxide of iron, panning gold in

places, and similar to the Gordon reef of the rand ; and (5) the existence of gold in certain
beds.
[000]
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The writer was told that a shaft sunk through the dolerite had intersected a banket bed. This
bed is probably one of the reefs of the missing Elsburg series or group D.
4) The Amygdaloidal Dolerite is similar to that which occurs on the Rand overlying the Elsburg
Series. It exists at Venterskroom in its correct position as compared with the Rand beds,
always assuming that the Elsburg Series underlies it.
(5) The Black Reef formation is found in its proper place, as compared with the Rand beds,
near Lindique, underlying the dolomite and overlying the dolerite.
(6) The Dolomitic Limestone next occurs in its proper position, as compared with the Rand
beds.
(7) Portions of the Gatsrand Flagstone formation next occur near Lindique in proper position
as compared with the Rand beds.
(8) The Coal-measures are found overlying the Dolomite at Stillfontein, near Klerksdorp and
Vereeniging, on the Vaal river.

Prof. Louis said that this paper, like several others published recently on the geology of South
Africa, made the mistake of arriving at important geological conclusions on very slight
evidence. Where the beds extended over tens and sometimes hundreds of miles and the
stratification was very much broken up and difficult to recognise, the most careful and accurate
surveys were necessary before they could arrive at anything like definite geological
conclusions. There were parts of Great Britain on which the best geologists had been working
for years without definite results, and he was convinced that many parts of the Transvaal were
at least as puzzling; the author's object was to make out the identity of his "group A" at
Venterskroom with the main reef series of the Rand, and in doing this he relied for his datumline on a "considerable thickness of diabasic rock." When an eruptive rock was taken as a
datum-line, confusion and error would necessarily ensue, and the case was still worse when
the author had to assume the existence of a line of reefs for his purpose.
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He (Prof. Louis) deprecated in the strongest possible manner such premature attempts on
correlation founded on unsatisfactory geological evidence. He had examined the coalmeasures in the district, and so far as he could judge in the very short time at his disposal they
appeared to be of Carboniferous age.
The President moved a vote of thanks to Mr. Bunkell for his paper, which was cordially
approved.

The meeting was then closed.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
STUDENTS' MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
October 10th, 1896.
Mr. G. P. CHAPLIN in the Chair.
DISCUSSION ON MESSRS. W. R. BELL AND E. McGOWAN'S PAPER ON "HAULAGE AT
WEARMOUTH COLLIERY." *
The Chairman asked whether the tub-wheels were made of steel, and whether they were kept
in use after " flats " had formed on them ?
Mr. W. R. Bell replied that the tub-wheels were made of steel, and he had never known a "flat"
to form on them. If the rim was broken, the wheel was immediately replaced by a new one.
Chilled iron wheels were used at one time : the first supply was very serviceable, but the
second supply was brittle, and their use was discontinued.
The Chairman said that the practice of placing boilers at the shaft-bottom was not to be
recommended. If the mine was gassy, it would be dangerous to take the air for the boilers
from the return air-currents. If boilers were used underground, it was desirable to supply the
air direct from the intake air-currents. It was preferable to place the boilers on the surface, and
to send steam down the shaft in pipes to the engine.
Mr. W. R. Bell said that the Wearmouth pits were not gassy, and there was no danger in
passing the return-air over the boiler-fires. He could not agree with the Chairman's opinion
that it would be better to send the steam down the shaft. The depth of the shaft was nearly
1,300 feet, and condensation would be considerable and could not be made up by economy
in surface-working.
* Trans. Fed. Inst., vol. xi., page 221.
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Mr. H. W. Middleton enquired as to the duration of the haulage-ropes, and as to the distance
apart at which the rollers were placed; whether the tail-rope was carried altogether on or above
the ground; whether the full set ran down from different sides of the incline; and what was the
radius of the curves on the engine-planes.
Mr. W. R. Bell replied that the life of the ropes varied greatly: a new rope in one case lasted
only three and the next rope twelve months. The tail-rope was always carried near the ground.
The incline in the A pit or north maudlin seam had a double line of rails, which ran together
into a single line at the top and bottom. The incline in the east maudlin seam had three rails,
except at the pass-bye, so that the inside wheels of the full tubs ran on the same rail as the
inside wheels of the empty tubs. The incline in the south-west maudlin seam had a single line
of rails, except at meetings. The radius of the curves varied according to the angle of the
places. If the angle was sharp the radius was small, but if it was an obtuse angle the radius

could be larger. The rollers were placed the same distance apart on the main-rope side and
on the tail-rope side, being about 30 feet between each two rollers.
Mr. R. R. Simpson asked whether the battens were of larch or Scotch fir ; what was the
increased cost of laying the roadway with battens; and whether repairs were often needed or
not ? Also, whether any appliance was used for preventing the rail from moving longitudinally,
such as a small notch for the spike cut out of the base of rail. Whether the tubs were made of
wood or iron, what was their weight, and how they were lubricated ? In changing the ropes, it
would seem that time would be saved if the sockets were arranged so as to be opposite the
branches when the set was at the shaft, and changing done at that time. By the means
suggested, two stoppages would be saved, and this was no small matter when time was an
object.
Mr. W. R. Bell said that the battens were of Baltic redwood and the sleepers of Scotch fir, both
being creosoted. It was almost an unknown occurrence for the sets of tubs to run off the way,
and the repairs were not nearly so great as in the case of the bridge or chair-rail. It was hardly
possible to feel the joints of the rails when laid on longitudinal battens. He had never known
the rails to move longitudinally, and no means were adopted to prevent it. The tubs were
mostly made of wood, but in the last tubs which had been built in the colliery-shops the bottoms
were made of iron, and they were belted on the parts where they would break soonest if they
caught anything. The
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tubs weighed about one half of the weight of coals carried ; therefore, for 9½ cwts of coal the
tubs weigh about 4¾ cwts. The iron bottom added a little to the weight, making them nearly 5
cwts. The tubs were lubricated in the old-fashioned method : a man at bank greased the tubs
with a stick when in the kick-up. As to the time of changing the ropes, it might actually be
arranged that the ropes could be changed when the set was at the shaft, but in some cases
this was not done (it was in others). The advantage of changing the ropes at the offtakes was
that if none of the landings were ready, the set need not stand at the shaft, but could be taken
in-bye and the ropes changed to the first landing out of which a full set was run.
The Chairman asked whether the outer rail was raised in going round curves. From the
necessity of using full tubs to steady the sets at the moderate speed of 10 miles per hour, it
might be suspected that the roadway was not kept in good order.
Mr. W. R. Bell, said that the outer rail was slightly raised at the curves, but it was very slight.
Some of the students had seen the roadways, and he would leave them to judge whether they
were kept in order. He might also remark that 6,637 tubs of coals had recently been
brought out from the landings to the shaft in a day.
Mr. R. O. Brown asked whether the main-ropes were used for tail-ropes after a certain time.
Mr. W. R. Bell said that the ropes were changed from main to tail-ropes, or vice versa, after a
time. On the A pit or north engine-plane, the tail-rope performed the heavier work, and in this
case the new rope was always put on the tail-rope side. On the south-west engine-plane, the
tail-rope of one set was the main-rope of the next set; and as the road was very even and
almost level, the strain was constant and equal. The life of the rope on this plane averaged
about nine months. On the east engine-plane, the rope was first used as the main-rope and
then as the tail-rope.
Mr. Brown asked why the outside rail was raised higher at the curves ? Should not the inner
rail be raised to resist the pull of the rope ?

Mr. Bell said that it was the opinion of the managers at Wearmouth thatit was better to raise
the outer rail.
Mr. R. O. Brown said that at Elswick colliery, on a heavy gradient, the inside rail was raised in
a curve, which was not skeated, and of about 130 feet radius.
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Mr. H. W. Middleton said that at Trimdon Grange colliery the inner rail was raised on curves.
Mr. R. R. Simpson said that at Towneley and Stella collieries the rails were placed level, and
the curve was skeated with deals.
Mr. W. O. Tate said that at East Hetton colliery, with a 132 feet curve, the rails were placed
level, and no skeating-deals were used.
Mr. W. R. Bell said that at Wearmouth colliery, after passing-round a curve, the rails were in
some cases bent, so that the rope as soon as it got past the bend went into the centre between
the rails, and so on to the rollers.
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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 12th, 1896.
Mr. G. B. FORSTER, Past-President, in the Chair.
The Secretary read the minutes of the last General Meeting and reported the proceedings of
the Council at their meetings on November 28th and that day.
The Chairman referred to the loss which the Institute had sustained in the death of the late
Mr. William Armstrong, and proposed that a vote of condolence and sympathy should be sent
to Mrs. Armstrong and family. Mr. Armstrong was one of the original members of the Institute,
a Vice-President, and had been actively associated with the Institute from its commencement.
The motion was agreed to.
The following gentlemen were elected, having been previously nominated :—
Honorary Members—
Mr. R. Donald Bain, H.M. Inspector of Mines, 85, Pembroke Road, Clifton, Bristol.
Mr. Thomas Bell, Mining Engineer, 15, Valley Road, Scarborough.
Mr. Stephen Campbell Crone, Mining Engineer, Oakhurst North, Longbenton, Newcastleupon-Tyne.
Mr. William Henry Hedley, Mining Engineer, 34, Beverley Terrace, Cullercoats.
Mr. William Lishman, Mining Engineer, Thornhill Park, Sunderland.
Mr. Henry Louis, Professor of Mining, Durham College of Science, Newcastle-upon-Tyne.
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Members—

Mr. Charles Chandley, Mining Engineer, c/o Mr. E. Graham Price, P.O. Box 150, Coolgardie,
Western Australia.
Mr. Henry Moore Annesley Cooke, Under-manager, Pestarena United Gold Mining Company,
Limited, Pestarena, Vall'Anzasca, Novara, Italy.
Mr. William Charlton Daglish, Colliery Manager, Rodridge House, Hutton Henry Colliery,
Wingate, R.S.O., Co. Durham.
Mr. Telford Edwards, Mining Engineer, Cowbridge, Glamorganshire, South Wales ; and
Tati, Matabeleland, South Africa.
Mr. James Ferguson, Visiting Director of Langlaagte Estate, etc., P.O. Box 253,
Johannesburg, S.A.R.; and 31, Maxwell Drive, Pollokshields, Glasgow.
Mr. Thomas Fowler, Senior Inspector of Mines, Coolgardie, Western Australia.
Mr. Robert Gordon, Engineer and Mining Agent, Imperial Chambers, Coolgardie, Western
Australia.
Mr. George William Hall, Mine Manager, Coolgardie, Western Australia.
Mr. Leslie Hill, Civil and Mining Engineer, Rossland, British Columbia, Canada.
Mr. William Henry Trewartha James, Mining and Metallurgical Engineer, Cliveden, Shaw
Street, Coolgardie, Western Australia.
Mr. Edward Iveagh Lord, Civil Engineer, Mining Surveyor for the New Zealand Government,
Greymouth, New Zealand.
Mr. Hugh Frederick Marriott, Mining Engineer, c/o Messrs. H. Eckstein & Co., P.O. Box 149,
Johannesburg, S.A.R.
Mr. William Frederick de Mole, Civil and Mining Engineer, Coolgardie, Western Australia.
Mr. Henry Edward Neave, General Manager of Lionsdale Estates, Ltd., Carolina, Transvaal,
South Africa.
Mr. Edward Pritchard, Civil and Mechanical Engineer, 1, Victoria Street, Westminster; and 37,
Waterloo Street, Birmingham.
Mr. James Shaw, Mining Engineer and Contractor, and Mine Manager, Stanley House, Kent
Town, Adelaide, South Australia.
Mr. James Stanley, Mining Engineer, Metallurgist, and Assayer, c/o Messrs. G. Graves Gifford
& Co., Coolgardie, Western Australia.
Mr. Francis Edward Vincent. Mining Engineer, P.O. Box 179, Coolgardie, Western Australia.
Mr. John Whidbourne Watts, Mining Engineer, General Manager United Ivy Gold Mining Co.,
Barberton, Transvaal, South Africa.
Mr. David William Welch, Mining Manager, Union Bank, Coolgardie, Western Australia.
Mr. Henry William Young, Civil Engineer and Authorized Surveyor, Greymouth, New
Zealand.
Associate Members—
Mr. Robert Allen, Metallurgist and Assayer, c/o Messrs. G. Graves Gifford & Co., Coolgardie,
Western Australia.
Mr. Thomas Salmon Backhouse, Adelaide, South Australia.
Rev. Joseph Campbell, Consulting Geologist, St. Nicolas College, Randwick, Sydney, New
South Wales.
Mr. Severin Flower, 29, Cornhill, London E.C.
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Mr. Charles W. Langtree, Melbourne, Victoria, Australia.

Mr. Charles Lovell, 29, Cornhill, London, E.C.
Mr. John I. Lowles, Mining Engineer, Leverington Chambers, Sylvester Street, Coolgardie,
Western Australia.
Mr. J. Gordon McLaren, Mining Engineer, Leverington Chambers, Sylvester Street,
Coolgardie, Western Australia.
Mr. John Walton Robinson, Merchant, 6, Gladstone Terrace, Gateshead-upon-Tyne.
Mr. Henry Naunton Robson, Representative of the International Gold Syndicate, 18, Club
Chambers, Coolgardie, Western Australia.
Student—
Mr. Nicholas Richardson, Mining Student, Heworth Colliery, Felling, R.S.O.
ELECTION OF VICE-PRESIDENT.
The Secretary reported, in accordance with Bye-law 22, the nominations of the Council for the
vacant office of Vice-President, and on a show of hands, Mr. R. Robinson was elected.
REPRESENTATIVE ON THE COUNCIL OF THE FEDERATED INSTITUTION OF MINING
ENGINEERS.
It was unanimously agreed that Mr. J. Gerrard, H.M. Inspector of Mines, Manchester, be
appointed as an additional representative.
DISCUSSION ON DR. HALDANE'S PAPER ON "THE CAUSES OF DEATH IN COLLIERY
EXPLOSIONS."*
Dr. Bedson said that he was glad to have the opportunity of expressing his congratulations to
Dr. Haldane on the successful and absolute proof that he had given of the fact that carbon
monoxide was the harmful constituent of after-damp. Dr. Haldane's paper was the most
important that they had had on this subject for many years. It established what previously was
only surmised on the part of those who had considered what took place in explosions m coalmines, and who felt that the deadly effects of after-damp
*Trans. Fed. Inst., vol. xi., pages 502, 519, and 559 ; and vol. xii., pages 60, 102, and 432.
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could not be due merely to the reduction of available oxygen and the presence of a large
quantity of carbon dioxide in the air. In Dr. Haldane's investigations the members had absolute
proof of the fact that the injurious constituent in after-damp produced in coal-mines was the
carbon monoxide which was formed by explosion. He (Dr. Bedson) took especial interest in
that proof, because some eleven years ago he examined a sample of gas taken by Mr. J. B.
Atkinson (H.M. Inspector of Mines) from the Usworth mine after the explosion in March, 1885
; that examination showed the gas to contain 1.34 per cent. of carbon monoxide ; the oxygen
was (very much reduced) 5.38 per cent. ; and carbon dioxide 4.79 per cent. Carbon monoxide
acted more rapidly when the proportion of oxygen in the air was reduced, and replaced by
such indifferent gases as carbon dioxide and nitrogen. That carbon monoxide would be formed
in an explosion was shown by the experiments of Prof. H. B. Dixon in Lancashire, and by
himself (Dr. Bedson) in the experiments made in the investigation upon fumes produced by
roburite, gunpowder, and tonite for the Durham Coal Owners' and Miners' Associations. In
both series of experiments it was proved that the explosion of such bodies as roburite and

tonite, which by themselves, when out of contact with coal, produced no carbon monoxide, did
produce carbon monoxide in the presence of coal.* The production of carbon monoxide in
these cases could only be explained by the fact that the heated gases, containing a large
proportion of carbon dioxide, reacting on the coal, produced carbon monoxide. From these
experiments, therefore, they might expect to find in the after-damp in coal-mines a
considerable quantity of carbon monoxide, a fact which Dr. Haldane had abundantly proved.
CONFERENCE OF DELEGATES OF CORRESPONDING SOCIETIES OF THE BRITISH
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, LIVERPOOL, 1896.
The report of the proceedings of the Corresponding Societies Committee of the British
Association for the advancement of Science was read, and also that of Mr. J. H. Merivale, the
delegate representing the Institute, as follows :—
* Trans. Fed. Inst., vol. ii., page 384.
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Togston Hall, Northumberland,
November 12th, 1896.
To the President and Council of the North of England Institute
of Mining and Mechanical Engineers.
Gentlemen,
The delegates met on the afternoon of September 17th and 22nd, 1896.
Reports of various committees were presented, amongst others being one upon underground
waters in the permeable formations of England and Wales. Though the final report of this
committee was presented last year, Mr. C. E. De Rance, the secretary, will be glad to receive
further information upon the subject.
The Seismological Committee reported that it had now been proved that any important
earthquake was felt all over the world, and they considered that arrangements should be made
for the record and study of those movements.
Dr. Haldane also read a paper on "The Detection and Estimation of Carbon Monoxide in the
Air," and gave a demonstration of the method which he had devised. This method depends
upon the fact that carbon monoxide is readily absorbed by blood when the two are shaken up
together. The amount of carbon monoxide present in the air with which the blood has been
shaken can be ascertained very readily by the extent to which the colour of the blood is
changed. Deaths in coal-mines after explosions are usually due to this gas, which is extremely
dangerous when breathed in small quantities for a considerable time. The author's method is
capable of detecting 0.01 per cent. of the gas in air.
Prof. Clowes read a paper on "The Detection and Estimation of Carbonic Oxide in the Air by
means of the Flame-cap Test." The standard hydrogen flame, 0.40 inch in height, gives a cap
of 0.50 inch in air, containing 0.25 per cent. of carbonic oxide, and the height of the cap
increases as the percentage of carbonic oxide becomes larger. The author, however, pointed
out that as all combustible gases give flame-caps this method was only suitable when other
gases were known to be absent.
Dr. P. Phillips Bedson read the report of the Committee on the Proximate Constituents of Coal.
The paper dealt with the compounds produced by the long-continued action of dilute
hydrochloric acid upon bituminous coals. By this re-agent almost the whole of the coal-

substance was converted into chlorinated compounds, soluble in alcohol and similar solvents.
Brown coal and other varieties of coal had been found to yield similar products, the complete
investigation of which, it was hoped, would add materially to their at present meagre
knowledge of the chemical constitution of coal.
In the geological section, Mr. Garwood presented the report of the Committee upon Life-zones
in the British Carboniferous rocks. The report was as follows :—
In a paper read before the British Association at Ipswich, in 1895, attention was called to the
work of Dr. Waagen on the Upper Palaeozoic rocks of the Salt Range, and reasons were given
for supposing that the Carboniferous rocks of Britain might be divided into zones.* In that
paper it was suggested "that a committee be appointed to enquire into the possibility of dividing
the Carboniferous rocks
* Report of the British Association, 1895, page 696.
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into zones, to call the attention of local observers to the desirability of collecting fossils with
this view, and, if possible, to retain the services of eminent specialists to whom these fossils
may be submitted." This committee was appointed, and the members thereof beg leave to
submit their report. The committee believes that the following districts would furnish good
results, and recommends that those whose names are appended to the various districts be
asked to take charge of those particular districts and to endeavour to carry out therein the
objects of the Committee : — England and Wales: Northumberland and the Border, Prof. G.
A. Lebour ; northern part of Pennine chain and adjoining regions, Messrs. Garwood and Marr
; southern part of ditto and adjoining regions, Mr. P. F. Kendall and Dr. Wheelton Hind; North
Wales, Mr. G. H. Morton ; South Wales, Mr. A. Strahan ; Devon, etc., Mr. Howard Fox and Dr.
G. J. Hinde. Isle of Man: Mr. G. W. Lamplugh. Scotland: Mr. B. N. Peach. Ireland: Mr. A. H.
Foord.
The committee recommends that the following directions for working be communicated to the
various workers :—
1. When possible, a typical measured section should be given of each locality examined,
with notes of as many confirmatory sections as possible.
2. Any specimen not actually found in situ to be labelled to that effect, with a note of the exact
conditions under which it was found.
3. All specimens should be labelled with the local name of the bed, giving as many additional
details as possible, and in all cases the exact locality, which should further be noted on a
large-scale map.
4. All specimens should be labelled when found.
5. So far as possible, workers are recommended to collect from one bed at a time, and to
pack the specimens from each bed in a separate parcel before commencing to collect from
another bed.
6. Attention should be paid to apparently identical forms separated by many feet or yards of
deposit, as the forms may be mutations ; large suites of such specimens should be collected;
indeed—
7. As large a number of specimens as possible should be obtained of each species in every
bed examined.
8. Absence of fossils in any bed should be noted whenever possible.

9. Attempts should be made to record the relative abundance of fossils, which may be roughly
done by recording those which are very rare (v. r.), rare (r.), common (c), and very common
(v. c).
10. In case of beds being obviously rich in micro-organisms, large pieces should be collected
for future examination.
11. Considering the importance which cherts have assumed, it is very desirable to collect
specimens of cherts.
Specimens may be kept by the discoverers or forwarded to the secretary of the committee
(Mr. E. J. Garwood, Dryden Chambers, 119, Oxford Street, London, W.), on loan or for
retention.
The committee recommends that the names of those whom they have mentioned as likely to
undertake the charge of districts be added to the committee, and that the following
palaeontologists be asked to co-operate with the other members, and to identify such fossils
as may be submitted to them, their names being also added (when not previously mentioned)
to those of the committee : — Dr. G. J. Hinde (radiolaria and sponges), Prof. H. A. Nicholson
(corals), Mr. J. W. Kirkby (entomostraca), Dr. H. Woodward (other crustacea), Mr. F. A. Bather
(echinoderms and brachiopods), Dr. Wheelton Hind and Mr. E. J. Garwood (lamellibranchs
and gastropods), Messrs. G. C. Crick and A. H. Foord (cephalopods), and Mr. R. Kidston
(plants).
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The members of the Institute might give very valuable assistance to the Comittee in this
important work.
"The Geology of the Isle of Man," was the subject of a communication by Prof. W. Boyd
Dawkins. His notes were based on a survey made during the last ten years, and on borings,
carried out under his advice, through the thick covering of drift in the northern end of the island.
The paper contains details of the Ordovician massif, the Carboniferous Limestone of the south,
the Permian strata of the north of the island and the strata underneath the drift-covered
northern plain, with general conclusions as to its solid geology. It might be concluded, from
the identity of structure between the districts of Barrow and Black Combe in the Lake district,
and the rocks of the north of Man, that there was little hope of the south-western extension of
the Whitehaven coal-field sought by Messrs. Craine in their borings ; but the discovery of a
salt-field was a most valuable addition to the mineral wealth of the island.
Mr. G. H. Morton read a paper on "The Range of Species in the Carboniferous Limestone of
North Wales," embodying the results of many years' collecting. The formation presents four
well-defined subdivisions, each of them, with the exception of the highest, having distinct
lithological characters —viz., Lower Brown Limestone, Middle White Limestone, Upper Grey
Limestone, and Upper Black Limestone. Lists of fossils have been made, collected more or
less continuously along the country from each subdivision, together with three separate lists
of the species obtained, comprising the Llangollen, the Flintshire, and the Vale of Clwyd lists.
Each list shows the relative scarcity and abundance, and the range of the species in the
subdivisions. In the Llangollen list, there are 69 rare, 28 occasional, 16 common, and 27 very
common species. In the Flintshire list, there are 92 rare, 35 occasional, 30 common, and 11
very common species. In the Vale of Clwyd list, which includes the Great Ormes Head, there
are 16 rare, 22 occasional, 12 common, and 10 very common species. An examination of the
first appearance and continuity of the species seems to indicate that they were introduced

from some pre-existing area, and that the upper beds of the formation are more recent than
in Derbyshire and Yorkshire, where the thickness of the limestone is very much greater.
The President of the Mechanical section, Sir Douglas Fox, in his address, sketched the
progress that had been made during the quarter of a century since the association last met in
Liverpool. His remarks on the construction and ventilation of tunnels and on the metric system
will be of interest to our members:—
"Construction and Ventilation of Tunnels.—The rapid extension of tunnel-construction for
railway purposes, both in towns and elsewhere, is one of the remarkable features of the period
under review, and has been greatly assisted by the use of shields, with and without
compressed air. This brings into considerable importance the question of mechanical
ventilation. Amongst English tunnels, ventilation by fan has been applied to those under the
Severn and the Mersey. The machinery for the latter is, probably, the most complete and most
scientific application up to present time. The intended extension of electrical underground
railways will render it necessary for those still employing steam-traction either to ventilate by
machinery or to substitute electromotive force. Great improvements have been lately made in
the details of mechanical ventilators. The
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great improvements in subaqueous tunnelling can be clearly recognized from the fact that the
Thames tunnel cost £383 per foot, whilst the Blackwell tunnel, consisting of iron lined with
concrete, and 25 feet in internal diameter, has by means of the Greathead shield and grouting
machine been driven from shaft to shaft a distance of 2,262 feet for £125 per foot. Tunnels
have now been successfully constructed through the most difficult strata, such as waterbearing silt, sand, and gravel, and, by the use of grouting under pressure, subsidence can
almost entirely be avoided, thus rendering the piercing of the substrata of towns underneath
property without damaging it, a simple operation; and opening up to practical consideration
many most important lines of communication hitherto considered out of the question."
"The Metric System.—The question of the early adoption in Great Britain of the metric system
is of importance not only to the engineering profession, but also to the country at large. The
recommendation of the recent Royal Commission, appointed for the consideration of the
subject, was that it should be taught at once in all schools, and that in two years' time its
adoption should be compulsory; but it is much to be regretted that, up to the present time,
nothing has been done. The slight and temporary inconvenience of having to learn the system
is of no moment compared to the great assistance which it would prove to the commercial and
trading world; the simplification of calculations and of accounts would be hailed with delight by
all, so soon as they realized its advantages. Great Britain is suffering greatly in her trade with
the Continent for want of it."
Interesting papers were also read on the Liverpool overhead railway, and on horseless
carriages.
Yours faithfully,
John H. Merivale.

DISCUSSION ON MR. W. BLAKEMORE'S PAPER ON " COAL-CUTTING BY
MACHINERY," * AND ON MR. T. B. A. CLARKE'S PAPER ON "ELECTRIC COALCUTTING IN LONGWALL FACES." †
Mr. J. Morison (Cramlington) said that Mr. Blakemore's paper came at an opportune time,
when so many of the members were engaged in the introduction of coal-cutting machinery.
One point which deserved attention was the apparently complete success of the machinery at
the mines described in the paper and generally in America. Some cause must exist for that
success, which did not exist in this country, for he was afraid coal-cutting experiments in this
country had not been altogether successful. It was true that the machines did the mechanical
work efficiently, and there was no difficulty in working the machines, but the subsequent labour
of following the machine, getting out the coal and attending to the working-places and keeping
the face in
* Trans. Fed. Inst., vol. xi., page 179.
† Ibid., vol. xi., page 492,
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a fit condition, had generally been found a source of greater difficulty and cost than was
expected when the machines were introduced. The causes to which this might possibly be
attributed were, firstly, that in this country there was a more plentiful supply of a highly trained
body of miners who could get the coal to greater advantage than the unskilled labour available
in newer countries ; therefore coal could be produced by hand-labour under better conditions
here than there. The second reason was that the coal-seams in this country selected for
cutting by machinery were generally the most difficult, and where it was found almost a
necessity to introduce some mechanical means, as they were practically unworkable by hand.
In America, and other new countries, they could select seams for their special adaptability to
the handling of machinery and the application of power. For instance, a seam from 8 to 8½
feet thick was referred to in the paper, and it had both a good roof and a good pavement. It
was worked in pillars, and apparently the pillars were left, so that the machine did practically
all the work that there was to do.
Another point that he noticed in Mr. Blakemore's paper was with reference to the aircompressing plant, which he would like to see described a little more fully.* He (Mr. Morison)
understood that the air-cylinders were compounded and the air compressed in stages, and
that the air was cooled during the intermediate stage of compression; so far as he could see
it would do harm rather than good to cool the air after it was compressed finally. It would also
be valuable if Mr. Blakemore would let the members know how much cooling-surface was
required to reduce the temperature of the air so low as 50 degs. Fahr., and at what pistonspeed the engine was working when this was effected.
The writer of the paper seemed to have used chiefly percussive machines, as the principal
part of the paper was taken up by describing them. He (Mr. Morison) had seen these machines
at work, notably the Harrison, and from his experience he could bear out Mr. Blakemore's
description, namely, that when the men became accustomed to handling the machine it was
perfectly easy to work. At first the workmen subjected themselves to unnecessary shocks by
not being able to handle the machines properly, but after becoming skilled in their use, it was
comparatively light work, much easier, he should judge, than actual pickwork.
Mr. R. Laverick (Rainton) said that the efficiency of the air-compressor was given at 77 per
cent. He thought that this required some

* Trans. Fed. Inst., vol. xi., page 180.
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explanation, as it was about 50 per cent. more than was usually obtained from an aircompressor. The writer also referred to the difficulty of driving, with a Stanley machine, a road
wide enough for endless-rope haulage or sidings, but he had evidently overlooked the fact
that there were double machines, which took out two cylinders of coal instead of one, and
which would therefore make the road sufficiently wide.
He had had considerable experience in the use of disc-wheel coal-cutting machines, and also
with a bar coal-cutting machine, the latter being driven by electricity, and he agreed with Mr.
T. B. A. Clarke's remarks as to the respective merits of these classes of machines, except
where he stated that "the wheel, owing to its large superficial area, has little or no tendency to
climb, i.e., to deviate from the plane of its cut." Mr. Clarke also stated that "the bar-cutter,
however, had an almost insuperable preference for the path of least resistance." * In his
experience, the disc-wheel had the same preference, both upwards and downwards, and
owing to its large superficial area, soon locked itself in the cut, if not carefully attended to. The
bar-cutter had the following advantages over the disc-wheel:—It was much lighter, and
therefore easier to handle in the pit; if it came in contact with any very hard substance, it could
cut over or under it and pass on, which could not be done with the disc-wheel; the bar could
cut itself into the coal, whereas a place had to be made by hand-labour, into which the discwheel was placed before it could commence to cut.
Mr. T. E. Forster (Newcastle-upon-Tyne) said that Mr. Morison was probably right in saying
that the absence of high-class skilled labour and the character of the coal-seams worked in
America and Canada were, to a large extent, the cause of the more general introduction of
machine coalcutters there than in this country. When he was in Canada a few years ago, he
(Mr. Forster) was in similar seams of coal to that described in Mr. Blakemore's paper, and he
could say that they were very different to the seams of 2 feet or 2 feet 3 inches of this district.
With the exception of the Mitchell longwall-cutter, American machines were not adapted for
longwall working, and nearly all the seams there were worked on the bord-and-pillar system.
From Mr. Clarke's paper, it would be seen that a coal-cutter of somewhat similar design was
tried in the Midlands, and the wear-and-tear was found so heavy that it had to be taken out
and a disc-cutter substituted. Mr. Blakemore seemed to think that we were behind the times
here, but he
* Trans. Fed. Inst., vol. xi., page 497.
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(Mr. Forster) thought that the coal-cutters in use in England would compare favourably with
the Mitchell coal-cutter. The Mitchell machine undercut about 1,000 square feet in eight hours,
but a machine used in the Midlands undercut about 1,150 square feet, which was considerably
better.
Mr. R. F. Spence (Backworth) said that a coal-cutter had been used for about eighteen months
at Backworth colliery with fair success ; it was a machine of the Gillott and Copley type that
kirved 5 feet under, with a cutter-wheel 74 inches in diameter. The question as to whether the
use of machines of this type was profitable or not depended upon how far it would cut

underneath, as the costly part of machine coal-cutting was laying the way on which it ran. The
thrust was so great that every sleeper had to be stayed, and the way most carefully laid.
Consequently, the greater the depth of the kirving or cut made by the machine, and the fewer
the removals and relayings of the way, the more economical would be the results.
The Chairman said that the members would agree with that part of the paper which said that
coal-cutters were coming to the front. It was many years since he went to Yorkshire to see the
first coal-cutter, which was simply a pick worked by machinery. They had been considerably
improved since then, and would no doubt be extensively used in the future.
The Rev. Joseph Campbell read the following paper on "The Gold-fields of the Hauraki
Peninsula, New Zealand," which he also illustrated with lantern-views :—
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THE GOLD-FIELDS OF THE HAURAKI PENINSULA, NEW ZEALAND.
By The Rev. JOSEPH CAMPBELL.
Introduction.
In one of a series of papers on New Zealand, written sixteen years ago, the author stated that
"the mineral resources of New Zealand, which are contained amidst its extensive and varied
geological deposits, have not yet by any means been fully developed. Sufficient, however,
have been discovered to indicate the existence of mineral wealth, unsurpassed, if not
unequalled, by any other region of the globe of equal extent."
The writer's recent investigations (made in June to October, 1896) have abundantly confirmed
the truth of the above statement, and he is surprised that the mineral wealth with which the
country literally teems should have been so long allowed to remain undeveloped.
For more than sixteen years the writer has lived amongst, and constantly studied, the
geological formations of Australia and New, Zealand ; hence the opinions to which he gives
expression are not the results of conclusions arrived at after a mere flying visit, but they are
the expression of the firm conviction which has forced itself upon his mind as the result of
much thought, numerous experiments, and many a weary journey across some of the
roughest parts of those great countries.
The writer has read with interest the valuable paper on "Gold-mining in the Hauraki district,
New Zealand," * by Mr. Henry M. Cadell, and lie thinks it will be found that in the main their
opinions agree. The writer has, however, been careful to avoid going over exactly the same
ground as that which Mr. Cadell has so well described, and this paper may almost be regarded
as being complementary to his.
Situation, Area, etc—New Zealand lies in the Pacific Ocean, between latitudes 34 degs. and
47 degs. south, 1,200 miles south-east of Sydney, the capital of New South Wales. It consists
of three islands, viz., the
* Trans. Fed. Inst., vol. x., page 389.
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North, South, and Stewart Islands. The total area of the islands is 100,000 square miles, and
of this area 20,000 square miles are auriferous.

Compared with other countries, North America for example, how insignificant this sounds ! But
when the gold-yield of New Zealand is compared with that of the United States of America, its
importance becomes more apparent. The annual yield of the United States is about 1,700,000
ounces ; for New Zealand it is 300,000 ounces, or upwards of one-sixth of that of the States.
The gold-fields of New Zealand, with the returns for last year (1895-96), are the following :—

Auckland
Marlborough
Nelson
West Coast
Otago
Totals

Ounces.
117,029
3,173
3,813
89,721
88,954
302,690

Value, £
450,829
12,681
14,007
358,870
359,694
£1,196,081

It is only with that portion of the Auckland gold-fields, known as the Hauraki Peninsula, that
the writer proposes to deal in this paper. The accompanying map (Plate XXlI.) shows the
various parts of this field.
Geological Formations.
In considering the geology of the Hauraki Peninsula, it will not be without interest to glance at
a chart showing the relative positions of Australia and New Zealand. The shape of Australia
will be noted, especially the curve of the east coast. Further away the trend of New Guinea in
its south-eastern projection forms the beginning of an immense curve, having a clear relation
to the eastern coast of Australia : of this curve New Caledonia, Norfolk Island, the northern
peninsula of New Zealand, and the western coast of New Zealand are further developments.
Outside this curve again extends a second, commencing at the western extremity of New
Ireland, following the trend of the Solomon Islands, the Santa Cruz group, the New Hebrides,
and sweeping round the Kermadecs, strikes Cape Runaway in the North Island of New
Zealand, the east coast of which completes this outer curve, as the west coast does the inner
one.
Of these two curves, each producing an enlarged contour of the eastern coast of Australia,
the outer one is volcanic throughout, but the inner one only where it approaches the former at
North Cape, to culminate in a region of intense volcanic activity in the centre of the North
Island.
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If Australia were to subside 2,000 feet, nothing resembling a continent would be left. A narrow
rocky barrier would be all that remained of eastern Australia ; in the centre the Mount
McDonnell ranges would emerge as a long mountainous island, and Western Australia would
dwindle down to a chain of rocky islets. If, on the other hand, Australia were to be raised 8,000
feet, the vast continent would include New Zealand, the New Hebrides, the Solomon Islands,
New Britain, and the greater part of the eastern Archipelago. Nor is this merely a fanciful
supposition, for Australia undoubtedly had, by successive upheavals and subsidences,
undergone many modifications in size and shape. At one time, probably at the close of the
Palaeozoic period, it stretched far to the north and also eastward, and included New Zealand.
In Mesozoic times, it was almost entirely submerged in the Cretaceous sea, but was again

resuscitated in the Tertiary period with the form that it now possessed. Hence the antiquity of
Australia as a whole is only post-Cretaceous.
The following table shows the various sedimentary rock-formations of New Zealand and their
relation to those of other countries :—
[Table]
Metamorphic and igneous rocks are found amongst these various formations—the former
from the Manipori to the Putataka, the latter intruding among all formations.
In the Manipori formation, gold has not yet been found in payable quantities. The Wanaka and
Kakanui formations have hitherto proved most productive, comprising the greater part of the
Otago gold-fields.
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The Kaikoura formation contains no reefs of importance. The Maitai formation includes many
gold-bearing reefs and alluvial deposits. The Putataka and the Waipara formations are rich in
reefs, but the writer is inclined to think that the igneous rocks which abound among the Tertiary
formations will produce more gold than all the others put together. These rocks contain the
rich reefs of the Hauraki Peninsula. This most interesting region embraces the counties of
Ohinemuri, Thames, and Coromandel, and extends from Te Aroha at the southern extremity
to Cape Colville in the north, a distance of upwards of 100 miles.
The formation of the Hauraki Peninsula is due, in the writer's opinion, to successive plutonic
upheavals which have taken place since Cretaceous times. There were land-surfaces in these
parts, previous to Cretaceous times, which were connected with Australia. In the Tertiary
period, these were disturbed and overlain by great masses of igneous rock (plutonic)
upheaved from the bowels of the earth at successive periods. These plutonic rocks were in
their day very much what volcanic rocks were in theirs. As is well known, the term "plutonic"
is generally applied to rocks that have solidified at some depth below the surface, and
"volcanic" to those which have solidified at the surface, having been poured out in great sheets
or flows ; but, after all, the terms are only relatively used, the plutonic rocks being the ancient
equivalents of the volcanic. Some of the plutonic rocks which reached the surface, and thus
were subjected to atmospheric influences, formed the breccias and indurated tuffs which were
abundantly met with in the Hauraki Peninsula. These, at a later period, were again overlain by
other igneous rocks, which, forced from below, elevated the region still further by upheavals
as well as, in many cases, adding to the height of the existing hills by superficial deposits.
These great elevations, attaining at Te Aroha a maximum of' 3,175 feet above sea-level,
occurred since Cretaceous times ; hence they belonged exclusively to the Tertiary period. The
oldest were of Upper Eocene age; and the others were more recent. being of Miocene or,
perhaps, Pliocene age.
Extensive as these upheavals may appear, they are insignificant when compared with the
mountain-building that took place in Asia during the same period : e.g., the Himalayas,
stretching 1,500 miles from east to west, and rising to a height of from 20,000 to 30,000 feet
above the sea, were formed in great part during Tertiary times.
[82]

In the absence of direct testimony, the writer cannot speak with certainty, but nevertheless is
strongly inclined to the opinion that the glacial periods which succeeded some of the elevations
of the rocks of the Hauraki Peninsula had not a little to do in bringing about the existing
configuration. At any rate, some of the brecciated deposits remind one very strongly of
moraine-deposits which, by the melting away of the ice by which they were being transported,
were deposited where they are now found, and eventually indurated by the percolation of
heated waters containing binding media in solution.
But passing from mere supposition and theory to facts, it is quite clear that great volcanic
activity was manifested in the Hauraki Peninsula towards the close of the Eocene period and
during the Miocene and Pliocene periods and deposited the basalt-rocks of varying texture
that are plentifully met with, and the rhyolites that in some parts spread far and wide, notably
around Waihi. It was also at this period that the thick beds of pumice and ashes were formed
which cover so large an area of the province of Auckland, and have in some cases filled up
the valleys between the ranges that are traversed by reefs.
It was, the writer believes, this outburst of volcanic activity which in a great measure caused
the reefs and led to the deposition of their precious contents. It can easily be realized how
immense masses of igneous rock forced from below and pressing against the existing
superincumbent rocks would cause in them deep-seated parallel fissures. The general
direction of these fissures would necessarily, in the case of the Hauraki Peninsula, be northerly
and southerly. Now and then, the igneous rock would itself reach the surface by means of
some of those fissures which it formed ; at other times it would come forth in great flows from
the rents which the constantly recurring earthquakes would cause.
Then we call chemistry to our aid to enable us to understand the formation of the reefs :—
Steam, vapours, gases, and streams of heated waters from great depths would be forced
along these fissures and cracks and through the rock-masses themselves under the influence
of the expansive force of heat. These agents, under the varying conditions of temperature and
pressure to which they were subjected, would act chemically on the rock ingredients, splitting
them up, decomposing and re-arranging them according to well-known chemical laws.
Carbonic, sulphuric, hydrochloric, nitric, and sulphurous acids would break up the silicates,
converting them into soluble carbonates, sulphates,
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chlorides, nitrates, and sulphides of the metals, while the silicic acid would be set free ; and
being to some extent soluble, it would be carried along by the circulating heated waters, and
would be deposited in the fissures as hydrated silica, in which form it usually exists in the reefs
of the Hauraki Peninsula, It may prove interesting to give an example of the kind of chemical
reaction that takes place, thus :—
Fe2SiO4 + 2CO2 + 2H2O = 2FeCO3 + H4SiO4 ;
and Mn2SiO4 + 2CO2 + 2H2O = 2MnCO3 + H4SiO4.
But further chemical changes occur, resulting in the addition of metallic substances to the
silica thus deposited, e.g., the carbonates coming into contact with the oxygen are reduced to
oxides, thus:—
MnCO3 + O = CO2 + MnO2;
2MnCO3 + O = 2CO2 + Mn2O3;
3MnCO3 + O = 3CO2 + Mn3O4 ;
2FeCO3 + O = 2CO2 + Fe2O3 ;
and
3FeCO3 + O = 3CO2 + Fe3O4

Then, proceeding a step further, we see how hydrochloric acid, which may be formed, e.g., by
the action of sulphuric acid on sodium chloride, thus :—
2NaCl + H2SO4 = Na2SO4 + 2HCl,
acts on the higher oxides of manganese, and forms chlorine gas, thus :—
Mn2O3 + 6HCl = 2MnCl2 + 3H2O + 2Cl;
Mn3O4 + 8HCl = 3MnCl2 + 4H2O + 2Cl;
and
MnO2 + 4HCl = MnCl2 + 2H2O + 2Cl.
The chlorine, one of the natural solvents for gold, travels along till it meets with gold, which is
scattered through rocks in fine grains to the extent, perhaps, of only a grain or two to the ton,
and dissolves it, forming a soluble chloride of gold, thus:—
Au + 3Cl = AuCl3.
The chloride of gold may be made to part with its gold by simple heat, thus: AuCl3 = Au + 3Cl;
or, being soluble in water, it will probably be carried along until it meets with some chemical
that precipitates it, e.g., sulphate of iron, of the existence of which, on these gold-fields, we
have abundant evidence. The action is as follows:-2 AuCl3 + 6FeSO4 = Fe2Cl6 + 2Fe2(SO4)3 + 2Au.
Hence gold may have been deposited in the reefs in this way. From some specimens the
writer has seen, he would judge that it was really so.
Now, leaving the carbonates, let us turn to the sulphates. These, coming into contact with
decomposing organic matter, form sulphides thus :—
CaSO4 + 4C = 4CO + CaS ;
CaSO4 + CH4 = CO2 + 2H2O + CaS ;
K2SO4 + 4C = 4CO + K2S ;
and
Na2SO4 + 4C = 4CO + Na2S.
These alkaline sulphides also dissolve gold, and, hence, may have played an important part
in the deposition of the gold in the reefs.
But in many of the reefs of the Hauraki Peninsula we find intimately mixed with the gold such
substances as iron pyrites, zinc blende, copper pyrites, galena, etc., forming very refractory
ores. These substances probably came into the reefs as sulphates, which were reduced to
sulphides by contact with organic matter thus :—
FeSO4 + 4C = 4CO + FeS ;
ZnSO4 + 4C = 4CO + ZnS ;
and
CuSO4 + 4C = 4CO + CuS.
[84]
The existence of this carbonaceous matter has frequently been proved deep down in the
country-rocks, where petrified portions of trees are occasionally found.
Galena probably came in as a bicarbonate which, in the presence of hydrogen sulphide, would
become a sulphide, thus :—
PbCO3 H2OCO3 + H2S = PbS + 2CO2 + 2H2O.
This same hydrogen sulphide, in the presence of oxygen, also acted on the sulphides of iron
and copper, and converted them into iron pyrites and copper pyrites, thus :—
FeS + H2S + O = H2O + FeS2;
and
2FeS + 2CuS = Cu2S, Fe2S3:
hence we see how the ingredients of the reefs were supplied. It is interesting to note that the
pyroxenes of the country-rocks sometimes contain both gold and silver.

This explanation of the infilling of reefs by gradual deposition seems hardly satisfactory in the
case of some of the immense reefs that exist, e.g., the so-called buck reef at Wairongomai Te
Aroha, which rises above the country-rock to a height of upwards of 100 feet, with a width of
100 feet or more.
It appears to the writer, from the nature of the reef-forming material, that in these cases the
mass of hydrated quartz, or, as it sometimes is, of hydrated quartz and felspar, has been
forced into the fissures in a plastic condition, somewhat resembling thick porridge, the metallic
ingredients segregating out as the mass cooled; and as in some instances they did not meet
with the reagent necessary to precipitate the gold in metallic form, it exists in these reefs and
in others also in a combined state as sulphide, telluride, and possibly as a silicate of gold.
In concluding these remarks concerning the formation of the reefs, the writer may say that the
first few days' examination of this interesting field led him to the conclusion that the reefs were
mainly of hydrothermal origin, and subsequent investigation has convinced him that this is the
case.
THE GOLD-FIELDS.
The writer will now briefly describe a few characteristics of the gold-fields included in each of
the counties embraced within the peninsula, viz.: Coromandel, Thames, and Ohinemuri; but a
few words respecting the discovery of gold may not be without interest.
Following upon the discovery of gold in Australia in 1851, by Mr. Hargreaves, gold was first
discovered in New Zealand by Messrs. Charles and Frederick King in the Kapanga Stream
(Driving Creek) at Coromandel, in 1852. Governor Wynyard immediately proceeded thither
and
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all tribes of the Hauraki assembled, and on November 30th, 1852, an agreement was drawn
up and signed allowing Europeans to search for gold from Cape Colville to what is now known
as the Thames township. The government agreed to pay £1 per annum for each miner. This
agreement was for a term of three years; but before that time expired the Europeans had
departed and the land reverted to the Maori owners.
In 1861, gold was again found at Coromandel and mining operations commenced anew. On
November 9th, 1861, another agreement was made granting the right to search for gold from
Cape Colville to a line drawn from Kerita to Mercury Bay. In 1863, the commencement of
hostilities at Waikato so alarmed the Europeans that they abandoned Coromandel.
In 1867, gold was discovered at the Thames, and on July 27th of that year the land was thrown
open for mining, thus including the two counties of Coromandel and Thames,
There was some difficulty in obtaining permission to mine in Ohinemuri county, owing to the
obstacles which the Hauhaus or King Country natives (who refused to acknowledge the
Queen's sovereignty) threw in the way. Permission was, however, granted on March 3rd,
1875.
Ohinemuri County.
Mr. Henry M. Cadell stated that:—
This (Ohinemuri County) is at present by far the most important of the Hauraki goldfields, its production last year (1894-5) being 110,000 ounces -- more than twice that
of all the others put together. The Ohinemuri mines have this further attraction, from

an engineering and scientific point of view, that they exemplify the immense advantage
to be derived from the adoption of the most modern system of gold-extraction.*
The production of gold during 1895-6 was 136,415 ounces.
The principal gold-fields in the Ohinemuri county are those of Waihi, Waitekauri, Komata,
Owharoa, Karangahake, and Te Aroha, with which may be included Wairongomai, situated
just outside the Ohinemuri county-boundary.
Te Aroha.-- The township of Te Aroha lies prettily situated on the banks of the Waihou or
Thames River, at the base of Te Aroha mountain, which towers grandly by successive peaks
to a height of 3,126 feet above sea-level. The mountain sides, out of which the reefs crop,
are clothed
* Trans. Fed. Inst., vol. x., page 407.
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with forests. These forests consist of a variety of trees growing closely together, the
surface of the ground being thickly overgrown with brushwood bound together by thorns
and supple-jack (Rhizogonum scandens) forming an almost impenetrable jungle.
In the
undergrowth is manifested a rich variety of species of plants characterized by their peculiar
habits and mode of growth. There are to be seen the large leaved Alsuosmia with its pendant
fuchsia-like flowers varying from white to crimson ; the white-flowered wharangi-piro (Olearia
Cunninghamii) varying from a bush to a small tree ; in rocky places the puka-puka
(Brachyglottis repanda) with its hoary leaves, and perchance growing amongst it the
Rhabdothamnus with its fairy-like bells of orange and scarlet—all these, and many more,
intermingled in a most promiscuous manner, and bound together by the tough wiry stems of
numerous creepers. Then, too, the manner in which nature has garnished the larger trees,
among which are particularly to be noticed the totara, the kauri and the rata, is exquisite.
Their trunks and branches are laden with epiphytic orchids, small shrubs, ferns, pendent
lycopods and mosses, accompanied by large foliaceous lichens, to an extent which it is quite
beyond the writer's powers to describe. One-twentieth of the varieties of ferns found in the
world grow in New Zealand, and in the forests where there is no undergrowth of jungle or
brushwood a delicate carpeting of various kinds of ferns is met with.
The peculiar effect
produced by areas of many square feet covered with the pellucid fronds of Trichomanes
reniforme, or the finely cut Hymenophyllum demissum, in the cool open part of the forest, can
scarcely be imagined by those who have not beheld them. One feels it is almost sacrilege
to trample them underfoot; yet it must be done, for it is through these forests that the
prospector has to force his way in order to discover the reefs which are completely hidden
from view by the dense foliage.
Te Aroha (which has a population of about 500, exclusive of the numerous miners who live
among the mountains) is already gaining a reputation as a sanatorium owing to the mineral
waters and hot springs, which have proved highly beneficial in spinal, gouty, rheumatic
affections and cutaneous diseases, chronic dyspepsia, neuralgia, sciatica, etc. These
remedies of nature, so abundantly bestowed, are highly appreciated by the residents and only
need to be made more public to secure the patronage of thousands of sufferers from various
parts of the world. The following is an analysis of the Te Aroha water : —
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Grains per Gallon.

Bi-carbonate of sodium
Chloride of sodium
Chloride of potassium
Sulphate of soda
Carbonate of lime
Carbonate of magnesia
Silica
Alumina and iron oxide

426.29
60.45
1.90
32.67
7.12
4.21
7.12
traces

Or a total of 539.76 grains of mineral matter in one gallon.
Fahr., and the water is used for bathing.

The temperature is 112 degs.

The following is an analysis of the water from the drinking-fountain:—
Grains per Gallon.
Bi-carbonate of sodium
451.97
Chloride of sodium
66.14
Chloride of potassium
1.96
Sulphate of sodium
32.91
Carbonate of calcium
7.47
Carbonate of magnesium
4.21
Silica
8.60
Alumina and iron oxide
traces
Or a total of 573.26 grains of mineral matter in one gallon. The temperature is 109 degs.
Fahr.
These hot springs are somewhat similar in nature to the mighty streams which in days long
gone by were forced among the rocks of the district, and wrought the great changes which
played so important a part in the formation of the reefs.
The Hot-lake District.— Some 50 miles to the south of Te Aroha lies the wonderful hot-lake
district with which the Te Aroha hot-springs appear to be remotely connected. Much has
already been written about this strikingly attractive country : but, inasmuch as the mighty forces
which operated in the formation of the gold-fields are there to be studied in active operation,
a few words upon it will not be out of place. It extends from Mount Tongariro to White Island
in the Bay of Plenty—a distance of 125 miles.
A whole volume might be written upon the wonders of this hot-lake district, but it is no part of
the writer's object to dwell at length upon the marvellous scenes presented—-scenes of magic
beauty, but awful when we contemplate the forces still in action amongst them. In many parts,
notably in the vicinity of Taupo, Rotorua, and Roto Mahana, are to be seen volcanoes of boiling
mud and pipe-clay some 3 or 4 feet high, steam-funnels or fumaroles puffing like steamengines, solfataras, sulphur-deposits of great magnitude, chasms filled with boiling water or
dis[88]
charging steam, holes full of boiling mud of the consistency of porridge and the colour of lead,
and last, though by no means least, geysers which at intervals throw up water to a height of
100 feet. It is not safe to walk about these places without a guide, for the treacherous crust
sometimes gives way and the traveller's foot is plunged into scalding mud. Day after day the

writer gazed upon these awful scenes, and, ever and anon, thought of the words of Horace,
"Ignes suppositi cineri doloso," which phrase accurately describes this marvellous district.
One of the most interesting parts lies about the region of Roto Mahana, where the famous Te
Tarata and Otukapaurangi, better known as the White and Pink Terraces, once stood. These
were utterly destroyed by an earthquake and volcanic eruption on June 10th, 1886, probably
one of the most striking instances of volcanic phenomena which have occurred during the
nineteenth century and one which is certainly without parallel in the history of Australasia.
Having formerly inspected this marvellous district and feasted his eyes on its beauties, the
writer was anxious during his recent visit to compare the present with the past. He therefore
ascended Mount Tarawera, which rises 2,600 feet above the lake. This mountain was formerly
a volcano but without a crater, somewhat similar to the trachytic cones of Central France. It
stands not only in a direct line between Tongariro and White Island, which are the extreme
points of this region of thermal activity, but it is nearly the central point of that line; hence it is
not surprising that the effects of the eruption were very extensive. It is estimated that an area
of country 1,850 square miles in extent was affected in a sensible degree, the springs and
fumaroles becoming more active; and that the volcanic dust was deposited over an area of
3,700 square miles.
The eruption caused a great rent running in a south-westerly direction for about 2½ miles,
varying in depth from 400 to 1,200 feet and having an average width of 660 feet. The writer
noted six—but there are probably more —distinct points of eruption. In the lower parts, a
portion of this great fissure is filled with water, forming lakes; but another part extends up the
sides and through the very centre of the Three-Peaked mountain for a distance of about ¾
mile. The sides and bottom are composed of scoria from which issue steam and sulphurous
acid gas. Here and there the ferro-chlorides have imparted beautiful orange, yellow, red, and
brown tints. All around as far as the eye can reach extends a scene of utter desolation, which
to one who had seen the district in all its former glory and beauty fills the soul with sadness.
[89]
But what has all this to do with the gold-fields of the Hauraki Peninsula ? The writer believes
that there is a close connexion between this district and these gold-fields, and this belief is
much strengthened by a careful examination of these recent volcanic phenomena. It appears
to him as if the great rent gives something more than a hint concerning the formation of the
great parent reefs, which in several of the gold-fields extend in the same northerly and
southerly direction, e.g., the so-called buck reef at Wairongomai, but which the writer calls the
parent reef, and which runs north-east by south-west; and that also at Coromandel, which runs
north-west by south-east. From these parent reefs extend the auriferous reefs as lateral
shoots, reminding one somewhat of the ribs of a whale. The country-rocks of these great reefs
being of a harder nature than those which build up the Tarawera mountain, the rent has not
been so extensive ; and hence the reefs are not so wide as they would be if the great Tarawera
rent were filled up with silica. Some of these great reefs, however, are 150 feet wide at the
surface, and rise to a great height above the level of the country-rock which has fallen away
and left the reef exposed. As to the filling in or formation of these reefs, the writer has already
said that they are of hydrothermal origin, a conclusion to which he has been mainly led by a
careful study of the deposits of hydrated silica left by the thermal waters of this wonderful
district.
It was not until the latter part of 1880, that the Te Aroha portion of the Ohinemuri county was
thrown open for mining operations. During the next two years, however, as many as fifty claims

were granted, and Mr. S. Herbert Cox, who was sent by Sir James Hector (Government
geologist of New Zealand) to report on the fields, said :—"As regards the future prospects of
the field, they are, I think, of a very encouraging nature."
A serious bar, however, to progress lay in the way. A good deal of the ore was refractory, and
at that time the appliances for the extraction of gold were of so crude a nature that much more
gold was lost than was saved, not more than 40 per cent. being won. Very extensive reductionworks were erected at Wairongomai, 3 miles from Te Aroha. Through some error these works,
costing between £20,000 and £30,000, were erected before it was proved whether the system
which it was proposed to adopt for the treatment of the ore would be successful. After this
great expenditure had been incurred, the treatment proved an utter failure, and it was
concluded by many engineers that, though the field was undoubtedly a very rich one, the
riches were locked up in such a way
[90]
as to be unobtainable. This unfortunate and ill-advised experiment has been the means of
keeping back for years one of the richest gold-fields in New Zealand, viz., Te Aroha.
In the report of the Department of Mines on the gold-fields of New Zealand for 1895-96, Mr.
H. A. Gordon stated that Te Aroha:—
Is a field where there are large auriferous, argentiferous, and cupriferous lodes, but
the difficulty so far has been the extraction of the precious metals. The ores in many
instances are rich in gold, but, being associated with sulphides of copper, zinc and
galena, the cost of extracting a fair percentage of the gold has been too great to allow
these lodes to be worked at a profit. There is no doubt the time will come when this will
be a busy field. A process will be found out to treat the ores successfully and
economically.*
The success which has attended the treatment of refractory ores by the cyanide of potassium
process at Waihi and in other gold-fields, has given a great impetus to mining at Te Aroha and
Wairongomai, and several companies have been formed to work some of the many claims.
The mines, in connexion with which the disastrous failure, above referred to, at Wairongomai,
occurred, are now included in the property held by the New Zealand Exploration Company.
Some of the stone is exceedingly rich, and one sample assayed by the writer gave a return of
£1,050 per ton. This ore contained telluride of gold, and not a speck of free gold was visible.
Karangahake.—Here is some of the finest scenery in the province of Auckland. In the
Waitawheta gorge, the mountains rise to a height of 1,700 feet. Aerial tramways extend
across, by means of which mines in apparently inaccessible places are being worked, and at
different stages up the mountain-side workings are to be seen. The three principal mines are
the Crown, Woodstock, and Talisman.
The Crown mine was the first to adopt the cyanide of potassium process in this part of the
gold-field, and it is applied with such success that out of ore worth £3 17s. 6d. per ton the loss,
as the manager, Mr. Daw, informed the writer, is only 8 to 9 per cent. Of the gold saved, about
£2 worth is extracted by cyanide, and the remainder is won by passing the tailings over copperplates, thus saving the coarse gold, which the cyanide process cannot touch. At present this
treatment costs 20s. per ton, but it is estimated that by extending the plant the cost can be
reduced to 14s. per ton. The reef in the Crown mine runs between diorite and felsitic rock.
Here and there, it runs into the diorite, when it pinches and becomes poor. The water-supply
is so good that 189 effective horse-power can easily be obtained.*

*Page 78.
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Waihi.— Leaving Karangahake, after a ride of ten miles to the east through country overlain
in a large measure by rhyolitic lava, Waihi is reached. At first sight the country is very
disappointing from a gold-mining point of view, owing to the absence of those physical
characteristics which usually distinguish a mining centre. There are no magnificent gorges as
at Karangahake, no series of noble mountains with forest-clad sides as at Te Aroha, no wild
rugged hills as at Coromandel. There is a low-lying mountain range it is true, but the mining
operations of the well-known Waihi gold-field are not carried on there. The township of Waihi
stands somewhat to one side of a swampy undulating plain, caused by the partial filling-in of
the valleys or depressions between the hills (which no doubt once stood in bold relief) by
volcanic matter, ash, breccia, etc., cast out about the end of the Pliocene period. When this
was done, the rhyolitic lava poured forth and covered many of the lower hills, so that the reefs
are in most cases quite covered up, and it will require a great deal of prospecting to trace them
in some of the claims pegged out ; and in many there will most likely be no reefs found, for,
on the strength of the few that have been discovered, the whole country to the seashore has
been pegged out without any other reason than that capital may be secured to reward the
original prospectors and to engage in a fruitless search for reefs. The Martha and the welcome
lodes are the best-known, and these are being very profitably worked by the Waihi Goldmining Company, Limited, the premier gold-mining company in this district. Indeed, it was the
successful application of the cyanide of potassium treatment to the Martha ore that gave such
an impetus to mining in districts where the ore was refractory.
The Waihi company's present plant consists of 90 heads of stamps, the cyanidation being
carried out in 24 vats, 24 feet in diameter; but a very large plant is being erected with 100
heads of stamps at Owharoa, about 6 miles distant, to which the ore will be conveyed by
tramway. The annual average of the bullion from the ore treated is £1 6s. 8d. per ounce, and
the value extracted is £3 9s. 1d. per ton. Samples assayed by the writer yielded at the rate of
£10 per ton. During the year 1895-96 the bullion extracted by this company realized £117,165.
The Grand Junction and Waihi Silverton are also well-known mines on this field. In the former
mine the rhyolite overlies the auriferous formation to a depth of upwards of 200 feet.
Perseverance has recently (October) been rewarded in the case of the Grand Junction mine
by striking a reef supposed to be the Martha.
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Waitekauri, about 5 miles distant from Waihi, is also a good reefing district, and it is thought
that it will yield handsome returns. The writer, however, was neither able to visit this spot nor
Komata.
Thames County.
The Thames has for years been well known as the greatest gold-producing county of New
Zealand, though latterly it has been outstripped in the race by the Ohinemuri county. The goldfields in the Thames county were thrown open on July 27th, 1867. On August 12th of that
year, the first reef was discovered by Messrs. Hunt, Cobley, Clarkson, and White, and up to
the present time gold to the value of £6,000,000 has been produced, and this from an area

not much over 1 square mile in extent. Latterly, there has been a great reduction of the output,
but this is not because the field is worked out, but simply for want of capital for deep sinking
and development, and for want of the proper method of treatment for the ores, some of which
are of a refractory nature and of low grade.
The geological formation of the Thames is exceedingly interesting, but it has been so well
described by other observers that it is unnecessary for the writer to dwell upon it beyond saying
a few words for the purpose of confirming, as an independent witness, what has already been
said about it. The rocks are of precisely the same class as those of the other gold-fields of the
Hauraki Peninsula, consisting of such plutonic rocks as diabase, diorite, etc., and volcanic
rocks as andesites, basalt, etc.
Perhaps the most interesting feature is the existence of three faults, viz., the Moanataiari fault,
the collarbone fault, and the beach-slide fault. Mr. James Park, late Director of the Thames
School of Mines, who resided in the district for several years, has written an excellent paper
entitled: "The Mineral Resources of the Thames Gold-fields." In this paper he speaks of these
faults as being "of the highest scientific and economic interest." Their scientific interest lies in
the freshness and clearness of the evidence which characterizes their courses, both on the
surface and in the mines ; while their economic importance is to be found in the displacements
of the gold-bearing reefs which they have caused, and in this respect they play an important
part in the distribution of the gold. The Moanataiari fault runs almost at right angles across the
trend of the reefs. It acts as a great underground watercourse or channel, dividing the goldfield into two distinct parts, a seaward portion and an upland portion. Mr. Park has taken careful
measurements and estimates that the vertical downthrow is about 400 feet. The age of
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this fault is newer Pliocene or older Pleistocene. The collarbone fault joins the Moanataiari
fault, and is of the same age.
Some engineers doubt the existence of the beach-slide fault, but the writer is decidedly of
opinion, from the examination of the surface-features, that such a fault really does exist. It
appears to follow the contours and windings of the present line of cliffs running behind the
township of the Thames. It is proposed to sink shafts on the foreshore of the Thames, and this
question will, of course, be speedily decided.
The prospects of success in picking up the lost leads seaward are, in the writer's opinion, good
; and if they are picked up, they will prove as rich as those which proved so very productive in
the early days of the Thames district.
The minerals associated with the gold at the Thames are: iron pyrites, copper pyrites, zinc
blende, stibnite, and ruby silver, and sometimes galena. Magnificent specimens of these
minerals are sometimes taken out of the mines. The gold occurs generally as fine irregular
grains, threads, and thin plates or scales. Its average fineness is only about 680, owing to the
admixture of silver.
Among what may just now, perhaps, be considered the minor gold-fields of Thames county
must be mentioned the Ohui. Among the mines stands out very prominently the Maori Dream,
and some stone from the main reef yielded by fire assay 237 ounces of gold, worth £2 16s.
per ounce ; but, owing to an admixture of sulphide of antimony, it will be necessary to apply
some treatment in order to secure all the gold. From experience with such ores, the writer
believes that no treatment is so well adapted to this class of ore as the thermo-hyperphoric
treatment, or treatment by water-gas, by means of which 95 per cent. of the assay-value may
be saved.

COROMANDEL COUNTY.
The Hauraki and the Kapanga gold-mines are probably the best known properties at
Coromandel. The former because of the large returns which caused a revival of mining, the
latter. because the first discovery of gold in New Zealand was made on this property, and also
because of its being the deepest mine in New Zealand, the main shaft being 1,007 feet deep.
The reef runs north and south and has a dip 65 degs. west. At a depth of 940 feet, a band of
complex ore, chiefly iron pyrites, 2 feet wide, cuts across the reef. The value of this ore is £3
per ton, but owing to the supposed difficulty of treatment nothing is being done with it at present
though it is possible by the thermo-hyperphoric method to extract 95 per cent. of the assay
value at the cost of a few shillings per ton.
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On this field, the writer noticed three distinct formations and the deep shaft at the Kapanga
gold-mine gave him an excellent opportunity of making a careful geological examination.
Beneath the rhyolitic lavas which here abound, as at Waihi, lie a series of rocks which are
basic in character ; at first fine in texture, but becoming more coarsely brecciated as they
descend in depth. At 900 feet, they are acidic, having become so by the elimination of the
basic elements. (The water which permeates the lower rock is still acidulous, rapidly turning
litmus paper red and attacking the nails of the miners' boots.) These rocks are clearly
fragmental or clastic rocks which decomposed in angular fragments when exposed at the
original surface, and were not, the writer thinks, laid down under water as tufaceous rocks, as
is generally supposed. They are of a greenish colour, the coloration being caused by silicate
of iron due to the decomposition of the hornblende. They appear to overlie Cretaceous rocks.
The value of the gold from the Kapanga mine is £2 18s. per ounce, and it is to so large an
extent free that with the present appliances all but 3 dwts. per ton is recovered. This mine and
the Scotty which joins it on the north, and the Hauraki, are certainly among the most promising
properties in Coromandel county. Between the Kapanga and the Hauraki, lies the Blagrove
Freehold mine, and 1 mile to the south of the township lies the Preece Point mine. These and
others that might be mentioned are valuable mines, and the writer thinks that the district has
a prosperous future before it.
Reference has before been made to one of the parent reefs on this field. A favourable spot for
examining this reef occurs on the ground of the Triumph (Hauraki) gold-mine, in the Tokatea
district, where it runs north-west by south-east. It assays traces of gold, and from it the payable
reefs shoot laterally. These reefs do not run into the altered sedimentary rocks, but are
confined to the igneous rocks. Here, as in most parts of the Hauraki gold-fields, the auriferous
quartz is peculiar, as being hydrated, and containing numerous masses of beautiful minute
crystals ; and the bulk-stone is so similar that it is impossible to tell from which mine individual
samples come. All the stone in Coromandel is regarded as being free-milling ore, excepting
the Union Beach goldmine, but some of the ore contains dark patches which, the writer finds,
contains some combined gold, and which, of course, is not saved by ordinary battery methods.
In Coromandel county, the Success is the phenomenal mine as regards the occurrence of the
gold, which is met with in plates from
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1/32 inch in thickness to less, in a kind of pug-vein or siliceous belt of plastic hydrated quartz
from which the gold may be panned out. For years this mine has been worked without a
battery, the auriferous material being sent to a neighbouring mill. A battery is now being
erected, though at a considerable cost, the carriage of the machinery from the landing-place
to the mine costing £7 10s. per ton, owing to the steepness of the mountains on which the
mine is situated and the extreme difficulty of making a good track for the teams to pass over.
Other important properties in the Coromandel county lie in the Cabbage Bay, Kennedy Bay,
and Kuaotunu districts. In the last named district are situated the well-known Try Fluke and
Kapai-Vermont goldmines.
There is still a very large area of auriferous country in the Hauraki Peninsula which is
absolutely unexplored. The writer has not the slightest hesitation in predicting that in it reefs
as valuable as any that have been developed will be found, and he would very much like to
see parties under competent engineers exploring these hitherto untrodden areas. It is an
enterprise which in the near future would meet with an abundant reward, and as those who
are first in the field will stand the best chance no time should be lost.
Treatment of Refractory Ores.
The writer has several times in the course of this paper referred to the abundance of refractory
ores which exist in the gold-fields of the Hauraki Peninsula ; and there is no doubt that the
treatment of these is one of the greatest questions of modern mining enterprise. Speaking of
these in his report to the department of mines on "The Gold-fields of New Zealand" for the
year 1895-96, Mr. H. A. Gordon says :—
There are also large lodes . . . known to contain rich auriferous and argentiferous ore,
but of a highly refractory nature on account of having other base metals in the ore,
which cannot at the present time be separated unless at a great cost, borne of these
lodes contain gold, silver, copper, zinc, lead, antimony, and quicksilver ore. To
separate these base metals by some simple and effective method has, up to the
present, not been discovered.*
It is well known that by reason of the presence of these base metals the cyanide of potassium
process which has been efficaciously applied in so many parts, not only of New Zealand, but
of the world, absolutely fails m dealing with these ores to which Mr. Gordon refers. Many
metallurgists,
*Papers and Reports Relating to Minerals and Mining, New Zealand, 1895-96, C.—3, page
27.
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however, claim to have solved the problem ; and among the proposed methods of dealing with
such ores must be mentioned those invented by Mr. A. Gordon French and Mr. James Park.
In Mr. French's system the ore is dried, crushed, and then roasted in a revolving reverberatory
furnace—with a little salt to chloridize the metals. The salt is intimately mixed with the ore
previous to its being put into the furnace. The roasted ore is then subjected to chlorination,
and, after leaching, the gold in solution is precipitated by sulphate of iron, while the solution
goes into a tank containing scrap-iron, where the copper is deposited. The silver in the ore,
after leaching out the gold solution, is then leached out with hyposulphite of sodium on the
same principle as the Russell process.

Mr. Park adopts the same method of roasting and chloridizing the ore, and then leaches it with
water to extract the whole of the copper which, being in the form of a chloride, is soluble. It is
then subjected to a cyanide solution to extract the gold and silver.
The Thermo-hyperphoric Process.—The writer has devoted some years of very careful study
to the treatment of gold ores, with the result that he also has invented a process which extracts
95 per cent. of the gold-assay value of any ore. To this treatment he has given the name
"thermo-hyperphoria'' a term derived from two Greek words which accurately describe the
operation. The first word signifies that heat is employed, and the second that the result of the
treatment is the elimination of all base elements that interfere with the amalgamation of the
gold with mercury. As the writer proposes to communicate a paper on this invention at an early
date, he will say but little about it in these pages. It is fitting, however, that in connexion with
the subject of this paper he should give a brief outline of the thermo-hyperphoric process.
Briefly, it consists in the application to refractory gold and silver, and other metal-bearing ores,
of the well-known water-gas, which is made by passing steam over red-hot charcoal, or coke
in closed retorts. One hundred lbs. of steam passing over 66½ lbs. of charcoal produce 11
lbs. of hydrogen (H) and 155½ lbs. of carbonic oxide (CO) ; but, owing to the lightness of the
hydrogen, the volumes of the two gases are equal. These two gases are great reducers ; and,
when mixed, act more powerfully than in the single state ; hence, when allowed to permeate
the refractory ore, which is broken to the size of walnuts by means of a stone-breaker and
heated to 1,200 degs. Fahr. in closed retorts or furnaces, all the sulphur, arsenic, tellurium, or
other base elements are removed, and the ore be[97]
comes a free-milling ore. In order that the writer might show that the system could be applied
on a large scale in a profitable way, he erected a complete plant on the Walter Scott goldmine, Cangai, New South Wales, and from 150 tons of ore, containing an admixture of 16 per
cent. of arsenic, sulphur, zinc, galena, and copper and iron pyrites, an ore from which only 12
dwts. per ton could be saved by ordinary methods, the writer, by his process, extracted 1¾
ounces, or 95 per cent. of the gold-assay value. And he met with the same success in dealing
with large quantities of the refractory ores of the Haurkai gold-fields, which ores contained,
among other substances, telluride of gold. To quote from the patent specification :—
The positive results of the treatment of the ore or material by water-gas in closed
chambers or retorts, are—(a) The ore or material becomes exceedingly friable, much
more co than the best roasted quartz from open kilns, and may be easily broken by
hand—thus the use of lighter stamps is permitted and easier grinding effected, (b) The
auriferous particles are changed in form to a globular or approximately globular
condition (the more minute the metallic particles the more perfect the spheroidal
shape). The gold in this spheroidal form is less acted on by water in the amalgamating
process, and hence the loss in the form of float-gold is reduced to a minimum, (c) The
base materials with which the gold is chemically or mechanically combined or coated,
namely, sulphur, arsenic, tellurium, antimony, bismuth, zinc, lead, iron and copper
pyrites, iron oxide, etc., are eliminated, and leave the gold perfectly free for
amalgamation. In addition to this, by means of flues and suitable chambers, byeproducts may be saved and so reduce the cost of treatment. *
On small mines, the writer proposes to erect a bench of retorts built of fire-brick, but somewhat
similar in form to those used in gas-manufactories, and having the water-gas-making retorts

built in the bench. The capacity of this furnace would be 40 tons per week, and the cost of
erection of the complete plant about £2,500. But on large mines, he would recommend a
furnace of peculiar construction, with separate retorts and gasometers, for the manufacture
and storage of the water-gas, and a new form of amalgamator. This furnace would be capable
of treating 100 tons a day, and the cost of the complete plant would be about £6,000. The
actual cost of treating the ore with the small plant, varies from 1s. to 5s. per ton, in addition to
the ordinary battery treatment; but with the large plant the total cost of treating and
amalgamating would not exceed 4s. per ton.
Conclusion.
In concluding a somewhat fragmentary paper on the gold-fields of the Hauraki Peninsula, the
writer does not hesitate to say that if it
*No. 26,297, 1896.
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should fall into the hands of the New Zealand people it will not give universal satisfaction,
because it will be considered that he has not given sufficient prominence to many mines. But
in common justice, the writer feels that they will all acknowledge that, so far as he has gone,
he has dealt fairly, even generously, with the gold-fields as a whole. It must also be borne in
mind that the writer has dealt with the gold-fields in general terms from a scientific as well as
a practical standpoint. He has only written what he knows and what he has seen, and he
ventures to express the hope that his opinions may be acceptable to those to whom they are
now communicated.
Mr. Thos. J. Bewick (London) wrote that Mr. Campbell's paper was interesting, and in some
respects abstruse. In the earlier parts of his paper the author propounded several purely
speculative ideas. He called them "fanciful suppositions," and he would not attempt, if even
he was able and had the time, to comment thereon, as in practice they were not of the slightest
value. The value of the gold of the Kapanga mine was given at £2 18s. per ounce, and if this
be correct, the gold must be very impure.
Mr. S. Herbert Cox (London) wrote that he had read Mr. Campbell's paper with a good deal of
interest; but, as regards some of his statements, he held opinions which did not accord with
those of Mr. Campbell.
Referring to the geological classification given in the table,* he would point out that a very
perfect section of the Lower Secondary beds exists in the Hokanui mountains of Southland,
and that, from his point of view, this section included rocks from Upper Jurassic age down to
the base of the Trias, and also underlying beds, which may or may not be Permian. The whole
of this group may be classed as the Putataka formation ; and the Maitai formation was certainly
not of Triassic age, for the rocks which constituted this series were overlain unconformably by
beds in which Monotis and Haliotis occur, and were themselves represented by beds of slate,
sandstone, and limestone, in the latter of which Produdus was found. The Maitai formation
was undoubtedly of Carboniferous age, and was a very large and important formation. He
thought, moreover, that the Kaikoura formation should properly be classified with the Maitai
* Trans. Fed. Inst., vol. xii., page 464.
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formation as the lower portion of it, and that probably these beds were of Upper Devonian
age. To say that Devonian beds were wanting in New Zealand was manifestly wrong, for
fossiliferous rocks of that age were found near Reefton.
It was only jumping to conclusions to classify the Kakanui, Wanaka, and Manipori formations
as Silurian and Laurentian respectively, and to say that Cambrian beds were wanting. As a
matter of fact, in Nelson, fossiliferous beds of both Upper and Lower Silurian age were known,
but whether the Kakanui and Wanaka formations were their equivalents was purely a matter
of surmise, as they were metamorphic rocks which had not hitherto yielded any fossils, and
the same was the case with the Manipori formation.
Mr. Campbell said that he had only written what he knew and what he had seen, but surely he
was wrong in stating that the Maitai formation contained alluvial deposits. His statement that
the Putataka and Waipara formations were rich in reefs appeared to be a mistake, for they
were neither of the class of rocks in which reefs occurred, and he (Mr. Cox) believed that he
had seen every deposit in New Zealand belonging to these periods, and knew of no instance
in which they were intersected by reefs.
Then, as regards Mr. Campbell's view that the gold-fields of the Hauraki Peninsula would
supersede all the others, he (Mr. Cox) was again ready to question the correctness of his
opinion. It must be borne in mind that by far the greater quantity of gold yet produced in New
Zealand had been won from alluvial deposits, and that all of these had been found in the South
Island, chiefly on the West Coast and in Otago. He had no doubt that many important
discoveries of reefs would yet be made in the older rocks of the South Island, and seeing that
these occupied a much greater area than the Tertiary auriferous rocks of the Hauraki
Peninsula, it was only reasonable to suppose that the extent and value of the reefs in these
formations would be quite as great or greater than those of Hauraki, especially when the extent
and value of those already known at Reefton were taken into consideration.
Mr. Campbell's statement that all the quartz of the reefs in the Hauraki was hydrated was very
interesting, but was it really the case ? There were certainly innumerable instances in which
hexagonal pyramids of quartz occurred crystallized in the reefs, and, of course, these were
anhydrous, and much of the compact quartz did not give one the impression that it was an
hydrated variety. However, presumably Mr. Campbell had tested this question, and any further
information he could give
[100]
about it would be of great interest. The theoretical questions which the author raised regarding
the origin of reefs were much too large to allow of discussion with any hope of arriving at a
definite conclusion. Moreover, the few remarks that he made upon his new process of
treatment did not include sufficient details to allow of one's forming any opinion regarding its

efficiency, and the members must wait for his promised paper on this subject before attempting
to criticize it in any way.
Mr. H. M. Cadell (Bo'ness) wrote that he thought Mr. Campbell's paper contained a good deal
of extraneous matter of no great importance in connexion with the subject, and that Mr.
Campbell might well have given descriptions of several of the mines that he (Mr. Cadell) had
omitted from his paper on gold-mining in the Hauraki district, instead of traversing the whole
map of Australia and New Zealand, and going into elaborate chemical disquisitions on the
origin of reefs in general, but of no special interest in connexion with those of the Hauraki goldfield. In his description of Te Aroha, Mr. Campbell devoted much space to the flora of the
district, the diseases to be cured by the hot springs there, analyses of these healing waters,
the hot lake district to the south, and the famous eruption of Mount Tarawera, but he devoted
only a few lines to the description of the great reefs at Te Aroha, which, from a mining
standpoint, were the most interesting features of the district. Since his (Mr. Cadell's) paper
was written, a large amount of progress had been accomplished in the Hauraki district, and
various new auriferous localities had been opened. It was a pity that Mr. Campbell had not
recorded some of the latest information about these districts, which he could easily enough
have obtained. The only part of the paper that appeared to have any really new matter in it
was the last paragraph, in which Mr. Campbell referred to his own invention, which he called
the thermo-hyperphoric process, for the treatment of gold ores. In this process, water-gas was
to be the chief operative medium for recovering gold from refractory ores, but since Mr.
Campbell said that he proposed to describe his new process in a subsequent paper, it was
premature to discuss it now. He (Mr. Cadell) thought that in such a case Mr. Campbell need
not now have broached this matter at all, as it apparently had no special relation to the Hauraki
gold-field.
Mr. George J. Binns (Netherseal) wrote that he was pleased to observe, not only in recent
advices from the colony, but in Mr. Campbell's paper, confirmation of his opinion expressed
some years ago as to the permanency of these gold-fields,* more especially as that opinion
* Trans. Fed. Inst., vol. iii., page 646.
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was not, at the time, universally accepted by persons well acquainted with the district.* As
regards the geological classification of the New Zealand rocks, it would perhaps have been
better had the author given his authority for the scheme adopted, and stated that it was not
the one usually accepted in the colony. For instance, in a recent "Report on Deep Quartzmining in New Zealand," by Mr. Reginald A. F. Murray (Government Geologist for Victoria),†
the classification followed was that of the New Zealand Geological Survey (Sir James Hector,
Director), which differed from that given by Mr. Campbell in many important particulars, as for
example, in the placing of the Maitai in the Carboniferous system, which, according to Mr.
Campbell, was entirely wanting. As a matter of geological probability, it was not likely that a
formation of such world-wide importance should be entirely absent. The Devonian also was
usually considered to be fairly well represented at Reefton, even if the gold-reefing formation
at the Lyell was not included.
Mr Murray places the Cape Colville rocks in the Upper Secondary or Lower Tertiary, whereas
in the paper under discussion they are classed wholly as Tertiary. He (Mr. Binns) was unaware
of alluvial deposits of Maitai age ; perhaps Mr. Campbell would furnish details.

The author had not in his (Mr. Binns) opinion, placed sufficient emphasis on the large
quantities of water which existed on the Auckland gold-fields ; in the first place as surfacesupplies, which were of inestimable value as a source of power, and, in the second place, as
underground feeders, which had unfortunately done so much to retard the exploitation of the
deep leads. As was pointed out in the Annual Report of the Hon. Mr. Cadman (Minister of
Mines) for 1894, "Every year the payable stone in the upper levels is gradually getting less,
and the time will come when, unless money is forthcoming to test the lodes at deeper levels
the mines will have to be abandoned." Fortunately, the necessary capital had been
forthcoming, and in his last report, the Minister of Mines stated that the company which had
acquired the Queen of Beauty special claim, had decided to erect pumping and windingmachinery capable of proving and working the reefs to a depth of 2,000 feet. This would
apparently be a first-rate plant, comprising a pump capable of raising 2,000 gallons per minute,
together with air-compressors (compound steam and air), rock-drills, battery, electric light, etc.
The New Zealand Government had wisely promised a subsidy of pound for pound, up to
£25,000, towards this very desirable project.
* Trans. Fed. Inst., vol. iii., page 669.
† Papers and Reports relating to Minerals and Mining, New Zealand, 1894, C.— 6.
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If the deep levels were tested as proposed, and turned out anything like the yield of gold that
had been produced in the past, the prosperity of this field would no doubt be very great; and
if, in addition to this, the gold-extraction process introduced by Mr. Campbell should prove
capable of extracting 95 per cent. for anything like 4s. per ton, success would be doubly
assured.
Prof. H. Louis (Newcastle-upon-Tyne) said that he was much struck with the general similarity
between the Hauraki district and the Comstock district (Colorado, United States of America),
where heavy lodes, rich in gold and silver, occurred in somewhat the same way, and were in
the same way intimately connected with hot springs in their immediate neighbourhood, and
other similar hydrothermal phenomena. He did not entirely agree with Mr. Campbell's views
respecting the formation of the lodes, as he did not see how it was possible for a fissure 600
feet to remain open at considerable depths below the earth's surface whilst it was slowly filling
up with a deposit of silica that must have taken centuries to form, and he would prefer to
ascribe its formation to rnetasomatic action.
Mr. Campbell had referred to two chlorination methods proposed by Mr. French and Mr. Park.
As far as he (Prof. Louis) could follow the description, they seemed practically identical with
methods in use long ago in California, except that in the processes as described by Mr.
Campbell salt was mixed with the ores at the outset of the chloridizing roast—a practice that
had been shown by Prof. S. B. Christy* to be attended by loss of gold, and which was therefore
pretty generally discontinued.†
As regarded Mr. Campbell's own process, heating the ore by itself apart from using the current
of water-gas before amalgamating was a very old process. Lazarus Encker, writing in 1672,
stated that by the heating of gold ores—they heated over wood fires, but whether water-gas
was thus formed and had any effect, he (Prof. Louis) could not say— " The fine, subtle gold
shrank and ran together, and assumed a rounded corpus;" ‡ and there seemed to be other
reasons for believing that heating alone might accomplish a great deal that Mr. Campbell held
was the result of his process.

* Transactions of the American Institute of Mining Engineers, 1888-89, vol. xvii., page 3.
† Leaching with hyposulphite solution after chlorinating is an old process, vide, The Metallurgy
of Silver, Gold, and Mercury in the United States, by Mr. T. Egleston, 1890, vol. ii., page 653.
‡ A Handbook of Gold Milling, by Prof. Henry Louis, 1894, page 17.
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Mr. Campbell said he quite agreed with Prof. Louis that there were difficulties to be overcome
in his or any other theory of reef-formation. He had not met with any theory that satisfied him
: even his own was not altogether satisfactory. So far as the methods of ore-treatment
proposed by Mr. French and Mr. Park were concerned, he quite agreed that they were in some
respects old methods resuscitated and improved, and he wished these metallurgists, as he
wished everybody working out this great question, success. He took a broad and general view
of these things, and there was room for fifty processes if they could only bring them to
perfection. Regarding the application of simple heat, they all knew that metallurgists could do
a good deal with that, but he had so carefully considered and tried ore-treating in ordinary
furnaces without the admission of any reducing-agents that he felt convinced good results
could not be accomplished. He found that however careful they might be there was a coating
of oxide of iron or something else on the ore, and that they could not save the gold. The
question had been to find something that would remove the refractory elements or the
infinitesimal quantity of coating that covered the gold, and he had found that water-gas took
away the minutest quantity of any material that was inimical to the amalgamation of gold and
quicksilver. He was a hardworking student, not in the least dogmatical, and he was only too
glad to get any assistance from anybody, even from the very humblest miner with whom he
came in contact.*
The Chairman proposed a vote of thanks to Mr. Campbell for his paper, in which the members
had all been very much interested.
This motion was adopted, and Mr. Campbell acknowledged the compliment.
The following paper by Mr. Saville Shaw on "The Education of Metallurgists " was taken as
read : —
* Mr. Campbell will communicate a further reply to the discussion, at the ensuing meeting.
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THE EDUCATION OF METALLURGISTS.
By SAVILLE SHAW.
It is with considerable diffidence that the writer ventures to address the members on the
subject that forms the title of this paper, and he does so particularly in the hope that it may,
perhaps, be the means of eliciting opinions from individuals with a wider experience than his
own who might otherwise have remained silent.
The recent establishment of a department of metallurgy at the Durham College of Science, in
charge of which department the writer has had the honour of being placed, makes him
desirous of enunciating his own views as to the methods which should be adopted for the
training of a student destined to devote himself to some branch of metallurgical industry.

After much discussion on the subject of the education of persons who are to engage in an
industry based essentially on scientific principles, it may now be safely said that the most
competent authorities have, practically, agreed to certain conclusions, which are briefly as
follows :—
(1) That the individual who most needs thoroughly educating is the one upon whom the
responsible management of the practical side of the industry will fall, and that the advantage
to be gained by imparting any education beyond that of the most elementary character to the
mere labourer is very doubtful.
(2) That details of a process or trade, if they are to be properly learnt, must be learnt by some
sort of apprenticeship in the actual workshop, and not at any educational institution.
(3) That the work of the latter should consist chiefly in the training of the student in scientific
method and scientific habits of thought, particular attention being paid to those branches of
science upon which his industry is based.
Metallurgy is usually defined as "the art of extracting metals from their ores and adapting them
for use," and an examination of metallurgical processes will show that they depend for their
successful performance upon an observance of a certain order and method, which order and
method are either the result of long practical experience, or have been
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deduced from theoretical study. The tools and appliances with which the metallurgist produces
the desired result require, in many cases, a considerable degree of engineering skill in their
manufacture and erection, and in order that the actual process of the various operations may
be properly understood, a knowledge of the branches of natural science known as physics
and chemistry is absolutely essential. Here are briefly indicated three of the main requirements
for the outfit of the would-be metallurgist, viz., a knowledge of physics, of chemistry, and of
engineering. In addition to these subjects there are several minor ones that he cannot afford
to neglect: a knowledge of economic geology and mineralogy is often of great value to him,
and acquaintance with two or three modern languages will not only tend to widen his views,
but will enable him to learn more speedily what his neighbour is doing in his particular industry.
The course of study indicated by these various requirements does not appreciably differ from
that which is offered by modern university colleges to regular students in science, studying for
a science degree, except, perhaps, in the slight alteration in the curriculum which the
advisability of acquiring some knowledge of engineering might entail. The pursuit of such a
course of study would practically mean that for three years after leaving school, where it is
assumed that he has received a good general education, the student should devote himself
to pure science, and in the remaining one or two years he might then, while still devoting part
of his time to purely scientific study, engage in work having some direct bearing on his future
profession.
There are people of very considerable eminence in their respective professions, who, while
never disputing for a moment the value and importance of purely scientific training, would yet
introduce at a certain stage of the student's college career practical instruction in trade
processes. Confining this idea to the question of the training of the future metallurgist, he
would be set to work with experimental plant, with model gas-producers, model blast and
reverberatory-furnaces, and generally to assist in the conduct on a fairly large scale of some
modern metallurgical process. The system has already been introduced in America, and to a

slight extent in this country, and the writer feels bound to join issue with its advocates for the
following reasons :—
In the first place, the time at the disposal of the student is short, rarely five years, and in too
many cases only three : four years may be taken indeed as distinctly more than the average.
Bearing in mind that he will not improbably spend the whole of his remaining working life in
the actual practice of one particular branch of our industry, it is surely inadvisable
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to curtail in any way the time devoted to the acquirement of systematized knowledge, or to
attempt to curtail what is of more importance, his training in the habit of scientific thought and
scientific method. Such a curtailment must be the inevitable result of any attempt to introduce
instruction by means of experimental plant, and it is a point which merits the very serious
attention of those who advocate this method of training. Abundant time and opportunity will be
afforded to the student of acquiring a practical knowledge of manufacturing details during the
rest of his working life, when it is almost impossible for him to continue his purely scientific
studies.
It must also be borne in mind that training imparted in this way would of necessity be highly
specialized, and the institution giving such training could only hope to instruct the student in
some one branch of the industry, with the result that it would turn out not a budding
metallurgist, but a copper-smelter, or a lead-smelter, or a steel-worker. Such a man might
possibly have a better chance of securing an immediate return for his services than one trained
on broader lines, but it could only be a question of a few years before the man with the better
general scientific training would, other things being equal, assert his superiority. Surely the
institutions in America and on the Continent which turn out their fourth or fifth year men with
the title of "metallurgist," or "metallurgical engineer," can scarcely claim seriously for their
product that he is what the title really implies ? The idea that such a claim is made receives
support from the fact that these institutions set their advanced students such exercises as the
writing of "a thesis on the establishment and working of mines and smelting-works, under
given conditions, with drawings, estimates, and written memoirs." Coming nearer home, no
engineering department of one of the university colleges pretends to turn out a finished and
perfect engineer, but what it does claim is that it has given its man that training which will
enable him to become in time an incomparably better engineer than he could hope to become
without such training.
So with metallurgical teaching. No university college or other educational institution can hope
to turn out a metallurgist as a finished article. The finished article is essentially a product of
years of experience, during which scientific knowledge has been applied to practical ends and
aims.
The chief objection, then, to this method of teaching is the diverting of the very limited time of
the student from the main object of his student life—the acquisition of scientific habits of
thought; but there are other very weighty arguments against its adoption. There is, for
[107]
instance, the question of the enormous expense of equipping an institution with plant of this
character, and of maintaining it afterwards. Private munificence might overcome this difficulty,
but yet to imagine one department of an educational institution thoroughly equipped with
complete experimental plant representing the great and varied branches of metallurgical

industry, is a task as hopeless as the establishment of such a department would, in the writer's
opinion, be undesirable. To be consistent, the teaching of chemistry, and other branches of
science upon which large industries are dependent, should be conducted on the same lines ;
and the college student should forsake the test-tube and beaker for the vat or tank, and his
flasks for sulphuric acid chambers, with a result that may well be left to the imagination.
The writer would not like it to be gathered from the preceding remarks that he entirely
deprecates the introduction of experimental plant—very far from it. He merely states that it
would be undesirable to burden the metallurgical department of a college with it, and he would
like to take this opportunity of indicating one way in which such plant might be made to prove
of the highest value.
Apart from the general question of the utility of plant as a teaching instrument, its introduction,
duplicated as it would be at various institutions, would entail an enormous expense and give
rise to a very great waste of teaching energy. By concentrating it at one central institution
situated, perhaps preferably, in or near the metropolis, (where Prof. Roberts-Austen has
already the basis of such an establishment), and conducting this institution on lines somewhat
analogous to those on which the Physikalisch-Technische Reichsanstalt, at Charlottenburg,
is carried, or akin to the Davy-Faraday research laboratory, recently founded by private
munificence in our own country, much of this waste would be avoided. To such an institution,
the more promising student might proceed from his college after his three or four years'
training, his maintenance in certain cases being provided for by one of the scholarships
founded by the Commissioners of the 1851 Exhibition, which might well be awarded for such
a purpose.
An institution of this character would naturally require a large endowment, and the state might
probably contribute to its support, as is done at Berlin. Under the direction of some eminent
metallurgist working in co-operation with a committee representative of various branches of
metallurgical industry, work of the greatest scientific and industrial value might be carried out,
work which would be quite impossible if such plant were scattered all over the country, under
the control of many individuals, and used solely for teaching purposes.
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Having now indicated, he hopes quite clearly, the objections to this technical teaching, the
writer would like to be allowed to suggest the part which the teacher of metallurgy should play
in the training of the metallurgical student.
A student trained in pure science, and at the conclusion of his scientific training put directly
into a smelting works, or asked to carry out a metallurgical operation on a large scale, would
be confronted with a variety of problems and a set of conditions altogether new to him, and he
would feel utterly at a loss as to how to apply his scientific knowledge. Carefully arranged in
so many distinct pigeon-holes in his mind, and as carefully labelled "physics," "chemistry," and
so on, as are these various branches of knowledge, the average student has comparatively
little idea of correlating them, and still less of bringing them to bear collectively on any particular
problem. The writer speaks from an experience of sixteen years of university colleges as
student and teacher, and feels sure that others with much longer and wider experience will
bear him out in this statement; indeed, the condition is almost an inevitable result of his
training.
It is the business, then, of the metallurgical teacher at this period of the student's career to
show him how the several branches of natural knowledge into which he has acquired some
insight may be applied to the elucidation of some particular operation or process ; to indicate

to him, before he is confronted with the many problems, the manner of his attack—the fencingmaster's instruction that will become useful in the battle. Though in the heat of the fight the
exact designation of cut or thrust may escape him, it is none the less skilfully delivered. Habit
will have become a second nature, and the results of his methodical and scientific training
may be such as even to compel the admiration of the oft-quoted practical man who gained all
his experience on the field.
Perhaps an actual example may make the point clearer, though there are objections to singling
out one particular operation. For some years the process associated with the name of Sir
Henry Bessemer has been applied to many other uses than the conversion of pig-iron into
steel, notably to the concentration of the sulphides of metals, or to the conversion of the
sulphides into the metals themselves, a current of air being blown through the molten matte
in a converter, with the object of burning off a portion or the whole of the sulphur. The problem
as to whether a matte of a certain composition can be successfully bessemerized is one which
may be determined with some exactitude from purely theoretical considerations ; the heats of
combination of the various bodies taking
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part in the reaction are known, and the specific heats of the air used, of the nitrogen, slag, and
metal produced are also known. It is true that certain assumptions have to be made, but these
do not invalidate the result, and it is the elucidation of the method of attacking such a problem
that is one of the duties of the metallurgical teacher, to show the student how to bring his
thermo-chemistry and his physics to work together in harmony to help him to obtain the desired
result.
In his general theoretical studies, attention would be paid to such points as the relations
between carbon and oxygen, particularly with regard to the absorption and evolution of heat
involved in the various changes considered. The many complicated reactions of the blastfurnace, and the light thrown upon them by the laborious researches of men like the
distinguished Past-President of this Institute, Sir Lowthian Bell, would be dealt with in
considerable detail. It would be easy to multiply such instances, but these should suffice to
indicate the lines upon which, in the writer's opinion, the metallurgical student's theoretical
training should run.
As regards the practical work of the student, many of the chief chemical reactions upon which
the great metallurgical industries are based, reactions with which he has had no opportunity
of becoming familiar, and which are known to him only as blackboard equations, may be
studied practically in the metallurgical laboratory. The phenomena attending the oxidation of
metals, the reduction of metallic oxides, the formation of metallic sulphides, and the various
changes occurring when they are roasted or reduced may be given as examples of this class
of work. The scale of his operations is very small, but, except in rare instances, there is not
the slightest reason why he should not acquire a clear insight into the progress of the reactions
as they would take place on the large scale.
The knowledge of the general methods of chemical analysis acquired in the chemical
laboratory would be supplemented by the acquirement of a certain degree of skill in those
special methods usually included in the term "assaying."
There is amongst otherwise well-informed persons a disposition to regard the terms "practical
metallurgy" and "assaying" as synonymous, in much the same way that practical chemistry to
some people means simply chemical analysis. This misconception is singularly unfortunate,
and forms in some cases a real obstacle to the progress of a metallurgical department and of

metallurgical teaching. Assaying and analysis are merely branches of the two subjects, and
though a knowledge of each
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is essential for the equipment of the metallurgist or chemist, let it be borne in mind that they
are but branches, each founded on that very knowledge of principles which it should be the
teacher's first aim to impart to the student.
It may have been gathered from the foregoing remarks that the teaching of metallurgy proper
seems to have been relegated to what may appear to be a subordinate position in the college
curriculum. The writer is perfectly willing to accept that conclusion, believing as he does that
the ultimate value to the student himself and to the industrial progress of the country of any
strictly metallurgical knowledge that he may gain at college cannot rank for a moment with the
value of his purely scientific training. It is difficult, even if the individual desires it, to secure a
training in pure science later in life, whereas the greater part of that life may of necessity be
spent in acquiring metallurgical knowledge and experience.
In conclusion, it may be well to be reminded of the fact that after all has been said on the
subject of education, there still remains the chief factor in success to consider—the capacity
or natural ability of the individual taught. Without this natural capacity, training and education
can do comparatively little towards increasing the usefulness or the chances of success of the
individual, whilst with it, even though the happy possessor may not have had the advantages
of a college training, he is practically certain to play his part worthily in any industry in which
he may engage.
Mr. Thos. J. Bewick (London) wrote that Mr. Shaw's paper contained a great deal of good
advice which, however, it was next to impossible to carry into effect with many ordinary pupils.
What languages other than English did the writer recommend should be learnt by the student
? He concurred with the writer for reasons set forth in his condemnation in including several
occupations not forming part of a metallurgist's education.
Mr. Joseph Garland (London) wrote that the author had apparently in his mind only the student
of ample means, who could afford to devote a series of years to a mastery of the theory and
the principles of metallurgy
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before entering upon the practical work of his profession ; but he thought that the majority of
young men were anxious, and found it necessary, to become qualified to take an appointment
and to earn money as early as practicable, and this could only be done by the students
acquiring as soon as possible a practical acquaintance with the work which lay before him.
Everyone knew how difficult it was for a young engineer, whether mining or metallurgical, to
obtain an appointment while his qualifications were merely theoretical, and that the first
question asked of an applicant was as to what experience he had had and what practical
knowledge he had gained.
Bearing this in mind, he would reverse the order suggested by Mr. Shaw, and, instead of
devoting a number of years to college or laboratory-work, the student should, after acquiring
a fair knowledge of the theory and principles of metallurgy, begin to graduate in the practical
school of metallurgical works, and so qualify for an appointment and the earning of a livelihood.

Let him, by all means, if he wished to become proficient, still persistently and devotedly apply
himself in his spare time to the acquirement of systematized knowledge.
Mr. W. M. Hutchings (Newcastle-upon-Tyne) wrote that he agreed with the general
conclusions stated at the commencement of Mr. Shaw's paper. So far as metallurgy went, he
felt sure that Mr. Shaw expressed right views, and indicated the lines on which education
should proceed. He noted that Mr. Shaw expressed doubts as to there being any advantage
in specially educating workmen. He believed that there were people who considered that some
great good would result if the workmen, say in a smelting-works, were instructed in the science
of the processes at which they were employed. For his own part, he did not hold this view, and
speaking as an experienced manager, he would be very sorry to employ such workmen. He
would as soon think, if he were a soldier, of wishing to command troops of which all the privates
had received instruction in military tactics.
Mr. Shaw's objection to specializing too early, or even to attempting to specialise at all during
the purely educational period, was also, he thought, quite right; and he had often had occasion
to lay stress on a similar opinion when people had asked him for advice as to the education
of their sons.
He (Mr. Hutchings) did not think that there was any use in trying to teach metallurgy in colleges
as an art. It should be taught more
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broadly, as a branch of chemical and physical science, and should only be specialized at
suitable stages and to a limited extent. In connexion with the question of not specializing during
the education-period, came also the question of making use of experimental plant, and he was
pleased to see that Mr. Shaw had dealt with this question in some detail. Here, again, he was
quite in accord with Mr. Shaw's views. The nature of, and the reactions involved in, most of
the processes concerned in metallurgical industries, could be well shown and studied in
laboratory apparatus ; and while the science was thus being taught, and made interesting and
even fascinating to the student, he could receive sufficient instruction also, in general terms,
as to the sort of apparatus in which these operations were conducted in actual practice. To go
beyond this stage and erect a so-called "plant," which was something between laboratory
apparatus and the full-sized plant, was a mistake. It was at the best an artificial business and
a sham, working under conditions which did not bear any relationship to the actual
manufacturing requirements. It would give students false ideas, cause them to imagine that
they were much more advanced towards the status of practical men than they really could be,
and would be very liable to create a set of metallurgical prigs. And whilst doing this, it would,
as Mr. Shaw pointed out, waste time which ought to be used in studies for which in later life
the man may never again have leisure or opportunity, whereas all that he can possibly learn
from the experimental "plant " he would be able to obtain, and be obliged to obtain, a
hundredfold better in the course of his regular employment. He could not imagine that any
teacher of metallurgy, who had ever been connected with real and actual works-processes
and conditions, would wish to use such a toy-plant for his students. He thought, however, that
he himself would prefer to train them in broad, general knowledge, and tell them that practical
experience and technical skill could only be obtained by long acquaintance with actual work.
On the other hand, it was of enormous benefit, when it could be done, to allow the students,
at suitable periods of their education, to visit works. Such visits, properly conducted, should
not for a moment aim at going into details, or more than barely indicating the many
considerations in actual work, which made all the difference between economic success or

failure. Many such conditions of work would not even be shown to the instructor himself. But
such visits could be made to show the students what sort of thing their science became when
put into practice, and when it had to be made to pay ; and they might get some glimpses of
what they would have to learn
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when their purely scientific training ceased; the erection and the management and
maintenance of large plant, the economical handling of large quantities of materials, and the
training and management of men.
He well remembered how, in his own student days, such visits to works, with their actual life
and stir, used to give a feeling of reality to his studies, and send him back with increased zest
and interest to the laboratories, the lectures, and the books.
He hoped that Mr. Shaw would persevere in his determination to discourage the idea that a
technical man could be produced at a college, and that narrow specialists could be, or ought
to be, trained there. It was a huge mistake, even looked at simply in the personal interest of
the man himself. He would have to be a specialist in later work, and that man would make the
best specialist who had had the broadest basis of general scientific training given to him.
Mr. T. Turner (Stafford) wrote that he had read Mr. Shaw's paper with considerable interest,
and agreed in part with the writer, but regretted that in some important matters his views
differed altogether from those recorded by Mr. Shaw.
The writer of the paper wisely
deprecated the provision of extensive plant on a manufacturing scale in connexion with
metallurgical departments at university colleges, while he urged the necessity of a typical plant
in the metropolis, and presumably at a few other representative centres throughout the
country. There was a danger, where much plant suitable for the conduct of a particular series
of operations was provided, that the instruction would degenerate into the mere teaching of a
trade, the practice of which could be much better learned in the works. Mr. Shaw rightly
insisted upon the necessity for instruction in pure science, particularly in physics chemistry,
and engineering ; but when he said that "the course of study indicated by these various
requirements does not appreciably differ from that which is offered by modern university
colleges to regular students in science,"* and when he further added that "the teaching of
metallurgy proper seems to have been relegated to what may appear to be a subordinate
position in the college curriculum," and that he "is perfectly willing to accept that conclusion,"†
Mr. Shaw took a position which would not be held by the majority of his colleagues, and which
could not tend to increase the respect which was paid to his subject.
The study of medicine was in some aspects very like that of metallurgy. The art of healing
was based upon scientific principles, and
* Trans. Fed. Inst., vol. xii., page 489.
† Ibid., page 494.
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the student commenced his training by following a strictly scientific course. As his scientific
course progressed, however, opportunity was given to him to undertake practical work, to visit
hospitals, etc., so as to learn, not merely abstract science, but the application of science to
the healing art. A medical faculty was not required at every university college, but where it was
needed no medical man would be content if the teaching of medicine proper were relegated

to a subordinate position in the college curriculum. The object of the medical student's
scientific training was not to turn out a finished and perfect medical man, but to give him that
training which would enable him with further experience to become a trustworthy practitioner.
Similarly, it was not every university college that required a metallurgical department, but
where such a department was required it should be no makeshift, a miserably-equipped, halfstarved appendage of a chemical department, nor should it be relegated to a subordinate
position, with which its instructor (who does not enjoy the title of professor) was well content.
The ordinary course of study offered by a modern university college to students studying for a
science degree was supposed to qualify for entry into works carrying on such diverse
manufactures as dyeing and bleaching, soap-boiling and candle-making, acids and alkalies,
leather-tanning, sewage-disposal, gold-extraction, or the production of iron and steel, to which
it might be added that the man who had been trained to do all these things equally well, could
not really do any one of them.
Referring once again to the illustration of the medical student, the man who intended to devote
his life to metallurgical work should receive a grounding in pure science, and then by means
of laboratory experiments, model plant, and by regular and systematic visits to works, should
equip himself thoroughly for the special subject which was to form his life's work. The man
who had merely received instruction in abstract science had been but half-trained. From the
manufacturer's point of view, he often only had that little knowledge which was a dangerous
thing, while from the point of view of the educationalist, pure science was little better as a
mental training for practical work than the older system of grinding at classics, which, after all
had been said or which might be said to the contrary, often led to the production of leaders in
the industrial race.
If this country is to retain its supremacy in the metal trades— perhaps it would be more correct
to say, to regain its supremacy—it must be prepared to expend considerable sums of money
in the equipment of thoroughly efficient metallurgical laboratories, in at least several
representative centres, and these departments must occupy no subordinate
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position, but must be equal in equipment and in status to the best of the chemical, physical,
or engineering laboratories. Until this had been done Great Britain would still continue to be
as much behind in research as heretofore, while our competitors would continue to make
headway in the race.
Mr. Jeremiah Head (London) wrote that he had read Mr. Saville Shaw's paper with great
interest. The three conclusions upon which he said the most competent authorities had
practically agreed he was delighted to have the opportunity of endorsing, and he had never
heard them so clearly stated before. On first looking over the pages of the paper, all Mr. Shaw's
statements and arguments, put as he put them, received his ready assent; but, after reflection,
he was not quite sure that Mr. Shaw had covered the whole ground—that he had said all which
might be, and needs to be, said.
As far as he could gather from the eighth and ninth paragraphs of the paper, Mr. Shaw had in
mind only, or mainly, "regular students in science studying for a science degree, except,
perhaps, in the slight alteration in the curriculum which the advisability of acquiring some
knowledge of engineering might entail."* These students, he assumed, had just left school,
where they were understood to have received a good general education. He takes it for
granted that the next three years would be devoted to pure science, and then for one or two

more years purely scientific study would share their time and attention, with some work having
a direct bearing on the profession chosen.
Having in his mind students of this kind, Mr. Shaw manfully battled against those who
advocated their spending a portion of their four or five years in what might be called "playing
at practical work." He contended that experimental laboratories on a semi-commercial scale,
containing model gas-producers, and model blast and reverberatory furnaces, such as have
been introduced into America, and to a slight extent in this country, as adjuncts to technical
colleges, were a mistake. They were so, he thought, because they were exceedingly costly to
establish and maintain; because they diverted the attention of professors and students from
courses of study which were more important to the latter, and which would be likely to tell more
certainly on their future careers; because they were, after all, not on a commercial scale, nor
worked under commercial conditions; and because the students would probably, later on in
their careers, learn anything they could teach much better and more easily. As Mr. Shaw put
the case, he entirely agreed with him.
* Trans. Fed. Inst., vol. xii., page 489.
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But there was another way in which it seemed to him possible to make a good metallurgist.
Starting at the age of sixteen or seventeen with a good general education, we have four or
five years at disposal before the boy becomes a man. Those four or five years were the best
ones of his life for absorbing his professional intuitions. If he was destined to be an admiral of
the fleet, he would be sent to sea during that period, and the more difficulties and dangers he
went through then the better chance he would have of being a good admiral in the end. He
would, no doubt, also be studying all the time the theoretical part of his profession, viz.,
navigation, meteorology, mechanical science, foreign languages, and so forth. But the point
to be noted was, that all would be subordinated to the acquisition of the primary and essential
intuitions of the sailor while still young. Carrying this idea into the field of practical metallurgy,
he (Mr. Head) would suggest that one way of making a model metallurgist—say an iron or
steel manufacturer—would be to commence by allowing him to serve a five years' pupilage in
a good modern iron or steel works in the ordinary way, improving himself in his leisure time,
so far as his energies and opportunities permitted, by acquiring a knowledge of the sciences
upon which his profession rested. At or about the age of twenty-one, he should enter one of
the technical colleges in this country or abroad, or the science department of one of our older
universities, and should there cultivate as complete an acquaintance with the physical
sciences, mathematics, and so forth, as his time and opportunities permitted.
The main advantages to the student of learning practical work under commercial conditions
before seriously engaging in studies of a more abstract character were, he thought, two, viz.:—
Firstly, the student would apply his mind to the practical side of his profession at the age when
impressions are likely to be deepest and the intuitions most permanent; and, secondly, he
would study the theoretical side containing the more difficult problems when his mind was
more mature, and he could bring more knowledge to bear upon them.
He (Mr. Head) was aware that the plan suggested, which was applicable to the training not
only of metallurgists but to technical experts of any kind, involved in all seven or eight years'
training, and not four or five years as contemplated by Mr. Shaw. The time necessary to
produce a "finished article," as he termed it, was one thing : the best disposal of that time was

another thing. If the shorter period be chosen, he had no doubt that it could be well utilized in
the way which Mr. Shaw suggested. He believed that it could be equally well utilized by
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apprenticeship as he himself suggested, supplemented by evening classes at a technical
school and private tuition. But in neither case would a "finished article" be turned out able to
cope caeteris paribus with competitors whose education had occupied the longer period. Mr.
Shaw's ideal training might, of course, be supplemented by a three years' apprenticeship. But
the average student would not take to working in the shops at the age of twenty-one, so kindly
as he would have done at sixteen. And if he did, he would not so completely absorb the spirit
of the practical mechanic or metallurgist. In the final result, Mr. Shaw's student might
throughout his career be expected to aim at and satisfy himself with scientific achievements
without too much regard for commercial results ; whilst his (Mr. Head's) student would, he
thought, be more likely to make financial success the end and object of all his operations.
But whilst it was well to discuss these matters to the utmost, he was well aware that dogmatism
was dangerous and might be very misleading. And he agreed entirely with what Mr. Shaw said
in his concluding paragraph, viz., that the chief factor in success was after all the natural
capacity of the individual student.
Mr. R. A. Hadfield (Sheffield) wrote that, there was very much in Mr. Shaw's paper with which
the writer could heartily agree, and specially where he so strongly emphasized the
impossibility of a merely college-trained student being capable of dealing with commercial
routine and organization. But by the combination of practice and theory, which to an earnest
worker were much more possible than was ordinarily believed, we had the result in an
individual who in a comparatively short time would win his way to success. No country in the
world presented such special opportunities as Great Britain with its multitudinous workshops
of every kind, and if we let slip our supremacy it would be for want of that perseverance and
energy of which our predecessors possessed so large a share. He did not, however, agree
with Mr. Shaw in thinking that the metallurgical department of a college should not be
burdened with experimental plant. If Mr. Shaw knew of all the good work done by the
experimental plant of the Sheffield Technical School, he would form another opinion and see
its great value. He thought too, that it would be the greatest mistake possible to concentrate
experimental plant in any central institution, especially in the metropolis. There had been too
much of this in the past, and it did not reflect credit upon mining education to find that all the
leading engineers in the colonies were not British. There had been blundering somewhere,
and the sooner we rectified it the
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better it would be for our commerce. It was impossible to estimate how much business had
been lost to this country owing to our weakness in this direction. American engineers, for
example, very commonly when abroad specified and encouraged American tools and plant.
Apart from this proposed centralization, the writer thought that Mr. Shaw had offered a very
valuable contribution to the cause of metallurgical education.
He would finally like to call the attention of those engaged in considering this important
question to a letter by "General Manager" in Engineering of December 25th, 1896, where the
weak points of the college or school side of technical training were ably described. There was
not the slightest doubt that in all but very rare cases a student ought to be acquainted with

general commercial knowledge, specially that relating to costing and estimating, otherwise the
most sapient Whitworth scholar might find himself supplanted by the clever clerk described by
"General Manager."
Mr. Saville Shaw, in reply, said that he was much gratified to find that his main object in writing
the paper had been attained, and that it had been the means of eliciting opinions from men
whose wide experience in various fields rendered their views of particular value. Especially
was he grateful to Mr. Hutchings and to Mr. Jeremiah Head, well-known workers in entirely
different departments of metallurgical industry for their valuable contributions to the
discussion, and he was pleased to find that he had received their support.
He (Mr. Shaw) thanked Mr. Hutchings for his outspoken remarks concerning experimental
plant, and heartily agreed with that writer as to the very real value of visits paid to works by
the student during the intervals of his scientific studies. He only wished that manufacturers in
this country could feel at liberty to extend, without injury to themselves, the privileges and
opportunities which some of them already very generously granted to students.
Mr. Head's scheme of first letting the student serve his pupilage in the works, and letting him
obtain his scientific education afterwards, was one which he thought all interested in the
subject would consider admirable. There was, however, considerable difficulty in carrying it
out in practice. The student who had spent five years in a works was only too often compelled,
for want of means, to stay there and earn his living, whereas coming direct from school to a
higher institution even the student in poor circumstances could often pay for his education,
and partly for his maintenance during his educational period by obtaining one of the many
scholarships or exhibitions which existed in connexion with such
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institutions. There existed the danger also of the student forgetting much of his rudimentary
science during these years spent at the works, and though the teaching of such students was
often a delightful task owing to the ready way in which they applied the scientific knowledge
that they were gaining, yet in other cases both teacher and student were heavily handicapped
by the effects of the long interval. The plan of the student acquiring the requisite scientific
knowledge in his leisure hours whilst attending works did not seem to answer in practice. The
comparatively long hours and the physical exertion demanded by the work's daily routine
seemed in all but exceptional cases to render the student unfit for any steady and serious work
in the evening. On the whole he (Mr. Shaw) thought, as Mr. Head in one of his remarks
suggested, that apprenticeship after the scientific training was the best plan under existing
circumstances.
With regard to Mr. Joseph Garland's remarks, he (Mr. Shaw) thought that no doubt there would
always be a certain number of young men who might find it necessary to do as Mr. Garland
suggested, and entering directly into works, try to obtain their theoretical knowledge
afterwards. The objections to this plan had been considered in the reply to Mr. Head. Want of
means need not nowadays be a bar to an individual obtaining the highest scientific education
that was to be had in this country, provided there existed no want of brains ; the difficulty lay,
as Mr. Garland pointed out, in securing an appointment after receiving this education.
Manufacturers abroad were willing, indeed, as stated by Dr. Duisberg in his interesting
address on "The Education of Chemists,"* to take the university student and pay him sufficient
to keep him whilst he was learning the details of his trade, not expecting him to be of much
use to them for a year or so, and one could only hope that in time the manufacturers in Great
Britain might find that in the long run it would pay them to do the same thing.

Mr. T. Turner, in his comparison between the teaching of medicine and metallurgy, had
perhaps overlooked the fact that the equivalent of hospital practice, viz., "regular and
systematic visits to works," was an item which could hardly be inserted in the syllabus of the
course of instruction at any educational institution in this country. These works were in the
hands of private individuals or companies, and scarcely existed for educational purposes; the
most that could be reasonably expected of their proprietors was that they might be willing to
open their works for very occasional visits by the students. He (Mr. Shaw) was not
* Journal of the Society of Chemical Industry, June, 1896, page 427.
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aware of the existence of any metallurgical institution in this country where students might be
taken to the bedside of a sick process, have the illness explained to them in detail, watch the
progress of the disease, and see the effect of the remedies prescribed by the attendant
physician. The establishment of such a metallurgical infirmary, which might then make Mr.
Turner's analogy a reasonable one, would be hailed with delight by every teacher of metallurgy
throughout the kingdom ; but it was open to very great doubt whether the erection of model
plant could answer this purpose satisfactorily. To quote Mr. Hutchings, model plant "was, at
the best, an artificial business and a sham, working under conditions which did not bear any
relationship to the actual manufacturing requirements ;" and metallurgical science would be
no more advanced by the treatment of a process that was shamming to be sick than would
medicine by the doctoring of a patient who imagined himself to be ill.
Mr. Turner's remarks as to the scientific training given by university colleges being a
qualification for entry into any one of a number of very diverse industries scarcely bore on the
subject under discussion, but the obvious reply was that in many cases these industries were
being successfully managed by men who had had this very training. It would also readily be
conceded that, as the industries he named were all based on applications of various branches
of science, the individual engaging in them would have a better chance of success if, as a
preliminary, he had received some such training in those branches of science as a modern
university college afforded.
With reference to other remarks made by Mr. Turner, he (Mr. Shaw) could simply say that he
must decline to accept for a moment Mr. Turner's dictum that the position he had taken up
was one "which would not be held by the majority of his colleagues," and he felt that he might
await with confidence the verdict of those colleagues. Further, with reference to his remark
regarding the position of a metallurgical department and the absence of titular distinction for
the instructor, Mr. Turner should be aware that in nearly all cases where he might find cause
for complaint it was chiefly a question of available, or rather of non-available, funds.
Mr. Turner seemed to think that their views on the actual subject under discussion differed
widely, but after a careful reading of Mr. Turner's remarks, he (Mr. Shaw) failed to discern that
they were not practically in agreement. Mr. Turner wrote that "the man who intended to devote
his life to metallurgical work should receive a grounding in pure science, and then by laboratory
experiments, model
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plant, and regular and systematic visits to works, should equip himself thoroughly for the
special subject which was to form his life's work." Leave out the item "model plant," and in

place of regular and systematic visits, substitute actual entry into or apprenticeship to works
(as the visits could not be obtained in this country), and the course which he had endeavoured
to map out in his paper was identical with that which Mr. Turner recommended. The
advisability of using model plant was and must remain for some time largely a matter of
opinion, and he (Mr. Shaw) was perfectly open to conviction on that point; but for the present,
particularly after reading the remarks of Mr. Hutchings and Mr. Head, and until he had heard
some valid reasons against the position which he had taken up, he felt that his opinion must
be decidedly against it.
From Mr. Hadfield, Mr. Shaw was glad to hear that the experimental plant of the Sheffield
Technical School was doing good work, and he hoped that under the careful direction of Prof.
Arnold it would continue to do so. It was an educational experiment that perhaps required to
be tried for a little longer time before a definite pronouncement could be made as to its real
success. As Mr. Head remarked, it was dangerous to dogmatize on the entire question of
metallurgical education, and the continued progress of such institutions as the Sheffield
Technical School might in time afford reasons for modifying the opinions which at present he
felt bound to uphold.
He (Mr. Shaw), in conclusion, desired to express his hearty thanks to the gentlemen who had
contributed to the discussion, a discussion which he thought had proved both interesting and
valuable.
Mr. A. H. Bromly's "Notes upon Gold-mining in Burma " were taken as read :—
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NOTES UPON GOLD-MINING IN BURMA.
By A. H. BROMLY.
The author, having been engaged during the last two years in active work upon the first goldmine to be opened up and operated by Europeans in Burma, presents these notes as being
of possible general interest, and, perhaps of use to those who may have to carry out similar
work in this, as yet, little explored and undeveloped country. They are to be regarded rather
as the observations and notes of the pioneer than as an attempt at a polished scientific paper.
Gold is known to occur in more or less scattered localities throughout practically the whole of
Burma; and as exploration progresses, its existence in fresh districts is reported, and
conditions favourable to its occurrence are found to prevail. It is found in most of the streambeds, being washed for by natives more or less intermittently, and in most cases doubtless
with profitable results to the workers. A glance at the map shows the considerable number of
streams and places whose names commence with Shwe (i.e., gold or golden) ; but owing to
the absence of restrictions as regards alluvial working and the very nature of the operations,
returns of gold so won are non-existent.
With one or two exceptions, work by Europeans has been confined to the Wuntho division of
Katha district, Upper Burma. Wuntho was annexed in 1891, and lies about 160 miles northwest of Mandalay, on the Mu Valley Railway, which provides a daily service to Mandalay
(twelve hours), and Rangoon (thirty-six hours.) The distance to Wuntho from Rangoon is about
540 miles by rail. The district is hilly, and, generally speaking, the gold-bearing area may be
termed a "trap" country. Igneous and schistose rocks have been much disturbed and
metamorphosed by volcanic agency extending probably over two or more periods. Chloritic
schists and clay-slates have been overlain by felspathic traps, the whole being broken and
disturbed by syenite and greenstone-dykes. Most of these rocks yield reactions when tested

for gold. The difficulty of a close study of the country's structure is accentuated by very heavy
jungle and an overburden many feet deep, usually clay of varied colour. This latter has
caused confusion, and by some been
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mistaken for alluvial drift. In reality, it is the product of decomposition in situ of the rocks due
to a humid climate and dense vegetation. The overburden usually carries gold, and contains
stringers and layers of quartz, occasionally very rich. Exploration shows that these quartzleaders usually continue down and penetrate the solid rock beneath. The quartz thus found
and pounded, together with the surrounding soil, has furnished material for native washers.
Some seventy years ago, an influx of Kachins and Shans took place from the north, who, by
main force, held possession some two years, and practically washed out the country. Their
workings were thoroughly and well laid out, and are extremely numerous in some districts.
From the foregoing it will be understood that they are as likely to be found on the crest of a
ridge as in the valley : the rains furnishing sufficient surface-water to wash the soil down
artificial gutters, or sluices. So thoroughly and recently was their work done that the ordinary
indications which guide a prospector have been removed to a great extent.
Although several areas have been taken up in Wuntho district, under Government licenses,
the only property that has so far been developed and worked to any extent, is that held by the
Choukpazat Gold-mining Company, Limited. This mine is located about 26 miles north of
Wuntho, and 11 miles from Nankan railway station. The lode is a bedded lenticular body in
clay-slate, varying from 8 feet in thickness downwards, the average being about 3 feet. Strike
north-east by southwest, dip 20 degs. to 25 degs. south. The lode has been proved by shafts
and winzes to a depth of 200 feet, becoming more compact, defined, and of better grade with
depth.
The country rock of clay-slate is much impregnated with chlorite, and also in places the quartz
itself. The quartz is often heavily mineralized, carrying iron and copper pyrites, arsenical
pyrites, galena, blende, copper glance, and a tin-white mineral identified by Mr. Saville Shaw
as tellurium or a telluride.* Wherever this latter occurs gold is associated, and the stone
correspondingly enriched. Occasionally schistose filling replaces the quartz.
The mine has been opened by an adit driven (to date) about 450 feet into the hill; above the
adit, by levels ; and in depth, by shafts and winzes following the reef itself. The dip being slight,
natives can sink and carry up stone in baskets holding about 60 lbs. each, without
*Prof. Louis has promised to supply a note upon this mineral.
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winding appliances. The ore is thrown into trucks standing in the adit and trammed out to
dump. Water is hand-baled by buckets, but as a new level has just been started 60 feet below
the adit, pumping will become necessary at the next rainy season.
A 2 feet gauge tram-line connects mine and mill, a distance of about 1 mile. Just before
reaching the mill, a rise of 52 feet vertical has to be negotiated by means of a double incline
231 feet in length, with a hand-whim at top. Burmans run three trips a day, the trucks holding
one ton ; wind up incline, deliver to mill, and return to mine ; at a cost of 0.75 rupee per ton,
including maintenance of road.

The mill is a ten-stamp, 800 lbs., high mill, by Messrs. Bowes Scott and Western, with bins at
the back, grizzly, spalling-floor, etc. Automatic feeders built on the spot have proved quite
successful. The framing being of teak makes a substantial job ; and power is furnished by a
40 horse-power portable Robey engine, thus providing for further additions. The drop is 7
inches ; depth of discharge, 8 to 10 inches ; number of drops, 90 ; mesh 30, or hole 0.021 inch
square. Under these conditions, the output is about 2.2 tons per stamp per twenty-four hours—
1 ton of 2,240 lbs.—and duty of stamps about 1.5 cwts. per effective horse-power per hour.
These conditions of milling were arrived at after considerable trial and study, as giving the best
results on a decidedly refractory ore.
From the plates, the pulp passes over two 6 feet corrugated-belt Frue vanners, by Messrs.
Fraser and Chalmers. The concentrates are at present stored with a view to future treatment,
but experiments show them to consist mainly of iron pyrites containing about 0.7 per cent. of
copper, a little antimony, and about 2 to 2½ ounces each of gold and silver per ton. Milling
returns give an average of 5 per cent. of sulphurets, value as above. Some of this, however,
is not associated with the sulphurets, but is coated, non-amalgamable gold that escapes the
battery. Returns over about 3,000 tons milled show the value of ore to be about 10 dwts. of
fine gold per ton. As the bullion averages 0.850 fine, this value corresponds to rather over 11
dwts. of bullion.
The tailings vary considerably, from about 2 to 4½ dwts., and may be averaged at 3 dwts. :
they prove to be amenable to cyanidation. This makes the average percentage recovered by
amalgamation 51 per cent., locked up in concentrates 20 per cent., and in tailings 29 per cent.
At present the mill only runs twelve hours net daily. Night-work proved very trying to the
native and Eurasian staff owing to chills
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inducing fever, and was temporarily abandoned. Hence the output is only 300 tons per month
; but it is hoped to shortly add five more stamps, and run twenty-four hours daily, or an output
of 900 tons per month.
Most of the gold occurs very finely disseminated, and often as thin plates and "paint." Many
specimens, apparently rich, really contain but little, and as the author has noted this in other
gold-ores from Burma, it may be useful to point out that panning is likely to be more than
usually misleading, especially when conducted by a native in his batea, as his method of
washing loses all fine gold.
At Choukpazat, some of the ore from outcrop was found to mill considerably under assay
value, and investigation showed that gold escaped from the battery. Experiment proved at
least 90 per cent. of this to be non-amalgamable by simple contact. Under the microscope
some showed rough and blistery ; some a dull, rusty colour ; and others bright, but obviously
coated. Under the knife a portion proved brittle. Short digestion in cold nitric acid, and also in
cyanide of potassium, was found useless. Immediate amalgamation usually followed rubbing
up in a wedgewood mortar ; also after short heating in nitric acid, and after simple heating
alone. Any would amalgamate with strong sodium amalgam, with pronounced action and the
giving off of black greasy-looking scum (? sulphide of mercury). After a short interval and the
formation of gold amalgam, the action upon fresh gold was found to be very slow and
imperfect. Many of these characteristics have been noted by the author as being common to
gold at Carndochan mine, North Wales.
Upon the workings deepening, this refractory gold was found to disappear, and the ore
became better milling, in spite of the change from the oxidized to the pyritic zone, the

decomposition-line being very shallow. When milling surface-ores, the plates could not be kept
in decent order, whereas upon pyritic ore running up occasionally to nearly 10 per cent. of
sulphurets, the trouble was much less. Some of the pyrites occurs as mispickel, and there is
of necessity loss of mercury. With care this usually stands at about 0.75 ounce per ton. Often
a strong smell of sulphuretted hydrogen is noticeable upon the plates and when opening out
the mortar-boxes.
It is not easy to explain why in this particular case, oxidized surface-ore should be more
refractory to mill than pyritic. It may be urged that, at first the plates being new, the difficulties
were not due to the ore ; but it is found, after months of running and with plates thoroughly
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set, a return to surface-ore still produces the old troubles. During the process of oxidizing, the
bulk of the gold has become coated, and the ore also deleteriously affected from the milling
point of view.
The amalgam usually requires much cleaning. That done, it will occasionally retort well, giving
off clean mercury and easily smelted bullion. On the contrary, for no ostensible change in ore,
the distilled mercury will come off fouled with sulphide, black and greasy looking. In such cases
the mercury requires cleaning up with nitric acid and sodium, and the bullion repeatedly treated
with nitre to get a good ingot and fluid slag. The skimmings from amalgam are frequently
considerable, and often yield 10 per cent. of the bullion recovered. After cleaning off everything
possible, the amalgam often contains a species of tin-like amalgam that will adhere slightly to
the fingers on passing the hand through the bath. The skimmings are always especially
troublesome, and it was found that repeated fusions with borax and nitre were better than
scorifying ; but it takes many such to get down the bullion and a clean free slag, the latter
continuing for a long time very heavy, and exceedingly sticky. Bullion obtained from skimmings
is usually brittle; fracture slightly greyish, distinctly mosaic, showing often greenish surface
colouring ; this may indicate the presence of bismuth. Generally, the author's practice was to
finish by scorifying, using nitre, and then adding to the sponge gold, from retort, for final
smelting. The ingots, when re-melted at Calcutta mint, lose but very little, and run about 0.850
fine, realizing 62 rupees per ounce, with exchange at 1s. 2d. per rupee.
Possibly some of these details may be considered elementary and unnecessary; but a record
of facts is often useful, and in this case may serve as a guide to future workers in a new field.
They serve also to illustrate the reasons for the method of milling adopted. The gold being
fine, and not readily amalgamating, calls for a deep discharge with fine reduction. The pulp
being retained an appreciable time in the mortar, facilitates amalgamation. The deep
discharge, and the fact that the stamps are not lifted entirely out of the water, results in fine
reduction with the use of a comparatively coarse screen. Under these circumstances the life
of the screens is considerably increased.
From investigations recently made it is found that concentrating may probably be dispensed
with, and direct cyaniding of tailings adopted.
In many cases in Burma, it will be found advisable, where water-power is absent, to use oilengines. The jungles do not yield a useful kind of wood for fuel, and firewood means conflict
with government forest officers, and a considerable duty. The author estimates that with oil,
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supplied by the Burma Oil Company at 7 annas per gallon at Sagaing, the cost of oil per horsepower at Choukpazat would be the same as for firewood, but with a considerable saving in
favour of oil-engines in respect of drivers and firemen.
Labour and Working Costs.—Daily wages are : natives of India, 10 annas ; local Burmans, 8
annas ; Chinese smiths and carpenters, 2 and 3 rupees respectively.
Mining was at first done mostly by Indian labour, but the local Burman has been trained to the
work, and gradually replaced the Indian, with considerable advantage all round. If the Burman
can only be induced to come in to work, he is quicker and requires less supervision than the
available native, and so far no steps have been taken to import miners from India, the local
supply of labour having proved sufficient. The Burmans work on day wages, and drill doublehanded. In driving an adit, 7 by 7 feet clear, six men work on the face at once, and drill six 2
feet holes per shift, clear away and load the stone. This makes the cost of drilling 0.25 rupee
per foot.
The cost of driving the adit, taken over nine months, was as follows, per foot advance :—
Rupees
European miner
2.50
Smiths
0.93
Charcoal and baskets
0.29
Explosives
7.20
Candles
0.46
Native labour
6.22
Total, exclusive of management, etc.
17.60
Or, say, £1 0s. 6d. per foot.
The lowest monthly cost was 13.75 rupees, and the highest 24.75 rupees, according to
whether the thickness of reef afforded a full, or partial, breast of quartz. Owing to turns and
faults, the adit was frequently much larger than 7 by 7 feet.
The cost of all sinking and driving during the same period works out as follows, per foot of
advance, and per ton of quartz won :—
Per Foot.
Per Ton.
Rupees.
Rupees.
European miner
1.58
0.8
Smiths
0.82
0.41
Charcoal and baskets
0.28
0.14
Explosives
5.45
2.77
Candles
0.43
0.21
Native labour
5.53
2.82
Total, exclusive of management, etc.
14.09
7.15
Or, say, 16s. 4d. per foot, and 8s. 4d. per ton.
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Each ton of quartz involved the getting of about ½ ton of mullock, partly owing to the adit
cutting through the pinched portions of the reef between the lenses. All the quartz so far has
been won by development works only, and it is reasonable to suppose that the cost of stoping
will be considerably less.
Milling 300 tons per month costs about 4 rupees per ton, exclusive of management or retreatment charges, as the following typical monthly sheet shows :—

Supplies :—

Annas per Ton.

Oil, waste, etc.
Screens
Mercury
Cyanide of potassium (plates)
Firewood
Shoes
Dies
Total

Cost of Milling.
Labour:—

2.4
2.1
2.2
0.5
16.0
2.6
2.5
28.3

Annas per Ton.

Engine-driver
3.1
Firemen
2.8
Mill coolies
4.2
Spallers and wood-carriers 4.7
Carpenter
4.0
Smith
1.0
Mechanic
3.0
Millman
7.9
Total
30.7

Or 59.0 annas or 3.7 rupees, or 4s. 3d. per ton.

The total working costs, therefore, are
Rupees
Mining
7.15
Transport
0.75
Milling
4.00
Total
11.90
Say 12 rupees, or 14s. per ton.
The value of 5 dwts. is 15 rupees, hence allowing 3 rupees for depreciation, general charges,
clerical, bullion, royalty, etc., it is found that 5 dwts. just about covers expenses, working on
the present scale. By increasing the output to 900 tons per month, it is estimated that the costs
would be reduced by about 1½ rupees to 2 rupees per ton, including re-treatment charges.
These figures are very close, and leave but little margin for charges and expenses other than
absolute working-charges, and management has to be added. Upon an output of 1,000 tons
per month, it would probably be fairly safe to assume 15 rupees per ton as covering all local
expenses ; but before taking these figures as a basis for estimating, it would be advisable to
compare the costs of working at the Burma Ruby Mines, given by Mr. Wynne in a paper read
this year before the Institution of Mining and Metallurgy.*
*1895, vol. iv., page 292.
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Mining in Burma is conducted subject to the rules and regulations of the Government of India.
For gold, the maximum area held under a mining lease may not exceed ¼ square mile, with a
distance of at least ¼ mile between grants to the same person or persons.
The royalty called for is 7½ per cent. of the value of bullion, which is excessive, and intending
lessees should seek to arrange for better terms before signing.
The date of writing the above notes is November, 1896, and the present value of the rupee is
about 1s. 2d.

NOTE ON THE TELLURIUM MINERAL OF CHOUKPAZAT.
By HENRY LOUIS.

The tellurium-mineral occurs very finely disseminated in the Choukpazat quartz, but the writer
had succeeded in collecting 0.375 grain for a rough quantitative analysis, that gave the
following results :—
Tellurium
34.2
Lead
57.4
------ 91.6
Iron
0.2
Calcium-carbonate
3.8
Silica
2.1
------ 6.1
Silver present, but under 0.1.
97.7
The above percentage-composition corresponds closely with the formula PbTe, which would
require the elements to be present in the proportions of: tellurium 34.5 and lead 57.1.
The above composition and most of the physical characters, notably the cleavage, correspond
closely with those of the rare mineral altaite, named by Prof. Dana from its occurrence in the
Altai. In addition to this locality, altaite has only been hitherto found in one or two other places,
chiefly in the United States of America.
Mr. Thos. J. Bewick (London) wrote that the absence of a map was a great drawback to Mr.
Bromly's paper. The operations described by the writer went to show that, they were of a
primitive description ; and that the ores near the surface should be more difficult to treat than
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those of a refractory character found at some depth was remarkable, and contrary to what was
found to prevail in gold-mining generally. He thought that it would be desirable in this paper,
and in fact in all such papers, to convert local coinage, weights, and measures to British
standards. Were the "available natives" referred to in the paper natives of Burma or India ?
The quantity of work done by the ten stamps mill, namely, 300 tons per month, or, say, ten
tons per day, was far short of what ought to be accomplished.

PRESENTATION OF PRESIDENT'S (MR. T. DOUGLAS) STUDENTS' PRIZE.
At the conclusion of the General Meeting, a meeting of Associates and Students was held.
Mr. G. P. Chaplin was voted to the chair, and he presented (on behalf of Mr. Thomas Douglas,
the late President) to Messrs. W. R. Bell and E. McGowan, the prize awarded to them for their
paper on "Haulage at Wearmouth Colliery."*
Mr. W. R. Bell, on behalf of Mr. E. McGowan and himself, acknowledged Mr. Douglas'
kindness in presenting the prize for their essay.
The meeting then closed.
* Trans. Fed. Inst., vol. xi., page 221.
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STUDENTS' MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
January 30th, 1897.
Mr. G. P. CHAPLIN in the Chair.
The following " Notes on Coal-mining," by Messrs. Algernon Noble and N. Nisbet, were read:—
NOTES ON COAL-MINING.
By ALGERNON NOBLE and NORMAN NISBET.
Methods of Working Coal— Under this heading will briefly be noticed methods of working the
coal in mass and the operations necessary at the face.
It is desirable that the mineral should be extracted:—(1) With the least danger to life; (2) with
the least possible expenditure; (3) with the least loss of coal in extraction ; and (4) in as good
a marketable condition as possible.
The two great methods, namely, that of taking the coal out in one operation, and that in which
the coal is taken out in two or more operations, with their infinite capacity for modification,
practically meet all the requirements which they are called upon to perform. There are,
however, certain points that must always be considered in settling upon a method qf working.
They may be briefly summarized as follows :—Depth of seam from the surface, thickness, dip,
and nature of seam, and nature of the adjacent strata. There are, however, other innumerable
smaller circumstances peculiar to each individual case, and these must modify to a greater or
less extent the method pointed out by principles deduced from the above-mentioned facts.
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To the practical experience gained in actual working must be added a knowledge of the
experiences of others, and although it may be said to be impossible to get the same
circumstances together in any two cases, yet they may generally coincide and form a basis
for future working.
The writers will describe one example of longwall and bord-and-pillar working, of which they
have had practical experience, in hard steam coal and soft gas coal respectively.
(A) In the longwall workings at Broomhill colliery, all the coal is taken out and roads kept in the
goaf as the face advances. The coal-seam is worked on end and is a hard steam coal. The
seam lies at a depth of about 162 feet below the surface, and has the following section:—
Not worked—
Ft. Ins.
Ft. Ins.
Top coal
1 1
Stone
0 5
Coal
1 1
Stone
0 5
-----3 0
Worked—
Coal
2 11
Clay
1 9
-----4 8
Not worked—

Bottom coal

1 0
------

1

0

This seam was first worked on the bord-and-pillar system, but owing to the surface-damage
which this method caused, longwall was tried and proved entirely satisfactory. The only
indication of the workings on the surface is a hardly perceptible fall along the line of face. The
method of working is shown in Fig. 1 (Plate V.). The upper coals and stone (3 feet) are taken
down in the gateways for height. The lower coal is left unwrought.
The underclay is shot out, leaving the coal intact, to a depth of 5 or 6 feet. There are two
workmen in each gateway, and they usually work about 33 feet on each side. While one man
is blasting out the underclay and packing it in the goaf on one side of the gateway, his fellow
workman is filling coals on the other side. Chocks are built about 3 feet apart at each side of
the gateways as the face advances. Chocks are built in the goaf, between the gateways,
where the roof is exceptionally bad. Cross-gateways are turned away at an angle of about 70
degrees, at intervals of 150 feet. After the last working-place is cut by a new cross-gateway
the old gateway, is abandoned, and either stowed or allowed to close itself. This method works
admirably, and the maximum amount of round coal is obtained from the seam.
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(B) The following instance of working a seam 10 to 12 feet by the bord-and-pillar method is in
vogue at Tanfield Lea colliery.
The hutton coal-seam, lying at a depth of about 400 feet, has the following section :—
Roof.
Top section—
Coal
Parting
Coal
Parting

Ft. Ins.

Ft. Ins.

3 0
----2 4
—--5 4

Bottom section *—
Coal
Band
Coal

1 11
0 2
3 0
5 1

Fire-clay.
* Worked in whole or first working.
It will be seen that there are two partings, one at 5 and the other at 7½ feet from the floor. All
the whole working is carried out in the bottom section of the seam up to the lower parting.
Pillars are made 66 feet square from centre to centre of the working-places. The headways
are driven 6 feet and the bords 12 feet wide. Coal is taken down to the upper parting on the
rolleyways. The seam has a slight dip of about ¼ inch per yard. In working the broken, each
pillar is divided into three equal parts by two fast siding-overs A, each 6 feet wide, up to the
lower parting, and holed into the goaf (Fig. 2, Plate V.). The top coal in the inbye siding-over
is shot down a distance of 12 or 15 feet back from the goaf-edge, and a lift B is turned away
the full height of the seam. It will be seen from the plan that the lifts are about 15 feet long.

The tramway is laid down next the fast side of each lift. The timbering in the lifts consists of
pairs of props 10 feet long, placed on either side of the way, capped by crown-trees and
supplemented by wooden chocks built of pieces 2 feet long and 6 inches by 4 inches, where
necessary. Three lifts about 15 feet wide are driven out of each siding-over ; and the remaining
lift or stook, loose on both sides, and the top coal in the bord is cut up in line with the sidingover and worked simultaneously with the last lift.
Coal-getting at the Working-face.—The advantages claimed for the substitution of mechanical
for manual labour at the coal-face are : reduced cost, a larger proportion qf round coal, a
reduction in the number of workmen employed and a consequent reduction of the
possibilities
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of accident, and greater concentration of work, so that less capital expenditure is necessary
for the maintenance of haulage-roads and necessary plant. On the other hand, there are many
disadvantages. Faulted ground is difficult to work with mechanical coal-cutters ; the conditions
of floor and roof must be favourable ; the use of coal-cutters is undesirable in a seam of
variable dip ; the machine is difficult to manage in the confined spaces that obtain in a coalmine; there are obvious objections to the use of electrical coal-cutters in fiery mines ; wet or
damp mines are unfavourable to the use of electricity; and when compressed air is the motive
power the efficiency is low.
The majority of coal-cutters which have been invented up to the present time are more adapted
to the longwall than to the bord-and-pillar method of working; in fact, the system of working
which is best adapted for coal-cutting is undoubtedly longwall. In the event of a coalcutter
breaking down, the loss entailed would be equal to that caused by the absence of a
considerable number of hewers.
In most of the instances in which mechanical coal-cutting has been tried, one of the chief
difficulties has been the inability to remove the undercut coal in time to allow of the machine
retracing its path. This, however, is only one of those difficulties which, in a seam being laid
out specially for mechanical coal-cutting, would be specially provided for. The most successful
applications of the mechanical coal-cutter appear to have been in thin and hard seams.
Whether the adoption of coal-cutting machinery will become general or not it remains for the
future to solve.
Transit or Haulage.—The haulage of mineral from the working-faces to the shaft or other outlet
is accomplished by a variety of methods, the power being applied—(a) by manual labour, as
in hand-putting; (b) by horses and ponies; or (c) by mechanical appliances. As a rule, the coal
in its transit from the working-faces to the shaft is conveyed by nearly all three methods. At
the outset, it may be advisable to give the comparative costs of the above-mentioned methods
of haulage :—
s. d.
Hand-putting, per ton per mile
3 2
Pony-putting
,,
,,
2 6
Horse-haulage
0 7
Rope or chain-haulage
0 2

The above costs include maintenance, depreciation, etc., but are exclusive of interest on
capital expenditure. Hand-putting is only used where pony-putting is difficult, on account of
limited height. The excessive cost of pony-putting and hand-putting renders their curtailment
desir[135]
able. Horse-haulage shows a considerable decrease in cost as compared with hand and ponyputting, and is employed to lead coal from the stations (where it is brought by hand or ponyputters) to the engine-planes.
The low cost of mechanical methods of haulage as compared with those above mentioned
renders the introduction of mechanical appliances desirable wherever possible. Since
mechanical haulage replaced the older methods of horse-haulage, the tendency has been to
apply the power by means of ropes from a fixed engine, and locomotives have only been used
in special cases. The objections to the use of steam locomotives in coalmines are numerous,
and in the majority of cases absolutely prohibitive. Locomotives driven by compressed air, and
also by electricity, have been tried, but without economical results.
Admitting that it is an essential to the cheapening of the cost of haulage to use mechanical
means wherever possible—the question arises, what form of mechanical haulage is best
adapted for this purpose ? Here, again, come into play the uncertain and variable conditions
of mining. In some mines it would be impossible to maintain a sufficient width of road to
introduce an endless-rope method of haulage. In other mines, steep and variable gradients
may be just as prohibitive to the adoption of the main-and-tail-rope method.
Both endless-rope and main-and-tail-rope have done very economical work, but apart from
this point, the question still remains to be answered —which of these systems of haulage, or
what new system can be devised to do away with the expensive method of using animal power
? In the main-and-tail-rope method of haulage, it is obvious that a large engine will be unable
to cope economically with small trains on horse-roads. It is sometimes possible to continue
endless-rope haulage along horse-roads, but only by a large capital expenditure and the
amount of coal to be wrought by the horse-road may not be very large.
Is it more economical, then, to extend the primary system of haulage to the horse-roads or to
confine it to the main ways and institute secondary systems of rope-haulage for the different
districts worked by auxiliary hauling-engines ?
The condition upon which this method of using auxiliary engines for haulage is chiefly
dependent for its successful application is that of the transmission of power to the auxiliary
engines. This transmission has been effected in some cases by means of compressed air,
and as many as fifteen small hauling-engines have been so operated at one colliery. The
writers think, however, that this is a case of transmission of power to which electricity is
peculiarly applicable. The electric energy should be
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conducted by means of high-pressure leads to judiciously placed power-stations, where by
means of transformers, the high-pressure current would be reduced to a safe workingpressure of about 300 volts. From these stations, electric power could be distributed to motors
at hauling-engines, etc.
At present, the great disadvantage of this method is the unsafe nature of electricity in fiery
mines, and if this risk could be removed the introduction of small auxiliary engines actuated

by electricity distributed from central power-stations would, no doubt, reduce the cost of
haulage to a considerable extent.
There are seven self-acting inclines in use at Broomhill colliery, and two of the methods used
are shown in Figs. 3 and 4 (Plate V.). In the system shown in Fig. 3, the empty sets always
ascend by the middle way at the top of the bank. In Fig. 4, the movable rail B is moved after
each run. A is a self-acting point, and the full tubs, in running down the incline, shift this point
so that the empty tubs will ascend up the same side.
The Chairman moved a vote of thanks to the authors for their
paper, which was agreed to.
Mr. John Brown read the following paper on an " Eccentric Haulage-Clip":—
[000]
Vol. XLVI. Plate III.
To illustrate Messrs. A. Noble and N. Nisbet’s "Notes on Coal-Mining".
Figs. 1-4
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ECCENTRIC HAULAGE-CLIP.
By JOHN BROWN.
The writer proposes to describe a very useful clip that will give every satisfaction, no matter
how the gradient of the seam changes, as long as the rope remains on the top of the tub. It
will be seen by Fig. 1 that the clip does not hold the tub to the rope at one point. When the tub
ascends a gradient of, say 1 in 7, and then descends a gradient of 1 in 7 the two points of the
rope held by the clip will vary about 5 inches, and by this means the position of the clip on the
rope is not constant at one place. Again, if the tub is to ascend a steep gradient for a certain
length of road and the remainder of the road is level, the pressure on the rope is not the same
throughout the whole distance, as the clip grips the rope, according to the gradient, just
sufficient to overcome the friction and gravity of the load, and the wear and tear of the rope
are thereby much reduced. When in use, this clip will require no attendant to hook it on or to
loose it from the rope, and, consequently, the expense of endless-rope haulage will be
reduced.
[Diagram, Figs. 1-3]
This clip, which is intended for use on systems of endless-rope haulage where the rope runs
on the tub, is illustrated in Fig. 1. It consists of a yoke fitted to one end of the tub, with two
vertical forks, each carrying a loose roller which acts as a cam, owing to the hole being placed
eccentrically, as shown in Figs. 2 and 3. The rollers can turn freely on the forks, and the thick
sides grip the rope at the speed at which it may be travelling. The forks are made of such a
width apart, so that the thin side of the rollers will not allow the rope to run between them
without turning round until the thick side grips the rope. For a rope ¾ inch in diameter, the
space between the rollers should be ⅝ inch at the bottom, at the thin sides, and 1 inch at the
top.

A vote of thanks was accorded to Mr. Brown for his paper.
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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 13th, 1897.
Mr. GEORGE MAY, 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 30th and that day.
PORTRAIT OF THE LATE MR. NICHOLAS WOOD.
The Secretary reported that Messrs. W. C. and G. R. Cockburn had presented an oil painting
of the late Mr. Nicholas Wood, the first President of the Institute, and an unanimous vote of
thanks was accorded to them.
The following gentlemen were elected, having been previously nominated :—
Members—
Mr. Charles Fitz-Hugh Andrews, Mining Engineer, Isaac's Harbour, Guysborough Co., Nova
Scotia.
Mr. G. Percy Ashmore, General Manager to the Caylloma Silver Mining Co., Ltd., Caylloma,
Peru, South America.
Mr. Septimus J. Becher, Temporary Government Inspector of Mines for the Northern Goldfields, Western Australia, c/o Mr. H. Princep, Under Secretary for Mines, Perth, Western
Australia.
Mr. Joseph Campbell, Consulting Geologist and Chemist and Principal of St. Nicolas College,
Randwick, New South Wales.
Mr. Theo. B. Comstock, Mining Engineer and Metallurgist, Prescott, Arizona, United States of
America.
Mr. Arthur de Winte Foote, Engineer, P.O. Box 491, Grass Valley, California, United States of
America.
Mr. William Hedley, Colliery Manager, Ouston House, Chester-le-Street.
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Mr. William Jaffrey, Civil and Mining Engineer, 3, Victoria Street, London, S.W.
Mr. Josef Klauke, Engineer, Esh Village, near Durham.
Mr. Cecil E. Northcott, Mining Engineer, c/o Mr. G. Graves Gifford, Coolgardie, Western
Australia.
Mr. William Van Slooten, Mining Engineer and Metallurgist, 52, Sidney Place, Brooklyn,
New York, U.S.A.
Mr. William Alexander Young, Mining Engineer, 16, St. Helen's Place, London, E.C.

Associate Members—
Mr. J. B. Atkinson, Lynwood, Egremont, via Carnforth.
Mr. Noel Griffin, Havenhurst, Berkhamsted, Herts.
Mr. Albert Hodgson, P.O. Box 212, Buluwayo, Rhodesia.
Mr. Williamson Holland, 65, William Street, Heywood, Lancashire.
Mr. John Pringle, Chinese Engineering and Mining Co., Tong Shan, Tientsin, North China.
Mr. Percy Webster Smith, Crichtons, Romford.
Mr. Basil William Turner, 40, Collins Street, Annandale, Sydney, New South Wales.
Mr. Fred. C. Wehner, c/o Senor Don Carlos Wagner, Arequipa, Peru, South America.
Associates—
Mr. John Clough, Surveyor, No. 1, Melton Terrace, Seaton Delaval Colliery, R.S.O.
Mr. John Fewster, Colliery Cashier, Coldwell House, Felling, R.S.O.
Mr. A. Hunter, Surveyor, Felling Colliery, near Newcastle-upon-Tyne.
Mr. John Tom Manderson, Assistant Surveyor, Seaton Delaval Colliery R.S.O.
Mr. James Heppell Marr, Assistant Colliery Manager, Birtley, Chester-le-Street.
Students—
Mr. William Bell, Mining Pupil, Elswick Collieries, Newcastle-upon-Tyne.
Mr. Robert Routledge, Mining Student, Murton Colliery, near Sunderland.
Mr. William Richard Rumbold, Student, Durham College of Science, Newcastle-upon-Tyne,
and Mill House, Holmwood, Surrey.
Mr. John Smith Tweddell, Mining Student, Seaton Delaval Colliery, Northumberland.
REVISION OF BYE-LAWS.
The Secretary read the following proposed alterations of bye-laws 13 and 17, recommended
for adoption by the Council:—
13.—The Transactions of the Institute shall not be forwarded to those whose subscriptions
are in arrear on the first of November in each year.
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17.—Any Member, Associate Member, Associate or Student may, at any time, compound, for
all future subscriptions by a payment in accordance with the following scale : —
Under 30 years of age. the sum of £31
Over 30
,,
,,
27
„
40
,,
,,
24
„
50
„
„
21
„
60
„
,,
17
or on such other conditions as the Council may, in writing, accept. Every person so
compounding shall be a Member, Associate Member, Associate or Student for life, as the case
may be. Any Associate Member, Associate or Student so compounding who may afterwards
be qualified to become a Member, may do so, by election, in the manner described in Bye-law
8. All compositions shall be deemed capital money of the Institute.

DISCUSSION UPON THE "REPORT OF THE PROCEEDINGS OF THE EXPLOSIVES
COMMITTEE." *

The Secretary read the following letter from the Secretary of State for the Home Department,
respecting the use of the plant erected at Hebburn for testing explosives to be used in mines:—
†
Whitehall,
February 1st, 1897.
Sir,—With reference to your letter of the 10th October last, I am directed by the Secretary of
State to acquaint you, for the information of the President and Council of The North of England
Institute of Mining and Mechanical Engineers, that he has appointed a Departmental
Committee to inquire into the question of testing explosives for the purpose of the Coal Mines
Regulation Act, 1896 ; and that as at present advised he thinks that the plan to be followed
will be the establishment of a new government testing-station near London. In these
circumstances, although he appreciates the kind offers of the Institute conveyed in your letters
of the 28th February, 1896, and the 10th October last, he does not think that he will be able
to take advantage of them, nor can he hold out any hope that the suggestion that the plant
established at Hebburn should be permanently retained and used as a testing-station under
government patronage will prove feasible.
I am, Sir, your obedient Servant,
Henry Cunynghame,
M. Walton Brown, Esq.,
Secretary to the North of England
Institute of Mining and Mechanical Engineers,
Newcastle-upon-Tyne.
* Trans. Fed. Inst., vol. viii., pages 227 and 593 ; vol. ix., pages 115, 206, and 274; vol. x.,
pages 38, 197, 492, and 503; vol. xi., pages 175, 218, and 551 ; and vol. xii., pages 51 and
179.
† Ibid., vol. x., page 38; and vol. xii., page 179.
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DISCUSSION ON THE REV. J. CAMPBELL'S PAPER ON “THE GOLD-FIELDS OF THE
HAURAKI PENINSULA, NEW ZEALAND." *
The Rev Joseph Campbell wrote that he was glad to have had an opportunity of reading the
criticisms upon his paper. With regard to Mr Bewick's remarks as to the low value of the gold,
it was well known that most of the gold from the Hauraki field contained a large percentage of
silver, hence the comparatively low value.
The observations of Mr. S. H. Cox were very interesting, and deserving of careful attention.
He (Mr. Campbell) could only reply that authorities differed ; but if further examination proved
that he was wrong in any of the particulars to which he (Mr. Cox) referred, he (Mr. Campbell)
should readily admit his error. He thought, however, that it would be found that in the main his
statements were in accord with those of Prof. Hutton.
In reference to Mr. Cadell’s remarks, he would like to mention that when he began to write his
paper on shipboard he intended entering very fully into the characteristics of the whole field,
but on his arrival in London he was unwillingly compelled to cut it very short and leave out
many matters of importance. What appeared at first sight as extraneous matter was really not
so, but had a distinct and important bearing on the Hauraki field, e.g., the "elaborate chemical
disquisitions." The subject of the treatment of refractory ores—without a reference to which

any paper on the Hauraki gold-fields would be very incomplete—could not be dealt with
intelligently unless the question of the origin of the component parts of those ores was
scientifically discussed.
Mr. Binns asked for details of alluvial deposits of Maitai age. He (Mr. Campbell) had
understood that the alluvial drifts and cements from Reefton to Kumara, the Rimee and
Kanisri, were either in that formation or were in a large measure derived from it. He (Mr.
Campbell), however, was returning to New Zealand in a few weeks to continue his
investigations into geology generally, and especially that of the Hauraki gold-field, which he
regarded as being destined to occupy a foremost position in the world's gold-fields. He hoped
at some time that he might be permitted to enlarge upon those matters which want of time
prevented his dealing with in his paper in such a manner as he wished and as their importance
deserved.
* Trans. Fed. Inst., vol. xii., page 462.
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DISCUSSION UPON MR. A. H. BROMLY'S "NOTES UPON GOLD-MINING IN BURMA.”
Mr. T. Trafford Wynne (Adelaide, Australia) wrote that Mr. Bromly did not refer in his paper to
the very unfavourable opinions expressed by the government geologists as to the future of the
Wuntho deposits, and it would be interesting to see by future developments whose opinion
was correct, that of Dr. King and Dr. Noetling or that of Mr. Wright.
As regards the cost of various works, it would be seen from a paper which he had read before
the Institution of Mining and Metallurgy† that
* Trans. Fed. Inst., vol. xii., page 506.
† Trans., vol. iv., page 292, as follows :—
In the Ruby mines district of Burma the daily pay of a coolie, whether Burman, native (of India), or Chinese Shan
(here called Maingthas) is 1 rupee. Some of the best Maingtha drillers get 1.8 rupees per day, while others who
drill by contract at 4 annas per foot, make up to 2 rupees per day. The best workmen are the Maingthas, who soon
pick up a knowledge of how best to use a pick or a hammer, and some of the more intelligent become very useful
in assisting to set timber, or in working a machine-drill. Working hours are ruled by the number of men available, 8
hours being usually the number worked, but during the five summer months the mines work 10 hours, paying the
above rate.
English miners receive £20 to £30 per month, while English and Eurasian assistants are paid at the rate of from
150 to 300 rupees (say £8 15s. to £17 10s.) per month.
In all calculations of cost, the rupee has been taken at 1s. 2d. per rupee, that being about the present value.
The cost of a tunnel driven for 500 feet through a hard calc-spar rock, which when blasted fell almost to powder,
its section being 8 feet by 7 feet, was as under—it being driven partly by machine-drills and partly owing to fuel
being difficult to obtain, by hand labour .-—
Rupees.
For native labour
41.49
,, English miners and assistants
13.88
,, dynamite, stores, fuel, timber, etc.
25.23
Total
80.60
Or, say, £4 14s. 4d. per foot.
Another tunnel, 10 feet by 10 feet, inside timber, driven for 500 feet partly through hard gneissic rock by machinedrills, and partly through a decomposed sandy rock which disintegrated rapidly in the presence of water, of which
a large quantity was met with. The part in hard rock was done very rapidly and cheaply, but in the soft ground much

difficulty was experienced owing to the quantity of water and the unstable nature of the ground rendering the work
of securing it with the inferior timber available very difficult and tedious. The cost was as follows:—
Rupees.
For native labour
15.26
,, English miners and assistants
14.44
,, dynamite, stores, timber, etc.
12.52
Total
42.22
Or, say, £2 9s. 3d. per foot.
A third tunnel was driven through a heavy red clay with peaks of calc-spar rock and large boulders met with
occasionally, it being 600 feet long by 8 feet by 7 feet. The cost was:—
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the rates of wages and the cost of driving were both much higher in the ruby mines district
than at Wuntho. He had no doubt that there was gold in payable quantities in Burma, he had
seen several promising reefs, but the mining laws and regulations of the government of India
were so absurd (it was the only suitable word) that there was not the slightest encouragement
for any one to spend money in prospecting the country.
Mr. A. H. Bromly wrote that he considered it unnecessary to burden the pages of the
Transactions with a map, as the locality in question could be readily found upon reference to
any modern atlas. The methods of mining adopted were doubtless primitive, but they were at
the same time economical, which was the ultimate object of all such operations. To attempt to
force modern mechanical appliances and methods upon unskilled labour, in a new country
without local resources, and hundreds of miles from the nearest source of supply, was likely
to prove disastrously expensive. As regards the methods of reduction and milling, the writer
understood from the makers that this mill contained the first 6 feet frue-vanners with
corrugated belts put to work. The criticism as to the duty of the stamps lost sight of the main
point, which was that the duty indicated had been found to be the best commercially, after
considerable trial. The mill had been run at a duty of nearly 3.5 tons per stamp per 24 hours,
but with less profitable results. A stamp-mill was not

For native labour
8.86
„ English miners and assistants
12.31
,, dynamite, stores, timber, etc.
11.00
Total
32.17
Or, say, £1 17s. 6d. per foot.
Part of the best ground was driven at a contract price of 6 rupees (say 7s.) per foot for native labour only.
Two examples of the cost of excavating the rubiferous ground from the valleys where it lies partly as large masses
containing only small boulders, and in other cases amongst huge boulders of calc-spar rock, a large portion of
which have to be removed before the ruby earth can be extracted, are given below. In the first case the ground
extracted was 20,000 trucks, from a place where no rock was met with and in the second 20,000 trucks extracted
from amongst a quantity of huge boulders of calc-spar rock. The capacity of a truck is 15 cubic feet.
Rupees
per truck
No. 1 — Labour for excavating and loading
0.16
,,
for shunting and delivery to washer
0.16
English miners and assistant overseers
0.11
Total
0.43
Or, say, 6d. per truck of 15 cubic feet.

No. 2.—Labour for excavating loading, shunting,
and delivery to washer
English miners and assistant overseers
Total
Or, say, 9d. per truck of 15 cubic feet.

0.44
0.20
0.64

[144]
primarily a stone-breaker. The "available natives" referred to are "natives of India." The fact of
the outcrop-ores being more refractory than the pyritic prompted the putting on record of these
notes, in the hope of obtaining some information upon the matter. The writer was inclined to
connect the difficulties experienced with decomposition of the telluride of lead.
DISCUSSION ON MR. BRYAN DONKIN'S PAPER ON "POWDERED COAL FOR
FIRING STEAM-BOILERS."*
The President said that mechanical stokers had been introduced at some of the collieries
under his charge, and it had been found very beneficial to break the inferior coal used
(containing as much as 30 per cent. of ash) into small nuts. It was possible in this way to use
splint coal which could not otherwise be properly consumed.
Mr. J. H. Merivale (Broomhill) said that mechanical stokers wore out very rapidly owing to the
impracticability of lubrication, and although very effective when new, they soon deteriorated
from this cause.
Mr. A. L. Steavenson (Durham) said that he had inspected the Wegener apparatus described
in Mr. Donkin's paper, and it appeared to give excellent results ; he could not say whether it
was economical or not—probably it was, but it occurred to him that the cost of crushing the
coal might neutralize its other economies.
Mr. Bryan Donkin wrote that since the reading of his paper, there had been many applications
of the Wegener system on the Continent. At Berne, in Switzerland, some very complete tests
had been made, showing a large economy over a boiler with the ordinary grate, and with
practically no smoke. At Paris, during the last month, tests had been made on a boiler
supplying steam to a pumping-engine. The reports had not yet been published, but they were
said to be very satisfactory, the object of the municipality being to make tests on the best
practical methods now known for diminishing smoke to a minimum.
The following paper by Mr. Th. Lichtenberger on the "Honigmann System of Boring and
Sinking Shafts " was read :—
* Trans. Fed. Inst., vol. xi., page 321 ; and vol. xii., page 207.
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HONIGMANN SYSTEM OF BORING AND SINKING SHAFTS.
By TH. LICHTENBERGER.
The Honigmann method (Plate VI.) depends on the application of a higher pressure of water
in the borehole or shaft in order (1) to sustain the sides, and (2) to raise uninterruptedly the
bore-slush.

The higher water-pressure is produced (1) by making a water-level in the interior of the
borehole or shaft, which surmounts the natural water-pressure in the strata, (2) by applying a
thick liquid in the interior produced by adding clay to water, and thus increasing the specific
gravity of the liquid to 1.200. The sustaining of the sides depends on the fact that the running
sand can form a vertical side if no power be acting against it. The water-pressure in the strata
behind the sides of the shaft is the power which makes the sand run. This power is
compensated by the higher water-pressure produced in the aforesaid manner.
The admixture of clay with water has the purpose also of compacting the sides by the clay
penetrating to a certain distance, thus preventing the passage of water from the interior of the
shaft into the surrounding strata.
The raising of the bore-slush depends on the theory of the syphon. The syphon is formed by
the rotating hollow boring-rods, which are connected by a revolving arrangement with a short
horizontal pipe. The latter is provided with a leather pipe, which discharges itself into a box.
By the higher water-level, and the water-pressure in the borehole or shaft, the bore-slush is
pressed from the bottom into the boring-rods, and thence into the box. For the raising of the
bore-slush, the water-level in the shaft must be higher than the horizontal discharge pipe and
higher than is necessary generally for the sustaining of the sides : the higher pressure in the
borehole or shaft is, however, produced without changing the water-level—which is sufficient
for the sustaining of the sides—by forcing air through a central tube into the boring-rods, and
forming a mixture in the boring-rods of air, water, and slush, which has a less specific gravity
than the water mixed with clay in the borehole or shaft.
The method is applied in the following manner :—At first one sinks, according to the ordinary
method, a shaft to a depth of 30 to 60 feet
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below the water-level, in order to stop the upper gravel strata, and to form a solid guidance for
the boring-rods. After that one erects the arrangement represented in Plate VI. a is the boringmandril, which is hanging from the hoop and plate b, the friction, caused by its rotation, being
diminished by the four pulleys c c. The hoop and plate b is attached to a rope, which is wound
round a winch, and lowered by a workman as the boring-rods descend downwards. The
boring-mandril a passes through the wheel d, which is driven by the teethed wheels e, f, and
g, the bevel-wheel g being driven by the fast pulley h driven by a steam-engine. The drivingwheels d, e, and f, are attached to the boring carriage i, which can be removed on rails if the
boring-rods are to be raised, and for that purpose a steam-windlass is provided.
The boring-mandril a carries hollow rods k, to which the revolving arrangement l is attached,
s t is the boring tool, m is the sunken tubbing-cylinder formed by strong riveted-iron sheets,
the bottom of which reaches underneath the natural water-level, r is the tube supplying
compressed air, produced by a small engine, n is the horizontal pipe, o the leather pipe, p the
box, and q is the basin for the supply of water mixed with clay. The raised water is used
again for this purpose.
The method has been applied successfully in sinking two shafts in the Oranje-Nassau coalfield, near Heerlen, in Holland, one of them being sunk through 200 to 250 feet of running
sand.
The President remarked that the system described seemed to be very similar to the KindChaudron system, except in regard to the method of removing debris from the bottom of the
pit.

Mr. W. Cochrane (Newcastle-upon-Tyne) asked whether any sinking by this method had been
done through hard rock, or was it only intended for sinking through soft clay or running sand
?
Prof. H. Louis (Newcastle-upon-Tyne) wrote that at Heerlen, in Holland, the sinking of two
shafts was commenced by the Honigmann system. He had read in a recent number of the
Oesterreichuche Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen]* that the first
shaft had to be abandoned at a depth of about 230 feet, and that the second shaft was stopped
after reaching a depth of about 180 feet, about two and a half years after the commencement
of operations. Opinions differed as to the reasons for
*1897, vol. xlv., page 145.
[000]
Vol. XLVI, Plate VI.
To illustrate Mr. Th. Lichtenberger’s Paper on the “Honigmann System of Boring and Sinking
Shafts.]
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the failure, many engineers maintaining that the system employed was worthless, as, in spite
of all exertions, no progress could be made. Possibly, when the details have been thoroughly
worked out by long and costly experience, the system may prove successful.
Mr. W. O. Blackett (Durham) remarked that it was surprising to find that the motive power for
raising the stuff excavated appeared to depend on the difference in specific gravity between
the water in the pit and the mixture of water and air in the elevating-pipes. It was difficult to
conceive that so small a difference could lift such a quantity of stuff as was represented.
Mr. Cochrane asked whether it was a fact that the whole of the sinking material from the
bottom of the shaft was carried through the central tube to the surface.
Mr. M. Walton Brown said that from papers by Mr. W. Schulz * and Mr. A. Habets † he found
that two pits were being sunk by the Honigmann system in the Oranje-Nassau concession,
near Heerlen, in Holland. The strata had been proved by a borehole as follows :—
[Table]
No. 1 pit, 8 feet in diameter, was sunk to the calcareous marl in 1894 by the Honigmann
system, and a sheet-iron lining, similar to that of the
* Glückauf [Glueckauf], 1895, vol. xxxi., page 1277.
† Revue Universelle des Mines, etc., 1896, vol. xxxiii., page 329.
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Kind-Chaudron system, was inserted ; but, owing to various accidents, the connexion with the
marl had not been completed. A recent boring had shown that the marl contained a bed of
quicksand 1 foot thick, holding-water under pressure, and rising to within 46 feet of the surface.

Sinking through quicksand without a lining was the characteristic feature of the Honigmann
system, and the other feature was the continuous removal of the debris to the surface, without
raising the tools.
In sands, the boring-tool consisted of a trepan made of channel iron, whose edges were
replaced by steel-knives, thus forming a grinding or abrading-tool whose diameter was the
same as that of the shaft. The shaft of the trepan was a hollow cast-iron pipe 5¼ inches in
diameter and 1 inch thick. This shaft was fastened, at its upper flange, by bolts to the ordinary
hollow boring-rods 5¼ inches in diameter, made of wrought-iron 0.35 inch thick, in lengths of
13 feet, which were bolted together by wrought-iron flanges. Short lengths of rods, from 3 to
6 feet long, were also used as required.
The trepan was rotated by gearing and belting from a small engine, and was lowered by a
rope as the sinking became deeper.
At Heerlen, water was found at a depth of 33 feet from the surface; and after the shaft was
sunk and timbered to this depth, the wrought-iron tubbing, 0.59 inch thick and 12½ feet in
diameter, with cutting-edge, was lowered to a depth of 59 feet. The water-level inside thecylindrical tubbing was kept at surface-level, so as to create a pressure from the pit into the
strata, and this pressure of 33 feet was increased by charging the water with clay, so as to
increase its density.
In March, 1896, the No. 2 shaft had reached a depth of 197 feet, the density of the muddy
water was 1.20, the outward pressure of 33 feet was increased to 39.6 feet, and at the bottom
of the shaft there would be an outward pressure of about 2 atmospheres (30 pounds per
square inch). The sandy sides of the shaft were maintained in a vertical position without lining,
owing to the outward pressure and to the cementation of the sands produced by impregnations
of clay from the muddy water. This cementation of the sand was said by Mr. Honigmann to
extend to a distance of 2½ to 3 feet.
The excavated material was continuously removed to the surface through the central pipe of
the boring trepan. At first, a pump was employed, but at present a jet of air was forced by
means of a small pipe into the central tube, and the air mixing with the water, diminished the
density of the water in the central tube, and the water charged with sand and clay was
discharged upwards to the surface. The water was led
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from the shaft into subsiding-tanks, where the sand was deposited. The clear water was then
returned to the shaft so as to maintain the level of the internal water at the surface. Additional
water and clay was also supplied so as to maintain the water-level and the density of the shaftwater at 1.200.
It was intended to sink through the calcareous marl by the same system, the cutters being
replaced by steel rollers with helicoidal cutting-edges, fastened to a sheet-iron trepan.
The lining of the shaft will be made by cylindrical descending-tubbing 12 feet in diameter, with
a cutting-edge, and equilibrium water-column. This lining will leave a space of about 3 inches
for concrete-backing.
A vote of thanks was accorded to the writer of the paper.
The following
"Notes upon Foreign Mining Laws and Adequate Areas for Mining
Concessions" by Mr. H. D. Hoskold was taken as read :—
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NOTES UPON FOREIGN MINING LAWS AND ADEQUATE AREAS FOR MINING
CONCESSIONS.
By H. D. HOSKOLD.
It appears to be impossible to offer any evidence to prove that, in ancient times, the law
initiated a mining industry; on the contrary, when mining became identified as a profitable
occupation, and conflicting interests arose, the force of necessity, sense of security and
convenience, required that certain dispositions of law should be introduced, such as were
considered adequate to regulate and settle questions of disputed rights in mining matters ; but
it would be difficult to determine how, when, and where any such mining laws were first
introduced.
As may have been anticipated, progressive ideas and custom produced various changes in
the law of mines until, during the last twenty-five years, legislative intervention has remodelled,
in an extraordinary degree, the entire administrative system of extracting minerals from the
mines ; so much so is this the case in Great Britain, that mining is now subject to the
intervention of very high class legislative control.
Such measures do not, however, touch or regulate the original rights of the owner of the soil—
probably where mining rights are involved it would be better if they did—but deal more
particularly with the form or manner in which minerals may be extracted from the mines with
the greatest safety to human life.
Were we to urge the importance and freedom, which common and equitable rights of the
subject imply, in an absolute manner, we may be tempted to conclude that the time is not far
distant when a point will be reached where government restrictions of private property should
cease, unless, indeed, it could be proved demonstratively that extended legislative measures
would be compatible with particular interests, and conduce to the general benefit of the
community more than at present. However, this is a very broad and difficult question, from
which arguments may be deduced cutting both ways.
The conditions of mining leases, royalties, railway tariffs, and general taxes are primary
elements of great importance, requiring much consideration and judgment in their settlement,
because they affect the
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benefit to be derived from mining in Great Britain to a very considerable extent. Taken in
connection with the immense capital sums invested in mining, fluctuations in trade, as also
difficulties of the labour market, the question could hardly assume a more serious aspect. In
a word, the whole of these things constitute a burden occasioning no small amount of anxiety
in reference to the amount of annual dividend to be obtained from the exploitation of mines.
The inconvenience of a general code of mines to meet present needs and future contingencies
has not been forced upon the British mining public; but, in Latin countries, the case is different,
and it is to the mining codes of the South American republics, especially that of the Argentine
Republic, to which the writer desires to direct public attention.
However, he does not possess any evidence fixing the date when mining rules, regulations,
and laws were first enforced in Europe; but, from information, recently received, he is led to
conclude that it is highly probable that the Romans possessed some such rules for guiding
the mining Operations which they carried on in Spain and Portugal.

The tin-mines, in Cornwall and Devon, appear to have belonged to the Crown, and to have
been worked from a very remote period, and were "guided by special laws, customs, and by
prescription, time out of mind."* An authoritative document exists upon the subject of the
Stannaries, i.e., Carta Stainnariarum, King Richard I., 1198, by which he received royalty from
the tin-mines. †
The charter of King John, 1202, and King Edward, 1305, confirmed the stannary customs and
their high antiquity. ‡
Crown mines were exploited in various parts of England and Wales in the time of King Edward
I., between 1272 and 1296, and successive kings granted licences and patents for the same
object, receiving royalty at the rate of from the "twelfth to the fifteenth part of the fine gold and
silver," and the lord of the soil the twentieth part; but the crown did not always control the latter
rate.
Queen Elizabeth conceded to two Germans the right to exploit mines in "eight counties, and
in Wales, receiving a royalty of a tenth part of all gold and silver ore holding and yielding 8
pounds weight of clean gold and silver or upwards in every hundredweight." §
* Lord Coke: 4 Just., page 229.
† Harrison's Laws and Jurisdiction of the Stannaries in Cornwall, 1835, page 6.
‡ Ibid., page 6.
§ Some Account of Mines and the Advantage of them to the Kingdom, relating also to the
Mining Adventurers, 1707, page 13.
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In 1568, Queen Elizabeth conceded all the minerals, not previously included in the first
concession of the eight counties, to a second party of mining adventurers, including the
"English Pale in Ireland," receiving royalty at the rate of "8 pounds weight of fine gold, and for
silver, the twentieth part for every hundredweight of gold ore."*
In a lawsuit between Queen Elizabeth and the Earl of Northumberland, in 1568, it was held
that, " although Henry VIII. had granted the estate of Kenswick to the earl, with all mines within
the said rnannor, yet the mines could not pass; and that though the grant of the mannor was
good, yet the king could not alienate mines as being things perfectly linked to the prerogative
of the crown; and that notwithstanding his grant, the queen had power to dig and search for
metals and treasures in any man's ground." †
The lead-mines of Derbyshire were exploited under a code of 59 rules in 1668,‡ and those of
Dean Forest also at a very early date, " time out of mind."
In Spain,§ the mines were claimed by the crown as early as 1256, and the law seems to have
been first introduced in 1387.
The mining laws known as "ordenanzas de mineria de Mejico," were the result of various
communications made by the viceroy from 1771 to following dates, to the King of Spain, and
‖ finally in 1783, commenced to be employed in the Spanish American colonies.
Some of the dispositions in this code were modified up to 1844 ; but, as a whole, it has
remained in force in the Argentine Republic for a period of 104 years,¶ or until 1887.
Article I. of Title V. of the old code is important as defining the original right of the king to
possess South American mines. The text is as follows, "The mines (constitute) a property of
my royal crown, as also by virtue of their nature and origin (acquired by conquest) . . . and,

without separating them from my royal patrimony, I concede to my vassals (subjects) in
property and possession in such a manner that
* Some Account of Mines and the Advantage of them to the Kingdom, relating also to the
Mining Adventurers, 1707, page 14.
† Ibid., page 14. The Earl of Northumberland's case. Plowden's Reports; Walmesley,
Mining Laws of the World, 1894, page 20.
‡ Houghton, 1030-1738, pages 1-32.
§ Walmesley, Mining Laws of the World, 1894, page 129.
‖ Ordenanzas de Mineria de Mejico, edition 1881, page 214.
¶Codigo de Mineria de la Republica Argentina, edicion oficial, 1887.
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they may sell, permute, lease, will, and mortgage the rights which they possess in them under
the same terms of possession" *
The conditions are thus stated in a contracted form :—"The concession is granted under two
conditions ; the first is the contribution to my royal treasury (3 per cent. of the value of the gold
and silver extracted) † and, the second consists in working the mines continuously, with 4
miners in each, or, in default to do so for 4 consecutive months, entail forfeiture."
Prior, and up to 1771, common and equitable rights in mining matters were not so well
understood and applied in Spain and South America as at present.
The old code of Spanish mining laws must, therefore, have been considered a masterpiece,
and, consequently, adequate to the exigencies of mining at that period, when the produce of
the mine was measured by a few arrobas,‡ or quintales § of mineral per day, and not hundreds
of tons as in the case in Great Britain to-day.
Analysed by the light which we now possess, the old code is full of incongruities. Nevertheless,
the general principles of various of its dispositions form the basis of nearly every modern
mining code in South America.
Titles of mining concessions, leases, etc., would involve various general conditions,
including time of duration, royalty, etc. In Europe, especially in Great Britain, all such
conditions are regulated between interested parties as each particular case arises ; but, in the
Argentine Republic, such elements as those indicated involve many collateral legal
dispositions, all of which are contained in 372 articles, which form the present mining code.
To discuss the merits of these laws in a consecutive order, and the laboriously appended
commentaries, or doctrines of law, as well as the contents of various other South American
mining codes, would occupy more space than could be conveniently allowed for a single
paper. It is, therefore, proposed to treat in a partial manner the important question of area or
extension which should be assigned to concessions of various classes of metalliferous-ore
veins, and economic mineral substances, leaving it open to treat other questions of mining law
in a future paper or papers.
* Ordenanzas de Mineria de Mejico, edition 1881, page 68.
† Ibid., page 164.
‡ 1 Arroba is 25 lbs.
§ 1 Quintal is 100 lbs.

[154]
Previous to entering upon foreign practice, now some twenty years past, the writer was not
aware that any particular rules were generally applied in determining the area of mining
concessions upon principles which should have a strict relation to the amount of capital
required for a mining installation, exploitation, annual output, duration, and probable profit to
be derived.
Doubtless a proper and absolute solution of such questions, under all
circumstances, would, to a very considerable extent, be surrounded with difficulties ; but it
would be too much to make a sweeping assertion that such points have not been
considered and approximately correct data derived. However, there is no evidence available
proving that in South America the areas of mining concessions, as indicated in the mining
codes of the various republics, have been assigned with reference to scientific, equitable, or
commercial principles.
The old law, or Ordenanzas de Mineria assigned for concessions of metalliferous veins 200
varas,* or 550 feet, for the length along the vein, or in direction of, or parallel to, the line of its
outcroppings, the width of the concession being determined by the amount of the angle of
declivity of the mineral vein. The angle of declivity was originally ascertained by letting a
plumb-line fall from a point in the hanging-wall of the mineral vein to a depth of 1 vara, or 33
English inches, as the unit of measure, and measuring the base of the triangle, or distance
from the termination of the plumb-line to the vein of mineral, by so many palmos y dedos, or
palms and fingers, as the case may have been. These measures were then compared
with those of the legal scale of the Ordenanzas de Mineria, and the corresponding width
of concession selected and measured upon the ground. For example, for two palms and
three fingers the width was 112.5 varas, or 309.375 feet, and pro-ceeeding by three fingers
at a time, until four palms were reached, supposed to give an angle of 45 degrees, with a
corresponding width for the concession of 200 varas, or 550 feet.
About 1844, angles of declivity, corresponding to the right-angled triangles formed by the
palms and fingers, were added to the old legal scale of the Ordenanzas.†
All the metalliferous veins and economic mineral substances existing under the superficial
rectangular area of 40,000 square varas, or 302,500 square feet, and included between
perpendicular planes falling from each side of the rectangle and passing towards the centre
of the earth, until the mineral veins were intersected, would form and belong to a per-tenencia,
or mining concession.
* Ordenanzas de Mineria (1783), 1881, page 91.
† Ibid., page 275.
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The first column in Table I. contains the Ordenanza scale of angles, previously referred to,
under which mineral veins were supposed to exist. The other five columns contain calculated
data, including the three sides of a corresponding series of right-angled triangles. The
[Table]
hypothenuses in column 4 form the lengths of the mineral veins. Table I. is divided into two
parts, i.e., the first ranges from 45 to 58 degrees, with a width of concession from 200 to 125
varas, or from 550 to 343.75 feet. The length of the mineral veins, in direction of the declivity,

is from 282.844 to 235.885 varas, or from 777.82 to 648.08 feet. The depth remaining constant
at 200 varas, or 550 feet. In the second part, the angles of declivity range from 60 to 89
degrees, the width of the concession remaining constant at 100 varas, or 275 feet, and the
corresponding length of the mineral veins ranges from 200 to 5,729.86 varas, or from 550 to
15,757.113 feet, and from 173.206 to 5,721.0005 varas, or from 476.316 to 15,732.75 feet in
depth, or 2.97 miles.
It is apparent that no rule could have been applied in the formation of this antiquated legal
scale assigning lengths of mineral veins impossible of exploitation under past, or, indeed,
present conditions and circumstances in South America.
[156]

Fig. 1 (Plate VII.) is a graphic representation of mining concessions corresponding to the legal
scale of angles of the Ordenanzas de Mineria, giving the dimensions as found in Table I. Fig.
1, as well as the contents of Table I., show the ill-proportion which existed between the length
of the mineral veins in direction of their declivity and the depth to which they extended.
The legal scale determining the widths of mining concessions in Chili [Chile] up to 1888 was
similar to that of the Ordenanzas de Mineria,
Fig. 2 (Plate VII.) is a geometrical representation of the concessions contained in that scale.
With the object of determining the length of mineral veins in the direction of the declivity, which
should be in proportion to the increased depth, labour, and cost of installation and exploitation,
the data in Table II. have been calculated.
[Table]
The veins of mineral have been considered as a series of inclined planes under the angles of
declivity indicated in column (1), and commencing at 30 degrees. In column (2) the unit of
measure, or length of the mineral veins or hypothenuses, is taken at a constant of 100 metres.
Column (3) contains the bases, and column (4) the perpendiculars or depths of the mineral
veins.
Column (5) represents the constant weight of 5 quintals, or 500 lbs., to be balanced upon the
veins or inclined planes in column (2) by a counter-balance at surface.
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Column (6) contains the counter-weight required to balance the weight indicated in column (5)
upon the planes in column (2) ; and column (7) contains the difference or ratio between the
powers in column (6).
To adjust the final result with mathematical precision, friction and the force necessary to give
motion and a required speed may be added corresponding to each angle of declivity ; but, as
it is only intended to give an illustration of approximate correct results, the latter elements have
been neglected.
In Table III. it is proposed to form a scale commencing with a vein of mineral having a declivity
of 30 degrees. This angle would give a mineral vein of 230.94 metres in length at a depth of
115.47 metres, and a width of concession of 199.9999 metres, or, practically, 200 metres.
[Table]

The declivity of the second mineral vein in the scale is 35 degrees : and considering, as
previously intimated, that more power is required to balance 5 quintals, or 500 lbs., with extra
cost, than would be the case upon an inclined plane of 30 degrees, the mineral vein should
have a greater or a proportional length to compensate for the difference.
The first ratio in Table II., derived from column (6), is (2.86788 ÷ 2.50000) = 1.147150. The
length of the first mineral vein in column (2), Table III., is 230.94000 metres, and this length of
vein, multiplied by 1.147150 the ratio, gives 264.92282 metres for the length of the second
mineral vein under the proposed conditions, with a width for the concession of 217.01206, and
depth of 151.95347 metres respectively. The excess in length of the mineral vein, due to the
principle involved, is 33.98282 metres. The other ratios contained in column (7) of Table II.
are treated successively in the same manner, until, finally, we have a
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length of mineral vein (derived from 4.99999 ÷ 4.98097 = 1.003818, which multiplied by
458.37219) of 461.87790 metres contained in column (3), Table III., under a declivity of 89
degrees 50 minutes, which is only 10 minutes from the perpendicular.
It would be excessively difficult to frame a project for the determination of the area which
mining concessions should have according to the conditions laid down, or those required,
which would be absolutely free from objection, imperfections, and not liable to adverse
criticism; nevertheless it is submitted that the system now proposed—whatever value it may
have —is, at least, original, based upon well-founded principles, and better adapted for the
object under consideration than the antiquated methods which have been followed for so many
years, and are now under discussion.
It will be observed that in column (2), Table III., there is a regular increase in the length of the
mineral veins, as there should be, according to the excess of depth, work, and expense of
installation and exploitation.
Fig. 3 (Plate VII.) is a geometrical representation of the calculated quantities contained in
Table III. It shows the measure of all the concessions which could exist under the scale of
angles proposed; in fact it forms a series of cross sections of mineral veins, including depth,
angles of declivity, etc.
Fig. 3 is more uniform in character, and presents a more harmonious curve of work than exists
in Table I. and Figs. 1 and 2.
The Argentine mining code of 1878, still in force, contains a similar scale of angles and width
for concessions to that of the Ordenanzas de Mineria. It commences with an angle of 45
degrees, and width of concession of 200 metres, proceeding to 75 degrees; and for this, and
all higher angles, the width of concessions is 300 metres. The author of this Codigo has fallen
into the error of referring the angles of declivity of the mineral veins to the vertical instead of a
horizontal line, and it may be dismissed without further comment.
To fix an area for the concession of a mine to contain just such a quantity of mineral and no
more than is sufficient to give an estimated extraction or produce per annum for a definite
period, having special reference to the cost of installation, exploitation, contingencies, and
various other collateral and important questions, would involve very serious consideration as
well as some difficulty ; still, when it is necessary to form a code of mining laws to contain legal
dispositions to meet all imaginary or real cases before hand, the best experience and methods
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should be invoked for the formation of a legal scale of areas for mining concessions, rejecting
such antiquated modes as we have discussed.
For the determination of the length of auriferous quartz-mining concessions, measured in the
direction of, or parallel to, the outcroppings of the mineral veins, the following notes would be
required, i.e., length of the mineral vein in the direction of its declivity, as previously
determined, say, 231 metres; thickness of mineral vein, 0.75 metre ; working days per annum,
240 ; duration of mine, 23 years ; extraction of mineral, 60 tons per day; specific gravity of
mineral, 2.5, and weight per cubic foot, 156 lbs.
Then we should have 231 metres x 0.75 metres = 173.25 cubic metres, or 6,109 cubic feet.
And 6,109 cubic feet x 156 lbs. ÷ 2,240 lbs. = 425 tons, or the quantity of mineral existing in
the mineral vein in the direction of the declivity, with one metre of length measured in the
direction of the line of outcroppings. Also 240 days x 60 tons x 23 years ÷ 425 tons = 775
metres, or the length of the concession required.
In a similar manner, varying the data according to the necessities of the case, the length of
mining concessions for any other class of mineral may be ascertained.
For example, the length of a silver-mining concession is, according to the same rule,
determined to be 464 metres, a copper concession 349 metres, a galena mine 416 metres,
an iron mine 493.6 metres, and a coalmine 2,984 metres in length respectively.
The Argentine legal scale assigns 300 metres in length for the first four classes of mines
previously indicated: but for an iron-ore or coal-mining concession, the area is 180,000 and
270,000 square metres, or 171.97 and 257.95 acres respectively: but the area proposed in
the scale of the writer for an iron-ore and coal-mining concession is 98,720 and 596,800
square metres respectively.
The area for a coal-mine, as assigned by the code, is, therefore, much too small: but that for
an iron-mine is too great.
The writer has estimated that the proposed area for an iron-mine should contain sufficient ore
to supply two small blast furnaces making 200 tons of ingots each per week for twenty-three
years, and the area of the coal-mine is estimated on the assumption that 200 tons per day
would be extracted.
In Great Britain, this would be an insignificant quantity ; but, in a new country like the Argentine
Republic, where industries and markets have to be created, it would, undoubtedly be sufficient,
because, under such circumstances, it is not probable that each coal-mine in the republic,
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capable of yielding 200 tons per day, would be exploited simultaneously. The same remark
applies to iron-ore mines, and the erection of a small establishment for each.
Mines of silver, copper, galena, etc., have been subjected to the same principles with
reference to the legal areas of each. Mines which are not capable of fulfilling such conditions
as those proposed ought, at least for the present, to be considered too poor to yield an
adequate profit.
Metalliferous veins are very irregular both in thickness and declivity ; and are not parallel in
their formation for any great distance like coal-seams, and, for this reason, the best formed
rules must frequently fail to give absolutely accurate results ; still, as it is a legal necessity to
sink pits (pozos de ordenanza) a few metres in depth upon mineral veins before concessions
are given, a fairly good opinion may be formed as to the probable contents and capacity of
yield of the mineral veins ; besides, in most of the South American republics, some of the

mines have been worked to a considerable extent, and, for that reason, a certain amount of
experience exists as to the general behaviour of metalliferous veins. Nevertheless, the
question is complex.
It may be further remarked that the application of the formulas now proposed in these notes,
gives a more rational area for the concession of a mine than has hitherto been assigned by
the Argentine mining code.
Frequently it happens that more than a single vein of mineral exists in small superficial areas,
and if concessions were to continue to have a definite width assigned to them, as at present,
such additional veins would be included in a legal concession. The system proposed would,
in the opinion of the writer, under any circumstance, confer greater advantages than are at
present realized.
Areas of various other metalliferous and economic mineral substances are assigned in the
Argentine mining code, including auriferous deposits or superficial gold-washings, the latter of
which we now propose to consider.
When gold was first discovered in Australia, each miner was allowed 144 square feet for his
mining claim; but, when the superficial deposits were more or less exhausted, and deeper and
more formal mining became a necessity, the area was extended to suit the conditions.
In the Argentine Republic, auriferous gold-washings or deposits have not hitherto been
discovered to be so rich as those formerly existing at the commencement of the gold mania in
Australia and California. How[161]
ever, the Argentine mining code assigns 100,000 square metres, or 95.53 acres, for a
concession of this class; but whether this area is in excess or defect of the proper quantity,
must depend upon the depth of the auriferous deposit from the surface, its thickness upon the
bed-rock, richness or capacity of yield, facilities for exploitation, resources of the locality, as
well as cost of installations and exploitation, etc., and, without a prolonged and proper study
of each auriferous mining district, it would be exceedingly difficult to assign a proper area, for
it is certain that, as the condition of each mining district would differ, a constant area could not
be equitably fixed for all the concessions.
Assuming that an efficient system of hydraulic mining were intended to be introduced, it would
be necessary to determine the data contained in the following notes with the greatest amount
of accuracy:—i.e., (1) capital required for installation, say, £20,000; (2) yearly expenses for
exploitation, £5,000: (3) average thickness of auriferous deposit, 2 metres; (4) average yield
of auriferous deposit per cubic metre, 0.052093 ounce; (5) interest expected upon capital, 59
per cent. per annum; (6) duration of the concession, 10 years; and (7) gross selling price of
gold produced, £3 10s. per ounce.
Then we should have £20,000 x 59 per cent. = £11,800 gross estimated income per annum,
and £11,800 + £5,000 ÷ £3 10s. = 4,800 ounces of gold required to be extracted from the mine
per annum. Also, 4,800 ounces x 10 years ÷ 0.052093 ounces per cubic metre = 92,142.9
metres, or the length required for the concession, with 1 metre of width; but as the auriferous
deposit is estimated at 2 metres in thickness, we also have 92,142.9 ÷ 2 = 46,071.45 metres
in length.
Naturally, the concession could have any form to contain that area, depending upon the
topographical features of the ground, as also the rights of other legal claimants for concessions
in the same neighbourhood. If the data previously indicated were to be varied— as probably

would be the case after a proper study of the ground had been made—the final results to be
deduced would differ, as is evident from an inspection of the contents of Table IV.
It is evident that 100,000 square metres, as assigned by the Argentine mining code, constitute
too small an area when the yield of auriferous deposits varies from 0.0260465 to 0.52093
ounces of gold per cubic metre, and the capital for installation, annual exploitation, and the
other conditions were to be as previously indicated. It is also to be presumed that no formal
company could be found willing to accept a mining negociacion or concession under such
conditions. On the contrary,
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Table IV.
[Table]
100,000 square metres for an auriferous mining concession would be an excessive quantity
for an ordinary or common miner with three or four associates, working and extracting the gold
in an antiquated form, and with a very small amount of capital. As the law stands at present,
any person without visible means to exploit a mine may obtain a mining concession, and such
a concession may pass from one to another and benefit be obtained by a simple transference
of documentary rights, without improving or developing the mining concession, supposing the
legal number, i.e., three miners, are employed upon such concessions for 300 consecutive
days in each year.
The difference of area indicated in column (10) Table IV., proves that the extent of mining
concessions should be adjusted to suit conditions and circumstances as may arise, and, for
this object, it would be convenient to define by a special legal disposition in any future miningcode a minimum area, giving the government legal and technical mining authority the power
to extend or diminish such area according to the richness or poorness of the auriferous land,
taking into account the required conditions and all circumstances, such, in fact, as we have
previously indicated.
Probably ten years would be a sufficient period for the duration of an auriferous concession
such as is now under discussion.
It is a grave error, productive of much prejudice, confusion, and injustice to the scientific world
to argue and attempt to propagate as a doctrine of law—as the author of the present Argentine
mining code has done—that "science is not capable of offering a classification of mineral
[000]
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substances uniformly invariable, defined and acceptable, such as could serve for a legal
basis." The writer has, however, always held a contrary opinion, for, it may be laid down as an
axiom, that the practice and science of mining preceded, and, in fact, induced the law, as a

necessity to define, protect, and regulate original rights and conflicting claims or differences
which frequently arose when mining was in its infancy, and the common and equitable rights
of the subject were not so well understood as at present, as also for the better exploitation and
safety in working.
No doubt well founded arguments could be advanced against the practice of giving mining
concessions, ad libitum, to persons who are not miners in the proper sense of the term, nor
possessed of visible means to exploit a concession. If, finally, it should be decided to allow
this custom to continue in force in South America, the law should, at least, compel every
person applying for a mining concession to produce satisfactory evidence of their capabilities
of carrying on a bona-fide exploitation.
The intention of the original legal dispositions contained in Article 2 of Title V., and of Article 1
of Title VII., of the Ordenanzas de Mineria, was intended to assist the discovery, and advance
the proper exploitation of the mines in South American Spanish colonies, from which the king
of Spain could obtain benefit in the form of royalty upon the product of the mines. On the
contrary, Article 13 of Title IX., determined all the rights conceded.
The same principles have been followed and incorporated in the present Argentine mining
code, with the exception that the right of the state to receive a certain proportion of the profit
derived from the mines has not yet been enforced.
It is a grave error in principle, and prejudicial to the mining interest, to group various classes
of metalliferous mines in the same category, and to give to each the same area, as is the
practice in the Argentine Republic, because each mineral substance differs the one from the
other, whether gold, silver, copper, iron, or coal, including naturally every other economic
mineral or crude rock, which may be employed and taken in commercial interchange : for, it is
evident that each of these possess a certain relative, although different, market value.
The Chairman proposed a vote of thanks to Mr. H. D. Hoskold for his valuable paper, and it
was cordially approved.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
SPECIAL GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 10th, 1897.
Mr. GEO. MAY, President, in the Chair.
ALTERATION OF BYE-LAWS 13 AND 17.
The President moved that Bye-laws 13 and 17 be amended as follows :—
13.—The Transactions of the Institute shall not be forwarded to those whose subscriptions
are in arrear on the first of November in each year.
17.—Any Member, Associate Member, Associate or Student may, at any time, compound for
all future subscriptions by a payment in accordance with the following scale :—
Under 30 years of age, the sum of £31
Over 30
,,
,,
27
40
,,
„
24

50
,,
,,
21
60
,,
,,
17
or on such other conditions as the Council may, in writing, accept. Every person so
compounding shall be a Member, Associate Member, Associate or Student for life, as the case
may be. Any Associate Member, Associate or Student so compounding who may afterwards
be qualified to become a Member, may do so, by election in the manner described in Bye-law
8. All compositions shall be deemed capital money of the Institute.
Mr. R. Laverick seconded the resolution, which was unanimously adopted.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
GENERAL MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 10th, 1897.
Mr. GEO. MAY, President, in the Chair.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on March 29th and that day.
AWARDS FOR PAPERS.
The Secretary read the following list of papers communicated during the year 1895-96, for
which prizes of books had been awarded by the Council to the authors :—
"Coal-cutting by Machinery." By Mr. Wm. Blakemore.
"The Resistances of Air-currents in Mines." By Mr. T. L. Elwen.
"A Compound Winding-engine." By Mr. Wm. Galloway.
"The Quicksilver Mines and Reduction-works at Huitzuco, Guerrero, Mexico." By Mr.
Edward Halse.
"The Whitehaven Sandstone Series." By Mr. J. D. Kendall.
"Notes on the Geological Features of the Coast of North Wales, from Liverpool to Menai
Bridge." By Mr. C. E. de Rance.
"The Mode of Obtaining a True North Line." By Mr. A. L. Steavenson.
"Safety-explosives." By Bergassessor Winkhaus.
The following gentlemen were elected, having been previously
nominated :—
Members—
Mr. Henry Hopper Adams, Mining Engineer, Waihi, New Zealand.
Mr. R. Hugh M. Buddle Atkinson, Electrical Engineer, Fenwick Terrace, Newcastle-upon-Tyne.
Mr. Robert Ballard, Engineer, Menzies, Western Australia.
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Mr. Myles Brown, Manager, Shampore Coal Company, Nirshachetty P.O., Shampore, via
Barakur, E.I.R., Bengal, India.
Mr. Robert Brown, Assistant Manager, Equitable Coal Company, Limited, Desherghur, via
Barakur, E.I.R., Bengal, India.
Mr. William Francis Collins, Mining Engineer, 220, Great Portland Street, London, W.
Mr. William Dixon, Mining Engineer, Cleator, Cumberland.
Mr. William Fryar, Inspector of Mines, Brisbane, Queensland, Australia.
Mr. Thomas Carodoc Kerry, Explorer for Gold, Royal Colonial Institute, Northumberland
Avenue, London, W.C.
Mr. Edward Thomas Morland-Johnson, Engineer and Surveyor, Bryn-Bowydd, Blaenau
Festiniog, North Wales.
Mr. Rokuro Oshima, Mining Engineer, Hokkaido Colliery and Railway Company, Sapporo,
Japan.
Mr. William Ridley, Colliery Manager, Gilpin House, Houghton-le-Spring.
Mr. John Welsh, Mechanical and Mining Engineer, P.O. Box 1421, Johannesburg,
South Africa.
Mr. Luke Williams, Mining Manager, Curtin-Davis Proprietary Mine, Ringville, West Coast,
Tasmania.
Mr. Robert Arna Wood, Mining Engineer, c/o Mr. N. R. Griffith, 18, Queen Victoria Street,
London, E.C.
Associate Members Mr. Thomas Edward Hardy, c/o Mr. M. Cohen, 20, Bucklersbury, London, E.C.
Mr. E. James, 24, Rosemont Road, Acton, London, W.
Mr. Thomas Pascoe, The True Blue Gold Mining Company, Kalgoorlie, Western Australia.
Associates—
Mr. R. Aynsley, Surveyor, Littleburn Colliery.
Mr. George Bewick, Back Overman, Dudley Colliery, Northumberland.
Mr. John Robson Elliott, Overman and Surveyor, Heddon Colliery, Wylam-uponTyne.
Mr. Charles B. Saner, Surveyor and Assayer to the Gold-fields of Lydenburg, Mine Office,
Rietfontein, Transvaal.
Mr. John Sinclair Smith, Under-manager, Felling Colliery, Felling, R.S.O.
Students—
Mr. Norman Stanley Holliday, Mining Student, Langley Grove, Durham.
Mr. Charles Attwood Hood, Mining Student, Hutton Henry Colliery.
Mr. Thomas Tate Minns, Mining Student, Greenhill House, Murton Colliery, Sunderland.
Mr. Jeremiah Head read the following- paper on "The Coal-Industry of the South Eastern
States of North America " :—
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THE COAL-INDUSTRY OF THE SOUTH-EASTERN STATES OF NORTH AMERICA.
By JEREMIAH HEAD, M. Inst. C.E., F.C.S.

Fig. 1 (Plate VIII.) [following page180] shows that portion of the United States of America
which lies between the Atlantic Ocean and the Mississippi river ; and contains also a smallscale key-map of the entire country. The line A B divides the Northern from the Southern
States, the latter being those which took part in the great secession war of the years 1861 to
1865.
It is to the coal-industry of these states that the writer intends to devote this paper, and he
proposes in the main to confine himself to those coal-fields and coal-workings with which he
has some personal acquaintance.
The map (Fig. 1, Plate VIII.) shows approximately the principal coalfields of the Southern
States, which form part of the great Appalachian coal-field, extending 1,000 miles in a northeasterly and south-westerly direction from Canada to Alabama. This coal-field contains more
beds of coal above water-level than any other coal-field in the United States. The map also
shows the position of the chief deposits of iron-ore, which border on the coal-field and whose
development is so often concurrent with that of the coal-supply.
Pocahontas District.— Beginning at the line dividing the Northern from the Southern States
and working southward, the first coal-deposit is that of Pocahontas in Virginia. This deposit is
one of the best known and most important of any in the Southern States. The coal is obtained
from drifts in the hill side, and from one of these, the Baby Mine, 1,600 tons per day was being
drawn at the time of his visit.
The principal coal-seam is from 5 to 13 feet thick, averaging about 9 feet thick. It is for the
most part good solid coal. It is mixed here and there with a little shale, but nothing of a
continuous character. There are two other coal-seams which have not yet been worked. The
coal is all of coking quality, and a considerable quantity of it is made
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into coke at a plant of beehive ovens in connexion with the colliery. The number of coke-ovens
at work and under construction in the entire Pocahontas district had by the year 1891 reached
a total of 2,785. These are all of the ordinary beehive type, 12 feet in diameter by 7 feet high
inside. The usual charge is 4 tons of coal for 48 hours and 4½ tons for 72 hours' burnings.
From the coke-ovens to the principal mine-entrance, and for at least 1½ miles into the hill-side
the main road is worked by full-gauge, full-size locomotives. The mine is operated on the pillarand-stall system. The bye-roads to the working-stalls or rooms are at present very short. The
ventilation is maintained by a rotary turbine-fan, which is very efficient. The quantity of air
drawn from the mine is said to be 100,000 cubic feet per minute. The seam at present worked
being above water-level, no pumping whatever is necessary ; neither is any winding-plant
required.
The lump coal is for the most part taken by the Norfolk and Western Railroad, on a branch of
which the colliery is situated, to the port of Norfolk, in Virginia, whence it is shipped to New
York and other markets. It is highly valued as bunker coal; and is accounted the best produced
in the States for that purpose. It is largely used by the Atlantic liners in their eastward
passages.
The coal royalties of the particular collieries described belong to the South-Western Virginia
Improvement Company who receive a royalty of 10 cents or 5d. per ton* on the coal got. Their
holding is said to be 8 miles long by 6 miles broad. The coal is sold by the mining company to
a distributing company for 80 cents, or 3s. 4d. per ton into trucks; and the coke at $1.75, or
7s. per ton. The railway rate to Norfolk, about 350 miles, is 0.4 cent. per ton per mile.

The miners are mostly Hungarians, who earn on piece work about $4.25, or 17s. per day. The
coal costs for the labour of getting 75 cents per car-load, containing 2 tons.
The following are analyses of Pocahontas coal and coke : —
Pocahontas.*
Coal.
Coke.
Fixed carbon
74.256
92.549
Volatile hydrocarbons
18.812
0.756
Sulphur
0.73
0.598
Ash
5.191
5.749
Moisture
1.011
0.348
*Journal of the Iron and Steel Institute, 1890, vol. iii., pages 132-140.
*The United States ton for coal and coke contains 2,000 lbs.
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The total output of coal from the Pocahontas coal-mines was, at the time of the writer's visit,
said to be 800,000 tons per annum, and it appeared to be rapidly increasing. The yield of the
principal seam so far as worked has proved to be 9,156 tons per acre, which corresponds with
a realized thickness of about 8 feet of coal.
Big Stone Gap District.—-In the State of Virginia, and about 80 miles south-west of
Pocahontas, is the recently opened out coal-field of Big Stone Gap. The writer visited two
mines in 1890, viz., the Pioneer, 1,850 feet above sea-level, and the Looney Creek at 1,900
feet. The Gap itself, which is a pass in the Cumberland Mountains, has an elevation of 1,450
feet. The Pioneer colliery is said to comprise at least 12 seams of coal, of which 8 or 9 are
above 4 feet in thickness. In the heading which the writer entered, the coal measured 6 feet
1½ inches in thickness. The Looney Creek mine also contains several coal-seams, one of
which was measured and found to be 14 feet thick. But as there were signs of lateral pressure
at this place, it could hardly be taken to represent the general average thickness. These seams
did not appear to contain any shale beyond a band about 3 inches thick near the middle.
The seams dip towards the north-west to the extent of 1 in 50, which is an advantage as
regards working the traffic and drainage when the entries are made at the low side. The coal
is a coking one, with the following analyses:—
Coal.
Coke.
Average of 7 Samples.
Fixed carbon
60.591
93.23
Volatile hydrocarbons
35.920
0.33
Sulphur "
0.594
0.749
Ash
1.515
5.69
Recent letters from the States inform the writer that the Big Stone Gap coal-field is now being
vigorously developed, and that the coke yielded by it is superior to that currently obtained from
Connesville, in Pennsylvania.

The Middlesbrough District.—At Pineville, a little to the north of Middlesbrough, there are six
workable coal-seams above water-level, and attached to the colliery is a large plant of cokeovens.
The city of Middlesbrough, Kentucky (which is associated in the minds of British investors with
the Middlesbrough Town Lands Company), is situated on the Kentucky portion of the
Appalachian coal-field ; and its advantages of position, so loudly proclaimed, were largely
based upon that circumstance. On Bennetts Fork, there are eight coal-seams,
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visible at elevations varying from 600 to 1,200 feet. They range from 2 to 6 feet, with an
aggregate thickness of 33 feet. So far, only one seam, the Ralston, has been worked. It yields
nearly 5 feet of solid coal, with two partings of shale. The mode of working is to undercut in
the 8 inches parting. The upper coal is then wedged down, and the under coal wedged up.
The coal is suitable for coking.
The following analyses show the quality of both coal and coke produced at Middlesbrough and
Pineville :—
Middlesbrough.
Pineville,
Coal.
Coke.
Coke.
Average of
Average of
Average of
5 Analyses.
2 Analyses.
2 Analyses.
Fixed carbon
58.64
91.20
95.27
Volatile matter
37.67
1.17
0.22
Sulphur
0.48
0.62
0.61
Phosphorus
—
0.01
0.003
Ash
2.16
6.29
3.54
Moisture
1.05
0.71
0.36
Jellico District.—One of the most important coal-mining districts in the Southern States is that
lying partly in Tennessee and partly in Kentucky, west of the Knoxville and Ohio branch of the
East Tennessee, Virginia, and Georgia railway. East of the same railway, the deposit is
interfered with and cut off by the Pine Mountain range, which in places attains an altitude of
2,000 feet. The writer, who recently inspected and reported upon a group of five collieries,
near the town of Jellico, called the Standard, Wooldridge, East Tennessee, Procter, and Main
Jellico collieries (Fig. 2, Plate VIII.), found that the coal produced was a good house coal when
in the lump, and a good steam coal when small. It is not a coking coal, and therefore is quite
different in character from that produced at Pocahontas. The five collieries adjoin each other,
and produce similar coal under similar conditions. They have separate branches connecting
them with the Knoxville and Ohio railway, and are all held in fee simple both as regards surface
and the minerals thereunder.
In each case, there is upon the property a village of wooden houses, and a boarding-house
for the accommodation of single miners. A large provision and clothing store belonging to the
mine owners is an important source of profit. A school, a chapel, residences for the officials
and clerks, an office, mechanics' shops, mule stables, and storehouses, are also there; and,
finally, there is a tipple-house which contains the screens and the weighing-machinery. The
system of screening and weighing is simple, but very effective. The branch railway from below
the tipple-house to the Knoxville and Ohio railway has a slight downward inclina-
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tion, so as to make nearly equal work for the locomotive, whether taking full trains down or
empties back. From the top of the tipple-house to the level of the Jellico coal-seam, which,
with one exception—viz., the cannel seam, is the only one worked at present, there extends
a self-actingincline, or, in one case, a vertical lift.
Narrow-gauge railways connect the brow of the incline, or upper landing-stage of the lift, to
the mine-entries, and are laid throughout the main roads of the mine. The traffic, inside and
out, is worked by mules. There is no winding-machinery, nor any locomotives. The mine roads
are all so laid out as to be always slightly in favour of the load. Each mine has usually three or
four entries, all or any of which are utilized as circumstances may require.
The thickness of the Jellico coal-seam varies from 3 to 6 feet, the average being about 3 feet
9 inches. This is, as a rule, all good coal, there being no band or shale intermixed. The floor
of the entries and roads is level with the bed of the coal-seam ; the roof above is cut away in
an ordinary mine-entry to give a height of about 6 feet, and the extreme width is about 8 feet.
Timbering is done to a certain extent; but, the roof being exceptionally good, not very much is
necessary. The seam dips towards the north-west, to the extent of 1 in 50. Full-gauge railways,
with trestle-bridges, cost about £3,000 per mile; wooden houses for miners, from £24 to £32
each ; mules, £30 each; and mine tubs, £6 each.
When the headings are properly laid out, they are self-draining ; in some cases, however, this
cannot be effected, and then a small engine at the mine-entry, pumping for half a day three
times a week, is required to keep the water down. In other cases a syphon-pipe, 2 inches in
diameter, is sufficient; but, as a rule, no pumping-machinery of any kind is provided.
There is nowhere any sign of dangerous gas. The ventilation is effected by air-shafts placed
near the mine-entries; the tops of the shafts are not more than 30 or 40 feet above the minelevel. At the base of each, a coal fire is kept constantly burning ; and the resulting draught is
quite sufficient to ventilate the workings, so far as they have at present extended.
It will be at once apparent that these mines are exceedingly well situated for easy, cheap, and
economical working ; indeed, it is difficult to conceive more favourable conditions.
Fig. 3, Plate VIII., represents an imaginary section of a mountain in the Jellico district,
containing scares of coal and other minerals. The
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highest peak, called Ballads Point, is 2,250 feet above sea-level. All the seams illustrated are
said to have been proved to extend throughout the district; but the writer only saw Nos. 4, 8,
and 10 coal-seams. The very thin seams are of no commercial value. The seams below waterlevel would require winding and pumping appliances, and are therefore not likely to be brought
into requisition until the most important of the upper ones have been exhausted.
The total acreage of coal remaining in the Jellico coal-seam at the five collieries is estimated
at 12,000 acres, and this acreage, reckoned at 100 tons per inch thick per acre, would yield
52,800,000 tons. If we take the other workable seams as equivalent to the same area by 6
feet thick, we should obtain a further quantity of 86,400,000 tons, or an aggregate of
139,200,000 tons; which, consumed at the rate of 1,000,000 tons per annum, would be
sufficient to last 139 years.
The cannel seam is found in only two of the five coal properties described, and is worked only
at one, viz., the Standard colliery. The seam varies from 28 to 42 inches thick. Only about 150
tons per day are obtained, and this is mostly sent to New York as an ingredient for improving

coal-gas. The cost price delivered in cars at the junction with the Knoxville and Ohio railway
was, at the time of the writer's visit, about $1.85 (7s. 6d.), and the price then obtainable about
$3 (12s.) per ton. It is probable that the development of the Humphrey and Glasgow process
for producing and enriching illuminating-gas, which is now so largely used in America, and in
which coke and petroleum are the materials used, may have by this time seriously diminished
the value of and limited the demand for cannel coal for such purposes.
The lump or block coal, which passes over screen-bars 7 inches apart, is sold as house coal,
and is highly estimated as such. It burns very freely, leaves a light grey ash, and gives out an
abundance of heat. It constitutes about 50 per cent. of the whole produce. The remaining 50
per cent. is further sorted into No. 2 screened, nuts, and slack, and these quantities are
variously mixed according to demand.
The total produce of these five collieries was at the time of the writer's visit, comparatively
small, viz., rather under 300 tons per colliery per day. The average selling price per ton, free
on cars at the Knoxville and Ohio junction, was as follows:—
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Average of all grades
,,
with slack excluded
Lump coal
Run of mine and No. 2 screened
Nuts
Nuts and slack
Slack .
The average profit, exclusive of
that realized from the stores,
was, per ton of coal

Per Ton of 2,000
lbs.
Dollars.
1.30
1.34
1.73
1.18
0.86
0.60
0.22
0.21

Per Ton of 2,240 lbs.
s.
6
6
8
5
3
2
1
0

d.
1
3
1
6
10
10
0
11 ½

The following analyses from samples of coal from the five Jellico collieries were made by
Messrs. Pattison & Stead, analysts, Middlesbrough:—
Coal.
Coke.
Cannel Coal.
Per Cent.
Per Cent.
Per Cent.
Fixed carbon
Volatile hydrocarbons
Sulphur
Ash
Moisture
Sulphur in ash
Yield of coke

55.76
36.51
1.08
4.45
2.20
0.01
60.75

91.79
0.00
0.89
7.32
0.00
-

37.05
44.70
0.78
15.85
1.62
0.02
-

The cannel coal gives out a large quantity of gas of a highly illuminating quality.

Coal Creek District.—About 30 miles south of the Jellico group of mines, and on the same
side of the Knoxville and Ohio railway, the Coal Creek Mining and Manufacturing Company
own about 60,000 acres of coal-lands. This company leases mineral rights for a royalty of 25
cents per ton, to the following lessees who actually win the coal, viz., the Knoxville Iron
Company, who work 3 mines; the Black Diamond Company, 3 mines; the Coal Creek
Company, 2 mines; the Tennessee Coal Mining Company, 1 mine; and the Heek Mining
Company, 1 mine ; a total of 10 mines.
About half of the output of these mines was sold at the time of the writer's visit to the railway
company as "run-of-mines" coal (or unscreened) at $1.15 per ton, or say 5s. 5d. per 2,240 lbs.
Of the remainder, a portion was sold for gas-making. The coal is somewhat friable, not more
than 30 to 40 per cent. being obtained as lump.
Between the Coal Creek and Jellico collieries, the East Tennessee Iron Company own
150,000 acres of land, a considerable portion of which is coal-bearing. At the time of the
writer's visit it was worked only by one lessee, viz., the Pioneer Coal Company, whose
headquarters
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are at Buckeye, 48 miles from Knoxville. The output of the Coal Creek collieries was then
about double that of the Jellico group. The Pioneer mine was turning out a little under 100 tons
per day. It is claimed that this company's coal is of a good coking quality.
Poplar Creek District.—Near Poplar Creek, 30 miles from Knoxville, there are deposits of coal
similar to those belonging to the Coal Creek Company. These were worked by the Richards
Brothers Company and the Cumberland Coal Company, whose united production was about
400 tons per day, and also some other operators on a small scale. This coal was the earliest
worked in the upper part of Eastern Tennessee. A small blast-furnace at Oakdale, 25 miles
distant, making from 40 to 50 tons of pig iron per day, was long supplied with coke made from
it.
Emory District.—Sixty miles west of Knoxville is the Emory mine, belonging to the Harriman
Company. The seam is 4 feet thick and produces a coking coal. The coke has been used to a
considerable extent at the Cowan and South Pittsburgh blast-furnaces. The coal has the
following analysis :—
Per Cent.
Fixed carbon
63.10
Volatile matter
27.70
Ash
7.70
Sulphur
0.50
The writer understands that arrangements are now being made to combine in one large
company, all, or nearly all, of the collieries at present served by the Knoxville and Ohio railway.
The combination will include the Jellico, Coal Creek, and Poplar Creek districts, and possibly
some others. It is intended when the syndicate secures control to operate everything requiring
power by electricity, except the branch railways, where steam locomotives will be retained.
Coal-cutting machines will be used of the Thompson-Houston type.

Chatanooga District.—South-west of Knoxville, is the important city of Chatanooga,
Tennessee, and a little to the west of this the Appalachian coal-field is worked at various points
which may be conveniently considered in four districts, called Cumberland Mountain, Walden
Ridge, Sand Mountain, and Look-out Mountain.
All the mines at present operated in these districts are above water-level. The mountain-tops
have in places an elevation of 2,000 feet. The mine-entries are in the hillsides, and the seams
and roads are nearly
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level, as at Jellico. The Sewanee is the most important seam at present worked, and yields
about 3½ feet of coking coal, of the following average composition:—
Coal.
Coke
(from unwashed coal).
Fixed carbon
60.0
84.188
Volatile matter
30.0
0.569
Ash
9.3
14.141
Sulphur
0.7
0.182
It is largely worked at Tracy City. The next seam in importance is the Main Etna, or Cliff vein,
which varies from 1½ to 7 feet thick, averaging about 3 feet. It makes a fairly good coke.
Birmingham District.—We now come to the important coal-fields in the State of Alabama, of
which the city of Birmingham is the focus, and to which, to a great extent it owes its existence;
as also does the neighbouring city of Bessemer, and several others. The principal Alabama
coal-fields are :—
Square Miles.
Warrior, estimated to extend over
7,800
Cahaba
,,
,,
400
Coosa
,,
,,
345
Total
8,545
These coal-fields differ essentially from those already described, in that they do not exist as a
succession of flat beds in mountains at a considerable elevation above the sea ; but as a
series of parallel elliptical synclinal basins below the ground-level, with their outcrops rising to
it all around. The Forest of Dean coal-field is of the same nature, and in South Wales there
are coal-deposits of both kinds. The general strike of these coal-basins is from north-east to
south-west. The dip is naturally greatest at the outcrop, then gradually lessens, and
disappears ; and finally rises in the same way on the opposite side.
The Warrior coal-field contains no less than fifty seams, of which twenty-five are thought to be
workable, but only three are actually worked. The thickness of the coal in these varies from 3
to 14 feet.
The Cahaba deposit contains twenty coal-seams, of which three, from 2 to 6 feet in thickness,
are worked.
The total production of the Alabama coal-field was :—
In
,,

1870
1880

11,000 tons.
340,000 ,,

,,
„

1886
1889

1,800,000 ,,
2,903,350 ,,
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Since 1890, the coal and iron trades have been suffering from a terrible depression, from
which they are only just recovering, and therefore recent statistics do not indicate the
productive powers of the district.
The Alabama coal is mostly of a coking quality. In 1890, there were 4,647 coke-ovens built,
and 270 under construction ; but, by the end of 1891, the number had increased to 6,000. With
the exception of 64 Thomas coke-ovens, all the ovens are of the ordinary beehive type—10½
to 12 feet in diameter, and 5 to 7 feet high inside. The charge is usually 5 tons of small coal,
which produces 3 tons of coke.
In the principal, or Great Warrior, coal-field there are numerous mines, for the most part with
coke-burning plants attached. The following are typical ones—viz., Blue Creek, Pratt, Adger,
Blockton, and Johns mines.
A section of the main coal-seam worked at the Blue Creek mine is as follows :—
Roof-Stone.
Coal
Band-stone
Coal
Band-stone
Coal
Band-stone
Coal

Ft. Ins.
0 8
0 2
5 0
0 1
1 0
0 0½
1 6
-------

Ft. Ins.

8 5½

Thill-stone.
Average analyses of the coal of the Warrior coal-field, and of the coke made from washed and
unwashed coal, are given below :—
Coal
Coke.
From unwashed Coal. From washed Coal
Fixed carbon
61.51
87.02
90.48
Volatile matter
31.48
1.02
1.11
Ash
5.42
10.12
7.50
Sulphur
0.92
1.77
0.83
Moisture
0.67
0.07
0.08
With one exception, these mines are all worked from the outcrop, the winding-shafts being at
such an angle with the horizon as will admit of entrance and egress on foot. The tubs are
hauled in and out by engines and wire ropes running on rollers. There are three entries at the
Blue Creek mine, which are together capable of yielding 2,500 tons of coal per day.
The one exception referred to is one of the Pratt mines, which has a shaft 200 feet deep,
worked by a winding-engine and head-gear in the
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usual way. Pumping is effected by a force-pump below, driven by air compressed at the
surface. This mine alone produced over a million tons of coal in 1889.
Under the system of working prevalent in the Alabama districts, galleries are driven off the
main slope at intervals of 300 feet. The intervening body of coal is worked out by driving stalls
40 feet wide, and 60 feet from centre to centre, for a distance of about 275 feet. This leaves a
pillar of 20 feet between the stalls, which is worked back to the heading, as soon as the stalls
are finished. In this way all the coal is taken out between the galleries, leaving pillars to protect
the entries. When the galleries have been driven about 3,000 feet even these pillars
Fig. 4.-- Sketch Plan shewing Method of Working and ventiolation of Nos. 4 and 5 Stopes,
Pratt Mines, Alabama, U.S. A. Scale, 200 Feet to 1 inch.
[Diagram]
are removed. By this means not more than 5 per cent. of the available coal is lost. Ventilation
is usually effected with one continuous current but sometimes a split-current is adopted. In
that case, a Guibal fan is placed at the air-shaft, on each side of the main haulage-slope, so
that each side is independent of the other, and each gallery takes its supply of fresh air direct
from the main stope (Fig. 4). The hewing is generally done by hand; but at the time of the
writer's visit 13 Harrison pick-machines were in use: they are able to undercut to a depth of
4½ feet, along 90 feet of face, with one attendant per shift
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At the time of the writer's first visit to Alabama, in 1890, the coal-slack was nowhere submitted
to a washing-process before being charged into the coke-ovens. The disadvantages arising
from the comparatively poor calorific value of the resulting coke was felt to be a serious
drawback to the development of the iron trade. Consequently great attention was given to
coal-washing plant, and it was not long before the Robinson and Ramsay coal-washers were
introduced and adapted to American requirements. The writer believed that all coke now used
at Alabama blast-furnaces was produced from washed coal-slack. The beneficial results were
shown in the comparative analyses which he had given, and had contributed materially to
make possible the extraordinary development which was at present in progress in the
Southern pig iron trade. At the Pratt mines coking-plant, flues, built in the walls between the
ovens, and communicating with them, draw off a portion of the gases and convey them to the
boilers, where they are burnt. It was claimed that no less than 375 tons of coal per week
was saved by this arrangement.
If we take the area of the three principal Alabama coal-fields, at the estimate already given,
viz., 8,545 square miles, which is equivalent to 5,468,800 acres, and reckon the workable coal
at 8 feet 4 inches thick in the aggregate; and as yielding 100 tons per inch per acre, we shall
find that the total quantity of coal is 54,688,000,000 tons, which consumed at the rate of the
present total production of Great Britain (viz., 180 million tons per annum) fixed the duration
of the Alabama coal-field at 303 years.
At the time of the writer's last visit to Alabama, viz., in the autumn of 1894, the price of coke
delivered at the blast-furnaces was about 6s. 9d. per 2,240 lbs., or half the current price in
England.
Negro labour is mainly employed. The latitude being about the same as that of Morocco, and
the climate being, therefore, almost tropical, the population requires less food and protection
than in colder regions. Great efforts were made in the spring of 1894 by the leaders of the

local trades unions to force the negroes into their organization. When they found that
impossible, they endeavoured to frighten them out of the trade. Several were shot, others
maltreated, and for a time mine-managers went about armed with revolvers. By aid, however,
of a loyal militia, headed by a capable and courageous governor, the trade unionists were
eventually beaten ; and thenceforth the South, having the benefit of cheap negro labour, has
been able to compete advantageously in all parts of the United States.
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The distance from Birmingham to the Gulf ports is 258 miles to Pensacola and 276 miles to
Mobile. The railway rate to the former port, including shipping charges, is 4s. 6d. per ton, or
say 0.20d. per ton per mile. This rate enables coal-producers to put coal free-on-board at
these ports for, say, 8s. per ton, or as low as bunker coal at the northeastern ports of Great
Britain. The railway facilities enjoyed by the Americans are in striking contrast with their
absence here, British heavy products having to pay from three to five times the above rates
per ton per mile.
It is not, however, in direct coal-exportation that British producers need fear American
competition. It is more in heavy goods, such as pig-iron, steel rails, and billets, which absorb
in their manufacture from 1½ to 2½ times their own weight in fuel. In the case of such exports,
only one railway and sea freight is paid on all material used in producing 1 ton of product
carried. Such goods are also practically undamageable, and are not much affected by delays
of transit; and being useful as ballast they are taken at low sea-freights along with cotton
cargoes. Alabama pig-iron so favoured, is already arriving in considerable quantities in
European markets ; and so for the time being at all events, coals, or the products into the
manufacture of which they enter are being literally "carried to Newcastle," or right into several
of the coal-producing districts of Europe.
In conclusion, the writer desires to acknowledge his indebtedness to the several colliery
proprietors, engineers, and others in America, who have given him much of the information
comprised in his paper; and also to his son and partner, Mr. A. P. Head, who accompanied
him on his journeys, made the illustrations, and assisted him throughout.
An Appendix is added, which recapitulates, in a single table, the typical analyses of the coals
and cokes produced in the South-Eastern States of the United States of America.
APPENDIX.
I.— Analyses of Coal.
[Table]
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II—Analyses of Coke.
[Table]
The President remarked that the coal-fields described in Mr. Head's paper were very
extensive. The colliery owners were evidently interesting themselves in improving their
position by the use of electric machinery.

Mr. A. L. Steavenson said that it was especially desirable that all the coal-fields of the world
should be described in the Transactions. Mr. Head's paper gave a description of the important
coal-fields of the South Eastern States of America, and it might perhaps induce some of the
members to go there and become not only managers, but owners of mines. A little while ago
he was discussing in the electrical papers as to how it was that such a small amount of
machinery was used in British mines. He said that it was because they were not worked on
the longwall system, and therefore coal-cutting machinery was not applicable. One of the
American papers replied that longwall was not generally worked, and he (Mr. Steavenson)
wanted to ascertain how, if they worked on the pillar-and-stall system, they were able to use
coal-cutting machinery. The Engineering Magazine* contained a paper on "The Growing
Efficiency of Modem Machinery" and it described what was being done with electrical coalcutting machines, as follows:—
The mining rates agreed upon some time ago between the coal-operators and miners
were as follows:—For pick-mining, hand, 75 cents per ton, for which sum the miner
undercuts the coal, drills and shoots it, and loads it into the mine-car at the face, ready
for the driver to take away to the tipple ; where machines are used, 38 cents per ton is
paid for drilling, shooting, and loading, 15 cents per ton for undermining the coal with
the pick type of machine, and 9½ cents when the undercutting is done with the breast
machine. Therefore we have a cost of 53 cents per ton for loaded pick-machine coal,
or an apparent saving of 22 cents per ton, while,
* 1897, vol. xiii., page 89.
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To illustrate Mr. Jeremiah Head’s Paper on “The Coal Industry of the South-Eastern States
of North America.” Figs. 1-3
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with the breast type of machine, the apparent saving is 27½ cents per ton. If this saving
could be realized by substituting machinery for hand labour, we should expect to
witness the closing of mines that cannot afford to put in machinery; but, as 50 per cent.
of the apparent saving is practically consumed in operating expenses, and as 35 per
cent. of the balance must be credited to interest and depreciation, the net saving is
reduced to nearly 10 cents per ton, which in itself makes a good return on the
investment.
A cost of 75 cents was about equal to 3s. 1½d., and the rate for bituminous coal Mr. Head
spoke of was double the price it costs in Britain. Even if they saved 10 cents or 5d. a ton they
were still about 1s. per ton above British prices.
It would be seen from the analyses of the coals and coke that, with the exception of the
Pocahontas coal, they contained about 60 per cent. of fixed carbon, and were not quite equal
to best Durham coking coal. The volatile matter in the coke was less than 1 per cent., and he
(Mr. Steavenson) attributed this to the fact that it was nearly all burnt in beehive coke-ovens.
The owners of bye-product ovens were anxious to have all the bye-products they could get,
and as soon as gas was seen upon the coke they stopped the oven and doused it with water;

but in his case, he soon received a complaint if the coke contained an excess of volatile matter
or water.
Mr. G. B. Forster asked whether, in the Pocahontas district, the hewing or cutting was done
entirely by machinery. In looking over the costs and statistics one was struck with the high
wage that the men received as compared with the low tonnage cost; perhaps that could be
explained by the larger use of machinery. Referring to Mr. Steavenson's remarks he might
observe that there was latterly a large proportion of coal worked in Northumberland on the
longwall system, and probably coal-cutting machinery would come into vogue. So far as their
present experience with coal-cutting went, however, he thought that while they might get a
better article they would not get a lower cost.
The President said that the Harrison mining-machine was tried at Ryhope colliery in ordinary
bords and walls similar to those described in Mr. Blakemore's paper.*
Mr. J. R. Gilchrist remarked that the Ingersoll machine was used in this country.
Mr. J. Head, replying to Mr. Steavenson's questions, said that he had not actually seen coalcutting machines at work, although he believed that
* Trans. Fed. Inst., vol. xi., page 179.
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he had mentioned in the paper those collieries where they were in use. He believed, as had
been stated, that the Harrison coal-cutting machine was capable of being applied to the pillarand-stall system. The Thompson-Houston was a chain cutter-machine, and more especially
suitable for longwall working. The wages paid at Pocahontas, of course, varied very much. In
1890, trade was in a very inflated condition in America, as it was at home, and corrections
should always be made for the date.
Mr. G. B. Forster supposed that the prices of coal given in the paper were for the same dates
as the wages mentioned.
Mr. Head said that the prices and wages were given for the same dates.
Mr. G. B. Forster asked whether Mr. Head could give the number of tons equivalent to a day's
work, and whether machines were used.
Mr. Head said he was not aware that machines were employed at the Pocahontas mines in
1890.
The President proposed a vote of thanks to Mr. Head for his interesting paper.
Mr. G. B. Forster seconded the resolution, which was passed with acclamation.
Mr. Jeremiah Head briefly acknowledged the compliment.
The following "Notes on the Sinking of Two Shafts at Claravale Colliery, near Wylam-uponTyne," by Mr. Frank R. Simpson, was taken as read :—
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NOTES ON THE SINKING OF TWO SHAFTS AT CLARAVALE COLLIERY, NEAR WYLAMUPON-TYNE.
By FRANK R. SIMPSON.

The writer, in giving a short account of the sinking of the shafts at Claravale colliery, intends
principally to describe the difficulties encountered from large feeders of water, and generally
the arrangement of machinery adopted in the accomplishment of the work.
The Claravale colliery is one of a group of five collieries owned by the Stella Coal Company viz., Emma, Addison, Stargate, Blaydon Main, and Claravale—which, combined, have a yearly
output of about 600,000 tons of coal.
Claravale colliery is situated 1 mile east of Wylam station, and stands on the south side of the
Carlisle branch of the North-Eastern Railway. There are two shafts, 99 feet apart, each 14 feet
in diameter, and both have, been sunk to the brockwell seam, which lies at a depth of 395
feet. The sinking of these shafts, owing to the extraordinary quantity of water, occupied a
period of over three years. When it was first determined to sink these shafts, every endeavour
was made to ascertain what feeders of water were likely to be met with, and the result of these
enquiries showed that a quantity of 500 gallons per minute was the probable maximum. It was
therefore determined to sink the pits with the pumping-arrangements applied to the windingengine, and to erect a large Hathorn-Davey pumping-engine (as a permanent plant) to raise
2,500 gallons per minute, and thus to carry out an extensive scheme of drainage for three of
the collieries. Instead, however, of a feeder of 500 gallons, there was found the quantity of
2,000 gallons per minute for some time, and of 1,100 gallons per minute permanently. If, of
course, by any possible means, the actual feeder could have been foreseen there would have
been very much less difficulty and delay attached to the winning, as machinery of sufficient
power would have been made ready and applied in the beginning.
It being decided that the shafts should be 99 feet apart, a temporary heapstead was erected,
with a sinking-engine for each shaft, as shown in Figs. 1, 2, and 3 (Plate IX.).
Sinking
operations were commenced at
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the No. 1 shaft on April 22nd, 1890. The sinking-engine at this shaft had two horizontal
cylinders, each 14 inches in diameter by 16½ inches stroke, drum 5 feet in diameter, and
geared at 4 to 1.
The No. 1 shaft was marked out with a diameter of 16¼ feet, but the sandy nature of the
ground soon obliged this to be increased to 19¼ feet. On the following day a small quantity of
water appeared in the shaft, and caused the sides to fall in. The sand was cast out, and four
oaken cribs, 6 inches square, with battens 7 inches by 2¼ inches, were inserted. The water,
becoming troublesome, was taken out at intervals by a water-tub, which emptied into a cistern
fixed on the heapstead.
The next operation was the driving of piles from the surface 7 inches by 2½ inches by 15 feet
long, shod with iron, the shaft being thereby reduced to 17½ feet in diameter. The water at
this stage was 13½ gallons, and as it gradually increased to 26 gallons per minute, sinking
ceased, until a special pump, 6 inches in diameter by 2 feet stroke, and steam cylinder 12
inches in diameter, was fixed on a baulk 12 inches square, and hung in the shaft by a rope
from the crab-engine.
The stone-head was reached at a depth of 31 feet, and sinking continued, with short
interruptions for lowering the special pump, till a depth of 87 feet was reached. At this point a
feeder of water was tapped, and, increasing from 20 to 200 gallons per minute, the special
pump could not cope satisfactorily with it.
Sinking was, therefore, discontinued till a lifting-sett, 18 inches in diameter by 6 feet stroke,
was attached to the winding-engine (Figs. 1 and 2, Plate IX.). The horizontal winding-engine

with two cylinders, each 24 inches in diameter and 5 feet stroke, actuated the pumps by means
of a crank applicable for 5 or 6 feet stroke on the second motion-shaft, on which was a spurwheel 12¼ feet in diameter, driven by a pinion 5¾ feet in diameter on the drum-shaft. The
pumping quadrant was connected to the crank by a connecting-rod in two pieces (Fig. 2, Plate
IX.). The pumps were hung in the shaft by hanging-spears of pitchpine 8 inches by 6 inches,
in lengths of 30 feet, attached to the ground-crab by a hemp rope, 3 inches in diameter,
passing over the pulley-blocks, as shown in Figs. 4, 5, 6, and 7 (Plate X.).
While this machinery was being erected, a concrete ring 3 feet deep by 2 feet wide was formed
in the shaft, and walling proceeded with, the finished diameter of the pit being 14 feet. The
walling consists of fireclay lumps, 9 inches wide by 6 inches deep by 12 inches long, moulded
to suit the circumference of the shaft.
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On the erection of the pumping-arrangements (Fig. 8, Plate X.), sinking was resumed; but the
feeders increased very rapidly, till they reached 450 gallons, and later 600 gallons, per minute.
Unfortunately, at this time the bed-plate of the winding-engine was broken, and delayed the
work for two or three days; but, after this damage had been repaired, all went well, the feeder
remaining at 600 gallons, until the towneley seam was reached at a depth of 191 feet 2½
inches. It may here be remarked that No. 2 pit was being sunk during the time occupied in the
above operations (Fig. 9, Plate X.). Having reached the towneley seam, a scaffold was fitted
up, and a heading was driven 99 feet, and holed into the bore-holes, which had been put down
in advance of the sinking in No. 2 pit. While this connexion was being made, a length of walling
was completed.
On resuming sinking, the next difficulty encountered was a feeder of 200 gallons, bringing the
total up to 800 gallons per minute; and it was deemed necessary to fix a special pump, with a
steam-cylinder 21 inches in diameter, and a pump-barrel 14½ inches in diameter and 3 feet
stroke, in the towneley seam to raise to the surface the water which was collected from both
shafts above that seam. Considerable trouble was caused by the bursting of the workingbarrel of this special pump, which twice occurred, and in each case immediately on starting—
in fact, no water was pumped—and it was decided to substitute a different type of pump. The
type of special pump which failed in two instances, immediately on starting to pump, was that
in which the working-barrel and clack-seats were formed of one casting, and that which proved
successful was that in which the clack-seats were made of separate pieces, known as the
box-type, as in the case of the Hathorn-Davey underground pumping-engine.
During the time when this special pump was being fixed, headings were driven east and west
in the towneley seam.
Shortly after the new special pump was set to work, and sinking-resumed, the purnping-crank
of the winding-engine sett failed, by a fracture near to the pin-hole. No serious delay ensued,
as the crank had been provided with a second pin-hole, so as to enable the pumps to be
worked with a 5 as well as a 6 feet stroke.
When the sinking arrived at the white sandstone overlying the tilley seam, a large feeder of
500 gallons (making a total of 1,300 gallons per minute) was met with, and quickly increased
to 2,000 gallons, to be raised to a height of 230 feet. The winding-engine pumping sett, on
which a new 6 feet stroke crank-pin had been fitted, was kept going at fifteen
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strokes per minute, and water-tubs were worked by the sinking-engines in each pit, but the
water could not be lowered. Eventually, after struggling for some time with this feeder of 2,000
gallons per minute, sinking was abandoned until the permanent pumping-engine was erected.
This engine was a Hathorn-Davey compound expansive condensing engine, fitted with steamjackets ; the low-pressure cylinder was 68 inches and the high-pressure cylinder 38 inches in
diameter by 10 feet stroke, working at a boiler-pressure of 80 lbs. per square inch. The engine
worked a single lifting-sett, with a bucket 24 inches in diameter, at the No. 2 shaft. This liftingsett arrangement was only temporarily used for sinking purposes, and was afterwards
replaced by two ram-pumps 22 inches in diameter, as will hereafter be described.
After a delay of about three months, the 24 inches sett of pumps was ready for work, and
sinking was resumed with one sett of pumps 18 inches in diameter in No. 1 pit, and one sett
24 inches in diameter in No. 2 pit; but as the feeder still varied from 1,700 to 2,000 gallons per
minute, it was determined to tub off the sandstone lying above the tilley seam, which was
extremely porous, and notorious in this district for its feeders of water (Fig. 10, Plate X.). With
this purpose in view, a bed was formed for a wedging-crib in a stratum of blue metal, which
was impervious to water, and situated 6 feet below the post or sandstone. A length of 36 feet
of tubbing, in segments 4 feet long by 2 feet high by ¾ inch thick, was accordingly placed in
both shafts. When all was sealed off, it was found that about 950 gallons per minute had been
kept back by the tubbing. Up to that time, the 18 inches sett of pumps, down to a depth of 271
feet, had been delivering to the surface; but the delivery was now turned into the towneley
seam, and so flowed along the drift between the shafts to the 24 inches sett of pumps in No.
2 pit (Fig. 11, Plate X.).
When the sinking had attained a depth of 356 feet, the feeders were 1,030, and at 364 feet
1,100 gallons per minute, which quantity was maintained until the brockwell seam was
reached at a depth of 393 feet; and, in fact, it is the constant feeder of the colliery at the present
time, after three years of working.
So far, the sinking of No. 1 pit has been briefly described, and it is now desirable to consider
the progress made by the No. 2 pit. There was no particular difficulty in the sinking of this
shaft, as the water drained from it to No. 1 pit until a depth of 68 feet was reached (Figs. 8 and
9, Plate X.), when it was found necessary to put down a bore-hole 3 inches in diameter to the
towneley seam, in which a connexion had
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been made from the No. 1 shaft. Before reaching the towneley seam, the 3 inches hole was
found to be too small, and it was enlarged to 4 inches in diameter : but even then it was
incapable of running off the water to No. 1 pit, and finally a second hole, 7 inches in diameter,
was bored, which enabled the towneley seam to be reached. It was at this stage that the
special pump before mentioned was erected, and the accompanying difficulties of the failure
of the working-barrels ensued. When the improved type of special pump had been erected,
sinking progressed favourably until the sandstone overlying the tilley seam was encountered.
As in No. 1 shaft, all operations were abandoned until the main pumping-engine, temporarily
adapted to work a lifting-sett 24 inches in diameter and 10 feet stroke, was ready, When this
pumping-plant had been erected, sinking was resumed, the 24 inches sett of pumps being
hung by hanging-spears of pitchpine 10 inches by 8 inches, in lengths of 40 feet, and attached
to a special steel galvanized rope 3 inches in circumference, passing over 4 and 3 pulleyblocks, as shown in Figs. 4, 5, 6, and 7 (Plate X.). An accident then occurred, which illustrates
the extreme care necessary in dealing with heavy pumping appliances. While a short pump

was being added, the Y-bolts, which connect the spears to the quadrant, being loosed, the
spears slipped away and broke the crab-chain (made of 1⅛ inch B.B.B. iron having a breaking
strain of 45 tons) and also so damaged the crab-rope socket that it had to be replaced.
As soon as the sandstone above the tilley seam was drilled into, more water appeared and
quickly rose in the bottom of the shaft, and as illustrating the open nature of this rock, it was
found that the water had come from No. 1 pit, leaving it quite dry. The feeders at this time were
2,000 gallons per minute, as described in the sinking of No. 1 shaft. The tubbing-off of the
tilley seam sandstone was then completed.
Sinking with the 24 inches sett of pumps had now reached a depth of 245 feet, and the weight
became so great, viz., 100 tons hanging over blocks on a steel-rope 3 inches in circumference,
that it was not thought advisable to carry it to any greater depth. To obviate this difficulty, a
cistern was fixed just below the towneley seam, and the 24 inches sett of pumps was lifted to
this point (Fig. 11, Plate X.). The arrangement of delivery was now as follows:—Bore-holes
having been put down to the three-quarter seam, and a connexion made in that seam from
the No. 1 shaft, the water was conveyed thereby to the 18 inches sett of pumps, which
delivered into a cistern, from which the 24 inches sett of pumps delivered to the surface
(Fig. 11, Plate X.). After con[188]
tinuing the sinking favourably for some time, a serious accident occurred: a spear-joint of the
24 inches sett of pumps gave way, all the bolts 1⅜ inches in diameter having failed, causing
the pistons to move so rapidly that the cover of the low-pressure cylinder (68 inches in
diameter) was split in several places. The damage was temporarily repaired by plating, and
eventually a new cover was obtained.
It may be mentioned that, owing to the enormous quantity of water and to the rapidity with
which it rose in the pit-bottom, it was quite impossible to change either the clacks or the
buckets at the doors, and consequently, whenever a failure occurred, which was very frequent,
the slow and laborious task of lifting the whole of the spears to the surface and fishing for the
clack had to be resorted to.
When a depth of 327 feet had been reached, the placing of the permanent ram-pumps was
commenced. There are two ram-pumps each 22 inches in diameter by 10 feet stroke, and the
rising main-pipe 20 inches in diameter is common to both. The well in which the suction-pipes
are placed is 14 feet by 6 feet by 15 feet deep, and the chamber in which the various workingparts are situated is 20 feet high by 14 feet square. The clacks are of double beat type, grathed
with gutta-percha, and are arranged in nests of 7, each clack being 9 inches in diameter with
a lift of ½ inch. The rising main-pipe is secured to the shaft-buntons, 10 inches square, at
intervals of 25 feet, by collaring-buntons 8 inches square. The whole of the pumps rest on five
steel girders, 2⅔ feet in depth (See Fig. 12, Plate X.).
The crab-engine, used for lifting the various pumps and other heavy weights, was of the
following dimensions:—Cylinder, 8 inches in diameter by 16 inches stroke ; drum, 6 feet in
diameter ; geared at the worm, 30 to 1 ; intermediate shaft geared 4½ to 1 ; and second shaft
geared 7½ to 1. It can be set to run at 225 revolutions to 1 of the drum, or at 1,012 to 1 of the
drum, and is capable of lifting a weight of 60 tons.
The ram-pumps are capable of raising 2,500 gallons of water per minute to a height of 327
feet at a speed of 8 double strokes, or 160 feet of piston speed per minute.
The brockwell seam was reached at a depth of 395 feet without any further mishap.

The water below the level of the ram-pumps (which are at the three-quarter seam level) is
raised to the ram-pumps by means of a tail-bucket sett of pumps attached to one of the rampump spears lifting 96 feet, the bucket being 18 inches in diameter, and 10 feet stroke.
Provision has
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also been made for the addition of a second tail-pump, should the feeders below the rampumps require such assistance. When the two tail setts are in use they will raise 1,770 gallons
per minute up 96 feet, making a total of 300 pump horse-power.
When the sinking had been completed, it was considered expedient to erect underground on
a level with the main ram-pumps a duplicate pumping-engine to meet contingencies, and
capable of raising 1,500 gallons per minute when running at 24 strokes per minute. This
engine has two cylinders, each 28 inches in diameter by 4 feet stroke, working rams 14 inches
in diameter into a rising main-pipe 12 inches in diameter. The engine is of the duplex
(quadruple acting) type, working with steam, whose pressure at the engine is about 70 lbs.
per square inch.
The total capacity of the two pumps, in case of emergency, reaches 4,000 gallons per minute,
leaving a margin of 2,900 gallons over the average feeder, which has been found to be roughly
1,100 gallons per minute.
As the reserve engine is intended simply to be used in case of a serious breakdown of the
permanent pumping-engine, economy of steam was not considered essential, and therefore
the high-pressure type was adopted as being cheaper in first cost.
Figs. 13, 14, and 15 (Plate X.) illustrate the spear-catcher, as used to recover broken spears
of the 24 inches sett of pumps, and Figs. 16 and 17 represent the clack-drawer.
The writer regrets that he is unable to give any satisfactory particulars as to the coal consumed
per indicated horse-power per hour, it being impossible to obtain sufficient water to keep the
pumps going more than half-speed for any length of time.
The whole of the sinking of these pits was successfully carried out under the superintendence
of Mr. J. B. Simpson, managing partner of the Stella Coal Company, assisted by Messrs.
Archbold and Pedelty, engineers, and Mr. W. Rochester, colliery manager, and it is owing to
the courtesy of the Stella Coal Company that the writer has been enabled to collect the
information necessary for this paper.
The Chairman moved a vote of thanks to Mr. Simpson for his descriptive paper, which would
prove very useful to the members.
The motion was agreed to.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
STUDENTS' MEETING,

Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
April 10th, 1897.
Mr. G. P. CHAPLIN in the Chair.
Mr. G. P. Chaplin read the following paper on " Cornish Methods of Mine-timbering " :—
CORNISH METHODS OF MINE-TIMBERING.
By G. P. CHAPLIN.
The writer regrets that the descriptions of the various ways in which timber is set up have not
been collected from over a large area, as the heading would imply, but have been obtained
from observations, principally from a single mine. This, however, is one of the largest, if not
the largest metalliferous mine in Great Britain, and is worked, owing to its size, under the most
varying conditions. In it all kinds of timber and timbering can be seen, from light props, such
as are mostly seen in coalmining districts, to the large timber sometimes 2 feet square and 30
feet long, used for timbering the stopes, or working-places, in the lower levels, which are
from 2,000 to 2,600 feet below the surface.
The principal divisions into which mine-timbering may be divided are, (1) shaft-timbering, (2)
timbering of levels and cross-cuts, and (3) timbering of working-places. The country-rock in
which the tin-lodes of West Cornwall occur, consists entirely of granite of Carboniferous or
post-Carboniferous age, with perhaps the exception of the stanniferous veins of St. Agnes,
where the country-rock is mainly killas, or clay-slate, which is of Devonian age.
One of the consequences of the granite country-rock is that there is no approach to ground of
a loose nature, though in a few places the levels have
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to be protected, owing to the granite being sometimes locally very much jointed, necessitating
lagging and packing in such places ; but with this exception, the vein-walls are usually strong,
and generally can be kept open by supports placed at intervals, varying according to the size
of the excavation and the strength of the walls.
Another consequence of the strong walls is that there is little or no difficulty in making strong
and suitable seatings or niches for holding both ends of the timber in shaft-work, and the lower
end of the timber in levels and stopes.
Shaft-timbering.—It is very exceptional to see a perpendicular shaft in a Cornish mine : as,
after being sunk for a greater or less distance vertically until the lode is cut, the shaft then
follows the varying directions of the lode, usually proceeding on the foot-wall of the vein, which
is very seldom straight for any distance.
The shafts are of such a shape, probably because, in the first place, they were intended only
for exploring-shafts to prove the lode, and they were continued as exploring-shafts until they
were taken to such a depth that it would have required a large amount of capital to have sunk
a new perpendicular shaft, or to have enlarged the old one. Further, the price which could be
obtained for tin in the old days did not necessitate the cutting down of expenses connected
with getting, hauling, and raising the ore to such an extent as does the price which rules today ; and in addition the short-sighted cost-book principle encouraged the production of the
largest possible amount of immediate returns with the smallest possible outlay, without

seriously looking after the future. This policy, and the low price of tin prevailing at the present
day, are to blame for the stagnation of mining in Cornwall.
If tin-mining be continued, these things will probably be rectified, as shown by the latest
example of shaft-sinking—i.e., the new shaft at the Dolcoath mine, near Camborne, is a
circular, 18½ feet in diameter "downright'' or vertical shaft, which will, it is expected, when
finished, cut the main lode at a depth of about 2,500 feet. The writer has nothing to say in the
present paper concerning this shaft, as it is bricked in the ordinary way.
Ordinary shafts vary somewhat in size; but, in an average shaft with a double skip-way, the
dimensions are about 11 feet by 5 feet in a right-angled section. The underlay part of this shaft,
to the extent of 8 feet, will be taken up by the double skip-way, and the remaining 3 feet, when
the excavation is of the full width, is occupied by the ladder-way. If the
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shaft be one in which there is a single skip-road, the dimensions will be about 8 feet by 5½
feet, the skip-way taking up 5 feet and the ladder-way about 3 feet; and in this case a
somewhat larger skip is used than that employed when a double skip-way is used.
In the downright or vertical portion of the shaft, the area of the section will be greater,
principally in the direction at right angles to the plane of the skip-way, in order to give more
room for the ladder-road, so as to allow the ladders to be set at an angle to the vertical, as the
mining regulations do not allow of a permanent shaft ladder being set in a vertical position; but
these regulations do not specify at or about what angle the ladders are to be set, and as a
consequence ladders set at angles of 2 and 3 degrees from the vertical may frequently be
seen. In this respect the Belgian regulations are superior to the British, since they allow no
ladder to be set at a smaller inclination from the vertical than 10 degrees; and this might be
increased with advantage to 15 degrees, especially if the ladder-ways are extensively used,
as is still the case in some Cornish mines, where ladders are the only means that the miners
have of reaching and leaving their work.
Figs. 1 and 2 (Plate XI.) show a section of a shaft with a double skip-way A and a ladder-road
B in the vertical or "downright" and underlay parts of the shafts respectively. In Fig. 2, the
section is taken at right angles to the direction of the shaft.
In Fig. 1, the shaft is secured by an outside frame or sett, generally made of timber 8 or 10
inches square, having the wall-plates and the end-pieces joined together by halving the
adjacent ends into one another. In some cases, the ends of the wall-plates, and in others the
ends of the end-pieces are left projecting past the sett, in order that they may fit into hitches
in the rock so that some of the dead-weight of the shaft-work may be taken up. Such setts are
called "horned setts," in order to distinguish them from "plain setts." At and near the surface,
and in other parts that require it, the setts are placed closely together, with a board-lagging
behind, the setts being kept apart by distance-pieces or studdles.
The distance apart of the frames depends principally on the nature of the ground, but is
generally fairly regular, i.e., the distance apart of successive frames will only differ by a few
inches.
The cross-pieces which divide the shaft, usually 6 inches square, carry the two guides or
runners of the skip-way, also 6 inches square, bolted on each side as shown in the figures.
The ladder-way, boarded-off from the skip-way, is provided with platforms or sollars at varying
intervals, which must not be more than
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60 feet apart, though in vertical shafts this maximum distance apart, fixed by law, is generally
less, and depends on the conditions as to width, etc., prevailing at any particular place in the
shaft. The distance apart of the sollars, which is perhaps more often found than any other,
being 24 feet; the ladder usually consists of two 11 feet lengths joined together, so that when
placed in position 4 feet of the ladder projects above the upper sollar. The sides of the ladders
are of timber, 2 inches by 4 inches, and the rungs of ⅝ inch or ⅞ inch iron bars placed 10
inches apart. Two 14 feet lengths of ladders are joined together either by iron straps, or more
often by wooden slats and spikes : the lower end of the ladder resting upon the lower sollar,
and the upper end being fastened to the upper sollar by staples; and the ladder is prevented
from swaying, if necessary, by stays from the shaft-timber. In underlay shafts, the ladders are
laid on the foot-wall, and follow the course of the shaft. The man-holes, through the sollars,
are usually from 2 feet to 2¼ feet square, and when the ladder-way goes through a level, the
man-hole is covered by a hinged iron plate, ¼ inch thick.
In underlay shafts, the skip-runners are laid on timber, 6 inches square, set across the footwall of the shaft like sleepers, at varying distances, generally from 5 feet to 8 feet apart. Backrunners are not used unless the shaft is very tortuous, or unless a gig is used for lowering and
raising the workmen. When back-runners are used, standards are put in, and the back-runners
fixed to them in the same way as the runners in a vertical shaft.
In most mines, plain wooden runners about 6 inches square are used, but in a few cases the
under-runner in an underlay shaft is protected by a strip of iron, 6 inches wide by ¼ inch thick.
In some shafts, having a double skip-road, after a little more than half the depth of the shaft
has been traversed, the two tracks merge into one and the shaft can then be made narrower.
At each level, where skips are loaded, the track is made for a few feet or so, as nearly vertical
as possible, in order to facilitate loading, and when a skip is being loaded in any upper level,
iron doors are shut down over the skip-way in the level immediately below.
The skip used in the shaft of the above-described dimensions was 2 feet 2 inches square by
6½ feet long, and was run at a speed of about 12 miles per hour. When raising workmen, a
gig was used (instead of the skip) : it had two decks, was 13 feet long, and carried eight
workmen at a time, four in each deck.
The shaft-work is kept in repair by the shaft-men, who vary in
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number, according to the length and size of the shaft, and according to what fresh work is
being done in the shaft. The usual number of shaft-men for a shaft from 2,000 to 2,500 feet
long varies from 2 to 4. One of the shaftmen traverses the shaft each day, and notes any place
that requires repairing. The gang, as a rule, works during the day-shift only, and receives
slightly higher wages than ordinary timbermen, shaft-work being nearly always very wet.
Timbering of Levels and Cross-cuts.—Levels are supported, when the surrounding ground is
weak, by the Cornish sett (Fig. 3, Plate XI.), which consists of two legs, a cap, and a sill, the
usual lengths of the various parts of the sett being—legs, 6½ feet; caps, 3 feet; and sill 5½
feet; the legs being set with a bevel of 1½ inches to the foot. Although these are the usual
measurements, these sizes are by no means always maintained, as in hard ground it is much
easier to make the support fit the excavation than to make the excavation fit the support. The
sill, or sole-piece, is very seldom used, except in the case of very soft ground, and then the
legs are fitted into the sill, as shown in Fig. 4 ; but usually the legs are simply stepped into

hitches cut in the rock to receive them. In Fig. 3, the joint of the cap and legs is chiefly intended
to resist downward pressure. In cases where lateral pressure is the greatest, the joint is
modified, as shown in Fig. 4 (Plate XI.). Where one wall alone is weak—as is sometimes the
case when the level is driven on one of the walls of a wide lode—one leg and a cap only are
used, as shown in Fig. 4.
In cases where a level is driven in a fairly narrow vein with strong walls, in an ore that yields
much deads or attle, a cap only is used, cut a little longer than the width of the lode, and fitted
into a hitch in one wall only, the other end being driven firmly against the other wall with a
heavy sledge-hammer. Above this cap, a covering of planks is placed, and the deads are
stowed above, as shown in Fig. 5 (Plate XI.). The cap does not require to be strong enough
to bear the total dead-weight of the overlying attle, as, in packing, part of the weight is
sustained by the walls. Usually, the cap is made strong enough to support two-thirds of the
full weight of the superincumbent attle. In such cases (as shown in Fig. 5) round timber is often
used; but in ordinary setts timber is almost universally employed from 6 to 8 inches square, or
even thicker, according to the weight which it has to sustain. Sole-pieces, when used, are
usually lighter than the rest of the sett.
In a nearly fiat lode—with a strong hanging-wall that needs supporting —disused iron pumpbarrels are occasionally used, and are found to answer
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very well against heavy pressures if they are in one length ; if, however, they are made of two
lengths bolted together, they are not found to act so efficiently. Pump-barrels are always
placed so that the bottom flange rests on the floor, or foot-wall, and wedges are driven in
between the top flange and the hanging-wall so as to sustain the weight. When old pumpbarrels are not used, which is very often, round sticks of timber a are used in a similar manner,
as shown in Fig. 6 (Plate XI.).
In the case of a practically vertical lode, from which the ore has been all wrought, the tramways
are carried on pieces of timber placed similarly to the cap shown in Fig. 5, but with more regard
to the horizontal position of the timber (Fig. 7, Plate XI.). On such stulls, a plank floor is laid,
which is seldom tightly jointed, as slab-planks are usually employed, and as a consequence
pieces of ore frequently fall from the trams of one level into the level below.
The writer has seen one case, which he believes to be uncommon, where, as one wall was
weak and did not afford good holding-ground for the stull, one end was supported by a chain
suspended from a bolt which had been placed in a large bore-hole, and wedged tight, the
other end of the stull being placed in a niche in the country-wall in the ordinary manner. This
method was found to act very efficiently, as the free end of the stull was wedged up to the wall
so as to keep it from swinging.
Stulls are generally put in at distances from 6 feet to 8 feet apart, and their size depends on
the weight which they have to support. They are always made of squared timber.
Sometimes levels may be seen which are protected, as shown in Fig. 8 (Plate XI.), by a crosspiece a being placed from the foot of the level to the opposite wall, and lagging or lacing is
placed upon it, which keeps the debris out of the level. If the hanging-wall be weak, an extra
piece b is placed from the other side of the level to the cross-piece, as shown; this timber is
also lagged and has small deads packed behind it to resist the pressure. This mode of
protecting a level is only seen when the lode is inclined and fairly wide. Squared timber is
always used where the span is large and the strain great; and round timber is used where the
ground is harder and where the hanging-wall does not put so much strain upon it.

In the case of narrow veins, which produce no deads, and which have strong walls, the vein
is kept open by stulls placed at right angles to the walls, wherever they are thought necessary
, their positions with regard to each other being anything but regular.
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Timbering of Working-places.—In the case of narrow and highly inclined veins, yielding an ore
which gives a considerable amount of deads, practically no timber is used except that required
for the mills or shoots. These shoots are more or less vertical openings made through the
deads to the level below ; into which the ore is dropped. The shoots are generally placed so
that the whole of the mill is to one side of the tram-line in the level below. The bottom of the
shoot is made sloping towards the tram-line, and is usually covered with an iron plate B (¼
inch thick), a piece of old boiler-plate being often employed. The area of a section of the lower
part of the mill is usually slightly greater than the area of a section at the top, in order to prevent
large pieces from lodging and jamming. The ore is withdrawn into trams through an opening
C in the side next the level (Fig. 9, Plate XI.), and when ore is not being withdrawn, this opening
is kept closed by short pieces of plank placed through long staples which are driven into the
standard timbers in the level.
These shoots are generally very roughly constructed, and are made to suit the peculiarities of
the particular place in which they happen to be built. Shoots are generally square in section,
and are kept together by frames of timber D, 6 inches square, placed at wide intervals apart,
and the lagging is spiked vertically to the inside of these timbers. The lip at the bottom of the
mill is made to project into the level, so that, when the tram is underneath, the lip clears the
top of the tram by about 2 inches, and projects over the tram from 2 to 4 inches, in order to
facilitate loading.
In cases where the mill is built touching one wall of the vein, as shown in Fig. 9, one side of
the frame is dispensed with, and the vein-wall is allowed to form the fourth side of the shoot.
In a few cases, the part of the shoot through the deads is made circular, and is built up of
round pieces of attle. This method is found to answer efficiently if the shoot be not too long.
In some of the large mines of the western states of the United States of America, where the
distance between levels is great (from 200 to 400 feet), it is found that lagging, placed as
above described, will not stand the action of ore falling from so great a height, and the shoots
are consequently built of square pieces of timber, placed so that the end of the grain is towards
the inside of the shoot.
With large lodes, that leave no deads, heavy squared timber is required in order to keep the
vein open. The ore is usually got by overhand stoping, as the roof has then new surfaces
constantly exposed, and there is
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much less likelihood of a run occurring than with a roof which has been left for some time, and
where the air has had an opportunity of penetrating the cracks and crevices and making the
roof dangerous. The roof also being constantly under examination, its condition is better
known, and possible dangers may be more easily prevented.
When work is started in large places, the ground is stoped away as far as possible by means
of temporary platforms fixed on ladders, etc., and when this system has become impracticable,
a stull, a (Fig. 10, Plate XI.), is inserted, and a leveller, b, will be put in position, as shown in
the figure. If the leveller be long, a studdle, c, is inserted underneath it, though studdles are

usually put in for convenience and not for strengthening purposes. A platform or sollar d is
then erected across the levellers, and a fresh surface to work from is obtained. When the walls
are strong, this process is repeated as the ore is stoped away, the foot of the next stull resting
on the leveller below it, and the next leveller being ranged from the top of this stull to the footwall as before, a studdle is then put in and a second working-platform is obtained ; and this
process is repeated as often as necessary. When, however, the hanging-wall is weak, auxiliary
stulls have to be inserted as at e, the lower end being slightly checked into the leveller, and
the top end wedged in the ordinary way.
Stulls are placed nearly at right angles to the vein-walls, the lower end being placed in a hitch
cut in the foot-wall, and the top end is wedged up to the hanging-wall. The stulls are usually
placed close together at distances varying according to the nature of the ground from 2 feet
to 4 feet or more apart from centre to centre ; their length varies with the width of the stope,
sometimes being nearly 30 feet long; and their thickness depends on the strength required,
being sometimes used as much as 22 inches square, although the average dimensions are
16 inches square. The levellers have one end placed in a hitch in the foot-wall, and the other
end is bevelled to rest on the stull. The studdles are generally not quite as long as the stulls,
nor quite so heavy, their average thickness being 12 inches square.
The stulls are always left after the ground has been worked out, but the studdles and levellers
are, when possible, removed and used over again. The handling and setting up of this timber
is heavy work and is generally undertaken by a gang of from 8 to 15 workmen, according to
the size of the timber, which is hove into position by a pair of three-sheaved blocks and ropetackle.
When rises are being made—usually driven on the foot-wall — plat
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forms are inserted at intervals, for the workmen to stand upon whilst working the drillingmachines. These platforms generally consist of two stulls put in about 4½ feet to 5 feet apart
very firmly inserted, as they have to withstand a good deal of rough usage whilst the drill-holes
are being fired, and if one or both stulls are knocked out, the machine-men are idle until they
are replaced. The stulls usually employed consist of round timber about 8 inches in diameter,
planks are placed between, slightly longer than the distance apart of the stulls, thus leaving a
space at each side of the rise to allow of the blasted rock falling into the level below. As the
rise proceeds upwards, some of the excavated material is left on the platform, and the
workmen stand on this debris until the pile will no longer remain firm, and the face of the rise
is too far up to be conveniently worked, then two more stulls, with a platform, are inserted, and
the stulls first fixed are removed to be used again.
General Remarks.—The tools used in timbering are few and simple. All large timber is cut on
the surface to measurements given by the head-timberman; these measurements being taken
very accurately, as any mistake of more than 1 or 2 inches would involve considerable loss in
time and material in cutting the stick to fit the place if too long, or in using at some other place
if cut too short.
The measurements are taken with a staff, which consists of two pieces of board, 3 inches wide
by 1 inch thick, and of a length suitable to the general width of the lode where it is being used—
10, 12, and 14 feet being the most general lengths. One piece has two collars of iron fixed to
it, one at one end of the piece, and the other about 2 feet away: these collars are made just
large enough to allow of the other part of the staff sliding through, thus making the two parts

of the staff into one length, which length can be varied as the free part of the staff is slid up or
down through the collars. In order to keep the staff at the required length, when a
measurement is being taken, the inside or lower collar is tapped, and a ½ inch clamp-screw
is inserted on the side of the collar which holds the free part of the staff : this has a groove of
½ inch wide by 5 inch deep, planed down its length, in which the clamp-screw travels. When
a measurement is being taken, one end is set on the floor and the free end is run up until it
touches the roof or hanging-wall, it is then clamped, taken down, and the length measured.
For taking a large stick from the shaft-bottom to the place where it is to be put up, a simple
pair of tram-wheels is used, the stick being balanced on the axle and then run in by the timbergang.
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With the smaller round timber, used for props or short stulls, etc., less accuracy is observed
in the measurements, and they are cut down with a hand-saw or hatchet (commonly called a
"dag'"), or, very occasionally with a cross-cut saw, to the required length ; they are then raised
into their places, wedged, and driven tight with a heavy sledge-hammer, as are the large
square sticks.
The material used is pitchpine, costing about 2s. per cubic foot, delivered at the mine, for the
square timber, and Norway fir costing 6d. per cubic foot for the round timber.
The cost of timber for every ton of ore raised is difficult to ascertain, as in the mine accounts
it generally comes under the head of maintenance, in which are included many other costs
connected with the mine. At Carn Brea mine, however, the cost of timbering is kept separately,
and amounts to 2⅞d. per ton of ore raised. This may be taken as a fair average cost for most
of the mines of Western Cornwall, and with this cost may be contrasted the cost of timbering
at the Broken Hill mine in Australia, viz., 6s. 10d. per ton of ore raised.
Old timbers are never taken out until they fall out; if any piece of timbering be condemned as
weak or unsound, other props or setts are put in on each side of the faulty piece and wedged
to take up the weight.
The life of the timber is short, being, for Norway baulks, from two to three years, if the timber
is in a dry place, and rather longer if the stick is constantly wet; but pitchpine lasts rather longer
as a rule.
Practically, no steps are taken to preserve the timber, although sometimes a few setts may be
treated with a coating of boiled tar, which prevents fungi from attacking the setts for a slightly
longer time. This treatment has not, however, come into favour, as the tar is very hard on the
hands of the workmen when setting timber. Another method of treatment has been
recommended by one authority on timbering, viz., that of giving the timber a coating of cheap
liquid cement ; but, so far as the writer is aware, this method has not yet been tried in Cornwall.
It is probable that the treatment of timber described by Mr. Robert Martin* might be practised
with distinct economy on Norway fir; as might also the processes of charring and of steeping
in sulphate of iron ; and, perhaps, even the processes of kyanising or burnettising ; though
pitchpine would probably not be benefited to so great an extent on being treated, owing to its
denser nature.
The question as to the economy of treating mine-timber is a very
*Trans. Fed. Ind., vol. x., page 532.
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large and important one, and it is to be hoped that in the near future experiments will be made
to test the value of the various methods. Such experiments, if properly and systematically
carried out, would be of the greatest importance, but at the same time it must be remembered
that for any evidence so gained to carry any weight, the timbers which are being compared
must be placed where they will be affected by the same conditions. Further, conclusions
should not be drawn, as is too often the case at present, from the comparison of an isolated
sett or prop which has been treated and erected in one part of the mine, with a similar sett or
prop elsewhere, where the conditions may be different.
Wherever possible, it is recommended that arches of the vein should be left here and there
between the separate levels, especially where the ore is poor, as ore that would only just pay
to take out would often save the expense of timber. These arches can be taken out when the
lode has found its bottom, and work is started upwards, the lowest arches being removed first.
In size, arches should never be less than 24 feet along the length of the vein, and 30 feet high,
especially where the arch is likely to become smaller through air getting into the crevices of
the rock and breaking pieces off.
On account of the harder nature of mineral veins as compared with coal-seams, a very much
smaller shaft-pillar is required—tinstone being often taken away up to within 24 feet of either
side of the shaft. Stoping is usually not started at quite so short a distance, but is generally
started from a rise or winze connected with a level above or below, which rise or winze is
usually not nearer than 120 feet to the shaft.
Mr. R. O. Brown moved a vote of thanks to Mr. Chaplin for his paper, which was agreed to.
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To illustrate Mr. N.G. Chaplin’s Paper on “Cornish methods of Mine-Timbering.”
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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 12th, 1897.
Mr. GEORGE MAY, President, in the Chair.
The Secretary read the minutes of the Special General Meeting, held on April 10th, 1897.
The Secretary read the minutes of the last General Meeting, and reported the proceedings of
the Council at their meetings on May 29th and that day.
The Secretary read the Balloting List as prepared by the Council for the election of officers for
the year 1897-98.
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The following gentlemen were elected, having been previously nominated :—
Members—
Mr. Isaac Barrass Atkinson, Mining Engineer, Lynwood, Egremont, Carnforth.
Mr. Edward Trenholm Bailey, Mining Engineer, c/o Union Bank of Australia, Coolgardie,
Western Australia.
Mr. Albert Williams Daw, Mining Engineer, 11, Queen Victoria Street, London, E.C.
Mr. John William Fryar, Mining Engineer, Jobs Hill, Crook, near Darlington.
Mr. Christopher Goldsworthy, Mine Manager, Coolgardie, Western Australia.
Mr. John James, Mining Engineer, c/o Mrs. Corkhill, 13, Gladys Road, West Hampstead,
London, N.W.
Mr. Thomas Jones, Mining and Quarry Engineer, and Surveyor, 1, Princes Street, Great
George Street, London, S.W.
Mr. Austin Kirkup, Manager, Newbottle Colliery, Bunker Hill, near Fence Houses.
Mr. Alfred Andrew Lockwood, Mining Engineer and Assayer, 119, Victoria Arcade, Auckland,
New Zealand.
Mr. Thomas Pascoe, Mining Manager, c/o Bank of Australasia, London.
Mr. William Battle Phillips, Consulting Chemist and Engineer, Birmingham, Alabama, United
States of America.
Mr. William Thomas Saunders, Colliery Manager, Ivydene, West Cross, near Swansea,
R.S.O.
Mr. Edward Stables, Mining Engineer, Coolgardie, Western Australia.
Mr. Samuel Tulip, Mechanical Engineer, Bunker Hill, Fence Houses.
Mr. Prescott Upton, Assoc. M. Inst. C.E., Surveyor, City and Suburban Gold Mining Company,
P.O. Box 1026, Johannesburg, Transvaal, South Africa.
Mr. Alfred Edward Webster, Mining Engineer, Wigan Coal and Iron Company, Limited, Wigan.
Associate Members—
Mr. E. Herbert Becke, Coolgardie, Western Australia.
Mr. David Harris, Cymmer Colliery, near Pontypridd.
Mr. Thomas H. Leggett, c/o Messrs. S. Neumann and Company, P.O. Box 485, Johannesburg,
Transvaal.
Mr. P. Marshall, College and Grammar School, Auckland, New Zealand.
Mr. Ernest William Tattley, Taupiri Extended Coal Mining Company, Limited, Mine Manager's
Office, Waikato, Auckland, New Zealand.
Mr. Henry B. Warren, Vancouver, British Columbia.
Mr. Alfred Ernest Wesencraft, Clyde Gold Mines, Limited, Coolgardie, Western Australia.
Mr. Thomas Whitehead, Brindle Lodge, near Preston, Lancashire.
Mr. Archibald Lawrence Wilson, John Bull Gold Mining Company, Limited, Ravenswood,
Queensland.
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Associate—
Mr. William Handyside, Jun., Overman, Ravensworth Avenue, Dunston-upon-Tyne.

Students—
Mr. Bernard Jaeger, Mining Pupil, Holywell Hall, Durham.
Mr. John Alexander Peterkin, Engineer's Apprentice, 13, Swinley Road, Wigan.
Mr. Thomas Snowdon, Jun., Mining Student, Oakwood, Cockfield, R.S.O.
Dr. P. P. Bedson gave a demonstration with the "Shaw Gas-tester."
[204]
SHAW GAS-TESTER.
By Dr. P. P. BEDSON.
The Shaw gas-tester had been described a few years ago in the Transactions of The
Federated Institution of Mining Engineers;* it would not, therefore, be necessary for him to
give a detailed description of the apparatus. It was one of a type of many others introduced
within recent years to abolish skilled labour, and was intended to do away with the chemist in
connexion with the determination of gas in the air of a mine.
Briefly, the apparatus consists of two cylinders provided with pistons, and with the upward
stroke, into one cylinder A, air was drawn through , an aperture, in a certain position of the
valve K, and through another aperture in connexion with the same valve, gas was drawn into
the shorter cylinder B, and in that way the two cylinders were filled, one with air and the other
with gas. With the down stroke of the pistons of the cylinders, the gas from the cylinder B and
the air from cylinder A were pressed out, mixed together, and conveyed by pipes to the mixer
(not shown in the diagram) into the igniting-chamber Z, and so were blown through the burning
gas-jet. If an explosive mixture was blown through the flame ignition took place, which moved
the piston-head and rang the bell, J.
He would now show them the actual working with Newcastle coal-gas as a standard, contained
in an indiarubber bag, attached by a tube to the nozzle labelled gas. When he raised the pumplever, air was drawn into the cylinder A, and gas from the bag into the cylinder B. When the
pump-lever was depressed, air and gas were blown into the flame without any appreciable
effect. The gas-cylinder now stood at 7½ per cent., and he must move it along the graduated
pump-level until it got to the point at which the ignition of the mixed gases would ring the bell,
J. He must now establish the ringing-line ; he would work backwards from 11 per cent. until
they reached the point where it would only just ring the bell (demonstrated at 10½, 10, 9½, 9,
and 8½ per cent.). At 8½ there was an ignition, but not strong enough to ring the bell; he would
move the
* Vol. viii., page 161.
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gas-cylinder back to 9, and show again that it rang at 9 per cent. (demonstrated again at 9 per
cent.). Having got to this stage, and having
[Diagram of the Shaw Gas-tester]
obtained the ringing-line for ordinary Newcastle coal-gas, he placed the bolt D in position,
which served to remind them what was the ringing-line.

[206]
If they wanted to examine a sample of air and gas, whose exact gas contents they wished to
determine, they could do that first of all by attaching the gas-bag to the air-cylinder, and seeing
whether they could get any ringing-line with it. If they failed to do that, the method to be
adopted would be to attach the gas-bag to the air-cylinder nozzle, and then attach to the gascylinder nozzle the standard gas. Then if the air, being drawn in, contained say 1 per cent. of
gas with that mixture of gas and air they were examining, instead of having the cylinder at 9
percent. they would have it at 8 per cent., the difference between these two positions thus
giving the percentage of gas in the sample.
Now instead of using this gas he would use a 3 per cent. mixture of gas and air, which he had
just made, and he would use the apparatus to test its composition. After several trials,
however, at 6½ per cent. the explosion was sufficient to ring the bell. This showed that there
was 2½ per cent. of gas, being the difference between 6½ and 9 per cent., and it was perhaps
as near as a chemist could get, but not so near as the machine was supposed to show them.
Under the circumstances, however, he might record it as a satisfactory test, and he hoped that
they understood the mode of procedure. They first established with a known gas a standard
ringing-line, then they had to examine a mixture containing a small percentage of combustible
gas that was to be used instead of air and raise its gas contents till they got to the ringing-line.
Then the difference between the standard-line and that given by the mixture, was the gas
content of the sample tested.
If the sample of air contained a high percentage of gas, say 10 or 11 per cent., the standard
gas would be disconnected, and the sample air would be attached instead. In some cases,
the sample might require dilution with air before being tested.
The instrument could also be used to determine the percentage of carbon dioxide in air. For
this purpose, the mixture was deflected to pass through a tube containing lime-water, and from
the milkiness they could determine the proportion of carbon dioxide in the air.
He would draw especial attention to the necessity for care in the size of the flame. If the flame
was too high, it came to the hollow part of the tube and it was possible to draw in a small
quantity of gas into the igniting-chamber, sufficient to produce an explosion of itself, so that
unless they were very careful they might apparently show that ordinary air contained
combustible gas.
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The President remarked that the Shaw gas-tester appeared to be a useful instrument and very
much in advance of other apparatus which had been exhibited for testing mixtures of air and
fire-damp. A mechanical means of testing mixtures of air and fire-damp could be usefully
applied at coal-mines. Their best thanks were due to Prof. Bedson, and he had pleasure in
proposing a vote of thanks to him for his demonstration.
Mr. Henry Lawrence (Durham) asked whether the Shaw gas-tester effected any saving of time
as compared with the ordinary chemical methods of gas analysis ?
Dr. Bedson said that with this machine he could arrive at an approximate result more rapidly
than with a chemical appliance. With chemical appliances, of course, they would require a
trained chemist and apparatus, and a special room for the purpose. The machine gave
somewhat accurate results. The machine could not make an analysis, it could only determine
what percentage of inflammable gas was present in the air.

Prof. H. Louis (Newcastle-upon-Tyne) said that there were many sources of inaccuracy about
the Shaw machine. It appeared that they had to compare the gas which they had in the pit
with a standard gas. Now, unless that standard gas was of the same composition as the gas
in the mine, he did not see how they could make an exact comparison; he did not see how
they, could determine the amount of fire-damp in a pit-gas mixture unless there was in the
same pit a blower from which they could get a quantity of pure pit-gas sufficient to establish a
ringing-line. Would not changes of temperature affect the ringing-line ? The rate at which the
crank of the machine was driven might also make a difference in the results. There seemed
to him to be many possibilities of inaccuracies, and he did not think that the members should
receive the impression that it was a proved and reliable machine for the purpose of
determining the percentage of gas in the air of the mine, and more especially when placed in
unskilled hands.
Dr. Bedson, replying to Prof. Louis, thought that they could actually compare pit-gas or firedamp with hydrogen or coal-gas. If hydrogen was the standard test, they would establish a
certain ringing-line for hydrogen. If, instead of mixing air with hydrogen, they mixed air
containing a little fire-damp, a smaller quantity of hydrogen would be required to produce the
mixture which would ring the gong; and the difference between the two percentages would
indicate the percentage of inflammable
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gas, and the result would be accurate for all practical purposes. He had only compared
hydrogen with hydrogen, fire-damp with fire-damp, and coal-gas with coal-gas.
Prof. Louis' remark about the temperature of the apparatus was correct, and the apparatus
had to become heated by several ignitions before starting the actual experiments.
When he first worked with the gas-tester, he found considerable difficulty owing to the height
of the flame. If the flame were not of the proper height, as he had said before, gas would be
drawn into the ignition-chamber Z. When he first tried the machine he got a ringing-line for
marsh-gas at a certain point; by working the machine in a slightly different manner he got the
ringing-line down to nearly zero, and that was due to the fact that the flame was not properly
regulated. Like all other machines, it had to be carefully worked, but he should certainly prefer
the results obtained by analysis to those given by the machine. He proposed to further
investigate the Shaw gas-tester and to examine experimentally the points raised by Prof.
Louis, and would submit the results to a future meeting.
Mr. M. Walton Brown suggested that the difference, 2½ per cent., between 9 and 6½ per cent.
did not exactly represent the actual percentage of gas. Dr. Bedson had formed a 3 per cent.
mixture, the ringing-line was 9 per cent., and the bell was rung when the gas cylinder was set
at 6½ per cent. By calculation, he (Mr. Walton Brown) found from these results that the actual
mixture contained (6½ + 93½ x 2.68 ÷ 100 =) 9 per cent. or a ringing-line of 9 per cent. The 3
per cent. mixture was found to really contain 2.68 per cent. ; and there was, consequently, an
instrumental error of (3.00 — 2.68 =) 0.32 per cent., which suggested that the results obtained
could be relied upon to ½ per cent.
DISCUSSION UPON MR. W. GALLOWAY'S PAPER ON "A COMPOUND WINDINGENGINE." *
Mr. J. B. Simpson stated that the compound winding-engine at North Elswick colliery had not
been found quite satisfactory, but he thought that this was due to there being only three instead
of four cylinders. Increased cost was incurred for the engine, there were more valves to keep

in order, and he rather doubted whether a compound engine was worth erecting for winding
purposes.
* Trans. Fed. Inst., vol. xi., page 207.
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Mr. C. C. Leach remarked that the governor would not act easily on the steam-admission valve
if the engine had more than one cylinder. Consequently, the steam could not be cut off
automatically, instantaneously, and variably with a simple action.
The President said there was no doubt that compound engines would be improved until they
could be economically used for winding. At present great advantages were obtained from
ordinary high pressure winding-engines by applying automatic cut-off gear.
The following paper by Mr. W. Fryar on "The Mineral Resources of the Colony of Queensland,"
was taken as read:—
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THE MINERAL RESOURCES OF THE COLONY OF QUEENSLAND.
By WILLIAM FRYAR, Inspector of Mines.
After a period of unusual excitement touching the extraordinary discoveries of the precious
metal in the comparatively unknown colony of Western Australia, and the still more
extraordinary value of diamonds laid bare in the wilds of South Africa, it would seem futile to
attempt to draw attention to the matter-of-fact, plodding, and prosaic producers of that metal,
located diagonally opposite the settled corner of the western colony, in the north-eastern
corner of the great fifth continent: partly, perhaps, because the production of gold in that region
is not a new thing ; partly because her wealth of wool, of beef, and of sugar overshadows her
production of the precious metal, and partly because she is entirely devoid of the excitement
arising "where crouching tigers wait their hapless prey, or savage men more murderous still
than they;" for whatever dangers may have existed from the latter cause in times gone by,
they have now disappeared, and the danger is rather to the savage than to those who have
usurped his territory, whilst that from the beasts of the forest, plain, or jungle, never existed.
The whereabouts of Queensland can now be found in most maps, although curiously enough
the writer remembers, when, within a decade of the present time of writing, journeying between
the mother land and the colony in question after a visit to the old country, a very elegantly got
up work, which would cost many thousands of pounds to produce, and which had then been
but recently issued from the press, lay on the cabin table of the outward bound steamer, a
vessel whose especial duty was to connect Queensland with the old country. The book
contained some reference to Queensland certainly, and mentioned her coals, implying that
steamers could load supplies of that very necessary commodity in her ports, but did not say a
word about her production of gold, which had then for some years amounted to more than
£1,000,000 per annum, and far exceeded in value her production of all other minerals put
together.
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As similar evidences of defective information are frequently observed, the writer opines that a
paper on the mineral resources of Queensland will not be unacceptable to the members.

To the readers of Australian history, it will be known that Queensland is the most recently
settled of the Australian colonies, having been, at the time of the discovery of gold in Victoria
and New South Wales in 1851, a small outlying settlement of the mother colony, with a
population of considerably under 10,000, who were chiefly engaged in or depended on the
then staple industry of wool-growing. The late Rev. Dr. Lang had then but recently made its
prospects known in Great Britain, and had been the means of sending out three ships with
passengers to settle in the Moreton Bay country in 1849, thus giving an impetus to the moral
and material progress of the district, which will not be forgotten for many generations.
In 1859, the district was erected into a separate colony under the governorship of his
Excellency Sir George Ferguson-Bowen. But at that time very little progress had been made
in the development of the mineral resources. A somewhat disastrous rush had been made
in 1858 to a discovery of alluvial gold, and a little coal had been worked prior to our
establishment as a separate colony, but that was all. The influx of population, however, and
the consequent increase of geographical knowledge soon became the means of the
discovery of mineral wealth, particularly of gold, although it was not until October, 1867, that
the mining industry became of much importance, when the discovery of gold at Gympie was
effected. It is a singular illustration of what may happen when the faculties are aroused and
attention directed to a certain matter, that in 1851, the year of the discovery of gold in New
South Wales and Victoria, a passing traveller between Maryborough and Brisbane found
gold at Gympie, the discovery being mentioned in the Moreton Bay Courier at the time, but
it was not then considered sufficiently promising to induce persistent effort, and remained
among our latent resources for a further period of sixteen years. It is unnecessary to write
a history of its development: the discovery gave the colony at once a position of importance
among the gold-producers of the world, which position it has maintained, until at the present
time it disputes, in friendly rivalry with the colony of Victoria, the supremacy of the Australian
colonies in the production of the precious metal, having on several occasions during recent
years exceeded that, or any of the colonies, in the amount of its production. The discovery
at Gympie
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doubtless gave an impetus to prospecting operations over the whole colony, and various
discoveries of silver, tin, copper, lead, iron, and the earthy minerals were made in various
portions of the colony, whilst precious stones also now figure in the list of exports.
It is among the difficulties, however, of industry in a large and sparsely populated territory that,
unless the lodes or veins of mineral matter be greatly more prolific of the valuable material
than is usual in older countries, it cannot be worked to advantage. The absence of navigable
waters, railways, and even ordinary roads and bridges, the consequent high price of material,
and difficulties of transit, militate against successful industrial production.
These difficulties, however, are fast disappearing with the occupation and settlement of the
country, and a longer line of railway in proportion to our population than is possessed by any
other people gives evidence that we are not deficient in the enterprise which will facilitate the
discovery and development of our mineral resources.
The more important of the discoveries referred to were those of gold at the Etheridge river,
which is now the largest gold-field in Queensland, and at Hodgkinson, the Gilbert river, and
Ravenswood, from 1868 to 1870 ; tin at Stanthorpe, and gold at Charters Towers, in 1872; the
alluvial gold of the Palmer river in the following year; and in 1883 the astounding discovery of

gold at Mount Morgan, where it had lain within about 20 miles of the second town in the colony,
a mountain of auriferous material exposed to the eye, hand, or foot, of the passer-by, without
arousing a suspicion that he was treading under foot millions of pounds sterling worth of the
precious material. And this discovery was followed by others, at Croydon in the far north near
the shores of the Gulf of Carpentaria, and at Eidsvold in the south. There are other miningfields besides those above enumerated ; that at Clermont, amongst the earliest discovered in
the colony has recently been the scene of considerable activity owing to a further discovery of
alluvial gold in its watercourses and the riparian plateaux. Other small gold-fields in the central
district continue to supplement the production of Mount Morgan, the chief seat of the industry
in that division of the colony; whilst in the south, the Warwick and the Burnett gold-fields add
to the output, and in the north, Mareeba, Towalla, and the Russell river contribute their quota
to the gross production of the precious metal.
Touching the inferior metals, the writer has already mentioned the discovery of tin at
Stanthorpe in 1872. This township is situated in the extreme south of the colony ; but some
six or seven years subsequently
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further discoveries of the same mineral were made in the Northern Division, at the Barron
river, and at various points in the district now known as Tinaroo, in the Wild, Dry, Tate, and
Walsh rivers. In 1880, lode-tin was discovered at Herberton, and it was found that tin-lodes
were distributed over a very large area of country, in comparison with which the tin-bearing
country of Devon and Cornwall is of the most insignificant dimensions. The working of tinlodes, however, is not so satisfactory to the ordinary miner as gathering from the alluvium, and
further discoveries were made of that nature at the Star river in the Townsville district, at
Granite Creek in the Palmer district, and Kangaroo Hills near the coast-town of Ingham. The
alluvial tin, however, like the alluvial gold, is not of so permanent a character as is that obtained
from the reef or lode ; the former disappearing after the lapse of a few years, whilst the latter
will probably last while gold remains the standard of value, and until tin is superseded by some
more durable metal.
Gold and tin have been the most valuable mineral productions, but copper is largely found in
all of the three divisions of the colony ; the principal being the Mount Perry copper-mines in
the southern, the Peak Downs in the central, and at Herberton in the northern division. These
latter are in a highly metalliferous district, which appears to be rich in tin, copper, silver, lead,
wolfram, and other metals and minerals, whilst the more precious metal is also found in its
immediate neighbourhood. By far the greatest deposits of copper are, however, found in the
neighbourhood of Cloncurry in the north-west of the colony, but the distance from the deposits
to the sea-coast or to a railway is too great to permit of profitable operations being carried on
at present. As evidence of the abundance of copper in that neighbourhood, a slab of pure
native copper, which is supposed to weigh about 3 cwts., is in the museum at Brisbane from
that locality.
The first appearance of copper as one of the mineral productions of the colony was in the year
1860, when 1 ton valued at £50 was exported, and this export increased rapidly until the year
1868, when over 9,000 tons of ore were exported; during 1872 and 1873 a very much smaller
quantity was exported, but, probably owing to more thorough ore-dressing, it was worth double
the amount, the highest value exported in any year being £196,000 in 1872. Every year,
however, of the existence of the colony has seen the exportation of copper and gold. The

value of the former, notwithstanding the stagnation during the last few years owing to the low
price obtainable, has now reached £2,000,000.
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The only other mineral, the production of which has run parallel with the existence of the
colony, is coal, which is not worked so largely as it might be, owing to the large deposits so
easily procurable in the neighbouring colony. The beds are not of the same geological age as
in Great Britain, but they afford a very useful fuel for steam, gas, or coking purposes, according
to locality. The value of the coal worked during the existence of the colony is about £2,000,000,
the annual value during the past 8 or 10 years having been from £120,000 to £150,000. It has
been found in the Moreton, Darling Downs, and Wide Bay districts of Southern Queensland,
and is being worked chiefly in those localities. It is also worked to a less extent in Central
Queensland near Clermont, but being far inland, is there confined to local and railway
consumption. An extensive deposit covering many thousands of square miles occupies the
Dawson country in the same division, and it has also been found in the north, but is not at
present being worked there.
The production of silver-ore in Queensland dates from 1871, when 1 ton valued at £60 was
exported. Nothing more was done, however, until 1879, when a parcel of 12 tons was
despatched ; but work appears to have commenced in earnest with 1883, since which time
silver to the value of considerably over £500,000 has been obtained. That industry, however,
has suffered during recent years owing to the low value of silver, and mine owners prefer to
hasten slowly, in the hope that better times are in store for this branch of the miner's calling.
Among the other metals and minerals which have been discovered and partially worked in
Queensland are antimony, found at Neardie, in the Wide Bay district of Southern Queensland,
and at Northcote and other places in the north. Bismuth has also been found in several
localities, and the mine in Southern Queensland which has been devoted to its production is
now idle, for want of a market for its produce. Manganese is found plentifully in the
neighbourhood of Gladstone in Central Queensland. It is also found in both the northern and
southern divisions. Cinnabar and other ores of mercury have been worked at Kilkivan in
Southern Queensland, and are known to exist in the north, but are not at present worked.
Nickel, cobalt, wolfram, plumbago (graphite) are also found in quantity, but the great
desideratum is gold. Investors and practical miners agree in devoting their time, attention, and
means to the discovery and extraction of the precious metal.
Precious stones have been obtained in all the principal divisions of the colony. In the southwest opals were first found, and we find that in the year 1882, five packages were exported
valued at £1,900. These
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stones were procured in the neighbourhood of the Barcoo river (where upwards of 200 men
are still at work), and more recently important deposits have been discovered in the central
district, which give employment to 300 or 400 men, and necessarily many thousands of
pounds' worth are annually obtained, although it is not an easy matter to arrive at an
approximate estimate of the real value. Gems, such as sapphires, topazes, rubies, and agates,
are also found, but it is difficult to fix a value on them, as there will necessarily be many
degrees of quality, and so large a proportion of the ultimate value results from the polishing

and setting, that any valuation put on them here is extremely arbitrary, and may or may not be
obtained when sold in the London market.
It will be seen, however, that nearly every metalliferous mineral of value is found within the
boundaries of Queensland, and it need scarcely be said that earthy minerals and rocks of
economic value are also found in abundance. Marbles, limestones, freestones, granites,
basalts, and porphyries abound in each of the principal divisions of the colony. The marble of
Marble Island, and of other islands in the Percy and Northumberland groups on our north-east
coast is well known. The easily worked basalt of Toowoomba, with its facile divisional planes
at convenient distances, and the more massive granite of Brisbane, Stanthorpe, and various
other portions of the colony yield excellent material for the more important structures in
architecture and engineering. Brick-clays, and fire-clays are found in great profusion and
variety, both in the sedimentary deposits of the Coal-measures and in the decomposed
felspars of the older formations, so that brick and tile-burning, pottery manufacture, and all the
branches of the ceramic art, may be carried on when the population warrants the production
of such wares in quantity.
Having shown when and at what places the various metals and minerals have been
discovered, it will naturally be asked by a society of mining engineers, under what geological
and geographical conditions they are found. Are the deposits likely to be persistent, and are
the inferior metals and minerals within practicable distances from the coast ?
Touching the more important metal, gold, it would be difficult to say under what geological
conditions it is not found. Alluvial gold, which has been found to a greater or less extent on all
the gold-fields, is generally the precursor of, and guide to, the discovery of auriferous reefs,
and is consequently found in the same geological formation as that which encloses the parent
reef or matrix from which it has been derived. It may, of course, be washed down the
watercourses until it covers other
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geological formations ; but this is unusual, as the attrition and action of the atmosphere
dissolve, break up, or decompose the enclosing or attached matter, which being only onesixth to one-eighth of the weight of gold is carried away, and the heavier substance left in the
vicinity of its origin. The alluvial gold of the Palmer river, the only important deposit of the kind
yet found in Queensland, was found in granitic country. But it is not at all clear that the gold
emanated from that source. To quote from a recent report of Mr. R. L. Jack, the government
geologist:—
The problem before us was to discover the source of the alluvial gold of the Palmer,
about £5,000,000 worth having been taken from the streams and alluvial flats.
Many reefs have been discovered, and a small proportion of the alluvial gold has been
fairly attributed to their denudation, but the bulk of the gold has not been derived from
the known reefs. As rain is scarce, and the Palaeozoic rocks of the district are not such
as readily decompose into soils, the naked outcrops of the rocks are well exposed in
every valley. It has been remarked again and again by observant diggers that alluvial
gold has been rich in gullies whose entire drainage-area did not disclose a single reef.
Over a large portion of the field, the Palaeozoic schists, slates, and quartzites, which
form the floors and walls of the valleys are capped by sandstones and conglomerates
(Desert Sandstone or Upper Cretaceous) which, it is obvious to the most superficial
observer, must at one time have formed a continuous table-land. The alluvial gold has
in many instances been traced right up to the base of the Desert Sandstone.

This is not the case on the Palmer alone ; it is a remarkable fact that most of the other
Queensland localities, where rich alluvial gold has been obtained, are precisely those
localities from which the covering of Desert Sandstone has recently been stripped in
the course of the everyday process of denudation. The Starcke, the Gilbert, Croydon,
the Hodgkinson, the Cape and Cania may be given as instances illustrative of this fact.
Roughly speaking, where the land ceases to be valuable for agricultural or pastoral
purposes it begins to contain minerals of commercial importance.
With respect to the alluvial field of Clermont, which is at present the principal source of alluvial
gold within the colony, Mr. Jack says:—
There is a considerable diversity in the geological formations in the neighbourhood of
Clermont: granite is met with between Douglas and Policeman Creeks, micaceous
schists, quartzites and greywackes form the ground-work of the district generally. On
Drummond Creek, there is an outcrop of limestone containing Heliolites and other
Devonian corals. The Coal-measures are met with about 1 mile east of Clermont. Last
of all, there are widespread sheets of basaltic lavas, through the denudation of which
in the western portions of the district the older rocks have been exposed.
South of Clermont and east of Copperfleld, Macdonald's Flat and Deep Greek, both of which
are rather insignificant watercourses, are flanked by alluvial deposits of considerable
thickness, and evidently of some antiquity, as they have yielded organic remains differing
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considerably from those of the present day. For 32 years the alluvial deposits of this
neighbourhood have been worked by the miners, and at the present day, far from being
exhausted, they appear to be capable of considerable extension. About 800 men were working
alluvial ground when the writer was there (1891), and he is informed that the number has since
been increased.
The geology of our principal gold-field, Charters Towers, has been frequently described, and
is, perhaps, the most exclusively granitic of any of the fields. Mr. W. H. Rands, assistant
government geologist, who, in company with Mr. Maitland, visited the field in 1892, said
that :—
The portion of the field on which I was specially engaged lies to the west of a line,
drawn in a north-and-south direction through the race-course. The greater part of this
area is composed of the ordinary granite of the field, a rock which in places passes
insensibly into a coarse diorite ; the granite is hornblendic, and contains very little mica
; it is intersected by two classes of dykes, one composed of basic and the other of
acidic rocks. The composition of these dykes varies considerably. There is a large area
of granite between the eastern and western series of dykes, which, so far as can be
gathered from the surface-indications, is practically free from dykes. In this area are
situated some of the richest mines, such as the Brilliant, Victory, Victoria, etc. On the
north-western portion of the field there is a large wedge-shaped mass of slates which
dip steeply in a northeasterly direction.
Mr. Maitland gives similar testimony, viz. :—
The portion of the field which has been allotted to me . . . turned out to be much more
difficult than had been anticipated, owing to the complexity of the geological structure.

By far the larger portion of the ground is composed of granite, and a very coarsegrained rock, containing hornblende, mica, and a triclinic felspar—a quartz-diorite. The
granite penetrates those sedimentary beds, which form the lesser portion of the
ground. The sedimentary rocks consist for the most part of indurated siliceous rocks
(approaching very closely to quartzites), sometimes very micaceous.
It is needless to give more detail, as these extracts show the leading geological features of
the field.
Touching the formation at Gympie, Mr. Rands reports thus :—
The whole area of the Gympie gold-field, with the exception of the small areas above
mentioned (alluvium and a coarse-grained siliceous sandstone or freestone known
here as Desert Sandstone), consists of rocks, which may be referred to the series
called the Gympie Beds. It is in these beds that all the reefs occur and they will be
described in detail in this report. The Gympie Beds have generally been referred to the
Devonian system ; but Mr. Robert Etheridge, jun., to whom collections of fossils, made
by Mr. Jack and myself, were sent, considered them to be homotaxial with the
Carbonifero-Permian rocks of Europe. The most important part of the field presents a
series of alterations of different kinds of sedimentary strata with some intrusive igneous
rocks, and also some of volcanic origin. Taking the average dip at 22 degrees, there
would be somewhat over 2,000 feet in thickness of such strata.
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The rocks of which these beds are composed consist chiefly of greywackes, altered
sandstones, grey and black carbonaceous shales, grits, conglomerates, breccias, and
limestone. Interbedded with these are amygdaloidal volcanic rocks and volcanic ash.
There are also sheets of an intrusive greenstone, which has undergone great
alteration.
Mr. Rands then gives a section of the strata abovementioned, commencing with the Blue
Limestone, which is fossiliferous, and at 600 feet reaches the Phoenix Slates, which are 200
feet in thickness, and at 180 feet further the so-called first bed of slate is reached, the Phoenix
Slates being always spoken of separately from the first, second, and third beds of other parts
of the field. The first bed is 15 feet thick, at about 80 feet further the second bed is reached,
given as 13 feet in thickness, and after 612 feet more the third bed is reached. It is a
remarkable circumstance that where the reef comes into contact with these slates it bears
heavily, but is generally barren elsewhere.
It is unnecessary to quote further from Mr. Rands' very complete report, nor is it advisable
further to pursue the question of the geological formation of the gold-fields—except as to
Mount Morgan, which could not well be omitted. A very few extracts from Mr. Jack's report,
however, will suffice. He states that:—
Mount Morgan itself contains gold in a very unusual—I believe a quite
unprecedented—formation. Aneroid measurements give the altitude of the mountain
as 1,225 feet above sea-level. The central portion of the upper cutting is a large mass
of brown haematitic ironstone generally in great blocks (up to some tons in weight),
with a stalactitic structure, as if the iron oxide had gradually filled up cavities left in the
original deposit. The ironstone contains gold of extraordinary fineness, which,
however, after a little practice, can be detected in almost every fresh fracture. The
ironstone is more or less mixed with fine siliceous granules, passing into pure kaolin,
with some silicates of magnesia, including a fine variety of French chalk.

The lower or Magazine face presents a sort of fanlike arrangement of its various
materials. In the centre is a band (almost vertical) of brown haematite in large bombs,
with a mammillated, botryoidal, or sometimes reniform appearance. To the right (east)
is a nearly vertical deposit of aluminous iron-ochre, followed by a mass (still nearly
vertical) of red haematite in large cellular bombs. To the east is a broad mass of loose
ironstained siliceous and aluminous material which begins to lean eastward like the
outer feathers of a fan. A great mass of loose earthy haematite, another of brown
haematite in large (ton) blocks appear in succession as the cutting is followed to the
east. . . . Down the hillsides to the north-west and south a similar deposit is everywhere
met, with a frothy or spongy matrix, sometimes aluminous and sometimes siliceous,
generally iron-stained, and occasionally associated with large masses of red and
brown haematite. After a careful study of the whole formation I have come to the
conclusion that nothing but a thermal spring in the open air could have deposited the
material under consideration. The frothy siliceous sinter agrees in every respect with
the deposits of New Zealand and Iceland geysers, and of the still more wonderful hot
springs of the Yellowstone National Park so graphically and scientifically described by
Dr. A. C. Peale, Washington, 1883.
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The discovery of gold at Mount Morgan is one of the most important events in the
history of the mining industry. It is not merely that the quantity is large, and that certain
shareholders will be enriched, but the possibility that the discovery may lead to others
of equal importance in a direction where gold has never hitherto been looked for lends
it a wider significance. Given a hot spring rising from depths in which auriferous reefs
lie hidden, we may look for a repetition of the phenomena of Mount Morgan.
Touching the geology of the country in which the useful (as distinct from the precious) metals
are found, it is unnecessary to say much ; those members who are acquainted with the tinbearing geological formation of Devon and Cornwall will be able to form a good idea of the
position in which that metal is found, as it seems to be more closely identified with the granitic
than is any of the other metals with any particular class of rocks. The alluvial tin-stone, which
constitutes a large proportion of the yield, may of course be found in the neighbourhood of
other rocks, but is generally found in the detritus of the granitic formation. Of course the word
may be taken to include the whole family of igneous rocks, granite, syenite, porphyries, etc.,
which are intersected by dykes of elvan or felsite, with varying degrees of metamorphism, in
which the tin-ore is found.
Mr. Jack, writing in 1883, said that :—
A continuous track of nearly 200 miles in length of stanniferous country has thus been
added to the wealth of the colony within the last three years.
One fact unnoticed and unsuspected when I wrote my first report comes out clearly
and unmistakably from a detailed examination of the field, now that something more
than the mere surface is accessible to observation. This fact is the intimate connexion
of the tin-deposits with metamorphosed igneous dykes; such dykes emanating from a
deep-seated reservoir of molten matter, forced their way under pressure into fissures
in the solid porphyry rock and consolidated as basic igneous rocks. The basic rocks of
the dykes seem to have undergone a gradual process of metamorphism. The dykes
now consist mainly of quartzose chlorite and occasionally of quartzose serpentine. It
may be inferred that they were originally consolidated as quartz-diorites or as rocks

more or less of the basaltic type. The tin occurs in floors, veins, or pipes among the
joint-planes of the dykes.
As the dykes have originated in a deep-seated mass of molten matter, they may be
expected to carry the tin-ore to greater depths than are ever likely to be reached by
mining. The metamorphosed dykes are traversed by a series of dykes of quartzporphyry strictly analagous to the elvans of Cornwall.
A short distance from the tin-lodes, the galena, copper, and zinc ores commence, where the
slates predominate, with occasional greywackes and shales. It is unnecessary, however, to
continue the description of the geological formation in which the minerals are found. A few of
the results of work may be more to the point.
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The total production of metals and minerals is now bordering on a value of £50,000,000, of
which sum £10,000,000 is represented by the inferior metals and minerals, and nearly
£40,000,000 by gold.
It has sometimes been said that every ounce of gold costs its value to procure it. If this be true
anywhere, it is certainly not so in Queensland.
Let us look at the number of men employed in reef-mining during the past 10 years and the
quantity of gold obtained. The figures are taken from the Official Report of the Mines
Department. The writer takes those employed in reef-mining, because alluvial-mining gives no
certain data for statistical purposes. For instance, it has been shown that the Palmer river
yielded £5,000,000 of alluvial gold. This would incur comparatively little expenditure of either
labour or capital. On the other hand, men who do not care to settle down to regular work at
the mines take to alluvial-mining, and frequently have to be content with small earnings, but
retain their independence, as for a payment of 10s. per annum they may work on any
unoccupied Crown lands. And further, even a very rich alluvial patch is in all probability soon
exhausted. It is on reef-mining that the stability of the industry depends, the proportion of
alluvial gold obtained during the 10 years 1886-1895 having been less than 3¼ per cent. of
the whole.
The average number of men employed in reef-mining during those years has been 7,612.8,
and the average quantity of gold obtained 553,278 ounces, which at the very reasonable
estimate of £3 10s. per ounce gives £1,936,473, or £254 7s. per man employed. It will be
understood that the value of gold as found in the earth is variable according to its purity, that
in Queensland being generally worth about £3 10s., although the alluvial and that from Mount
Morgan go much higher. The latter ranges up to £4 4s. per ounce.
The wages paid vary in the different districts : at Gympie—probably on account of its being
furthest south, nearest the sea-coast, nearest the capital, and the oldest field, £2 10s. per
week is the figure; at Rockhampton the same ; at Charters Towers £3; and at Croydon £3 10s.
In most of the gold-fields the spare cash of the miners is invested in shares in the mines, and
thus to a considerable extent the capital (real or nominal) is that of the miners themselves.
The nominal capital of the Queensland gold-mines approaches £10,000,000. The real capital,
except what is represented by machinery and shafts, etc., paid for by the earnings during the
progress of the work is probably not nearly one-tenth of that amount. It is interesting to note
the relative proportion of paid-up
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to nominal capital, and to actual capital subscribed. Thus, the No. 1 North Phoenix gold-mine
at Gympie was commenced with a small nominal capital, of which £2,670 was called up before
the mine became self-supporting and began to pay dividends ; but it has now paid £418,750
in dividends, besides erecting £30,000 worth of machinery on the ground. Its nominal capital
is now £40,000 in 40,000 shares of £1 fully paid up. That is, the mine was valued at that
amount, and a re-arrangement was made under which the increased number of shares was
distributed pro rata without further payment. The No. 1 North Glanmire is a company of 24,000
shares of 5s. each, of which 3s. 9d. has been called up ; but it has now paid £297,200 in
dividends. The Phoenix P.C. gold-mine was originally in 12,000 shares, and very soon began
to pay dividends. Its nominal capital has been increased—first to 36,000 shares, then to
50,000, and latterly to 100,000 at £1 each; it has paid £232,866 13s. 4d. in dividends, and a
company which took a portion of the mine on tribute for a while paid £19,675 in dividends,
making £252,541 13s. 4d. from that mine. Now, we will take an example of a different kind.
The Phoenix Golden Pile gold-mine of 48,000 shares was formed in 1879, and it was kept
going—mostly by calls—for 14 years, until 11s. 7d. per share had been called up, or £27,800,
and then gold was struck. The first dividend was declared on October 9th, 1893, and now £1
8s. 1d. per share or £67,400 has been paid in dividends, and it continues in a very healthy
condition. The Great Eastern, Ellen Harkins, Wilmot Extended, New Zealand, Monkland, and
Glanmire mines have at one time or other of their existence paid marvellous dividends, and
now the Columbia and Smithfield, North Smithfield, No. 4 North Phoenix, and others are taking
their place.
A little further north, in the Central District of Queensland, the Mount Morgan, with its
£1,000,000 of nominal capital, has now paid £4,250,000 in dividends. Further north again, is
Charters Towers, where the nominal mining capital amounts to more than that of all the rest
of the mines in the colony put together, viz., about £5,000,000. The Brilliant gold-mine with
260,000 shares issued as paid up to £2 per share, constitutes the whole nominal capital. The
mine had paid handsomely for some years, and it has paid during the last six years £279,666
in dividends. And in the following year "the results also from the Brilliant mine have exceeded
the most sanguine expectations of the owners. The mine has paid 100 per cent. on the nominal
capital during the past year, and promises to pay even a larger percentage for some time to
come."
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The first year for which any definite information was given touching the dividends, was 1890,
and it may be well to tabulate the results during that and the following years.
[Table]
More than £1,500,000 of dividends from one gold-field in six years, and these are not all, as
the 1891 report states that in addition to those given many other mines have yielded
handsome dividends.*
In dealing with the principal minerals in Britain, coal, ironstone, slate, and the like, members
are fully alive to the advantages of water-carriage, or, in its absence, a well equipped railway.
But for the greater part with us these facilities are conspicuous by their absence. Nothing
strikes a visitor to your country from ours so much as the contrast of distances, heightened,
as it is, by means of rapid locomotion in Great Britain: you appear to be "cribb'd, cabin'd, and

confined" in a small space, whilst Queensland is a country of magnificent distances. Touching
the discovery of gold at the Palmer river, 25 years ago, it has been said that:—
The difficulties of travel, the absence of the necessities of life, the impassability or utter
absence of roads, the inhospitable nature of the climate, the miasmata of the swamps,
the certain danger from the natives, were all as though they had not been ; and such
have not yet been experienced that would deter the adventurous and intrepid digger
from pursuing his quest of gold and penetrating to its probable location on the first hint
of the proof of that probability.
And so it may now be said in respect of the inferior metals. There is scarcely any part of
Queensland to which a rush would not now set in,
* The dividends during 1896 were £254,616.
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if a discovery of alluvial tin were reported, or even a likely find of silver, for the means of travel
and the difficulties met with 25 years ago have been greatly ameliorated. Railways, roads, and
telegraphs have been multiplied, stations, and even townships, have been established where
supplies can be obtained. Extensive gold-fields and mining districts have been located, and
all the accessories of incipient civilization have been scattered broadcast, although thinly, over
the territory.
Is it probable that further discoveries will be made ? Is there evidence to justify further
development of the mining industry ? Having had the good fortune to join the Right Reverend
the Bishop of Brisbane in a railway-carriage recently on his returning from a pastoral visitation,
the writer was informed by his lordship that during his visit he had heard of the very recent
discovery of a fine lagoon on some table-land in the Burnett district, in Southern Queensland,
and within 100 miles of the coast. Now, can anything show more clearly than this incident how
little we know of the geology of the country when we do not know the geography of the most
thickly peopled, the southern district of the colony, for the locality referred to has probably
been held as a cattle or sheep-run for nearly 50 years ?
The area of the country now proclaimed as gold-fields is 17,607,200 acres or 27,515 square
miles, and as mineral areas, or more correctly mining districts, 22,879,200 acres, equal to
(nearly) 35,750 square miles. It is less than one-tenth the area of the colony when taken
together, but more than the whole area of England and Wales together, or of Ireland and
Scotland combined, so that there is abundant room for exploration and exploitation.
In a recent bulletin from the Geological Office dealing with the Hodgkinson gold-field, which
embraces 2,072 square miles, Mr. Jack stated that "the Hodgkinson is, in my opinion, most
undeservedly a neglected gold-field," and he gives an abundance of tabulated results to prove
the correctness of that opinion. He continues :—
The crushings from the Hodgkinson have averaged as well as those of any other goldfield in the colony, and yet the mines, one after another, were abandoned, in spite of a
yield which anywhere else would have stimulated the holders to a feverish activity. . .
. The field was taken up at first by miners, who contributed nothing but muscle. Now,
muscle is an admirable and enviable possession, but it is not capital. The miner
endowed with muscle alone has all the time to live on the proceeds of the mine. It is
only with the surplus of earnings over living and working expenses that he can do any
"dead work." In other words, the development of the mine has to be carried on out of
revenue instead of out of capital. That scores of Hodgkinson miners did so for years,

in spite of every drawback, is an achievement to be proud of.
first check,

As a matter of fact the
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the first sign of diminution of the yield, such as is common in all mines, was the signal
for the desertion of every "show" on the Hodgkinson. The profits already made had
been otherwise disposed of, and there were no funds available for prospecting work.
Many mines even seem to have been thrown up while in the full tide of prosperity, or
what should have been prosperity under favourable conditions.
But there was another reason, tin had been discovered at Herberton, and was being
discovered anywhere from 50 to 100 miles distant, and that had a great deal to do with the
desertion of the Hodgkinson, when with industry and economy that field ought to have
prospered. The writer visited it in 1882, when it was being deserted, and was fully of the
opinion expressed by Mr. Jack. That is, however, a very good indication of the manner in
which a gold-field becomes prosperous or otherwise. Men of muscle develop mines which pay
from the beginning. They, after a while, form companies, get machinery, develop the mine,
possibly have a considerable nominal capital, but everything is paid from the profits of the
mine, or in hard cases the share-calls are paid from the wages, and when rich gold is struck,
or from economical methods of working a smaller yield will pay, the original shareholders are
recipients of good dividends, or the mine is floated as a company.
In too many instances, whatever may be said of industry, economy is certainly not practised.
Good results mean riotous living, and when a report of new discoveries comes along, away
goes the nomadic digger and a claim is left which, with industry and economy, might have
been the foundation of a fortune, but which is not so easily taken up again, even if the former
restless possessor cares to return to the mine which he has abandoned.
After enumerating the difficulties of 1880-83, when the field was abandoned, Mr. Jack
stated:—
At the present day the drawbacks referred to hardly exist. A railway has been brought
to within 35 miles of the centre of the field, doing away with the difficulty of the "coast
range." Every form of mining and gold-saving machinery is cheaper and more efficient,
and the expense of putting it on the ground is a mere fraction of what it cost in the old
times. Food-stuffs only cost a tithe of the famine prices of yore. Every item of
expense—carting, crushing, timber, and labour—is lessened. The figures speak for
themselves, and if they were not authentic official records, they would strike one as
incredible.
The Etheridge gold-field, with its adjunct, the Woolgar, contains 10,000 square miles of
country, and although on several occasions important discoveries have been made and rich
patches worked for a time, the field does not make much head-way, being isolated from either
water or railway communication with the rest of the world. It is known to be a network of reefs,
however, which will certainly add to the wealth of the
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colony at no distant date. It has already produced more than 500,000 ounces of gold, and, like
the Hodgkinson district, requires the investment of capital. "An area of enormous extent,
saturated with gold from the surface downwards," is the statement of the warden in his last
annual report.
The writer will not further exhaust the patience of the members with descriptive or statistical
matter. He has said nothing about the appliances used, or the methods of working adopted,
and the members may, he thinks, accept the statement that on the older gold-fields, such as
Gympie and Charters Towers, and at Mount Morgan, the best appliances are provided, skilful
management secured, and an able and industrious class of men employed. It can hardly be
supposed that these conditions prevail at the outside places where the mode and
circumstances of life are essentially different, and are scarcely likely to attract steady-going
men who have married and settled down to comfort and happiness.
APPENDIX.
References to the Map of the Colony of Queensland (Plate XIX.)[Plate X]
Area of Queensland, 427,838,080 acres; population, 445,155. Area of proclaimed goldfields, 17,607,200 acres; area of proclaimed mining districts, 22,879,200 acres. Total
output of gold to 1896, 10,558,605 ounces at £3 10s. per ounce, £36,955,117.

1. *Callipoe.
2.*Yabba.
3. *Gympie.
4. Mount Morgan (Crocodile Creek).
5.*Ridgelands.
6. *Rosewood.
7.*Morinish.
8.*Cania and Kroombit.
9.*Woolgar.
10.*Clermont.
11.*Boolboonda.
12.*Charters Towers.
13.*Cloncurry.
14. Croydon.
15.*Cape River.
16.*Ravenswood.
17.*Kilkivan.
18. Barmundoo.
19. Bompa.
20. Nebo.
21.*Etheridge.
22. *Hodgkinson.
23. *Langmorn.
24. Mulgrave.
25. Mount Wyatt.
26. *Milton.

Gold-Fields
27. Normanby.
28. Nanango.
29.*Pikedale.
30. Glastonbury.
31. Reid's Creek.
32. Russell River.
33. Yatton.
34. Canoona.
35. *Mount Spencer.
30. * Palmer.
37. *Talgai.
38. Eidsvold.
39. St. John's Creek.
40. Paradise.
41. Palgrave.
42. Euengella.
43. Strathalbyn.
44. Stanwell.
45.*Thane's Creek.
46.*Canal Creek.
47. *Cawarral,
48. Grasstree.
49. Coen River.
50. Monal Creek.
51. Maxwellton.
52. Ulam.
53. Horn Island.

54. Leyburn.
55. Springsrush.
56. Lucky Valley.

57. Mareeba.
58. Bower Bird.
* Mining districts.

The Chairman moved a vote of thanks to Mr. Fryar for his valuable paper, which was cordially
agreed to.
The Secretary read the following paper by Mr. W. T. Hallimond on "Notes on the Coal-seams
of the Transvaal, and Description of a Modern Pit-head Plant" ;—
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NOTES ON THE COAL-SEAMS OF THE TRANSVAAL, AND DESCRIPTION OF A
MODERN PIT-HEAD PLANT.
By W. T. HALLIMOND.
It is not so much the writer's object to set forth any theory of the formation of the coal as to
describe the exact conditions under which the seams are found, as well as the machinery best
adapted for their treatment in the Transvaal.
After careful thought, the writer decided that a short paper would be more beneficial (especially
to members connected with coal-mining in the Transvaal) at the present time than to raise
discussion on the geological nature of the coal-fields. New pits are being sunk in the different
districts of the southern Transvaal, all of which are throwing more light on the much-debated
question of how the coal-seams were formed, and at a later date the writer will be pleased to
give the members the benefit of such information as he has collected during his nine years'
experience of the coal-fields of the Transvaal.
The coal of the southern Transvaal is undoubtedly all of the same age, although the beds are
not continuous, but are found in basins, and are very variable, both in quality and thickness
as well as in area. The writer has found this variation prevailing as much in the bituminous
coals of the Middelburg district as in the steam coal-basins of the Boksburg, Brakpan, and
Springs districts.
The writer is of opinion that the coal-deposits are of subaqueous origin and were formed after
the tilting of the Banket formation of the Rand. At two collieries in the Boksburg coal-basin, the
Banket bed itself has been struck not far below the coal, and at the Phoenix colliery (of which
he had charge) a heading was driven in coal against the tilted gold-formation. A reference to
the geological plan and section (Figs. 1 and 2, Plate XX.) will serve to illustrate the above
statement.
There are several factors in connexion, not only with the coal of the Transvaal, but with what
may be termed the South African coal-field, which, to the writer's mind, tend to prove that the
coal had not been formed in situ ; but that the vegetable matter now found in the form of
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coal was borne by water and deposited in the basins in which it now occurs in its mineralized
state. One of the strongest evidences of this theory is the varying quality and thickness of
individual seams of coal, together with the coal-seam itself containing what might be called
pockets of what had originally been black mud. The writer has had considerable experience
in the Middelburg coal-district in the Transvaal, where undoubtedly the best quality of coal in

the country is found, and he annexes a section of the seam (Fig. 3, Plate XX.), showing its
varying thickness and quality, accompanied by pockets of black shaly rock. The general
section of the seam is from 4 to 6 feet of bright bituminous coking coal at the top, with 7 or 8
feet of dull coal lying underneath ; but the writer has found the bright coal to turn dull, and the
total section to diminish to 5 feet and then increase again to 15 feet, the undulation in every
instance being on the floor of the seam only.
At the Rand collieries (where the writer is at present in charge), at Brakpan, Cassel, Great
Eastern, and Clydesdale collieries, all in the same district, the shafts, after going through the
coal, have penetrated a conglomerate of sandstone with quartzite-pebbles.
The absence of clay immediately underlying the coal is, in the writer's opinion, as great a proof
against the in situ, theory of the formation of the coal, as is the scarcity of fossils. He has never
yet seen, in 15½ years of South African experience, a bed of fireclay immediately underlying
a seam of coal, nor has he ever found a fossil on the floor of the seam. Fossils have always
been found on the roof or in the coal-seam itself. He possesses a specimen (recently found at
the Rand collieries) of Favularia tessellata. This fossil was found in the coal, and its substance
is also that of coal.
The late Prof. Green's remarks on the formation of South African coals are very distinctly in
favour of a subaqueous theory, and the writer entirely agrees with him. Prof. Green said :—
All, or nearly all, known coals have been formed in one or other of the following ways:
In the case of some coals, the plants out of which it has been formed grew on land
over ground where the coal is now found. Coals formed in this way may be called
terrestrial coals; as a rule, they contain a small percentage of ash, and they frequently
maintain a fair regularity in thickness and uniformity in character over large areas.
In other cases, plants have been carried by running water into ponds or lakes, have
sunk to the bottom, and in this way have given rise to a layer of vegetable matter,
which has subsequently been converted into coal. Coals formed in this way may be
called subaqueous coals ; they will be liable to contain a large percentage of ash, for
the rivers will bring down mud and sand as well as plants, and
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the deposit formed on the bed of the lake will be a mixture of earthy and vegetable
matters. There will also be a risk that this class of coals will be more variable in
thickness and more limited in extent than terrestrial coals, for a substance as light as
wood, leaves, or twigs, is not likely to settle down very regularly, and the area over
which the coal extends cannot be greater, and may be less than that of the lake in
which it was formed.
The two classes of coal can almost be distinguished by noticing the kind of rock that
lies beneath them. In the case of a terrestrial coal, the stratum immediately below it is
thickly crowded with the roots of the plants which furnished the material for the coal. It
is really nothing else but the soil in which these plants grew. To it the names
"underclay" and "seatstone" have been given. There will obviously be no such
seatstone under a subaqueous coal. Now, in no single case have I been able to detect
anything approaching a seatstone in character under the South African coals, and on
this ground alone I should be strongly inclined to suspect that they are subaqueous.
The writer's experience of all South African coals is that they possess the drawback of
containing a large percentage of ash, and as this paper is not altogether a geological one, but
more an attempt to briefly explain the class of coal that a mining engineer in South Africa has

to consider and provide for in the ordering of machinery for its treatment on arrival at the
surface, he will now state that the most important questions to be considered in ordering a
plant of modern type are :—
(1) The quality of the coal to be treated, and classes to be divided. The coal is all of a very
hard nature. Dynamite being used as an explosive (costing nearly 2s. per pound), there is a
large percentage of small coal made for which as yet there is no demand. This small coal
question is one demanding the grave consideration of all engineers interested in coal in the
Transvaal. Blasting-powder would naturally save much waste in small coal, but unfortunately
the only powder obtainable is that manufactured in the Transvaal, which in the writer's
experience has proved a perfect failure.
Two classes of coal only are made for the market, viz., round and nuts; the duff or dust is
tipped with the sorted shale and inferior coal on to the debris-heap. In ordering mechanical
screens or jiggers, the engineer has therefore to study how he can best obtain the maximum
quantity of round coal and the minimum of duff coal, at the same time producing nuts free from
dust and dirt, for which there is always a ready sale. The average price at present at the pit is
9s. for round and 6s. for nut-coal.
Although the plant to be described was not originally ordered in its present form as far as the
cleaning and classification of the coal is concerned, these are details which can always be
arranged to suit the local conditions of any colliery.
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The writer is at present using on the whole length of the jigging-screen bevelled bars with 7/8
inch spaces. The screen is 20 feet long. All the coal passing over this screen goes on to the
round-coal belt, is picked and distributed into bags. The coal passing through the jiggingscreen simply runs by gravitation over screening-gauze of 3/8 inch mesh into a hopper, where
the nuts are collected and drawn off through sliding-doors into bags. The dust falls through
the 3/8 inch mesh into another hopper, and is taken away from thence in the small trucks to
the debris-heap. It has been advanced that rotary-sieves are better screeners than fixed
screens. This, in the writer's opinion, is wrong in theory, and in practice he has found that more
nuts were made over a fixed
[Photo: Fig. 7.— General View of the Rand Colliery, from the South-west.]
screen than through a revolving-screen, not to speak of the power required to drive the latter.
A rotary-screen contains to a certain extent the elements of a coal-disintegrator, and a certain
amount of nuts are (by being thrown about in the rotating-machine) converted into dust, and
so passed off to waste through the meshes of the sieve, which, over a fixed screen, where the
coal moves by gravitation only, would pass into the bags for sale.
(2.) The saving of labour in banking-out and sorting. As white labour is too expensive in South
Africa for banking-out work, the arrangement, as hereafter, described, is a great saving of
labour on the
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old system where so many Kafirs were employed. On the present output, the saving by the
modern appliances for banking-out and tipping amounts to 3½d. per ton.

Sorting- or picking-belts cannot be too long. As the writer has already endeavoured to show,
the coals of the Transvaal are so very erratic in their quality that the engineer must be prepared
for a large amount of picking, and the belts ought therefore not to be shorter than 50 feet and
at least 5 feet wide, so that the boys can pick from both sides. Now that the gold industry has
expanded to its present large dimensions, competent managers are being employed, and they
naturally
[Photo: Fig. 8.-General View of the Rand Colliery, from the South.]
insist on having the best fuel, and it is only by having the latest appliances for cleaning,
screening, and picking the coal, that ready sale can be made.
(3.) The most economical mode of bagging the coal. All coal in the Transvaal, as yet, must be
bagged at the mine to suit the whims of the Netherlands Railway Company, who have a
monopoly of the railways in the country. The old system at collieries working is to deliver the
coal from the screens or belts on to a huge tray lying almost flat, and from thence the coal is
shovelled by hand into bags. The saving by the use of distributing-shoots, as adopted at the
Rand collieries, is about 8½d. per ton on the present output. The combined saving amounts
to 1s. per ton over the old systems of banking-out and bagging.
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Description of Plant as Erected at the Rand Collieries.
(Plate XXI.)
The pulley-frames are 55 feet 4 inches high to the centre of the pulley wheels, and these,
together with backstays, etc., are built of steel trellis-work, well stayed with diagonals and
cross-bracing. The feet are set in cast-iron shoes mounted on large cap-stones set on
concrete beds and firmly bolted together. The backstays, 66 feet long, sit in cast-iron shoes
on cap-stones at the end of abutments forming part of the engine-beds, 13 feet high. Handrails and steps are fitted to one backstay,
[Photo: Fig. 9.—Banking-out Platform, showing Tipplers, Creepers, etc.]
leading from the engine-house. The pulley-wheels are 7 feet in diameter. The frames are
riveted throughout, and are exceptionally rigid (Figs. 7 and 8).
The heapstead and sorting-platforms carrying the screens, picking-belts, tipplers, creeper, and
shafting are built of timber, having 86 uprights, each anchored to a block of masonry, capstone, and shoe. The back and front stays and the trussing under each screen reduce the
vibration to a minimum.
The top deck of the heapstead, from the cage-landing, is on a downward grade (2½ feet in all)
upon which the tramways are laid. Each full truck, as it enters the tippler, pushes out the empty
one, and this runs by gravitation to the end of the creeper, where the axle of the tub
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is caught by the horns of the creeper-chain, and taken up an incline to the fiat-sheets ready
for the cage again.
The tipplers are of the revolving type, tipping sideways on to the screens. A counter-shaft with
keyed rollers, and a pair of loose rollers, attached by links to a second shaft, are driven

continuously from the screen main-shafting. The second shaft is controlled by a working lever,
which, when lifted, brings the loose rollers into gear with the third set starting the tippler. When
the tippler is at rest, a projection on the working lever lies in a slot on the tippler-flange. After
the lever is lifted and the rollers geared, the projection on the lever rides in a groove around
the flange till a revolution is completed, then the projection again falls into the slot and the gear
is thrown out (Fig. 9).

[Photo: Fig. 10. - Picking-belts Platform, Showing Jigging-screens, etc.]
The jigging-screens, which have already been partly described, are driven by belting from the
main-shafting, and an eccentric with connecting rod and levers gives the jigging motion to the
screens (Fig. 10).
The picking-belts are 25 feet and 32 feet long by 5½ feet wide, and are geared to travel at the
rate of 60 feet per minute. At the end of the belts a vibrating plate throws the coal over the
apron, which is cambered, and dividers direct the coal towards the bagging-doors. At the top
of the distributing-shoot or apron a dead-screen takes off the small coal made in breaking up
big lumps on the belts. (The lumps have to be
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broken for bagging.) If it be required in future to load coal without bagging, the screen in the
shoot lifts up and the coal can be loaded direct into trucks (Fig. 11).
The jigging-screens, picking-belts, tipplers, and creeper are all driven by an engine with two
horizontal cylinders, 10 inches in diameter by 18 inches stroke, fitted with variable expansiongear and automatic governor. If necessary any part of the machinery can be thrown out of
gear without stopping the driving-engine.
The winding-engine is of the horizontal direct-acting type, having two cylinders each 20 inches
in diameter by 3½ feet stroke with drums 6½ feet in diameter. . The engine is firmly fixed on
solidly-built stone
[Photo: Fig. 10.—Coal-bagging Platform, showing Distributing-shoots, etc.]
foundations, at a height of 13 feet from the ground, thus bringing the cylinders above the level
of the top of the boilers. The foundations themselves are built up solid at the end next the
head-gear, forming a strong buttress for the backstays of the pulley-frames.
Steam is supplied by two Lancashire boilers of the ordinary type, 28 feet long by. 7 feet in
diameter, carrying a steam pressure of 90 pounds to the square inch. The smoke-funnel, 72
feet high by 7 feet in diameter, is built of wrought iron, and riveted in position. A conical
wrought-iron base or outer shell, 9½ feet in diameter at its base, joins the smoke-funnel proper
at a height of 16 feet above the bed-plate. The
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whole is securely bolted to the bed-plate, which is about 5 tons in weight and mounted on a
bed of masonry 14 feet square by 8 feet high. The holding-down bolts, 3 inches in diameter,
pass downwards through the masonry into 2½ feet of concrete below.

The coal tubs are of the Marsden type, built of wood, with angle-iron corner-posts. They are
of 20 cubic feet capacity, and fitted with 11 inches wheels. The gauge of the road is 2½ feet.
These trucks are wearing well, and for their size are very easily handled by the Kaffirs.
The cages are built of steel, with room for two tubs on the single deck. Walker detachinghooks are fixed on the winding-ropes. One of these hooks has been accidentally tried since
the colliery started, and the writer is glad to say that it worked without a hitch, and the pit was
stopped for about ½ hour only.
Tub-greasers are in use, and the writer can recommend them as effecting a saving both of
grease used and of labour in greasing. The greasers consist of two discs revolving in a trough
filled with grease, with sheet indiarubber inserted round the edge of each disc. As the tub
passes over the greaser, the indiarubber presses against the bearing part of the tub-axle, and
while it deposits a small amount of grease it also causes the disc to revolve a slight distance,
and leaves it ready charged with grease for the next tub.
The continuous growth of the coal-trade in the Transvaal is shown by the following figures
taken from the official returns :—

1895
1896
Increase

Output of
Coal.
Tons.
1,152,206
1,471,189
-------------318,983

Value.
£
516,215
612,561
-------------96,346

Value per
Ton.
s. d.
8 11½
8 4
-------------- 0 7½

Number

of

Employees.

Whites.
286
443
-------------157

Natives.
3,702
5,645
-------------1,943

Total.
3,988
6,088
-------------2,100

The Chairman moved a vote of thanks to Mr. Hallimond for his valuable paper, which was
cordially approved.

[000]
Vol. XLVI, Plate XI.
To illustrate Mr. W.T.Hallimond’s “Notes on the Coal-Seams of the Transvaal, and description
of a modern pit-head plant.”
Figs. 1-3.
Plate XII.
Figs. 4-6.
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DISCUSSION UPON MR. LICHTENBERGER'S PAPER ON THE "HONIGMANN SYSTEM
OF BORING AND SINKING SHAFTS." *
Mr. M. Walton Brown said that Mr. W. Schulz had recently stated† that the No. 1 Pit at Heerlen,
in Holland, was sunk into the Coal-measures at a depth of 330 feet on March 31st of the
present year. The Coal-measures were reached at 320 feet in depth, the upper portion, 221
feet 6 inches, of the shaft had already been tubbed, and on reaching a depth of 334 feet the
second section of tubbing was to be inserted and wedged upon Coal-measure rocks.
Immediately after this was done the sinking would be continued to the first workable coal-

seam. The first section of tubbing was footed firmly upon Tertiary clays. During sinking the
greatest care had to be taken, as a test borehole led to the expectation that quicksand would
be met with at a depth of 278 feet, and this was cut during the sinking. According to the fossils
which were found in the course of sinking, it appeared to be Greensand, and was followed by
a very hard Cretaceous marl. Above the Coal-measures there was a bed of clay, 10 feet in
thickness.
The sinking of No. 1 pit was temporarily suspended at a depth of 224 feet, after the tubbing
had been inserted, as it was impossible to make it watertight against the bed of Tertiary marl
on account of an accident, which had nothing to do with the Honigmann system. The sinking
of this shaft will be resumed shortly. Both shafts, the uppermost 223 feet approximately in
recent formations, had been sunk down to the Tertiary marl without any lining whatever, so
that the Honigmann system had proved itself satisfactory. The further sinking of No. 2 pit was
also carried on without any lining, and the very loose-running Greensand was pierced without
any accident whatever. The pressure-water, which was still standing in the shaft, would be
pumped out after the second section of tubbing had been inserted and made fast upon Coalmeasure rocks.
* Trans. Fed. Inst., vol. xiii., page 155.
† Glückauf [Glueckauf], 1897, vol. xxxiii., page 292.
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
STUDENTS' MEETING,
Held in the Wood Memorial Hall, Newcastle-upon-Tyne,
June 12th, 1897.
Mr. G. P. CHAPLIN in the Chair.
DISCUSSION UPON MESSRS. NOBLE AND NISBET'S " NOTES ON COAL-MINING."*
The Chairman did not think that much coal would ever be got at the working-face by
mechanical means in this district, owing to (1) the cost of the laying out of the roads, etc.,
which was necessary in the parts of the mines where it was intended to use coal-cutters ; (2)
the general unsuitability of most of the coal-seams ; and (3) because the prevailing conditions
of labour did not necessitate the introduction of labour-saving appliances into every possible
process, as was the case in other districts. There were certainly, however, conditions in which
coal-cutters could be used with distinct advantage ; especially when a new district of
considerable size was being opened up in coal which was not broken up by faults, and where
the other conditions were favourable.
One of the costs of coal-getting that was capable of reduction was haulage, and in the manner
suggested by the writers of the paper, viz., by auxiliary motors which could be easily moved
and placed near the working-faces, and used for drawing the tubs to one of the main haulageplanes. He thought that electricity would undoubtedly be the power of the future, as it gave
much better results than compressed air. Compressed air was said to have the advantage of
supplying a certain amount of fresh air to badly ventilated mines, but he thought that it was
hardly necessary in this district on that account.

* Trans. Fed. Inst., vol. xiii., page 141.
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Mr. A. Noble remarked that whether the method of working was longwall or even bord and
pillar, it was difficult to see where any excessive cost would be entailed in the opening out of
districts by driving the necessary roads for the introduction of mechanical coal-cutters. It was
also difficult to understand why the coal-seams of this district were unsuitable for mechanical
coal-cutting. The thicker seams of Northumberland and Durham would, however, in time, be
exhausted, and mechanical coal-cutting would probably become profitable in thin seams of
less than 3 feet in thickness.
Mr. T. E. Parrington read the following paper on the "Economical Combustion of Coal for
Steam-raising Purposes."
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ECONOMICAL COMBUSTION OF COAL FOR STEAM-RAISING
PURPOSES.
By T. E. PARRINGTON.
At the present time, when high working costs prevent substantial profits from being made, and
even cause works and collieries to be laid idle, the question of how to reduce these costs as
far as possible is a problem which is sure to present itself before many engineers; and although
in many ways the larger items of cost have been actually reduced, or an attempt has been
made to reduce them, some of the apparently smaller ones are overlooked, one of the chief
of these being the cost of coals for steam-raising purposes.
The writer has lately assisted in making careful tests upon the firing of a Lancashire boiler,
and wishes to show in a short paper that a very little trouble may lead the way to effecting a
considerable saving in fuel.
There are two main questions to be answered before the firing of a boiler may be called
satisfactory or otherwise :—(1) Is the supply of air admitted for the combustion of the coal
properly regulated ? and (2) what is the temperature of the gases on leaving the boiler-flues
to pass into the chimney ? These two conditions are, in a way, dependent upon one another;
that is to say, if the temperature in the chimney-flue is found too high it will often be caused by
the supply of air being too great.
(1) The first question is whether the supply of air is properly regulated, and what amount of air
is being allowed per pound of coal. To regulate the air-supply, it is necessary first to know
what is the theoretical amount of air required by the coal for complete combustion. The airsupply depends upon the composition of the coal; and supposing that this quantity is
calculated from a chemical analysis of the coal, then an extra allowance of half as much again
to twice this theoretical quantity of air should be allowed. A less quantity of air will cause
incomplete combustion of the coal, and a larger quantity should not be admitted, because the
surplus air deprives the coal of some of the heat created by its combustion, and if this surplus
quantity be very large so much heat is taken as to render the combustion of the coal
incomplete.
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The next thing is to measure the allowance of air, and undoubtedly the most accurate method
is to test the gases in the chimney-flue for carbon dioxide (CO2), and by determining the
percentage of the contained carbon dioxide the supply of air may, accordingly, be regulated.
In the tests made by the writer the composition of the coal was as follows :—

Carbon
Oxygen
Hydrogen
Nitrogen

Per Cent.
75.0
6.6
4.0
2.0

To exactly burn 100 pounds of this coal, oxygen must be supplied in the following quantity:—
For the 75 pounds of carbon, 200 pounds of oxygen burning into 275 pounds of carbon dioxide
; and for the 4 pounds of hydrogen, 32 pounds of oxygen burning into 36 pounds of water. The
total weight of oxygen required will be 232 pounds, of which 6.6 pounds are present in the
coal, leaving 225.4 pounds to be derived from the air-supply, and with this nitrogen will enter
in the proportion of 23 pounds of oxygen to 77 pounds of nitrogen, or 754.6 pounds of nitrogen.
The total weight of air required will be 980 pounds, or say, 10 pounds of air per pound of coal.
The composition of the chimney gases will be :—
Pounds.
Per Cent
Carbon dioxide, CO2
275.0
26
Water, H2O
36.0
3
Nitrogen, from air, N
754.6 )
71
,,
from coal
2.0 )
Total
1,067.6
100
That is to say, if 100 pounds of this coal were burnt with the exact theoretical amount of air
necessary for combustion, the carbon dioxide would form about 26 per cent. of the resulting
gases.
But, as has been above stated, coal cannot be burnt in a boiler-fire unless from half as much
again to twice this amount of air is admitted. Let us suppose that 15 pounds of air are being
supplied per pound of coal; then if coal be burnt with this allowance the carbon dioxide is found
from the analyses of the gases to be 17 per cent. of the flue-gases, or if the maximum (20
pounds) of air be allowed per pound of coal, the gases will be found to contain only 13½ per
cent. of carbon dioxide, the percentage of carbon dioxide decreasing as the excess of air
increases.
These calculations show that it is only necessary to know the percentage of carbon dioxide in
the flue-gases, in order to find what quantity of air is being supplied to the coal-fires.
[240]
The apparatus used by the writer for testing the flue-gases for carbon dioxide was the
Schloesing (Fig. 1), which is very similar to the, perhaps better known Orsat apparatus.
A glass or porcelain pipe is inserted for some distance downwards into the chimney-flue, and
connected with the apparatus at A ; the other end D is connected to an aspirator ; by means
of a pipette a small drop of mercury is run into the bulb V, which will act as a valve; the reservoir
E is filled with mercury until it rises to the point B in the measuring-vessel M; and causticpotash-solution is poured into S, until it fills the spiral, and rises about 1 inch upwards into the

tube C. The various parts must now be connected with indiarubber tubing, and the apparatus
is ready for the sample of gas.
[Fig. 1: Diagram of Apparatus]
To obtain a sample of gas, open the aspirator and run out about 1 quart of water, then by
raising the weight W, allow R to fall slowly, until the mercury in M drops to zero; in this way a
sample of gas is drawn into the measuring-vessel M; the valve V is then closed, and the level
of the caustic-potash solution in the tube C is noted. Then, by raising R again, cause the
mercury to rise into M, and as the valve is closed, the gas will be forced into the caustic-potash
solution, where the carbon dioxide will be absorbed. After waiting a few minutes, the gas must
be passed back into the measuring-vessel until the caustic-potash solution returns to its first
reading. Then, the decrease of volume of the gas in M will show the percentage of carbon
dioxide contained in the flue-gases. To ensure that all the carbon dioxide is absorbed, it is
desirable to return the gases into the caustic-potash solution, and take a final reading. When
this is done, open the valve V, and raise R so that the gas may pass out into the air, and the
apparatus will be ready for the testing of another sample.
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Care must be taken not to insert the pipe into the flue, too near the damper or beyond it, as
more or less air is always sure to enter the flue between the damper and the brickwork, causing
the percentage of carbon dioxide to be smaller than it actually is. The boiler-seating, flues and
all brickwork should be in good order, and not leaking.
In the way described above, the carbon dioxide can be measured, and as has been shown,
from 13½ to 17 per cent. would indicate economical firing with this coal. In order to illustrate
the waste that may so easily occur, suppose that the percentage of carbon dioxide was found
to be only 5 per cent. This percentage shows that the supply of air is at the rate of more than
50 pounds per pound of coal, whereas an allowance of 20 pounds is the maximum in this
case, so that 30 pounds of excess-air are being heated by every pound of coal burnt. And as
the coal used to heat this excess-air would, if the air had not been admitted, have imparted its
heat to raising the temperature of the water in the boiler, this heat, and consequently the coal
which yields it, is being wasted.
(2) The second question is to determine the temperature of the flue-gases when they leave
the boiler and pass into the chimney.
The minimum and maximum temperatures allowable are 400° Fahr. and 600° Fahr.
respectively—a temperature lower than 400° Fahr. is seldom found; but if it be below this, a
slackness of chimney-draught will soon result, while the more likely mistake of having too high
a temperature will cause a loss of generated heat, and a consequent waste of coal.
There are numerous kinds of pyrometers, and the writer does not intend to describe any of
them here. The one that he used is known as the Siemens water-pyrometer or Siemens
copper-ball pyrometer, and it is one which can be relied upon to give very accurate results.
The using is certainly rather a lengthy process; but while the dial-pyrometer is easier to use, it
is very apt to get out of order.
Now, supposing the temperature of the flue-gases is found to be 1,000° Fahr., instead of 500°
Fahr., what is the extent of the consequent waste ?

The British thermal units of heat derived by burning 100 pounds of the same coal will be :—

Carbon, 75 pounds by 14,545 units
Hydrogen, 4 pounds - 6.6pounds ÷ 8, by 62,032 units
Total heat units

British Thermal Units.
= 1,090,875
= 196,952
= 1,287,827

And the heat wasted in British thermal units by the gases escaping at 1,000° Fahr. instead of
500° Fahr. will be, with a minimum excess of air:—
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Nitrogen
Oxygen
Carbon dioxide
Water-vapour

Pounds.
1,133.9
112.7
275.0
36.0

x
x
x
x

Excess Temperature.
500°
x
500°
x
500°
x
500°
x
Total heat units wasted

Specific Heat
0.244 =
0.217 =
0.217 =
0.480 =
=

British Thermal Units.
138,335.8
12,227.9
29,837.5
8,640.0
189,041.2

Approximately, one-seventh of the heat produced is wasted; and if the maximum quantity of
air had been allowed, the waste would have been still greater. As it is, 1 ton of coal might have
been saved in every 7 tons used, and by the end of a year, with, say, 6 boilers, this loss of
coal would represent a very considerable sum of money.
But the point may be raised by steam-users that, if these conditions are observed—the air
properly regulated, and the flue-gases kept at, say, 500° Fahr.—the full work cannot be got
out of the boiler. This objection raises the important question : does it pay to keep, say, 5
boilers at work and force them, or to use 6 boilers and work them quietly, saving the difference
of coal ?
Taking 5 boilers at 7 tons of coal per 24 hours, or 35 tons per day, and allowing a minimum of
air, say, 15 pounds per pound of coal, and the flue-gases escaping at 1,000° Fahr. instead of
500° Fahr., then one-seventh of this coal will be wasted, or 5 tons per day.
The 6 boilers would use, under proper treatment, 30 tons of coal for the same work that 5
boilers used 35 tons. The saving of coal will be 5 tons by 365 days, or 1,825 tons per year,
and this quantity, at 6s. per ton, represents an annual saving of £547 10s.
The sixth boiler, with its seating and share of chimney cost, may be reckoned at £600 ; and
allowing 4 per cent. interest on capital, and 7½ per cent. for redemption, the charge will be
£69 per annum.
The net saving will be (annual saving of fuel, £547 10s., less the extra charge for the extra
boiler, or £69) £478 10s. per annum. Consequently, the sixth boiler would repay its cost in 1½
years, and in addition it should not be forgotten that whereas 5 boilers would be forced,
6 boilers would work quietly, and would have longer lives.
The Chairman moved a vote of thanks to Mr. Parrington for his practical paper, which was
cordially agreed to.
[A1]
APPENDICES.

I.—NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM THE
TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND
FOREIGN PUBLICATIONS.
COKING CAPACITY OF COALS.
Détermination expérimentale du pouvoir agglutinant des houilles. By Louis Campredon.
Comptes Rendus de l'Académie des Sciences, 1895, vol. cxxi., page 820.
Existing classifications of coals give no indication of their coking capacity, and chemical
analysis, as generally practised, does not afford any precise information on this point. The
author was led to undertake a series of experimental trials for determining the coking capacity
of coals by a method similar to that employed for ascertaining the binding power of cements,
viz , mixing the coal with an inert substance and carbonizing the mixture in a closed vessel,
when the product retained, in the form of a solid button, a quantity of inert matter in direct
proportion to its coking capacity.
A weight-unit of coal finely pulverized was mixed with variable weight-units of fine siliceous
sand, the grains of which were practically uniform ; and the mixture was raised to a bright red
heat in small porcelain crucibles, so as to carbonize the coal. After cooling, the product varied
from a powder without consistence to a more or less compact button ; and it was easy to
determine, by a few trials, the maximum weight of sand which a coal could agglomerate into
a solid mass by carbonization. If the weight of the coal be represented by unity, the weight of
agglomerated sand will give its coking capacity, which was found to be nil for all coals that
yielded a pulverulent coke, while it attained 17 for the most coking coal hitherto tried in this
manner.
The following are a few of the results obtained with coals dried at 100° Cent. by this method,
which has been employed for three years in the laboratory of the Trignac works :—
[Table]
As shown by this table, there is no correlation between a coal's composition and its coking
power.
J. W. P.
[A2]
REMOVAL OF SILVER
AND GOLD FROM SEA-WATER BY MUNTZ-METAL
SHEATHING.
By A. Liversidge. Journal and Proceedings of the Royal Society of New South Wales, 1895,
vol. xxix., pages 350-366.
A distinct loss of silver and gold has been observed in old Muntz-metal plates which have
been exposed for a considerable time to the action of sea-water, about one-half of the silver
and one-third of the gold originally supposed to have been present being absent when
compared with new specimens. The scale upon the surface of these old plates, however, while
showing about the same loss of silver, indicated a gain of 7 dwts. of gold, or about 700 per
cent. This increase in the amount of the latter metal may be accounted for either by
precipitation from the sea-water or by concentration, due to the solution of the other
constituents of the sheathing, leaving the gold unattacked. Experiments with samples of new
sheathing which had been exposed to the influence of salt-water showed a slight decrease in
the amount of silver and an increase in that of gold ; but these results were not considered

satisfactory, as the gold contained platinum from the sulphuric acid used to dissolve the metal
for analysis.
M. W. B.
THE AMOUNT OF GOLD AND SILVER IN SEA-WATER.
By A. Liversidge. Journal and Proceedings of the Royal Society of New South Wales, 1895,
vol. xxix., pages 335-349.
Evidence is given in favour of gold being present in sea-water off the New South Wales coast
in the proportion of about 0.5 to 1 grain per ton, or in round numbers from 130 to 260 tons of
gold per cubic mile. This, of course, means an enormous amount for the whole of the ocean,
the cubic contents of which used to be reckoned at 400,000,000 cubic miles, and if the gold
be uniformly present at the rate of only 1 grain per ton, the total amount would represent over
100,000,000,000 tons of gold. A later estimate is 308,710,679 cubic miles : this even would
contain over 75,000,000,000 tons of gold. But at the present day, it would probably not pay to
extract the gold by itself, although it might as a bye-product in the manufacture of salt, bromine,
etc. The enormous amount of gold in the sea is, however, probably very small in comparison
with the amount scattered throughout sedimentary and crystallized rocks, i.e., apart from gold
in veins and other deposits.
All sea-waters contain some silver, usually from 1 to 2 grains per ton, but the author considers
the scorification and cupellation process lacking in the necessary precision for the exact
determination of silver in such minute quantities as occur in sea-water.
M. W. B.
KOLAR GOLD-FIELD, MYSORE, INDIA.
Notes from the Geological Survey of India. By R. D. Oldham. Records of the Geological Survey
of India, 1896, vol. xxix., page 82.
Certain peculiarities of the so-called champion reef in the Kolar gold-field show that it is not a
reef or vein, but a true bed of metamorphic quartzite. The lie of the quartz is strictly
conformable to that of the schists on either side, and in more than one place it has been bent
sharply up and then down again into a synclinal
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and anticlinal fold, whose axes dip steeply to the northwards. Where the quartz is bent, the
bedding of the hornblende-schists follows it, and can be seen curving over the vacant spaces
where the quartz has been worked out. There can be little doubt that this interpretation is the
true one, and that the gold of Mysore, as of the Transvaal, occurs in a bed, and not in a true
vein. This discovery is of interest as adding yet another to the many analogies between the
geology of India and Africa, and is not without its bearing on the economic question of the life
of the Kolar gold-field.
M. W. B.
PROSPECTING FOR MAGNETIC MINERALS BY MEANS OF MAGNETIC
MEASUREMENTS.
Sobre la Busca de Minerales atractivos por medio de Medidas Magnéticas. By Juan Pie y
Allué. Revista Minera, Metalurgica y de Ingenieria, 1896, vol. xlvii., page 357, and illustrations.
The hanging compass is used for the purpose of exploring for a deposit of magnetic mineral;
by its means nearly all the deposits of magnetite, and a great number of those of copper, zinc,
cobalt, and nickel, which exercise some magnetic attraction, have been discovered in Sweden.

This instrument consists of a freely-suspended magnetic needle contained in a round metallic
box, the needle being so balanced as to lie horizontal when exposed only to the action of the
earth's magnetism. By noting the angle of inclination or dip of the needle, the existence and
approximate dimensions of the deposit can be determined, although it may be overlain by
barren strata.
More detailed examinations are made next by means of the Thalen magnetometer, or the
Tilberg magnetic balance or inclinometer. These two instruments are now often combined into
one. The Thalen magnetometer consists of a magnetic compass graduated into four
quadrants, the zero-points being at the north and south. The compass-box is prolonged in the
east-west line by an arm made of brass, to which a vertical bar of soft iron can be secured,
whilst a magnetic needle can also be attached to it. The instrument can be used in two ways,
by the method of tangents and of sines.
In the former, the compass-box is levelled and is turned round till the needle lies on the northsouth line. The magnetic needle is then attached to the arm and the angle of deviation noted
; the needle is then removed, the soft iron bar secured in its place, and the angle again read.
The former angle represents the horizontal component of terrestrial magnetism and of the
attraction of the mineral deposits, the latter the vertical component.
In the method of sines, the magnetic needle is attached and the compass-needle is then
brought to zero ; the first needle is removed and the angle is read, and the same operations
as before are then gone through with the bar of soft iron.
Before a series of observations is commenced the instrument must be adjusted in a perfectly
non-magnetic locality, the needle on the arm being so placed as to cause a deviation of about
30 degrees. This angle will be constant for all non-magnetic spots and is equal to that obtained
along the neutral line of the deposit, a line which divides the curves of maximum and minimum
intensity.
The ground, in which the clipping compass has shown the existence of mineral, is marked out
by ranging rods, into squares of from 10 to 30 feet length of side ; at each intersection, the
angle a of deviation is determined by either of the above methods, the method of tangents
being usually sufficiently accurate ; these angles are noted on a plan, and all points of equal
magnetic intensity are joined ; iso[A4]
dynamic curves are thus produced, forming two groups of closed curves, one of maximum,
the other of minimum intensity. The neutral line passes between these two groups. The centre
of the maximum curves or the point of maximum intensity is always to the north of the deposit
and that of the minimum curves to the south, provided that the deposit does not come to the
surface and is not far from vertical. If the mineral crops out at the surface the main mass of it
lies immediately below the centre of the curves of minimum intensity. Let v be the angle of
deviation due to the vertical component; then values of G are determined by the formula
G = (tan v/tan α) - 1 ; the values of G thus obtained are written down on a plan and
allpoints of equal value are joined. A series of closed curves will thus be obtained surrounding
more or less regularly a central point, which is the plan of the apex of the deposit.
The calculations of Prof. Thalen have led him to the following conclusion : — The distance
from the surface to the centre-point of the deposit is twice the distance between the points of
minimum intensity and the intersection of the neutral line with the magnetic meridian. This
conclusion is only applicable when the method of sines is used, when the deposit is

approximately vertical, and the sine of the neutral angle is less than three times the sine of the
smallest angle of deviation.
The magnetic balance of Prof. Tiberg [sic] is used to determine the vertical components of the
magnetic force. It consists of a compass-box containing a magnetic needle capable of moving
only in one plane, and suspended like the beam of a balance with its centre of gravity below
the point of suspension when the compass-box is vertical. By means of a little wax, the needle
is made to hang horizontal in a neutral locality. It is then taken on to the ground and set up
over each point of intersection, and the compass-box, lying horizontal, is turned until the
needle coincides with the east-west line of the box. The box is then turned on its axis, which
coincides with that line, until it is vertical. The inclination of the needle is then noted, it being
determined solely by the vertical components of the terrestrial magnetism, and that due to the
deposit. From the angles so obtained, iso-clinic curves may be plotted, the centre of the
deposit being at the point that has shown the maximum angle of inclination.
H. L.
WETHERILL SYSTEM OF MAGNETIC CONCENTRATION.
Anon. The Engineering and Mining Journal (New York), 1896, vol. Ixi., pages 564-565, with
5 drawings.
In the system of magnetic concentration invented by Mr. J. Price Wetherill, of Bethlehem,
Pennsylvania, extremely low currents, obtained by the use of magnets of great power, are
effective in separating minerals which have hitherto been considered non-magnetic.
This
process was developed in separating the several minerals associated with zinc oxide in
the franklinite of New Jersey.
A large number of minerals have, until lately, been considered incapable of magnetic
concentration without a previous roasting to render them sufficiently magnetic to be acted
upon by any practicable electro-magnetic separator. Such are red and brown haematite,
siderite, chromite, menaccanite, rutile, franklinite, pyrolusite, psilomelane, tephroite, rhodonite,
garnet, and most of the minerals containing iron or manganese, or both, as well as most of
the chemically pure salts of these metals.
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A full description of the working of the Wetherill magnetic separator is given, illustrated by
drawings in section, side elevation, and plan. The process is in use at the works of the Lehigh
Zinc and Iron Company, at South Bethlehem, Pennsylvania, where 1,000 tons of ore per
month are treated by it—garnet, franklinite, tephroite, and fowlerite being removed from
willemite, zincite, and limestone, and the latter subsequently separated by jigging.
J. W.
FURNACE-RESIDUE FROM IDRIA CINNABAR ORE.
Die Brennrückstände [Brennrueckstaende] von der Verhüttung [Verhuettung] der Idrianer
Zinnobererze mit Kalkdolomitische Gangart. By F. Janda. Oesterreichische Zeitschrift für
[fuer] Berg-und-Hüttenwesen [Berg-und-Huettenwesen], 1896, vol. xliv., pages 549-552.
The residue from Idria cinnabar ore, roasted with dolomitic limestone in (a) a movable barfurnace and (b) a shaft-furnace, averaged:—
[Table]

In the former case, the ferric sulphide is oxidized on recalculation or on exposing the hot
residue to the air and evolves sulphur dioxide. Being brittle and porous, the residues absorb
moisture from the air and gradually crumble down, the calcium sulphide, which is particularly
hygroscopic, being decomposed by the atmospheric moisture and carbon dioxide into
sulphuretted hydrogen, and into carbonate and hyposulphite of lime, the latter oxidizing by
degrees to sulphate with separation of sulphur.
The changes occurring in roasting the ore with dolomitic gangue are: volatilization and
decomposition of the cinnabar; oxidation of more than half of the pyrites to ferric oxide, leaving
a lower form of sulphide behind ; oxidation of the ferrous carbonate, this effect being well
manifested in shaft-furnace residues by a thick, deep red incrustation on the surface of the
heap, the red dust from which yielded on analysis 15.5 per cent. of Fe2O3 and 9.8 per cent. of
Al2O3 The carbonates of lime and magnesia are decomposed and part with their carbon
dioxide, this being particularly the case with the latter base, which loses its carbon dioxide at
300º to 400º Cent. Calcium sulphide is formed by various reactions favoured by the presence
of carbon dioxide and sulphuretted hydrogen and by the absence of oxygen. A small amount
of magnesium sulphide is produced by the reducing action of carbon on the sulphate. The
carbonaceous matter results from the incomplete combustion of organic substances in the
mass, and partly, in shaft-furnaces, from the wood charcoal; when treated with concentrated
sulphuric acid the a residues gave off sulphuretted hydrogen, followed by sulphur dioxide,
from the reduction of the acid by the carbonaceous matter.
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On extraction with water, the residues a and b both yield a liquor containing sulphuretted
hydrogen and calcium sulphide in proportion to the amount of lime present, except in cases
where the original ore was low in sulphide of iron. The a residue extracts also contain calcium
di-sulphide, as is proved by the evolution of sulphuretted hydrogen when manganous chloride
is added; on the other hand the extracts from b residues contain much calcium carbonate.
Some of the ore treated in the shaft-furnaces contain sandstone rich in pyrites and gypsum.
This stone, after roasting, splits readily along the gypseous layers and becomes encrusted
with a yellow coating of basic ferric sulphate on exposure to air. A fine-grained tough
sandstone is also occasionally present, containing much ferrous sulphate, magnesium
sulphate, and organic matter, all of which are decomposed by roasting.
C. S.
SOLUBILITY OF LEAD AND BISMUTH IN ZINC.
Ueber die Löslichkeit [Loeslichkeit] von Blei und Wismuth in Zink. Nachweis einer kritischen
Temperatur. By W. Spring and L. Romanoff. Zeitschrift für [fuer] Anorganische Chemie, vol.
xiii. [1], pages 29-35.
In these experiments the heating of the crucible was effected by a gas-furnace, the
temperature being regulated by controlling the supply of gas in accordance with preliminary
observations, and recorded (up to 500° Cent.) by a mercury thermometer containing
compressed nitrogen, the platinum cone and calorimeter being used for the higher
temperatures. To facilitate the drawing of samples, the crucible was perforated at one side
and the aperture closed by a plug of graphitic clay. A sufficient quantity of the denser metal to
cover the hole being inserted in the crucible, the zinc was laid on the top, covered by potassium
iodide, sodium chloride, or powdered carbon to prevent oxidation, and heat was applied for
two hours to bring the mixture to the temperature desired, the contents being stirred for a few

minutes every half-hour. After ¼ hour's rest, to allow the metals to separate into two layers,
the superficial stratum of metal was removed by a spoon, the central portion run off through
the plughole, and the lower layer ladled out, the entire removal being effected in less than 1
minute, to minimize the reduction of temperature.
The results of the analysis of the top and bottom layers, expressed in percentages of the
saturated solution (Etard method) show that in the former, the solubility of zinc in bismuth
ranges from 14 at 266° Cent. to 30 at 750° Cent., and in lead from 1.2 at 334° Cent. to 41 at
900° Cent., the solubility of bismuth in zinc in the lower layer being 3 at 419° and 27 at 750°,
and that of lead in zinc respectively 1.5 and 25.5 at these temperatures.
The curves drawn from these figures indicate that, with rising temperature, the two solubilities
tend to equalize the points at which they would be identical, i.e., the critical temperatures,
being about 850° Cent. for bismuth-zinc, and above 900° for lead-zinc. These curves show a
perfect analogy with those drawn by Prof. Alexeiev for unmixable liquids, and demonstrate the
similarity between the mixture of fused metals and ordinary liquids.
C. S.
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TREATMENT OF ORES BY THE COMBINED SALT AND HYPOSULPHITE PROCESS AT
KAPNIK IN HUNGARY.
Combinirte Kochsalz- und Hyposulfit-Laugerei auf der Königl. [Koenigl.] Extractions-Hütte
[Extractions-Huette] zu Kapnik in Ungarn. Anon. Berg-und Hüttenmännische
[Huettenmaennische] Zeitung, 1896, vol. lv., page 373.
The ores treated at Kapnik amount to about 2,000 tons annually, and contain copper, zinc,
lead, and about 0.057 per cent. of silver and gold. These ores used to be treated by smelting,
but the increase in the cost of fuel and the diminution in the value of the metals produced,
especially silver, rendered it imperative to abandon this method. In 1872, the cost of smelting
was 4.28 florins (about 8s. 6d.) per ton, resulting in an annual loss of about £2,500 ; in 1894,
the cost of leaching (giving better technical results) was only 2.50 florins (about 5s.), giving a
profit on the year's work of about £1,700.
The ores are first submitted to a chloridizing roast in a Bode furnace, followed by a finishing
roast in a reverberatory furnace. The roasted ore is leached first with hot salt solution of 20°
to 22° Baumé for four days, by which about three-fourths of the gold and silver are extracted,
and the residue is leached with a solution of the hyposulphites of sodium and calcium for two
days, at the end of which time the tailings contain only 0.001 to 0.003 per cent. of the precious
metals.
The gold; silver, copper, and lead are thrown down in the metallic state by means of iron from
the salt solution, and as sulphides by means of the sulphides of calcium and sodium from the
hyposulphite solution.
The entire plant consists of ore-sheds, 18 Bóde and 2 reverberatory furnaces, 20 coolingvaults, 20 leaching-vats, 462 stoneware tubs for iron precipitation, 65 oaken leaching-tanks,
depositing and settling-tanks, etc., the total capital outlay for a plant capable of treating 2,000
tons a year being £8,200 ; the ore-shed cost £500, the furnaces £1,480, the cooling-vaults
£220, and the leaching-plant £6,000.
H. L.
ORE-CONCENTRATION IN THE BUTTE DISTRICT, MONTANA, U.S.A.

By Charles W. Goodale. The Engineering and Mining Journal [New York), 1896, vol. lxii.,
pages 269-270.
The ores of the Butte mining district present a variety of combinations, and may be classified
as follows :—
1. Copper-silver ores, which are produced by the mines of the Anaconda group, and by the
Mountain View, Colusa, Silver Bow, and Parrot. These high-grade ores are roasted and then
smelted ; but a large proportion of the output is low-grade and siliceous, and hence requires
concentration. The copper-bearing minerals occur in a gangue of quartz and felspar.
2. Silver-copper ores, of which the Gagron vein is the largest producer. The grade of the ores
from this mine is such that nine-tenths of the output requires concentration. The silver and
copper-bearing minerals of this vein are found in a quartz-gangue associated with felspar and
smaller quantities of barite and fluorite.
3. Silver ores containing a small amount of gold, such as those of the Alice and other mines
on the Rainbow lode, the Lexington, the Blue Bird, and others. The gangue is quartz, carrying
pyrite, galena, and argentite, with manganese. Good
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results on ores of this class cannot be obtained by concentration, as a large part of the silverbearing minerals are disseminated through the gangue in such minute grains that even the
finest practicable crushing does not liberate them from the quartz. Moreover, a great loss is
sustained from the floating-away of the rich silver-glance in the form of a greasy scum upon
the surface of the water. Nearly all of these ores are therefore treated by chloridizing-roasting
and amalgamation at a cost of 22s. to 30s. per ton, and with a saving of about 85 to 90 per
cent. of the silver and 10 per cent. of the gold ; the fineness of the resulting bullion being from
0.400 to 0.700.
In the Butte district, two general systems are in use. At Anaconda and at the Butte reductionworks, steam-stamps, hydraulic separators or classifiers, Collom jigs, and revolving slimetables are employed ; while at the Butte and Boston, the Boston and Montana, the Parrot and
the Colorado concentrating-works, Blake rock-breakers, Cornish rolls, revolving-screens, Harz
jigs, and frue-vanners are in use. Hydraulic sizing is also in use in the last-named mills for the
separation from the slimes of material which 10 and 12 meshes jigs can treat. At the Butte
reduction-works, frue-vanners are used for the overflow-slimes from the tanks which supply
the round tables.
J. W.
QUINET ROTATING CARRIER-TUBE.
Tube transporteur rotatif. By A. Godeaux. Revue Universelle des Mines, 1896, vol. xxxvi.,
page 284, with drawings.
In screening and loading-plants, cases frequently occur in which the difference of level is
insufficient to afford such a slope of shoot as will permit the coal to slide by itself into the
hoppers. In the Quinet carrier-tube, the usual Archimedean screw was suppressed, the case
only being retained, and a slight slope given to the tube sufficed to ensure the transport of nutcoal in a direction parallel with its axis. Two of these carrier-tubes have been erected at the
Bascoup central screening-station, where they give complete satisfaction. The tube is erected
almost parallel with the picking and carrying-belt, from which it receives the cleaned nuts,
through a hopper that delivers at will either into the tube or into shoots leading directly to a
railway-waggon, according as it may be desired to send away the nuts mixed with dust or not

so mixed. Inasmuch as, in the former case, the nuts fall upon the dust at the bottom of the
waggon, breakage is reduced to a minimum while the mixing is sufficient.
The carrier-tube, sufficiently strong to be self-supporting, is supported on a pair of rollers at
each end, and is kept in position by a pair of smaller rollers at each end and above the tube.
In this case, motion is given by ropes to one of two pulley-rims of different diameters,
embracing the lower end of the tube and permitting of 38 or 47 revolutions per minute, the
delivery in the former case being 6.8 tons per hour. The tube is 16 inches (40 centimetres) in
diameter and 20 feet (6.14 metres) long, the inclination being nearly 8 degrees. The power
required to rotate the tube running light or empty is only about 0.2 horse-power, and this power
is not greatly exceeded when the tube is loaded. By suppressing the central shaft and crossstays that were adopted in the first installation, the breakage is reduced from 8½ to 5 per cent.
J. W. P.
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KREISS ORE-CARRIER.
Ueber die Kreiss'sche Förderrinne [Foerderrinne]. By C. Blömeke [Bloemeke]. Berg-und
Hüttenmännische [Huettenmaennische] Zeitung, 1896, vol. Iv., page 397.
The Kreiss ore-carrier is a simple metallic channel of semicircular cross-section, attached to
or suspended from inclined springs, and moved backward and forward at a rapid rate by
cranks, the ore being carried forward by inertia ; sometimes the inner surface of the channel
is roughened, to increase the grip of wet ore, by the insertion of perforated or dentated plates.
Experiments were made at the Diepenlinchen mine, near Stolberg, with one of these carriers
about 10½ feet long, 11 inches wide, and 4 inches deep, the first 25 inches or so being
horizontal and perforated for the escape of water. A speed of 470 revolutions of the crank per
minute was maintained, but the slope of the carrier (12 degrees) was too steep to convey the
ore (in pieces of about 1/6 inch in diameter), except as a very thin layer. When in a horizontal
position, however, the machine acted efficiently, and at an angle of 6 degrees conveyed pieces
1/12 inch in diameter at the rate of 80 inches (2 metres) in 1 minute, the time of transport
increasing with the size of the lumps up to 8½ minutes for those 3/5 inch in size. The coarser
lumps did not move forward satisfactorily, owing to the wet condition of the ore, but when a
perforated plate-lining was introduced, all sizes, up to 1½ inches, were conveyed by the carrier
with ease. Owing to the favourable result of the tests, a carrier divided into two parts, one
horizontal 28 feet (8.5 metres) long, and 9 inches wide, and the second 23 feet (7 metres)
long, and 15 inches wide, is now installed at the mine, and conveys 75 tons of ore per diem
up a vertical height of 33 inches. The power required is said to be no greater than in other
systems, and the expenditure for repairs is low, the wooden springs being very durable, and
the perforated lining being replaced from worn-out sieves.
C. S.
SIMPLON TUNNEL.
Le percement du Simplon.
By G. Colombo.
Revue Universelle des Mines, 1896, vol.
xxxiii., page 1.
The proposed tunnel, nearly 12½ miles (20 kilometres) long, which will constitute the most
important passage of the Alps, and is estimated to cost nearly £6,000,000 (150,000,000
francs), will traverse from north to south, first, the micaceous shales and a bed of gypsum for
12,140 feet (3,700 metres), then alternating strata of limestone, mica-schists, limestone, and
gneiss for 31,800 feet (9,700 metres), and lastly, a thickness of 20,800 feet (6,330 metres) of
mica-schist and gneiss, the strata being almost perpendicular to the centre line of the tunnel.

Neither the shales nor the gneiss, although very hard, are expected to cause any great
difficulty; but such is anticipated in the case of the gypsum, although only occurring over slight
lengths of the tunnel.
The method proposed by the contractors consists in driving two single-line tunnels, 56 feet
(17 metres) from centre to centre, and connected by cross-drifts every 656 feet (200 metres),
one tunnel only being driven, first, with the heading of the other tunnel, which will be completed
only when the traffic requires it. Each tunnel will have a height of 18 feet (5½ metres) above
the rails, and a width at the rail-level of 14¾ feet (4½ metres), which the commission of experts
appointed by the Italian Government proposes to increase to 15½ feet (4.7 metres), while the
headings will be 12½ feet (3.85 metres) high by 12 feet (3.7 metres) wide. During
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the work, the heading of the second tunnel will serve to take off the water, for the entrance of
the air for ventilating and cooling the working-places, and also for the entrance of the trains,
which will make their exit, as will also the air, by the first tunnel. In this manner, a ventilation,
perfectly under control, dry working-places, and convenient and regular transport will be
obtained, and this far better than by a single tunnel with double line of way, which would cost
at least as much. The rock-drills to be used are of the improved Brandt type, working with
water under pressure, with which a hole of 2¾ inches (7 centimetres) diameter and 4 feet
(1.25 metres) long has been bored in Antigorio gneiss in less than 15 minutes, and by means
of which the contractors reckon upon a daily advance of 19 feet (5.85 metres), except during
the first few months, so that the first tunnel, and the heading of the second, may be completed
in 5½ years from the commencement of the works, while they also hope to accelerate the work
by a method of taking off the spoil by means of water.
For rock-drilling and ventilation, it is intended to utilize a force of 800 horsepower—taken from
the river Rhône at the northern end of the tunnel, and one of 1,700 horse-power from the rivers
Diveria and Cherasca at the southern end—for sending about 18 gallons (from 80 to 100 litres)
of water per second, at a pressure of 1,500 lbs. per square inch (100 atmospheres), into each
end of the tunnel; but far more water-power will be available if required.
It has long been acknowledged that the difficulty of driving a long tunnel can only be got over
by having plenty of motive power at command, which permits of not only pushing forward the
works with rapidity, but also of overcoming the difficulty caused by the vitiated air of the
working-places and of the heat due to the depth of the tunnel from the surface, which in the
present case is 7,000 feet (2,135 metres). The question of cooling and ventilation constitutes
the greatest difficulty in the Simplon tunnel; but the disadvantageous influence of the great
heat in long drivings has been much exaggerated, because facts show that workmen can
stand very high temperatures when the ventilation is sufficient. It is calculated from the
experience obtained with the Saint-Gothard tunnel that the temperature in that of the Simplon
will increase a Fahr. degree for every 113 feet (1° Cent. per 62 metres), so that the highest
temperature will not exceed 102° Fahr. (39° Cent.); but the contractors are bound to take
means for ensuring that the temperature in the working-places shall never exceed 77° Fahr.
(25º Cent.).
These means consist in the forcing in of air by means of a water jet, after the manner of the
injector, with, if necessary, the use of water in the form of spray; and calculations based upon
experiment show that 11 gallons (50 litres) of water per second will be sufficient to lower the
temperature on each side of the tunnel to 68° Fahr. (20° Cent.). Inasmuch as a circulation of
1,765 cubic feet (50 cubic metres) of air per second with 18 gallons (84 litres) of cold water at

the northern end and 16 gallons (75 litres) at the south is provided for, the contractors feel
sure of satisfying this condition. The ventilation will be ensured, both during the execution of
the works and in the course of actual working, by fans erected at both ends of the tunnel, and
capable of supplying at least 1,765 cubic feet (50 cubic metres) of air per second.
The contractors undertake to make the first tunnel and the heading of the second for the sum
of £2,180,000, not including the purchase of land and permanent-way materials, and to
complete the second tunnel, not including the permanent-way and ballasting, for an additional
£600,000, if decided upon within four years.
J. W. P.
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WORKING A THICK COAL-SEAM AT ARNAO, SPAIN.
Abbau mit Bergversatz auf der Steinkohlengrube von Arnao in Asturien (Spanien). By — Dach.
Zeitschrift für [fuer] das Berg- Hütten- [Huetten-] und Salinen-Wesen, 1896, vol. xliv., page
395.
The Compagnie Royale Asturienne des Mines of Liége is working a seam of coal up to 40 feet
thick, at Arnao, on the northern coast of the Spanish province of Asturias. The outcrop of the
seam forms an arc open towards the north, distant on an average 660 feet from the sea and
100 to 130 feet above sea-level. The seam dips to the north and extends far under the sea,
the furthest points reached so far being some 660 feet beneath the sea and 1,650 feet from
the coast. The dip of the seam averages over 20 degrees, while the sea-bottom slopes very
gently, so that the thickness of rock between the coal-seam and the sea-bottom which is only
130 feet at the coast-line, increases further north to 590 feet ; these rocks consist of Coalmeasures, alternately shales and sandstones.
The submarine portion of the seam has been opened up by a vertical shaft 250 feet deep, the
surface being 65 feet above the sea, while the pit-bottom is 185 feet below it; thence an
engine-plane is driven in the seam at a downgrade of 23½ degrees. The panels on either side
of the engine-plane are opened by a series of horizontal drifts, about 33 feet apart vertically ;
only every third one of these is used as a tramway, the other two above it being connected
with it by self-acting inclines ; as soon as these levels have reached the boundary coal-getting
commences, working backwards, by taking off slices 10 feet wide rising from each level to the
one above it. When such a slice is complete, the place is carefully stowed by building a drystone wall 3 to 5 feet thick of good stone close against the pillar of coal left standing, the space
behind this wall being carefully packed. The dry-stone wall is built of blocks of Devonian
limestone quarried close to the pit, the filling behind the wall consisting of the stone got in the
mine and of metal made in the quarry. When the thickness of the seam does not exceed 11½
feet, the whole thickness of the seam is taken in one lift; when it is thicker, it is better to divide
it into several lifts not exceeding 10 feet, or at the outside 11½ feet, the footwall lift being got
first, care being taken that each successive lift shall be at least a division behind the one
previously worked out; the workings thus assume a step-like profile in longitudinal section.
The horizontal levels are driven in the seam close to the roof.
Timbering is effected by means of caps 11½ feet long, which rest at one end in the wall of the
stowed slice, at the other end in holes cut in the coal, supported by props in case of need. The
props set against the coal can be drawn when the next slice is being got ; in the lower lifts, the
caps, together with any lagging-boards, can be recovered when the next upper lift is worked,
but the roof of the seam is so bad that it requires very close timbering, and but a small portion
of this timber can be drawn when its neighbouring slice is being stowed.

Where the seam is very thick and three or four lifts have to be worked, the levels are liable to
creep and their maintenance becomes expensive ; in these cases it is preferred to drive the
level on the floor side of the seam, to stow it at the same time as the workings, and to drive
fresh levels in the coal as required.
In order to ventilate the workings, the main shaft is made the downcast, the air passing down
the engine-plane to the lowest level, and thence ascending through the workings up to the
level of the shaft-bottom, whence it passes to the upcast shaft, where it is heated by the steampipes of the underground hauling-engine and is connected with a chimney 130 feet high, also
heated by steam ; a Guibal fan is kept in reserve.
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The coal is worked up to a depth of 100 feet beneath the sea, the rib thus formed being left
standing to prevent surface-water from making its way into the deep workings.
It has been found that the most careful packing is compressed 30 to 40 per cent., so that a
settlement of several feet occurs in the thicker parts of the seam, producing at times fractures
that continue up to the sea-bottom ; water has thus made its way into the workings, but never
in serious quantities, and the fissures appear gradually to close again, becoming silted up by
the sand of the sea-bottom.
The workings above sea-level, where the same attention to the maintenance of the roof is not
required, are worked in a very different manner. Here self-acting inclines are driven in the
strata above the roof ; from these horizontal levels are driven across the seam about 10 feet
high, from these again a pair of levels are driven 150 to 200 feet right and left in the seam,
one near the roof and one near the floor. The coal is then worked in slices across the seam
11 feet wide by 11 feet high, which are then closely stowed. A vertical shaft is sunk near each
incline in order to serve for the introduction of the requisite stone, and also as an upcast shaft.
The stowed stone of the worked-out levels thus forms the roof of the next lower working, and
has to be carefully timbered by caps set lengthways of the seam and supported by props, the
space between the caps being close planked. Much of this timber can be recovered when the
next slice is being worked. As all the surface belongs to the company, any damage to it can
be neglected, the great object of the stowage being to furnish a good roof for the next lower
lift.
The amount of coal got per hewer, the hewer being paid by the tub, is 2½ to 3 tons per diem.
H. L. and C. S.
KÖFLACH [KOEFLACH] METHOD OF WORKING COAL-SEAMS.
Vorschlag eines Abbauverfahrens für [fuer] mächtige [maechtige], flachliegende
Braunkohlenflötze [Braunkohlenfloetze]. By Hans Gutmann. Oesterreichische Zeitschrift für
[fuer] Berg-und-Hüttenwesen [Berg-und-Huettenwesen], 1895, vol. xliii., page 497, and
illustrations.
Among the various methods of working mines known to the author, the Köflach [Koeflach]
appears the best suited for thick horizontal coal-seams, where there are no quicksands, as in
the lignite-district of Northern Bohemia. The principal advantages of this system are that little
wood is required for timbering the mine.
The method of working is as follows :—A bord is driven against the goaf, and at right angles
to it, a level or stall about 12 feet wide, and 6½ feet high, undercutting 20 or more feet of the
roof. Neither the main roadways nor the bords must undercut more than this thickness. The
level when completed has on one face the goaf-pack, and at the head a packing chiefly of

refuse from the working above. The roof is next broken up from the top, the wastes from the
upper working being utilized, the packing is sloped away, the top coal got down, and the
workmen stand on it as it falls to get at the remainder. This is broken up by blasting, the coal
being then worked at an angle of about 45 degrees. Taking down and getting out the coal, and
bringing down the roof, are operations naturally carried out at different times. With care it
seldom happens that the roof suddenly breaks up, or the goaf begins to thrust. The work can
be carried out in such a way that the packing is always left at a suitable height for the miners
to reach the roof easily.
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The angle at which the coal is got down does not vary, but the face of the coal advances
steadily, the goaf being always carefully packed. Sometimes a narrow shoot has to be made,
to get rid of the coal, before the next bord is reached, but this is not always necessary. As
soon as all the coal in the roof has been got down up to the main roadway, a large goaf-pack
is made to protect the workings, and the coal carried off. In this way a thickness of 30 feet of
coal can be reached, and brought down at one time. Even twice this thickness may be dealt
with, if two levels are driven ; in the lower the roof will be much looser than in the upper, where
it falls in partly from the superincumbent strata.
In the Wollan and Köflach [Koeflach] mines, a miner can fill four tubs per shift when driving
roadways, and six tubs when bringing down the roof; the pay is about 9d. per tub for the first
kind of work, and about 5d. for the second. Odd work, such as making good the packing,
propping the face, and opening the shoot, is not paid for. One difficulty of this system is that
most of the small coal as it falls is wasted, and may cause spontaneous fires, but if the levels
are systematically and rapidly driven the heaps of coal are kept within moderate limits, and do
not become dangerous If care were taken the coal could be got out in large pieces, and there
would be little dust or small coal. It is impossible wholly to avoid dirtying the coal by falls from
the roof, or breaking it when it is thrown from the rubbish into the tub.
The author proposes to apply the method to lignite coal-seams in the following way :—In a
seam 30 feet thick, where all the coal has to be taken out at once, gateways must first be
driven from home, to be afterwards widened as required, and pillars left 45 feet by 42 feet. In
each of these pillars, three parallel stalls 15 feet wide should be cut, and a long working-face
thus obtained, running diagonally to the cleat of the coal, from the edge of the workings
towards home. The coal-face in the different workings must always be in a vertical straight
line, the lower levels being worked till they run into the end packings of the upper. Ventilation
is easily obtained by sending a strong current of air through the main gateways, and as the
face is not carried quite up to the roof, a passage is left between. The end packings of each
level must be made very solid, since they are utilized afterwards.
There is said to be no loss of coal in working with this system ; thick seams with two or more
levels can be economically worked ; there is less danger to the workmen from sudden falls of
the roof ; large open spaces are avoided, and danger of fires and explosions minimized. The
author gives data for calculating the working cost, which depends partly on the ease with which
the coal is got down, and the firmness of the roof.
B. D.
WORKING THIN COAL-SEAMS.
Note sur I'Exploitation des Veines Minces du Bassin Franco-Beige.
By F.
Cambessédès. Bulletin de la Société de l'Industrie Minérale, 1895, vol. ix., page 529.

The mean useful thickness of the coal-seams worked in France and Belgium is generally less
than 3 feet, and most of them contain various stone-bands, so that the driving of headings and
pushing forward of the stalls generally furnishes too much rubbish to permit of working by
preparatory headways and packing, for the disposal of the rubbish would require headways of
too great width, and too large pillars would necessarily be left so as to prevent crushing in,
while taking up the rock to the surface would involve too great expense. It is generally
more
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economical to take out the coal as contiguous headings are pushed forward, while gobbing
the spaces both with the sterile portions of the seams and with the rock excavated in driving
the headings ; and yet, when the thickness of the seams approaches 3 feet, and they do not
contain too many sterile beds, some companies, both in France and Belgium, adopt methods
which involve the falling in of the roof after forward headings have been previously driven, or
at any rate combined methods with previous driving of the main rolley-ways.
Seams are now won in Belgium and the North of France, which are only just thick enough for
the miner to work in a recumbent position; this thickness corresponding with a clear height of
about 13 inches; and, when the working of seams of about 10 inches is mentioned, it must be
understood that the intercalated rock bands give the total height required for hewing.
Moreover, these thin seams are only worked when they yield clean and tolerably large coal,
and when their dip is sufficient to avoid any great expense in bringing the coal up to the loading
place. Very thin seams are also worked a few feet above headings driven for proving or
working other seams. When the net thickness exceeds about 14 inches and the dip is
considerable, a seam is often worked, especially with the aid of shoots, made of sheet iron,
which were first used in Belgium. After a visit by several French engineers to the Couchant de
Mons or Borinage district of Belgium, these shoots were adopted by the Aniche Company,
and they are now generally employed both in the Nord and in the Pas-de-Calais coal-fields.
The shoots are made of plates 1/16 inch thick, 3¼ feet long, and 4 feet wide, with a width of 1
foot turned up to a right-angle on each side, the lengths being connected by iron wire passed
through small holes at each angle. The passes in which these shoots are placed have the
same width as inclines, with a sufficient height for all the rubbish they yield being contained in
the stall. The shoots are placed in one half of the pass or bing-hole, the other being left for the
passage of workmen. The author enumerates the advantages afforded by the use of shoots
in comparison with inclines, and gives several examples, with illustrations, of thin seams
worked by shoots.
In working ordinary thin coal-seams, gobbing must generally be adopted ; and a choice has
always to be made between rising and forward stalls, this choice depending upon the nature
of the deposit, which exerts a preponderating influence, and the advantages and
disadvantages inherent in each method. As regards the nature of the deposit, the author
mentions the influence of gravity, of thickness and composition, of dip, cleavage, fractures,
the underlying and overlying rocks, and fire-damp, all of which are discussed in turn. The
advantages and disadvantages inherent in the methods themselves are considered separately
under the following heads :—(1) Interference with one another, or the reverse, of the workmen
at the face, thus influencing the rapidity of taking out the coal ; (2) bringing up of the coal and
rock to the loading -place ; (3) support of stalls and headings ; (4) stock and conditions of
haulage ; (5) preparatory workings ; and (6) variations in strike and dip.

The method of working a large number of thin seams in the Franco-Belgian coal-field is
described in detail, frequently with the aid of illustration, showing the methods employed in
each; and, in addition to this, all the seams mentioned are included in tables, giving their name,
with vertical sections showing the angle of dip and cleavage, with observations.
J. W. P.
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WORKING COAL-SEAMS WITHOUT INCLINED PLANES.
Ueber die Vorrichtung des Flötzes [Floetzes] ohne Bremsberge.
By J. Jicinsky.
Oesterreichische Zeitschrift für [fuer] Berg-und Hüttenwesen [Huettenwesen], 1895, vol. xliii.,
page 77.
In thin seams, where little useful material is thrown away, it is especially desirable to open up
the workings and bring the coal to bank as speedily as possible. The latter process is usually
effected by means of inclined planes, with or without trams and rolleys. These at first answer
well, but as soon as the workings are extended the inclined planes are subject to a great
pressure, the ridge and sides fall in, the track is shifted, and when most wanted is least
available. For these reasons, a system of winning the coal without inclined planes, by utilizing
the winzes and drainage cross-cuts, with rope-gear, has been adopted in a mine in
Westphalia, which the author had lately the opportunity of inspecting.
The seams of the Consolidation colliery have a northerly inclination of 40 degrees, and are
from 2½ to nearly 10 feet thick. The vertical distance between the levels varies from 30 to 90
feet, the total space between the highest and lowest being from 260 to 330 feet. The principle
of the new system is as follows :—As soon as a group of coal-seams has been reached, a
horizontal winning gallery is cut along the whole length, with cross galleries intersecting all the
principal seams. The different levels follow the same direction, connexion being made by
making winze-pits upwards through the unproductive part of the rock. From these, according
to the height required, corresponding drainage cross-cuts are made, whence the different
levels are ventilated and worked. Each cross-cut and winze form a division of the winning
gallery with a working length of 650 to 1,300 feet, and each section can be drained, ventilated,
and the coal removed separately. As the latter operation is carried out by rope-gear, the main
cross-cut is made as straight as possible, with few sharp corners. Iron, wood, or brickwork is
used to support it; pinewood being preferred to oak, because of its greater elasticity under
pressure. This cross-cut is ventilated by compressed air, brickwork partitions, or by a fan; the
best and safest method is by means of brickwork partitions, as neither fans nor blowers get
rid of all the foul air. The main galleries are chiefly driven through an unproductive part of the
seam, surrounded by solid rock. This is certainly a costly process, but, as no coals can be
extracted from the sterile rock, no repairs are necessary, and it serves as a main gangway.
Cross-cuts run from the main galleries at given intervals, and from these the winzes are
worked, and are provided with two sets of trucks, one to balance the other when hauling. They
are lined with wood or masonry, unless the rock is very solid, and always worked upwards
from below, for greater convenience in getting rid of the coal. The drainage cross-cuts are
opened out from the winzes, and it is seldom necessary to clear them out, as ventilation and
drainage naturally follow the excavations.
The advantages of this method of bringing the coal to bank by utilizing the winzes and levels,
instead of conveying it to the surface up inclined planes, depend on the nature of the rock and
other circumstances. The author gives tables showing the cost of working a mine with the two
systems, and proves an economy of 39 per cent. with the new method. In another mine, with

less pressure, the coal from three seams took four years to bring to bank with the old system,
and three years with the new ; the economy was about 30 per cent. In both cases stone crosscuts were required ; the difference lay only in the cost of maintenance of the inclined planes
and of the winzes. The advantages claimed are : better working conditions and ventilation,
greater facility in sending the coal to bank, smaller cost of repairs, and shorter ventilatinggalleries.
B. D.
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EFFECTS OF WORKING A DEEP SEAM OF COAL UNDER A RAILWAY.
Effets produits par une Exploitation houillère à grande Profondeur sous un Chemin de fer:
Moyens de protection employes. By — Brière. Revue générale des Chemins de fer, 1896, vol.
xix., pages 20-27.
The railway from Capdenac to Rodez crosses the Aveyron coal-field for a distance of about
4½ miles and had previously (in 1876-1886) suffered from the subsidence of the surface,
resulting from the removal of coal from an underlying seam belonging to the Campagnac
colliery. In the present instance, the latter company began in 1890 to work a deposit of coal
exceeding 200 feet in thickness, and 525 feet below the surface, mainly lying under the valley
of Offet, a little nearer Rodez than the Fraysse tunnel, the thinner part of the seam extending
under the latter for some distance. The plan adopted for working the coal was to drive a
heading about 65 feet below the roof of the seam, take out all the coal to a height of 8 feet,
and after packing the goaf, repeating the operation at successively higher levels until the upper
part of the seam had been cleared, whereupon work was resumed on the same lines at a
lower level.
To avoid the inconveniences attendant on the expected subsidence of the tunnel and
embankment across the Offet valley, the railway company at first proposed to reconstruct this
portion of the line at some distance away, but finding that it would still be within the area
affected by the subsidence and would also be a very expensive plan to adopt, it was decided
to repair any injuries to the existing line as they occurred.
Soon after the working of the coal-seam was begun, the surface commenced to subside
gradually, so that the Fraysse tunnel moved as on a hinge, the Rodez end sinking about 14
inches in the first six months and necessitating the erection of shoring-frames and an extra
stone lining in the parts most affected. Meanwhile it was decided to open the tunnel from
above, an operation which took eighteen months (January, 1892 to July, 1893) to complete.
The embankment across the Offet valley was also affected by the gradual fall of the ground
and had to be heightened by means of the debris from the new cutting in order to maintain the
line at its normal level. This embankment was pierced by two openings, the one a triple
aqueduct to carry off the waters of the valley, and the second bridging the Offet road. The
former has been replaced by a triple drain in rough stone, and the latter, after successive
reductions in diameter by repeated shorings, has had to be bricked up and the roadway carried
up the embankment on either side to a level-crossing at the top. As the surface still continues
to subside, and consequently the height of the embankment above the valley has to be still
further raised, it is expected that ere long the approaches to the crossing will become too steep
for vehicles and another means of maintaining the communication by road will have to be
devised.
At present some 1,000 feet of the railway-line are affected by the depression, which has
already attained 21¼ feet, and is expected to ultimately amount to 65 to 80 feet, so that the
cutting in place of the Fraysse tunnel will have by that time almost disappeared, whilst the

embankment will be about 160 feet high, or more than double its original altitude. This,
however, will take some thirty years to effect.
The total outlay incurred by the Orleans Railway Company on the alterations amounts to
£26,000, apart from the expenses of maintaining the line at its normal gradient, which average
£60 a month, and the cost of repairing the approaches to the level-crossing, some £24
monthly.
C. S.
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BROWN COAL-MINING OF NORTH-WESTERN BOHEMIA.
Technische Einrichtungen bei dem Braunkoldenbergbau des Nordwestlichen Böhmens
[Boehmens] und dem Steinkohlen-bergbau des Pilsener Rivieres. By M. Remy zu Zabrze.
Zeitschrift für [fuer] das Berg- Hütten- [Huetten-] und Salinen-Wesen, 1896, vol. xliv, pages
55-61.
The brown coal is worked from the outcrop, or quarried where it will pay to remove the cover.
Shafts are sunk where the bearing is thick, care being taken to prove the ground by boreholes, as there are awkward beds of running sand to be passed through.
In open workings, the first operation is to take off the cover. This is piled in heaps at intervals
along the strip to be taken off, and the pillars of coal left between are shot down with dynamite.
This gives an enormous quantity of coal at once, and it takes some time to get it filled away.
The piled up cover is filled into the excavations, and the remaining pillars shot down. At the
Richard Hartmann mine, a steam-dredger, having buckets provided with strong iron teeth, is
used for removing the rubbish. An inferior part of the seam containing pyrites is left behind in
the goaf; this in most cases takes fire, and the goaf is a smouldering mass until all the
remaining coal is burnt up. Shafts are sunk to the dip, and they generally have to be walled or
tubbed.
Sometimes the Poetsch method of sinking is used to get through the running sand when it is
very bad. At the Venus mine at Brux, after other systems had failed, the running sand was
passed through successfully with the Poetsch method. The chief mine tramway is always
driven forward to the new shaft-bottom, and the coals inclined down to it. The coal reaches a
thickness of 30 feet, and is worked on a modification of the bord-and-pillar system. Places are
turned away in the bottom of the seam about 60 feet apart, leaving 9 to 12 feet of coal near
the goaf, a square block is cut out of the pillar of about 45 feet on the side, 3 feet of top coal
or so being left on. The large block is simultaneously undercut, and cut up vertically. The
vertical cuts are 2 feet wide, and the underholing about 5 feet high. Strong butts and
scaffolding are placed in the vertical slits for the workmen. After the block has been cut up on
three sides and underholed, the props nearest the rolleyway are knocked out and the coal
allowed to fall. Any coal that remains hanging, after knocking the timber out, is brought down
with shots. The top coal is always kept on for safety, a good parting between it and the bottom
coal preventing it from coming away during firing.
The output of such a pillar, 30 feet by 45 feet by 45 feet, is about 2,700 tons of coal. In working,
the roof has to be closely watched, the magnesium light being used for that purpose.
The mine-waggons are of large dimensions, holding 15 to 16 cwts. of coal. The practicability
of using such large waggons is only attained by keeping all the ways wide, straight, and as
level as possible. The waggons have wooden bodies, with an iron top to prevent breakage on
unloading.
A. N.
MONAZITE FOR INCANDESCENT GAS-BURNERS.

Brazilian preferred to Carolina Monazite. Anon. The Engineering and Mining Journal (New
York), 1896, vol. Ixii., page 78.
Carolina monazite occurs in irregular crystals, some being as large as a grain of wheat, and
requiring crushing. For these reasons the Auer-Welsbach Company, of Berlin and Vienna,
prefers the Brazilian monazite, which comes in the form of a fine sea-washed sand.
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A ton of Brazilian-monazite sand, costing at present in Hamburg about £24, yields, with good
working, from 45 to 55 lbs. (20 to 25 kilogrammes) of pure thoria, which is worth from £480 to
£600, according to its degree of purity.
Thorium oxide is now worth, in Germany, from £10 to £15 per pound according to purity. Mr.
Mason, U.S.A. consul at Frankfort [Frankfurt], suggests the establishment in the monazite
region of North America, of a laboratory "where, by employing the most improved and
economical methods, the monazite, including the poorer sands which have been concentrated
by a process recently perfected, may be worked up, the thoria extracted and made available
as a finished product in all countries where incandescent gas-burners are manufactured."
J. W.
NAPHTHA DEPOSITS IN THE ISLAND OF TSCHELEKEN, RUSSIA.
Der Naphta-Reichthum der Insel Tscheleken. By K. Charitschkow. Chemische Revue über
[ueber] die Fett-und Harz-Industrie, 1896, vol. iii., page 86.
Tscheleken, in the south-eastern division of the Caspian Sea, has long been noted for its
springs of naphtha and deposits of ozokerit, which were worked in a primitive manner, the oil
being mainly shipped to Astrabad in Persia and the ozokerit to Baku, but has been neglected
for some years, the attention of prospectors having been concentrated on the Apscheron
district. Recently the officials of the Trans-Caspian territory, in looking for a source capable of
supplying liquid fuel for the railway at a low price, have made several essays in Tscheleken
with satisfactory results, and the island is again looking up as a petroleum-field.
The oil itself is very thick, of the consistency of ointment at 37° Fahr., and solid at 32° ; the
contained water is difficult of removal and causes inconvenience in distillation. The specific
gravity is 0.868, and the flashing-point 51½° (Abel-Pensky). When distilled, 2.8 per cent. of
light distillate (up to 400° Fahr.); 11.9 of fractions boiling at 400° to 480° Fahr. ; 7.6 per cent.
of fractions at 480° to 520° Fahr., and 6.6 per cent. distillate at 520° to 590° Fahr. come over,
leaving a semi-solid residue well adapted for the direct preparation of vaseline. About 5 per
cent. of paraffin—yielding 3 per cent. when refined—is present in the oil and begins to deposit
at a not very low temperature.
Two of the distillates form burning oils ; the one — of specific gravity of 0.795— flashing at 84°
Fahr. and very similar to American petroleum, and the other — of specific gravity of 0.8216--flashing at 167° Fahr. The first-named burns brightly at first, but the illuminating-power falls off
greatly, and the second is of inferior quality, but when combined they form a useful burning
oil—of a specific gravity of 0.800, flashing-point at 95° Fahr.—like American but with a higher
flashing-point, suitable for use as a safety oil for special purposes.
It is expected that the vaseline and paraffin industries will, at Tscheleken, manifest a more
favourable development than has hitherto been the case in the Caucasus.
C. S.
PETROLEUM OF SALT CREEK, WYOMING, U.S.A.

By Messrs. W. C. Knight and E. E. Slosson. Bulletin of the School of Mines, University of
Wyoming, Petroleum Series, No. 1, June, 1896.
Only a small area of the Salt Creek oil-field, which lies around the river of that name, has
hitherto been tested, its limits not yet having been ascertained. Wells have been sunk by three
companies, about 50 miles north of Caper, and a small oil-refinery has been erected
containing one 50 barrels cheese-box still. The average daily production is 10 barrels. In 1895,
7,019 barrels were obtained, the yield for the present year (1896) being estimated at 20,000
barrels.
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The crude oil is bright red by transmitted, and dark green by reflected, light. It has a specific
gravity, at 59° Fahr., of 0.9095, and at 158° Fahr. of 0.8755. Its flashing-point (open cup) is
410º Fahr.; burning-point, 500° Fahr.; viscosity, at 68° Fahr., 15.74, at 212° Fahr., 1.49. The
oil remains liquid at 1.4° Fahr. No paraffin is deposited on cooling.
The chemical composition of the oil has not yet been studied; but it is considered, owing to
the violent action of concentrated acids, that it contains a large proportion of unsaturated
hydrocarbons.
As the oil is naturally suited for the production of lubricating-oil, the authors consider that the
best results will be obtained by adopting the Russian process of continuous distillation,
cracking being prevented by the use of superheated steam. This method has been found to
increase the yield of the distillate, with a specific gravity of 0.900 to 0.925, from 22.94 to 29.98
per cent., or a gain of 7 per cent., and that of a higher specific gravity from 4.96 to 12.53 per
cent., or a gain of about 7.5 per cent.
The following tables contain particulars of the two chief grades of lubricating-oils at present
manufactured : —
Specific
Viscosity at
Gravity.
68º Fahr.
Flashing-Point.
Car oil
0.9065
15.05
Above 213° Fahr.
Engine oil
0.9125
25.17
„ 273° „
Burning Point.
Cold Test.
Car oil
Above 263° Fahr.
Below 1.4° Fahr.
Engine oil
„
328°
„
„
5º
„
The oil is considered to occur in two oil-sands, one of which crops out about 2 miles from the
existing wells, and dips about 555 feet to the mile ; the other, about 2 miles further away, is
indicated by the presence of oil-springs.
The existing wells vary in depth from 809 to 1,200 feet. The water associated with the oil
contains a large percentage of sodium sulphate. Only small quantities of gas are given off
from the wells.
The charges in connexion with drilling are very high, the cost of plant and labour for a first well
amounting to £1,200. Coal and wood are also dear, but it is anticipated that workable coal will
be discovered within 8 or 10 miles of the wells. As regards the geological age of the oil-field,
it is younger than those of the Eastern States, and more nearly approximates to the Hungarian,
Galician, and Bukowina oil-fields.
M. W. B.
PETROLEUM IN ORAN, ALGERIA.

Les Récherches de Pétrole dans le Département d'Oran (Algérie). By Alfred Evrard.
Le
Génie Civil, 1896, vol. xxix., pages 235-237.
The surface-manifestations of bitumen in Oran occur in a fairly regular line between Port aux
Poules and Mazouna, a distance of some 74½ miles, coinciding with the axis of an anticlinal
fold, and indicating the existence of a system of important subterranean fissures in the same
plane. On account of the loose nature of the surface-beds of marls, subsidences have
occurred, covering the outcrops of these fissures and masking their presence, except at the
places where bituminous springs are encountered.
The best-known petroleum centre in this region is at Aïn-Zeft, where four wells have been
sunk, in addition to three galleries, but only one -- No 4 well -- yields
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any considerable quantity of oil. This well is 1,365 feet deep, and struck oil in a bed of sand
on June 26th, 1895, the daily output being 4,400 gallons at first, which, however, declined to
a regular flow of 1,540 gallons per diem by November, 1895. It is noteworthy that this, the first
well exceeding 1,300 feet in depth, produces a larger quantity of oil than the average of those
at Baku (1,320 gallons). None of the other wells had struck the oil-sand, but were confined to
the marl and gypsum surface-formation, the occasional layers of bitumen and oil met with
being no doubt due to infiltration through interposed calcareous or schistose beds. The failure
of the previous borings may be therefore ascribed to ignorance of the geology of the locality.
In addition to the Aïn Zeft explorations, permits have also been granted to bore at Tarria in a
concession of quadrilateral form, traversed from north-west to south-east by the line of fracture
referred to, and in a diagonally opposite direction by the Wady Tarria, where a number of
bituminous exudations and deposits of sulphur have been discovered. So far, only a few
unimportant excavations have been made, but the situation is favourable for striking the oilsand, although the depth at which the latter occurs can only be determined beforehand by
preparing a sectional plan of the strata.
The Sidi Brahim concession, which is also situated on the same line, lies to the west of Aïn
Zeft and about 28 miles east of Mostaganem on the right bank of the river Chéliff. Here a
gallery has been driven about 16 feet into the marl and gypsum exposing a spring of tar and
oil yielding 6⅜ gallons per day. Two borings have also been sunk ; one, after meeting
indications of oil at 55, 420, and 550 feet respectively from the surface, had to be abandoned
as the result of an accident, but the other was driven to a depth of 748 feet, and passed
through five layers exhibiting oil, and one yielding a copious supply of gas. This well is being
deepened and the oil-sand is expected to be struck at a less depth than at Aïn Zeft. There is
a suitable site for an oil-refinery near by, with an unfailing supply of water, or a pipe-line of 3
miles would meet the railway at Relizane.
The sulphuretted oil from the gallery at Sidi Brahim. like the surface oil at Aïn Zeft, is dark
brown, and very viscous, with a specific gravity of 0.980. That from the No. 4 well at Aïn Zeft
can hardly be considered as yet exhibiting the true constitution of the bulk in the oil-sand, but
from the examinations made it is anticipated that the oil from the whole district will yield some
15 per cent. of burning oil, 28 per cent. of intermediate oil, 31 per cent. of good lubricating-oil,
and 23 per cent. of paraffin, vaseline, etc., on account of which latter constituents, pipe-line
transport will be unsuitable for the crude oil, except for short distances, and it will, therefore,
be advisable to erect oil-refineries near the wells.
C. S.

ACTION OF ALUMINIUM CHLORIDE ON PETROLEUM DISTILLATES : THEORY OF
ORIGIN OF PETROLEUM.
Ueber die Einwirkung von Aluminiumchlorid auf Theer-und Erdöldistillate [Erdoeldistillate]; und
über [ueber] die Theorie der Erdölbildung [Erdoelbildung]. By Fr. Heusler. Zeitschrift für
[fuer] angewandte Chemie, 1896, vol. xi., pages 288 to 292, and 318 to 321.
Having found aluminium chloride to possess, in the perfectly dry state, the power of
decomposing thiophene in brown-coal tar-oil, with the evolution of sulphuretted hydrogen
and the formation of sulphurous resin together with sulphide or sulphochloride of aluminium,
the author essayed the effect of this reagent on petroleum distillate in view of the known
inefficiency of sulphuric acid in the
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removal of sulphur. The results were particularly satisfactory, the sulphur being completely
removed without the waste occasioned by the acid process, 95 per cent. of the total oil
(benzene) being left after refining. In the case of the sulphur oils from Ohio, although they
contain no thiophene, the sulphur was removed, no resin being formed, and as no high
molecular oils (lubricating-oils) are found after the process, it is evident that the lower fractions
of the Ohio oils do not contain any unsaturated hydrocarbons. The method of refining is
performed by gradually adding to the oil at boiling-temperature sufficient dry aluminium
chloride (about 0.8 per cent. suffices when working on a small scale) to effect
desulphurization— the boiling being continued for some little time after the reaction has
ceased — and treating the cooled oil with soda to drive off the sulphuretted hydrogen,
separating from the resinous deposit, if any, and redistilling. By this means the sulphur content
of Ohio oil was reduced to 0.02 per cent.
The same reagent is also found to act in a satisfactory manner on crude cumol from coal-tar,
as well as on crude xylol, but less efficiently on benzol, owing to the low temperature at which
the reaction in the latter case has to be performed.
The "artificial petroleum" produced by Prof. Engler's method of distilling train-oil at a low
temperature was also treated with aluminium chloride in the above manner, and was found to
yield a fraction, boiling at 376° to 536° Fahr., of almost identical constitution with the light
fractions from brown coal-tar, and agreeing with the composition found by Profs. Engler and
Jezioranski for the distillate boiling above 392° Fahr. *
From this circumstance, coupled with the fact that Prof. Engler's distillate corresponds with
brown-coal tar-oil or shale-oil rather than with natural petroleum, the author considers that the
said product represents merely an intermediate stage in the formation of petroleum in the
earth, and that the subsequent elaboration of the oil was effected in a manner probably similar
to the above recorded action of aluminium chloride. The actual agent effecting the conversion
is still undetermined, but in view of the fact that no other metallic chloride has been found to
exert the same action as the aluminium salt, it would appear that Prof. Ochsenius' "brine
theory" is untenable.
With regard to the formation of naphthalenes in petroleum, the author, in conjunction with Dr.
Gärtner [Gaertner], has obtained these bodies from the distillation of brown-coal tar, and Prof.
Nefgen has lately discovered them amongst the distillation-products of Scotch shale.
C. S.
SULPHUR IN PETROLEUM.

Der Schwefelgehalt des Petroleums. By C. Engler. Chemiker Zeitung, 1896, vol. xx., page
197.
The export of Lima (Ohio) petroleum to Europe has greatly increased of late, but its use for
illuminating purposes has been deprecated on account of its alleged high percentage of
sulphur. The author's experiments, however, show that this complaint is based on insufficient
grounds, since, in respect of sulphur-content, Lima oil, though a little inferior to the best
Pennsylvanian and Russian oils, is better than those of Alsatian and Galician origin, the
average percentages of sulphur found being 0.02 to 0.03 for standard white Pennsylvania oil,
0.027 for Russian oil, 0.043 for Lima oil, 0.043 to 0.0615 for Galician oil, and 0.067 for oil from
Alsace, while the very finest refined Astral oil only contained 0.0195 per cent.
*Trans. Fed. Inst., vol. x., page 574.
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As compared with coal-gas, these figures exhibit petroleum in a very favourable light; for a 14
lines burner consuming 50 grammes (1¾ozs.) of oil per hour only liberates into the air 0.01 to
0.02 gramme (0.154 to 0.308 grains) of sulphur, equivalent to 0.1225 gramme (1.891 grains)
per 100 candles per hour, whereas standard English gas, for the same degree of illumination,
discharges into the air 0.513 gramme (7.817 grains) per hour, or about four times as much as
petroleum. Even gas of a high degree of purity, such as that of Carlsruhe, contaminates the
atmosphere with sulphur to a greater extent than oil. *
C. S.
OCCURRENCE OF PLATINUM WITH GOLD AND SILVER.
Ueber den Einfluss einiger Platinmetalle auf die Richtigkeit der bei den Gold-Inquartationsproben erzielbaren Resultate. By Dr. E. Priwoznik. Oesterreichische Zeitschrift für [fuer] Bergund Hüttenwesen [Huettenwesen], 1895, vol. xliii., page 272.
Platinum is a frequent associate of gold, and is often found pure, not only in alluvial gold but
also in the ore. Its presence therefore in refined gold bars and even in coins is not surprising.
Silver also contains platinum, but the proportion in both the precious metals is not more than
a few thousandths per cent. In one analysis, only 0.0053 per cent. of platinum was found in
75½ grains of mint gold, and about the same in pure silver. This metal is now so much in
demand that more attention should be paid to it at the mints. As platinum diminishes the
ductibility of gold only when mixed with it in large quantities, the small proportion in mint gold
cannot affect the process of coining, but it may cause difficulties in mixing and testing the alloy.
To determine this point, the author mixed small quantities of platinum with mint gold, and
tested the compound not only by inquartation with silver, but also with concentrated sulphuric
acid.
The usual method of assaying alloys of gold in mints is to mix the gold and copper with a
certain quantity of silver and lead, and to melt the whole in a crucible in a distilling muffle. The
lead is then driven off by admitting air, and the silver and gold remaining are rolled and boiled
with concentrated nitric acid. The silver is dissolved out and the gold washed in hot distilled
water, annealed, and weighed in an assay balance to the ten thousandth part of a gramme.
The art of the assayer consists in so managing the process that the unavoidable silver
residuum left in the gold, usually from ¾ to 1 thousandth part, counterbalances the loss of gold
due to the muffle and volatilization. This result is obtained in most of the European mints.

An official account of the processes employed in assaying gold has been published by order
of the Austrian mint authorities. In the middle of this century, sulphuric acid was used in Vienna
instead of nitric acid to separate the silver and gold, the result being that, especially in poor
alloys, the residuum of gold was more compact. Concentrated sulphuric acid was also
successfully used for this purpose in Saxony, although many experts were opposed to it. No
inconvenience was experienced from the fumes, or from the high boiling-point attained. After
boiling with nitric acid the gold has a smooth and brownish appearance, with sulphuric acid
the surface is yellow and lumpy. If the alloy consists only of gold, copper, and silver, sulphuric
acid gives results as satisfactory as nitric acid, but not if the gold contains platinum, because
platinum will not dissolve in sulphuric
* Dr. R. Kissling, in the same volume of the Chemiker Zeitung (page 199), publishes
independently results agreeing practically with those of Prof. Engler.
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acid. This is seen in laboratories, where sulphuric acid is evaporated in platinum vessels, and
retorts of this metal are used in chemical works for concentrating the acid. It is not even
soluble when largely alloyed with silver.
To prove that sulphuric acid should not be used when quartating gold with silver, if it contains
any platinum, the author made various tests. An alloy containing 900 parts gold, 100 parts
copper, and 2 parts platinum yielded after quartation 901.2 thousandth parts when boiled with
sulphuric acid, and 900 thousandth parts when treated with nitric acid. The same results were
obtained with 5 parts of platinum. When the quantity was doubled and quadrupled, it was all
dissolved when boiled in nitric acid. But these alloys contained too little platinum to reveal its
presence by a coarse dull surface or its peculiar grey hue. An alloy was next used containing
900 parts gold, 100 parts copper, and 100 parts platinum, and yielded, after boiling with nitric
acid, 907.6 parts of gold, in other words, 92.4 per cent. of the platinum was dissolved, and 7.6
per cent. was left. Thus, if a sample of gold contains 2 per cent. of platinum, the gold is
perfectly refined when treated with nitric acid, but if the percentage of platinum be higher some
part remains unaffected by the acid. The experiments prove that when a certain quantity of
platinum is associated with other easily soluble metals, as silver and copper, nitric acid will
dissolve it, and only leave the gold. Sulphuric acid, on the contrary, though a much stronger
chemical, does not touch the platinum, all of which remains in the gold ; and the weight of the
latter, after refining, will be the greater the higher the proportion of platinum in it. The presence
of the platinum is easily perceived by the coarse and crystalline character of the grains of gold.
To assay gold containing more than 2 per cent. of platinum, Prof. Chaudet recommends that
it should be quartated with silver, the grains drawn out, rolled, and boiled with nitric acid. If the
gold thus obtained shows an undue diminution in weight, it must be subjected to the same test
until the weight remains constant, care being taken that the loss by waste is less than the
silver residuum, otherwise the results will not be accurate.
Alloys of silver and platinum, if dissolved in nitric acid, yield a perfectly clear solution. If, after
boiling, the acid has a yellow or brown tint, this is due to the presence of palladium, which
frequently accompanies platinum and gold. To ascertain whether palladium also was soluble
in nitric acid, the author melted 1,250 thousandth parts of silver in a cupel with 102 thousandths
of palladium and the due proportion of lead. After separating the latter, the silver showed on
cooling a somewhat dull surface. Heated with nitric acid, it dissolved entirely and yielded a

brownish solution. Even traces of palladium are sufficient to colour nitric acid, but as the metal
is wholly soluble in the acid, it will not affect the results.
The influence of iridium, rhodium, and ruthenium, all metals belonging to the platinum group,
affect the assaying of gold more than palladium or platinum. Mint gold, mixed with a small
quantity of osmium-iridium, showed after quartation with silver and lead a coarse grain full of
bubbles, with grey and black specks. The metal iridium was visible in the bubbles on the
surface, for at the temperature of assay it will not form an alloy with gold. Mixed with platinum
it yields a homogeneous alloy, harder and firmer than pure platinum, and is used for making
strong vessels for chemical purposes, and for standard weights, because it undergoes no
change in bulk or weight. Iridium is said to be often found in American coins. To separate it,
the gold in the United States mint is melted with 2 to 3 parts of silver, and left from half to
three-quarters of an hour in the furnaces to cool, when the iridium is deposited. The silver
and gold alloy is then refined
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with nitric acid. Rhodium oxidizes with difficulty, and when compact is not soluble in any acid.
Like iridium, therefore, its presence in gold would, after quartation, make the proportion of
refined gold higher than it ought to be. Ruthenium in gold alloy produces similar results, but it
has a great affinity for oxygen, and a strong tendency to form oxide of ruthenium. Osmium
does not affect the quartation of gold, as when heated it gives off osmic acid.
B. D.
KASELOUSKY SYSTEM OF PUMPING.*
Note sur la Machine d'épuisement à Transmission hydraulique Système Kaselousky. By
Messrs. Griot and Rodde. Bulletin de la Société de l'Industrie Minérale, 1896, vol. x., page
117, and drawings.
The great depth to which winding-shafts are now carried complicates the pumpingarrangements ; and the expenses of sinking and maintaining the shafts increase in a higher
ratio than the depth, so that attempts are everywhere made to reduce the number of shafts,
while erecting upon them powerful engines for winding and pumping. Pumping-engines that
leave the shafts perfectly free for the work of winding are welcomed as a great boon ; and in
Germany a type of pumping-engine with transmission of power by water under pressure, which
appears to afford a happy solution of this question, is now coming into use.
The principle is to use water under great pressure for working underground pumps that force
the mine water to the surface in a single lift. The water under pressure, which is forced by
pumps on the surface into the underground pumps, again returns to the surface-pumps
through steel pipes of very small diameter ; and a pipe of less than ½ inch inside diameter
leads compressed air, when required, into small regulators mounted on the water-pipes near
the pumps, for preventing ram-strokes; and the water of the mine, which is only subject to the
pressure due to the depth of the shaft, is raised to the surface in cast-iron pipes. This method
of pumping, therefore, only occupies in the shaft the space required by the two small pipes,
forward and return, for the water under pressure, that for raising the mine water and the small
pipe for compressed air, leaving the shaft practically free for the work of winding.
The surface-plant consists of a steam-engine driving hydraulic pumps for subjecting the water
to great pressure—for instance, about 300 lbs. per square inch. On leaving the hydraulic
pump, the water passes into a very sensitive pressure-regulator, for preventing ram-strokes
in the pipe leading the water under pressure to the pumps underground. The latter consist of

four single-acting pumps, coupled two and two, so as to give the effect of double-acting
pumps, drawing the water from the mine and forcing it to the surface. They are worked by
motor-plungers with water under pressure from the surface which, after doing its work, is
forced to the surface to be used over and over again, being received under pressure by the
hydraulic pumps. To make good any leakage at the packings of the motor-cylinders
underground, there is a reservoir on the surface, having a capacity far in excess of any
possible leakage, in which terminates the return pipe from the underground pumps, and from
which the hydraulic pumps draw their supply.
Water under great pressure, which can now be employed owing to the improved construction
of pumps and pipes, plays a part similar to that of high-tension electricity in transmitting power
to a distance. In the case of liquids, friction, independent of pressure, is in direct ratio to the
square of the speed, so that,
* "Joseph Moore Hydraulic Pumping Arrangement," Trans. Fed. Inst., vol. iv,, page 331.
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doubling the pressure of the motive water reduces to one-fourth the loss of load in the pipes;
and the formula expressing this loss of load shows that it is practically in inverse ratio to the
cubes of the diameters, so that, by suitably determining the pressure of the motive water and
the diameters of the pipes, the loss incurred by transmitting power to underground pumps may
be reduced to a few units. The return of the water under pressure to the pumps on the surface,
thus permitting the same water to be used over and over again, and therefore pure and
properly lubricated, greatly reduces the friction in the pipes and pumps ; but without such a
return of the water under pressure this system of pumping would be impracticable in most
mines, the acid and muddy water of which causes scale and corrosion in the pipes.
The Kaselousky system has been applied to several mines in Westphalia, including the Pluto
and Gottessegen collieries.
J. W. P.
PUMP-PACKING AND LUBRICATION IN MINES.
By Eckley B. Coxe.
Transactions of the American Society of Mechanical Engineers,
1894, vol. xv., page 599, and drawings.
The author describes a novel system of overcoming the difficulties usually found in packing
pumps in mines, especially where the plungers are attacked and eaten away by the sulphuric
acid in the water. Instead of surrounding the plunger with stuffing-boxes, it is made to slide
through a cylinder cast with a large central and several smaller grooves. The central groove
is larger at the bottom, narrowing towards the top, and has a hole at either end. A pipe
connects the cylinder through the lower hole with a smaller cylinder containing the grease,
and having above it a piston driven by water. By means of two cocks, the water can be
introduced either above or below the piston of the grease-cylinder. The packing consists of
beef-fat taken from the kidneys, where it is especially fibrous.
To pack the pump-plunger, water is sent below the piston of the grease-cylinder, and raises
it. The cylinder is then filled with fat, thoroughly rolled in graphite, the action of the water
reversed, and, the piston being forced down, the grease is sent through the pipe to the cylinder
surrounding the plunger. This action is continued until the lubricant is forced through the
grooves in the cylinder and leaks out at the top hole, when the packing is complete. Two piston
rings, turned in the two outside grooves, prevent any leakage of grease past the plunger. To
renew the supply it is only necessary to reverse the flow of water, and fill up the grease

cylinder. The author states that this is done every morning, and no renewal of the packing is
required during the day.
The plunger becomes in this way thoroughly coated with grease and graphite, and the action
of the acid water upon the iron is prevented, except at the ends of the plunger. These ends
are made heavy to resist corrosion, and it is found that in practice they also become covered
with grease and are thus protected. Tallow was at first tried, but it oozed out of the pipe to the
plunger; with the fat now used there is no leakage, on account of the fibre it contains. Another
advantage of this method of packing is, that a supply of grease can be sent to the plunger at
any time while it is running, and irrespective of the speed. A pump of this description was
supplied to a mine where the water was very bad, and the plungers previously used had only
lasted six months; it has now been worked for five years without repairs. Some of these pumps
run under a pressure of 200 to 400 feet of water. One lb. of grease is required per day for a
plunger 16 inches diameter with 6 feet stroke, and making 10 to 20 strokes per minute.
B. D.
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STONE QUARRYING NEAR BERLIN.
Die Kalksteinbrüche [Kalksteinbrueche] der fiscalischen-stadtischen Societat zu KalkbergeRüdersdorf [Kalkberge-Ruedersdorf] im preuss. Reg. Bez. Potsdam.
By Carl Stegl.
Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], 1895, vol. xliii.,
page 125.
The quarries at Rüdersdorf [Ruedersdorf] are among the largest in Europe, and are worked
on the latest and most scientific principles. They employ from 1,000 to 1,200 workmen.
Rüdersdorf [Ruedersdorf] is about 15 miles from Berlin, and the limestone-quarries lie
between the station and the town. The state has 5/6 shares, and the city of Berlin 1/6 share,
in them. They communicate with the river Spree, through a stream which has been rendered
navigable, and thus cheap water-carriage is available to transport the stone. Tram-lines are
also used for hauling it from the quarry up to the railway-station. In the regular system here
adopted for working the quarry, the fault is carefully avoided of breaking it up into a number of
small detached workings. To enlarge a quarry is often difficult, because it becomes choked
with accumulations of rubbish and drippings left on the ground to save the immediate cost of
removal—an error which sometimes ultimately necessitates the abandonment of the quarry.
The limestone or chalk-marl of the Rüdersdorf [Ruedersdorf] quarries forms part of the Triassic
formation surrounding the Harz district. The strata generally lie below the depression running
across North Germany, and their isolated appearance at the surface at Rudersdorf is caused
by a local upheaval. The lie is from south-west to north-east, and the formation is from 330 to
660 feet thick. The boundary-walls of the quarry are about 100 feet high. There are really two
quarries: in the shallower the workings have reached water, which is drained off through
canals and a tunnel into a lake. In the course of years a new valley, now covered with
plantations and workmen's cottages, has been formed by the excavations and rubbish heaps.
The quarries furnish immense quantities of building-stone, most of which goes to Berlin, lime,
which is burnt in large furnaces, stone for cement, and freestone. All the broken pieces are
utilized, and no waste is allowed. The clay limestone is worked up in a neighbouring factory
into Portland cement. The heaps of refuse collected in the course of a century are sorted, and
the better stones among them also sent to the cement-furnaces. In fact, the prosperity of the
quarry chiefly depends upon this careful utilization of all kinds of stone, both quarried and cut,
which are immediately carried off the ground and worked up. The two quarries, workmen's

quarters, canals, water-tunnels, tram-lines, and lime-pits, are shown on a map attached to the
original paper. In both quarries there is water; it is pumped from the one by an engine of 150
horse-power, and drained off from the other by canals, which also serve for transport.
The stone is quarried by undermining the boundary-walls. Horizontal galleries are cut through
the rock, about 10 feet apart, and about 30 to 100 feet in depth, according to the quantity of
stone required. These are intersected at right angles by vertical shafts running parallel to the
wall. As the latter are excavated, the whole wall is gradually supported upon pillars, which are
cut away till the limit of safety is reached. Holes, filled with dynamite, are then bored in the
pillars, and fired by quick matches and fuzes. As the front holes are fired more quickly than
those behind because the fuze is shorter, the wall of stone begins to break up after the first
few shots, and in less than a minute the whole falls into the quarry. Sometimes the explosions
do not follow in the right order, and the stone wall sinks, but does not break up ; various means
are then employed to bring down the wall, but it is a delicate and dangerous process. The
quantity of stone obtained at each blasting is from 200 to 300 truck-loads.
It is sorted in
the
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quarry and carried off on small tram-lines, and brought to the surface by an inclined mountainrailway or by steam-power. The stone is separated into large building-stone, lime for burning,
small stone and rubbish, freestone (the most valuable), and stone for concrete. There are two
engines of 180 horse-power for hauling it up, one at work, the other in reserve. The main tramline ascends at an angle of about 30 degrees to the railway-station. There are four headwheels at different levels, all converging to the railway.
The arrangements for bringing up the trucks, and passing them from the incline on to the
railway, are ingenious. The loaded trucks, big or little, follow each other in any order along the
line, and are not coupled. The apparatus for connecting them consists of a series of cages on
wheels fitting over each truck, and driven by an endless-rope from the engine at the top of the
incline. As soon as the loaded trucks have been brought up by means of the cage, or the
empty ones sent down to the quarry, and reach the level, the cage loosens its hold upon the
foremost truck, which runs along the level by itself to the loading or unloading-station while
the cage passes along a wooden scaffolding overhead. As each truck reaches the level, the
connexion between it and the cage is severed, and the latter remains suspended in the
scaffolding. One machinist is required to adjust the different cages to the trucks, which are all
of the ordinary gauge ; the journey occupies about 2 minutes, and each load is about 50 tons.
Immense quantities of stone are thus brought up daily. Drawings and a full description of the
apparatus are given in the paper.
The broken ground in the neighbourhood of the quarry is also utilized to transport the stone.
The narrow-gauge tram-lines are so laid with reference to the incline that both the full and
empty trucks run many feet by their own weight, without external traction. Where the slope is
too great a hand-brake is applied. The empty trucks, running down at great speed, pass certain
spots where the descent is steepest, and are here checked by raising a plank placed centrally
between the rails. A lever tilts up the plank against the bottom of the first truck, and the latter
is raised and carried with it. All the other trucks follow, and their speed is thus effectually
checked before they drop on to the rails again. One slope about 200 feet long, with an incline
of 20 degrees, has been made to convey empty carriages to the bottom by means of an
endless flexible chain. The chain is tightened at the top and bottom of the incline by stretching
it over drums ; it runs above and below the raised sleepers, and the trucks catch on to the

upper part. As soon as they approach the bottom of the quarry they run loose from the chain
and complete the journey to the loading-station alone. By these means the stone is brought
up and the empty trucks are sent down with the least possible expenditure of manual labour.
The smaller tram-lines have a gauge of 19 inches, and are mounted on U-shaped iron
sleepers, in lengths of 10 feet, which are easily laid and transported. Their weight is about 5
lbs. per foot, and the heavier rails weigh 10 lbs. per foot.
The limestone which does not come into the market in the raw or hewn state is burnt in large
kilns, into which it is delivered at the top and passes out as burnt lime into the railway-trucks
below. One furnace delivers 12 tons in twenty-four hours ; the total daily output is 216 tons.
The total annual quantity of stone wrought is 1,000,000 tons, of which more than half is fit for
building, and the net profit is £38,400 per year. The cost of working 1 cubic foot of stone is
1⅔d. The number of workmen employed is 987, at an average wage per man of £44 per year.
Tools and blasting-materials are provided, and all work is piece-work. The working day
consists of ten hours—from 6 a.m. to 6 p.m.—with two hours' interval for meals.
B. D.
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CEDAR VALLEY QUARRY, IOWA, U.S.A.
By Samuel Calvin.
The Engineering and Mining Journal (New York), 1896, vol. Ixi., pages
544-5, with 2 illustrations.
The Cedar Valley stone-quarry, in Cedar County, Iowa, is one of the most notable and
interesting in the state.
In front of the quarry flows the Cedar river, while behind it, and
flanking it at either end, stand the low bluffs bounding the valley of this stream.
The quarrying has been carried downward over an area of 300 feet length and 125 feet width,
until the bottom of the quarry is at present about 60 feet below the water-level of the adjacent
Cedar river. The whole thickness of the quarry stone is more than 116 feet. The beds worked
belong to the Upper Silurian system, the Niagara Series, and to, what has been called in Iowa,
the Anamosa stage. The stone is a light-coloured, warm grey or buff, laminated dolomite, the
light grey tints predominating. The best stone, as usual, occurs in the lower portion of the
deposit. The absence of bedding-planes, and the firm cohesion between adjacent laminae,
make it possible to take out a much larger amount of heavy-dimension stone than can
generally be obtained at quarries worked in this formation. Hydraulic stripping is one of the
effective means employed for reducing working expenses.
There are 3 double and 1 single channelling machine, each equipped with boiler and engine
to supply its own power; there are also 3 steam drills; 5 direct and 2 indirect steam hoists,
capable of lifting from 4 to 6 tons each, and 1 direct connected hoisting apparatus; 11 large
derricks; and 1 steam crusher which, by use of a recently installed electric light plant, it is
expected to run night and day. One of the channelling-machines holds the championship
record in its line of work. It has been made to cut 400 feet in 5 hours, and for 10 hours its
record is 750 feet. The channels cut by the machines are 6 to 12 feet deep, and 6 feet 6 inches
apart. Two systems are cut at right angles to each other, so that when the machines have
completed their work a number of combined or prismatic blocks are ready for removal.
To guard against overflow during any unusual rise in the river, a levee has been constructed
along the water-front, at an expense of about £4,000.
J. W.

SEPARATION OF SILICATES BY ELECTROLYSIS.

Recherche des Silicates par Électrolyse. By — Mayençon. Comptes-Rendus Mensuels
de la Société de l'Industrie Minérale, 1896, page 13.
Inasmuch as the silicates are generally insoluble in water and the acids, it has hitherto been
necessary, for separating the silica, to employ a tolerably long process. The new method is
founded on the fact that a silicate subjected to electrolysis yields soluble silica at the positive,
and the other elements at the negative electrode. It has hitherto been supposed that
substances decomposable by the electric current must be either melted or dissolved; but the
author's researches show that solid substances, even the most insoluble, may be
decomposed by the current, it being sufficient to reduce them to powder, and form with that
and pure water a mud through which the current is made to pass.
A small quantity of silicate, in the form of mud, is laid on a metal plate connected with the
negative pole of a battery, and covered with a piece of filter-paper, on the top of which is laid
a plate connected with the positive pole, when
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bubbles of oxygen will form round the positive plate. If the plate be of platinum, when it is
disconnected blue test-paper placed over it is reddened by the dissolved silica ; and, if the
plate be dried, there will remain a more or less abundant deposit of silica. For obtaining a
larger quantity of separated silica, a porous charcoal is employed which condenses in its pores
the silica and the oxygen. When a plate of silver, or even of zinc or copper, is connected with
the positive pole, and afterwards treated by an acid, if an excess of ammonia be poured into
the liquor white flocculent particles of silica are formed.
If the plate charged with silica be dried and sufficiently heated, a drop of hydrofluoric acid
allowed to fall upon it will immediately produce an intense white vapour consisting of silicon
fluoride. The most characteristic reaction, however, is the following :—A small transparent
bead of phosphorous salt is formed at the end of a fine platinum wire, dipped several times
into the water covering the porous charcoal, and then placed in the flame of a blow-pipe, when
it will become opalescent, showing flakes of silica.
J. W. P.
SILVER EXTRACTION AT CERRO GORDO, IQUIQUE, CHILI. [Chile]
Das Silberlaugereiwerk Cerro Gordo, Iquique, Provincia de Tarapaca, Chile. By Hermann
Schaefer. Berg-und-Hüttenmännische [Berg-und-Huettenmaennische] Zeitung, 1897, vol.
lvi., page 1.
The ores treated at Cerro Gordo are mined in the district of Challacollo, about 15 miles to the
east of it. The elevations of the two points are respectively 4,124 feet and 5,079 feet above
sea-level. The chief mining areas are Lolon and Buena Esperanza, both of which are being
actively worked. They are traversed by four veins striking north 15 degrees to 20 degrees
east and south 15 degrees to 20 degrees west, and dipping 25 degrees to the westward. The
veinstuff consists of quartz, with but little calcspar or barytes; the silver occurs mostly as hornsilver, rarely as argentiferous galena, though carbonate of lead occurs at times; rich pockets
sometimes occur, carrying native silver and embolite, the percentage of silver rising in such
places to 12 per cent. The average silver contents, in depth, amount to 0.09 per cent. The
veins join, forming a mass 40 feet wide, with a richness of 0.10 to 0.12 per cent. of silver. The
average width of the veins is 26 feet. The country-rock is quartz-trachyte. The main shaft
is the Pique Lolon, with a vertical depth of 440 feet, where it is traversed by the No. 11 level.
Two new levels, 66 feet apart vertically, are being driven below the last named.

The ores, as they come from the mine, are screened and divided into three grades : colpa
(lumps), gouzas (smalls), and mampas (fines). They are carried to Cerro Gordo in carts drawn
by mules; there are 30 carts in use, which carry some 2,500 tons per month. At the works all
the ore is crushed in ball-mills to a No. 8 screen, mixed thoroughly with 8 to 14 per cent. of
salt, also finely ground, and roasted in two White-Howell furnaces, each of which puts through
50 tons in 24 hours. The roasted ore is discharged into vaults, where it is allowed to lie for the
sake of a complete after-chloridizing, when the ore should be dark-brown and smell strongly
of chlorine. The ore is run in iron cars to the leaching-vats, each of which takes 12 car-loads,
or 8 tons, of roasted ore. The vats are rectangular, 14½ feet long, 12 feet wide, and 3 feet
deep, and are fitted with a false bottom consisting of a wooden grating covered with sacking,
upon which is a layer of canes. When the vat has been charged, the first wash-water is run
on, the heat in the ore being sufficient to raise it to the boiling-point. The ore is leached three
times with water, whereby 20 per cent. of the silver in the ore is dissolved. It is precipitated by
sulphide of sodium.
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The ore is then leached six times with hyposulphite solution, of a strength of 0.4 to 0.5 per
cent., each solution remaining on the ore for an hour. It has been found that no better results,
but actually somewhat worse ones at times, were obtained by using the Russell extra-solution.
The hyposulphite solutions are also precipitated by sodic sulphide [sic]. The sulphide of silver
thus obtained contains 24 to 32 per cent. of silver, whilst that precipitated from the wash-water
only contains 7 to 11 per cent. After the ores have been washed, they still retain about 0.01
per cent. of silver, and are dumped on to the waste-heap. It takes about 12 hours to extract
90 per cent. of the silver contents from an 8 tons lot of ore by the above process.
The sulphide of silver is filtered in a filter-press, and pressed into cakes ½ inch thick; these
are dried, barrelled, and shipped to Europe for further treatment. In the first half of 1896,
products containing 10,000 lbs. of fine silver were shipped to Europe ; the residues contained
1,500 lbs., thus corresponding to an extraction of 85 per cent. The gold contents of the
sulphide vary between 0.07 and 0.002 per cent.
H. L.
IMPROVEMENTS IN SHAFT-SINKING IN RUNNING STRATA.
Die neuesten Fortschritte beim Schachtabteufen im Schwimmenden Gebirge mittels
Senkschächte [Senkschaechte].
By — Riemer.
Zeitschrift des Vereines deutscher
Ingenieure, 1896, vol. xl.,page 1461.
One of the most important improvements was introduced by Mr. Simon at the Neue Hoffnung
mine, near Pömmelte [Poemmelte] . He sank a circular shaft-wall furnished with an iron
cutting-ring, which also formed an anchor-ring for a number of bolts, to a depth of 135 feet. To
the top of this wall a cast-iron pressure-ring was secured by means of these bolts, the ring
projecting on the inside and acting as a thrust-ring against which numerous hydraulic presses
were placed exerting together a pressure of 1,500 tons, by means of which the iron tubbing
was forced down, a revolving cutter being used to clean out the interior of the shaft. By this
means the shaft was sunk into the Coal-measures to a depth of 338 feet in nine months, with
a finished diameter of 15 feet.
Mr. Pattberg now suggests a modification of this method by providing the iron-tubbing with
pipes, sixteen to twenty-four in number or even more, the object being to avoid hoisting up the
debris formed by the action of the cutter; it is to be pumped up in the form of mud through

these tubes, the power applied being sufficient to draw up any pebbles or pieces of stone that
will enter the pipes. This method is to be tried very soon for a new colliery-shaft.
H. L.
SHAFT-SINKING THROUGH QUICKSANDS AT LOEDERBURG.
Abteufen eines Schachtes auf der Königl. [Koenigl.] Braunkohlengrube bei Löderburg
[Loederburg]. By — Huhn. Zeitschrift für [fuer] das Berg- Hütten- [Huetten-] und SalinenWesen, 1896, vol. xliv., page 393.
A shaft was recently sunk in the lignite-mines at Löderburg [Loederburg], in which
considerable difficulties had to be overcome. It was known that, at a depth of 65 feet, a bed of
very fine-grained quicksand, 33 feet thick, would have to be traversed, the quicksand resting
upon clay, the upper 2½ feet of which was clay alone; the remainder of the bed contained
irregular masses of sandy conglomerate, at times of considerable size. It was to be presumed
that no tubbing could be carried down
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in this, unless it were possible for men to work in the shaft-bottom. Below this sandy bed
comes again pure clay, in which a watertight bed for the tubbing could be obtained.
The shaft was sunk 20 feet in diameter in the clear to within 7 feet of the quicksand, and was
provisionally secured with channel-iron curbs and planks ; this portion was then walled, and
at a point 40 feet above the shaft-bottom cast-iron blocks were built in and secured to the
bottom of the wall by means of twenty anchor-bolts. These castings were for the purpose of
taking the thrust of six hydraulic presses by means of which the tubbing was forced down.
Cast-iron tubbing was used in ten segments, each ring being 5 feet deep; the metal was 1½
inches thick, with the exception of the lowest ring which was made 2¼ inches thick. The shoe
also consisted of ten segments 2½ feet deep, 2¼ inches thick, with one horizontal and two
vertical ribs on each segment; the cutting-edge was made of sheet steel of medium hardness
0.6 inch thick and 16 inches deep, let in flush with the outside of the shoe and secured by
countersunk bolts. The flanges of the tubbing-plates were machined, and leaden strips 0.1
inch thick were used for making the joints.
The bottom of the shaft was accurately levelled, the shoe put together on it, and upon the shoe
seven rings of tubbing were built up ; pressure was put on by means of the hydraulic presses,
and the loosened earth in the inside lifted out by means of elevators. In spite of considerable
difficulties, due mainly to the settling of the lower part of the shaft-walling that carried the castiron pressure-blocks, the tubbing was finally forced successfully 5 feet deep into the pure clay,
by which means watertight joints were secured, the final pressure being 250 atmospheres
(3,750 lbs. per square inch) with eight presses at work. The shaft was then sunk in the usual
way with temporary wooden cribbing down to the coal-seam and walled up from below, the
wall being taken up to meet the tubbing and being protected against the cutter of the tubbingshoe by a double bed of boiler-plates. The entire shaft was completed in 644 working days at
a cost of £6,820 [The depth of the shaft is not stated in the paper].
H. L. and C. S.
SINKING AND LINING A SHAFT BY THE BADIOU METHOD.
Note sur le Fonçage et le Muraillement du Puits Conte-Grandchamps des Mines de la
Chapelle-sous-Dun, Saône-et-Loire. By A. Gardon. Bulletin de la Société de l'Industrie
Minérale, 1896, vol. x., page 83.

This shaft was sunk to a depth of 984 feet (300 metres) and lined by aid of the movable
centreing or template devised by Mr. Badiou.
The sinking was effected with large unguided kibbles ; and the mouth of the shaft was closed
by balanced shutters that could lie easily opened and closed. The first 20 feet were sunk and
lined without an engine ; and working was then continued as long as possible with a single
rope, and afterwards with two ropes, for balancing the load on the winding-engine. The 1¼
inches ropes were guided on to the drums by an apparatus, sliding in a frame and worked by
heart-shaped cams, advancing by a rope's diameter at each revolution of the drum.
The first 20 feet section of the lining consists of quarrystones behind which a tower of porphyry
stones was built, backed by an inverted hollow truncated cone of concrete, laid on a wide
timber foundation for giving a large bearing-surface, because of the slight resistance of the
supra-Liassic marl on which it rested.
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Sinking was begun under the timber foundation, immediately below which a cornice was
left in the marl.
The lining, of cement concrete, was put in with the aid of Mr. Badiou's movable centreing, or
template, and platform. The latter, carrying the workmen for lining, was let down by the engine
to the bottom of the shaft, the platform, only 4 inches less in diameter than the inside of the
shaft, viz., 12¼ feet, being in three portions, a fixed rectangle in the middle and a segment
movable round hinges at each side. At the four angles of the rectangular portion strong bars
could be put out, to engage in holes left for that purpose in the lining. The platform was
supported by ropes from two strong winches on the surface, placed opposite one another so
that the men working them could regulate their movements. From the platform the men first
take down the temporary lining of the lowest section, 3 feet, when concrete is employed, and
widen out below the last temporary ring left in ; the stuff excavated is sent to the surface, and
the bottom is levelled, when a temporary foundation of planks is laid for facilitating the
centreing of the movable apparatus, which has exactly the diameter of the inside of the
finished shaft.
The centreing or template, made entirely of steel plate and bars of H section, consists of three
large segments (connected by hinges and leaving a play of 8 inches), completed by a fourth
segment for the decentreing. This figure of four sides is not mathematically indeformable ; and
therefore—which is necessary for giving a perfect circumference—near each articulated joint,
pins, made to a curve concentric with the inside of the lining, ensure the continuity of this
cylindrical template and at the same time the rigidity of the whole structure. When bricks are
used for lining, the centreing is 1 foot 9 inches high, in which case the rings or sections are
1½ feet, the remaining 3 inches going to the next ring; but when concrete is employed the
centreing is 3½ feet high, in which case the rings or sections are made 3 feet 3 inches high.
In both cases, the surface is vertical and uniform over the whole height, except that, with
concrete, the upper edge carries a flat bar, which makes a corresponding impression in the
upper portion of the ring.
The men engaged in lining stand on the platform, in the middle of which is a plate for re-mixing
the concrete after it is delivered as gently as possible. The men throw the concrete with
shovels as regularly as possible behind the template, and others follow them round the shaft,
jobbing the concrete with their shovels. When the concrete reaches up to 8 inches from the
top of the template, iron blocks or plugs, fitted with rings for withdrawal, are placed in line with
the stops of the movable platform, thus leaving four holes to receive the supporting bars when

the template is next drawn up. When the concrete reaches the top of the template it is allowed
to set, the time being employed in taking out the temporary lining of the next section.
If the water should rise too rapidly, the platform, weighted with stones, must be let down to the
bottom after each section of lining is inserted, and the water taken out by buckets, or by baling
if the depth be but slight. These operations are repeated until the whole height is lined, the
upper surface of each ring being carefully cleaned to favour the adhesion of the next concrete
ring.
By the aid of this method, a mean monthly advance of about 59 feet was made in sinking and
lining together ; and the cost, including depreciation of plant, sinking-fund, was £8 per linear
foot.
J. W. P.
[A33]
SIMULTANEOUS SINKING AND LINING OF A MINE-SHAFT.
Creusement et Muraillement simultanés du nouveau Siége Fanny des Charbonnages de
Patience et Beaujonc a Glain-Lez-Liége. By Léon Thiriart. Annuaire de l'Association des
Ingénieurs de Liege, 1895, vol. viii., page 236.
In August, 1893, it was decided to sink a new shaft, 13 feet 11 inches (4.25 metres) in
diameter, for working the northern portion of the Patience et Beaujonc coal concession ; and,
with the object of pushing on the work as fast as possible, the following method was adopted
for permitting the shaft to be lined without interfering with the sinking. This was rendered
possible by the use of a double platform, which served at the same time as a template for the
brickwork. It consisted of two channel-iron rings 5 feet (1½ metres) apart in a vertical direction,
connected by eight vertical channel-iron bars and stayed horizontally by other channel-iron
bars and also by rolled joists, the latter forming a rectangular figure in the centre. The two
rectangular planes are connected by iron plates, which extend beyond them both above and
below, where they are splayed out, the portion above the platform constituting a fender to
protect the men. The upper rectangle is closed by a flap, hinged at one of the larger sides.
The lower channel-iron ring is surrounded by a plate 1 foot 8 inches (50 centimetres) high and
extending 6 inches above the top of the ring, the outside diameter being 13 feet 11 inches
(4.25 metres), to serve as a template for the brickwork.
The materials for the bricklayers are received in buckets on the upper floor, having two
openings from which lead inclined shoots, while between them is a third inclined shoot, the
two former serving to slide down the bricks, and the latter the mortar to a tub on the lower floor
between the ends of the brick-shoots. A fourth and double inclined shoot, for bricks in the
upper portion and mortar in the lower, traverses the middle of the space between the two
rectangles in a vertical direction, dividing it into two equal parts. While the mouths of all these
shoots are near together on the upper floor, they all deliver at different points on the lower
floor. The buckets for sinking pass in the two portions of the rectangle divided by the double
shoot, which is protected from a shock or catching of the buckets by dished plates. Angle-iron
stops, riveted to four of the vertical channel-iron bars of the platform, limit its descent in the
event of fracture in the suspension-gear. Chains, three on either side, are attached to six of
the vertical channel-iron bars and above, by rings, to the two suspension-ropes, each of which
is calculated to stand a load of 5 tons, while the platform weighs from 7½ to 8 tons, when
loaded with men and materials. The advantages of this method are : — Saving in the
temporary lining, as the same materials may be used over again ; earlier working of the
deposit, the men not being obliged to get out of the way on the arrival of each bucket;

bricklayers on the lower and labourers on the upper floor not interfering with one another ; and
rapid distribution of the materials at five different points almost without labour.
The temporary head-gear occupied as little ground space as possible, in order to permit of the
definite pit-head being erected outside. At the surface-level, the shaft was covered by a floor
with five openings—two that could be closed by hinged flaps for allowing passage to the
sinking-buckets; two others, closed in the same manner, for passing the bricklayers' buckets
; and the fifth for reaching the ladder-compartment. The sinking buckets were received on a
landing, having openings for allowing them to pass, 19¾ feet (6 metres) above the surface.
Two winches, on the east and west sides, immediately over the shaft, served to raise and
lower the platform ; a hand-winch, with brake, on the north side, let down the bricklayers'
materials ; and a steam-winch, on the south side, drew up the rubbish excavated in sinking.
The whole cost of the shaft complete did not exceed £7 per foot sunk.
J. W. P.
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THE SINKING OF THE VICQ PITS, ANZIN COLLIERIES, BY THE POETSCH FREEZING
SYSTEM.
Fonçage des Puits de Vicq par le Procédé Poetsch. By — Saclier and — Waymel. Bulletin de
la Société de l'Industrie Minérale, 1895, vol. ix., pages 27-148, and 9 plates.
The results of borings and other exploratory works in the valley of the Scheldt showed that
difficulties would be met with in connexion with sinking through the Tertiary and Cretaceous
strata overlying the Coal-measures, owing to the presence of large volumes of water.
The Thiers pits, sunk in the ordinary way, were lined with 257 feet (78½ metres) of tubbing.
The sinking involved the pumping of 9,000 gallons of water per minute, at a cost of £75 per
foot, and occupied a period of twenty-six months. After careful consideration of the various
methods of sinking, it was resolved that two pits should lie simultaneously sunk at Vicq by the
Poetsch system, one 12 feet (3.65 metres) in diameter and the other 16.4 feet (5 metres) in
diameter, to be fitted with cages carrying eight tubs, capable of raising 300,000 tons of coal
per annum. A section of the strata, as determined by a boring made in 1892, was as follows
:—
Metres.
Feet.
Soil
1..00
3.28
Sand
2.10
6.88
Gravel
3.65
12.00
Argillaceous sandstone
3.50
11.48
Sandy clay
0.50
1.64
Chalk, broken
17.25
56.60
White marl
32.00
105.00
Grey marl
13.00
42.65
Grey marl, with pyrites
4.00
13.12
Strong stone
1.50
4.92
Marl, with flints
12.50
41.00
Blue marl
25.00
82.00
Blue clay, impervious to water
58.00
190.29
Green sand
13.65
44.78
Depth to Coal-measures

187.65

615.64

The water contained in these measures is very abundant down to a depth of 300 feet, but a
secure foundation for tubbing is found in the blue marl.
The feed and condensing-water required for the freezing-plant amounted to 3,500 gallons per
hour, and a well was sunk to the chalk, a distance of 800 feet from the site of the pits, whence
the water was drawn by means of a centrifugal pump. This well, 6½ feet in diameter and 49
feet deep, cost £400. The two pits were sunk 120 feet apart, and the borings intended to
receive the circulating-pipes for the freezing-process were 36 in number, each 300 feet in
length, and of a total length of 10,860 feet (3,312 metres) ; 16 of them being arranged in a
circle 16.73 feet (5.10 metres) in diameter for the small pit, and 20 of them in a circle 21.33
feet (6½ metres) around the larger pit. The mains for the conveyance of the freezing-fluid
consisted of a series of steel pipes of various diameters, the smaller ones, 1.18 inches (30
millimetres) in diameter and 0.16 inch (4 millimetres) thick, being placed concentrically within
the larger ones, which were 4.57 inches (116 millimetres) in diameter and 0.28 inch (7
millimetres) thick, each series being connected to an appropriate ring of pipes. The chilled
liquid from the
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freezing-machine passed through one of the rings of pipes down the inner tubes and returned
through the outer one to the surface and then back to the refrigerator. The ring-pipes were
7.87 inches (200 millimetres) in diameter, and the freezing-liquid moved at a speed of 4 inches
(10 centimetres) in the smaller and 53 inches (1.35 metres) per second in the larger pipes.
Elaborate calculations are given, the final result being that the work represented the
abstraction of 110,272,900 calories from the ground about the large and 87,008,100 from the
smaller pit; and, after allowing 25 per cent. for loss, the total of 250,000,000 calories of heat
had to be removed. The amount of fluid in circulation amounted to 9,400 lbs. (4,250
kilogrammes) per hour, and its temperature being raised by 2.5° Cent., the amount of heat
abstracted corresponding to 250,000 calories per hour, hence the time required to freeze the
ground would be about 1,000 hours, or forty days.
The liquid-freezing machinery consisted of four double-acting cylinder compressors, each
14.17 inches (360 millimetres) in diameter and 21.26 inches (540 millimetres) stroke, grouped
in pairs and coupled at right-angles to a shaft carrying a pulley 18 feet (5½ metres) in diameter,
which was driven by a belt from the fly-wheel, 21 feet (6.4 metres) in diameter, of a horizontal
condensing-engine with two steam cylinders each 22.83 inches (580 millimetres) in diameter
and 43.31 inches (1,100 millimetres) stroke. The cylinders are fitted with cooling jackets, the
heat developed in compression being absorbed by allowing a small quantity of liquid ammonia
to enter with the gas on the intake stroke. The ammonia is forced by the compressors through
an arrangement of tubes 3.15 inches (80 millimetres) in diameter, placed in two tubs 88 inches
(2¼ metres) in diameter and 9.84 feet (3 metres) high, each containing seven coils of steel
tubes and a total length of 3,200 feet (980 metres), with an inside cooling-surface of 990
square feet (92 square metres) and outside surface of 1,260 square feet (117 square metres).
The condensing-water was supplied by two plungers 6.69 inches (170 millimetres) in diameter
and 10 inches (254 millimetres) stroke. The cold water entered at the bottom and overflowed
to the top of the tubs, and was afterwards used as injection-water for the condensing engines.
The two refrigerators, in which the liquefied ammonia was reconverted into gas by heat
abstracted from the solution of calcium chloride at its higher temperature, was similar in
construction to the condensers. The tubs, 7.87 feet (2.4 metres) in diameter and 9.84 feet (3
metres) high, were fitted with eight coils of pipes of a total length in each of 3,628 feet (1,106

metres), with an inside surface of 1,120 square feet (104 metres) and outside surface of 1,420
square feet (132 square metres). Contact between the fluid and the tubs was promoted by a
series of rotating paddles. The saline solution was drawn from the base of the refrigeratingvats by two Burton duplex steam pumps, with plungers 10.24 inches (260 millimetres) in
diameter and 10 inches (254 millimetres) stroke. The suction-pipe was used by both pumps;
but each had a separate delivery, being connected to the surface-tubes to No. 1 pit and the
other to No. 2 pit. The solution, heated by passing through the pipes, entered the refrigeratingtubes at the top; the ammonial vapour returned, by pipes 3.15 inches (80 millimetres) in
diameter, to the compressors. A special series of separators was placed between the
compressors and the condensers in order to separate the mineral oil carried over by the gas,
and to prevent it from being deposited in the cooling pipes. The compressors were arranged
so that they could be worked singly or in groups of 2, 3, or 4.
The total quantity of ammonia in use in the apparatus was 1,614 lbs. (732 kilogrammes). The
solution of calcium chloride measured 2,180 cubic feet (62 cubic
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metres), and contained 25 tons of dry salt. The density of the solution was 1.25, corresponding
to a specific heat of 0.68 per kilogramme or 0.85 per litre.
A freezing-machine was started with one compressor on May 28th, 1894, the temperature of
the surface being then 11.65° Cent., and cold was developed at the rate of 285,000 calories
per hour. On the following day, the temperature of the solution had fallen to -4.7° Cent. at the
refrigerator, and to -1° Cent. in the return pipe. A second compressor was then started,
producing from 250,000 to 275,000 calories, which reduced the temperature of the solution to
-7° and -4° Cent. respectively. On June 2nd, the third compressor was started, producing from
260,000 to 300,000 calories, and reducing the temperature of the saline solution to
-10.60º and 8.35° Cent. respectively. On June 12th, the fourth compressor was started, and
continued working until July 1st.
The freezing of the No. 2 pit was completed on July 1st, and afterwards only two or three
compressors were used until July 15th, when the initial freezing operations may be considered
to have been completed. The thermal equivalents of the work done during these periods are
shown in the following table: —
[Table]
Sinking in the smaller pit was begun on July 2nd, and in the larger pit on July 16th, the ground
being then frozen, in a ring 47.24 inches (1.20 metres) thick, extending 17.72 inches (45
centimetres) outward from the freezing-pipes, and 29.53 inches (75 centimetres) towards the
centre in the smaller, and 21.65 and 39.37 inches (55 and 100 centimetres) respectively in the
large pit. As the source of cold was placed entirely outside the ground to be excavated, a large
proportion was left loose, and could be excavated by shovelling, and it was only necessary to
break down a small portion of ground by shearing with picks and taper-pointed wedges without
the use of explosives. The most favourable results as regards rapidity of sinking were obtained
in the upper part of the chalk, which was like thin mud, the thickness of the ice-ring being about
6 inches in the small pit and 8 inches in the large pit. The compact chalk, was also rapidly
sunk through, owing to the existence of a number of vertical fissures, which allowed it to be
readily broken by hammers and wedges. In these beds, the maximum rate of sinking of 8 and
6½ feet (2½ and 2 metres) per day was obtained. The speed diminished in the more flinty

strata below, until it became as little as 1, 1¼, and 1½ feet (30, 40, and 50 centimetres) per
day. During this period, the temperature of the pit fell to -12° Cent. The diameter of the
unfrozen portion of these strata varied from 3¼ to 5½ feet (1 to 1.65 metres) in the large pit,
but in the small pit the strata were entirely frozen, and had to be broken by hammers and
wedges, with great difficulty.
The first section of tubbing consisted of 20 rings of metal 1 inch (25 millimetres) thick,
extending from two wedged curbs at a depth of 100 feet (30.70
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metres) from the surface. The second length of tubbing of 205 feet (62.60 metres) in depth,
formed of 44 rings varying from 1.77 to 1.18 inches (45 to 30 millimetres in thickness, stands
upon rings placed on the marl at a depth of 306 feet (93.30 metres). The third length of tubbing
of 15 rings, 1.97 inches (50 millimetres) in thickness, was placed in the plastic clay, and
completed the total height of tubbing of 386 feet (117.65 metres). The rings were backed with
concrete about 8 inches thick, made of two parts of hydraulic lime to three parts of burnt shale.
In the two lower rings of each length of tubbing a stronger mixture of equal parts of ordinary
cement and burnt shale was used. About 10 per cent. of chloride of calcium was mixed with
the water to prevent it from freezing.
The total cost of the sinking was as follows:
[Table]
If the cost of the plant be charged to this single sinking, its employment in future work would
relieve them to the extent of £40 (1,000 francs) per metre, and the work could then be done
for about £80 (2,000 francs) per metre. The items especially chargeable to the freezing-plant
are as follows :—
[Table]
This sum, corresponding to about £26 (660 francs) per metre, represents all that would have
been available for paying the cost of pumping, temporary lining, and the numerous other
charges incidental to a difficult sinking in heavily watered ground. The expenses of the sinking
at Vicq may consequently be summarized as follows: —
[Table]
M. W. B.
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WIDENING AND RE-TUBBING AN AIR SHAFT.
Note sur l'Élargissement et le Remplacement du Cuvelage da puits Saint-Marc No. 1, des
Mines d'Anzin. By — Prud'homme. Comptes-Rendus Mensuels de la Société de l'Industrie
Minérale, 1896, page 48.
The Saint-Marc pit constitutes one of the most important seats of working owned by the Anzin
Company, in respect to both the deposit and the output, comprising two shafts, one, No. 2, of
large diameter, used exclusively for winding, and the other, No. 1, serving for ventilation, only
8 feet 6 inches (2.6 metres) in diameter. The latter, besides not having a sectional area

sufficient to pass the quantity of air required for working, gave great trouble through the bad
state of the tubbing, which sometimes allowed so much water to burst in as to completely
disarrange the ventilation. For widening the shaft and providing it with new tubbing, a direct
method was sought that should not interrupt the ventilation, and therefore winding in the other
shaft. It was ultimately decided to adopt the following method, which had the advantage of
being simple, inexpensive, and easily executed, while leaving shaft No. 1 quite clear of all
pipes, and this work was carried out with complete success.
An annular tank, placed at the base of the old tubbing, collected the water which flowed into a
lodge constituted by an old stone-drift connecting the two shafts at the depth of 246 feet,
pumps, erected in a level near No. 2 shaft, forcing the water to the surface. The author
describes, with the aid of drawings, the various works under the three heads : -(1) Erection of
circular tanks and pumps ; (2) fitting up of shaft No. 1 for the work; and (3) widening thereof,
with putting in of new tubbing.
The use of pipes and portable pumps, owned by the company, permitted of executing the work
in five weeks at the comparatively small cost of £10 per linear foot; and its immediate
consequences were a great improvement in the ventilation and the keeping back of a feeder
giving more than 730 gallons of water per minute.
J. W. P.
PREVENTION OF SPONTANEOUS COMBUSTION OF COAL, ETC.
V. Balzberg's Apparat zur Verhinderung der Selbstentzündung [Selbstentzuendung] von
Kohlenvorräthen [Kohlenvorraethen]. By V. Wenhart. Oesterreichische Zeitschrift für [fuer]
Berg- und Hüttenwesen [Huettenwesen], 1895, vol. xliii., page 319.
The object of the Balzberg apparatus is to prevent spontaneous ignition and explosion in
stores of coal and other combustible substances, explosives, cotton, grain, etc. Spontaneous
combustion, which always takes place in the lowest and innermost layers, may be prevented
if the temperature be considerably lowered, and if incombustible gases be allowed to permeate
the smouldering mass. This object the inventor proposes to attain by introducing liquid
carbonic acid, which absorbs much heat in its evaporation or vaporization, while the carbonic
acid gas which it gives off, being of great density, drives out the oxygen of the air from the
lower layers of the combustible substance. Liquid ammonia, sulphuric acid, and even steam
may be substituted for carbonic acid, but the latter best answers the purpose and is not so
expensive as it was formerly. It should be kept in wrought-iron holders, and connected by
copper tubes to the apparatus. Several of these injectors may be introduced into the stores of
combustible material.
The invention is based on the principle that carbonic acid expands at certain well-known
temperatures, and thereby produces a lowering of the temperature in its vicinity below that
necessary for combustion. The valves discharging the fluid
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are automatically opened by the expansion of some substance easily susceptible to changes
of temperature. The apparatus consists of a cast-iron cylinder, closed at the top with a spring
disk, and tilled with olive oil or other sensitive liquid. Above it is a hollow rod in two parts ; the
lower is held against the disk by a spring, while the upper communicates with a valve. As long
as the normal temperature prevails in the mass, the two parts are disconnected. As the oil
becomes heated it expands, and the disk and spring are pushed up, the lower part of the rod
lifted, and at the moment the critical temperature is reached the two parts join, the valve is

raised, and communicates with a double-seated valve above it. The latter is connected to the
pipe containing the carbonic acid, and the pressure in it is higher than in the lower valve and
hollow rod. A little of the fluid is forced out, the pressure falls, the double-seated valve
descends, and allows the remainder of the carbonic acid, at high pressure, to pass upwards
through openings, and exhale into the mass of smouldering material. As soon as this action
has produced the necessary cooling effect, the rod and valve return to their original position,
and an equilibrium of pressure is re-established.
To adjust the apparatus to the temperature at which the carbonic acid will exhale, that is,
slightly above the maximum normal temperature in the mass, it is plunged in a bath of water
and regulated by means of a micrometer-screw. When the hollow rod is lifted, it carries with it
a disk which strikes against an electric wire connected to a bell, and thus conveys warning
that the temperature is rising. Electricity is also used to give automatic notice that there is no
more carbonic acid in the lateral pipe. A return valve, usually held closed by the pressure of
the carbonic acid in this pipe, is pushed up by a spring as soon as this pressure is removed
by the exhaustion of the carbonic acid, and brings another electric wire in contact with a bell.
The size and number of the carbonic acid holders depend on the quantity of coal stored. The
apparatus can also be used to give warning of fire, or by inverting the double-seated valve to
signal an undesirable fall in temperature, and for other purposes. It is very easily worked, and
when once adjusted nothing is required but to replenish the holders, care being previously
taken to shut off the pipe connecting to the apparatus. The electric battery and bells and the
carbonic acid-holders should be located in a space contiguous to the store of material.
Drawings of the apparatus are given in the original paper, and a plan of the method of
arrangement, as applied to coals in the hold of a ship.
B. D.
PRECAUTIONS AGAINST SPONTANEOUS IGNITION OF COAL AT SEA.
Sicherung gegen Feuersgefahr auf See. Anon. Dinglers Polytechnisches Journal, 1896,
vol. ccc, page 130.
For the prevention of spontaneous combustion of coal in the holds, etc., of ships, Mr. Emanuel
Stauber has invented a system of ventilation which consists in the formation of an air-space
in the bottom and centre of the coal-stowage, by perforating the floor and erecting two
longitudinal perforated bulk-heads. At various heights, a series of perforated horizontal pipes,
communicating with the air-space at the centre, are hinged on to the bulk-heads so as to fold
out of the way while the hold is being filled or emptied. A double cowl on deck, fitted with a
vane, permits the escape of the gases given off by the coal and allows fresh air to circulate in
their place. This system is said to prevent the coal from shifting as the vessel rolls, the friction
from which cause is considered as one of the chief factors in the production of spontaneous
combustion.
C. S
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SULPHUR-MINING AT POPOCATEPETL, MEXICO.
Anon. The Engineering and Mining Journal (New York), 1890, vol. Ixi., page 493.
The survey of the volcano Popocatepetl, Mexico, for the purpose of determining the best
location for an aerial cable-railway to the summit has just been completed. It has been
determined to start the line from the ranch of Tlamacus, and it will be connected with the
Interoceanic Railroad at the base, so that the business of shipping sulphur can be cheaply

accomplished. The process of extracting sulphur is being carried out in the crater.
J. W.
TEXAN AND OTHER AMERICAN SULPHUR-DEPOSITS.
Anon. The Engineering and Mining Journal (New York), 1896, vol. Ixii., page 26.
The advance in the price of sulphur has directed attention to sulphur-deposits in many parts
of the United States, as well as to some in the West Indies.
Deposits of sulphur occur in Texas, about which reliable information is given in a report by Dr.
Eugene A. Smith, State Geologist of Alabama. The sulphur is closely connected with a loose,
exceedingly fine-grained material which has been looked upon by some geologists as the
sediment from lakes of moderately recent date. The ore contains about 50 per cent. of sulphur,
and there are some 30,000 tons actually in sight. These deposits have also been examined
by Mr. John E. Rothwell, of Denver, Colorado, who tested the property by boring and shafts,
and proved an even larger quantity of sulphur.
There are numerous large deposits of sulphur in Utah; but they are situated at a great distance
from any market, with high railway-freights. The same objection applies to the deposits of
Lower California. The Louisiana deposit has recently produced a few thousand tons of good
sulphur, and bore-holes show that the quantity there is enormous.
In the West Indies, in Saba and Santa Lucia, and in some islands near the South American
coast are deposits of sulphur which have been examined but not yet worked, though near the
ocean.
J. W.
CYCLOTOMIC TRANSIT-THEODOLITE.
Anon. The Engineering and Mining Journal (New York), 1896, vol. Ixi., pages 445, 446.
This form of theodolite was designed by Mr. Adolph Lietz from ideas suggested by Mr. Luther
Wagner, of San Francisco. The object of the inventor has not been to replace the old form of
transit-theodolite by a less expensive and not so reliable an instrument, but to avoid
unnecessary mechanism by the introduction of the cyclotome by which a transit may be
performed with an instrument having but one axis or central cone upon which to revolve. In
the so-called compound centered theodolite, the main graduated plate or azimuth-circle and
the horizontal limb to which is fixed the telescope and vernier have each an independent
motion on their respective axes, which enables the operator to place the zero of the vernier in
coincidence with that of the plate in whatever direction the telescope may be pointed. In the
cyclotomic transit, the main plate or azimuth-circle is made a part of the rigid substructure, so
that when the instrument is set in position for work this plate remains stationary.
The azimuth-circle is graduated to half degrees, but the figures from 0 to 360 degrees are
engraved upon a separate band termed the cyclotome, which revolves
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independently round the outer edge of the azimuth-circle, so that any of the graduation-lines
may be made the zero by bringing the 360 degrees mark of the cyclotome opposite to it. As
this independently revolving circle or band appears to have been sliced from the main plate it
is termed the cyclotome, and hence the name cyclotomic transit.
The cyclotomic transit-theodolite is handled in the following manner when employed for
determining horizontal angles. Having set the instrument above the station-point upon the
tripod, and levelled it by means of the parallel plates and screws in the ordinary manner, the
horizontal limb or telescope, with vernier, is undamped and revolved around the figured circle

which remains clamped until a tick is heard which indicates that the zero of the vernier is in
line with that of the cyclotomic ring. This ring is thereupon also undamped and the telescope
is revolved until the object or back-station point is sighted, when it is clamped and the slowmotion or tangent-screw is brought into use for the purpose of bisecting the object. The vernier
and the cyclotomic ring are then brought into direct line with one of the graduation-lines of the
main-plate or azimuth-circle by means of a separate screw provided for the purpose, so that
the plates are now set to read off the angle formed by any other station-point by unclamping
the telescope and revolving it round to the required object. It will be seen that the cyclotome
answers the purpose of the revolving main-plate of the compound centered transit theodolite,
and by its introduction the main clamp and tangent-screw may be dispensed with, which
affords opportunity to bring the plates close to the levelling head, thereby lowering the centre
of gravity and increasing the rigidity of the instrument.
F. C. S.
THE PREPARATION OF TELLURIUM AT SCHEMNITZ. [Chemnitz]
Tellurerzeugung auf der K. ung. Blei-und Silberhütte [Silberhuette] zu Schemnitz in Ungarn.
By J. Farbaky. Zeitschrift für [fuer] angewandte Chemie, 1897, pages 11-18.
The Schemnitz tellurium-works were established in 1891, and at first the metalloid was
extracted from the ore by precipitation with zinc ; but since 1895 the process of precipitation
by means of sulphur dioxide, proposed by Dr. A. Mály, has been exclusively employed.
The first stage is to attack the ore by strong sulphuric acid, to which end 770 lbs. (350 kilos)
of concentrated acid are raised to boiling-point in a cast-iron pot, into which 330 lbs. (150 kilos)
of Transylvanian ore are ladled with continued stirring. This results in the decomposition of the
metallic carbonates, and the solution of lead, copper, and zinc, along with the tellurium and a
part of the silver, leaving gold and silica in the residue. The action of the acid is assisted by
gradual and progressive heat until the mass is of a syrupy consistency, a stage attained
usually in about six hours.
The mass is next lixiviated with 55 to 66 gallons (250 to 300 litres) of boiling water containing
10 to 15 per cent. of hydrochloric acid, to extract the soluble compounds formed, the acid
acting as a precipitant of the dissolved silver and re-dissolving the tellurium hydroxide thrown
down during the dilution of the mass. This operation, with continued stirring, lasts for six hours,
and on the following day the liquid and solid materials are separated by filtration under
pressure, the gold and silver in the residual cake being recovered in the ordinary manner.
The filtrate is run into lead-lined wooden precipitating-tanks about 40 inches long by 20 inches
wide, into which a current of gaseous sulphur dioxide (purchased
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in a liquid form in strong cylinders) is passed. At the end of twelve hours, the green solution
turns brown, and black flakes of tellurium begin to separate out; and when a sample of the
liquor ceases to give a precipitate with a little hydrochloric acid and sodium sulphite, the
operation is at an end. The mother-liquor is absorbed by slaked lime and ashes, and roasted,
etc., for recovering the other metals present. The six days required for precipitation in the
tanks may be abbreviated to one-fourth or even less by increasing the contact between the
sulphurous acid and the liquor—by using carboys instead of precipitating-tanks.
The product is usually between 72 and 85 per cent. pure, the chief impurity being copper, of
which about 6 per cent. is present, along with about 8 per cent. of tellurium oxide. So far it is
not apparent how the copper is precipitated and experiments on this point are in progress; the

process, however, compares favourably in this respect with the zinc process, since the crude
tellurium obtained by the latter was only about 29 per cent. pure and contained some 13 per
cent. of lead, 15 per cent. of copper, and 12 per cent. of antimony. It was hoped by repeated
solution, re-precipitation, and washing to obtain a product 94 to 97 per cent. pure, but the
process, though efficient on a small scale, is unsatisfactory in practice, besides being
expensive, so the product is dried carefully at a low temperature to prevent oxidation, and the
mass is fused in luted earthenware crucibles and either cast in sticks of 1 to 2 inches in
diameter or granulated.
C. S.
INCREASE OF TEMPERATURE WITH DEPTH IN THE EARTH'S CRUST: CHARMOY
AND MACHOLLES BOREHOLES, FRANCE.
Sur les Sondages profonds de Charmoy (Creusot) et de Macholles près Riom (Limagne.)
By A. Michel Lévy. Comptes Rendus de l'Académie des Sciences, 1896, vol. cxxii., page
1503.
On account of the great depth of these boreholes, which exceed 3,280 feet (1,000 metres),
and the interesting nature of the rocks in which they stopped, the author considered the
opportunity favourable for ascertaining their geothermic degree.
The Charmoy borehole was started at an altitude of about 1,023 feet (312 metres) in the lower
Permian shales, marked γ 11 on the French geological map, to the scale of 1: 80,000. The
hole passed through 3,620 feet (1,104 metres) of lower Permian, consisting of shales,
sandstones, and conglomerates, and then penetrated about 213 feet (65 metres) into the
eruptive granulite, being stopped at a total depth of 3,832 feet (1,167.87 metres) a few clays
before the experiments were made. The albitic granulite at the bottom of the borehole is
coarse-grained, and traversed by small blackish veins sometimes charged with iron pyrites.
For taking the temperature at the bottom of the borehole, inclined thermometers like that of
Dr. Walferdin, modified like those which served for Mr. Dunker's experiments in the
Sperenberg and Schladebach borings, were used, care being taken to keep them as far as
possible from the influence of water-circulation. The temperature found by the
geothermometers let down in light tools, well open both below and at the side, was 128.75
Fahr. (53.7° Cent.). A very cold spring gushing out a few feet from the borehole gave, on June
2nd, 1896 — when the outer temperature in the shade was 70° Fahr. (21.1° Cent.)—that of
49° Fahr. (9½° Cent.). Supposing this spring to represent the mean temperature of the spot,
and that it issues from a depth of 65 feet (20 metres), the temperature of the Charmoy boring
increases 1° Fahr. per 47 feet (1° Cent per 26 metres).
The Macholles boring, near Riom, the site of which is a few feet from a point on the contourline of 328 metres on the map of the French survey, near the hamlet of Macholles, passed
through 13 feet (4 metres) of surface and alluvium, about
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2,296 feet (700 metres) of Lacustrine limestone (stratum m1-b on the French geological map)
alternating with shaley marls, and then about 984 feet (300 metres) of siliceous sandstone
and very fine arkoses. At a depth of 3,287 feet (1,002 metres) the hole entered a series of
calciferous shales, exudations of heavy petroleum mingled with bitumen having been noticed
at the depth of 3,231 feet (985 metres). On June 12th, at a depth of 3,299 feet (1,005.66
metres), the temperature of 171° Fahr. (77.2° Cent.), and on the following day that of 172.4°
Fahr. (78° Cent.) were recorded ; but the author regards them only as minimum. To obtain a
more correct reading, he enclosed a Walferdin thermometer in a steel tube hermetically

sealed, which, after remaining at this depth for one hour, was drawn up intact, showing a
temperature of 174.4° Fahr. (79.1° Cent.). Supposing the mean temperature of the spot to be
the same as at Charmoy, the temperature increases 1° Fahr. per 25.7 feet (1° Cent. per 14.16
metres).
It is evident that this geothermic degree—less than half the mean—is due to the volcanic
manifestations, thermal springs, etc., of which the Limagne is still the arena. Neither the
proximity of the Châteaugay basaltic eruptions, nor the neighbourhood of the Quaternary puys
(that of La Nugère being 7 miles to the west) appear to be the cause of this ; but the eruptions
special to the Limagne, basalts, and peperites, would appear to be the dominant factors of
this elevation in the geothermic curves.
J. W. P.
METHOD FOR DETERMINING HIGH TEMPERATURES.
Termofon, ny metod för bestämning af höga temperaturer. By Prof. J. Wiborgh. Jernkontorets
Annaler, 1896, page [number omitted in original]
It is very important in metallurgy to possess the means of determining, as exactly as possible,
the temperature at which the work is carried on. The reactions change with the temperature ;
and, especially in the case of steel, the product varies greatly according to the heat at which
it leaves the furnace. As regards the manner of determining the temperature, although many
attempts have been made, the results have not hitherto proved very satisfactory, inasmuch as
no temperatures above 1,400° Cent. can be determined, because most instruments, such as
the pyrometer, must come into direct contact with the heated substance, and therefore be
destroyed. Only a few pyrometers, those for instance which depend on optical manifestations,
can be regarded as really efficient; and, although several such instruments have been devised,
they have generally turned out unpractical. Now, if an instrument be contrived which, although
destroyed in high temperatures, shall indicate the temperature sought, while being
comparatively cheap so that its loss is of no great consequence, the object is attained.
In the middle of a fire-resisting body, having as high a degree of cohesion as possible, and
which does not deteriorate the substance to which it is applied, is inserted an explosive which
detonates at a determined temperature, with the addition of a firing substance, like that
employed in percussion-caps, and enclosed m an hermetically sealed case. Such a body, that
may be called thermophone, is to be thrown into the furnace or bath of molten steel, the
temperature of which it is required to ascertain ; and the time is noted which elapses before
explosion ensues, the temperature being a function of the time, and all the thermophones
being of identical composition and conductivity. If a thermophone is arranged to explode at a
given temperature, say 500° Cent., the time that elapses before explosion can be calculated
from it for all required temperatures, and a trustworthy table of temperatures may be compiled.
J. W. P.
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MINING IN TURKEY.
Die bergbaulichen Verhältnisse [Verhaeltnisse] in der Turkei. By Dr. W. May. Oesterreichische
Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], 1896, vol. xliv., page 223.
Mining matters generally are regulated by the law of August 25th, 1887, o.s., and are now
administered by a department of the "Ministry for Forestry, Mining and Agriculture" that was
formed some three years ago. To obtain a mining concession, a written request for permission
to prospect must be forwarded to the governor of the province ; the nature of the mineral to

be sought for, and the limits within which it is proposed to carry on prospecting operations,
must be specified, but these limits may include areas of a good many square miles. The
applicant has to find security for the repayment of any surface-damage that may ensue from
his work. There are no specified fees, and the expenses connected with these first steps are
said to be trifling. The permit gives the right to prospect for a year, and may be extended to a
second. Before its expiration, a report on the results, together with a plan on a scale of 1/5000,
samples of the useful minerals found, have to be sent to the department of mines in
Constantinople, together with a petition for the granting of the concession ; this is published,
and if no objections are filed within two months, the concession will be granted in the course
of another two months or more, if all is in order, by means of a firman from the Sultan. The
cost of the latter depends on the importance of the concession, averaging about £200 Turkish
(about £185 sterling). The grant is for ninety-nine years, except in the case of chrome ore,
emery, boracite and meerschaum, when it is for sixty years only. The tax that is payable is 10
piastres gold (about 1s. 8d.) per hectare of area, and from 1 to 5 per cent., generally the latter,
of the gross values of the ores, except in the case of the four above-named substances, when
it is raised to 10 per cent.
During the last four years there have been granted 5 concessions for silver-lead, 1 for silver,
lead, and antimony, 1 for antimony, 4 for chrome ore, 1 for emery, 4 for manganese, 1 for
lignite, 1 or 2 for boracite.
The copper-mines at Anjhana, on the upper waters of the Tigris, are worked by the state, but
probably without any profit at the recent low prices. At present, Anjhana produces about 120
metric tons, Batman about 720, and Old Okku 923 tons of black copper, containing about 75
per cent. of metal. The state also works the silver-lead mines at Bulgandagh, which produces
annually about 1,500 kilogrammes of silver. The litharge got as a bye-product is sold by
public auction.
The only true coals of the empire are worked in the basin of Heraklea on the Black Sea,
producing about 150,000 tons yearly, chiefly consumed by the Imperial Turkish fleet. Great
Britain is almost the only country that sends coal into Turkey, the amount thus sent having
been 461,132 tons in 1893; Constantinople consumes about 95,000 tons annually.
The meerschaum mines near the Eskischehir station on the Angora railway also belong to the
state. The crude mineral is cleaned, dried, polished, classified, and carefully packed in cases
weighing 30 kilogrammes gross, or 15 kilogrammes nett. This is supposed to be the finest
quality produced. Till within the last six or seven years the annual output was about 8,000
boxes, but so many of the best pits are under water that scarcely 4,000 boxes are now got.
The asphalt-mining industry is of very small importance.
Of the silver and lead-mines, the most important are those of Hodscha-Gürnisch (Balia) near
Edremid, worked by a French company, the Société des Mines de Balia-Karaaïdin, and
producing some 4,000 tons of ore per annum. An English company, the Asia Minor Mining
Company, produces some 3,000 tons yearly of silver ores from the mines of Lidschesi.
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Important deposits of manganese have been found in the peninsula of Keosendere. The
number of known deposits and veins of antimony is rapidly increasing, and Turkey will certainly
play an important part in the world's markets for this metal.
Turkey possesses sufficient deposits of chromite to be able to supply by itself the present
needs of the world. About 20,000 tons, averaging about 48 to 56 per cent., are exported
annually, about half of the production belonging to a Smyrna firm.

Another Smyrna firm controls the greater part of the emery output, and exports about 7,000
tons annually. This product is now exposed to keen competition with that got in the island of
Naxos, which is of better quality and is sold at lower prices—at £3 8s. the ton it is said—by
the Greek Government, who own the monopoly.
The boracite (strictly speaking calcic borate, with 40 to 60 per cent. boric acid) concessions
near Panderma, now produce 5,000 to 6,000 tons per annum, and a neighbouring French
company, the Société Lyonnaise des Mines et Usines de Boran, now produce about the same
amount.
The production of salt, which is also a state monopoly, is about 200,000 tons per annum ; in
1894 it was 203,128.235 tons. In this year the consumption of the country is given as 215,747
tons, and 15,515 tons were exported, none being imported into Turkey.
Of late years there have been some borings for petroleum, and new finds of silver-lead, and
other ores are reported. Building-stone and fuller's earth are also among the mineral products
of Turkey, especially the latter in the province of Angora.
H. L.
THEORY OF TURBINES, FANS, AND CENTRIFUGAL PUMPS.
Sur la théorie des turbines, pompes et ventilateurs. By A. Rateau. Comptes Rendus
de I'Académie des Sciences, 1896, vol. cxxii., page 1268.
The theory of turbines, centrifugal pumps, and fans is generally established from the theorem
of the vis viva, but it is preferable to substitute that of the moments of the quantities of motion,
by which a general formula is more quickly obtained. This method has the additional
advantage of being applicable to the various machines as they exist with all their
imperfections, while the other does not take sufficient account of loss of head by friction, or
the disturbances and shocks affecting the fluid inside the revolving portion.
If the theorem of the moments of the quantities of motion be applied to a turbine-wheel,
constantly receiving a total mass, I, of fluid per second, taking the turbine-shaft for the axis of
the moments, inasmuch as the internal forces of the system do not enter into the expression
of this theorem, the formula deduced from it will hold good, whatever be the shocks and friction
inside the revolving portion. The only forces external to the system, producing a moment that
is not nil, are (1) the useful motor couple given by the apparatus, which may be designated by
M and (2) the friction of the shaft, and also of the wheel sides on the fluid not circulating in the
revolving portion, always very slight, producing a moment that may be designated m. Gravity
will cause no moment if the shaft be vertical, or if the admission be symmetrically disposed
round the shaft when horizontal; and the same will be the case as regards the forces of
pressure at the entrance and exit of the revolving portion.
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If i be the mass delivered by a small element of the wheel; r0, the radius at entrance to the
turbine; u0 = ω0 r0, the speed of rotation at that point; a0, the projection, at this speed, of v0 the
absolute speed of the fluid at this entrance ; and r1, u1, a1, v1, the corresponding elements at
the point of exit, then, in accordance with the theorem of the moments of the quantities of
motion,
M + m = Σ i (r0 a0 - r1 a1)
(1)
This fundamental formula of the motor moment is also applicable to any part of the wheel,
supposing a1 to be considered as answering to the exit-point of this portion. If the parenthesis

be the same for all the elements, i of the volume delivered, as is the case in a centrifugal
turbine, the sum will only bear upon i, giving
M + m = I (r0 a0 - r1 a1)
(2)
If we multiply the two members by the angular speed ω, we shall obtain in the first member M
ω and m ω, representing the useful power P, and the power p, lost by external friction,
P + p = I (u0 a0 - u1 a1)
(3)
The useful power P, may be written g I K, K being the part of the fall or head H really utilized;
and in the same way may be stated p = g I k, when
g (K + k) = u0 a0 - u1 a1
(4)
The yield, or useful effect, ρ of the apparatus is equal to K ÷ H, so that
ρ = (u0 a0 - u1 a1)/(g H) - ε
(5)
e = k ÷ H being a very small quantity, in which it will be convenient to include leakage at the
joints.
The preceding formulae also apply to centrifugal pumps and centrifugal and helicoidal fans, it
being sufficient to change the signs of M and P, and to reverse the ratio of formula (5), in which
case H will be the height generated by the apparatus. Be it remarked that loss at the distributor
diminishes a0, while loss in the wheel increases a1; and, if a0 and a1 can be calculated, the
useful effect may be deduced from them. Important conclusions may be drawn from these
formulas, which are useful for many purposes.
J. W. P.
SEPARATE VENTILATION IN FIERY PITS.
Ueber Separat-Ventilation bei Aus-und Vorrichtungsarbeiten in Schlagwettergruben. By J.
Mayer. Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], 1896,
vol. xliv., pages 53-57.
As a subsidiary means of ventilation in the case of restricted workings and distant places which
cannot be efficiently supplied with air from the main current, the separate system is useful and
saves the expense of parallel airways, but the latter method is the safer for workings of over
300 feet in length, as it enables the current to be controlled in the vicinity of the working in
case of accident, and also affords better chance of escape for the men than the single
headings. Besides, there is the danger, unless the brattices or pipes are very strongly put
together, of their breaking and stopping the ventilation altogether.
Unless due provision be made for the supply of fresh air to the fans working the separate
system, the roadways, headings, etc., supplied in this way will only be filled with air that has
already done duty as part of the main current and is therefore not competent to effect thorough
ventilation. Besides, there is a great waste of air, even when iron pipes are used, ranging from
some 25 per cent. in a distance of 360 feet to 75 or 77 per cent. at 1,600 feet from the fan.
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In ventilating a cross-driving, in the Heinrich shaft of the K. K. Kaiser Ferdinand's Nordbahn
pit, of a total length of 1,800 feet (555 metres), a Capell fan, driven at 600 revolutions per
minute, gave a discharge of 210 cubic feet (6.012 cubic metres) and produced ½ inch (12.75
millimetres) compression of the water column ; at 1,000 revolutions the results were 330 cubic
feet (9.342 cubic metres) and 1.06 inches (27 millimetres) respectively. This quantity was
sufficient to ventilate the face thoroughly, but quickly damaged the working parts of the
machinery. During the execution of the necessary repairs, a compressed-air exhauster with ⅛

inch (3 millimetres) jet was employed, but fell behind the fan in point of efficiency by about 20
per cent., although using up more air. Nevertheless, for ventilating fiery mines, the safety of
the workers being the first consideration, the exhauster is preferable to the fan.
Another advantage of the use of parallel headings is that, in pillar work particularly, they allow
the gas to "bleed" from the coal better, and so help to clear the seam.
The author controverts the statement made by Mr. Uthemann that the current of air only
increases in proportion to the square root of the compression (i.e., of the revolutions of the
fan), and maintains that the ratio is a direct one, except, perhaps, in the case of small fans,
where the influence of waste is greater in proportion than in larger machines. Still, as increased
speed is the reverse of economical, it is better to make the airways larger than to force the
ventilator.
C. S.
ELECTRICALLY-DRIVEN FAN AT THE RAMMELTER AIR-SHAFT OF THE GERHARD
COLLIERY, LOUISENTHAL.
Die Ventilationanlage mit elektrischem Antrieb auf dem Rammelter Wetterschacht des
Steinkohlenbergwerks Gerhard zu Louisenthal. By — Althans. Zeitschrift für [fuer] das
Berg - Hütten-[Huetten-] und Salinen- Wesen im Preussischen Staate, 1896, vol. xliv.,
page 453, and 1 plate.
In November, 1895, the last ventilating-furnace of the Gerhard colliery was replaced by an
electrically-driven fan.
This was applied to a shaft 190 feet (58 metres) deep, and of 69
square feet (6.4 square metres) sectional area. This shaft lies 2,600 feet (800 metres) from
the nearest winding-shaft, and it was found difficult to arrange for boilers and engine at it, so
much so that a large Guibal fan which had been built there in 1866 had been removed.
In making the calculations for the new fan, the Pelzer system was selected. The quantity
of air was taken as 49,400 cubic feet (1,400 cubic metres) per minute as a maximum ; the
equivalent orifice of the mine, which has long and very narrow airways, was assumed to be
10.76 square feet (1 square metre) and the necessary maximum water-gauge was calculated
from the formula
h = ((0.38 V)/a)2
to be 3.11 inches (79 millimetres). Allowing a manometric efficiency of 50 per cent. the
peripheral velocity was calculated from the formula
u = √(g H/2)
(where H = water-gauge, V = average weight of 1 cubic metre of air) and was found to be 117
feet (35.6 metres) per second. The fan was to be coupled direct to the shaft of the motor,
hence a high speed and small diameter were considered desirable ; a fan of 7.38 feet (2.25
metres) diameter, with an intake on the one side of 29 square feet (2.69 square metres) area,
was selected, and this fan would accordingly have to make 303 revolutions per minute. The
effective work of the fan would, from the above figures, be 24.6 horse-power.
As the
manufacturer guaranteed an efficiency
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of 62.5 per cent., the power to be developed by the shaft of the dynamo amounted to 40 horsepower.
The generating-station consists of a horizontal engine, with one cylinder 14.17 inches (360
millimetres) in diameter and 25.59 inches (650 millimetres) stroke, with variable expansion-

gear. It works under a steam pressure of 75 to 90 lbs. per square inch (5 to 6 atmospheres),
making at most 93 revolutions per minute.
The dynamo is a polyphase machine developing 500 volts and 35,500 watts. The rotating
field-magnets are arranged radially round the shaft, and the machine is to work at 64
alternations per second ; as there are 8 poles, it has accordingly to make 480 revolutions per
minute ; the diameter of the driving wheel is 11.48 feet (3.5 metres), and of the pulley of the
dynamo 25.98 inches (660 millimetres), or a ratio of 5.3 to 1. The magnets of the polyphase
dynamo are excited by a small continuous-current dynamo coupled direct to the former.
The leads consist of three bare copper wires of 0.08 square inch (52 square millimetres)
section and 2,600 feet (800 metres) long, carried on iron poles by means of insulators.
The motor is an asynchronous polyphase motor of a maximum of 40 horsepower. It is similar
to the dynamo, but possesses 12 poles instead of 8, hence should only make 320 revolutions
per minute, but makes somewhat less when running under load on account of slip. The fan is
coupled direct to the shaft of the motor.
Since the plant was started in November, 1895, it has given entire satisfaction. It needs no
special attendance, but is examined once every four hours. The annexed table shows the
results of a series of trials of this fan :—
[Table]
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The working costs could not be calculated direct, as the dynamo and air-compressor are run
together, but it is calculated that the additional expense due to this installation amounts to 2.2
marks for wages and 27.4 marks for stores per diem, or per annum 10,804 marks (about £540)
for about 16 horse-power or 675.25 marks (£33 15s.) per horse-power per annum ; a great
direct saving over the furnace has thus been attained, whilst the volume of air extracted is
about doubled.
H.L.
APPLIANCES FOR BREATHING IN AFTER-DAMP AND THE WALCHER-GÄRTNER
[WALCHER-GAERTNER] PNEUMATOPHORE.
Ueber Athmungs-und Rettungs-Apparate beim Bergbau im allgemeinen und über [ueber] den
Walcher-Gärtner'schen [Walcher-Gaertner'schen] Pneumatophor im besonderen. By Dr.
August Fillunger. Oesterreichische Zeitschrift für [fuer] Berg-und Hüttenwesen
[Huettenwesen], 1896, vol. xliv., pages 581 and 591, and illustrations.
Numerous forms of apparatus to enable men to breathe in workings filled with irrespirable or
poisonous gases have been devised. They may be classified as follows :—
(1) Respirators, in which the inspired air traverses sponges or similar media saturated with
chemical reagents, such as the Roberts respirator, consisting of a sponge soaked in milk of
lime.
(2) Hosepipe apparatus, in which the air for respiration is conveyed through pipes ; to this
class belong the apparatus of Messrs. Pilâtre de Rozier, Prasse, and Loeb, in which the air is
under normal pressure, and which do not admit of use beyond a distance of 100 feet. Other
forms, in which air is used under pressure as in diving dresses, are those of Messrs.
Denayrouze-Rouquarre, L. v. Bremen, and Mayer.
These are all too cumbersome for
ordinary use.
(3) Reservoirs, in which the air for respiration is carried by the miner on his back. To this class
belong the arrangements of Messrs. Combes, Kraft, and Fayol, in which air is expired into the

open, and the well-known Galimbert bag, in which it is returned to the reservoir. Some of these
arrangements include devices for purifying the expired air, such as those of Messrs. Bartan
and Schulz. The Galimbert apparatus alone seems to have been used for mining purposes.
(4) Oxygen apparatus.—To this class belong the methods of Messrs. Schwann, Fleuss, and
the very recent pneumatophor of Walcher-Gârtner [Walcher-Gaertner]. These all act by
providing a supply of oxygen and using the same volume of air over and over again by
absorbing the carbonic acid gas produced and introducing fresh oxygen as required.
The Schwann apparatus, known as the aerophor, consists of a flat reservoir carried on the
breast, whilst expiration takes place into a knapsack-like receiver in which slaked lime is
contained to absorb the carbonic acid. Oxygen under a pressure of 4 to 6 atmospheres carried
in metal cylinders can be forced into this receiver, whence the air is expelled into the bag in
front.
The Fleuss apparatus is somewhat similar, but has been improved in its details; it weighs
about 30 lbs. and costs about £60.
The pneumatophor is the most recent contrivance of the kind (German patent No. 88,703 of
1895). It consists of a bag, carried on the chest of the user, about 23½ inches by 19¼ inches,
and 2 inches deep when moderately expanded, having thus a capacity of about ⅓ cubic foot.
The bag is made of any material impervious to air. There is a small tube in the centre that
terminates in a plain mouthpiece
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of vulcanite, the wearer's nose being closed by a clamp. Inside the bag is a cylinder of
perforated sheet-iron 8 inches long and 3 inches in diameter, inside which is a stoppered bottle
containing a 25 per cent. solution of caustic soda, so disposed that it can be broken by a few
turns of a screw, the handle of which projects outside the bag. Just below this cylinder, a small
steel flask of compressed oxygen is secured. This flask is made of seamless steel tested to a
pressure of 250 atmospheres. It is 12 inches long, and its capacity is 3.66 cubic inches, so
that under a pressure of 100 atmospheres it will contain 2 cubic feet of oxygen. There is a
valve in the neck of the flask actuated from outside the bag, whilst the flask opens into the
interior of the bag. The weight of the entire apparatus complete is 10 lbs. Its present cost is
about 40 florins complete (say about £4). Any ordinary exercise can be performed by men
wearing it, and it affords an ample supply of oxygen for 1 to 1¼ hours, even when violent
exercise is being taken by the wearer.
Numerous mining engineers and others have worn the apparatus and gone into experimental
drifts, etc., filled with smoke or irrespirable gases, and they consider its action to be quite
satisfactory.
H. L.
MORTIER FAN.
Der Mortier-Ventilator. By A. v. Ihering. Glückauf [Glueckauf], 1896, vol. xxxii., pages 217
to 223.*
The Mortier fan consists of a median disc of iron keyed to a horizontal shaft. On either side of
the disc are riveted sheet-iron blades, held in position by an outer ring of iron on either side.
There are thirty-six such blades, placed radially at their inner circumference but at an angle of
40 degrees with the radius at their outer, the curvature being in the direction of revolution of
the fan. The fan is of the same width as the return airway, and is surrounded by a closelyfitting casing of iron plates that leads into a rectangular evased stack. The entire lower portion
of the casing is movable by means of two hinges, so that it can be set almost in contact with

the fan or at some distance from it, the motion being controlled by a pair of long screws with
hand-wheels ; this portion of the arrangement is spoken of as the multiplying shutter. Its use
will be explained further on. On the upper part of the casing and projecting inwards from it,
just below the ring of blades, and so as almost to touch the median disc, are a couple of fixed
hollow sheet-iron blocks, shaped like the segment of a circle. It should be added that the ratio
of the inner to the outer diameter of the fan-blades is 0.7 : 1, and that these are bent to an arc
whose radius is about one-half that of the inner circle.
When the multiplying shutter is close up to the fan and the latter is set in motion, the air that
reaches the exterior circumference of the fan with a feeble velocity in the upcast is caught up
by the blades; it is not, however, carried round by them, but, as a resultant of its original and
its acquired velocity, it is driven through between the fan-blades into the lower half of the inner
fan-space across which it passes in a straight line to be caught up again by the blades on the
opposite side of the fan and projected into the chimney. The function of the fixed segments is
to prevent any of this air from rising up vertically, also to prevent the formation of eddies or of
the return of the air into the interior of the fan. When the multiplying shutter is, however, drawn
back so as to allow a free passage between it and the fan, the normal air-current produces an
induced air-current in this free space, which causes a certain amount of air to be exhausted
without ever passing through the fan, and this increases the efficiency of the
* Trans. Fed. Inst., vol. x., page 591.
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machine, a larger amount of air being set in motion with, of course, a corresponding diminution
of the depression produced by the fan. It is found that in the extreme position of the shutter
the total amount of air exhausted is 1⅓ of the normal, and in a half position the amount is 1
1/6 of the normal volume.
The first fan of this type in Germany has been erected at the Monopol pit, near Camen, and a
series of experiments have been tried with it by the author of the paper. The fan is 81.7 inches
in diameter and 63 inches wide. The following table shows the results obtained : —
[Table]
The next table shows the effect of varying the position of the multiplying shutter, that is to say
of working with varying widths of interspace between the shutter and the periphery of the fan
:—
[Table]
The increase in the quantity of air for the same horse-power is seen to be from 1/3 to 1/2, with
a fully-opened multiplying shutter, more than when the latter is nearly closed.
H. L.
CALCULATING THE DIMENSIONS OF A SINGLE-INLET GUIBAL FAN.
Calcul des Dimensions d'un Ventilateur Guibal à une Ouïe. By Émile Gosseries. Publications
de la Société des Ingénieurs du Hainaut, 1896, vol. v., page 129.
For determining the dimensions of a fan a knowledge of the mine-temperament alone is not
sufficient, as it is also necessary to take into consideration the depression and the volume of

air to be delivered. From the depression will be deduced the speed of the fan according to its
diameter. A knowledge of the volume of air will permit of determining the diameter of the inlet,
and consequently that of the fan. Taking 49 feet (15 metres) per second as a suitable speed
of the air in the central inlet, the diameter of the latter will be determined by the volume ; and,
adopting Prof. Guibal's expression of D ÷ d = 3 for the ratio
*Calculated by the formula H = (u2 da 12)/(g dw)
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between the outside diameter and that of the inlet, gives the outside diameter. Under these
conditions, if Q be the volume of air to be delivered, we shall obtain
0.785 d2 x 15 = Q,
whence
d = 0.3 √Q
(1)
D = 3d = 0.9 √Q
(2)
2
and
Q = 1.25 D
(3)
If v represent the tip speed of the vanes, and s the theoretical sectional area of the air-outlet
under the sliding shutter, the expression Q = v s may be stated; but in practice, according to
Prof. Guibal, this sectional area should be doubled, so that s = S ÷ 2, whence
Q=2÷vS .
(4)
If h be the actual water-gauge, K the manometrical coefficient, 0.65, and δ the density of the
air, 1.2, according to M r. Murgue,
h = K δ v2 / g = 0.08 v2
(5)
whence
V = √(g h)/(K δ) = √(12.57 x h) = 3.55 √h
(6)
On the other hand, in order that the contraction-coefficient of the passage of the air expelled
under the sliding-shutter be maximum, the section of the outlet must approach a square form;
i.e., the width, L, of the fan must be equal to the height of the section of the passage under
the sliding shutter, i. e., S = L2. Substituting for v and S their values in equation (4) gives Q
=√12.57h x L2 ÷ 2, whence L = 0.752 √Q ÷ √h. As, however, the air is not always uniformly
distributed between the vanes, it is advisable to adopt a rather larger coefficient, giving
L = 0.8√(Q/√h) = 0.8 √θ
(7)
To ascertain the number of revolutions for a water-gauge h, it may be deduced from formula
(5), N being the number of revolutions per minute, that v = (πDN) ÷ 60 [?] and v2 = (π2 D2N2 ÷
602, which by substitution becomes
h = Kδ/g x (π2 D2N2)/602 = 0.000218 D2N2
and
ND = 68 √h (8)
For avoiding shock, the vanes should be bent backwards as regards the direction of rotation,
so as to make with the radius an angle α given by the formula tan α V = u r, whence
tan α = (u r) ÷ V, if u be the angular speed, r the inlet-radius, and V the speed of the
air coming upon the vanes. From v = [?] u R = u 3r may be obtained u r = v ÷ 3;
but v = 3.55 √h
(6), whence u r = 3 55 √h ÷ 3 = 1.183 √h, and V = Q ÷ (πd x L).
Substituting in this formula for d and L their values in equations (1) and (7) we get
[Equation 9 omitted]
Introducing into the expression tan α = (ur) ÷ V the values (A) and (g) we get
[Equation 10 omitted]

Thus, for a water-gauge of 4¾ inches (120 millimetres) the root of the vane will make an angle
of 79 degrees 10 minutes with the radius, and then rise to join the outer circumference in a
radial direction.
J. W. P.
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WATER INUNDATION AT THE WURM COAL-FIELD, AND UNDERGROUND PUMPING
ENGINES.
Le Coup d'eau du 14 Avril, 1896, dans le Bassin da la Wurm. By Franz Büttgenbach
[Buettgenbach]. Revue Universelle des Mines, 1896, vol. xxxiv., page 96.
It appears from the archives of the Rolduc abbey, near Aix-la-Chapelle, that coal was worked
in the district so early as 1113, and working has continued without interruption from that time
to the present, nearly 3,000 men being now engaged in the Wurm coal-field. The first workings
were situated about 200 feet (60 metres) above the level of the valley, the water flowing off by
outfall-adits. About 1634, shafts were sunk below the level of the valley, the water being raised
by pumps driven by water-wheels; and old documents show that, about 1724, a depth of 820
feet (250 metres)—620 feet (190 metres) below the valley—was reached. It was not until 1816
that the first steam-engines were erected, and now the depth from the surface of 1,410 feet
(430 metres) is attained. In a district where working has been continued for so long a period it
is to be expected that large bodies of water will be encountered, which, on being tapped
unexpectedly, may flood the workings; and such accidents have occurred at various periods,
more than sixty miners having thus lost their lives in 1834. This gave rise to a regulation
enjoining that, when nearing old workings, advance bore-holes should be drilled, into which,
after the water was reached, iron pipes fitted with cocks and pressure-gauges should be
inserted for drawing off the water gradually.
During the night of April 13-14, 1896, in a rise 150 feet (45 metres) long put up from the main
rolleyway at the level of 886 feet (270 metres), in the Langenberg colliery, the rock surrounding
a pipe (the pressure-gauge of which showed 210 lbs. per square inch or 14 atmospheres) for
drawing off the water from old workings at the level of 656 feet (200 metres) gave way, and
the water burst into the mine, filling the rolleyway with debris of all kinds. As, however, this
road was in communication with the Gouley shaft, sunk to the depth of 1,410 feet (430 metres),
the water found an outlet in the workings connected therewith, 525 feet (160 metres) below
those of Langenberg. The twelve men engaged in repairs at the Gouley colliery were able to
escape before the complete submersion took place ; and in the Langenberg mine, where the
inburst occurred, there were only four men engaged in a blind drift put off from the main
rolleyway. As this drift had a slight rise, the water did not reach the face where the men were
at work, only attaining a height of 5 feet (1.5 metres) in the main road, which, however, was
so much filled up by debris at the entrance of the drift that the men were shut in, being
afterwards rescued.
A week after the inburst, the Langenberg mine and also those of Ath and Laurweg, at the
same level, were completely freed from water, while Gouley, one of the principal collieries of
the district, remained flooded over the whole height of the main rolleyway. Inasmuch as its two
underground pumping-engines were drowned, and there was no pumping-engine on the
surface in reserve, it became necessary to draw in buckets the water, estimated at more than
33,000,000 gallons (150,000 cubic metres). The underground pumping-engines at
Langenberg were also submerged to half the height of the cylinders, but continued to work,
thanks to the enginemen, who stuck to them though the water came up to their waists, and
also owing to the fact of the water flowing into the Gouley pit. If it were not for this

circumstance, the Langenberg mine would certainly have been flooded in half an hour, and
the men drowned, had the inburst happened during the day ; and this accident, which might
have proved so fatal and certainly involved great expense, suggests the reflexion that it is not
well to rely entirely on underground pumping-engines, but also to have others in reserve on
the surface.
J. W. P.
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UMBALLA CITY WATER-WORKS.
By C. E. Goument. Indian Engineering, 1896, vol. xix., page 76, and 1 plate.
The water-supply is taken from twenty wells, 7 feet in internal diameter and 40 feet deep,
pitched 60 feet apart from centre to centre. This spacing was arrived at by experiments
previously made to determine the cone of exhaustion around the wells for the maximum head
to which they are worked, viz., 7 feet. The wells are situated in a tract of sandy waste land,
about 8 miles from Umballa, and between the Tangri river and one of its main branches. There
are no ponds or other sources of pollution within a considerable distance of the site, and the
nearest village is more than half a mile away. As an additional precaution against
contamination, an area of 2,000 feet by 1,000 feet has been fenced around the wells.
The water-level is 6 feet below ground at the wells, and falls considerably towards Umballa,
where it is about 30 feet below ground. The ground also falls from the wells to the city.
Advantage has been taken of this slope, in the dual system designed by the writer, to obtain
a part of the supply by gravitation. The full supply could have been procured in this way, but
the velocity in the main being low, owing to the flatness of the hydraulic gradient, the pipes
would in time have become choked with sediment. It was therefore necessary to resort to
pumping to obtain the necessary scour for keeping the pipes clear. The velocity required for
this purpose is 3 feet per second, and the engine is designed to pump the water through the
main at this velocity. It may be noted that the provision of pumps at the well allows of a
reduction in the size of the supply-main, and the saving effected in this way is considerable.
The wells are connected by cast-iron pipes (9 inches in diameter) laid 4 feet below springlevel in a line parallel to the wells and about 10 feet from their centres. A T-branch (4 inches
in diameter) makes the connexion between this line of pipes and each well. A sluice-valve is
fixed on each branch, enabling any one well to be cut off for examination or repairs without
interrupting the supply from the others.
The pumps are placed exactly opposite the centre of the line of wells, and the suction-pipe of
the pumps joins the connecting-pipe at this point. A valve placed on each side of this
connexion allows of half the wells and connecting-pipes being cut off for repairs while the other
half remain in use.
The gravitation-main, 8 inches in diameter, takes off from the connecting-pipe near the
pumping-station, and is laid below spring-level for a distance of 3,400 feet from the wells,
where it emerges above water-level and joins the pumping-main. From this point onwards to
Umballa there is a single line of pipes (8 inches in diameter) which acts as a force-main when
the pumps are working, and as a gravitation-main when they are at rest.
The daily supply is about 240,000 gallons; of this about 96,000 gallons per day are obtained
by gravitation and the balance is pumped.
The pumping-engines at the well are each of 30 horse-power ; two have been provided, each
capable of doing the whole work, so that one may always be available while the other is under
repair.

The water is delivered at Umballa into an elevated reservoir which holds 220,000 gallons, or
one day's supply. The tank was designed by the author on the lines of the Norton tower on
the Vyrnwy aqueduct, Liverpool waterworks, and may be described as a huge steel bowl with
a deep cylindrical rim resting on a circular tower of brickwork at a height of 26 feet from the
ground. The bottom is spherical, of mild steel plates (½ inch in thickness). The tank is 58
feet in
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diameter, and the depth of water in the middle is 19 feet; it is covered by a corrugated iron
roof on double boarding, and enclosed all round by folding shutters to keep the water cool in
summer. The advantages of the design are : (a) the accessibility of all its parts for periodical
painting or repairs ; (b) its elasticity, which gives it perfect freedom for expansion and
contraction for variations of temperature ; and (c) it also compares very favourably in point of
cost with other designs for elevated tanks.
M. W. B.
COMPOUND WINDING-ENGINES IN IDRIA.
Ueber die bisherige Anwendung von Compound-Forderdampfmaschinen im Allgemeinen und
über [ueber] die mit diesem Maschinen-system in Idria erzielten Betriebsresultate. By C.
Habermann. Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen],
1896, vol. xliv., pages 261 and 279, and plate.
The reason why compound winding-engines have not met with a more extended employment
in mining industry is chiefly to be sought in the circumstance that at collieries the economizing
of fuel is not a matter of consideration, there being always a plentiful supply of unsalable fuel.
Furthermore, simplicity of construction is preferred, as entailing less outlay for repairs and less
trouble to the engineman. In the case, however, of metalliferous mines situated at a distance
from available supplies of coal, and also in the case of collieries where improved methods of
manipulation leave but little waste coal, the advantages presented by compound engines
become more decidedly apparent, and it was for the former reason that a compound windingengine was installed at the Inzagi shaft in Idria in 1890, and a second similar engine at the
Josefi shaft at the end of 1892. At the former shaft, the engine is not set up at the pit-mouth,
but lower down the hill side, the floor of the engine-house being 150 feet below the level of the
shaft-bank ; and the distance from the centre of the pit-mouth to the axle of the winding-drum
is 306 feet. The winding-rope is passed over an intermediate wheel to clear the roadway
passing along the upper side of the engine-house.
The engine itself is a horizontal non-condensing compound engine, differing little from the
ordinary type. The cranks are set at an angle of 90 degrees, and the receiver lies under and
parallel to the slide-valve of the large cylinder below the level of the floor. Both the receiver
and the cylinders (jacketed) are heated by direct steam, the retention of heat being secured
by wood lagging. Gooch link-motion and Rider expansion-gear, with hand lever, are provided,
and steam may be admitted direct into the low-pressure cylinder by a special valve. The large
cylinder is fitted with Mather and Platt soft cast-iron rings and steel springs, and the expansioneccentrics are situated next the crank-bearings so that the slides approach closely to the
cylinder. The flywheel is 98 inches in diameter and serves as a brake, the cheeks of the brake
being made to engage on the wheel by means of hand-and-foot levers, and another brake is
fixed on the driving-wheel, which is 118 inches in diameter. Motion is imparted from the engine
to the winding drum by bevel gearing. Amongst the safety-appliances are an indicator to show
the position of the cage in the shaft, an automatic signal to announce the arrival of the cage

at a certain height, and also electrical signalling-apparatus and speaking-tube communication
with the loading-stage.
The mean efficiency of the engine is 40 horse-power, and the indicated horsepower 50, at 7
atmospheres pressure. The total load is some 53 cwts., and each cylinder is capable of lifting
that weight, independently of the other.
It having been found from the indicator-diagrams that the relative dimensions
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of the cylinders were not economical, the net load having been reduced from 1 ton down to
12 cwt., the diameter of the high-pressure cylinder was reduced from 14¼ inches (360
millimetres) to 11¾ inches (300 millimetres), bringing the relative diameter of the high and lowpressure cylinders down to 1 : 2.82 instead of 1 : 1.93 as previously. Thus altered, the windingengine works satisfactorily and is easy to manage.
A double range of boilers, only one set being in use at a time, is employed for the generation
of steam. Each battery consists of two upper-boilers 23 feet long and 3¼ feet in diameter, and
four under-boilers 16½ feet long by 2¼ feet in diameter ; the feed-water is run into the lower
set and the upper set receiving the first heat from the fires. The boilers have a total heatingsurface of 753 square feet.
Beechwood fuel is used, owing to the scarcity of coal. From comparative experiments of the
amount of fuel and steam required to produce 1 horse-power per hour with the compoundengine and the ordinary engines already in use on the same property, it appeared that before
the alteration of the compound engines the consumption of steam averaged 73.87 lbs. (33.58
kilogrammes), and afterwards 64.15 lbs. (29.16 kilogrammes), the one simple engine using
78.25 lbs. (35.57 kilogrammes), and the other, of older construction, 113.14 lbs. (51.43
kilogrammes) per horse-power per hour. The last named was worked at 4.4 atmospheres
pressure, and the other one at 5.5 atmospheres, the result showing the advantage obtained
by using the higher working-pressure.
These isolated experiments do not, however, afford so reliable a practical guide as the
average results obtained from the continuous working of the engines for a year. These show
that the one compound engine consumed in 1893 123.15 lbs. (56.16 kilogrammes) of steam
per horse-power per hour, the quantity sinking in 1894, after the reconstruction, to 110 lbs.
(50.02 kilogrammes). The second compound engine consumed in the same periods 128.2
and 110.8 lbs. (58.27 and 50.37 kilogrammes) respectively, whereas the average
consumption of the two older non-compound engines was 122 lbs. (55.45 kilogrammes) and
151 lbs (68.62 kilogrammes). The differences noticeable between these results and those of
the first series of tests are attributable to the cooling of the cylinders, etc., during the time when
the engines were not working.
The author's conclusions, derived from further comparative data of the consumption of steam
in ordinary winding-engines, are to the effect that compound engines offer an economical
advantage only when the load has to be raised from moderate depths and the work is fairly
continuous, as is the case in coal-mines. On the other hand, when the depth of the shaft is
considerable, the variation in the moment of the load when the weight of the rope is not
compensated, and the interruptions due to making up the load in small quantities at various
levels, militate against the employment of the compound engine, the ordinary type being better
able to cope with these conditions.
C. S.
NEW WINDING ARRANGEMENT.

Nouveau dispositif d''Extraction pour les Puits de Mines.
By A. Després. Le Génie Civil,
1896, vol. xxix., pages 9-10.
The proposed system consists of a chain counter-balance suspended in a vacant part of the
winding-shaft, or in a neighbouring ventilating-shaft, and fastened on to an endless-rope which
passes over the same pulley as the two winding-ropes. It is claimed that a strictly constant
moment is thereby ensured with regular
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strain, and that the load can be raised from a depth four times as great as the length of the
chain. The counter-balance acts directly on the periphery of the winding-drum, the chain-rope
weighs less than either of the cage-ropes, and less power is required with the cylindrical drum
than with conical drums of the same minimum diameter.
The arrangement of the ropes on the drum is such that one cage-rope and one part of the
endless-rope unwind side by side, giving place to the other cage-rope and the other part of
the endless-rope which are simultaneously being wound on the drum. The endless-rope is of
a total length equal to half the depth of the pit and the working-length is one-fourth of that
depth. One end of the chain is attached to the rope and the other hangs down in the pit so as
to leave about 25 or 30 feet loose when the first-named end has reached its normal limit of
level, thus allowing a play of twice the above distance.
When the depth of the pit is increased, it is sufficient to lengthen the chain and alter its point
of suspension in the shaft. To provide for this contingency the winding-drum should be large
enough to allow of an extra number of turns of rope being taken up.
C. S.
WINDING-GEAR AT WESTPHALIAN COLLIERIES.
Notes d'un Voyage dans le Bassin Houiller de Westphalie. By — Robiaud. Bulletin de la
Société de l'Industrie Minérale, 1896, vol. x., page 241.
At pit No. 1 of the Monopol colliery, the flat balance-rope, weighing 17 lbs. per yard (8.5
kilogrammes per metre) is worked by two supplementary steel-wire ropes, winding on the
drum, 13 feet (4 metres) wide and 26 feet (8 metres) in diameter in the coils of the windingropes, without which arrangement the drum must have had an excessive width. At No. 2 pit,
however, the small round ropes do not pass round the drums ; but each is connected at one
end with the cage and at the other with the balance-rope, this system of compensation
permitting the use of lighter winding-ropes, since the cage is partially supported by the
balance-rope, though the saving thus effected is set off by the cost of the two supplementary
ropes.
Compound engines, which effect great saving in coal, are coming more and more into use,
those at the Consolidation and Monopol collieries working with great regularity. The compound
system has the advantages of (1) permitting the utilization of steam at considerable pressure
with a high degree of expansion, without complicated mechanism ; (2) diminishing the loss by
radiation, as the lowering of temperature in each cylinder is less ; and (3) diminishing the
variation of strain to which the piston-rods, connecting-rods, and crank-pins are subjected.
Round ropes, with cylindrical and spiraloid drums or Koepe pulleys are used almost
exclusively. The Koepe system, with simple working parts, is economical for moderate depths
of winding ; but the slightest irregularity in the shaft may cause breakage of the balance-rope
and consequent stoppage, while it is necessary that the rope be always drawn taut by the
cages. At Consolidation No. 2 pit, each cage holds six tubs, of which four are drawn off

simultaneously at the two floors of the landing ; and for drawing off the two other tubs the cage
must be raised a little, which is only possible when the other cage acts as a counter-weight.
Moreover, the winding rope can be lubricated but imperfectly, so as not to diminish its
adhesion on the wooden-rim of the Koepe pulley.
Cylindrical drums, with balance-rope underneath the cages, require too powerful windingengines, if the necessity has to be provided of winding without
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the balance-rope. They are far from giving equality of moments, and in most cases the socalled balance-rope only serves to prevent the occurrence of negative moments. As in the
Koepe system, the distance apart of the pulley-spindles in the head-gear should be sufficiently
great to permit of the balance-rope folding easily under the cages or not fouling the windingrope.
The cost of a winding-engine, with spiraloid drums, is rather high, owing to their enormous
weight; and its distance from the shaft should be considerable so as to give a better lead to
the rope. The ropes should always be perfectly regulated for the avoidance of sagging, which
might throw them out of the grooves, and this regulation is effected by taking out the six or
eight bolts which attach the drums to their bosses keyed on the shaft. After this tedious
operation, it is often necessary to complete the regulation by clamps or stretchers between
the rope-splice and the cage, thus introducing complications unfavourable to safety.
The method of compensation used at Monopol No. 2 pit (cylindrical drums with balance-rope)
affords an interesting solution of the problem. The balancing is sufficiently accurate for the
depth of 1,640 feet (500 metres) but less satisfactory at 2,624 feet (800 metres), if the
necessity should arise for working the cages without balance-rope. This method entails extra
expense for guiding in the shaft, and the five ropes moving therein greatly increase the chance
of accident or stoppage, while rendering inspection of the winding-gear more difficult. The
maintenance of the balance-rope and supplementary ropes requires a dry sump.
The conclusion arrived at is that each of these methods has its advantages and
disadvantages. The use of round ropes is economical on account of the excellent quality and
low price at which steel wire may be purchased ; but, so long as Manila fibre is cheaper than
steel wire, the use of winding-pulleys with flat Manila ropes is to be recommended for
moderate depths.
J. W. P.
COUNTER FOR WINDING-ENGINES.
Der Aufhubzähler [Aufhubzaehler] für [fuer] Fördermaschinen [Foerdermaschinen]. By V.
Mayer. Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], 1895,
vol. xliii., page 651, and plate.
The methods used in many mines for counting how many times the cages are brought to bank
are very primitive, and being mostly manipulated by workmen aboveground, it may be doubted
whether the counting is always correct. There are various apparatus for registering the number
of windings automatically, but none are satisfactory, all requiring too much personal attention.
The author describes an instrument invented by him which, in his opinion, combines simplicity
and ease in working, registers automatically and accurately the number of times the cages
are wound up in a double shaft, and requires no adjustment by hand. To procure this result,
the action of the winding-engine is indicated in such a way that one cage has reached the pit's
mouth, and the other is nearly at the top, before their positions are registered. Once fixed on

the engine, this apparatus always indicates, from whatever level in the pit the cages are
wound. It has been working successfully for three years at the mines at Pribram, in Bohemia.
The instrument consists of a small prolongation, fixed centrally on the shaft of the windingengine, rotating at the same speed as the shaft working the cages. A projection attached to it
terminates in a helical wheel, which drives in opposite directions two vertical screws by means
of worm-wheels set at right angles to the motor-shaft. Two nuts, resting against a central scale,
work up and down two screws, and represent in miniature the two cages in the shaft. Each
nut carries a
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projection, and every time they pass a pawl in the middle of the scale connected to a counter
the pawl pushes the counter round a quarter of a revolution; the pawl is so adjusted that not
until both cages have reached the bank is a complete number marked on the dial-face. As the
two cages must have reached the pit-mouth before the counter moves on, the engineman
cannot make the counter work by winding the empty cages up and down the shaft. Of course,
the windings are thus counted in sets of two, and the number entered in the book must be
doubled.
To make the apparatus work automatically, it must be easily and quickly thrown in or out of
gear, and allowance made for winding up the coal from different levels. The instrument is
coupled by turning a screw which adjusts the lower projection to the helical wheel in any given
position. Sometimes the position of one cage in the shaft is altered, while the other is stationary
at the pit's mouth. To avoid altering by hand the position of the corresponding nut, it is adjusted
on the screw to a height agreeing with the highest level in the mine from which coal is wound.
When it reaches the pawl it indicates this height, when it exceeds it, it marks the position of a
cage wound from the lowest level. It is adjusted by bringing the nuts into positions on the
screws corresponding to the cages in the shaft, the left-hand nut representing the left-hand
cage, and so on. The screws and pawl are protected by glass, and the apparatus, once fixed,
is permanently adjusted, and needs no further attention. It is made in one size, and indicates
for drums from 6½ to 26 feet in diameter, and shafts from 1,370 feet to 5,200 feet in depth.
However high the cage may be lifted in the pulley-frame, the indicator is not thrown out of
gear. It is said to work well and easily, and to require little lubrication.
Drawings of the
apparatus are given in the original paper.
B. D.
WILMOTTE CAGE-KEEPS OR PROPS.
Note sur les Taquets Wilmotte. By Louis Eloy. Revue Universelle des Mines, 1896, vol. xxxiii.,
page 70, and illustrations.
Cage-keeps may be divided into two classes, lifting and lowering. The former are so named
because the cage has to be lifted to allow of the keeps being withdrawn and the cage being
lowered. Lowering keeps are so constructed as to be capable of being withdrawn from under
the load. The second system is preferable, inasmuch as it implies an economy of time and of
steam, and is less heavy on the engine because it avoids the necessity of lifting the cage and
the consequent rapid reversal of the engine. With equal conditions of safety these keeps are
therefore to be preferred ; the ropes must, however, be always kept under strain. It is,
moreover, difficult to design an arrangement sufficiently substantial to admit of keeps being
withdrawn under a 10 tons load. For example, the Stauss keeps, which are worked by a
combination of jointed rods, are liable to rapid wear of the joints.

The Wilmotte keeps appear to unite the following conditions necessary to successful work, as
laid down by the inventor:—(1) Keeps should be simple, capable of being easily and accurately
worked without tiring the workman, and readily taken out and replaced for repairs when
necessary without interfering with continuous winding ; (2) In normal working, keeps at
intermediate stations must always be placed clear of the cages ; (3) When a cage is landed at
any stage, the workman should merely have to bring the keeps under the cage; when the latter
starts away the keeps should drop back into their places automatically and without
counterpoises ; (4) The keeps must be strongly made, able to resist shocks and not readily
worn away, with few joints or parts liable to be bent out of shape.
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These conditions have been realized by the keeps designed by Mr. Wilmotte of Seraing. The
best form applied at the Artistes Ichorré pit consists of two pairs of obtuse-triangular shaped
steel castings ; the lower part of these is curved, and works on a curved seat in the frame that
carries them : the two other angles of the triangle end in horizontal surfaces, upon one of
which the cage bears when it is on the keeps, whilst the other bears against a portion of the
seat-frame when the other face is horizontal. The respective pairs of keeps are keyed on
shafts connected by rods, which can be turned by cranks and levers; there is no strain on
these shafts. When the lever-handle is thrown over the keeps are brought under the cage and
kept there by the weight of the cage ; as soon as the latter leaves them, they drop backwards
by their own weight into their recesses and clear the cage ; a tooth on the lower part of the
curved surface works in a corresponding socket and prevents the keeps from having too much
play or from getting out of their place.
Mr. Wilmotte has also modified his system so as to enable the keeps to work by lowering. The
bearing-surface between the cage and the keep then becomes an inclined cycloidal curve,
instead of a horizontal surface of contact. In order to resist the couple formed by the weight of
the cage, the inventor, in the arrangement that is about to be introduced at the Espérance et
Bonne Fortune pit at Montegnée, lets his keeps run level on their shafts; on these latter are
keyed four cams, corresponding to each keep, of such a shape that when the cage is on the
keep these cams receive the thrust of the keep and transmit it to the seat-castings ; when the
cams are turned this bearing-surface is gradually diminished, and at the same time the shaft
carrying the keeps is proportionately lowered backwards; the keeps gradually drop below the
cage, and when the bearing-surface of the cam has cleared the seat, the weight of the keep
pulls it clown clear of the cage.
H. L. AND J. W. P.
BREAKAGE OF WINDING-ROPES.
Der Seilbruch auf der Zeche Hansa bei Huckarde. By K. Habermann. Oesterreichische
Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen] , 1896, vol. xliv., pages 635-637,
and Glückauf [Glueckauf] , 1896, vol. xxxii., page 693.
One of the winding-ropes in the Hansa pit, 2,172 feet deep, near Huckarde, parted suddenly
above the surface, while the loaded cage was ascending, on June 30th, 1893, and, flying
back towards the engine-house, damaged some crane T-brackets. It killed the engineman,
who had reversed the steam, but was unable to stop the engine, owing to the speed attained
by the second cage in its descent after the loss of the counterpoise, so that the second winding
rope was broken off the drum when run out, and fell with the cage to the bottom of the shaft.

An examination into the cause of the accident showed that the rim of the winding-pulley, 16
feet in diameter, was broken on the inside, having become worn from an initial thickness of
over 1 inch down to between 1/6 and 2/5 inch, probably by side-friction of the rope, owing to
the imperfect relative arrangement of the drum and pulley. In consequence of the breakage,
the rope must have fallen on to the axle of the pulley, and the great increase of tension due,
on the one hand, to the high rate of winding speed (about 33 feet per second), and, on the
other, to the descent of the cage, proved too much for the strength of the wire, though the rope
was 2 inches in diameter, constructed of hard crucible cast-steel, capable of bearing a strain
of 100 tons per square inch, and had not been in use quite twelve months.
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Safety-catches were in use, and appeared to have come into action several times during the
fall of the cages, as shown by marks on the wooden guides, but they failed to hold either of
the cages.
The circumstances of this case confirm the opinion that steel wire of this class is very
susceptible to shocks. With a view to the prevention of similar accidents it is advisable to
occasionally test the thickness of the walls of the pulley-groove.
J. W. P. AND C. S.
ZINC-ORE DEPOSITS OF ISERLOHN, WESTPHALIA.
Das Zinkerzvorkommen von Iserlohn. By L. Hoffmann. Zeitschrift für [fuer] Praktische
Geologie, 1896, pages 45-53, and five figures.
In the neighbourhood of Iserlohn, in Westphalia, there are a number of deposits of zinc ores.
The formation, of Middle Devonian age, consists of beds of slate and schists (Lenne Slates)
overlaid by limestone, in places passing into dolomite, with occasionally belts of loam
(Elberfeld Limestone). The ore-deposits, which are known over a length of some 7½ miles,
occur in this limestone either near the plane of junction with the slates or directly in contact
with them. They are massive deposits, usually of a semicircular or triangular cross-section,
the diameter of the semicircle or the base of the triangle being formed either by slates or by
the bedding-planes of the limestone, so that this side (the foot-wall side) is generally defined
very sharply. On the hanging-wall side and in the direction of their strike, approximately eastand-west, their boundaries are mostly irregular, and at times indistinct. All these deposits
extend to only moderate depths, the deepest having been worked down to 670 feet (205
metres). The ores are chiefly calamine, silicate of zinc, zinc blende, and iron pyrites ; there
are also smaller proportions of galena and brown haematite, and very rarely cerusite and
pyromorphite. The accompanying minerals are calcspar and quartz.
There are only four of these deposits being worked at present, their characteristics being very
similar. As regards the formation of these ores, the author considers the oxidized ores to be
secondary minerals, as these occur in the upper portions of the deposits and on the hangingwall, whilst the sulphuretted ores are found in depth and on the foot-wall side, and only occur
on the hanging-wall when this is formed by a protecting layer of loam. Hence it may be
assumed that the oxidized ores were formed from the sulphides by the action of atmospheric
agencies. The zinc blende was oxidized to sulphate of zinc, which formed calamine by the
action of carbonic acid, or by double decomposition with the carbonate of lime of the limestone.
Silicate of zinc was produced by the action of soluble silica or alkaline silicates, although it is
possible that the smithsonite was a primary mineral constituent. The brown haematite was
formed by the oxidation of pyrites. The sulphide ores were evidently deposited from aqueous

solution, as shown by their structure, but they were not deposited in pre-existing cavities, but
in consequence of replacement of the limestone by the ores. It is probable that these ores
were formed by the action of hydrogen sulphide upon solutions of bi-carbonates of the metals.
It would seem that these mines are within a brief period of complete exhaustion, and that there
is but little hope of finding fresh deposits, as the whole zone of contact between the slate and
the limestone has been carefully explored. They are all worked by the Märkisch-Westfälischer
[Maerkisch-Westfaelischer] Bergwerksverein, and the ores smelted at Letmathe, where 6,302
tons of zinc and zinc dust were produced in 1894, in
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which year the mines employed 350 men underground and on the dressing-floors, and
produced 7,240 tons of calamine, 4,482 tons of zinc blende, and 64 tons of pyrites.
It is noteworthy that serious settlement of the ground has occurred over some of these mines,
which has led to a series of disputes between the mining company and the town of Iserlohn.
H. L.
THE REACTIONS OCCURRING IN THE METALLURGICAL TREATMENT OF BLENDE.
By E. Prost. Bulletin de I'Association Belge des Chimistes, 1896, vol. x., pages 212 and 246.
In roasting blende, the amount of sulphur left unoxidized is influenced by the quantity of calcic
and magnesic carbonates in relation to lead sulphide, silica also affecting the results by
facilitating the decomposition of the latter compound. In the course of the operation the
sulphides of zinc and iron become converted into the corresponding oxides ; lead sulphide
into sulphate or silicate.
From the examination of the cold-water extract of a number of samples of roasted blende, the
author found that of the 57.8 per cent. of zinc in the original blende only 0.2 per cent. remained
as sulphate ; on the other hand, 5.02 out of a total of 5.60 per cent. of lead was in combination
with sulphuric acid.
The amount of iron oxide present influenced the proportion of zinc extractible by means of
ammonium tartrate, owing to the formation of a double oxide of zinc and iron (ZnFe2O4) in
roasting. For example, with a blende containing 15.2 per cent. of iron and 45.29 per cent. of
zinc, only 63.64 per cent. of the total zinc was extracted by ammonium tartrate, whilst when
the iron only attained 1½ per cent. to 62.86 per cent. of zinc, 95.42 per cent. of the latter was
recovered by this reagent.
The state of combination of the 2½ to 3 per cent. of zinc usually found in the residue after
distillation on a practical scale was also examined, with the result that fully one-half consisted
of unaltered sulphide. In some instances, zinc oxide preponderated, but this was most likely
due to variations in the constitution of the crude mineral, the condition of the mixture, the
furnace heat employed, and other like considerations.
Three sets of experiments were conducted for examining the reductive influence of carbon on
the zinc in the roasted blende.
A. On Zinc in the Condition of a Simple or Compound Oxide.—Here it was found that the
zinc present as simple oxide volatilized completely at a temperature approaching 1,075° Cent.,
and even when combined with oxides of iron, alumina, or lead, volatilization occurred at
1,075°, 1,250°, and between 1,200° and 1,250° Cent. respectively, the inference being that
these oxides did not retard the reduction of the zinc.
B. On Zinc Oxide in Presence of Compounds of Sulphur. —Chemically pure specular blende
was used in this series of experiments ; the temperature employed —1,200° to 1,250° Cent.—

was previously ascertained to be the most convenient for permitting the detection of any zinc
sulphide formed during the reaction.
It appeared that the action of iron in disengaging zinc from its sulphur compounds was
regulated by the zinc-iron ratio in the mixture and by the temperature of the operation. To
ensure success a larger amount of iron than is theoretically necessary to combine with the
sulphur should be present. The influence of temperature was shown by the fact that with an
excess of 190 per cent. of
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iron the zinc was all driven off at between 1,200° and 1,250° Cent., whilst at 1,075° Cent. a
considerable proportion remained unliberated. Lime acted more powerfully in the same
direction, since all the zinc was volatilized at 1,250° Cent., when the excess of lime amounted
to only 75 per cent. more than the theoretical weight required. By increasing the amount of
lime, the zinc may all be disengaged at about the fusing-point of gold. Sulphate of lime did not
seem to prevent the reduction of the zinc oxide, even when iron and lead—either of which
might be supposed to favour the decomposition of the reduced gypsum by the silica in the
mixture and the combination of the liberated sulphur with zinc—were present, and although
such a reaction would presumably be facilitated by the higher working-temperature of the zincfurnace, it appeared from experiments made at 1,450° Cent. that the increased activity of the
carbon neutralized this tendency. Sulphate of magnesia, however, was decomposed into
magnesia and sulphurous acid (SO2) by the action of carbon at high temperatures, and thereby
assisted in the formation of zinc sulphide ; but this mattered little because the percentage of
this magnesium compound was very small in blende. On the other hand, the presence of lead
sulphate—which was decomposed by red-hot carbon— favoured the production of zinc
sulphide to a considerable extent.
The iron in the coal employed in the reducing-furnaces was chiefly in the state of pyrites, and
had no influence on the zinc, but the lime assisted reduction as stated above.
C. On Compounds of Zinc with Silica.—The results obtained by roasting zinc oxide, lead oxide,
and silica, at 1,000° Cent., and then reducing the mass with carbon at 1,200° to 1,250° Cent.,
pointed to the formation of a double silicate of zinc, which could not be reduced. However, at
practical working-heat all the zinc was volatilized. The temperature at which the zinc silicate
was formed influenced the reducibility at a given temperature ; for instance, with a roasting
heat of 1,450° to 1,500° Cent., the whole of the zinc was reduced in the working-furnace, and
to within about 1 per cent. at between 1,200° and 1,250° Cent., whereas when the roasting
heat was 1,550° Cent. a larger proportion was left unreduced at 1,200° to 1,250° Cent.,
although the whole was volatile at 1,500° Cent.
From the researches, the author concluded that in practical work no compounds were formed
in the course of the reduction that were not broken up again at the temperatures (1,450° to
1,500° Cent.) employed. He also considered that it would be feasible to minimize the present
loss of 4 to 5 per cent. of zinc in the lead-residues by mixing lime with the mass before
reduction, and, to some extent, by exercising a greater amount of care in mixing the materials
with the reducing agent.
C. S.
CINNABAR AT TRIPUHY, BRAZIL.
Das Zinnober-Vorkommen von Tripuhy in Minas Geraës, Brazilien. By E. Hussak. Zeitschrift
für [fuer] praktische Geologie, 1897, page 65.

It has long been known that cinnabar occurs on the Tres Cruces property, close to the station
of Tripuhy, situated not far from Ouro Preto, the capital of the province of Minas Geraës. The
author has examined this district, and finds that the cinnabar is known only in the form of
fragments and pebbles in a thin layer of cascalho (alluvium), resting upon steeply-inclined
strata of highly decomposed metamorphic slates, often micaceous. This formation occurs in
all parts of
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Ouro Preto, often alternating with true itabirite, and showing at times total or partial passage
into that rock. Neither in the stratified rocks nor in a dyke of black augite-porphyry that
traverses them, nor in the narrow strings and small lenticules of quartz that occur in them, is
there any trace of cinnabar to be found ; so that this ore is only known in the alluvial deposit.
The latter is in too small quantity to be worth working. Besides the cinnabar, the gravels consist
exclusively of the debris of the above-named slates and itabirites, together with various iron
ores and a series of curious titano-antimoniates, characteristic of this district. The author holds
that the original matrix of the cinnabar was itabirite, which rock was accompanied by
micaceous slates carrying titano-antimoniates. The cinnabar lias not yet been found in situ.
H. L.
POWERFUL EXPLOSIVE.
Explosif de grande puissance à I'acétylène.
By M. Matignon.
Bulletin de la Société
Industrielle du Nord de la France, 1896, page 98.
Acetylene is destined to play an important part among explosives of the future. An explosive
mixture, only made at the moment of detonation, may be formed by combining acetylene and
nitrogen protoxide [nitrous oxide] in proportions represented by
C2H2 + 5 N2O = 2 CO2 + H2O + 5 N2 [Original has been altered by hand to read
2 CO2 + H2O + N10 - part illegible - deduced by balancing]
each element constituting of itself a stable explosive requiring a very powerful detonator. This
mixture, whose speed of explosion is comparable with that of panclastite or nitro-glycerine,
shows a theoretical pressure which, for the same density of charge, is as three to two
compared with panclastite, and four to three as compared with nitro-glycerine, these ratios
practically representing the relative power of these explosives.
J. W. P.
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APPENDICES.
I.—NOTES OF PAPERS ON THE WORKING OF MINES, METALLURGY, ETC., FROM
THE TRANSACTIONS OF COLONIAL AND FOREIGN SOCIETIES AND COLONIAL AND
FOREIGN PUBLICATIONS.
ANALYSIS OF ALUMINIUM AND ITS ALLOYS.
(1) Analyse de l'Aluminium et de ses Alliages. By F. Jean. Revue de Chimie Industrielle,
1897, vol. viii., pages 5-8.
Although Messrs. Moissan and Gouthière have published very complete methods of analysis
of aluminium and its alloys, the matter cannot be considered as exhausted, it being

important—in view of their effect on the physical and mechanical properties of the metal—to
estimate accurately the (frequently very small) proportions of metals and metalloids present.
The author proceeds by treating 10 grammes of aluminium-borings with hydrochloric acid (of
10 per cent. strength) in a flask fitted with a bulb-tube containing bromine, the attack of the
acid being carefully regulated. When the reaction is finished, the bromine-solution—
containing, in the form of acids, all the sulphur, phosphorus, and arsenic in the metal—is
heated to drive off the bromine, and the sulphur is thrown down as barium sulphate, the arsenic
being precipitated by sulphuretted hydrogen. On calcination along with fuming nitric acid,
arsenic acid is obtained, the presence of antimony in the precipitate being detected by its
insolubility in water.
The filtrate, after being boiled, is treated with 5 cubic centimetres of nitric acid and 10 cubic
centimetres of a concentrated solution of ammonium nitrate, the phosphorus being thrown
down as phosphoric acid by ammonium molybdate for estimation by the Pemberton titrationmethod, 0.0187 of KHO being equal to 0.001 gramme of phosphoric acid.
The hydrochloric solution of the metal is diluted and passed through a tared filter to remove
the undissolved residue, from which the carbon is estimated by the loss in weight on
calcination, the remainder being fused with alkaline carbonates and nitre and taken up by
boiling water. Silica is removed from the solution by evaporating to dryness after the addition
of a little hydrochloric acid, and the residue is dissolved in aqua-regia and united to the main
solution. From this solution lead is estimated (in the absence of antimony and tin) by
precipitation with sulphuretted hydrogen, calcination, re-solution in nitric acid, and
determination as sulphate in presence of water and alcohol, copper being thrown down from
the filtrate by boiling with soda. When tin or antimony is present, the precipitated sulphides
are treated with yellow ammonium sulphide, and the two metals estimated in the ordinary
manner.
When the filtrate from the sulphuretted hydrogen precipitation is colourless, the absence of
chromium and nickel is indicated, and it is then concentrated to 100 cubic centimetres, onehalf of which is evaporated with potassium chlorate for the removal of silica.
(It is well to
make sure that alumina is absent from this pre[A66]
cipitate by fusion with alkaline carbonates and re-separation.) The liquid separated from the
silica is treated with 25 to 30 cubic centimetres of hydrochloric acid and titrated with
protochloride of tin for the estimation of iron.
The second half of the solution is rendered alkaline by caustic soda, boiled to dissolve the
alumina and treated with bromine to throw down the manganese, zinc being titrated by means
of sodium sulphide.
When chromium is present, it and iron are determined from a separate portion of the metal by
attacking 1 gramme with solid caustic soda at a low heat and fusing with potassium nitrate
and sodium bicarbonate. The oxides insoluble in water are dissolved in dilute sulphuric acid,
and after reduction by zinc the filtered liquid is titrated for iron, the chromium being determined
by comparing the colour of the liquid with standard solutions of potassium chromate.
Nitrogen, if suspected, may be determined by attacking the metal by caustic soda and passing
the evolved hydrogen through hydrochloric acid, from which the absorbed ammonia is
estimated by titration.
For estimating sodium, it is advisable to modify the Moissan method, in so far that, instead of
determining the metal from the chloride, the nitrate is converted into sulphate, and

subsequently, by calcination with ammonium carbonate, into carbonate, the sulphuric acid
being removed by baryta. The sodium carbonate is then titrated with deci-normal acid.
C. S.
(2) By H. Gouthière. Annales de Chimie Analytique, vol. i., pages 265-270.
Copper, nickel, lead, and iron are determined by acting on 5 to 10 grammes of the aluminium
with sodium hydroxide (of 33 per cent. strength), decanting the liquid and washing the black
deposit with boiling water, after which it is dissolved in warm dilute nitric acid, concentrated by
evaporation, mixed with a little strong nitric acid, and electrolysed at 50° to 60° Cent., the
copper coining down on the negative, and the lead (as PbO2) on the positive pole.
Iron is precipitated from the residual liquid by an excess of ammonia (to redissolve the liquid
thrown down concurrently), and is dried and weighed as oxide. The filtrate is heated, and, after
acidifying slightly by sulphuric acid, is again electrolysed to throw down the nickel.
Aluminium may be estimated direct or by difference, the latter being the more usual and
shorter way.
Tin and antimony.—A fresh portion of metal is dissolved in hydrochloric acid, and the
precipitate produced by sulphuretted hydrogen is digested with ammonium sulphide, the
solution being re-precipitated by dilute hydrochloric acid. If antimony be present, it is revealed
by the colour of the sulphide, and tin remains behind as bi-oxide after calcination.
Zinc is thrown down from the residual hydrochloric solution by sodium acetate and
sulphuretted hydrogen, the precipitate being washed, calcined, and weighed as oxide of zinc.
Arsenic is estimated by dissolving the precipitated sulphides in nitric acid, concentrating the
solution along with sulphuric acid and testing in the Marsh apparatus.
Silica.—A nitro-hydrochloric solution of the metal is evaporated to dryness until free from acid,
and, after heating to about 115° Cent., digested with hydrochloric acid, the washed residue
being dried, calcined, and weighed.
The total carbon is found by the Boussingault method or by the Creak and Ulgren method,
and sulphur by the Rollet method or by the Eggertz colorimetric test.
C. S.
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OCCURRENCE OF ARSENIC AND OTHER MINERALS IN THE COAL-MEASURES OF
LIÉGE, BELGIUM.
Sur la Présence du Molybdène, du Selenium, du Bismuth, etc., dans le Terrain Houiller du
Pays de Liége. By A. Jorissen. Annales de la Société Géologique de Belgique, 1895-96, vol.
xxiii., mémoires, pages 101-105.
In examining the dust collected in the chimney of the stove at the Institut de Pharmacie de
Liége, and in the flue of the heating apparatus of the Botanical Garden of the same city, the
coal for which was derived from the Ste. Marguerite and Beyne collieries respectively, the
author obtained the following results :—
On dissolving 1 kilogramme of the substance in aqua-regia, a solution, rich in ferric salts, was
obtained, which, when treated with a solution of stannous chloride, yielded a red precipitate
burning with a blue flame and evolving a disagreeable odour. This precipitate responded to
the usual tests for selenium.
The solution in aqua-regia, treated with excess of sulphur dioxide (SO2), evaporated to
dryness, and taken up with hydrochloric acid, left a residue of the sulphates of calcium and
lead.

The liquid yielded a copious precipitate with sulphuretted hydrogen, which precipitate was
treated with sodium sulphide, and the resulting solution reprecipitated by hydrochloric acid.
On treating by the Otto process for the separation of arsenic and antimony, the first-named
was obtained in solution, from which it was thrown down as sulphide by means of sulphuretted
hydrogen. Another sulphide in this precipitate was isolated by removing the arsenic in the
condition of ammonio-magnesic arsenate, and proved to be molybdenum.
The insoluble residue from the sodium sulphide treatment was found to contain an appreciable
amount of bismuth, and relatively large quantities of copper and lead. Traces of nickel and
cobalt, and a notable proportion of zinc, were also detected.
C. S.
ASPHALT-DEPOSITS AT LOBSANN (ALSACE).
Gewinnung und Verwerthung von Asphalt auf dem Bergwerk Lobsann im Elsass. By Dr.
Jasper. Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-], und Salinen-Wesen im
Preussischen Staate, 1896, vol. xliv., pages 387-392.
The discovery of bituminous limestone in the brown coal beds of Lobsann dates from 1789,
but the utilization of the asphalt was not begun until 1820. Up to 1845, the deposits were
worked by private agreement with the proprietors of the Pechelbronn concession—the
Lobsann concession not conferring any absolute right to work the bitumen—but the
development of the property was from thence onward retarded by reason of litigation between
the two companies, which was not arranged until 1875, when an agreement was arrived at
whereby the right of working and utilizing the asphalt within a zone comprising 1,176 hectares
(2,906 acres) was secured to the Lobsann company.
The asphalt concession of Lobsann lies between Weissenburg and Wörth [Woerth] , on the
eastern side of the Vosges. The Bunter Sandstone of the Vosges on the west is here
separated from more recent formations on the east by a fault filled with fragments of the
country-rock. These more recent formations are of Oligocene age, and consist (for the first
200 feet) of clays of marine origin, carrying Leda Deshayesiana; below these come a bed of
soft greyish white dolomitic limestones traversed by thin netlike beds of lignite that never much
exceed 1 foot in thickness, and consist chiefly of palm-remains with a few conifers.
The
passage
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from the limestone to the clays is in places marked by a thin bed about 3 feet thick of pebbles
of Muschelkalk, cemented together by asphaltic sandstone (Pechsandstein).
Beds of limestone impregnated with asphalt occur in these lignitic limestones forming about
0.9 of the latter, which are 80 to 100 feet thick; the presence of land and freshwater snails and
ungulates (Anthracotherium Alsatianum) proves this to be a freshwater deposit. It is not known
to what depth the asphaltic impregnations may continue, except that a 15 feet bed of asphaltic
sandstone is known below the limestone strata. The percentage of asphalt in the limestonebeds varies. There are four different beds, interspersed with layers of non-bituminous
limestone. The hardness of the rock varies considerably, some portions being easily hewn
with a pick, and others again requiring the aid of explosives for their dislodgment. Unlike that
in the accompanying pitch sand, the bitumen is so closely incorporated with the lime as to be
capable of extraction by hot water. At present, the three upper beds of asphaltic limestone,
respectively 13, 16 and 20 feet thick, are alone being worked. The system of working is by

bord-and-pillar; and the asphaltic limestone is brought by mechanical haulage through a daydrift direct to the dressing-works.
The rock is dried by steam in upright iron retorts, and, after grinding in mills and disintegrators,
is sold as meal, or made up into mastic by melting along with 10 per cent. of Trinidad bitumen
(or 6 per cent. of petroleum residue and 4 per cent. of Trinidad asphalt) for 12 hours at 160°
to 170° Cent. in horizontal semi-cylindrical iron pans. A paving powder is prepared by drying
and grinding the richest portions (containing over 13 per cent. of bitumen) of the rock. For use
this is heated to 120° Cent. and beaten and smoothed by means of hot irons. An asphalt tar
is made from 70 per cent. of filtered Trinidad asphalt and 30 per cent. of petroleum residue
melted and mixed together for 48 hours. Finally, a small quadrangular tile 1¼ to 2 inches thick,
for paving footways, etc., is made by subjecting the asphalt to a hydraulic pressure of 150 to
180 atmospheres in moulds.
In 1895, the total output amounted to 3,268 tons of mastic, 248 tons of tar, 150 tons of meal,
58 tons of compressed powder, and 1,852 square metres (20,000 square feet) of asphalt tiles,
the average production for the last 4 years being 3,208 tons. The removal of the. prejudice
formerly existing in the minds of municipal authorities, etc., against Lobsann asphalt will, it is
considered, lead to an extension of its employment in Germany, which country forms at
present the sole market for the products of the Lobsann works.
H. L. and C. S.
STRENGTH OF STEAM-BOILERS.
Sur un Mode particulier d'Avaries le long des Rivures de Chaudières. By G. Walckenaer.
Annales des Mines, 1896, vol. x., pages 367-386, and figures.
In the case of boilers made with lapped plates and single rivet-seams, the theoretical line of
least resistance passes through the rivet-holes ; but, after several accidents in which boilers
have opened along their longitudinal rivet-seams, it was found that the rending of the plates
had affected the inner plate, not along this line of least resistance, but along one parallel with
it, between the rivet-holes and the line along which caulking had exerted a thrust between the
plates.
The author describes several boiler accidents in France, in which the plates opened in the
above manner, terminating with the following, which he regards as a case especially in point.
Some boilers, erected near Paris about 1888, had been made of inferior plates, so that they
ill withstood the strain to which they were
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subjected by bending. Scarcely had they been fired, when they leaked at the longitudinal rivetseams ; and successive caulkings on the lapped edge of the outer plate had the effect of
"upsetting" it, as the smiths say, or of forming a shallow flange on the end, which so forced
the two plates apart as to leave a space of 0.08 inch (2 millimetres) between the two. The
effect of this strain upon the inner plate was to produce a crack between the centre line of
rivet-holes and the upset edge of the outside plate, if indeed the crack had not been already
commenced by the punching, and probable drifting, of the rivet-holes.
In the official enquiry which followed one such accident, Mr. Janet (inspector of mines) found
that the edge of the outer plate had been turned up (forming an inner flange) to such an extent
by caulking, that the space between the two plates was as much as 0.12 inch (3 millimetres).
This injudicious caulking is regarded as the determining cause of these accidents by producing

cracks, or enlarging them after they have been started, by bending, punching and drifting in
plates of insufficient ductility.
J. W. P.
ECONOMICAL COMBUSTION IN BOILER-FURNACES.
Appareils pour assurer des Conditions économiques dans lesquelles s'opère la Combustion
du Charbon dans les Foyers de Chaudières a vapeur. By Emile Laduron. Bulletin de
I'Association des Ingénieurs de Liége, 1896, vol. xx., page 11.
Two German appliances, bearing the names of "econometer" and " dosy-meter," depend upon
the principle that, for obtaining a really economical combustion, care must be taken to avoid
admitting into the furnace too great an excess of air, which becomes heated and passes up
the chimney, carrying away with it a considerable amount of heat. In practice, a coal of medium
quality, which in theory would require 128 cubic feet of air per lb. (8 cubic metres per
kilogramme), really requires about 166 cubic feet per lb. (10.4 cubic metres per kilogramme)
for being entirely consumed ; and all the air admitted in excess of this proportion will occasion
a loss of heat. Whence it is concluded that the volumetric carbonic acid content of the gases
produced by the combustion should not be much lower than 15 per cent.; and, if this content
be less, a calculation can easily be made as to the excess of air admitted, and therefore of the
loss of heat with which it corresponds. Both the appliances above-named are sensitive
balances for measuring the density of the gases, and consequently their carbonic acid content.
It would appear that the indications given by these appliances should be interpreted differently
for fuels of which the composition is not the same; and in collieries, especially where inferior
coal with high ash content is used, it may be difficult to determine the exact quantity of air
necessary for affording perfect combustion.
J. W. P.
MECHANICAL EQUIVALENT OF HEAT AND ECONOMICAL USE OF STEAM.
(1) Laboratoire de mécanique appliquée de la Faculté Technique de l'Université de Liége
(École des Arts et Manufactures et des Mines : Rapport sur les Essais de 1896. By V.
Dwelshauvers-Dery. Revue Universelle des Mines, 1896, vol. xxxiv., pages 141-165.
The experimental investigations made during March, 1896, had the twofold object of
ascertaining the economy which may be obtained by intercepting water from the steam in the
valve-chest of engines, by the use of superheating, and by
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steam-jacketting, and also of checking the value of the mechanical equivalent of heat, by
large-scale tests on the brake which serves to produce and measure the useful resistance.
The conclusion drawn from the six trials is that the mean of the mechanical equivalent,
calculated under the hypothesis that the radiation of the brake and the melting of the lubricant
may be disregarded, is 780 foot-pounds per British heat unit (427.22 kilogrammetres per
calorie), a figure which only differs by one-thousandth from that of Mr. Rowland. Inasmuch as
the trials had the object, not only of ascertaining the calorimetric results of the brake, but also
those of the engine, indicator-diagrams were taken every 5 minutes, whence the mean
indicated power per revolution was deduced, which permitted of fixing the mean useful effect
at 0.883 ; that is to say, the inherent friction absorbs about 12 per cent. of the power
communicated to the piston.

The intercepting of water in the valve-chest is always economical with saturated steam, and
the reverse with superheated steam. The steam-jacket effects a saving in all cases (both with
saturated and superheated steam, and with and without interception of the water in the valvechest) and superheating the steam, even to a moderate degree, also effects a saving in all
cases.
The most economical working of a steam-engine is secured by superheating the steam, with
the addition of a steam-jacket, and without intercepting the water in the valve-chest; and the
least economical is that with saturated steam, without steam-jacket, and without intercepting
the water in the valve-chest.
(2) Étude de huit Essais de Machine a vapeur. By V. Dwelshauvers-Dery. Revue Universelle
des Mines, 1896, vol. xxxvi., pages 129-169.
The eight engine trials which gave rise to a former communication* may be divided into two
series, one with saturated and the other with superheated steam; and the first two trials of
each series were made without steam-jacketing, one without and the other with intercepting,
in the valve-chest, the water carried along by the steam; while the two last trials of each series
were made with steam-jacketing, one without and the other with intercepting the water carried
into the valve-chest by the steam. The remaining conditions were so far as possible the same
in all the eight trials; and the phases of steam-distribution were the same for the forward and
return stroke of the piston, the steam being cut-off at 0.10 stroke without lead, and the exhaust
beginning with a 0.05 of lead and finishing 0.10 before the end of the stroke.
The indicator-diagrams show, first, how great is the quantity of heat exchanged between the
metal and the steam, compared with the quantity of heat corresponding with the power ; and
next, to what degree intercepting the water carried along by the steam into the valve-chest, in
the trials with non-superheated steam, diminishes the initial condensation. On the other hand,
when the steam reaches the valve-chest superheated, the use of a steam-trap brings about
an increase of the initial condensation. The advantage of the steam-trap when the steam used
is not superheated is made evident, as also is the loss when the steam is superheated. The
effect of superheating is very marked, and that of steam-jacketing also; but the latter only
constitutes a palliative and not a radical remedy. If an engine be run under the same
conditions, with and without steam-jacketing, a saving will be obtained in the former case, in
connexion with the total disadvantageous influence of the sides.
These trials have brought out a noteworthy circumstance, viz., that, with steam superheated
to 330.8° Fahr. (166º Cent.) on entering the cylinder, and
* Revue Universelle des Mines, 1896, vol, xxxiv., page 141,
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saturated steam at the boiler-pressure, of 311° Fahr. (155° Cent.), stagnant in the steamjacket casing, steam-jacketing effected a saving of more than 20 per cent. by appreciably
diminishing the initial condensation. This circumstance may be explained by the fact that
steam in the cylinder is never homogeneous throughout; but the temperature, pressure, and
steam or water state differ from one point to another, and vary constantly, because the
fluid moves in tortuous passages where there are eddies of all kinds, and liquid drops are
thrown forward by centrifugal force. Even during the more quiescent periods of expansion
and compression the steam cannot be or remain homogeneous throughout, owing to the cold
contact of the metal, of which more and more surface is exposed as the piston advances.
Although the steam is certainly superheated in the centre, observations have shown that the

metal surface is covered with a dew which may be abundant; and this is especially what occurs
during the admission of steam. The cold sides localize their condensing action on the layer
of steam in contact with their surface, just in the same manner as do the cold windows of a
room containing damp air. The effect of the steam-jacket is to diminish the initial condensation,
and increase the proportion of water usefully re-evaporated, i.e., during the expansion ; but
for this purpose the steam in the jacket must have a higher temperature than that in the
cylinder, even during its admission.
J. W. P.
COAL-DUST FIRING.
Chauffage par Combustibles pulvérisés réalisant la Combustion intégrale. Anon. L'Industrie,
1896, page 517, with figures.
Fuel economy, easy stoking, the suppression of smoke, and the certainty of steam-generation
that may be regulated at will, appear to be secured by the method of "integral combustion,"
based on the use of powdered coal, in accordance with the Friedeberg and De Camp systems.
The characteristic features of the Friedeberg system are the following :—The air blown into
the apparatus, at the pressure of 12 to 16 inches (30 to 40 centimetres) of water, by means of
a fan connected by pipes suitably arranged, separates into two currents, of which the first,
arriving in a downward direction, passes through a valve into a quadrangular box that receives
the powdered coal from a funnel, and where an intimate mixture of the air and coal-dust is
effected by means of the gyratory movement of the former. The mixture is forced into a pipe,
whence it is projected into the fire-box, while passing round (on either side of) a prism of
refractory material. As the powder falls regularly into the mixing-box, the operation takes
place in a perfectly uniform manner, so long as air is introduced into the apparatus. A second
air-current, of far larger volume, passes through a horizontal pipe, and joins, in the space in
front of the refractory prism, the first current charged with coal-dust, and whose force of
projection before entering the fire-box it greatly increases. Valves in the two pipes permit of
suitably regulating the mixtures and also the pressure to be set up, while at the same time
keeping open the main valve which regulates the entrance of air into the apparatus.
The De Carnp system secures the same advantages by methods which may be called
contrary. At the bottom of a hopper, charged with coal-dust, is an archimedean screw, the
speed of whose revolution may be regulated at will, and which effects the distribution of the
powdered coal that falls on the outer surface of a small perforated drum, the more or less rapid
revolution of which constitutes a second means for regulating the feed of coal. The coal-dust
which falls on to the upper portion of the perforated cylinder is naturally caught up by the fan,
so
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that a uniform mixture of air and coal-dust is projected into the furnace. In this method, the aircurrent is regulated by varying the speed of the fan, and also by the degree of opening in the
inlet. When this regulation is effected, the distributing-apparatus is put in motion ; and,
according to the speed given to the screw and drum, more or less coal-dust is fed in, so that
a few instants suffice to determine the proportion required for perfect combustion.
Analyses of the products of combustion show a minimum of oxygen, the almost complete
absence of carbonic oxide, and a maximum of carbonic acid. These two methods have,
besides, the great advantage that the apparatus for applying them need not be in close

proximity to the furnace, as the mixture of air and coal-dust may be led by metal pipes, just
like coal-gas.
J. W. P.
SMOKE-CONSUMING APPARATUS, SUPPRESSING CHIMNEYS.
Appareil fumivore supprimant les Cheminées. Anon. L'Industrie, 1896, page 401,
with illustrations.
Methods devised for suppressing smoke may be divided into two main classes:—(1) Those
for preventing the formation of smoke or burning it after production, and (2) those for absorbing
the soluble gases formed, and arresting the solid matters. Apparatus of the first class are
based, for the most part, on a rational air-admission ; and their chief advantage is that they
may be adapted to all kinds of furnaces without great modification, giving good results as
regards fuel-utilization, though the smoke is not entirely consumed.
Apparatus of the second class appear to have completely solved the problem. The
arrangement devised by Mr. Grünwald [Gruenwald] of Holzminden, which has been applied
with success to the Paris Opera House, comprises a fan for drawing the products of
combustion from the furnaces, and directing them into a tank containing water, surmounted
by a rising and falling cover like that of a gasometer. After bubbling through the water, in which
they are partially dissolved and freed from their solid particles, the gases escape into the
atmosphere or are led to apparatus for utilizing them, thus rendering a chimney unnecessary.
J. W. P.
LIESENS HANDWORKED ROCK-DRILL.
Note sur une nouvelle Perforatice par rodage mue a bras d'hommes (Système Liesens). By
Os. Derclaye. Revue Universelle des Mines, 1897, vol. xxxvii., pages 68-74, and plate.
In most existing rock-drills the man in charge is always obliged to perform a certain action in
order to suppress or re-establish the forward feed of the bit; but the inventor of the Liesens
rock-drill has hit upon an arrangement which permits the man to perform this action almost
instinctively, and without the necessity of resorting to a brake or spanner. The ratchet
arrangement, placed between the bit and the screw, consists of two ratchet-wheels, forming
part, one of the screw-socket and the other of the bit-holder. One of these ratchet-wheels, for
giving both rotation and advance, has only four teeth, with a large space between each two,
so that the pawl actuating it slips over a large surface without exerting any action. The other
ratchet-wheel, that for giving rotation, and which has twelve teeth, is worked by another pawl.
Inasmuch as the screw-socket and bit-holder are independent of one another, if the man gives
the ratchet-arrangement more than a quarter of a turn, the two wheels will be actuated
together, giving both rotation and advance. In this action the two ratchet-wheels are worked
together
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by means of pawls, just as if they only formed one, so that working the ratchet-lever gives both
rotation and advance. If, however, this lever only receive small portions of a turn, the pawl of
the first-named ratchet-wheel will slip between two teeth and not turn the screw ; but, on the
other hand, the 12 toothed wheel will be alone actuated, giving the bit a rotary motion. The
parts carrying the bit and the screw do not rub directly one against the other, but have between
them small hardened steel balls, as in ball-bearings ; and the pitch of the screw is proportioned
to the hardness of the rock. When the resistance of the latter is normal the man in charge will
give the usual parts of a turn ; but when the resistance increases he will only give small parts

of a turn; so as to produce grinding action without advance, while he will increase their
amplitude when the resistance is overcome, so as to again feed the bit forward.
This rock-drill has the additional advantage of better utilizing the power of the man working it.
In rock-drills provided with a brake the power is partly absorbed by the friction when a
differential movement is produced ; the motive power remaining the same, one portion is
absorbed by the work of drilling and the other by the brake, irrespective of the inherent friction.
In this drill, on the contrary, the power is proportioned to the resistance. Moreover, in rockdrills with brakes, the wear due to friction sometimes takes place on parts that are costly to
renew, which is not the case in the present instance.
J. W. P.
FAUCK METHOD OF BORING.
Ueber sein neues Bohrsystem. By Albert Fauck. Vereins-Mittheilungen: Beilage zur
Oesterreichischen Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], 1897, vol. xlv.,
pages 54-56.
This is a system of rope-boring in which the boring-tool is lifted by a novel arrangement. The
rope is coiled on a drum that can be turned by a worm-wheel and endless screw fitted with a
hand-wheel; thence it passes over a guide-pulley, and thence over a sheave on the end of a
crank, from which it passes over the shearlegs pulley to be attached to the boring-tool.
Rotation of the crank-shaft carrying the sheave moves the upper portion of the rope, and with
it the tool attached to it, up and down. This method is only applicable to stiff boring-rods or to
a boring-tool working in a slide ; a free-falling cutter can only be used in large boreholes, as
there is no jerk such as is obtained from the lever in the other forms of boring-plant. In this
system, the number of drops can be increased to 260 per minute with a drop of 3 inches, whilst
the present method generally employs sixty 20 inches drops per minute.
H. L.
RAKY METHOD OF BORING.
Note sur le Procédé de Sondage du Système Raky. By Martin Buhrbanck. Revue Universelle
des Mines, 1896, vol. xxxv., pages 53-63, and plate.
More than ordinary results were obtained by the simple mechanical arrangement, adopted in
the borings of the Bonne-Espérance (Gute-Hoffnung) Mining Company, Alsace, and invented
by Mr. Antoine Raky, whose object was to obtain, without slot-link or free-fall appliance, a
sufficient speed of fall for the boring-tool, notwithstanding the variable speed of the working or
driving by crank, and also to suppress the difficulties resulting from breakage of the rods. A
heavy
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weight in the form of a rod carries the boring-tool, while above it is connected with the rods
proper, which receive a reciprocating motion from a crank and connecting rod worked by a
pulley-and-belt from the source of power. The following side of the belt passes over a tensionpulley carried by a counterweighted lever ; and the rim of the driven pulley is fitted with an
adjustable segment which, at the commencement of the down-stroke of the rods, strikes
against the projecting end of the lever carrying the tension-pulley, and so releases the belt.
The rods are raised with a gradually increasing speed, which again diminishes slowly as they
near their highest position, when they descend, and then fall with a constantly increasing
speed until the blow is given, on the belt being released. In this manner, the boring-tool strikes

with a maximum speed at the bottom of the hole, and consequently acts with more effect than
if worked by ordinary crank-action, in which case the final speed is nil. Alternative means are
also described for releasing the belt; and in one of them a chain may be used instead of a belt.
The rods are carried by the beam in the usual manner, and may be lengthened as the hole
deepens. With the ordinary method of regulating, there is danger of breakage during the free
fall of the rods and boring-tool, because, if the tool is set too low, the recoil will break the lowest
length of the rods, and if too high the vis viva accumulated during the descent would exert too
great a tractive effort on the beam, leading to its breakage or that of the crank. These
difficulties are avoided in the Raky method by carrying the bearings of the beam-trunnions on
volute springs, which give a little vertical play. With this arrangement the boring-tool must be
so set that, when at rest and in its lowest position, it shall not touch the bottom of the hole ;
but, on account of the vis viva set up in the heavy rod during its free fall, the tool will descend
lower to the extent of the spring's compression, so that the rods are always in tension, thus
preventing the danger of breakage. The beam and crank are very strong ; and in the borehole
the reaction is exerted solely on the heavy weight, of rod form, which is exceedingly strong.
The arrangement of springs carrying the beam-trunnions can be made to absorb the vis viva,
not merely of the rods proper, but also of the heavy rod and boring-tool, so that there is no
danger of the latter becoming jammed in fissures.
In boring with a stream of water, there is absolute certainty, with the Raky method, of the water
descending to the cutting edge of the tool, so that the hole is kept clean, and the tool always
strikes on the rock instead of on a mass of accumulated mud. The foreman is in constant touch
with the measures, perceiving each irregularity at the bottom of the hole, so that he can avoid
feeding the rods down until sure that the hole is straight. The harder the rock, the greater will
be the rebound of the tool, and also the higher the speed, which may attain 80 to 90 strokes
per minute, this great rapidity permitting of boring below the lining-tubes in rotten measures.
J. W. P.
LENGTH OF STROKE OF A BORING-ROD.
Ueber die Hubhöhe [Hubhoehe]. By W. Wolski. Oesterreichische Zeitschrift für [fuer] Bergund Hüttenwesen [Huettenwesen], 1895, vol. xliii., pages 637-640, and figures.
The stroke of a boring-rod has been either neglected, as insignificant, or the usual stereotyped
method of boring blindly followed. The author is of opinion that the length of a stroke has a
great effect upon the boring. It is generally assumed that the useful effect of a blow from a
chisel is proportioned to its energy. Taking this at first for granted, he compares by calculation
the efficiency of percussion-boring with different lengths of stroke.
The strength of a
blow
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certainly increases with the stroke, but it has been proved by experiment that the number of
blows per minute decreases at the same time. Which of these two counteracting influences
has the greatest effect on the efficiency ?
The percussion-action of a chisel consists of four periods, first, raising the weight, then a short
pause at the top, the fall of the weight, and a short pause at the bottom. In rope and vertical
boring, and in the Canadian system, the two pauses may be neglected, owing to the high
speed, and the elasticity of the boring-rod. The time the chisel takes to fall can be determined
by a formula, but it is much more difficult to know the time taken to lift it. We may assume that
this time is in proportion to the time of the fall; the latter varies in different systems, but in each

system it is always a constant. The author proves by calculation that the increased energy of
a blow, due to the greater length of stroke, more than counterbalances the loss due to the
smaller number of blows. Therefore, other conditions being the same, the mechanical effect,
or the efficiency of boring, increases with the length of stroke. Thus a 3 feet stroke is 1.4 times
more effective than a 1½ feet stroke.
The next point to be considered is whether the useful effect of a blow is proportional to its
energy. If the boring-chisel meets soft rock or clay, it penetrates until its momentum is
absorbed in resistance. The blow makes a permanent hole in the rock in proportion to its
energy, all of which has been absorbed in the process. But if it encounters hard rock a different
effect is produced. To pierce any hole great force is required, and the borer can no longer be
considered as a solid mass, but as an elastic body. Granite, basalt, hard sandstone, etc., can
oppose a resistance of 100 tons without breaking. How will the elastic boring-rod behave when
subjected to this pressure ? If it is suddenly arrested in its downward motion, its upper part will
possess a speed, the result of which will be compression of the rod, and a corresponding
pressure exerted by the edges of the chisel on the bottom of the borehole. If this bottom is
impenetrable, the rod will be pressed together till its whole momentum is exhausted, the final
pressure being calculated from its weight and the length of stroke. Generally, however, the
rock is not impervious, and the deformation of the boring-rod only continues till a certain limit
in the corresponding pressure is reached. The rock then begins to give, and the rest of the
momentum is expended upon it, while all the energy hitherto spent in compressing the rod is
lost as far as boring is concerned. Thus the useful effect of a blow is proportioned not to its
total energy, but only to its excess of energy beyond a certain point. The weaker the blow, the
less energy will be available for useful work. If the momentum be so small that no excess of
pressure is produced, it will have no effect. Hundreds of blows may be delivered, representing
altogether a large total of work, but the boring will make no progress ; one single powerful
blow would be more effective.
Thus, the greater the length of stroke the better, because the heavier the blow, the less work
is expended in useless crushing. Again, the longer the stroke, the longer and more certain is
the effect of the chisel, and the straighter the blow. The smaller the number of blows delivered
with the same efficiency is also an advantage, because both tools and labour are economized.
The only real objection which can be urged against a long stroke is that the efficiency of boring
is not unlimited, but a certain maximum length, to be determined only by experiment, should
not be exceeded. The limit is fixed at 6½ feet. By increasing the length of stroke in one series
of boring he raised the efficiency 25 per cent. The diameter of the boring-rod, whether long
and thin, or short and thick, is an important point, and makes a great difference in the results,
because of its elasticity.
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From these remarks, which are illustrated by two diagrams, the author draws the conclusion
that the efficiency of boring increases as the square root of the length of the stroke, but lighter
blows may be used with soft rock, and some clays cannot be treated otherwise. In all other
cases, especially with hard rock, the heaviest blows and the greatest length of stroke are
essential. A short thick rod is preferable to a long thin rod of the same weight.
B. D.
THE DEEPEST BOREHOLE IN THE WORLD.

Bohrtechnische Mitteilungen über [ueber] das tiefste Bohrloch der Erde, Paruschowitz 5 bei
Rybnik in Oberschlesien. By Bergrat Köbrich [Koebrich]. Glückauf [Glueckauf], 1895, vol.
xxxi., pages 1,273-1,277.*
The deepest borehole at present existing in the world is known as No. 5 at Paruschowitz, near
Rybnik, in Upper Silesia. Its total depth is 2,003.34 metres (6,572.6 feet), so that it exceeds
that of Schladebach,† the deepest hitherto, by 254.94 metres (836 feet). This difference is,
however, rendered less important because Paruschowitz is 204 metres (669 feet) above sealevel, while Schladebach is only 102 metres (345 feet) above sea-level, so that the former
borehole has only advanced 102 metres (345 feet) nearer the centre of the earth than the
latter.
The borehole was put down to a depth of 107 metres (351 feet), by means of a cutting edge
and a stream of water, through diluvial sand, clay, and firm grey Tertiary shales. At this point,
diamond boring was commenced with a crown of 171 millimetres (6.73 inches) outside
diameter. The diameters of the crowns employed were successively reduced to 116
millimetres (4.57 inches) at 319 metres (1,016 feet), 91 millimetres (3.58 inches) at 571 metres
(1,873 feet), 69 millimetres (2.72 inches) at 1,014 metres (3,327 feet), this diameter being
maintained down to the bottom of the borehole, which was only tubed to a depth of 1,014
metres (3,327 feet); the diameter of the first tube was 320 millimetres (12.60 inches) and of
the last tube 72 millimetres (2.83 inches).
After the depth of 2,000 metres (6,561 feet) had been reached, a series of accidents and
breakages interfered with the further progress of the borehole, and finally led to its
abandonment.
Technically, the chief matter of interest consists in the employment of Mannesmann seamless
steel tubes, without which it would probably have been difficult to have reached the depth of
2,000 metres (6,561 feet). The total weight of the rods at this depth was 13 tons 15 cwts. ; it
took 10 hours to draw the rods from this depth, and as much to lower them in again. At this
depth it was found necessary to replace the 15 horsepower engine hitherto used by one of 25
horsepower.
Boring commenced on January 26th, 1892, and by May 17th, 1893, a depth of 2,003.34
metres (6,572.6 feet) was reached, the last metre taking over three months to finish. The
actual boring took 399 working days, with a daily advance of 5.01 metres (16.4 feet). The cost
of putting down this borehole was altogether £3,760, or about 37s. 6d. per metre (11s. 5d.
per foot), a figure that compares very favourably with that at Schladebach, where the total cost
was £6.065, or £6 1s. 3d. per metre (37s. per foot).
This borehole cut through no less than 83 coal-seams, some of which were of considerable
thickness, their aggregate thickness amounting to 89.5 metres (294 feet).
*See also Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen],
1895, vol. xliii., page 686.
†Trans. Fed. Inst., vol. iii., page 1,103.
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Temperature-measurements were made at 64 points down to a depth of 2,000 metres (6,561
feet), these showing a rise from 12.1º to 69.3° Cent. The average temperature-increment was
1° Cent. for each 34.14 metres (112 feet). At Schladebach, it was 1° Cent. more for 35.45
metres (116.3feet); at Sennewitz, 36.66 metres (120.3 feet) ; at Licht, 35.07 metres (115 feet);
and at Sperenberg, 32 metres (105 feet).

H. L.
ALLOY OF CADMIUM WITH SILVER AND COPPER.
Sur un nouveau Mode de combinaisons metalliques : Alliages du Cadmium avec I'Argent et
le Cuivre. By J. B. Senderens. Bulletin de la Société Chimique de Paris, 1896, vol. xv., pages
1241-1247.
Metallic cadmium, in addition to precipating silver from its solutions (as sulphate or acetate),
also enters into direct combination with the freshly precipitated silver, and forms an alloy
approximating to the formula AgCd3, the same result being obtained—provided the silver be
in the freshly precipitated condition —when the two metals are left in contact in distilled water
for some length of time. The alloy is a black powder, readily oxidizing on exposure to the air,
the effect of washing by hot water also being to remove a great part of the cadmium as
hydrated oxide. Hydrochloric acid dissolves the cadmium with evolution of hydrogen and
deposition of metallic silver. Silver-nitrate solution is unsuitable for the reaction, since it coats
the cadmium with a layer of metal and retards the formation of the alloy.
In the case of copper, similar results are obtained, but the greater solubility of the copper salts
enables the progress of the reaction to be carefully followed, with the result that the rate of
formation of the alloy is found to be inversely as the strength of the solution. One difference
is, however, noticeable, the formation of the copper alloy ceasing with the precipitation of the
copper, whereas in the case of silver it continues after all the silver is thrown down.
In the case of lead, no alloy appears to be formed, the quantity of cadmium disappearing being
but slightly in excess of the amount corresponding to that of the lead deposited from the
solution.
C. S.
KLADNO, SCHLAN, AND RAKONITZ COAL-FIELD, BOHEMIA.
Das Steinkohlengebiet bei Kladno, Schlan und Rakonitz, Böhmen [Boehmen]. By Josef
Jaroschka. Berg- und Hüttenmännisches [Huettenmaennisches] Jahrbuch, 1896, vol. xliv.,
pages 133-226, and 2#0.
The coal-field of Kladno with a longitudinal extension of about 5.6 miles, and a width of 2.8
miles, is one of the most important in Austria. Its production in 1894 was 21.72 per cent. of the
total production of Austria, and 58.76 per cent. of that of Bohemia. It seems to have been
discovered in 1775, and its development dates from 1846. There is practically only one coalseam worked here, which is up to 40 feet or even more in thickness in places. The roof
generally consists of finegrained sandstone ; below it is sometimes a lower coal-seam,
generally slaty, and not worked. Sometimes it is altogether wanting, and then the main coalseam is only separated by a small thickness of sandstone or clay-slate from the Silurian
formation. The coal-seam usually contains from 4 to 6 partings, the total thickness of which
generally amounts to about 15 inches. It has been calculated that assuming the average
thickness of workable coal to be about 26 feet, this district contains a reserve of 150,000,000
tons of coal. In 1873, the production was
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1,210,000 tons, and in 1894 it had increased to 2,170,000 tons, the number of men employed
in the latter year being 8,297, and the value of the coal being about 5,795,864 florins (say,
£280,000). The export of coal in the same year was 160,000 tons.
Other smaller coal-basins that are connected with the above are described in much detail.
Among these may be named the shale coal-basin of Wotwowic, which produced in 1894 about

5,100 tons of coal, and occupied 40 workpeople ; the shallow seam of Schlan, the thickness
of which varies from 1 foot to 3 feet 6 inches, and which, with 453 workpeople, produced in
1894 about 49,500 tons of coal. In this latter field the coal is got by a method much resembling
the Welsh double-stall system.
In the Rakonitz basin two coal-seams are worked, neither of them lying very deep. It is
noteworthy that the better portion of both the coal-seams is exhausted, and that the output is
a decreasing one. The lower coal-seam produced in 1894 only 19,200 tons, about one-fifth of
its output in 1876, and the upper coal-seam produced in 1894 only 4,900 tons, or less than
half of its 1876 output. The original paper describes the coal-fields and the various owners
working them in great detail.
H. L.
DOMAN AND SZEKUL COLLIERIES, NEAR RESCHITZA, HUNGARY.
Die Kohlenwerke von Doman und Szekul bei Beschitza, in Ungarn, By X. Berg- und
Huettenmaennische Zeitung, 1896, vol. lv., pages 371-373.
The Doman and Szekul collieries supply coal to the iron and steel works at Reschitza.
At Doman colliery, two coal-seams of Liassic age are being mined at an average depth of
1,150 feet, the two seams being separated by 160 to 230 feet of sandstone. The upper coalseam consists in the west of two beds, 3 feet and 5 feet thick respectively, but in the east of
only one bed 5 feet thick ; the lower seam is up to 10 feet thick, the seams dipping at about
60 degrees. In some places two lower seams have also been found worth working. There are
three shafts, two for winding, and one for pumping. The winding takes place only up to a daydrift 1.5 miles long, through which the coals are run out by a locomotive to the coal-washing
plant and coke-ovens. The main shaft is rectangular and timbered ; its section is 13 feet by 6
feet 3 inches down to the day-drift, and 16 feet 6 inches by 6 feet 3 inches below that point,
and is at present 1,510 feet deep, with six working-levels below the main drift. The windingengine is of 150 horsepower, and fitted with flat ropes; the other winding-shaft is very similar,
and is fitted with a similar winding-engine. The flat ropes are of cast steel, with 192 wires,
weighing 23 lbs. to the fathom, and carrying 10,000 lbs. with a factor of safety of 12. Ventilation
is effected by means of a Guibal fan 29 feet 6 inches in diameter and 6 feet 6 inches broad,
and a Pelzer fan 8 feet in diameter.
The coal-seams are worked by sinking the shafts generally about 130 feet deeper, and then
driving cross-measure levels to cut the seam, at the same time continuing an incline from the
level above ; after holing, a main level is driven in the seam and a return airway some 20 feet
above it. From this level, rises are driven to the level above, and the areas thus formed are
divided into pillars by levels parallel to the main level. These pillars are then robbed, working
from above downwards. When the thickness of the seam exceeds 6 feet 6 inches a method
of stowage has to be adopted.
In the day-drift, sets of 40 to 50 tubs are formed, which are run out by a locomotive ; electricity
is shortly to be introduced to replace steam in this drift. The
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gauge of the rails is 2 feet 3½ inches, and the tubs are of iron, weigh 7.4 cwts., and carry 14
cwts. of coal. The annual production is 60,000 to 70,000 tons.
At Szekul colliery, the general arrangements are very similar. Four coal-seams are being
worked whose respective thicknesses are 2 feet 7 inches, 3 feet 3 inches, 4 feet 7 inches, and
6 feet 7 inches. The main shaft, used for both winding and pumping, is 1,365 feet deep. The

winding-arrangements and haulage are identical with those used at Doman colliery. A Pelzer
fan, 8 feet 2 inches in diameter, is used for ventilation ; it is driven by a horizontal 50
horsepower engine, makes 250 revolutions per minute, and exhausts 35,300 cubic feet of air
per minute with a watergauge of 2.16 inches. The output is 60,000 tons annually.
Both mines use Wolf benzine safety-lamps, which give every satisfaction.
H. L.
COAL-FIELDS OF FÜNFKIRCHEN [FUENFKIRCHEN], SOUTH HUNGARY, AND THE
BANATE, SOUTHERN CARPATHIANS.
Die Kohlenfelder bei Fünfkirchen [Fuenfkirchen] in Süd-Ungarn [Sued-Ungarn] und im Banater
Gebirgsmassiv, Süd-Karpathen [Sued-Karpathen]. By Dr. J. H. Kloos. Zeitschrift für [fuer]
Praktische Geologie, 1897, pages 148-156.
The coal-fields of Hungary belong to three widely distinct ages, the Carboniferous, the
Mesozoic, and the Tertiary, the most important being those of Liassic age. The Liassic coal is
best known at Fünfkirchen [Fuenfkirchen] , lying to the west of the Danube, and separated
from the Carpathians of the Banate by the broad plain of the Theiss. The geological structure
of Fünfkirchen [Fuenfkirchen] is, however, similar to that of the Banate. The strata, of Lower
Liassic age, strike south-west and north-east, and consist of alternations of clay, slate, and
sandstones, with subordinate occurrences of marly strata containing lenticular masses of
blackband ironstone, the whole overlain by coarse conglomerates. This formation is 800
metres (2,625 feet) thick, and contains over 100 coal-seams, with a total thickness of about
50 metres (164 feet) ; 25 to 30 of these seams are said to be workable, averaging 0.8 to 1.3
metres (31 to 51 inches) in thickness, but increasing to 4 or exceptionally to 10 meters (13 to
33 feet). This formation is known over a length of some 15 kilometres (9 miles). The coal is
suitable for coke and briquette-making, and forge, locomotive and gas-works use ; the yield of
coke is 75 per cent., and the ash varies from 6 to 25 per cent. In 1895, this field produced
427,600 tons of coal, whilst the Banate coal-field produced 400,000 tons, three-quarters of
which was of Liassic and one-quarter of Carboniferous age.
In the mountains of the Banate, the coal-bearing Liassic formation plays an important part,
and can be followed without interruption for over 50 kilometres (31 miles), its breadth being
10 kilometres (6 miles). At some places, for instance, at Resicza, the Carboniferous formation,
containing 4 seams, with a total thickness of 5.2 metres (17 feet), is being worked, and above
it, at Doman, the Lias, which is only separated from it by a thick bed of Permo-Triassic red
sandstone, contains several important coal-seams that are being actively worked. There are
several regions in winch coal-mining has commenced, but the great natural facilities are
somewhat neutralized by the want of suitable means of transport. The coal-bearing measures
lie at steep angles, from 30 to 60 degrees, and form ridges intersected by steep valleys, so
that workable backs of 500 to 600 metres (1,640 to 2,000 feet) above adit-level are obtainable.
Wood and labour are both very abundant and cheap, and both roof and floor are usually very
strong. The coal of the various districts gives 81 to 90 per cent. of coke and 5 to 15.5 per cent.
of ash, and is anthracitic in character.
H. L.
[A80]
COAL AND IRON IN UPPER SILESIA.
Die Oberschlesische Bergbau- and Hüttenindustrie [Huettenindustrie].
By — Bremme.
Zeitschrift des Vereines deutscher Ingenieure, 1896, vol. xl., pages 1185-1186.

The occurrence of hard coal in Upper Silesia constitutes an essential factor in the successful
development of the other mineral treasures of the district. The richness of the coal-layers,
especially between Gleiwitz and the border, is surpassed by no other field of equal size on the
Continent, the worked seams averaging 10 to 25 feet (3 to 7 metres), and sometimes attaining
30 to 40 feet (9 to 12 metres); those of 39 to 58 inches (1 to 1½ metres), looked on as large
in other districts, being here often left unworked.
The coal itself is very clean, and with a low percentage of waste ; the amount of sulphur is
usually much below 1 per cent. Nevertheless, the greater portion, though well suited for
heating purposes, is but ill adapted for coking, only a small amount being found as clod-coal,
which is the nearest approach to the true coking-coal met with in this region. Generally
speaking, the bituminous character of the coal decreases from the sole upwards and from the
west eastwards in the Zabrze-Myslowitz series. The best coking-coal is obtained from the
lower seams of the Königin [Koenigin] Luise pit, in the extreme west of the deposit. Here and
there, where the cover-rock is more than usually impervious, moderately good coking-coal is
obtained from the upper seams, but the amount is insignificant ; and, so long as the two
classes of coal are mixed together with the idea of increasing the output of coke, so long will
the quality of the product remain inferior.
Iron ores are not Crown property in this district, and the mines are mostly owned by large
landed proprietors. In 1895, some 470,000 tons of brown ironstone were raised, more than
half of which came from the Henckel mines, which are leased to a limited company. Another
source of iron is the ferruginous dolomite found in the Muschelkalk formation.
Where the brown ironstone occurs as stuff-ore it contains 50 per cent. and more of iron, but it
is mostly earthy, and in that condition has only 35 to 40 per cent. when dry, or 20 to 30 per
cent. in the natural moist state. Some 2 to 3 per cent. of zinc increases the difficulty of smelting,
the bye-product thereby obtained being insufficient compensation for the trouble entailed. A
more valuable associated metal is silver-lead, which yields a good profit.
The present output of pig-iron in Upper Silesia amounts to about 568,000 tons per annum,
from 11 works with an aggregate of 26 blast-furnaces, which is equivalent to a production of
60 tons per furnace per diem. Of this quantity, 61 percent. is puddle iron, 7 per cent. Bessemer
iron, 22 per cent. Thomas iron, 2 per cent. spiegel iron, and 8 per cent. foundry iron.
C. S.
UPPER SILESIAN COAL-FIELD.
Das
Oberschlesische
Steinkohlenbecken,
und
die
Verjüngungsverhältnisse
[Verjuengungsverhaeltnisse] seiner Schichten. By C. Gaebler, Zeitschrift für [fuer] Praktische
Geologie, 1896, pages 457-461, with sketch-map.
The Upper Silesian coal-field forms a rectangle of about 5,600 square miles area, the four
corners of which are respectively at Tost in Prussia, Golonog in Russia, and Tenezynek and
Konigsberg in Austria ; by far the greater portion of the field lies in Prussian Silesia. The whole
field forms one huge basin, that may be divided into a broad central basin and a narrow
peripheral one separated
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from the former on the west by a fault with a throw of about 1,600 metres (5,000 feet). This
fault seems to be a portion of the great Orlau fault, which is probably the most important
dislocation discovered as yet in strata of Carboniferous age, ranging from 2,000 to 4,000
metres and averaging about 3,000 metres (say about 10,000 feet). On the north, the outer

basin is separated from the central basin by a fold ; it is not certainly known whether a similar
phenomenon occurs on the south, where the Carboniferous formation is overlain by extensive
Tertiary developments, but there seem to be reasons for believing that such may be the case.
The bed-rock of the basin consists of grauwacke on the west and north-west, and of Devonian
limestone on the east and north-east; it is as yet unknown on the south.
The Coal-measures are divisible into two groups, well marked paleontologically, but having
between them a transition series of uncertain position. The lower group is continuous
throughout the entire field, as is shown by its outcrop all round the edges. The central or
transition group only exists in the western portion in the deepest-lying parts of the basin, but
east of the great fault is found everywhere. The upper beds are wanting in the western outer
basin, but cover the northern edge basin, and above all the central basin ; they are absent to
the east of the main fault.
The lower group is well developed at Ostrau and Rybnik in the south-west, where it is 4,100
metres (13,000 feet) thick, and contains about 61 workable coal-seams, with an average total
thickness of 63 metres (205 feet) of coal; there are altogether 185 seams, but two-thirds of
these are too thin to be workable. At Golonog, in the extreme north-east, 90 kilometres (55
miles) away, this formation is only 500 metres (1,650 feet) thick, and contains 5 workable
seams, totalling 7 metres (23 feet) of coal.
The middle group is 260 metres (850 feet) thick, with 7 workable seams and 26 metres (85
feet) of coal at Zabrze in the west; at Zagorze, on the extreme east, 30 kilometres (19 miles)
away, it is only 17 metres (55 feet) thick, and contains 1 workable seam 14 metres (45 feet)
thick. The upper coal-seam is still imperfectly known, but appears to pinch out from south to
north, or in a direction at right angles to the lower formations.
The mode of thinning out and of the production of lenticular deposits is related to the mode of
formation of the coal-seams. The modern theory of the origin of coal-seams looks upon these
as autochthonous. If a wide, shallow lagoon be supposed to be elevated so that its bottom
becomes dry, plants will immediately begin to grow in the rich soil, and their remains will in
time form a layer of vegetable matter of greater or lesser depth ; if water again flows in, owing
to a depression of the lagoon, and more particularly of its mouth, the vegetable layer, or as
much of it as lies beneath the water-level, will be covered by a layer of mud, which will form a
wedge or cone, the greatest thickness of which will be at the point where the stream enters.
At this point the coarser particles will be deposited, whilst the finer ones are carried farther
away from it; hence we find that where these strata are the thickest they consist mainly of
sandstones and conglomerates, and, where they are least developed, of slaty beds of very
fine grain. Should the water again retreat the newly-formed cone of mud would be laid bare
and a second layer of plant-remains might form, giving rise to a second coal-seam ; if the
previous bed of coal had also been partly exposed the second bed would form directly upon
it, and the two would form a single seam, with a parting in the direction of the mouth of the
ancient lagoon. In order to be able to identify coal-seams, it is thus first of all necessary to
determine the conditions under which the
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various strata have been deposited. The author has accordingly studied the forms of these
cones of sedimentation, and constructs curves which he calls "isopachs," connecting all those
points where any one group of beds has the same thickness. From these curves he deduces
the position of the opening and the direction whence the currents came ; and having

determined these for one group, it is easy to extend the data to others, and thus by means of
these isopachs he correlates the various coal-seams.
H. L.
WESTPHALIAN COAL-MINES.
Notes d'un Voyage dans le Bassin houiller de Westphalie. By — Robiaud. Bulletin de la
Société de l'Industrie Minérale, 1896, vol. x., pages 241-293, and many figures.
This paper contains a description of the surface-arrangements at the leading pits of
Westphalia. The systems more especially examined are the Koepe system of winding,
cylindrical drums with counterbalance rope, spiral drums, and cylindrical drums with flat ropes
of aloes fibre. Elaborate calculations of the various elements entering into the mechanical
theory of each system of winding are embodied in the paper.
The various companies working in the Westphalian coal-field have combined to form a
syndicate ; it is administered by a council, each member of which represents an annual output
of 1,000,000 tons, and which fixes the production of each mine and the price of the various
kinds of coal. By this means, the orders being distributed by the syndicate, the selling charges
and office expenses of the mines are reduced to almost nil. This syndicate has just been
renewed for another 10 years ; it secures to the various companies a reasonable profit per
ton, and does away with competition. The companies are thus able to support the additional
rates and taxes, which amount to about 9d. per ton.
H. L.
EXPLORATIONS IN THE NORD AND PAS-DE-CALAIS, FRANCE.
Official Reports of the Mine Inspectors to the French Government, by H. Kuss, July 5th,
1896, and E. Duporcq, Arras, July 31st, 1896.
Nord.—The year 1895 was marked by interesting explorations, undertaken with the object of
proving the possible continuation of the Dover coal-field. The Calais-Dunkerque Company,
under the direction of Mr. Breton, put down a borehole at Gravelines, which left the Secondary
rocks at the depth of 1,148 feet (350 metres) and entered grey schists, which have some
analogy with Coal-measure shales, but are probably more ancient; the hole was stopped in
this formation at the depth of 1,444 feet (440 metres) without having encountered a trace of
coal. A boring, undertaken by the Aa Company, struck the same formation at BourbourgCampagne, at the depth of 1,142 feet (348 metres), but has not been continued. The
Dunkerque-Cassel Company is putting down two holes : one at Arnéke, attained the depth of
393 feet (120 metres) on June 15th, 1896, and the other at Petite-Synthe, which was down
794 feet (242 metres) at the same date. The Calais-Dunkerque Company put down a hole at
Ghyvelde, east of Dunkerque, which had attained a depth of 206 feet (63 metres) on June
23rd, 1896.
At the other end of the Nord coal-field, the boring at Estreux, of Messrs. Breton & Hermary,
was down 721 feet (220 metres) in February, 1896, without having left the Devonian
measures.
Pas-de-Calais.— The borehole put down by the Clarence-Company was stopped at the depth
of 1,779 feet (542-5 metres), having cut—between 1,282 feet (391
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metres) and the bottom—six coal-seams, varying in thickness from 14 inches (35 centimetres)
to 4 feet 8 inches (1.45 metres), giving a total coal thickness of 17 feet 11 inches (5.5 metres).
The Ferfay Company continued to the total depth of 1,893 feet (577.2 metres) its Camblain-

Châtelain boring, which struck the Coal-measures at the depth of 1,468 feet (447.5 metres),
while from 1,755 feet (535 metres) downwards coal debris were frequently found.
The Coquelle borehole, put down by the Calais-Boulogne Company to the south-west of
Calais, attained the depth of 1,410 feet (429.89 metres), having cut (below the Devonian) grey
schists, which are regarded as of Silurian age. The Aa Company undertook, in this
department, five holes, including one near Offekerque stopped at 1,268 feet (387 metres),
which cut (below the Tertiary and Secondary rocks) at the depth of 1,126 feet (343.5 metres)
red and sometimes green argillaceous shales attributed to Upper Devonian.
J. W. P.
WURM COAL-FIELD.
Le Bassin de la Worm et sa Population ouvrière. By Franz Büttgenbach [Buettgenbach].
Revue Universelle des Mines, 1896, vol. xxxiv., pages 232-235.
Although the Wurm coal-field extends over an area of less than 19 square miles (50 square
kilometres) its importance is considerable, because it constitutes the westernmost colliery
district of Germany, extending to the north of Aix-la-Chapelle, and being separated from the
Eschweiler coal-field by an upthrow of the lower rocks. While this last-named coal-field only
produces bituminous coal, that of the Wurm chiefly contains non-bituminous. The seams are
much disturbed, being folded into characteristic zigzags; and the numerous faults and fissures
traverse the basin in all directions.
The main Feldbiss fault traverses, almost at an angle of 90 degrees, the general direction of
the seams, with a dip of 80 to 85 degrees to the east, and a mean thickness of 131 feet (20 to
60 metres), extending north and south over the whole length of the coal-field. Up to 1847, it
was considered that this fault formed the eastern limit of the basin ; but it has since been
ascertained that, owing to this enormous fault, the Coal-measures have been thrown down
from 820 feet (250 metres) to 1,312 feet (400 metres) on the eastern side, and that, under
thick strata of Cretaceous, Tertiary, and recent formation, they occur again with a number of
seams which exceeds by 32 those of the western side.
The boundary of the coal-field forms an approximate circle ; and the Feldbiss fault, passing
through the centre, divides the basin into nearly equal parts, that on the west forming the
region of the non-bituminous coal, which has been known and worked for nearly eight
centuries, and that on the east, the region of the bituminous coal, which has only been known
for a period of forty years.
A portion of the coal-field, which is situated for the most part in Prussia, extends into Holland;
and this circumstance gives rise to two peculiarities which are probably unique in mining
geography. There is a drift 656 feet (200 metres) below the surface between the Dutch
concession of Prik and that of Voccart in Prussian territory ; and at the point where it passes
the frontier there is an iron grating, which is sealed by the authorities of the two countries for
the prevention of smuggling, as the drift only serves for the ventilation and drainage of the
mine. Another large concession, belonging to Holland, and worked by the Aix-Maastricht
Railway Company, extends into Prussia, the government of which has renounced all right of
control over the workings.
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The mean yearly production of the coal-field is 2,000,000 tons in Prussian and 110,000 tons
in Dutch territory, the respective number of hands employed being 7,500 and 400. Working
underground is only permitted from the age of 16 ; and the mean superannuation age is 49.

The average period of work does not exceed 22 years; but there are a few miners who have
worked 50 years and upwards. The men work, as a rule, 8 hours per day, without including
the time occupied in going down and coming up. The mean daily wage is 2s. 5d. (3fr.) ; but
many men make double that sum and even more.
J. W. P.
COAL AND IRON IN SOUTH RUSSIA.
La Région minière et métallurgique du Midi de la Russie.
By Michel Levitzky. Revue
Universelle des Mines, 1896, vol. xxxiii., pages 91-122.
As regards fuel, the country is ensured from want for a long time to come. Notwithstanding the
great increase in the iron industry, the price of coal has not only not advanced, but has even
diminished considerably, through the opening of new collieries.
The Donetz coal-field, which occupies the southern portion of the Kharkov government, the
eastern portion of that of Ekaterinoslav, and the eastern portion of the Don-Kossacks' territory,
is one of the largest in Europe, extending over nearly 8,550 square miles (22,500 square
kilometres). The coal-seams are rarely more than 5 feet 10 inches (1.8 metre) thick; and those
which do not exceed 2 feet 11 inches (90 centimetres) often consist of pure coal only, while
thicker seams always contain intercalated bands of schist and psammite. The coals vary
greatly from splint coal to anthracite ; and each variety has its own region. For instance, splint
coal is only found in the north-west basin, near Lissitchansk. The gas and forge coals occur
in a narrow zone between the caking and non-caking coals ; and those which yield good blastfurnace coke occupy two large independent basins, while the semi-anthracite forms a
transition from the caking coal to the anthracite, which extends over the whole south-west of
the Donetz coal-field.
The composition of the various coals is given in the following table :—
[Table]
In most cases, the high ash and sulphur contents render necessary careful washing of the
coal before coking. At the Berestovo-Bogodoukhovo collieries, which may be regarded as
producing the typical coals of the country, the coal contains, after washing, water, 2.36 per
cent.; volatile matter, 19.84 per cent.; fixed carbon, 72.91 per cent.; sulphur, 1.94 per cent.;
and ash, 3.95 per cent. (ash 8 per cent. and sulphur 3 per cent. before washing); while the
coke obtained from the washed coal contains on an average 0.91 per cent. of sulphur and
5.25 per cent. of ash.
[A85]
In 1893-4, the Donetz coal-field produced 4,400,000 tons of coal, the value of which at the pitmouth varied from 4s. 11½d. (6 francs 20 centimes) to 7s. 6d. (9 francs 30 centimes) per ton
; but carriage to the ironworks nearly doubles the price, so that, taking into consideration loss
in washing and all expenses, the ton of coke comes to about 27s. (33 francs 75 centimes) at
the blast-furnaces.
Iron ore, in the form of brown haematite, occurs abundantly in the east of the Ekaterinoslav
government and in the Don-Kossacks' territory, at Styla, Karakouba, and Sophievka; and it
may be said generally that the deposits of iron ore distributed over this region are sufficient for
supplying the blast-furnaces for a long period. Most of the deposits, however, are but of slight
extent ; and the ore requires careful picking, while it is not very pure. The following analyses
are given by Mr. Kamensky of the ores smelted at the Hughes iron-works :—

[Table]
The Sophievka mines, recently discovered, are, however, of far greater extent; and their ore
is stated to be very pure. The most important mines to which the country owes the
development of its iron manufacture, are those of Krivoi-Rog in the Kherson government, on
the banks of the Saxagane and Ingouletz rivers. The highly inclined stratified seams of
quartzite contain 40 to 45, and even 48, per cent. of iron, among which occur deposits of richer
ore (oligist and magnetite), containing as much as 60 and 65 per cent.-- sometimes even
more—of iron in pockets of lenticular form, the major axes of which lie in the same direction
as the quartzite-seams.
J. W. P.
DONETZ COAL-FIELD, RUSSIA.
Le Bassin houiller du Donetz. By Arthur Monseu. Revue Universelle des Mines, 1897, vol.
xxxvii., pages 159-204 and 227-289, and vol. xxxviii, pages 25-78.
After describing the history, physiography, geography, and inhabitants of the Donetz district,
the author gives an account of the coal-field in the third section of his memoir.
The strata consist of schists, sandstones, grits and limestones of Carboniferous age, in places
cropping at the surface, in others overlain by Tertiary, Cretaceous or Permian strata. The beds
form saddles, more or less irregular, traversed by numerous faults. The author gives several
classifications of the various seams. According to one system, the coal-field may be divided
into four groups :—(1) The eastern group, which is the most extensive, and contains only
seams of anthracite ; (2) the northern group, containing semi-anthracites, non-coking coals,
and coking coals ; (3) a group on either side of the Koursk-Kharkov-Azov railway, containing
coking, partly coking, and non-coking coals ; and (4) the western group, includes
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the Kalmiovs basin, which has been largely developed in recent times on account of the high
quality of some of the seams ; to the south of this group, about Elenovka, the coal is noncoking, pyritic, gassy, and liable to spontaneous ignition.
The total number of seams is not definitely known ; it is estimated at 46, with 118 feet of
workable coal. The area of the coal-field may be taken at 15,500 square miles, or more than
double that of the known Carboniferous formation of Britain; it is, however, poorer than the
coal-fields of Western Europe, both with respect to the number of workable seams and of their
total thickness, resembling rather in this the coal-fields of North America.
The shafts are often inclined, square or rectangular in cross section, the dimensions being as
much as 11 feet 9 inches by 16 feet 5 inches. They are often laid with double lines of rails,
and worked by hauling-engines, the slopes being in some cases about 20 per cent. In the new
shaft of the Central Donetz Colliery there are three compartments, two being used for winding,
with a section of 11 feet 10 inches by 6 feet 10 inches ; these are intended to take doubledecked cages, with 4 tubs in a cage, each tub carrying 7 cwts. of coals. The daily output of
this shaft is expected to be 1,200 tons (in 24 hours). There are some vertical shafts, bricklined, mostly elliptical in cross section.
The Coal-measures of the Donetz carry but little water, being generally overlain by impervious
beds of alluvial clay ; there is therefore but little water to be raised. Many of the mines are free
from gas, and are lit by ordinary oil-lamps ; in some of them fire-damp has, however, been

found. Ventilation is either natural (which is unreliable), by furnaces, by Koerting steam jets,
or by Ser or Guibal fans.
The methods of mining depend upon the thickness, and especially on the dip of the seams. In
the flatter seams bord-and-pillar working is usual, the pillars being from 42 to 70 feet in the
side. In summer time, during the harvest, labour is scarce ; hence it is usual to drive narrow
workings in the winter time, and to get the broken during the summer, so as to keep up a fairly
uniform output. The mine proprietors own the surface, so that they pay no attention to surfacedamage; the method of working admits of coal being got on both day and night shifts, but is
open to the objection of making a great deal of small.
Steeply inclined seams are worked by overhand stoping, the height of the stopes being 8 feet,
and each stope leading the one below it by 13 to 16 feet; 16 stopes are thus opened between
successive levels, which are driven in pairs. Every 13 to 16 feet a pass is left and timbered,
down which the coal is run into tubs. This system makes much small, and, instead of it, inclined
self-acting planes with cages, 200 to 260 feet apart, are being introduced; between each pair
of inclined planes is a shoot or an incline for bringing in rock for filling up.
Longwall is worked in a few pits on the Lieven and Smolianinov seams, 47 and 51 inches
thick respectively, dipping northwards from 10 to 20 degrees, the roof being good. The faces
are 1,000 to 1,500 feet in length ; a night shift kirves and nicks the coal, the next shift wedges
or blasts it down, and a third shift sets the timber at the face. Another method, but little used
so far, is that of vertical slices.
From the average of a large number of figures, it would seem that the cost of coal-getting,
everything included, is about 5s. per ton, whilst the average selling price is about 8s. The
annual output of coal (1896) from this coal-field is about 4,500,000 tons.
H. L.
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MINERAL AND LIGNITE DEPOSITS OF TERUEL, SPAIN.
Les Gisements métalliques et lignitifères du Gouvernement de Teruel (Espagne). By J.
Kersten. Revue Universelle des Mines, 1897, vol. xxxviii., pages 125-166, with maps, plans,
and sections.
The district of Teruel forms part of the ancient kingdom of Aragon, and embraces the valleys
of the Ebro and the Guadalaviar or Turia, together with a series of mountain-chains rising to a
height of over 5,000 feet. The geological structure is rather complex ; the backbone of the
country consists of Jurassic and Cretaceous rocks overlying Devonian and Silurian strata ;
whenever the latter come to the surface the absence of the Carboniferous formation is evident,
thus proving that true coal is absent throughout the entire province. Outcrops of Primary rocks
are rare ; of the Secondary rocks, those of Triassic age, consisting chiefly of conglomerates,
sandstones and shales, only appear in some places. They carry no minerals of any economic
importance. The Jurassic formation is the most largely represented, and encloses the
pyrolusite deposits of Camanas, and probably of Ojos Negros. By far the most important is
the Cretaceous formation, which covers about 30 per cent. of the surface of the province, and
contains all the most important deposits of mineral, such as the lignites of Andorra, Gargallo
and Utrillas, the jet of Alliaga, the galena of Segura and Armillas, the pyrolusite of Crivillen,
and the calamine of Linares. Two subdivisions of the Cretaceous formations are represented,
namely, the Aptian and the Cenomanian ; the former is of importance as containing beds of
lignite intercalated between yellow limestones and marls. This lignite forms an extensive basin,
the limits of which are not exactly known ; it crops out at Andorra, Utrillas, and Alliaga in a very

mountainous district. There seem to be two distinct deposits ; that of Andorra and Gargallo is
brownish-black, compact, with an even and dull fracture. Three beds are known at Andorra,
but there may be more ; the encasing rocks are sandy grits, overlain by a bed of greenish
marl, the thickness of these beds of rock being from 16 to 20 feet, and their dip 32° southwest. An old shaft at Gargallo cut five seams, ranging from 3 feet 3 inches to 5 feet 6 inches
in thickness.
At Utrillas, four seams of lignite are visible, varying from 2 feet 8 inches to 10 feet, the lowest
being the thickest ; while there seems to be a fifth still lower seam. These seams are separated
by beds 80 to 100 feet in thickness, the general dip being 28° north-east. This lignite is black,
with a bright conchoidal fracture, and no trace of fibrous structure. As a fuel it is superior to
that of Andorra and Gargallo, and it occupies the base of the Aptian beds, whilst the latter
occurs in the upper portion. Each of these deposits seems to constitute a perfectly distinct
basin.
The Cenomanian beds contain pockets of pyrolusite at Crivillen. Tertiary strata of Miocene
age are confined to the bottom of the river-valleys ; they lie horizontally, and are traversed in
places by veinlets of gypsum that have been mined in places.
In the whole province of Teruel, mining is carried on in the most rudimentary manner, and the
output is extremely small. Manganese occurs in pockets of apparently limited extent, and is
worked on a small scale either by means of small, tortuous, irregular adits, or by shafts fitted
with windlasses. The lignite-mines are worked in a similar way, the system of working being
by a zigzag level driven in the seam ; most of the mines use shafts and windlasses ; some are
opened by irregular levels, through which the mineral is carried to the surface in baskets. The
author estimates the annual production of each mine at 57 tons, there being
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21 mines in operation. The governmental statistics give 120 tons of lignite as the output of the
entire province, but this is greatly understated by the mine owners with the object of escaping
the payment of royalties. There is little demand for lignite or any other mineral product in the
province, means of communication are defective, and cost of carriage high ; hence there is no
prospect of these mines assuming any importance in the near future.
H. L.
ANTHRACITE IN GUARDO, SPAIN.
La Antracita de Guardo. Anon. Revista Minera, Metalurgica y de Ingenieria, 1897, vol.
xlviii., page 11.
Deposits of anthracite are being opened at Guardo by the Euskaro-Castellana Company, who
have rented there an area of 2,073 hectares (about 4,900 acres). There are 40 seams known
in this coal-field, and their thickness is such that the above area must contain several millions
of tons of coal. The coal is a true anthracite, of specific gravity 1.36, and its composition is
shown by the following table :—
Calorific Power,
Seam.
Ash.
Volatile Matter.
Carbon.
Calories.
Madariaza
3.96
3.73
92.31
6,985
Fernanda
7.72
2.78
89.50
6,782
Mariana
2.36
3.00
94.64
7,204
Civila
3.09
2.75
94.16
7,153
H.L.

COAL IN SIBERIA.
Sur les Résultats des Recherches du Charbon Minéral, récemment faites en Sibérie. By
General Venukoff. Comptes Rendus de l'Academie des Sciences, 1896, vol. cxxiii., page 518.
In connection with the Trans-Siberian railway, 4,722 miles (7,600 kilometres) long, which is
being made at the cost of the Russian government, several scientific missions have been
appointed, the geological explorations having special importance as regards the fuel supply
of the railway. Up to the beginning of last year, 54 groups of workable coal or lignite-beds had
been discovered, giving one deposit for every 87 miles (140 kilometres) of line, which would
suffice were their distribution uniform. In Western Siberia, between the Ural and Altai chains,
there are no coal or naphtha deposits along the line of way, while timber is rare, so that it
became necessary to seek supplies farther afield. The railway commission therefore
organised explorations on a large scale, extending to the shores of the Okhotsk Sea, where
both coal and gold have been found. The following are the seven principal groups of coaldeposits already discovered in the region traversed by the railway : —
Kirghiz Steppes.—A little to the south of the railway, the nearest coal-deposit is that of
Gratchevo; but the richest in coal of good quality is that of Djaman-Taou, while the mineral is
also found at Taldyskoul. The coal of these deposits may be conveyed by the Irtish and Ichime
rivers to Omsk and Petropaulovsk, important stations on the Trans-Siberian railway.
Altai.—The Kouznetzk coal-field contains numerous deposits both of Jurassic and
Carboniferous age, the seams sometimes attaining a thickness of 13 feet (4 metres). Several
deposits in the Kouznetzk district have also been explored, the coal of which contains from 65
to 70 per cent. of carbon and no sulphur.
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Yenissei Basin.—In this district, there are numerous deposits, especially in the valley of the
Yenissei river not far from Krasnoyarsk, where the lignites of Tertiary formation commence, a
better coal being found along the banks and at the mouth of the Lower Tounjouzkat. Large
deposits of free-burning lignite occur in seams 6½ feet (2 metres) thick along the banks of the
Oka, a tributary of the Angara, especially near the confluence of the Zima with the Oka.
Baikal Chain. — Coal is found at several points on both slopes of the Baikal chain, especially
in the Angara valley, to the north of Yakutsk, and in the neighbourhood of Oussolie. Coalseams also occur on the south-west shore of Lake Baikal, at the mouth of the Mourine and in
other places. Coal-deposits, the geological age of which is not yet determined, have long been
known to exist in the valley of the Selenga between the towns of Selenginsk and
Verkhneoudinsk.
Beyond the Yablonoi Mountains. —Near the sources of the Amur and its upper tributaries
coal-deposits are frequent, though they have not been explored ; and several deposits have
been known to exist since the eighteenth century, this being the case with that of the Orei,
where lignite is found containing pieces of well-preserved wood, and also with those of
Kouloussoutai and Douroi, discovered in 1742, the latter being well situated for transport.
Amur Valley.—-The Amur Valley and those of several of its tributaries are rich in coal. In the
valley of the Zeya, near its confluence with the Silindja, is found an inferior mineral; and in the
Boureya valley almost vertical seams have been proved in three or four places. In the
neighbourhood of Innokentieva, on the Amur, several lignite-seams, 3 feet 3 inches (1 metre)
thick, are worked by the inhabitants ; and on the lower Amur a series of seams, together 6 feet
6 inches (2 metres) thick, has been discovered. Near Vladivostok, a terminus of the Trans-

Siberian railway, coal deposits abound, while they also occur on the shores of the Japan Sea,
in the Gulfs of Possiet and Oussouri, in, the valley of Souifoun, at the mouths of the Sedimi,
Mangougai and Amba-Bira, in the island of Poutiatin, on the shores of the Strielok and Olga
Bays, and at other points.
Saghalien. — Coal has been largely worked for 40 years in Saghalien ; and at the present
time attention is being specially directed to the deposits discovered in the immediate
neighbourhood of the gold-mines on the shores of the Okhotsk Sea.
J. W. P.
HONGAY (TONKIN) COAL-FIELD.
Les Charbonnages d'Hongay, Tonkin.
By Félix Beard.
Memoires de la Société des
Ingénieurs Civils de France, 1897, vol. i., pages 81-112, and illustration.
The coal-deposits of the Hongay district occur along the shores of the Bay of Along and Port
Courbet, about 25 miles from Haiphong. The development of the concession was commenced
in 1888, and proceeded until 1892, when an incursion of pirates put a stop to the work for
some months. Since that time, however, operations have been pushed on rapidly.
The coal-measures extend in a north 70° east to south 70º west direction, overlying
Carboniferous Limestone and Devonian formations resting on micaceous and quartzose
schists overlying the primitive granite, and consist themselves of conglomerates, sandstones,
and schists, more or less coloured by iron oxide and enclosing the coal-seams.
The district is divided into two chief working centres—Nagotna and Hatou — the other
discoveries of coal at the Marguerite mine, Charlot, and Campha being too far away from the
railway to render their development profitable at present.
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At Hatou, two seams have been proved, the upper and thicker one being some 164 to 197
feet (50 to 60 metres) in total thickness, the actual thickness of coal ranging from 98 to 131
feet (30 to 40 metres), and the dip varying between 16 and 47 degrees. It is characteristic of
these coals that they do not contain a single intercalated band of schist, the layers of coal and
schist being entirely distinct. The Hatou beds are believed to be identical with those discovered
at Charlot, and the two together are estimated to contain 50,000,000 tons of coal.
At Nagotna, 12 seams have been identified, the four chief being :—(1) Marmottan seam, 72
inches of pure coal, dipping between 10 and 30 degrees, and containing 2.08 per cent. of ash.
(2) Chater seam, 13 feet thick, or 12 feet of pure coal ; ash, 2.2 to 2.6 per cent.; and dip, 30
to 50 degrees. (3) Bavier seam, 12 to 13 feet thick; pure, hard, flaming coal, without slate; ash,
2.2 to 2.8 per cent.; dip, from 15 to 30 degrees and 30 to 50 degrees. (4) Ste Barbe seam, 19
to 20 feet thick, or, after deducting the three bands of slate, a nett thickness equal to 17½ feet
of friable coal, containing 2.5 to 3.5 per cent. of ash; dip, 50 to 60 degrees.
Tables of comparison between the composition of Hongay coal and that of the chief coals from
Cardiff, Japan, Borneo, Australia, etc., used in the East, are given, the percentage constitution
of Hongay coal being : carbon, 89.29 ; hydrogen, 3.36 ; oxygen, 2.34; nitrogen, 0.99 ; sulphur,
0.45; ash, 2.08 ; and water, 1.49; volatile matter is 6.69 per cent., and the coke 93.17 per cent.
The inference is that these coals are close-burning anthracite, with a very low proportion of
ash, hydrogen, and sulphur.
As regards cohesive power, tests made in accordance with official regulations at the arsenal
at Haiphong—by placing 1 cwt. of coal, broken into lumps about 18 ounces in weight, in a
cylinder divided by longitudinal partitions and rotated at the rate of 50 turns per minute during

2 minutes, the amount remaining within the cylinder being multiplied by 2 to give the
percentage of cohesion—showed a result of 30 to 34 per cent., Cardiff coal giving 34 per cent.,
and Newcastle coal 38 per cent. under the same conditions.
The first briquettes made at the Hongay works had a cohesive power of 62 per cent., which
was subsequently increased to 69 per cent. Tested for evaporative power and ash, these
briquettes gave 3.477 lbs. of steam per lb. of fuel, at a pressure of 48 lbs. per square inch,
and 21.81 per cent. of cinders and ash.
At the Nagotna mine, the work consists in driving headings at different levels connected by
inclines, and packing the goaf after the coal is removed. In the Marmottan seam, operations
have been pushed to a depth of 65½ feet (20 metres) below the level of the sea, without any
infiltration of sea-water, though the latter approaches within 164 feet (50 metres) at high tide.
The coal is raised by a winch to a height of 32.8 feet (10 metres) above high-water mark and
conveyed by trucks to the fixed screens. The coal of the Chater and Bavier seams is got by
sloping cuts, the under one, 6½ feet (2 metres) high, being taken out and packed before the
upper one is commenced. In the Ste Barbe seam, the method of working consists in cutting
horizontal uphill lifts and packing the goaf completely ; the workings here are above high-water
mark.
The Kestner shaft, 433 feet (132 metres) deep, and 12 feet 4 inches (3.75 metres) in diameter,
has been sunk at these workings, to intersect the Bavier, Chater and Marmottan seams, and
three others below, and by a cross-heading to open up the Ste Barbe seam and the superior
beds. The sinking was carried out by native workmen in 8 hours' shifts under the direction of
a single European, who was on duty day and night. A fair rate of progress was maintained, 63
feet (19.2 metres) being sunk in a month, and the shaft was lined with 9 inches (22
centimetres) bricks backed with concrete. The water in the pit is cleared by means of a
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Worthington pump capable of raising 150 to 250 gallons per minute to a height of 656 feet
(200 metres). From the Chater seam, communication has been established with the shaft by
an incline, sloping at an single of 30 degrees, and a cross-heading, 230 feet (70 metres) in
length ; and a similar work has been commenced in the Bavier scam. There being no firedamp, naked lights are used throughout the workings.
A number of movable inclined planes have been provided in the mine, and similar
arrangements have been made at the surface—owing to the great irregularity of the ground -for collecting the empty skips from the screening-apparatus and returning them to the shaft.
The Hatou workings are at a distance of 6½ miles (11 kilometres) from Hongay, the two places
being connected by a metre-gauge railway. Owing to the absence of intercalated schists, the
coal does not need to be separated by washing. The ash does not exceed 3.3 per cent., and
in many of the beds is as low as 1.8 per cent. The coal lying near the surface is won by
removing the soil, the coal being then taken out by underhand stopes, breaking down the
upper layer by means of long wedges.
The workings are divided into two fields, north and south, the latter being again divided into
an upper set on a level with the loading-shoots, and a lower set, the coal from the latter being
brought up to the shoots on automatic inclined planes. The schists are discharged from each
cutting.
Owing to the heavy rainfall, in the wet season both boilers of the pump have then to be
regularly in work, but in the dry season the pump need only be worked at intervals.

In removing the upper soil, galleries are driven, and the pillars broken by blasting ; an
excavator, the bucket of which has a capacity of 39 cubic feet (1,100 litres), is also employed,
and found highly advantageous, being able to break through bands of hard sandstone up to
10 inches in thickness, and to remove blocks of stone weighing up to ½ ton. The debris is
loaded on to trucks drawn by buffaloes or pushed by native workmen, and the average
clearance effected under ordinary conditions amounts to about 10,000 cubic feet (280 cubic
metres) of earth per diem.
The northern portion of the workings is separated from the other by an unworked portion
known as the central field, traversed by a double-track tunnel, 460 feet (140 metres) in length,
which conveys the coal from the lower levels down to the shoots, that from the upper workings
being carried down an automatic inclined plane. The cuttings already made aggregate some
6,500 feet (1,800 to 2,000 metres) in length, with an average width of 16 feet (5 metres). They
are being pushed forward in both directions, the coal being taken out from above, where the
amount of debris per ton of coal is small; but when the limit of profitable working in this way is
reached, underground headings are driven, and the coal taken out from them is replaced by
packing with material from the surface. The inconvenience of the open-air workings is
experienced in the wet season, a land-slide of some 2,120,000 cubic feet (60,000 cubic
metres) in extent having occurred in 1894, which retarded operations for eight months.
The daily average productive power of the entire staff of coolies is ½ ton of coal per man, and,
as their pay averages 17 to 20 cents, the cost of labour per ton of coal is therefore 34 to 40
cents.
Two metre-gauge railways run from Hongay to the mines, the older one, 2½ miles (4,200
metres) in length, leading to Nagotna ; that for Hatou, 6 miles (9,500 metres) long, branching
off at about 1 mile (1,800 metres) from the terminus. There are 4 locomotives and 120 trucks,
each holding 8 tons ; 12 to 14 trucks being the average load of a train ; and this rolling stock
is sufficient to transport 200,000 tons of coal per annum.
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The Hatou coals are screened at Hongay by 4 oscillating-screens, gauged to produce two
classes of coal—from 0 to 0.60 inch (0 to 15 millimetres), and from 0.60 to 1¼ inches (15 to
32 millimetres) in diameter, the plant being driven by a 30 horsepower engine. The small coal
is stored in a large heap, the screened coal being discharged by a crane on to a trap-door
above the trucks which convey it to the wharf. This latter is the best arranged in the East, the
platform, 262 feet (80 metres) long by 52 feet (16 metres) wide, with a perpendicular platform
65 by 36 feet (20 by 11 metres) connecting it with the quay. Even at the lowest equinoctial
tides there is a depth of 20½ feet (6.3 metres) of water alongside, and 32 feet (9.8 metres) at
high tide. Two 7 tons Walker hydraulic cranes, on a 13 feet 1½ inches (4 metres) gauge track,
lift the 4 tons boxes from the trucks and tip them into the hold of the vessel loading. A 40
horsepower engine charges the 60 tons accumulator driving the cranes and capstans for
drawing the full and empty trucks whilst on the wharf. From 1,200 to 1,500 tons of coal can be
dealt with in 10 to 12 hours' time.
A briquette-works has been started at Kowloon, occupying an area of about 237,000 square
feet (22,000 square metres) and provided with a granite-quay 850 feet (260 metres) long for
the reception of the small coal and loading the briquettes. There are two double Middleton
briquette-presses, a Carr disintegrator, elevators, kneaders, a distributor composed of a
vertical cellular plate, and a carrier for the finished briquettes.

For kneading, superheated steam is employed. The engine-cylinder is 13 inches in diameter,
and the piston has a 33 inches stroke, with a speed of 65 revolutions per minute.
The briquettes measure 9 by 6 by 5 inches (23 by 15.4 by 13 centimetres), and weigh 12¼ to
12¾ lbs. (5.6 to 5.8 kilograms). A smaller size, 6.6 lbs. (3 kilograms) in weight, can also be
made. The output is 80 tons per day of 9 hours.
A Japanese caking coal is mixed with the Hongay anthracite, 10 per cent. being used, along
with 9 per cent. of dry pitch and 1.5 per cent. of tar. The product contains: carbon 74.61,
volatile matter 17.23, ash 6.02, and water 2.14 per cent.
Another briquette-works is being erected at Hongay, near the coal-screens, in which
Couffinhal presses will be used. The caking coal for the briquettes will probably be derived
from the Yen Bay mines, on the Red River. This coal, containing 65 to 70 per cent. of carbon,
25.5 to 30.5 per cent. of volatile matter and moisture and 3.5 per cent. of ash. California asphalt
and Sumatra petroleum residue, may furnish substitutes for pitch.
Assuming an annual output of 150,000 tons, the cost price per ton of Hongay coal placed freeon-board export vessels is computed at $1.50, whilst the present sale prices are $2.30 for
small coals and $5 for screened coal. The actual capacity of the mines is estimated for the
current year at 130,000 tons from Hatou and 30,000 tons from Nagotna ; and it is believed
that the output at the former workings can be increased by 25,000 tons every year, so that in
five years' time the annual production may be 300,000 tons.
C. S.
COAL-MINES OF THE TRANSVAAL.
Note sur les Mines de Houille du Transvaal, By Emile Lapierre. Bulletin de la Société de
I'Industrie Minérale, 1896, vol. x., pages 383-408. and 2 plates.
The coal-seams of South Africa, and especially of the Transvaal, form more or less lenticular
deposits in the grits and shales of the Karoo formation. The coal-bearing strata rarely exceed
160 feet in thickness, and the seams of coal are not
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numerous, being generally between two and four in number. Their thickness varies from a few
inches up to 20 or even 25 feet. The stratification is horizontal. The coal-seams are not subject
to many disturbances ; faults, properly speaking, do not occur, but "nips " exist in which the
seam is at times completely pinched out. Transvaal coal is generally very inferior, and usually
contains 22 to 24 per cent. of ash ; the average approximate composition of Boksburg coal is
as follows : —
Per Cent.
Water at 100° Cent
5.41
Volatile matter
17.10
Fixed carbon
51.79
Sulphur
3.50
Ash
22.20
Near Middelburg, better coal occurs, such as the gas coal of Maggie's mine, which contains
only 4.2 per cent. of ash, and gives a good firm coke.
Most of the Boksburg coal is employed in the gold-mines of the Rand, which consumed
450,000 tons in 1894; at present 191 tons of coal are required to produce 1,000 ounces of
gold.

The most important coal-mine of the Transvaal, the Brakpan mine, belonging to the Coal Trust
Company, Limited, is described somewhat in detail. It has two shafts, of which the main shaft
alone is used as a winding-shaft ; this shaft is rectangular, 8 by 6 feet, timbered with sets of
squared Norway pine, 8 inches square, set 4 feet apart. From the shaft runs a main gallery,
17 to 19 feet wide, and of about the same height (the thickness of the seam). It is fitted with
endless-rope haulage. Roads are set off at right angles to it, about 150 feet apart; and these
are crossed by others parallel to the main rolley-way, also 150 feet apart. These blocks of 150
feet square are then cut up into smaller blocks, the method of working being by pillars 15 feet
square, every alternate one of which is removed, the other being left to support the roof ; the
latter is very strong, and practically no timbering is used. The coal is kirved in the middle of
the seam in a band of soft coal or schist ; and in the absence of the latter, kirving is performed
by means of dynamite. The top and bottom coals are then blasted out. Natural ventilation
alone is used, and no fire-damp has ever been met with.
At the surface, the coal is first screened and the duff taken out; it is then hand-picked and
sized into lump, medium and nut coal. The former is loaded in bulk by hand ; the two latter
qualities are filled into sacks holding 200 lbs. each. It takes over 200 natives to deal with the
1,200 tons of coal hoisted daily from the main shaft.
Brakpan colliery has been opened up with extraordinary rapidity, having produced 327,000
tons of coal in the sixth year of its existence, and commencing in 1896 with a daily output of
1,200 tons.
The work is done by natives under European supervision ; the former receive £3 to £3 10s.
per month of 28 days, together with rations and housing, costing, say, 8 to 10 shillings per
month. The Europeans receive 16s. to £1 per day. The proportion is about 1 white man to 16
natives.
The cost of coal in bags to the company is about 5s. 6d. to 6s. per ton, and its selling price is
uniformly 9s. 6d. on waggons at the colliery ; its cost at the gold-mines averages 18s. per ton,
the average distance of railway carriage being 15 miles.
The author criticises adversely the method of getting the coal adopted in this and all other
coal-mines of the Transvaal.
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The Transvaal collieries, started only a few years ago, have rapidly developed owing to the
gold-mines, which they have greatly aided, their importance having increased
commensurately. The capital which has been sunk in them, amply remunerated, will attract
further capital ; and, thanks chiefly to the quality of the coal that some of the mines possess,
and to the railway, which affords access to the large market of the Indian Ocean, the coal of
the Transvaal appears likely to figure honourably in the industry of the world.
H. L. and J. W. P.
COAL IN ONTARIO.
Coal Discovered in Ontario. By A. McCharles. The Engineering and Mining Journal (New
York), 1896, vol. Ixii., page 52.
An important discovery has lately been made in the Sudbury district. Until the publication of
Mr. Bell's map of the nickel belt in 1892 the rocks of the Sudbury district were supposed to be
too old for the existence of coal, being mostly of Laurentian and Huronian origin.
But in the trough between the two main nickel ranges there is one oblong area of Cambrian
formation, consisting of dark-coloured sandstones and black slates, about 10 miles wide and

some 40 miles in length, extending in a north-easterly direction from the township of Trill
almost to Lake Wahnapitae. In this Cambrian strip, a few miles south of the railway and 15
miles west of Sudbury, a prospector looking for gold has discovered a bed of anthracite, very
clean, compact, and said to be equal in quality to Pennsylvania hard coal. The extent of the
deposit has not been ascertained yet, but the outcrop is over 20 feet in width. If this coaldeposit be of permanent depth and equal in quality to the surface-samples it will prove of
immense benefit to Ontario, which now has to import all the coal used in the province.
J. W.
THE COAL-MEASURES OF THE APPALACHIAN SYSTEM, U.S.A.
The North-eastern Bituminous Coal-measures of the Appalachian System. By Geo. S.
Ramsay. Transactions of the American Institute of Mining Engineers, 1895, vol. xxv., pages
76-83.
The Appalachian system contains the largest area of all known coal-fields, extending in one
direction for about 950 miles. After alluding to the general dips of the measures and the
probable causes which have made them follow certain main directions, and remarking that the
coals are to be found in the synclinals, while in many cases they have been eroded off the
anticlinals, the writer divides the Coal-measures into five groups.
(1.) Conglomerate, at one time considered the base of the Coal-measures, containing no
workable coals. In recent years, however, some valuable seams have been worked on the
outcrop, although no workable coal-seams have yet been found in the centre. The thickness
of the groups varies from 170 feet in Pennsylvania to as much as 1,400 feet in West Virginia.
The rocks are generally composed of very hard sandstones, and, being practically
indestructible, furnish good building-material.
(2.) Lower Coal-measures, containing valuable beds of coal up to 6 feet in thickness, chiefly
worked round the outcrops, but containing in the centre of the field lower veins which will some
day be of great value.
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(3.) Barren Measures, containing but little workable coal, and averaging 600 feet in thickness.
(4.) Upper Coal-measures, containing among other seams the great Pittsburgh bed, 10 to 20
feet in thickness, which has been slowly eroded until it is only found in isolated patches.
(5.) Upper Barren Measures, amounting in places to 1,100 feet thick, and containing one main
coal-bed.
A. W. G.
FOLDS AND FAULTS IN PENNSYLVANIAN ANTHRACITE-BEDS, U.S.A.
By Benjamin Smith Lyman. Transactions of the American Institute of Mining Engineers, 1895,
vol. xxv., pages 327-369, and numerous illustrations.
The author has reproduced a number of cross-sections taken from the Pennsylvania
Geological Survey, and proceeds to discuss the various theories connected with the folding
and faulting of this region.
With regard to the law that the flexures of a simply undulated tract exhibit their steeper slopes
almost invariably directed to one quarter, he points out that of the 177 sections taken 43 per
cent. have equal slopes on the two sides, 42½ per cent. have steeper north-westerly, and 12½
per cent. steeper south-easterly slopes. On dividing the whole region up into the four fields of
the Geological Survey, the percentages of equal and steeper dips is found to vary in each
field, and not to follow this law with any degree of regularity.

He quotes Mr. Bailey Willis's paper on "The Mechanics of Appalachian Structure"* at some
length, showing how these folds were probably caused. It seems evident that the faults arise
from the folding of subordinate groups of beds between stiffer ones. The extent of the faults
depends, like that of the subordinate folds, on the firmness of those subordinate groups, and
cannot in the same region much exceed the limits observed in the numerous cases taken to
illustrate the paper.
The illustrations seem to point to the following conclusions: —(1) Steep northerly dips are
much less prevalent in the Pennsylvania anthracite-region than was formerly supposed ; (2)
the dips in nearly half the basins and saddles are about symmetrical, and nearly three-fourths
of the subordinate ones are so in the Western Middle field, but less than a-quarter of the main
ones are so in the Southern field ; (3) the subordinate folds throughout the region are confined
to subordinate groups of beds of inferior firmness, and are not parallel to the main folds; (4)
the faults are almost invariably longitudinal or reversed faults, occasioned by the overstraining
of subordinate folds, and corresponding in three-fourths of the cases to an overturned
southerly dip, with the upthrow to the south ; (5) such broken subordinate folds, whether
dipping southerly or northerly, ride in equal number on the northerly-dipping and southerlydipping sides of the main folds ; (6) the "stratigraphical throw" (that is, the shortest distance
from a layer on one side of the fault to the same layer on the opposite side) averages only
about 62 feet, and never exceeds 160 feet; and (7) the "displacement" (that is, the distance
along the dip of the fault between the two edges of a faulted bed) averages 72 feet, and never
exceeds 240 feet.
A. W. G.
* Thirteenth Annual Report of the United States Geological Survey, l891-92, part ii., pages
217-282, and plates.
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BROWN COAL IN TEXAS, U.S.A.
Texas Brown Coal. By E. T. Dumble.
The Engineering and Mining Journal (New York),
1896, vol. Ixii., page 343.
The extent of the brown-coal deposits and lack of other fuel-supply in the southern portion of
Texas caused an inquiry to be made, the results of which were published by the Survey in
1892, under the title of "Brown Coal and Lignite." This report gave also the results of
investigations into the methods of using similar fuels in different parts of Europe. As the mines
were opened up and better coal obtained the brown fuel came more and more into use, until
to-day it may be said to have fairly won a place as one of the most valuable sources of fuelsupply in the state of Texas.
It was first tried under stationary boilers, and was pronounced a success. Small changes were
made in the grate-bars to increase its efficiency, and in 1895 it found ready sale to the various
cotton-seed oil-mills, water-works, electric-light and power works, cotton compresses, and as
a fuel for burning bricks. Latterly its use has extended to the railways for stationary engines,
switch, passenger and freight engines. The comparative value of the brown coal and
bituminous coal, as given in the above-mentioned report, viz., as 7 to 10, is fully borne out in
practice. In engine-performance it is found that 1.4 tons of brown coal yield the same results
as 1 ton of Indian Territory coal. Taking the cost of the two fuels into account, this means a
saving of fully one-third of the former fuel-bills by using brown coal. The author thinks that,
before this fuel attains its best development, plants must be erected for converting it into

compressed fuel, so as to decrease its tendency to fall to pieces on exposure to the air.
J. W.
GEOLOGICAL MEANING OF TREE-STUMPS FOUND AT RIGHT ANGLES TO COALSEAMS.*
La portée géogénique des troncs-debout. By the Rev. G. Schmitz. Annales de la Société
Scientifique de Bruxelles, vol. xx., page 113.
The term troncs-debout (upstanding stumps) is applied to petrified tree-trunks, which are often
found in Belgian colliery-workings, occupying a perpendicular position with respect to the
direction of the stratification ; and these stone cylinders often reproduce on their surface the
exact form of the bark, while the splaying out of the base shows clearly at which end the roots
occurred. This definition is perfectly independent of all movements subsequent to the deposit
of the Coal-measure sediments; and it matters little, as regards the geological signification,
whether the seam be approximately horizontal or be highly inclined.
All upstanding stumps must not be attributed to the method, by transport, of coal-formation ;
but upstanding tree-stumps may exist that have been brought from a distance, as well as
others found in the spot where they grew (in loco natali), so that, without minute examination,
the mere presence of standing stumps must not be regarded as favouring one or other
hypothesis of coal-formation.
Although, at first sight, the finding of a large stump at right angles to the sediments (with its
splayed-out base indicating the place of the roots) may suggest ideas favourable to the
autochthonous theory, these conditions of deposit are perfectly reconcilable with that of
transport. First of all, the perpendicular
* Trans. Fed. Inst., vol. xi., page 585.
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position of the stump does not necessarily imply that it has never left the place where it grew.
Inasmuch as tree-trunks are larger below than above, and the weight of the stump may be
increased by roots, it is reasonable to suppose that a current of water may have set them
down upright upon their base, provided that other causes did not contribute to lay them on
their side. While the number of standing trunks is infinitesimal, compared with that of those
found in a recumbent position, it may be supposed that the former have been less macerated
(so as to have better preserved their form and structure), owing to various causes, including
a shorter period of being drifted along. It may be added that the base of a tree-stump is often
found spread out in a seam of greater or less thickness, containing a large number of
recumbent trunks ; and both these categories of trunks may belong to the same geological
deposition, some of them less resisting and more attacked having arrived flattened and
recumbent, while the base of the others, better preserved, has been deposited upright in the
midst of the rest spread out like a sediment.
It would be very strange, supposing that most of the standing trunks really grew in the place
where they were found, that branches should never be seen adhering to them, and very rarely
roots, or rather radicles, which appear to shoot out from the trunks, even the largest. It is also
remarkable that, among all those trunks which are cited in support of the autochthonous
theory, not one proves what would be most important to prove, viz., the formation on the spot
of the coal-seam itself. All these trunks—those on the floor as well as at the roof of the seam—
are cut off sharply at right angles, so that the former never show a continuation to the roof, or

the latter a continuation to the floor. Moreover, it may be asserted that almost all coal-seams
are separated from the rock-roof, and especially floor, by a stratum of very line schist, of
variable thickness, gradually passing into coal, and containing defaced fossils, which give
evidence of having been drifted along.
J.W.P
FUEL PROBLEMS.
Some Fuel Problems. By Joseph D. Weeks.
Transactions of the American Institute of
Mining Engineers, 1895, vol. xxv., pages 943-955.
After a most interesting review of the enormous waste that is taking place every day in the
mining and final uses of coal, the author concludes as follows :— Of the coal still remaining in
the seams worked, not more than 30 per cent. on the average in the last 50 years has been
won, that is, 70 per cent. has been lost. The percentage of the possible energy of coal utilized
to-day does not exceed 10 per cent., if, indeed, it reaches 5 per cent. That is, but 10 per cent.
of the 30 per cent. of the coal won in the mines, or but 3 per cent. of the possible energy
imprisoned in the coal in America is ever released for useful work. The value of this lost energy
must every year, in the United States alone, reach hundreds of millions of dollars. A low
estimate of the value of by-products per ton of coal burned would be 2s. 1d. (50 cents). This
would be £13,000,000 ($64,000,000) on the bituminous coal mined in 1893. Is there not in this
fuel-question a problem that demands most earnest work from mining engineers, and in which
there is for the miner and manufacturer untold wealth ?
A. W. G.
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TEN YEARS' PROGRESS IN COKE MANUFACTURE AT DORTMUND.
Die Fortschritte der Koksfabrikation im Oberbergamtsbezirk Dortmund in den letzten zehn
Jahren. By F. Simmersbach. Zeitschrift für [fuer] das Berg-, Hütten- [Huetten-] und SalinenWesen im Preussischen Staate, 1896, vol. xliv., pages 402-419, and 3 plates.
The mining district of Dortmund produces over 70 per cent. of the coke-output of the whole of
Germany, namely, 6,400,000 tons out of a total of nearly 9,000,000 tons in the year 1894. The
value of this latter amount is about £4,000,000, as against £1,950,000 in 1885. During those
ten years, the export of German coke has grown from 633,900 tons to 2,262,000 tons. Nearly
the whole of the coke produced in the Dortmund district is controlled by the Westphalian Coke
Syndicate, which produced 5,398,612 tons in 1894, as against 2,826,697 tons in 1885 ; or, in
other words, the production has doubled in ten years.
Of recent years there has been a strong movement in favour of coke-ovens that utilize the
bye-products. Thus in 1885, out of a total of 5,852 coke-ovens in operation, there were 5,067
of the Coppée type and 308 that condensed the bye-products ; in 1894 there were 7,868 cokeovens, most of which were of the Coppée type, and 862 coke-ovens with provision for
condensing bye-products, 1,000 more of the latter type having been constructed during 1895.
The annual production of coke was 483 tons per oven in 1885, and 686 tons, or an increase
of 41 per cent., in 1894.
The favourite ovens are those on the Coppée system, as modified by Dr. C. Otto, and OttoHoffmann and Collins ovens for the condensation of the bye-products. Ovens designed by
Messrs. Brunck and Ruppert are also used. It is pointed out that a plant of 60 coke-ovens can
produce 160 to 180 tons of tar and 40 to 100 tons of sulphate of ammonia per month.
H. L.

ESTIMATING PHOSPHORUS IN THE ASH OF COAL AND COKE.
Dosage du Phosphore dam les Cendres de Houille et de Coke. By Louis Campredon.
Comptes Rendus de l'Académie des Sciences, 1896, vol. cxxiii., pages 1000-1003.
As the whole of the phosphorus in the ash of coal is dissolved by iron in the blast-furnace, and
as it is desirable to have the proportion of this element reduced to a minimum in the case of
the finer qualities of cast iron, the accurate determination of the amount present in the ash of
the fuel is a question of importance.
In comparing the various methods proposed for this purpose a number of tests were made
with British coals, as follows :—
(1) Solution in Hydrochloric Acid.—The ash (0.6 or 1.2 grammes) was treated with excess of
acid for 15 to 20 hours at a temperature of between 80º and 100° Cent., and after evaporating
to dryness to remove the silica, and taking up the mass with a little nitro-hydrochloric acid, the
solution was heated along with a further quantity of nitric acid to drive off the hydrochloric acid
and made up to a bulk of 60 or 120 cubic centimetres, with cold water. For the estimation, 50
or 100 cubic centimetres of the filtered liquid were neutralized with ammonia, then rendered
slightly acid with nitric acid, and treated with 20 to 30 cubic centimetres of ammonium
molybdate to precipitate the phosphorus, the precipitate being allowed to subside at between
30° and 40º Cent. for a few hours and then washed with water containing 4 per cent. of nitric
acid, dried at 105° Cent., and the resulting weight multiplied by 0.0163 to get at the weight of
the phosphorus in the ash.
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(2) Fusion with Carbonates of the Alkalis.—Here 0.6 gramme of the ash was fused for between
10 and 15 minutes with 3 grammes of potassium-sodium carbonate in a platinum crucible;
cooled; taken up with acidified (hydrochloric acid) water; treated with the same acid in excess
and evaporated to dryness to render the silica insoluble, the subsequent treatment being the
same as practised in the former instance.
In the first set of five experiments, the hydrochloric acid process was first performed and the
residue acted on by the fusion-method, with the result that between 4.5 and 17.5 per cent.
(the mean being 10.5 per cent.) of the total weight of phosphorus present was found to have
been overlooked by the acid method.
The second set of five tests was performed on part of the same ash previously heated to bright
redness for an hour. In this case, the phosphorus undissolved by the acid ranged between
15.3 and 30.9—mean 23.04 —per cent. of the total.
In the case of coke, the percentage unacted on by the acid varied between 8.4 and 25.3 per
cent., the average being 15.74 per cent.
The inefficiency of the hydrochloric-acid method, especially in cases where the ash has been
exposed to superheating, is evident, and the fusion-method with precipitation of the
phosphorus by ammonium molybdate is therefore recommended on account of its superior
accuracy.
C.S.
THE WORLD'S COPPER DEPOSITS.
Die Kupfererzlagerstätten [Kupfererzlagerstaetten] der Erde in geologischer, geographischer
und wirthsehaftlicher Hinsicht. By C.A. Hering. Zeitschrift für [fuer] das Berg-, Hütten[Huetten-] und Salinen- Wesen im Preussischen Staate, 1897, vol. xlv., pages 1-90, and 1
plate.

The world's production of copper has increased from 151,000 tons in 1879 to 340,000 in 1895,
that is to say has more than doubled in 16 years, the world's consumption having, however,
kept pace with it, so that there is no increase in the visible stock, whilst the price has fallen in
the ratio of 18 : 10. The author has compiled a fairly complete account of all the copper mines
of the world, their positions, geology, and statistics.
South America.—From 1870 to 1880 Chili [Chile] was the important copper-producing country,
but since then it has fallen off greatly to about 20,000 tons per annum. The deposits are either
primary quartz-veins in diorite or syenite, or secondary sandstone-impregnations as in
Atacama. There are over 100 mines, and the ores average 15 to 18 per cent. In Bolivia, there
is the wellknown Corro-corro mine, and in Venezuela that of Quebrada.
North America. —The United States in 1896 produced 203,210 tons of copper. The Michigan
mines on the Keweenaw peninsula produce the wellknown Lake copper. The metal occurs
practically always native in various rocks, richest in or near melaphyre. The chief mine, the
Calumet and Hecla, produces ore with about 3 per cent. of copper; its output in 1896 was
35,126 tons. The next important mines are the Tamarack and the Quincy. The Atlantic mine
is working successfully on ores containing 0.68 per cent. of metal. Montana produces copper
in the Butte district from an area of 6 by 4 miles, the rocks being granite and rhyolite, traversed
by series of veins running east and west. The chief mine is the Montana, which produced
99,775,294 lbs. of copper in 1895 ; next comes the Boston and Montana, with 60,746,000 lbs.,
all the others being much less important. In Arizona, there are four main districts, namely,
Clifton-Morenci, Warren, Globe, and Black Range. Colorado produces some copper, but
[A100]
largely from imported ores. The other States of the Union are not important producers. Canada
produces copper chiefly from the deposits of nickeliferous copper pyrites and pyrrhotine of
Sudbury, which occur at the contact of diorite with Huronian rocks or in the diorite itself. The
whole Dominion of Canada produced 3,987 tons of copper in 1895. In Newfoundland, there
are bedded deposits of cupriferous pyrites in chloritic schist at Tilt Cove and Betts Cove, Little
Bay mine, formerly an important producer, has been closed down. In Mexico, the chief
producer is the Boleo Company, working bedded deposits in Tertiary sandstoneconglomerates and tufas.
Africa.—The only important copper-mines now working in Africa are in the southern portion of
the continent, mainly in Namaqualand, Damaraland, and Cape Colony, where the Cape
Copper Company is working the Ookiep mines, and producing annually 20,000 tons of ore
carrying 19 per cent. of copper. The production in the whole of Africa is given as 7,115 tons in
1895.
Asia.—Little is known about copper-mining on this continent, with the exception of Japan,
whose production in 1895 is given as 18,430 tons; the chief mine is the Ashiwo mine in the
province of Tochinghi, which produces about one-third of the total Japanese output. Regarding
the rest of Asia, only very general and doubtful information is available.
Australasia.—The chief mines are in South Australia, near Adelaide ; the principal mines are
the Moonta and the Wallaroo, formed into one company since 1888, and producing annually
about 6,000 tons of copper. The other colonies produce but little, and the total production of
Australasia for 1895 is taken as 10,000 tons.
Europe.—This contains numerous and important copper-deposits, but none on a scale to
compare with the larger works of the United States.
It is, however, probable that the
European mines will still be in full activity when those of North America are exhausted, a period

that may not be far distant. In England, the production was formerly very important, but has
been gradually decreasing to about 400 tons per annum in 1895. In the same year, 78,246
tons of copper were produced from imported, including native, ores.
The chief copperdeposits of England are in Cornwall.
Spain has been for many years the chief copperproducer of Europe, owing to the important deposits of cupriferous pyrites in the Huelva
district. The chief mine is the Rio Tinto, producing annually 1,400,000 tons of ore, equivalent
to 33,500 tons of copper. The ores occur in lenticular deposits at the contact of greenstoneporphyry and clay-slates ; these deposits are said still to contain 200,000,000 tons of ore.
The Tharsis Company works its own mines and that of Calanos.
The mineral district
extends into Portugal, where the San Domingo mine is situated.
France produces
practically no copper, all the metal smelted there being obtained from imported ores. In Italy,
the production is small, though there are wellknown mines at Monte Agordo, Monte Catini,
and Monte Calvi; Italy's annual production is about 2,500 tons. Austria possesses a great
number of deposits of copper-ore, though but very few are worked, so much so that the output
in 1895 was only 1,110 tons. In Sweden, the well-known mine of Fahlun is the most important;
the deposit consists of a flat lenticular mass, embedded in mica-schist rich in quartz ; its annual
output is about 500 tons of copper. Norway is rich in copper-deposits, Roros, Vigsnaes
and Sulitjelma being the most important. Russia is also rich in copper, and produces
about 5,000 tons annually ; the Permian formation is impregnated with copper-ores over an
extensive area, and the Urals, the Caucasus, and the Kirghiz Steppe contain many important
deposits. Germany ranks fourth among the copper-producing states of the world; it
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produced in 1895 26,176 tons, of which about 9,000 tons were derived from imported ores.
Prussia produces over 80 per cent. of the total, and its importance is largely due to the
operations of the Mansfeld Company, working the wellknown Kupfer-schiefer or cupreous
schist of the Lower Zechstein formation ; this company extracts annually about 500,000 tons
of ore, and produces from it about 14,500 tons of copper. At Stadtberge, in Westphalia, in the
Kyffhausergebirge, the Thuringian forest, and various other places, this same bed of cupreous
schist is being worked. In the Harz mountains, the most important mine is that worked by the
State at Rammelsberg, near Goslar.
From a review of the various sources of supply of copper and of the rate of consumption, the
author concludes that the production has in recent years kept pace more and more with the
demand, but conjectures that the latter is likely to rise more rapidly than the supply will be able
to.
H. L.
MINING FOR COPPER AND IRON PYRITES AT SCHMÖLLNITZ [SCHMOELLNITZ] IN
UPPER HUNGARY.
Der Kupfer- und Schwefelkies-Bergbau von Schmöllnitz [Schmoellnitz] im Zipser Comitat
(Ober-ungarn). By Julius Steinhausz. Berg- und Hüttenmannisches [Huttenmaennisches]
Jahrbuch, 1896, vol. xliv., pages 267-320, and 1 plate.
The author describes the geography of the Schmöllnitz [Schmoellnitz] mining district, which
is traversed by the stream of that name. Its history is next related in much detail, dating from
about the year 1280. The mines seem to have reached their highest stage of productiveness
about the year 1780, and then to have gradually declined till the Government sold them all in
1890 to Messrs. Gerotte, Spitz & Co. for 1,000,000 gulden (about £100,000). This firm founded
the Upper Hungarian Mining and Smelting Company, Limited, ("Oberungarische Berg- und

Hütten- [Huetten-] werks-Actiengesellschaft"), to take over the mines and work the great
pyrites deposits, the amounts produced having been as follows since that date : —
Tons.
1890
38,388
1891
42,882
1892
43,173
1893
49,926
1894
58,610
The deposits of copper and iron pyrites form a series of irregular masses, lenticular or veinlike
in shape, sometimes forming impregnations, and at times masses of very large size. They all
occur in a belt of slate, chloritic, steatitic or quartzitic (phyllites), greenish-grey in colour, 250
to 380 metres (820 to 1250 feet) in thickness, bounded on either side by narrow bands of black
graphitic slates. Eruptive rocks, that have been determined to be diorite or diabase, are also
known. There are three main streaks of ore, parallel to the country-rock, striking east and west
and dipping 70 to 80 degrees to the south. Their width varies from 1 to 18 metres (3 to 59
feet), and the partings between them are 20 to 40 metres (65 to 131 feet) wide. They have
been followed and practically worked out for a length of over 3,000 metres (9,843 feet) along
the strike and to a depth of 358.3 metres (1,175 feet). In addition to these ore-streaks, there
are three huge lenticular masses of pyrites, kiesstöcke [kiesstoecke] , known respectively as
the hanging mass, the footwall mass, and the Engelberti. The footwall-deposit is the largest,
being 400 metres (1,312 feet) along the strike, and 125 metres (410 feet) to the dip where it
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pinches out, with a mean width of 26.5 metres (87 feet). The hanging deposit is 330 metres
(984 feet) long, and extends to a depth of 70 metres (230 feet), whilst the Engelberti deposit
is 175 metres (574 feet) long, and thins out at about 70 metres (230 feet) in depth. All these
deposits consist of massive, coarsely foliated, pure iron pyrites, containing 0.5 to 2 per cent.
of copper. The author considers that Prof. Vogt's views are applicable to these deposits, and
that they are closely connected genetically with the eruption of diorite-diabase into the slates.
The eruptive rocks are distant vertically 84 to 170 metres (275 to 557 feet) from the pyrites
deposits. The slate belt is traversed by three main fissures, dipping about south-east, which
all seem to have heaved the deposits more or less. The middle fissures seems to have caused
the most faulting, and it is noteworthy that the ore-streaks were richest in the neighbourhood
of this fault. These deposits are worked by means of a large number of adits and shafts. The
method of mining is by horizontal slices from below upwards, the thickness of each floor being
about 2.5 metres (8 feet). A main travelling way of this height is first driven about 2 metres (6
feet 6 inches) wide, and from it cross levels are driven to the foot and hanging walls from 8 to
12 metres (26 to 39 feet) apart, so as to cut up the deposit into pillars. These cross levels are
then packed with deads brought in from the surface, and the pillars are got by taking off slices
of about the same width, which are also packed. Hoisting presents no peculiarity, except that
in some of the narrow tortuous shafts the ore is raised in bags of ox-hide, chiefly on account
of the corrosive action of the mine waters. For pumping, columns of wood are used for suctionpumps, and force-pumps have been constructed of an alloy of copper, antimony, lead and tin.
Considerable quantities of cement-copper are obtained by allowing the mine-waters to run
through channels in which iron plates are placed; 30 to 50 tons of copper are thus obtained
annually.

H. L.
ANACONDA ELECTROLYTIC COPPER REFINERY.
Anon. The Engineering and Mining Journal (New York), 1896, vol. Ixii., pages 271-274, with
three illustrations.
The Anaconda refinery, which was designed by Mr. Hermann Thofehrn, was built in the most
improved style, and is undoubtedly the best now in operation.
The electrolytic copper refinery has been running in full since January, 1896, and is turning
out between 100 and 120 tons of copper daily, according to the output of the mines. The
balance of the produce, from 80 to 100 tons, is refined in Baltimore. The total daily production
of the Anaconda company is about 200 tons of copper. The refinery is built so that, in case of
an emergency, it can easily handle the total product of 200 tons daily with the use of additional
dynamos only.
The copper refinery also produces about 350,000 ounces of silver and about 1,500 ounces of
gold per month, and this product is delivered to the market as fine bullion. The silver is 0.999
fine, and the gold 0.950 fine.
The Thofehrn new refining process is described, and illustrations are given of the engines and
dynamos and of the electrolytic refinery.
J. W.
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II. - BAROMETER, THERMOMETER, Etc., READINGS FOR THE YEAR 1896.
By M. WALTON BROWN.
The barometer, thermometer, etc., readings have been supplied by permission of the
authorities of Glasgow and Kew Observatories, and give some idea of the variations of
atmospheric temperature and pressure in the intervening districts in which mining operations
are chiefly carried on in this country.
The barometer at Kew is 34 feet, and at Glasgow is 180 feet, above sea-level. The barometer
readings at Glasgow have been reduced to 32 feet above sea-level, by the addition of 0.150
inch to each reading, and the barometrical readings at both observatories are reduced to 32°
Fahr.
The statistics of fatal explosions in collieries are obtained from the annual reports of H.M.
Inspectors of Mines, and are also printed upon the diagrams (Plates XXVIII. and XXIX.)
recording the meteorological observations.
Table I.-Summary of Explosions of Fire-damp or Coal-dust during 1896, in the several
inspection districts.

Durham
Liverpool
Manchester and Ireland
Midland
Newcastle-upon-Tyne
Scotland, East
Do.
West

No.
1
0
0
0
3
3
5

Fatal Accidents.
Deaths.
20
0
0
0
4
4
5

Injured.
1
0
0
0
2
0
3

Non-fatal Accidents.
No.
Injured.
6
6
2
2
2
2
2
2
4
6
25
30
39
55

South Wales
South-Western
Staffordshire, North
Do.
South
Yorkshire
Totals

8
0
0
3
2
25

73
0
0
3
64
173

15
0
0
3
3
27

29
2
3
8
3
125*

38
3
4
8
5
161

* 129 in official statistics.
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Table II.-—List of Fatal Explosions of Fire-damp or Coal-dust in Collieries during 1896.
1896.

Jan.
"
"
"
Feb.
"
"
"
Mar.
"
April
"
"
May
June
"
"
Aug.
"
"
Sept.
"
Dec.
"
"

11, 12.30 p.m.
11, 12.45 „
27, 5.30 a.m.
28, 2.30 p.m.
1, 8.0 a.m.
4, 12.30 a.m.
10, 4.30 „
29, 6.0 a.m.
28, 8.5 a.m.
30, 4.30 „
13, 10.0 p.m.
27, 6.0 a.m.
30, 7.15 "
6, 2.0 p.m.
8, 1.30 „
15, 7.0 a.m.
19, 3.30 p.m.
4, 11.0 a.m.
17, 8.45 „
17, 12.30; „
16, 7.0 p.m.
26, 1.30 a.m.
3, 6.30 p.m.
5, 12.15 „
29, 7.15 a.m.

Colliery.

Inspection District.

West Cannock
Llanmorlais
Ferndale (Nos.6,7&8)
Blaennant
Foxhole (Llanerch Slant)
Saltwells
Ax well Park
Lanemark (No. 2)
Meiros
Straiton (Oil-shale)
Brancepeth
Swalwell
Micklefield
Birkrigg
Carfin (No. 6)
Bellfield
Abercave
Main (Bryncoch)
South Duffryn
Gawn
Cornsilloch
Primrose Main
Drumsmudden
Seaton Delaval, Forster
Garscube (No. 1)

Staffordshire, South .
South Wales
Do.
Do.
Do.
Staffordshire, South
Newcastle-upon-Tyne
Scotland, West
South Wales
Scotland, East
Durham
Newcastle-upon-Tyne
Yorkshire
Scotland, East
Scotland, West
Do.
South Wales
Do.
Do.
Staffordshire, South
Scotland, East
Yorkshire
Scotland, West
Newcastle-upon-Tyne
Scotland, West
Totals

Deaths.

1
2
57
1
1
1
2
1
3
1
20
1
63
1
1
1
1
7
1
1
2
1
1
1
1
173

No. of
Persons
Injured.
2
3
3
0
0
1
1
0
7
0
1
1
3
0
0
2
1
0
1
0
0
0
1
0
0
27

Table III.—List of Non-fatal Explosions of Fire-damp or Coal-dust Collieries during 1896.
1896
Jan.
2
"
"
"

3,
4,
6,
7,
7,

4.0 p.m
7.40 „
1.30 p.m
7.30 a.m
8.0 „

Colliery.

Inspection District.

British Rhondda
Braich-y-cymmer Darran
Corby Craigs
Blair (No. 9)
Gilbertfield (No. 2)

South Wales
Do .
Scotland, West
Do.
Do.

No. of
Persons
Injured.
1
1
2
2
1

"
"
"
"
"
"
"
"
"
Feb.
"
"
"
"
"
"

10,
13,
15,
16,
20,
20,
21,
25,
27.
6.
8,
10,
17.
19,
19,
28,

1.30 p.m
5.20 a.m
9.0 „
11.30 p.m
1.0 a.m
3.0 p.m
7.30 a.m
11.0 „
4.0 p.m
11.0 a.m
9.15 ,.
1.30 p.m
11.0 a.m .,
7.30 „
6.0 p.m
7.0 „

Bridgness
Gartsherrie (Gartcloss)
Glenclelland (No. 1) .
Main (Bryncoch)
Drumpeller (No. 4) .
Clynhebog
Cymmer Glyn-Corrwg
Coalbrook Vale
Newton (No. 1)
Gwern
Darngavil
Ferniegare
Whitworth Drift
Fairholm
Lanemark (No. 2)
Straiton (Oil-shale)

Scotland, East
Scotland, West
Do.
South Wales
Scotland, West
South Wales
Do.
South-Western
Scotland, West
South Wales
Scotland, East
Do.
South-Western
Scotland, East
Scotland, West
Scotland, East

1
1
1
2
2
1
1
1
1
1
1
1
2
2
1
1
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Table III.—Continued.
1896

Mar.
"
"
"
"
"
"
"
"
"
"
"
"
"
"
April
"
"
"
"
"

2,
2
3
3,
3.
3.
3,
9,
11,
13,
11,
17,
23,
31,
31,
1,
5,
6.
6,
15,
21,

6.45 a.m
9.0
„
4.45 „
6.0 „
7.45 „
8.0 „
11.30 „
11.30 p.m
3.0 „
4.15 „
11.0 a.m
8.0 ."
4.30 p.m
12.30 „
3.0 „
3.30 „
7.0 a.m
8.45 „
6.0 p.m
12 noon
7.0 p.m

"
"
"
"
"
May
"
"

22,
23.
27,
27,
27
4,
9,
11,

11.15 a.m
6.45 „
1.0 p.m
3.15 „
4.30 „
9.0 a.m
12 noon
8.0 a.m

Colliery.

Inspection District.

Shut End
Lanemark (No. 2)
Holmside
White Moss
Aber Rhondda
Tuckies Pit
Common (No. 16)
Ffrwd
Bute Merthyr
Dinas Isha
West Cannock
West Merthyr
Gilfach (Swansea Val.)
Cannock Chase
Cwm Capel
North Skelton (Ironstone)
Trabboch
No. Motherwell (No. l)
Varteg
Straiton (Oil-shale)
Shelton (No. 5), Racecourse
Pit
North Skelton (Ironstone)
Morlais Vale
North Skelton (Ironstone)
Newbridge, Rhondda
Ferniegare
Hawne, New
Cornsilloch
Westburn (No. 2)

Staffordshire, South
Scotland, West
Durham
Liverpool
South Wales
Staffordshire, North
Scotland, West
Liverpool
South Wales
Do.
Staffordshire, South
South Wales
Do.
Staffordshire, South
South Wales
Durham
Scotland, West
Do.
South Wales
Scotland, East
Staffordshire, North

No. of
Persons
Injured.
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
1
3
6
1
1
2

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

1
1
1
1
1
1
1
1

"
"
"
"
June
"
"
"
"
"
"
"
"
"
"
"
July
"
"
"
"
"
Aug.
„
"
"
"
"
"
"

18,
18,
28,
30
1,
6.
6,
6,
6,
8,
16,
18,
19,
22,
29,
30,
3,
3,
10,
24,
25,
27,
5,
7,
7,
8,
10,
12,
12,
18,

1.30 p.m
9.45 „
6.30 a.m
10.10 p.m
7.30 „
6.15 a.m
12.10 „
1.0 p.m
7.0 „
5.45 a.m
6.15 p.m.
6.0 a.m
3.45 p.m
10.15 a.m
6.0
„
7.0 „
5.0 „
9.0 „
9.0 „
2.45 p.m
4.0 a.m
1.30 „
3.30 p.m
5.30 a.m
2.30 p.m
2.0
.
6.45 a.m
3.0 „
12 m'night
2.30 a.m

Newliston (Oil-shale)
St. John's
Straiton (Oil-shale)
Hamstead
International (Garw Valley)
Holytown (No. 8)
Glenclelland (No. 1)
Dumbreck (No. 2)
Llantwit Red Ash
Brownyside
Darngavil
Lanemark (No. 2)
Blair (No. 9)
Bournehills
Billingsley
Cadder (No. 15)
Bedlington
Rose Hill
Grimesthorpe
Birkrigg
Auchenharvie (No. 1)
Twechar (No. 1)
Home Farm
Murdostoun
Newton (No. 1)
Dalziel (No. 2)
Tannochside (No. 3)
Souterhouse
Birchgrove
Straiton (Oil-shale)

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

1
1
1
1
3
1
1
1
1
1
1
2
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
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Table III.— Continued.
1896

Aug. 18,
"
24
"
30
„
31
Sept. 2
"
2
"
3
"
9
„
11
„
22
„
23
„
21
"
25
"
25
"
28
Oct. 2.
"
3

6.30 a.m.
5.15 „
11.0 „
2.0 p.m.
8.15 a.m.
11.30 .,
6.15 „
11.0
7.15 „
4.30 „
11.0 ,,
12 noon
5.15 a.m.
7.0 „
6.30 „
8.0 „
11.30 .,

Colliery.

Inspection District.

Brands
Portland (No. 4)
Pont Henry
Cadder (No. 15)
Blairhall
Gilfach (Swansea Val.)
Great Western
Newburgh
Blackston
Swalwell
Hattonrigg
Brownyside
Glyn
Scaitcliffe
Kenmuirhill
Rankinston (No. 2)
Cwrt-y-bettws

Midland
Scotland, West
South Wales
Scotland, West
Scotland, East
South Wales
Scotland, West
Newcastle-upon-Tyne
Scotland, West
Newcastle-upon-Tyne
Scotland, West
Scotland, East
South Wales
Manchester
Scotland, West
Do.
South Wales

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

"
6
"
8
"
8
"
9
"
10
"
16
"
17
"
18
"
19
"
21
"
30
"
31
Nov. 7
"
13
"
16
"
20
"
21
"
25
"
27
"
28
Dec. 4
"
4
"
13
"
15
"
25
"
25
"
29
"
31

9.0 „
12.30 p.m.
9.30 a.m.
1.0 „
12.15 „
1.30 „
6.0 .,
11,0 p.m.
9.30 a.m.
11.0 „
10.30 „
6.0 „
12.30 p.m.
8.0 a.m.
10.0 p.m.
7.30 a.m.
9.0 „
10.0 p.m.
12.30 „
7.30 „
4.30 a.m.
7.30 p.m.
7.30 a.m.
11.0 „
5.40 „
5.30 p.m,
4.30 „
6.30 p.m.

Newbattle
West Ardsley
Jarrow (No. 7)
Dinas Isha
Gartness
Pencoed
Stonelaw (No. 3)
Newburgh
Fergushill (No. 22) .
Blaennant
Liverton (Ironstone)
Bannockburn (No. 1)
Seafield (Oil-shale)
Haughhead
Brynhenllis
Newliston (Oil-shale)
Sandwell Park
Glyn
Gateside (No. 2)
Saltwell
Dumbreck (No. 2)
Windsor Level
Tower
Kinneil
Addiewell (Oil-shale)
Deans (Oil-shale)
Westburn (No. 2)
Butterknowle

Scotland, East
Yorkshire
Ireland
South Wales
Scotland, East
South Wales
Scotland, West
Newcastle-upon-Tyne
Scotland, West
South Wales
Durham
Scotland, West
Scotland, East
Scotland, West
South Wales
Scotland, East
Staffordshire, South
South Wales
Scotland, West
Staffordshire, South
Scotland, West
South Wales
Do.
Scotland, East
Do.
Do.
Scotland, West
Durham
Total

3
3
1
1
1
3
1
2
1
1
1
1
1
1
1
1
1
1
3
1
2
2
2
1
1
1
1
1
161

[A107- A112 and Plates XIII, XIV, showing Tables and graphs of barometric readings, 1896,
omitted]
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THE NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
ANNUAL REPORT OF THE COUNCIL.
The following table shows the numbers of members of various classes during a few recent
years:—

Honorary Members
Members
Associate Members
Associates

1895.
26
717
67
67

August 1st.
1896.
23
767
78
83

1897.
29
829
98
91

Students
Subscribers
Totals

36
23
936

46
23
1,020

45
23
1,115

The continued increase of the membership is a matter of congratulation, and the Council trust
that the members will, at all times, endeavour to extend the membership. The formation of the
class of Associates, consisting of persons occupying subordinate positions in mining has
proved very successful, and, together with the Students, has materially increased the roll of
members.
The members have to regret the death of Mr. William Armstrong, one of the original members
of the Institute and a Vice-President, who had been actively connected with the Institute from
its commencement in 1852.
The thanks of the members have been accorded to Messrs. W. C. and G. R. Cockburn for
presenting an oil-painting of the late Mr. Nicholas Wood, the first President of the Institute.
The following alterations of Bye-laws 13 and 17 were adopted at a Special General Meeting
of the members, and have been approved by the Secretary of State for the Home
Department:—
13.—The Transactions of the Institute shall not be forwarded to those whose
subscriptions are in arrear on the first of November in each year.
17.—Any Member, Associate Member, Associate or Student may, at any time,
compound for all future subscriptions by a payment in accordance with the following
scale :—
lowing scale
Under 30 years of age, the sum of £31
Over 30
"
"
27
"
40
"
"
24
"
50
"
"
21
"
60
"
"
17
[Aiv]
or on such other conditions as the Council may, in writing, accept. Every person so
compounding shall be a Member, Associate Member, Associate or Student for life, as
the case may be. Any Associate Member, Associate or Student so compounding who
may afterwards be qualified to become a Member, may do so, by election in the
manner described in Bye-law 8. All compositions shall be deemed capital money of
the Institute.
A Departmental Committee has been appointed by the Secretary of State for the Home
Department to test explosives for the purposes of the Coal Mines Regulation Act, 1896, and
a government testing-station has been erected near Woolwich. It is a matter of regret that the
request made by the Institute has not been acceded to, that the extensive explosives testingplant erected at Hebburn should be maintained and used as a testing-station under
government patronage.
The meetings of Students have been continued, and four papers have been printed in the
Transactions.

It is anticipated that a meeting of members of the Western Australian branch will shortly be
held in Perth for the reading and discussion of papers; and the Council trust that Indian and
Colonial members will promote the formation of similar localized branches.
The Report of the Committee on Mechanical Ventilators is completed, and will be issued to
the members during the course of the next few months.
The sixth volume of the Sinkings and Borings (U to Z) will shortly be completed, and members
are requested to send copies of any unpublished sections of strata in Northumberland or
Durham to the Secretary, with the view of their being published in a supplementary volume.
A General Index to Volumes I. to XXXVIII. of the Transactions of the Institute is in preparation,
and the Council trust that it will be received with approval by the Members.
The additions to the Library by donations, exchanges, purchase, etc., have been:—
Bound volumes
Pamphlets, reports, etc.
A total of

275
243
518 titles.

The Library now contains 7,453 volumes and 1,504 unbound pamphlets, etc. The card
catalogue is completed, and the books are now readily accessible to the members. The Library
(including the books and numerous technical newspapers) is open from 10 a.m. to 5 p.m., and
members residing at a distance may make use of the books, on payment of carriage, by
application to the Secretary. Some of the files
[Av]
of publications have been rendered incomplete by the neglect of members to return books to
the Library, and it is urgently requested that they search for and return the missing volumes.
By mutual arrangement with the Literary and Philosophical Society of Newcastle-upon-Tyne,
the doorway between the adjacent libraries is opened daily, and the members of either society
are allowed (on the production of a member's pass) to refer to the books in the library of the
other society.
The Library would be rendered more valuable if members would present volumes, etc., which
they can spare from their own libraries, and they would also render valuable service to the
profession by bequeathing books, reports, plans, etc., to the Library, where they would be
preserved, be available for reference, and perpetuate the memory of the donor. The Watson
collection of mining plans, reports, etc., has proved most valuable for purposes of reference.
The prices of the Transactions and other publications have been considerably reduced, and
members are recommended to complete their sets before the stock is exhausted (some of the
volumes being already sold out). Mr. W. Hamilton Merritt has been appointed to represent the
Institute at the Conference of Corresponding Societies of the British Association for the
Advancement of Science, to be held in Toronto, Canada, in August, 1897. Mr. John Daglish
acts on behalf of the Institute as a governor of the Durham College of Science, Newcastleupon-Tyne.
Mr. W. Cochrane is the Institute representative on the Science and Art
Committee, and Mr. J. L. Hedley on the Scholarships Committee of the Northumberland
County Council.
The Federated Institution of Mining Engineers has now completed its eighth year, during which
general meetings have been held in South Wales on September 15th, 16th, and 17th, 1896 ;
in Lancashire on February 17th, 18th, and 19th, 1897 ; and in London on June 3rd, 4th, and
5th, 1897. An excursion meeting was held in Belgium, June 7th, 8th, 9th, and 10th, when

the members visited some of the principal collieries and works. A meeting of students and
junior members was held in Yorkshire on August 5th, 6th, and 7th, 1896. The success that
has attended the working of The Federated Institution of Mining Engineers would be more
completely assured, if it embraced all the societies interested in mining, metallurgy, and their
allied industries. The Council therefore urge members, who may be interested in other
societies, to use their influence in favour of federation. Apart from other advantages, each
member of one of the six federated societies
[Avi]
receives, yearly, two volumes of Transactions, comprising some 70 or 80 papers and upwards
of 150 notes of papers on subjects of general and special interest.
The late President's (Mr. Thomas Douglas) students' prize was awarded to Messrs. W. R. Bell
and E. McGowan for their paper on "Haulage at Wearmouth Colliery."
Prizes of books have been awarded to the writers of the following papers, communicated to
the members during the year 1895-96 :—
"Coal-cutting by Machinery." By Mr. Wm. Blakemore.
"The Resistances of Air-currents in Mines." By Mr. T. L. Elwen.
"A Compound Winding-engine." By Mr. William Galloway.
"The Quicksilver Mines and Reduction-works at Huitzuco, Guerrerro, Mexico."
Edward Halse.
"The Whitehaven Sandstone Series." By Mr. J. D. Kendall.
"Notes on the Geological Features of the Coast of North Wales from
Liverpool to Menai Bridge." By Mr. C. E. de Rance.
"The Mode of Obtaining a True North Line." By Mr. A. L. Steavenson.
"Safety Explosives." By Bergassessor Winkhaus.

By Mr.

The papers communicated to the members during the year have been as follows:—
"Shaw Gas-tester." By Dr. P. P. Bedson.
"Notes upon Gold-mining in Burma." By Mr. A. H. Bromly.
"Eccentric Haulage-clip." By Mr. John Brown.*
"Notes on the Venterskroom Gold-fields, South African Republic." By Mr. H. B. Bunkell.
"The Gold-fields of the Hauraki Peninsula, New Zealand." By the Rev. Joseph Campbell.
"Cornish Methods of Mine-timbering." By Mr. G. P. Chaplin.*
"The Mineral Resources of the Colony of Queensland." By Mr. William Fryar.
''Notes on the Coal-seams of the Transvaal, and Description of a Modern Pit-head Plant." By
Mr. W. T. Hallimond.
"The Coal-industry of the South-eastern States of North America." By Mr. Jeremiah Head.
"A Spring-coupling for Winding or Hauling-ropes." By Mr. H. W. Hollis.
"Notes upon Foreign Mining Laws and Adequate Areas for Mining Concessions." By Mr. H.
D. Hoskold.
"Honigmann System of Boring and Sinking Shafts." By Mr. Th. Lichtenberger.
"Note on the Tellurium Mineral of Choukpazat, Burma." By Prof. Henry Louis.
"Notes on Coal-mining." By Messrs. Algernon Noble and Norman Nisbet.*
"Economical Combustion of Coal for Steam-raising Purposes." By Mr. T. E. Parrington.*
"The Education of Metallurgists." By Mr. Saville Shaw.

"Notes on the Sinking of Two Shafts at Claravale Colliery, near Wylam-upon-Tyne."
Frank R. Simpson.

By Mr.

[Avii]
"Further Experiments with Explosives." By Bergassessor Winkhaus.
"The Danger of Employing Safety-fuzes for Blasting in Fiery Mines." By Bergassessor
Winkhaus.
* Student's paper.
In conclusion, the Council urge the members to use their best endeavours to increase the
membership, as the continued success of the Institute will depend upon its ability to pay the
expenses of committees appointed to carry out investigations on questions of interest to the
professions of mining or mechanical engineering, and to meet the considerable expenses
incurred by the connexion of the Institute with The Federated Institution of Mining Engineers.
REPORT OF THE FINANCE COMMITTEE.
The total income for the year amounted to £2,423 2s. 4d. ; deducting from this the sum of
£155, compositions in lieu of annual subscriptions ; £49 7s. 0d., subscriptions paid in advance;
and £16 0s. 4d. received from The Midland Institute of Mining, Civil, and Mechanical Engineers
as their moiety of the expenses of the Fan Ventilation Committee ; the sum of £2,202 15s. 0d.
remains as the ordinary income of the year, compared with £2,154 15s. 9d. for the previous
year—an increase of £47 19s. 3d.
In accordance with the decision of the Council, the names of several members whose
subscriptions were in arrear, have been struck out of the list of members.
The amounts
written off in consequence are:—For current year, £38 17s. 0d. ; and arrears, £32 11s. 0d.
The amount of subscriptions now in arrear, in excess of one year, is £53 11s. 0d.
The total expenditure amounted to £2,056 2s. 11d., a decrease of £179 9s. 1d. The principal
items accounting for this decrease are the closing of the expenditure of the Explosives
Committee, and a decrease in the amount paid for printing and stationery.
The contributions to The Federated Institution of Mining Engineers, amounted to £999 18s.
6d., an increase of £106 4s. 8d., due to the increased number of members.
During the year the sum of £200 was placed on deposit account with the bankers, and it is
proposed that a further sum of £250 be similarly deposited pending the selection of a suitable
investment.
August 7th, 1897.
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ACCOUNTS.
The Treasurer in Account with The North of England Institute of Mining and Mechanical
Engineers.
For the Year ending July 31st, 1897.
Dr.
July 28th, 1896.
To Balance at Bankers
„
,,
in Treasurer's hands

£ s. d.
575 17 8
83 7 1

£

s.

d.

,, Outstanding Amounts due for Authors' Excerpts
July 31st, 1897.
To Dividend of 7½ per cent. on 146 Shares of £20 each in the Institute and
Coal Trade Chambers Co., Ltd., for year ending June, 1897
„ Interest on Mortgage of £1,400 with Institute and Coal Trade Chambers
Company, Ltd.

4 13 9
-------------219 0 0

Mining,

Civil, and Mechanical Engineers, Fan

To Subscriptions for 1896-97 as follows :
608 Members
55 Associate Members
70 Associates
31 Students
81 New Members
.
36 New Associate Members
9 New Associates
8 New Students

To Subscribing Firms, viz.:—
11 @ £2 2s
6 @£4 4s
2 @£6 6s
3 @ £10 10s

£ s. d.
23 2 0
25 4 0
12 12 0
31 10 0
---------------

To Subscriptions in Suspense

To 7 Members' Life Compositions

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

Add Arrears received

Add Subscriptions paid in advance during current year

268 0 0
16 0 4
14

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

6

49 0 0
--------------

„ Midland Institute of
Committee Expenses
„ Sales of Publications

663 18

6 0

1,276 16 0
115 10 0
73 10 0
32 11 0
170 2 0
75 12 0
9 9 0
8 8 0
---------------1,761 18 0

92 8 0
12 12 0
--------------1,866 18 0
155 0 0
-------------2,021 18 0
126 0 0
---------------1,895 18 0
179 11 0
----------------2,075 9 0
49 7 0
----------------

2,124 16 0
-------------£3,087 0 10

[Aix]
July 31st, 1897.
By Printing and Stationery
„ Books for Library
„ Prizes for Papers
„ Incidental Expenses
,, Postages
„ Sundry Accounts
„ Travelling Expenses

£

s.

d.

45 17 11
16 16 0
52 13 10
62 0 0
8 18 7
0 3 0

Cr.
£ s. d.
195 1 4

„ Salaries
„ Clerks' Wages
„ Reporter's Salary
,, Rent
„ Rates and Taxes
,, Insurance
„ Furnishing and Repairs
,„ Coals, Gas, Electric Light, and Water
,, Translations of Papers
„ Library Card Catalogue
,, Expenses of Meetings
By Explosives Committee
,, Fan Committee
„ British Association Meeting—Delegate's Expenses
By The Federated Institution of Mining Engineers--Subscriptions
Less—Amounts paid by Authors for Excerpts

150 0 0
197 12 4
12 12 0
99 15 0
18 15 0
9 7 4
73 4 11
45 13 8
4 15 0
26 13 8
25 10 2
----------------1 14 3
2 0 0
7 0 0
----------------1,017 10 5
17 11 11
---------------

By Investments—
Lambton & Co. Deposit Account

850 8 10

10 14

3

999 18 6
-----------------2,056 2 11
200 0 0
---------------2,256 2 11

By Balance at Bankers
„
„
in Treasurer's hand
„ Outstanding Amounts due for Authors' Excerpts

725 10 6
100 0 0
5 7 5
-------------------

830 17 11

I have examined the above account with the books and vouchers relating thereto, and certify that, in my opinion, it
is correct.
JOHN G. BENSON,
Chartered Accountant.
Newcastle-upon-Tyne,
August 6th, 1897.
£3,087 0 10
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The Treasurer in Account with Subscriptions, 1896-97.
Dr.
£
To 767 Members,
34 of whom are Life Members.
733
To 78 Associate Members.
6 of whom are Life Members.
72
To 83 Associates
To 46 Students
To 23 Subscribing Collieries
To
7 New Members, paid Life Composition
To 81 New Members
To 36 New Associate Members

@ £2 2s.

@ £2 2s.
@ £1 1s
@ £1 1s

@ £2 2s.
@ £2 2s

s.

d.

£

1,539

s.

d.

6

0

151 4
87 3
48 6
96 12
155 0
170 2
75 12

0
0
0
0
0
0
0

To
To
To

9 New Associates
8 New Students
Subscriptions in Suspense

@ £1 1s.
@ £1 1s

To Arrears, as per Balance Sheet 1895-96
Less—Amount transferred from Suspense

253 1 0
2 2 0
---------------250 19 0
14 14 0
---------------265 13 0

Add—Arrears considered irrecoverable, but since received

Less—Struck off as irrecoverable—Arrears
,,
„
Current year

9 9 0
8 8 0
12 12 0
---------------2,353 14 0

£32 11 0
38 17 0
--------------------

71 8 0
-------------------

To Subscriptions Paid in Advance

194 5 0
--------------2,547 19 0
49 7 0
-------------£2,597 6 0

[Axi]

By 608 Members, paid .
By 118
„
unpaid
By 7
„
dead .
733
By 55 Associate Members, paid
By 16
,,
„
unpaid
By 1
„
,,
dead
72
By 70 Associates, paid
By 12
,,
unpaid
By 1
,,
paid as Member
83
By 31 Students, paid
By 14
,,
unpaid
By 1
„
dead .
46
By 22 Subscribing Collieries, paid
By 1
,,
„
unpaid .
23
By 7 New Members, paid Life Composition
By 81 New Members, paid
By 36 New Associate Members, paid
By 9 New Associates, paid
By 8 New Students, paid
By
Subscriptions in Suspense

@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £2 2s.
@ £2 2s.

Cr.
Unpaid
£ s. d.

Paid
£ s. d.
1,276 16 0

247 16
14 14
115 10

0
33 12 0
2 2 0

@ £1 1s.
@ £1 1s.

73 10 0

@ £1 1s.
@ £1 1s.
@ £1 1s.

32 11

12 12 0
1 1 0
0
14 14 0
1 1 0
92

8

0
4

@ £2 2s.
@ £2 2s.
@ £1 1s.
@ £1 1s.

155 0 0
170 2 0
75 12 0
9 9 0
8 8 0
12 12 0
-----------2,021 18 0

Less—Struck off as irrecoverable .,,

By arrears

0
0

179 11

0

4

331 16 0
38 17 0
-------------292 19 0
53 11 0

0

By Subscriptions paid in advance

49 7 0
--------------2,250 16 0

346 10 0
2,250 16 0
----------------£2,597 6 0
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GENERAL STATEMENT, JULY 31st, 1897.
LIABILITIES.
£ s. d.
49 7 0
2 2 0
---------------

Subscriptions paid in Advance during the year
"
carried over from previous year
Capital

£

s.

d.

51 9 0
8,769 13 1
--------------£8,821 2 1

ASSETS.

Balance of Account at Bankers
"
in Treasurer's hands
Outstanding amounts due for Authors' Excerpts

Proportion of Fan Committee ExpensesSouth Wales Institute of Engineers
Arrears of Subscriptions
146 Shares in the Institute and Coal Trade Chambers Co., Ltd. (at cost)
Investment with the Institute and Coal Trade Chambers Co., Ltd. (Mortgage)
(Of the above amount, £350 is due to Life Subscriptions Account, leaving
£210 12s. not invested.)
Deposit with Lambton & Co.
Value of Transactions and other Publications, as per Stock Account
Office Furniture and Fittings
Books and Maps in Library

£ s. d.
725 10 6
100 0 0
5 7 5
-------------------

£

s.

830 17 11

34 6 8
346 10 0
3,130 0 0
1,400 0 0
----------------

4,530 0 0

200 0 0
679 7 6
450 0 0
1,750 0 0
------------------

2,200 0 0
--------------£8,821 2 1

I have examined the above accounts with the books and vouchers relating thereto, and certify that, in my
opinion, it is correct. The Share Certificates and Mortgage Bonds have been produced to me.
JOHN G. BENSON,
CHARTERED ACCOUNTANT.
Newcastle-upon-Tyne,
August 6th, 1897.
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d.

OFFICERS,

1897-98.

PRESIDENT.
Mr. GEORGE MAY, The Harton Collieries, South Shields.
VICE-PRESIDENTS.
Mr. W. ARMSTRONG, Wingate, Co. Durham.
Mr. T. W. BENSON, 24, Grey Street, Newcastle-upon-Tyne.
Mr. C. BERKLEY, Marley Hill, Swalwell, R.S.O., Co. Durham.
Sir WILLIAM THOMAS LEWIS, Mardy, Aberdare.
Mr. R. ROBINSON, Howlish Hall, near Bishop Auckland.
Mr. W. O. WOOD, South Hetton, Sunderland.
COUNCIL.
Mr. HENRY AYT0N, 122, Rye Hill, Newcastle-upon-Tyne.
Mr. E. DONALD BAIN, Springwell Hall, Durham.
Mr. J. R. CRONE, Tudhoe House, via Spennymoor.
Mr. T. E. FORSTER, 3, Eldon Square, Newcastle-upon-Tyne.
Mr. T. Y. GREENER, West Lodge, Crook, Darlington.
Mr. T. E. J0BLING, Bebside, Northumberland.
Mr. A. C. KAYLL, Gosforth, Newcastle-upon-Tyne.
Mr. H. LAWRENCE, Grange Iron Works, Durham.
Mr. C. C. LEACH, Seghill Colliery, Northumberland.
Mr. W. LOGAN, Langley Park Colliery, Durham.
Prof. H. LOUIS, 11, Summerhill Terrace, Newcastle-upon-Tyne.
Mr. J. H. MERIVALE, Togston Hall, Acklington, Northumberland.
Mr. H. PALMER, Medomsley, R.S.O., Co. Durham.
Mr. A. M. POTTER, Aydon Grange, Corbridge-upon-Tyne.
Mr. H. RICHARDSON, Backworth Colliery, Newcastle-upon-Tyne.
Mr. F. R. SIMPSON, Hedgefield House, Blaydon-upon-Tyne.
Mr. J. SIMPSON, Heworth Colliery, Felling, R.S.O., Co. Durham.
Mr. R. L. WEEKS, Willington, Co. Durham.
Ex-officio (Past presidents)
Lord ARMSTRONG, C.B., LL.D., D.C.L., F.R.S., Cragside, Rothbury.
Sir LINDSAY WOOD, Bart., The Hermitage, Chester-le-Street.
Mr. G. B. FORSTER, Farnley Hill, Corbridge-upon-Tyne.
Mr. JOHN DAGLISH, Rothley Lake, Cambo, R.S.O., Northumberland.
Sir LOWTHIAN BELL, Bart., D.C.L., F.R.S., Rounton Grange, Northallerton.
Mr. WM. COCHRANE, St. John's Chambers, Grainger Street West, Newcastle-upon-Tyne.
Mr. J. B. SIMPSON, Bradley Hall, Wylam-upon-Tyne.
Mr. A. L. STEAVENS0N, Durham.
Mr. T. DOUGLAS, The Garth, Darlington.
Ex-officio (Retiring Vice-President.)
Mr. J. G. WEEKS, Bedlington, R.S.O., Northumberland,
TREASURER.
Mr. REGINALD GUTHRIE, Neville Hall, Newcastle-upon-Tyne.
SECRETARY.
Mr. M. WALTON BROWN, Neville Hall, Newcastle-upon-Tyne.
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LIST OF MEMBERS,
AUGUST 7, 1897.

PATRONS.
His Grace the DUKE OF NORTHUMBERLAND.
The Most Noble the MARQUIS OF LONDONDERRY.
The Right Honourable the EARL OF LONSDALE.
The Right Honourable the EARL OF DURHAM.
The Right Honourable the EARL GREY.
The Right Honourable the EARL OF RAVENSWORTH.
The Right Honourable the EARL OF WHARNCLIFFE.
The Right Reverend the LORD BISHOP OF DURHAM.
The Very Reverend the DEAN AND CHAPTER OF DURHAM.
WENTWORTH B. BEAUMONT, Esq.
BARON BARNARD.
HONORARY MEMBERS.
* Honorary Members during term of office only.
1 The Right Honourable the EARL of RAVENSWORTH, Ravensworth Castle, Gatesheadupon-Tyne
2*J. B. ATKINSON, H.M. Inspector of Mines, Glasgow
3*W. N. ATKINSON, H.M. Inspector of Mines, Barlaston, Stoke-upon-Trent
4*R. DONALD BAIN, H.M. Inspector of Mines, Springwell Hall, Durham
5*W. BEATTIE-SCOTT, H.M. Inspector of Mines, Park Avenue, Handsworth, near
Birmingham
6*Prof. P. PHILLIPS BEDSON, Durham College of Science, Newcastle-upon-Tyne
7 THOMAS BELL, 15, Valley Road, Scarborough
8*Prof. G. S. BRADY, Durham College of Science, Newcastle-upon-Tyne
9 Dr. BRASSERT, Bonn-am-Rhein, Germany
10 STEPHEN CAMPBELL CRONE, Oakhurst North, Longbenton, Newcastle-upon-Tyne
11 JOSEPH DICKINSON, South Bank, Sandy Lane, Pendleton, Manchester
12*C. LE NEVE FOSTER, H.M. Inspector of Mines, Llandudno
13 Prof. WILLIAM GARNETT, 75, Gunterstone Road, West Kensington, London,
W
14* JOHN GERRARD, H.M. Inspector of Mines, Worsley, Manchester
15*Rev. H. PALIN GURNEY, Principal, Durham College of Science, Roseworth, Gosforth,
Newcastle-upon-Tyne
16*HENRY HALL, H.M. Inspector of Mines, Rainhill, Lancashire
17*J. L. HEDLEY, H.M. Inspector of Mines, 2, Devonshire Terrace, Newcastleupon-Tyne

Date of Election.
Nov. 3, 1877
Aug. 4, 1888
Aug. 4, 1888
Dec. 12, 1896
Dec. 10,1887

Feb. 10, 1883
Dec. 12, 1896
Nov. 6, 1875
Dec. 8, 1883
Dec. 12, 1896
Dec. 13, 1852
Aug. 4, 1888
Nov. 24, 1894
June 11, 1892
Jan. 19, 1890
March 4, 1876
April 9, 1892
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18 WILLIAM HENRY HEDLEY, 34, Beverley Terrace, Cullercoats
19*Prof. A. S. HERSCHEL, Observatory House, Slough, Bucks
20*Prof. G. A. LEBOUR, Durham College of Science, Newcastle-upon-Tyne
21 WILLIAM LISHMAN, Thornhill Park, Sunderland
22*Prof. HENRY LOUIS, Durham College of Science, Newcastle-upon-Tyne
23*J. S. MARTIN, H.M. Inspector of Mines, The Vikings, 16, Durdham Park, Bristol
24*JOSEPH T. ROBSON, H.M. Inspector of Mines, Swansea
25*J. M. RONALDSON, H.M. Inspector of Mines. 44, Athole Gardens, Glasgow
26*A. H. STOKES, H.M. Inspector of Mines, Greenhill, Derby
27*Prof. H. STROUD, Durham College of Science, Newcastle-upon-Tyne
28 M. E. VUILLEMIN, Mines d'Aniche, Nord, France
29*FRANK N. WARDELL, H.M. Inspector of Mines, Wath-upon-Dearne, near
Rotherham

Date of Election
Dec. 12, 1896
Aug 3, 1872
Nov. 1, 1879
Dec. 12, 1896
Dec. 12, 1896
Aug. 4, 1888
Aug. 4, 1888
Aug. 4, 1888
Aug. 4, 1888
Nov. 5, 1892
Sept. 7, 1878
Feb. 4, 1865

MEMBERS.
Marked * have paid life composition.

1 Abraham, David, Pencoedcae, Merthyr Tydvil
2 Aburrow, Charles, P.O. Box 534, Johannesburg, Transvaal
3 Ackroyd, William, Morley Main Collieries, Morley, near Leeds
4 Adamson, Thomas, Kurhurbaree Colliery, E.I.R., Bengal, India
5 Agabeg, Frank J., Apcar and Company's Collieries, Seetarampore, Bengal, India
6 Agassiz, Alexander, Museum of Comparative Zoology, Cambridge, Massachussets,
U.S.A.
7 Ainsworth, J. W., Bridgewater Trustees Colliery, Walkden, Bolton, Lancashire
8 Aitkin, Henry, Falkirk, N.B
9 Allan, C. J. G., Electric House, West Calder, N.B.
10 Allan, John F., Apartado de Correo, No. 121, Mexico, D.F.
11 Allan, T. Alexander, c/o Messrs. Gibbs, Bright and Company, Melbourne,
Australia
12 Allchurch, Enrique, Calle Las Heras, 289, Buenos Aires, Argentine Republic
13 Allison, J. J. G, Woodland Collieries, Butterknowle, R.S.O., Co. Durham
14
15
16
17

Andersen, Carl, P.O. Box 120, Denver, Colorado, U.S.A.
Anderson, C. W., Cleadon Park, Sunderland
Anderson, R. Hay, 13, San Juan de Letran, Mexico, D.F.
Anderson, R. S., Elswick Colliery, Newcastle-upon-Tyne

Date of Election
and of Transfer
June 8, 1895
Feb. 13, 1892
Feb. 7, 1880
Feb. 10, 1894
Dec 9, 1893
Feb. 9, 1895
Dec 14, 1895
March 2,1865
Aug. 3, 1895
A.M. Feb. 10, 1883
M. June 8, 1889
Feb. 11, 1893
June 8, 1895
A.M. Feb. 13, 1886
M. June 8, 1889
Oct. 12, 1895
Aug. 21, 1852
Aug. 4, 1894
S. June 9, 1883
A.M. Aug. 4, 1888
M. Aug. 3, 1889
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18 Andrews, Charles Fitz-Hugh, Isaac's Harbour, Guysborough County, Nova Scotia
19 Angove, W. H., Albany, Western Australia
20 Angus, James, Radcliffe, Acklington, Northumberland
21*Angwin, B., P.O. Box 346, Johannesburg, Transvaal
22 Appleby, W. R., 911, Fifth Street, S.E., Minneapolis, Minnesota, U.S.A
23 Archer, Oakeley, 156, Hereford Street, Christchurch, New Zealand
24 Archer, T., 6, Park Terrace, Gateshead-upon-Tyne
25 Archer, William, Victoria Garesfield, Lintz Green
26 Argall, Philip, P.O. Box 1095, Denver, Colorado, U.S.A.
27 Armstrong, Lord, C.B., LL.D., D.CL,, Cragside, Rothbury (Past-President, Member of
Council)
28 Armstrong, Henry, Chester-le-Street
29 Armstrong, William, Wingate, Co. Durham (Vice-President, Member of Council)
30 Armstrong, W. J.
31 Arnold, T., Castle Hill, Greenfields, Llanelly
32 Ashcroft, E. A., The Sulphide Corporation (Ashcroft's Process), Limited, Newcastle,
New South Wales
33 Ashcroft, Harry, Borrea Coal Company, Limited, Seetarampore, Bengal, India
34 Ashmore, G. Percy, c/o Mrs. Ashmore, 34, Montpelier Road, Brighton

Date of Election
and of Transfer.
Feb. 13, 1897
Oct. 13, 1894
Oct. 8, 1892
Nov. 24, 1894
April 14, 1894
June 13, 1896
July 2, 1872
A. Aug. 6, 1892
M. Aug. 3, 1895
June 21, 1894
May 3, 1866
A.M. April 14, 1883
M. June 8, 1889
S. April 7, 1867
M. Aug. 6, 1870
Oct. 12, 1895
A.M. Oct. 2, 1880
M. June 8, 1889
Aug. 3, 1895
Aug. 4, 1894
Feb. 13, 1897

35 Ashworth, John, 8, King Street, Manchester
36 Asquith, T. W., Harperley Hall, Tantobie, R.S.O., Co. Durham
37 Atherton, James, 13, Mawdsley Street, Bolton
38 Atkinson, Claude W., Glendale, Woodland Place, Penarth, South Wales
39 Atkinson, L. B., 10, Westbourne Road, Penarth, South Wales
40 Atkinson, R. H. M. Buddle, c/o Dees and Thompson, Pilgrim Street, Newcastleupon-Tyne
41 Atterbury, B. J., 141, Copthall House, Copthall Avenue, London, E,C
42 Aubrey, R. C, Teviotdale, Cambridge Road, Churchtown, Sh effield
43 Austin, W. Lawrence, P.O. Box 941, Denver, Colorado, U.S.A
44 Ayton, Ernest F., El Bote Mining Negociacion, Zacatecas, Republic of Mexico
45 Ayton, Henry, 122, Rye Hill, Newcastle-upon-Tyne (Member of Council)

April 25, 1896
Feb. 2, 1867
Aug. 1, 1896
Aug. 6, 1892
Aug. 6, 1892
April 10, 1897
Jan. 19, 1895
Feb. 5, 1870
June 21, 1894
Aug. 1, 1891
S. March 6, 1875
A.M. Aug. 2, 1884
M. June 8, 1889
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46 Backhouse, Frank Herbert,
47 Bailes, E. T., Wingate, Ferryhill

Coolgardie,

Western Australia

48 Bailes, T., Jesrnond Gardens, Newcastle-upon-Tyne
49 Bailey, Edward Trenholm, c/o Union Bank of Australia, Coolgardie, Western Australia;
and c/o F. W. Bailey, Cummersdale, near Carlisle
50 Bailey, Samuel, 30, Waterloo Street, Birmingham
51 Bain, R. Donald, H.M. Inspector of Mines, Springwell Hall, Durham (Member of
Council)
52 Bainbridge, E., 4, Whitehall Court, London, S.W
53
54
55
56

Ballard, Robert, Menzies, Western Australia
Banks, Thomas, 29, The Park, Eccles, near Manchester
Barker, M. W., P.O. Box 1463, Johannesburg, Transvaal
Barrett, C. R., Whitehill Hall, Chester-le-Street

57*Bartholomew, C. W., Blakesley Hall, Towcester
58 Bates, Sidney, Mickley Colliery Offices, Stocksfield-upon- Tyne
59 Bates, Thomas, The Grange, Prudhoe-upon-Tyne
80 Batey, John, Newbury Collieries, Coleford, Bath
61 Baumgartner, W. O., Whitburn, near Sunderland
62 Bayldon, Daniel Henry, c/o New Zealand Mines Trust, Limited, Auckland, New Zealand
63 Beanlands, Arthur, Palace Green, Durham
64 Becher, Septimus J., c/o H. Princep, Harriett Street, Perth, Western Australia
65 Bell, Sir Lowthian, Bart., Rounton Grange, Northallerton (Past-President, Member of
Council)
66 Bell, George Fred, H.M. Inspector of Mines, 30, Eldon Street, Newcastle-upon-Tyne

67 Bell, Walter, c/o Messrs. Pyman, Bell and Company, Hull
68 Bellingham, George, Bayley Street, Coolgardie, Western Australia
69 Bennett. Alfred H., Dean Lane Collieries, Bedminster, Bristol
70 Benson, J. G., 12, Grey Street, Newcastle-upon-Tyne
71 Benson, T. W,, 24, Grey Street, Newcastle-upon-Tyne (Vice-President, Member
of Council)

Date of Election
and of Transfer.
June 13, 1896
A.M. June 7,1879
M. June 8, 1889
Oct. 7, 1858
A.M.June 13, 1896
M. June 12, 1897
June 2,1859
S. March 1, 1873
M.Aug. 5,1876
S. Dec.
3,1863
M. Aug. 1, 1868
April 10, 1897
Aug. 4, 1877
April 8, 1893
S. Nov. 7, 1874
A.M. Aug. 7, 1880
M. Dec. 11, 1886
Dec. 4, 1875
A. Feb.
8, 1890
M. June 8, 1895
Feb. 9, 1895
Dec. 5, 1868
S. Sept. 6, 1879
M. Aug. 3, 1889
Feb. 8,1890
March 7, 1867
Feb. 13,1897
July 6,1854
S. Sept. 6, 1879
A.M. Aug. 6, 1887
M. Aug. 3, 1889
S. Oct. 8, 1889
M. Feb. 10, 1894
Nov. 24, 1894
A.M. April 10, 1886
M.June 8,1889
Nov. 7, 1874
Aug. 2,1866

72 Berkley, C, Marley Hill, Swalwell, R.S.O., Co. Durham (Vice-President, Member
of Council)
73 Berkley, Frederick, Hamsterley Colliery, Ebchester, R.S.O., Co. Durham
74 Berkley, R.

W., Marley Hill, Swalwell,

R.S.O., Co. Durham

Aug. 21, 1852
A.M. Dec. 9, 1882
M.June 8,1889
S. Feb. 14, 1874
A.M. Aug. 7, 1880
M. June 8, 1889
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75 Bewick, T. J., Broad Street House, Old Broad Street, London, E.C.
76 Beynon, J. C. S., P.O. Box 1364, Johannesburg, Transvaal
77 Bibby, William, Raub Australian Cold Mining Company, Limited, Raub, Pahang, Malay
Peninsula
78 Bigg-Wither, Harris, 10, Swinley Road, Wigan, Lancashire
79 Bigland, J., Henknowle, Bishop Auckland
80 Bilgrami, Syed Ali Shamsul Ulama, Director-General of Mines, Hyderabad, Deccan,
India
81 Bishop, James, Grey Valley Coal Company, Brunnerton, Greymouth, New Zealand
82 Bitzos, N. J
83 Black, W., 1, Lovaine Place, Newcastle-upon-Tyne
84 Blackburn, William Stevenson, Aire Villas, Astley, Woodlesford, near Leeds
85 Blackett, W. C, Acorn Close, Sacriston, Durham

86 Blakeley, A. B., Soothill

Wood

Colliery Company, Limited, near Batley

87 Blakemore, W., Glace Bay, Cape Breton, Canada
88 Bolam, Philip, North Walbottle Colliery, Newcastle-upon- Tyne
89
90
91
92
93
94
95
96

Bolton, Edgar Ormerod, Executor of Colonel Hargreaves, Colliery Offices, Burnley
Bolton, H. H., Newchurch Collieries, near Manchester
Boole, George, Rainford, near St. Helens, Lancashire
Borlase, W. H., Brown How, Ulleswater, Glenridding, near Penrith
Boucher, A. S., Kempsey House, near Worcester
Bowler, Louis P., P.O. Box 105, Barberton, South Africa
Bradford, Geo., Norton Palms, Darlington
Bramwell, Hugh, Great Western Colliery, near Pontypridd, Glamorganshire

97 Breakell, John E., West View, Northenden, near Manchester
98 Breakell, Thomas, Brassington, near Derby
99 Breckon, J. R., 53, John Street, Sunderland
100 Brierley, Brandon Talfourd, 10, Marsden Street, Manchester
101 Britten, T. J., P.O. Box 494, Johannesburg, Transvaal
102 Broja, Richard, Geheimer Bergrath, 77, Kaiser-Wilhelm-strasse, Breslau, Germany
103 Bromly, A. H., 29, Billiter Square Buildings, London, E.C., Transactions to be
sent to c/o Thomas Hammond, Stanwell Street, Colchester, Sussex
104*Brough, Bennett H, 28, Victoria Street, London, S.W.
105 Brough, Thomas, New Seaham Colliery, Sunderland
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Date of Election
and of Transfer.
April 5, 1860
June 10, 1893
Jan. 19,1895
Jan. 19,1895
June 3,1857
April 11, 1891
April 13, 1889
S. Feb. 14, 1891
M. April 14, 1894
April 2, 1870
Dec. 10,1887
S. Nov. 4, 1876
A.M. Aug. 1, 1885
M. June 8, 1889
S. Feb. 15, 1879
M. Aug. 3,1889
Oct. 12,1895
A. Dec. 12, 1891
M. Aug. 3, 1895
April 12, 1890
Dec. 5, 1868
Jan. 19, 1895
Aug. 4, 1894
Aug. 4, 1883
Dec. 14, 1895
Oct. 11,1890
S. Oct. 4, 1879
A.M. Aug. 6, 1887
M. Aug. 3, 1889
April 25, 1896
Feb. 11, 1893
Sept. 3, 1864
June 13, 1896
June 21, 1894
Nov. 6, 1880
Nov. 24, 1894
A.M. Dec.10, 1887
M. June 8, 1889
S. Feb. 1, 1873
A.M. Aug. 2, 1879
M. June 8, 1889

106 Brown, Archibald T., 372, Flinders Lane, Melbourne, Australia
107 Brown, M. Walton, 10, Lambton Road, Newcastle-upon-Tyne (Secretary, Member of
Council)
108 Brown, Thomas, District Manager. Westport Coal Company, Millerton, Westport,
New Zealand
109 Brown, Thomas Forster, Guildhall Chambers, Cardiff
110 Brown, Westgarth Forster, Fairview, Dynas Ponzo, near Cardiff
111 Browne, R. J., Barakur, East India Railway, Bengal, India
112 Bruce, John, Port Mulgrave, Hinderwell, R.S.O., Yorkshire

113 Bryham, W., Douglas Bank Collieries, Wigan
114 Buglass, J., Stobswood, via Acklington, Northumberland
115 Bulkley, F. Groendycke, Denver, Colorado, U.S.A.
116 Bulman, E. H., P.O. Box 96, Klerksdorp, South Africa
117 Bulman, H. F., Rosville, Richmond Hill Avenue, Clifton, Bristol

118 Bunkell, Henry B., P.O. Box 1463, Johannesburg, Transvaal
119 Bunning, C. Z., c/o The Borax Company, Limited, 2, Macri Khan, Constantinople

120*Burls, Herbert T., Southdene, Sydenham, London, S.E
121*Burn, Frank H., 22, Windsor Terrace, Newcastle-upon- Tyne

122 Burnett, Cuthbert, Fallowfield House, South Hetton
123*Burns, David, Scotland Road, Stanwix, Carlisle
124 Burrows, J. S., Green Hall, Atherton, near Manchester
125
126
127
128

Butters, Charles, P.O. Box 1891, Johannesburg, Transvaal
Cameron, Ian, Sudbury, Ontario, Canada
Campbell, H. H., Sutton Hall, St. Helens, Lancashire
Campbell, The Rev. Joseph, Te Aroha, New Zealand

129 Campbell, W. Young, P.O. Box 357, Johannesburg, Transvaal
130 Campbell-Johnston, R. C, P.O. Box 40, Vancouver, British Columbia
131*Candler, T. E., East Lodge, Crook, via Darlington

132 Carnes, Charles Spearman, Cornwall House, Murton Colliery, Sunderland

Date of Election
and of Transfer
Aug. 5, 1893
S. Oct. 7, 1871
M. Aug. 3,1878
April 13, 1889
Aug. 1, 1861
S. Aug. 6, 1887
M. Aug. 5,1893
Oct. 8, 1892
S. Feb. 14, 1874
A.M. Aug. 7, 1880
M. June 8, 1889
Aug. 3, 1865
A. Dec. 10, 1892
M. Aug. 3, 1895
Oct, 12, 1895
Feb. 13, 1892
S. May 2, 1874
A.M. Aug. 6,1881
M. June 8, 1889
April 8, 1893
S. Dec. 6, 1873
A.M. Aug. 5,1882
M. Oct. 8, 1887
Feb. 9, 1889
S. Feb. 9, 1889
A. Aug. 4,1894
M. Aug. 3, 1895
June 8, 1895
May 5, 1877
S. Oct. 11, 1873
M. Aug. 4, 1877
Feb. 10, 1894
Aug. 4, 1894
Jan. 19, 1895
A.M. Dec.12, 1896
M. Feb. 13, 1897
April 8, 1893
Nov. 24, 1894
S. May 1, 1875
A.M. Aug. 4, 1883
M. June 8, 1889
Aug. 1, 1891
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133
134
135
136
137

Carr, T., Lilywhite Terrace, Four Lane Ends, Hetton-le-Hole, R.S.O., Co. Durham
Chalmers, J. A
Chambers, A. M., Thorncliffe Iron Works, near Sheffield .
Chambers, J. S., Little Italianskaja No. 5, St. Petersburg, Russia
Chandley, Charles, P.O. Box 221, Coolgardie, Western Australia

138 Channing, J. Parke, 34, Park Place, New York City, U.S.A

Date of Election
and of Transfer.
Feb. 10, 1894
Dec. 9, 1893
March 6, 1869
Oct. 10, 1896
S. Nov. 6, 1880
A. Aug. 3, 1889
M. Dec. 12, 1896
April 25, 1896

139 Chapman, H. R., Victoria Works, Gateshead-upon-Tyne .
140 Charleton, A. G., 5, Avonmore Road, Kensington, London, W
141 Charlton, William, Linares, Provincia de Jaen, Spain
142 Charlton, William John, Ashington Colliery, Morpeth, Northumberland
143 Chater, Joseph, Bengal Nagpur Coal Company, Limited, Evelyn Lodge, Kumarpur,
Asansol, Bengal, India
144 Cheesman, E. Taylor, Claravale Colliery, Ryton-upon-Tyne
145
146
147
148
149

Cheesman, Herbert, Hartlepool
Cheesman, I. T., Throckley Colliery, Newcastle-upon-Tyne
Cheesman , W. T., Hartlepool
Chicken, Lancelot W., Boldon Colliery, Co. Durham
Childe, Henry S., Mining Engineer, Wakefield

150 Clark, C. F., Garswood Coal and Iron Company, Limited, near Wigan
151 Clark, Robert, Singareni Collieries, Hyderabad Deccan Company, Limited,
Secunderabad, India
152 Clark, R. B., Springwell Colliery, Gateshead-upon-Tyne
153 Claudet, Arthur C, 6 and 7, Coleman Street, London, E.C
154 Clifford, William, Pittsburg, Pennsylvania, U.S.A.
155 Clough, James, Bomarsund House, Bomarsund, Bedlington,R.S.O.,
Northumberland
156 Cochrane, B., Aldin Grange, Durham
157 Cochrane, C., Green Royde, Pedmore, near Stourbridge
158 Cochrane, W., St. John's Chambers, Grainger Street West, Newcastle-uponTyne (Past-President, Member of Council)
159 Cockson, Charles, Wingates, Hayes, Middlesex
160 Coghlan, F. M., Catorce, S.L.P., Mexico
161 Collins, Arthur Launcelot, 14and 15,Broad Street Avenue, London, E.C
162 Collins, Horatio, P.O. Box 735, Johannesburg, Transvaal
163*Collins, H. B., 121, West George Street, Glasgow

Nov. 24, 1894
Aug. 6, 1892
April 8, 1893
April 25, 1896
Dec. 9, 1893
A. Aug. 2, 1890
M. Aug. 6, 1892
Aug. 6, 1892
Feb. 1, 1873
Feb. 5, 1876
June 8, 1889
A.M. Feb. 12, 1887
M. Aug. 3, 1889
Aug. 2, 1866
Feb. 15, 1896
S. May 3, 1873
M. Aug. 4, 1877
Aug. 3, 1895
Feb. 9, 1895
S. April 5, 1873
A.M. Aug. 3, 1878
M. June 8, 1889
Dec. 6, 1866
June 3, 1857
Aug. 1, 1861
A.M .April 22, 1882
M. Aug. 3, 1889
Dec. 9, 1893
Feb. 13, 1892
Aug. 4, 1894
April 14, 1894

[Axxi]

164 Colquhoun, T. Grant, General Manager, Cassell Coal Company, Limited,
Springs, S.A.R
165 Commans, R. E., 6, Queen Street Place, London, E.C.
166 Comstock, Theo. B., P.O. Box 340, Prescott, Arizona, U.S.A
167 Cook, J., Washington Iron Works, Washington, Co. Durham
168 Cook, J. Watson, Teasdale House, Princes Street, Bishop Auckland
169 Cooke, Henry Moore Annesley, Pestarena United Gold Mining Company, Limited,
Pestarena, Vall Anzasca, Novara, Italy
170 Corbett, V. W., Chilton Moor, Fence Houses
171 Corbitt, M.
172 Corbould, W. H., P.O. Box 796, Rossland, British Columbia, via New York
173 Cork, F. Lawrence, Bengal Nagpur Coal Company, Limited, Barakur, Bengal, East
India
174 Corlett, George Stephen, Wigan
175 Coulson, F., 10, Victoria Terrace, Durham
176 Coulthard, Francis, Arica Villa, Whitehaven
177 Cox, John H., 10, St. George's Square, Sunderland
178 Craven, Hiram, Jun., Mechanical Engineer, Sunderland

Date of Election
and of Transfer.
Dec. 14, 1889
Nov.
Feb.
May
Oct.
Dec.

24, 1894
13, 1897
8, 1869
14, 1893
12,1896

Sept. 3, 1870
Dec. 4, 1875
June 8,1895
Dec. 9, 1893
Dec. 12, 1891
S. Aug.1,1868
M. Aug. 2, 1873
June 8, 1889
Feb. 6, 1875
April 12, 1890

179 Crone, E. W., Killingworth, near Newcastle-upon-Tyne
180 Crone, J. R., Tudhoe House, via Spennymoor (Member of Council)
181 Crookston, Andrew White, 19, Wellington Street, Glasgow
182 Cross, John, 77, King Street, Manchester
183 Croudace, C. J., Bettisfield Colliery Company, Limited, Bagillt, North Wales
184 Croudace,
Frank,
The
Scottish
Australian
Mining Company, Limited,
Lambton, Newcastle, New South Wales
185 Croudace, T., West House, Haltwhistle
186 Croudace, Thomas, Lambton Lodge, Lambton, Newcastle, New South Wales
187 Currie, Walter, P.O. Box 220. Buluwayo, Rhodesia, South Africa
188 Curry, W. Thomas, Wentwood, near Caerleon, Monmouthshire

189 Daglish, John, Rothley Lake, Cambo, R.S.O., Northumberland (Past-President,
Member of Council)
190 Daglish, William Charlton, Rodridge House, Hutton Henry Colliery, Wingate,
R.S.O., Co. Durham
191 Dakers, W. R., The Loggias, Tudhoe Colliery, via Spennymoor, Durham
192 Dale, Sir David, Bart., West Lodge, Darlington

S. March 5, 1870
M. Aug. 5, 1876
Feb. 1, 1868
Dec. 14, 1895
June 5, 1869
Nov. 2, 1872
Aug. 3, 1895
Dec. 9,1893
Nov. 6,1862
April 25, 1896
S. Sept. 4, 1880
A.M. Aug. 7, 1880
M. .Aug. 3, 1889
Aug. 21, 1852
Dec. 12, 1896
A.M. Oct. 14, 1882
M. Aug. 3, 1889
Feb. 5,1870
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193 Dan, Takuma, c/o Mitsui Mining Company, No. 4, Suruga-cho, Nihonbashi-Ku, Tokio.
Japan
194 Daniel, Peter Francis, Greymouth, New Zealand
195 Darby, J. H. Pen y Garth, Brymbo, Denbighshire
196 Darling. Fenwick, South Durham Colliery. Darlington
197 Darlington, James, Black Park Colliery, Ruabon. North Wales
198 Davey, George, Waitekauri Gold Mining Company, Waitekauri, Auckland,
New Zealand
199 Davey, Henry, 3, Princes Street, Westminster,London, S. W
200 Davies, Lt. Colonel Jasper G. S., Marton, Middlesbrough
201 Davies, John, Hartley House, Coundon, Bishop Auckland
202 Davies, J. Hubert. P.O. Box 455, Johannesburg, Transvaal
203 Davis, Kenneth, Dudley Colliery, Northumberland
204 Davison, J. Ford, Yarlside, Dalton-in-Furness
205 Daw, John, Jun., Brooklands, Rosemont Road, Acton, London, W
206 Dees, J. Gibson. Floraville, Whitehaven
207 Dees, R. R,, Newcastle-upon-Tyne
208 Delprat, G. D., Campanas No. 15, Cordoba, Spain
209 Denny, G. A., African City Properties Trust Buildings, Market Street (Room 26),
Johannesburg, Transvaal
210 Dickinson, Arthur, Warham Road, South Croydon, Surrey
211 Diest, Edmond C. van, San Luis, Costilla County, Colorado, U.S.A
212 Dixon, D. W., Lumpsey Mines, Brotton. Saltburn-by-the-Sea
213*Dixon, James S., Fairleigh, Bothwell, N.B
214 Dixon, Jonathan, Maitland Street, Stockton, via Newcastle, New South Wales
215 Dixon, R., Sankey Wire Mills and Ropeworks, Warrington
216 Dixon, William, Cleator, Cumberland
217 Dobb, T. G., Derby Terrace, Hindley, near Wigan, Lancashire
218 Dobbs, Joseph, Jarrow Colliery, Castlecomer, Co. Kilkenny
219 Dodd, B., Bearpark Colliery, near Durham
220 Dodd, M., Burncroft, Hexham

Date of Election
and of Transfer.
April 14, 1894
April 8, 1893
Feb. 9, 1895
Nov. 6, 1875
S. Nov. 7, 1874
M, Aug. 4, 1877
June 10, 1893
Oct. 11, 1873
Aug. 3, 1889
April 10, 1886
April 8. 1893
April 13, 1889
Oct. 13, 1894
Dec. 14, 1895
Oct. 13, 1883
Oct. 7. 1871
Feb. 10, 1894
Dec. 8, 1894
April 14, 1894
July 14, 1896
Nov. 2, 1872
Aug. 3, 1878
Oct. 13, 1894
June 5, 1875
April 10, 1897
Dec. 8, 1894
April 14, 1894
S. May 3, 1866
M. Aug. 1, 1868
S. Dec. 4, 1875

221 Dodd, Thomas Robert, P.O. Box 317, Johannesburg, Transvaal
222 Donald, John Macintosh, Bantjes Consolidated Mines, Limited, Florida, South African
Republic
223*Donkin, W., Witbank Colliery, Per Special Post Bag, via Pretoria, South Africa

224*Douglas, C. P., Thornbeck Hill, Carmel Road, Darlington
225 Douglas, John, 4, Brandling Terrace, Felling, R.S.O Co. Durham
226 Douglas, M. H., Usworth Colliery, Washington, R.S.O., Co. Durham
227 Douglas, T., The Garth, Darlington (Past-President, Member of Council)

A.M. Aug. 7, 1880
M. June 8, 1889
June 13, 1896
A.M. July 14, 1896
M. Oct. 10, 1896
S. Sept. 2, 1876
A.M. Aug. 1, 1885
M. June 8, 1889
March 6, 1869
A.M. April 22, 1882
M. Aug. 3, 1889
A. M. Aug. 2, 1879
M. Aug. 3, 1889
Aug, 21, 1852
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228 Dowdeswell, H., Butterknowle Colliery, via Darlington
229 Doyle, Patrick, Indian Engineering, 19, Lall Bazar, Calcutta, India
230
231
232
233
234
235
236
237
238
239

Draper, David, P.O. Box 460, Johannesburg, Transvaal
Dudley, Uriah, Menzies, Western Australia
Dumat, Alfred, 1, Loop Street, Pietermaritzburg, Natal
Dyson, T. Ingleby, Mount Morgan, Queensland
Eastlake, Arthur W.,Balham, London, S.W
Eck, Richard, Fairsted, Thorold Road, Ilford, Essex
Ede, Francis J., Silchar, Cachar, India
Ede, Henry Edward, c/o The New Explosives Company, Stowmarket, Suffolk
Eden, C. H, c/o Messrs. Vivian and Sons, Swansea
Edge, J. H, Coalport Wire Rope and Chain Works, Shifnal, Salop

240 Edwards, Edward, Maindy Pit, Ocean Coal Company, Ton Pentre, South Wales
241 Edwards, Telford, Tati, Matabeleland, South Africa ; and 1, Bradenham Place,
Penarth, South Wales
242 Eissler, M., 5, Post Office Chambers, Sydney, New South Wales
243 Ellis, W. R., Wigan
244 Elsdon, Robert. "Esperanza," 381, Hagley Road, Edgbaston, Birmingham
245 Elwen, Thomas Lee. Littleburn Colliery, near Durham
246 Embleton, H. C, Central Bank Chambers, Leeds
247 Embleton, T. W., The Cedars, Methley, Leeds
248
249
250
251
252

Epton, W. Martin, P.O. Box 737, Johannesburg, Transvaal
Etherington, J., 39a, King William Street, London Bridge, London, E.C
Evans, Lewis, P.O. Box 2691, Johannesburg, Transvaal
Everard, J. B., 6, Millstone Lane, Leicester
Fairley, James, Craghead and Holmside Colliery, Chester-le-Street

253 Faragher, Louis, Cape Copper Company, Limited, Ookiep, Namaqualand, South
Africa
254 Farmer, A., Seaton Carew, near West Hartlepool
255 Fellows, Alfred, The Bede Metal and Chemical Company, Limited, Hebburn,
Newcastle-upon-Tyne
256*Fenwick, Barnabas, 84, Osborne Road, Newcastle-upon-Tyne
257 Ferens, Frederick J., Silksworth Colliery. Sunderland

Date of Election
and of Transfer.
S. April 5, 1873
M. Aug. 7, 1875
A.M.March 1, 1879
M. Aug. 3,1889
Feb. 15, 1896
April 14, 1894
April 8, 1893
Feb. 9,1895
June 11, 1892
Aug. 5, 1893
Aug. 1, 1896
July 14, 1896
June 14, 1890
A.M. Sept. 7, 1878
M. Aug. 3, 1889
Feb. 9,1895
Dec. 12, 1896
Feb. 15,1896
June 1, 1878
Nov. 7, 1876
Oct. 13, 1888
April 14, 1894
S. Sept. 2, 1865
M. Aug. 1, 1868
Oct. 12, 1895
Dec. 9,1893
Oct, 14, 1893
March 6, 1869
A.M. Aug. 7, 1880
M. Aug. 3, 1889
April 8,1893
March 2, 1872
June 13, 1896
Aug. 2, 1866
S.Dec. 4,1880
A.M. Aug. 4, 1888
M. Aug. 3, 1889

258 Ferens, F. S., 13, Railway Arches, Westgate Road, Newcastle-upon-Tyne

Oct. 14, 1893
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259 Fergie, Charles, Drummond Colliery, Westville, Nova
Scotia
260 Ferguson, D., c/o James Ferguson, 115, Buccleuch Street, Glasgow
261 Ferguson, James, P.O. Box 253, Johannesburg, Transvaal
262 Figari, Alberto, Apartado, N. 255, Lima, Peru
263 Fisher. Edward R., Nant Glas, Cross Hands, near Llanelly, South Wales
264 Fishwick. R., Binchester Colliery, Co. Durham
265 Fletcher, James, Whickham and Bullock
Carrington, New South Wales
266 Fletcher, Lancelot. Brigham Hall, Carlisle

Island

Coal Company, Limited,

267*Fletcher, Walter, The Hollins, Bolton, Lancashire
268 Flint, John, Broomhill Colliery, Acklington, Northumberland
269 Foggin, W., 12, Devonshire Place, Jesmond, Newcastle-upon-Tyne
270 Foote, Arthur de Winte, P.O. Box 491, Grass Valley, California, U.S.A
271 Ford, Mark, Sherburn Colliery, near Durham
272 Ford, Stanley H., P.O. Box 2056, Johannesburg, Transvaal
273 Forrest, J. C, Holly Bank Colliery, Essington, Wolverhampton
274 Forster, G. B., Farnley Hill, Corbridge-upon-Tyne (Past-President, Member of
Council)
275 Forster, J. R., Water Company's Office, Newcastle-upon-Tyne
276 Forster, Thomas E., 3, Eldon Square, Newcastle-upon-Tyne (Member of Council)

277
278
279
280
281

Fowler, R., Washington Colliery, Washington Station, R.S.O., Co. Durham
Fowler, Thomas, Coolgardie, Western Australia
Frecheville, William, Claremont, Nutfield, Redhill, Surrey
Frossard, J. D., c/o Messrs. Fry, Everitt and Company, 7, Cambrian Place, Swansea
Fryar, John William, Jobs Hill, Crook, via Darlington

282 Fryar, Mark, Denby Colliery, Derby

283
284
285
286

Fryar, William, Inspector of Mines, Brisbane, Queensland, Australia
Galloway, T. Lindsay, Argyll Colliery, Campbeltown, N.B.
Galloway, William, Cardiff
Gallwey, Arthur P., P.O. Box 138. Johannesburg, Transvaal

Date of Election
and of Transfer
Dec. 9, 1893
A.M. Dec. 8, 1883
M.Aug. 3,1889
Dec. 12, 1896
April 25, 1896
A.M. Aug. 2, 1884
M.Aug. 3, 1889
Aug. 6,1892
Dec. 9, 1893
A.M. April 14, 1888
M. June 8, 1889
Dec. 14,1895
Jan. 19, 1895
March 6, 1875
Feb. 13, 1897
Aug. 3,1895
June 10, 1893
April 12, 1884
Feb. 5,1857
July 2, 1872
S. Oct. 7, 1876
A.M. Aug. 1,1885
M. June 8, 1889
Nov. 24, 1894
Dec. 12,1896
Feb. 15,1896
Dec. 14,1895
A. June 14, 1890
M. June 12, 1897
S.Oct. 7, 1876
A.M. Aug. 4, 1883
M. June 8, 1889
April 10, 1897
Sept. 2, 1876
April 23, 1887
S. Oct. 2, 1880
M. Oct. 10, 1891
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287 Gardiner, E. T., 8, South View Terrace, Bishop Auckland
288 Geddes, George H., 21, Young Street, Edinburgh
289 Gerrard, James, 11, Meek Buildings, Wigan

290 Gerrard, John, H.M. Inspector of Mines, Worsley, Manchester
291 Gifford, G. Graves, Chancery Chambers, Hunt Street, Coolgardie, Western Australia
292 Gifford, Henry J., Minas de Passagem, Ouro Preto, Brazil

Date of Election
and of Transfer.
Dec. 8, 1894
Oct. 1, 1881
S. March 1, 1873
A.M. Aug. 2, 1879
M. June 8, 1889
S. March 5, 1870
M. Aug. 1, 1874
Feb. 9,1895
Oct. 14, 1893

293 Gilchrist,. J. R., Garesfield Colliery. Lintz Green. Newcastle-upon-Tyne

294 Gill, William, Apartado, 42, Bilbao, Spain
295 Gillman, Fritz, Gartenstrasse, 1, Freiburg im/B., Baden, Germany
296 Gilroy, S. B., Mining Engineer, Mansfield
297 Gipps, F. G. de Visme, Coolgardie, Western Australia
298 Gjers, John, Southfield Villas, Middlesbrough
299*Gledhill, Edward, Carolina Hacienda, Honda, Republic of Colombia, South America
300 Goerz, A., Manor House, St. John's Wood Park, London, N.W
301 Goldsworthy, Arthur, Linares, Provincia de Jaen, Spain
302 Goolden, Walter T., c/o Messrs. Easton, Anderson and Goolden, Limited, 2, St.
Nicholas' Buildings, Newcastle-upon-Tyne
303 Gordon, Robert, Imperial Chambers, Coolgardie, Western Australia
304 Gouldie, Joseph, The Gill, Aspatria, Cumberland
305 Graham, Edward, Jun., East Howle Colliery, Ferryhill
306 Greaves, J. O., Westgate, Wakefield
307 Green, J. T., Southside, Sneyd Park, Clifton, Bristol
308 Greener, Henry, South Pontop Colliery, Annfield Plain, R.S.O., Co. Durham
309 Greener, T. Y., West Lodge, Crook, Darlington (Member of Council)

310 Greenwell, G. C, Jun., Poynton, near Stockport
311 Gregson, G. Ernest, 11, Chapel Street, Preston, Lancashire
312 Gresley, W. S., Erie, Pennsylvania, U.S.A
313 Grey, C. G., Ballycourcy, Enniscorthy, Co. Wexford
314 Grey, Frederick William, Dashwood House, 9, New Broad Street, London, E.C
315 Griffith, N. R., Plasnewydd, Ruabon, North Wales
316 Griffith, William, Waterloo House, Aberystwyth, South Wales

S. Feb.
3, 1877
A.M.Aug. 1,1885
M. June 8, 1889
June 13, 1896
A.M. Dec. 8, 1894
M. June 8, 1895
Sept. 5, 1868
April 25, 1896
June 7,1873
Dec. 9,1893
April 14, 1894
Aug. 3, 1895
Aug. 6, 1892
Dec. 12, 1896
Aug. 5, 1893
Aug. 1, 1896
Aug. 7,1862
Dec. 3, 1870
A M. Dec. 9, 1882
M Aug. 3,1889
S. July 2, 1872
A.M. Aug. 2, 1879
M. June 8, 1889
S. March 6, 1869
M. Aug. 3, 1872
A.M. Dec. 8, 1894
M. Feb. 9, 1895
A.M. Oct. 5, 1878
M. Aug. 3, 1889
May 4, 1872
July 14, 1896
Aug. 1, 1867
Dec. 9, 1893
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317 Griffiths, Edward,

Brymbo Colliery, near Wrexham, North Wales

318 Grimshaw, E. J., 23, Hardshaw Street, St. Helen's, Lancashire
319*Grundy, James, 27, Chowringhee Road, Calcutta, India
320 Guthrie. James K., Wylam-upon-Tyne
321 Haddock, W. T., Sutherland Reef, Limited, Leydsdorp, Zoutpansberg, S.A.R

322 Hadfield, Joseph
323 Haggie, D. H., Wearmouth Patent Rope Works, Sunderland
324 Haggie, Peter Sinclair, Gateshead-upon-Tyne
325*Hague, Ernest, Castle Dyke, Sheffield
326 Halder, Albert H., 10, Drapers Gardens, London, E.C.
327 Hall, Frederick, Fernleigh, Highfield, Workington
328 Hall, Fred. W., Haswell Lodge, Sunderland
329 Hall, John Charles, Pegswood Colliery, near Morpeth

Date of Election
and of Transfer.
A. June 13, 1891
M. Aug. 1, 1896
Sept. 5, 1868
June 13, 1896
Aug. 3,1889
S. Oct. 7, 1876
A.M.Aug. 1,1885
M. June 8, 1889
Feb. 9,1895
March 4, 1876
A.M. April 14, 1883
M. Aug. 3, 1889
S. March 2, 1878
M. Aug. 3, 1878
April 8, 1893
Oct. 14, 1893
S. June 8, 1889
M. Feb. 10, 1894
A. Dec. 14, 1889
M. Aug. 3, 1895

330
331
332
333
334

Hall, M., Lofthouse Station Collieries, near Wakefield
Hall, M. S., 8, Victoria Street. Bishop Auckland
Hall, Tom, Ryhope Colliery, via Sunderland
Hall, William F., Haswell Colliery, Haswell, via Sunderland
Hallas.G. H., Wigan and Winston Coal Company, Limited, Prescot

335 Hallimond, William Tasker, General Manager, Rand Collieries, Limited, Brakpan,
S.A.R
336 Halse, Edward. Sucre, Puerto Berrio, Estado de Antioquia, Republic of Colombia,
South America
337 Hamilton, E., Rig Wood, Saltburn-by-the-Sea

338 Hancock, H. Lipson, Moonta Mines, South Australia
339 Hancock, H. R., Moonta Mines, South Australia
340 Hannah, David, Brynderwen, Ferndale, South Wales
341 Hardman, John E,, 83, Hollis Street, Halifax, Nova Scotia
342 Hare. Samuel, Bedlington Collieries. Bedlington, R.S.O., Northumberland
343
344
345
346
347

Hargreaves, Joseph, Gwaun Cae Gurwen Collieries, Brynamman, R. S.O.
Harle, Peter, Page Bank Colliery, Co. Durham
Harle, Richard, Browney Colliery. Durham
Harris, G. E., Margherita, Debrugarh, Upper Assam
Harris, W. S., Kibblesworth, Gateshead-upon-Tyne

Sept. 5, 1868
Feb. 14,1874
June 8, 1889
May 13, 1858
S. Oct. 7, 1876
A.M. Aug. 4,1883
M. June 8, 1889
Dec. 14,1889
A.M.June 13, 1885
M .Aug. 3,1889
S. Nov. 1, 1873
A.M. Aug. 2, 1879
M. June 8, 1889
Dec. 14, 1895
A.M. Aug. 4, 1894
M. Nov. 24, 1894
Feb. 9, 1895
Dec. 9, 1893
S. Aug. 2, 1879
M. Aug. 1, 1891
Aug. 5, 1893
Oct, 8, 1892
April 7,1877
Feb. 10, 1894
S.Feb. 14,1874
A.M. Aug. 7,1880
M. June 8, 1889
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348
349
350
351
352
353
354

Harrison, C. A., North Eastern Railway, Newcastle-upon-Tyne
Harrison, G. B., Swinton, near Manchester
Harrison, Jonathan, Kimihia, Auckland, New Zealand
Harrison, W. B., Brownhills Collieries, near Walsall
Harvey, W. Pellew, Vancouver, British Columbia
Hawker, Edward William, Adelaide Club, Adelaide, South Australia
Hay, J., Jun., Widdrington Colliery, Acklington

355 Head, Jeremiah, 47, Victoria Street, Westminster, London, S.W
356 Hedley, J. L., H.M. Inspector of Mines, 2, Devonshire Terrace, Newcastle-upon-Tyne
357 Hedley, Septimus H., Langholme, Roker, Sunderland

358 Hedley, William, Ouston House, Chester-le-Street
359 Henderson, H., Pelton Colliery, Chester-le-Street
360 Henderson, Joseph J., U.S. Engineer's Office, Kingsbridge, New York, U.S.
A
361 Hendy, J. C. B., Etherley, via Darlington
362 Hepburn, Wheldon, Littletown Colliery, near Durham
363 Heppell, T., Leafield House, Birtley, Chester-le-Street
364 Heslop, C, Woodside, Marske Mill Lane, Saltburn-by-the-Sea
365 Heslop, Grainger, Deptford Hall, Sunderland
365 Heslop, Michael, Rough Lea Colliery, Willington, Co. Durham

Date of Election
and of Transfer.
June 21, 1894
Aug. 6, 1892
June 8, 1895
April 6, 1867
June 8, 1895
Oct. 12,1895
S. Sept. 4,1869
M. Aug. 4, 1874
Aug. 3, 1889
S. Feb. 5, 1870
M. Aug. 2, 1873
S. Feb. 15, 1879
A.M. Aug. 1, 1885
M. Aug. 3, 1889
Feb. 13,1897
Feb. 14, 1874
June 13, 1891
Oct. 14,1893
Aug. 3, 1895
Aug. 6,1863
S. Feb.
1, 1868
M. Aug. 2, 1873
Oct. 5, 1872
A. Feb. 10, 1894
M. June 21, 1894

367 Heslop, Septimus, New Beerbhoom Coal Company, Limited, Asansol, Bengal, India
368 Heslop. Thomas, Storey Lodge Colliery, Cockfield, via Darlington

369 Heslop, William Taylor, Central Collieries, Brakpan, Johannesburg, Transvaal
370*Hewitt, G. C.,Serridge House, Coalpit Heath, near Bristol
371 Hewlett, A., Haseley Manor, Warwick
372 Hewlett, Erne, Ammanford Colliery Company, Limited, Ammanford, R.S.O.,
Carmarthenshire
373 Higby, Robert George, Borrea Coal Company, Limited, Salanpore Collieries,
Seetarampore, Bengal, India
374 Higson, Jacob, 18, Booth Street, Manchester
375 Hill, Leslie, Rossland, British Columbia
376 Hill, William, The Pooley Hall Colliery Company, Polesworth, near Tamworth
377*Hilton, J., Woodcock Hall, Newburgh, near Southport
378 Hilton, T. W., Wigan Coal and Iron Company, Limited, Wigan

Oct. 12, 1895
S. Oct.
2, 1880
A.M.Aug. 4,1888
M. Aug. 3, 1889
Aug. 3, 1895
June 3, 1871
March 7, 1861
Oct. 10, 1896
Dec.

9, 1893

Aug. 7,1862
A.M. Aug. 1, 1896
M. Dec. 12, 1896
A.M. June 9, 1883
M. Aug, 3, 1889
S. Dec. 7, 1867
M. Aug. 6, 1870
Aug. 3, 1865
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379 Hobson, J. B., Cariboo Hydraulic Mining Company, Limited, Vancouver,
British Columbia
380 Hodge, Francis, Coromandel, near Auckland, New Zealand
381 Hodgson, Jacob, Cornsay Colliery, Co. Durham
382 Hodgson, John, Edmondsley Colliery, Chester-le-Street
383 Hoffman, Charles, Per Private Bag, P.O. Box 1022, Johannesburg, Transvaal
384 Hogg, C. E., 1, St. Helen's Place, London, E.C
385 Holliday, Martin P., Langley Grove, Durham
386 Hollis, Henry William, Whitworth House. Spennymoor
387 Holmes, C, 109, Victoria Road, Darlington
388 Holt, John, Jun., 109, Manchester Road, Swinton, Lancashire; and The Hollies,
Heywood, Lancashire
389 Hood, A., 6, Bute Crescent. Cardiff
390 Hooper, Edward, c/o J. H. Hooper, College Precincts, Worcester
391 Hooper, G. C, P.O. Box 142, Johannesburg, Transvaal
392 Hopkins, Edward, 13, Harrington Gardens, London, S.W
393 Hosking, James, Roskear, Camborne, Cornwall
394 Hoskold, Carlos A. Lynes, First Engineer, Inspector of the National Department of
Mines and Geology, Calle Charcas, 1222, Buenos Aires, Argentine Republic
395 Hoskold, H. D., Inspector General of Mines of the Argentine Republic, and Director of
the National Department of Mines and Geology, Buenos Aires, Argentine Republic
396 House, John, Rosebridge and Douglas Bank Collieries Company, Limited, Wigan
397 Howes, Frank T., Singareni Collieries, Hyderabad Deccan Company, Limited,
Secundarabad, India
398 Howley, James Patrick, Geological Survey of Newfoundland, Museum and Office,
P.O. Building, St. John's, Newfoundland
399 Hull, Prof. Edward, 20, Arundel Gardens, London, W.
400 Humble, William, Lawson Street, Hamilton, Newcastle, New South Wales
401 Hurst. George, 9, Framlington Place, Newcastle-upon-Tyne
402 Hutchinson, R. L., 83, Howard Street, North Shields
403 Jackson, W. G. High Prestwick, Chiddingfold, Surrey
404 Jaffrey, William, 3, Victoria Street, London, S.W.

Date of Election
and of Transfer.
April 25, 1896
April 14, 1894
June 8,1895
Oct. 8,1889
June 13, 1896
Oct. 12,1895
May 1, 1875
June 8,1889
April 11, 1874
Aug. 5,1893
May 2, 1861
A. M. June 4,1881
M .April 14,1894
A.M. Aug. 4,1894
M. Oct. 13,1894
Oct. 8, 1889
June 21, 1894
June 8,1895
April 1, 1871
June 13, 1896
A.Dec. 10,1892
M.Oct. 14,1893
Aug. 1,1896
Dec. 8, 1894
Oct. 14,1893
S.April 14,1883
M.Aug. 1,1891
June 13, 1896
June 7,1873
Feb. 13,1897

405
406
407
408

James, William Henry Trewartha, The Priory, Bedford Park, Chiswick
Jeffcock, T. W., 18. Bank Street, Sheffield
Jenkins, W Ocean Collieries, Treorchy, Glamorganshire
Jepson, H., 39, North Bailey, Durham

409 Jobling, John William, Clifton Cottage, Burnley, Lancashire

Dec. 12,1896
Sept. 4,1869
Dec. 6,1862
S. July 2,1872
A.M. Aug. 2,1879
M. June 8,1889
June 13, 1896

[Axxix]

410*Jopling, Thomas E., Bebside, Northumberland (Member of Council)

411*Johns, J. Harry, P.O. Box 1021, Johannesburg, Transvaal
412 Johnson, Algernon Edward, County Court Building, Wrexham
413 Johnson, Guy R., P.O. Box 75, Embreville, Washington County, Tennessee, U.S.A
414 Johnson, J., The Terrace, Stairfoot, near Barnsley
415 Johnson, W., Abram Colliery, Wigan

416
417
418
419
420
421
422
423
424

Johnson, William, 3, Elm Grove, Warkworth
Johnston, Duncan Stuart, P.O. Box 116, Johannesburg, Transvaal
Johnston, J. Howard, c/o Messrs. Backus and Johnston, Lima, Peru, South America
Joicey, J. G., Forth Banks West Factory, Newcastle-upon-Tyne
Joicey, W. J., Sunningdale Park, Berkshire
Jones, Jacob Carlos, Bellambi, New South Wales
Jones, John Arthur, Gijon, Asturias, Spain
Jones, Thomas, 1, Princes Street, Great George Street, London, S.W
Kanda, Reiji, Shikaibetsu Silver and Lead Mines, Yoichi, Hokkaido, Japan

425 Kaufman, Charles, St. George's Terrace, Perth, Western Australia
426 Kay, Robert, South Tanfield Colliery, Stanley, R.S.O., Co. Durham
427 Kayll, A. C, Gosforth, Newcastle-upon-Tyne (Member of Council)
428 Kayser, H. W. Ferdinand, The Mount Bischoff Tin Mining Company, Waratah,
Tasmania
429 Kebler, Julian A., Boston Building, Denver, Colorado, U.S.A
430 Kellett, Matthew H, St. Helen's Colliery, Bishop Auckland
431 Kellett, William, Portland Bank, Southport
432 Kennedy, William, 509, West Sixth Street, Austin, Texas, U.S.A.
433 Kidd, Thomas, Jun., Linares, Provincia de Jaen, Spain. Transactions to be sent to
Thomas Kidd, Esq., 104, Balham Park Road, Balham, London, S.W.
434 Kirkby, J. W., Kirkland, Leven, Fife
435 Kirkup, Austin, Newbottle Colliery, Bunker Hill, Fence Houses
436 Kirkup, J. P., Burnhope, Lanchester
437 Kirkup, Philip, Cornsay Colliery Office, Esh, near Durham

Date of Election
and of Transfer.
S. Oct.
7, 1876
A.M. Aug. 4, 1883
M. June 8, 1889
June 21, 1894
April 25, 1896
Aug. 4, 1894
March 7, 1874
S. Feb. 14, 1874
A.M. Aug. 2, 1879
M. June 8, 1889
Dec. 9, 1882
Feb. 15, 1896
Feb. 10, 1894
April 10, 1869
March 6, 1869
Aug. 6, 1892
April 8. 1893
June 12, 1897
A. M. Aug. 4, 1894
M. Nov. 24, 1894
Oct. 12, 1895
Aug. 4, 1894
S. Oct. 7, 1876
M. Aug. 3, 1889
Nov. 24, 1894
June 13, 1896
S. April 11, 1891
M. Aug. 3, 1895
June 1, 1878
Jan. 19, 1895
Aug. 3, 1895
Feb. 1, 1873
S. April 9, 1892
M. June 12, 1897
April 11, 1891
S. March 2, 1878
A.M. Aug. 7, 1886
M. Aug. 3, 1889
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438 Kirton, Hugh, Kimblesworth Colliery, Chester-le-Street

Date of Election
and of Transfer.
S. April 7, 1877
A.M. Aug. 1, 1885
M. June 8, 1889

439 Klauke, Josef, Esh Village, near Durham
440*Knowles, Robert, Ednaston Lodge, Derby
441 Kondo, R., 7, Setomoncho, Nihonbashi, Tokio, Japan
442*Kwang, Kwong Yung, c/o Chinese Engineering and Mining Company, Lin Si Colliery,
Tientsin, North China
443 Lamb, R. O., West Denton, Newcastle-upon-Tyne
444 Lancaster, John, Ashlawn, Rugby
445 Lancaster, John, Auchinheath, Southfield and Fence Collieries, Lesmahagow
446 Landale, A., Comely Park Place, Dunfermline
447 Landero, Carlos F. de, c/o Real del Monte Company, P.O. Box 1, Pachuca, Mexico
448*Laporte, H, 57, Rue de la Concorde, Brussels
449 Laverick, John Wales, Tow Law Colliery Office, Tow Law, R.S.O., Co. Durham
450
451
452
453
454
455

Laverick, Robert, West Rainton, Fence Houses
Lawn, James Gunsen, South African School of Mines, Kimberley, South Africa
Lawrence, H., Grange Iron Works, Durham (Member of Council)
Lawrence, H. L., 1, Princes Terrace, Brighton
Laws, W. G, Town Hall, Newcastle-upon-Tyne
Leach, C. C, Seghill Colliery, Northumberland (Member of Council)

456 Lebour, G. A., Durham College of Science, Newcastle-upon-Tyne
457 Leck, William, H.M. Inspector of Mines, Cleator Moor, Cumberland
458 Leckie, Robert G., Londonderry Iron Company, Limited, Londonderry, Nova Scotia
459 Lee, J. W. R., 70, St. Helen's Gardens, North Kensington, London, W
460 Lewis, H. R., Finsbury Circus Buildings, London, E.C.
461 Lewis, Sir William Thomas, Mardy, Aberdare (Vice-President, Member of Council)
462 Liddell, John, Kimberley, South Africa
463 Liddell, J. M., 3, Victoria Villas, Newcastle-upon-Tyne

464
465
466
467

Liebert, R. A. D.
Linday, George, Blackett Colliery, Haltwhistle
Lindop, A. B., Blackball, via Greymouth, New Zealand
Lishman, R. R., South Hill House, Timsbury, near Bath

468 Lishman, T., Hetton Colliery. Hetton-le-Hole, R.S.O

Co. Durham

Feb. 13,1897
April 10, 1886
June 21, 1894
June 8, 1895
Aug. 2, 1866
March 2, 1865
Sept. 7,1878
Dec. 2,1858
Feb. 15, 1896
May 5,1877
A.M. Dec. 9, 1882
M. Aug. 3, 1889
Sept. 2, 1876
July 14, 1896
Aug. 1, 1868
April 8, 1893
Oct. 2,1880
S. March 7, 1874
A.M. Aug. 6, 1881
M. Aug. 4, 18S3
Feb. 1, 1873
Nov. 24, 1894
Dec. 9, 1893
Aug. 5, 1893
April 14, 1894
Sept. 3,1864
July 14, 1896
S. March 6, 1875
A.M. Aug. 6, 1881
M. June 8, 1889
April 8, 1893
June 10, 1893
Dec. 9, 1893
S. June 9, 1883
M. Aug. 1, 1891
S.Nov. 5,1870
M. Aug. 3, 1872
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469 Lishman, William, Holly House, Witton-le-Wear
470 Lishman, W. Ernest, South Hetton Colliery, via Sunderland
471 Lisle, J., The Ottos Kopje Diamond Mines, Limited, Ottos Kopje Chambers, P.O. Box
381, Kimberley, South Africa
472 Little, Gilbert, Transport Appliance Works, Smethwick, Birmingham
473 Liveing, E. H., 52, Queen Anne Street, Cavendish Square, London, W

474 Livesey, C., Bradford Colliery, near Manchester
475 Livesey, T., Bradford Colliery, near Manchester
476
477
478
479

Llewellin, David Morgan, Glanwern Offices, Pontypool
Lloyd, G. Hamilton, 7, St. Mildred's Court, Poultry, London, E.C
Logan, William, Langley Park Colliery, Durham (Member of Council)
Longridge, Captain Cecil Clement, Grove Cottage, Gravesend

Date of Election
and of Transfer
April 1,1858
June 10, 1893
S. July 2, 1872
A.M. Aug. 3, 1878
M. June 8, 1889
April 27, 1895
S. Sept. 1, 1877
A.M. Aug. 2, 1884
M. Aug. 3, 1889
Aug. 3,1865
S. Nov. 7, 1874
M. Aug. 7, 1875
May 14, 1881
Dec. 9, 1893
Oct. 5, 1867
Aug. 1, 1896

480
481
482
483
484
485
486
487
488

Longridge, Jethro, Coxlodge Colliery, Newcastle-upon-T yne
Lord, Edward Iveagh, Greymouth, Westland, New Zealand
Louis, D. A., 77, Shirland Gardens. London, W
Louis, Henry, 11, Summerhill Terrace, Newcastle-upon-Tyne (Member of Council)
Lovely, W. H. C, Coolgardie, Western Australia
Lowdon, Thomas, Hamsteels, near Durham
Lupton, A., 6, De Grey Road, Leeds
MacArthur, John S., 108a, Hope Street, Glasgow
MacCabe, H. O., Russell Vale, Wollongong, New South Wales

489 McCarthy, E. T., c/o Colonel Pigott, Archer Lodge, Charles Road, St. Leonards-onthe-Sea
490 McCreath, J., 208, St. Vincent Street, Glasgow
491 McCulloch, David, 27, Oswald Street, Glasgow
492 McGeachie, Duncan, Waratah Colliery, Charlestown, near Newcastle, New South
Wales
493 Mackintosh, James, c/o T. and R. B. Ranken, 68, Queen Street, Edinburgh
494 McMurtrie, George Edwin James, Foxes Bridge Colliery, Cinderford, Gloucestershire
495 McMurtrie, J., Radstock Colliery, Bath
496 Maddison, Thomas R., Dirtcar House, near Wakefield

497 Maddison, W. H. F., The Lindens, Darlington
498 Maling, C. T., Ellison Place, Newcastle-upon-Tyne

Dec. 14, 1889
Dec. 12,1896
April 8, 1893
Feb. 15,1896
June 8, 1895
Dec. 14, 1889
Nov. 6, 1869
April 8,1893
S. Sept. 7, 1878
A.M. Aug. 7, 1880
M. Aug. 3, 1889
A.M. Oct. 8, 1887
M. Aug. 3, 1889
March 5, 1870
Dec. 4, 1875
Nov. 24, 1894
Oct. 12, 1895
S. Aug. 2, 1884
M. Dec. 12, 1891
Nov. 7,1863
S. March 3, 1877
A.M. Aug. 6, 1881
M. June 8, 1889
June 14, 1890
Oct. 5, 1872
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499 Mammatt, J. E., 1, Albion Place, Leeds
500 Markham, G. E, Coundon, Bishop Auckland

501 Marks, Herbert T., 27, Wallace Road, Canonbury, London, N
502 Marley, J. W., Thornfield, Darlington
503*Marriott, Hugh Frederick, c/o Messrs. H. Eckstein and Company, P.O. Box 149,
Johannesburg, Transvaal
504 Marten, E. B., Pedmore, near Stourbridge
505 Martin, C. W., Newbottle Colliery Offices, Fence Houses .
506 Martin, Ralph, The Cardigan Stone Company, Limited, Llandyssil, Sout h Wales
507 Mason, Francis Herbert, Queen Building, Hollis Street, Halifax, Nova Scotia
508 Mathieson, Alexander, Hetton Colliery Carrington, near Newcastle, New South Wales
509 Matthew, William, 10, Jackson's Lane, Calcutta, India
510 Matthews, D. H. F., H.M. Inspector of Mines, Hoole, Chester
511 Matthews, J., Messrs. R. and W. Hawthorn, Newcastle-upon-Tyne
512 Matthews, R. F., Harehope Hall, Alnwick
513 Mawson, R. Bryham, Brick House, Westleigh, near Manchester
514 May, George, The Harton Collieries, South Shields (President, Member of
Council)
515 Meldrum, J. J., Atlantic Works, City Road, Manchester
516 Mellon, Henry, Brook Lea, Askam-in-Furness
517 Merivale, J. H., Togston Hall, Acklington, Northumberland (Member of Council)
518*Merivale, W., Receiver, Barbados Railway Company in Liquidation, Barbados, W.I.

Date of Election
and of Transfer.
Aug. 3, 1865
S.Dec. 4,1875
A.M. Aug. 7, 1880
M. June 8, 1889
Feb. 15, 1896
S.Aug. 1, 1868
M. Aug. 2, 1873
Dec. 12, 1896
July 2, 1872
Aug. 6, 1892
Oct. 12, 1895
June 8, 1895
Nov. 5,1892
June 21, 1894
Nov. 24, 1894
A.M. April 11, 1885
M. Aug. 3, 1889
March 5, 1857
June 11,1892
March 6, 1862
Nov. 24, 1894
April 25, 1896
May 5,1877
A.M.March 5, 1881
M. Aug. 3, 1889

519 Merritt, W. Hamilton, 485, Huron Street, Toronto, Ontario, Canada
520 Metcalf, A. T., Joe's Reef United (Sheba), Limited, Eureka City, DeKaap, S.A.R
521 Meysey-Thompson, A. H., Sun Foundry, Leeds
522 Middleton, Robert, Sheep Scar Foundry, Leeds
523 Miller, George Appleby Bartram, Leighton Road, Southville, Bristol
524 Miller, James, 2, Ailsa Terrace, Hillhead, Glasgow
525 Miller, J. P. K., H. C. Frick Coke Company, Scottdale, Pennsylvania, U.S.A
526 Mitchinson, R., Pontop Colliery, Annfield Plain, R.S.O., Co. Durham
527 Molson, C. Atkinson, c/o The Elkhorn Mining Company, Limited. Elkhorn, Jefferson
County, Montana, U.S.A.
528 Monkhouse, Joseph, Gilcrux, Carlisle

Oct. 14, 1893
June 21, 1894
A.M. April 3, 1889
M. Aug. 3, 1889
Aug. 1, 1891
June 13, 1896
Aug. 4, 1894
Dec. 14, 1895
Feb. 4, 1865
Oct. 12, 1895
June 4, 1863
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529 Moore, R. T., 156, St. Vincent Street, Glasgow
530 Moore, R. W., Somerset House, Whitehaven
531 Moore, William, Loftus Mines, Loftus-in-Cleveland, R.S.O.
532 Moreing, C. A., Broad Street House, Old Broad Street, London, E.C
533 Morison, John, Cramlington House, Northumberland
534 Morland-Johnson, Edward Thomas, Brynn Bowydd, Blaenau Festiniog, North
Wales
535 Morris, William, Waldridge Colliery, Chester-le-Street
536 Morse, Willard S., Hacienda de Guadalupe, Huantla, Estado Morelos, Republica
Mexicana
537*Morton, H. J., 2, Westbourne Villas, Scarborough
538 Moses, William, The Transvaal Coal Trust Company, Limited, Brakpan Colliery,
Johannesburg, Transvaal, per Brakpan Private Bag
539 Mountain, William C, Forth Banks, Newcastle-upon-Tyne
540 Mulholland, M. L
541 Mundle, Arthur, Bank Chambers, 24, Grainger Street West, Newcastle-uponTyne
542*Nasse, Rudolph, Geheimer Oberbergrath, Dörnbergstrasse [Doernbergstrasse], 6,
Berlin, Germany
543 Neave, Henry Edward, P.O. Box 46, Barberton, Transvaal
544 Nevin, John, Littlemoor, Mirfield, Normanton
545 Newbigin, H. Thornton, 7, Lovaine Crescent. Newcastle-upon-Tyne
546 Newton, James, Whitehaven Colliery, Whitehaven
547 Nichol, William, De Beers Mine, Kimberley, South Africa
548 Nicholson, J. Cook, Collingwood Street, Newcastle-upon-Tyne
549 Nicholson, J. H., Cowpen Colliery Office, Blyth

550 Nicholson, Marshall, Middleton Hall, Leeds
551 Noble, Thomas George, Sacriston Colliery, Durham
552 North, F. W., 18, St. Swithin's Lane, London, E.C.
553 Northcott, Cecil E., c/o G. Graves Gifford and Company, Chancery Chambers,
Coolgardie, Western Australia

Date of Election
and of Transfer.
Oct. 8 1892
S. Nov. 5 1870
M. Aug. 4, 1877
A.M.Nov. 19 1881
M. Aug. 8, 1889
Nov. 7, 1874
A.M. Dec. 4, 1880
M. Aug. 3, 1889
April 10, 1897
Oct. 8, 1892
June 13, 1896
Dec. 5,1856
June 21, 1894
April 9, 1892
A.M. Dec.11, 1886
M. Aug. 3, 1889
S. June 5, 1875
M. Aug. 4, 1877
Sept. 4, 1869
A.M. Aug. 1, 1896
M. Dec. 12, 1896
S. May
2, 1868
M. Aug. 5, 1871
Oct, 13, 1894
Nov. 5,1892
A.M. Oct. 9, 1886
M. Aug. 3, 1889
Feb. 10, 1894
S. Oct,
1. 1881
A. Aug. 3. 1889
M. April 8, 1893
Nov. 7,1863
A. Feb. 13, 1892
M. June 8, 1895
Oct. 6, 1864
A.M. June13, 1896
M. Feb. 13, 1897

554 Oates, Robert J. W.,
Umaria, via Katni, C.P., India

Manager,

Government

Central Provinces Collieries,

555 Oldham, George, 25, Western Hill, Durham
556 Oliver, Septimus, Tyne House, Tynemouth

S. Feb. 10, 1883
A.M. Aug. 1, 1891
M. Dec. 12, 1891
Nov. 5,1892
Nov. 24, 1894

[Axxxiv]
Date of Election
and of Transfer.
557 Palmer, A. S., 3, Victoria Square, Newcastle-upon-Tyne. Transactions to be. sent
to The Mechanics' Institute, Felling-upon-Tyne
558 Palmer, Sir Charles Mark, Bart., Quay, Newcastle-upon-Tyne
559 Palmer, Claude B., Wardley Hall, near Newcastle-upon-Tyne
560 Palmer, Henry, Medomsley, R.S.O., Co. Durham (Member of Council)

561 Pamely, C, Wye Cliffe House, Welsh Street, Chepstow
562 Panton, F. S., Silksworth Colliery, Sunderland
563 Parrington, M. W., Wearmouth Colliery, Sunderland
564 Parsons, Hon. Charles Algernon, Holeyn Hall, Wylam-upon-Tyne
565 Peake, R. C, Cumberland House, Redbourn, Herts

566
567
568
569

Pearce, Giles Otis, 708, Colorado Avenue, Colorado City, Colorado, U.S.A
Pease, Sir J. W., Bart., Hutton Hall, Guisbrough, Yorkshire
Peel, Robert, New Brancepeth Colliery, Durham
Peile, William, Croft Hill, Moresby, Whitehaven

570
571
572
573
574

Percy, C. M., King Street, Wigan
Pernolet, Arthur, 87, Rue Lafayette, Paris, France
Pickup, P. W., Rishton Colliery, Rishton, near Blackburn
Plummer, John, H.M. Inspector of Mines, Bishop Auckland
Potter, A. M., Aydon Grange, Corbridge-upon-Tyne (Member of Council)

575 Potter, C. J., Heaton Hall, Newcastle-upon-Tyne
576 Power, F. Danvers, 68½, Pitt Street, Sydney, New South Wales
577 Price, S R., c/o Messrs.
Westminster, London, S. W

Forster Brown and Rees, 12, Victoria Street,

578 Price, S. W., 25, Lochaber Street, Cardiff
579 Price-Williams, R., Victoria Mansions, 32, Victoria Street, London, S.W
580 Pringle, Edward, Choppington Colliery, Northumberland
581*Prior, Edward G., Victoria, British Columbia.
Transactions, etc., to William
McGregor, Nanaimo, British Columbia
582 Pritchard, Edward, 37, Waterloo Street, Birmingham
583 Pritchett, C. W., Jun., San Luis de la Paz, Estado Guanajuato, Mexico
584 Prout, James, 16, Claremont Road, Redruth, Cornwall
585 Proust, Rene, Mammoth Hydraulic Sluicing Company, Matakitaki River, Central
Buller, New Zealand
[Axxxv]

July

2, 1872

Nov. 5, 1852
A.M. Nov. 5, 1892
M. June 8, 1895
S. Nov. 2, 1878
A.M.Aug. 4,1883
M. Aug. 3, 1889
S. Sept. 5, 1868
M. Aug. 5, 1877
S. Oct. 5, 1867
M. Aug. 4, 1874
S. Dec. 1, 1864
M. Aug. 6, 1870
A.M.June 12, 1886
M. Aug. 3, 1889
S. Feb. 7, 1880
A.M. Aug. 7, 1886
M. Aug. 3, 1889
Oct. 12, 1895
March 5, 1857
Aug. 6,1892
S. Oct. 1, 1863
M. Aug. 6, 1870
Dec. 14,1895
Dec. 14, 1895
Feb. 6, 1875
June 8,1889
S. Feb. 3, 1872
M.Aug. 5,1876
Oct. 3, 1874
A.M. Aug. 4, 1894
M. Nov. 24, 1894
S. Nov. 3, 1877
A.M. Aug. 1, 1885
M. Aug. 3, 1889
Aug. 3,1895
Feb. 10, 1894
Aug. 4, 1877
Feb. 7, 1880
Dec. 12, 1896
Dec. 9, 1893
Feb. 10, 1894
June 21, 1894

586 Ramsay, J. A., Sherburn and Littletown Collieries, near Durham
587 Ramsay, William, Tursdale, Co. Durham
588 Randolph, Beverley S., Frostburg, Maryland, U.S.A.
589 Randolph, John C. F., Mills Building, 35, Wall Street, New York, U.S.A
590 Ravenshaw, H. W., 110, Cannon Street, London, E.C.
591 Redmayne, R. A. S., Seaton Delaval Colliery, Newcastle-upon-Tyne
592 Redwood, Boverton, Glenwathen, Church End, Finchley, London, N
593 Reed, Frank, Perth, Western Australia
594 Reid, A. H., 20, South African Chambers, St. George Street, Cape Town
595 Reid, Francis, 13, Railway Arches, Westgate Road, Newcastle-upon-Tyne
596 Renwick, T. G, Manor House, Lumley Park, Fence Houses
597 Rhodes, C. E., Car House, Rotherham
598 Rhodes, F. B. F., Superintendent of the National Smelting and Refining Company,
South Chicago, Illinois, U.S.A
599 Rich, William, Minas de Rio Tinto, Provincia de Huelva, Spain
600
601
602
603

Richards, Arthur
Richards, T. J., Glamorgan Exploring Syndicate, Coolgardie, Western Australia
Richardson, H., Backworth Colliery, Newcastle-upon-Tyne (Member of Council)
Richardson, Ralph, Whitburn Colliery, South Shields

604 Richardson, Robert, Blaydon Main Colliery, Blaydon-upon-Tyne
605 Ridley, N. B., 2, Collingwood Street, Newcastle-upon-Tyne
606 Ridyard, J., Hilton Bank, Little Hulton, Bolton-le-Moors, Lancashire
607 Ritson, U. A., 15, Queen Street, Newcastle-upon-Tyne
608 Roberts, James, Jun., Perranporth, R.S.O., Cornwall
609 Roberts, Robert, Oakley Slate Quarries Co., Ltd., Blaenau Festiniog, North Wales
610 Robertson, D. A. W., Metropolitan Colliery, Helensburgh, near Sydney, New South
Wales
611*Robertson, J. R. M., Linton, Pitt Street, Wilson's Point, Sydney, New South Wales
612 Robertson, W., 123, St. Vincent Street, Glasgow
613 Robeson. Anthony Maurice, De Beers Consolidated Mines, Limited, Kimberley, South
Africa
614*Robins, Samuel M., The New Vancouver Coal Mining and Land Company, Limited,
Nanaimo, British Columbia
615 Robinson, C., P.O. Box 45, Lydenburg, S.A.R

Date of Election
and of Transfer
March 6, 1869
Sept. 11, 1875
Aug. 4, 1894
June 8,1895
Feb. 15, 1896
S. Dec. 13, 1884
M. Dec. 12, 1891
June 21, 1894
April 25, 1896
June 21, 1894
April 9, 1892
April 14, 1894
Aug. 4, 1883
Feb. 10, 1894
A.M. June 9, 1888
M. Aug. 3, 1889
June 13, 1896
Oct. 10, 1896
March 2, 1865
S. June 9, 1883
M. Aug. 1,1891
A. Feb. 8, 1890
M. Aug. 3, 1895
June 8, 1895
Nov. 7, 1874
Oct. 7, 1871
Dec. 14, 1895
Oct. 12, 1895
Aug. 6, 1892
Aug. 2, 1890
March 5, 1870
June 13,1896
Oct. 12, 1895
Dec.

9, 1893

[Axxxvi]

616 Robinson, G. C., Brereton and Hayes Colliery, Rugeley, Staffordshire
617 Robinson, John, The Grange, Haydock, near St. Helens, Lancashire
618 Robinson, J. B., Hedley Hill Colliery, Waterhouses
619 Robinson, John Thomas, South Medomsley Colliery, Dipton, R.S.O
620 Robinson, R., Howlish Hall, near Bishop Auckland (Vice-President, Member of
Council)
621 Robson, J. S., Butterknowle Colliery, via Darlington
622 Robson, T. O., Chowdene Cottage, Low Fell, Gateshead-upon-Tyne

623 Rochester, William, River View, Blaydon-upon-Tyne
624 Rogers, J. M., Wingfield House, Mount Hawk,
Cornwall

near Scorrier, St. Agnes,

Date of Election
and of Transfer.
Nov. 5, 1870
Aug. 1, 1896
Aug. 5, 1893
Feb. 13, 1892
Feb. 1,1868
May 15, 1862
S. Sept. 11, 1875
A.M. Aug. 2, 1884
M. June 8, 1889
Dec. 13, 1891
June 13, 1896

625 Rolker, Charles M., Mining and Financial Trust Syndicate, Limited, 6, Drapers
Gardens, London, E.C
626 Ronaldson, J. H., 40, Pitt Street, Sydney, New South Wales
627 Roscamp, J., Shilbottle Colliery, Lesbury, R.S.O., Northumberland
628 Ross, Alexander, Newcastle Wallsend Coal Company, Wallsend, New South
Wales
629 Ross, Hugh, Croxdale Colliery Office, Durham
630 Ross, J. A. G., 12, Regent Road, Gosforth, Newcastle-upon-Tyne
631 Rothwell, R. P., 253, Broadway (P.O. Box 1833), New York, U.S.A
632 Routledge, W. H., Bedwelty House, Tredegar, Monmouth, South Wales

633 Rowan, James, Inspector of Collieries, Wollongong, New South Wales
634 Rowe, Daniel, c/o Mrs. D. Rowe, Mount Ambrose, Redruth, Cornwall
635 Rowe, William Henry, 9, Earl Terrace, Douglas, Isle of Man
636 Rowley, Walter, 20, Park Row, Leeds
637 Russell, Robert, Coltness Iron Works, Newmains, N.B
638 Rutherford, W., South Derwent Colliery, Annfield Plain, Lintz Green
639 Saint, William, Kersal Bank, Higher Broughton, Manchester
640*Saise, Walter, Giridih, E.I.R., Bengal, India
641 Sam, T. B. F., c/o Messrs. F. and A. Swanzy, Cape Coast Castle, West Africa
642 Samborne, John Stukely Palmer, Timsbury House, Bath
643 Saner, C. Taylor, Reitfontein A, Limited, Per Private Bag, Johannesburg, Transvaal

June

8, 1895

Aug.
Feb.
Dec.

6, 1892
2, 1867
8,1894

Aug. 6,1892
July 2, 1872
March 5, 1870
S. Oct. 7, 1876
A.M. Aug. 1, 1885
M. June 8, 1889
Aug. 6, 1892
June 21, 1894
June 13, 1896
Aug. 5, 1893
Aug. 3, 1878
Oct. 3,1874
Oct. 10, 1896
A.M. Nov. 3, 1877
M. Aug. 3, 1889
Aug. 5,1893
Aug. 1, 1891
Oct. 13, 1894
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644*Sawyer, A. R., P.O. Box 2233, Johannesburg, Transvaal

645 Schroller, William, c/o Simon-Carves Bye-Product Coke Oven Construction and
Working Company, Limited, 20, Mount Street, Manchester
646 Scott, C. F., Grove Cottage, Leadgate, Co. Durham
647 Scott, Elgin, Ropienka Oil Wells, Ropienka, Galicia, Austria
648 Scott, Ernest, Close Works, Newcastle-upon-Tyne
649 Scott, F. Bowes, c/o Messrs. Bowes Scott and Company, 81, Cannon Street, London,
E.C.
650 Scott, Joseph, Ngahire, via Greymouth, New Zealand
651 Scott, Joseph S., Trimdon Hall, Trimdon Grange, R.S.O., Co. Durham
652 Scoular, G., St. Bees, Cumberland
653 Seamon, William Henry, Director of the New Mexico School of Mines, Socorro,
New Mexico
654 Seccombe, Alfred F., 44, Hill Park Crescent. Plymouth
655 Selby, John Baseley, Leigh, Lancashire
656 Selkirk, John Gunsen, Dalton-in-Furness
657 Seymour, L. Irving, P.O. Box 149, Johannesburg, Transvaal
658 Shaw, F. George
659*Shaw, James, Stanley House, Kent Town, Adelaide, South Australia
660 Shaw, J. Leslie, Somerset House, Whitehaven
661 Sheafer, A. Whitcomb, Pottsville, Pennsylvania, U.S.A.
662 Shiel, John, Framwellgate Colliery, Co. Durham
663 Shipley, T. B., P.O. Box 97, Heidelberg, Transvaal. Transactions to be sent
to c/o Messrs. Andrew Reid and Company, Limited, Newcastle-upon-Tyne

Date of Election
and of Transfer.
S. Dec. 6, 1873
A.M. Aug. 2, 1879
M. June 8, 1889
Aug. 4 1894
S. April 11, 1874
M. Aug. 4, 1877
Aug. 4, 1894
April 9, 1892
Dec. 14, 1895
Aug. 5, 1893
S. Nov. 19, 188]
M. April 9, 1892
July 2, 1872
Oct. 12, 1895
Dec. 9, 1893
April 25, 1896
April 8, 1893
Feb. 14, 1891
June 10, 1893
Dec. 12,1896
Oct. 8, 1892
Aug. 4, 1891
May 6, 1871
A.M. Aug. 2, 1884
M. Aug. 3, 1889

664 Shore, William Martin, Kaitangata Railway and Coal Company's Collieries, Otago,
New Zealand
665 Shotton, John, Ottoman Railway Company, Smyrna, Asia Minor
666 Shute, C. A., High Terrace, Darlington
667 Sibold, C. W., Public Works Department, Soane Circle, Arrah, Bengal, India
668 Simon, Frank, P.O. Box 2986, Johannesburg, Transvaal
669 Simpson, C. L., Engine Works, Grosvenor Road, Pimlico, London
670 Simpson, F. L. G., Mohpani Coal Mines, Gadawarra, C.P., India
671 Simpson, F. R., Hedgefield House, Blaydon-upon-Tyne (Member of Council)
672 Simpson, Gilbert Pitcairn, 5, Belsize Park Gardens, London, N.W
673 Simpson, J., Heworth Colliery, Felling, R.S.O., Co. Durham (Member of Council)
674 Simpson, J.
Council)

B., Bradley Hall,

Wylam-upon-Tyne (Past-President, Member of

A.M. April 13, 1889
M. Aug. 3, 1889
Oct. 14, 1893
April 11, 1874
Dec. 9, 1893
Dec. 14, 1895
April 8, 1893
A.M. Dec.13, 1884
M. Aug. 3, 1889
S. Aug. 4, 1883
M. Aug. 1,1891
Oct, 10,1896
S. Dec. 6, 1860
M. Aug. 1,1868
Oct. 4' 1860

[Axxxviii]

675 Sladden, Harry, Chorlton
Chambers, P.O. Box
1666, Johannesburg,
Transvaal
676 Slinn, T., Plashetts Colliery, Falstone, Northumberland
677 Slooten, William van, 52, Sidney Place, Brooklyn, New York, U.S.A
678 Smailes, Jno., Hebburn Colliery, Newcastle-upon-Tyne
679 Smart, A., c/o Messrs. Frazer and Chalmers, Limited, Erith, Kent
680 Smith, Eustace, Newcastle-upon-Tyne
681*Smith, R. Clifford, Ashford Hall, Bakewell
682 Sopwith, A., Cannock Chase Collieries, near Walsall
683 Southern, E. O., Ashington Colliery, near Morpeth

684 Southern, R., Burleigh House, The Parade, Tredegarville, Cardiff
685 Southworth, Thomas, Hindley Green Collieries, near Wigan
686 Spargo, Edmund, 3, Cable Street, Liverpool
687 Sparkes, J. S., 15, Northcote Street, Cardiff
688 Spence, R. F., Backworth, R.S.O., Northumberland

689 Spencer, Francis H., Bonanza Gold Mining Company, P.O. Box 149, Johannesburg,
Transvaal
690 Spencer, John, Westgate Road, Newcastle-upon-Tyne
691 Spencer, John W., Newburn, near Newcastle-upon-Tyne .
692 Spencer, T., Ryton, near Newcastle-upon-Tyne
693 Squire, J. B., The Wynd, Streatham Park, London, S.W
694 Stanley, James, 3, Chancery Chambers, Coolgardie, Western Australia
695 Stansfeld, Harold Sinclair, High Hazels Colliery, Darnall, Sheffield
696 Stanton, John, 11 and 13, William Street, New York, U.S.A.
697 Steavenson, A. L., Durham (Past-President, Member of Council)
698 Steavenson, C. H., Redheugh Colliery, Gateshead-upon-Tyne

699
700
701
702

Steele, Wardle
Stephenson, G. R., Ben Braich, Tilehurst Road, Reading
Stevens, A. J., Uskside Iron Works, Newport, Monmouthshire
Stevens, James, 9, Fenchurch Avenue, London, E.C.

Date of Election
and of Transfer.
Nov. 24, 1894
July 2, 1872
Feb. 13, 1897
June 8, 1895
Feb. 10, 1894
AM. June 11, 1887
M. Aug. 3, 1889
Dec. 5, 1874
Aug. 6, 1863
S. Dec. 5, 1874
A.M. Aug. 1, 1885
M. June 8, 1889
Aug. 3, 1865
May 2, 1874
June 10, 1893
April 9, 1892
S. Nov. 2, 1878
A.M. Aug. 2, 1884
M. Aug. 4, 1889
Dec. 13, 1890
Dec. 4, 1869
May 4, 1878
Dec. 6, 1866
June 8,1895
Dec. 12, 1896
A.M. Oct. 13, 1888
M. Aug. 3, 1889
June 8, 1895
Dec. 6, 1855
S. April 14, 1883
A. Aug. 1, 1891
M. Aug. 3, 1895
April 27, 1895
Oct. 4, 1860
April 8, 1893
Feb. 14, 1885

703 Stewart, William, Tillery Collieries, Abertillery, Monmouthshire
704 Stobart, F., BiddickHall, Fence Houses

705 Stobart, H. T., Wearmouth Colliery, Sunderland

June 8,1895
S. Aug. 2, 1873
A.M. Aug. 5, 1882
M. June 8, 1889
S. Oct. 2, 1880
A.M. Aug. 4, 1888
M. Aug. 3, 1889

[Axxxix]

706
707
708
709

Stobart, W., Pepper Arden, Northallerton
Stobart, William Ryder, Etherley Lodge, Darlington
Stobbs, J. T., 1, Seaton Terrace, Linthorpe Road, Middlesbrough
Stoiber, Edward G., P.O. Box 129, Silverton, Colorado,U.S.A

710 Stoker, Arthur P., Birtley, near Chester-le-Street

711 Stone, Arthur, Heath Villas, Hindley, Wigan
712 Straker, J. H., Howden Dene, Corbridge-upon-Tyne
713 Streatfield, Hugh S., Ryhope, near Sunderland
714
715
716
717
718
719
720

Stuart, Donald M. D., Redland, Bristol
Sullivan, C. D., Bonang, Delegate, New South Wales
Swallow, J., Catchgate, Annfield Plain, R.S.O., Co. Durham
Swallow, R. T., Simonside House, Simonside, South Shields
Swan, H. F., North Jesmond, Newcastle-upon-Tyne
Swan, J. G., Upsall Hall, near Middlesbrough
Sykes, Frank K., Springwell Villa, Bishop Auckland

721 Tate, Simon, Trimdon Grange Colliery, Co. Durham
722 Tattley, William, Taupiri Extended Coal Mining Company, Limited, Huntly,
Waikato, New Zealand
723 Taylor, Hugh, East Holywell Office, Quay, Newcastle-upon-Tyne
724 Taylor, T., Quay, Newcastle-upon-Tyne
725 Teasdale, Thomas, Middridge, via Heighington, R.S.O
726 Telford, W. H, Hedley Hope Collieries, Tow Law, R.S.O., Co. Durham

727
728
729
730
731

Thackthwaite, Thomas Michael, Beechfield, Farnham Royal, Bucks
Thomas, Edward, The Shieling, Auburn. Sydney, New South Wales
Thomas, J. J., Newnham Cottage, Kendal
Thomlinson, William, Seaton Carew, R.S.O
Thompson, Charles Lacy, Farlam Hall, Brampton Junction, Cumberland

732
733
734
735
736
737
738

Thompson, Francis Wildiam, 15, Wood Street, Bolton, Lancashire
Thompson, John G., Bamfurlong, Wigan
Thompson, W., 58, New Broad Street, London, E.C.
Thomson, John, Eston Mines, by Middlesbrough
Thomson, Joseph F., Manvers Main Colliery, Rotherham
Tinker, J. J., Hyde, Manchester
Todd, John T., Blackwell Collieries, Alfreton

[Axl]

Date of Election
and of Transfer
July
12, 1872
Oct.
11, 1890
Feb.
13, 1892
A.M. Oct. 12, 1895
M. Feb. 15, 1896
S. Oct. 6, 1877
A.M. Aug.1, 1885
M. Aug. 3, 1889
June
13, 1896
Oct, 3, 1874
A.M. June 8, 1889
M. Aug. 3, 1889
June
8, 1895
Feb.
9, 1895
May 2, 1874
Feb.
5, 1863
Sept. 2, 1871
Sept. 2, 1871
S, Feb. 13, 1886
M. Feb. 10, 1894
Sept. 11, 1875
Aug. 3, 1895
Sept. 5, 1856
July 2, 1872
April 9, 1892
S. Oct. 3, 1874
A.M. Aug. 6, 1881
M. June 8, 1889
Oct. 10, 1896
Aug. 4, 1894
June 1, 1894
April 25, 1896
A. Feb. 10, 1883
M, Aug. 3, 1889
June
8, 1895
June 8, 1895
Aug. 4, 1888
April 7, 1877
Feb. 6, 1875
April 9, 1892
S. Nov. 4, 1876
M. Aug. 1, 1885
M. June 8, 1889

739 Tonkin, J. J., Linares, Provincia de Jaen, Spain
740 Touzeau, E. M., Leadenhall Buildings, Leadenhall Street, London, E.C
741 Treadwell, G. A., Nevada City, California, U.S.A.
742 Trelease, W. Henwood, Pesterena United Gold Mining Company, Limited,
Pestarena, Vail Anzasca, Novara, Italy
743*Tyers, John E., Singareni Collieries, c/o The Hyderabad Deccan Company, Limited,
Secunderabad, East India .
744 Tyzack, D., Sunwick, Chorlton-cum-Hardy
745 Varty, Thomas, Skelton Park Mines, Skelton, R.S.O., Cleveland
746 Vaughan, Cedric, Hodbarrow Iron Ore Mines, Millom, Cumberland
747 Vautin, Claude, Bevois House, 28, Basinghall Street, London, E.C
748 Veasey, T. F., 5, Copthall Buildings, London, E.C.
749 Veasy, Harvey C, Ashchurch Lodge, Shepherds Bush, London
750 Vezln, Henry A., P.O. Box 256, Denver, Colorado, U.S.A.
751 Vitanoff, George N., Sophia, Bulgaria
752 Vivian, John, Vivian's Boring and Exploration Company, Limited, 42, Lowther Street,
Whitehaven
753 Waddle, Hugh, Llanmore Iron Works, Llanelly, South Wales
754 Wadham, E., Millwood, Dalton-in-Furness
755 Wales, H. T., Pontypridd, South Wales
756 Walker, J. S., Pagefield Iron Works, Wigan, Lancashire
757 Walker, Thomas A., Pagefield Iron Works, Wigan, Lancashire
758 Walker, W., Hawthorns, Saltburn-by-the-Sea
759 Walker, William, Jun., H.M. inspector of Mines, Durham
760 Walker, William Edward, Lowther Street, Whitehaven
761 Wall, Henry, Rowbottom Square, Wallgate, Wigan
762 Wallace, Henry, Trench Hall, Gateshead-upon-Tyne
763 Wallau, Jacob, 68, Coatsworth Road, Gateshead-upon-Tyne
764 Wallwork, Jesse, Bolton Road, Atherton, Lancashire
765 Walsh, G. Paton, 564, Heirengracht, Amsterdam, Holland
766 Walton, J. Coulthard, Writhlington Colliery, Radstock, via Bath

767 Walton, Thomas, Habergham Colliery, Burnley
768 Ward, A. H., c/o Bengal Coal Company, Limited, Calcutta, India
769 Ward, H., Rodbaston Hall, near Penkridge, Stafford

Date of Election
and of Transfer
Oct. 14, 1893
Aug. 6, 1892
Aug. 3, 1895
April 8, 1893
A.M. Dec.10, 1877
M. Aug. 3, 1889
Feb. 14, 1874
Feb. 12, 1887
Dec. 10, 1892
July 14, 1896
Oct. 12, 1895
June 21, 1894
June 21, 1894
A.M. April 22, 1882
M. Aug. 3, 1889
March 3, 1877
Dec. 13, 1890
Dec. 7,1867
Feb. 11, 1893
Dec. 4, 1869
June 8, 1895
March 5, 1870
Aug. 3, 1889
Nov. 19, 1881
June 8,1895
Nov. 2, 1872
A.M. Dec.10, 1887
M. Aug. 3, 1889
Feb. 9, 1895
Nov. 24, 1894
S. Nov. 7, 1874
A.M. Aug. 6,1881
M. June 8, 1889
Aug. 3,1895
April 14, 1894
March 6, 1862

[Axli]

770*Ward, T. H., Kabribad, Giridih, E.I. Railway, Bengal, India
771 Watkyn-Thomas, W., Workington
772 Watson, Edward, South Pelaw Colliery, Chester-le-Street
773
Watson, John, Lancaster Gold Mining Company, Limited, P.O. Box 144,
Krugersdorp, S.A.R
774 Watson, Thomas, Trimdon Colliery, Trimdon Grange
775 Watts, J. Whidbourne, General Manager, United Ivy Gold Mining Company, Limited,
Barberton, Transvaal
776 Watts, William, Piethorn, near Rochdale
777 Webster, H. Ingham, Morton House, Fence Houses

Date of Election
and of Transfer.
A.M. Aug. 5, 1882
M. Aug. 3, 1889
A.M. Feb. 10, 1883
M. Aug. 3, 1889
S. Feb. 13, 1892
M. Aug. 4, 1894
A. Dec. 12, 1891
M. July 14, 1896
Oct. 11,1890
Dec. 12,1896
June 13, 1896
A.M. April 14, 1883
M. Aug. 3, 1889

778 Webster, John, 83, Lombard Street, London, E.C.
779 Weeks, J. G., Bedlington, R.S.O., Northumberland (Retiring Vice-President,
Member of Council)
780 Weeks, R, L., W illington, Co. Durham (Member of Council)
781 Welch, David William, Dixie Gold Mines, Limited, Black Flag, Western Australia
782 Western, C. R., Broadway Chambers, Westminster, London, S. W.
783 Westmacott, P. G. B., Benwell Hill, Newcastle-upon-Tyne
784 White, C. E., Wellington Terrace, South Shields

785 White, H., Walker Colliery, Newcastle-upon-Tyne
786 White, J. F., 15, Wentworth Street, Wakefield
787 White, I. W. H., Bedford House Roundhay, Leeds
788 Whitehead, John James, 5, Cross Street, Manchester
789
790
791
792

Whitelaw, John, 118, George Street, Edinburgh
Whittem, Thomas S., Wyken Colliery, near Coventry
Widdas, C., North Bitchburn Colliery, Howden, Darlington
Wight, Edward S., Kiripaka, near Auckland, New Zealand

793 Wight, W. H, Cowpen Colliery, Blyth
794 Wilcox, Henry, Miners' Safety Explosive Works, Stanford-le-Hope, Essex
795*Wilkinson, William Fischer, P.O. Box 267, Johannesburg, Transvaal
796 Williams, Ernest, P.O. Box 965, Bittelheim Buildings, Simmonds Street,
Johannesburg, Transvaal
797 Williams, Gardner F., De Beers Consolidated Mines, Limited, Kimberley,
South Africa
798 Willliams, H. J. Carnegie, c/o J. McDonald, 43, Threadneedle Street, London,
E.C.

A.M. July 14, 1896
M. Oct. 10, 1896
Feb. 4,1865
A.M.June 10, 1882
M. Aug. 3, 1889
Dec 12, 1896
June 10, 1893
June 2, I866
S. Nov. 4, 1876
A.M. Aug. 1, 1885
M. Aug. 3, 1889
S. March2, 1867
M. Aug. 5, 1871
S. July 2, 1872
M. Aug. 2, 1873
Sept. 2, 1876
S. Dec. 12, 1891
M. Feb. 15, 1896
Feb. 5, 1870
Dec. 5, 1874
Dec. 5, 1868
A.M Dec. 12, 1885
M. Aug. 3, 1889
Feb. 3,1877
June 8, 1895
Oct. 10, 1896
Oct. 10, 1891
Oct.

12,1895

Oct. 12,1895

[Axlii]

799 Williams, Richard, The Johnsons Reef Gold Mines Company, California Gulley,
Bendigo, Victoria, Australia
800 Williams, Robert, 30, Clements Lane, Lombard Street, London, E.C
801 Williams, Samuel Herbert, c/o Anglo-Exploration Company of West Australia,
Limited, 3, Princes Street, London; and Coolgardie, Western Australia
802 Williamson, W. Duncan, Lily Bank House, Gourock Road, Greenock
803 Wilson, J. B., Wingfield Iron Works and Colliery, Alfreton
804 Wilson, Joseph R., 1001, Chesnut Street, Philadelphia, U.S.A
805 Wilson, Lloyd, Flimby Colliery, Maryport
806 Wilson, P. O., Klerksdorp, South Africa
807 Wilson, W. B., Thornley Colliery, Thornley, R.S.O., Co. Durham
808 Winchell, Horace V., 1306, S.E. Seventh Street, Minneapolis, Minnesota, U.S.A.
809 Winstanley, Robert, 28, Deansgate, Manchester
810 Winter, T. B., Grey Street, Newcastle-upon-Tyne
811 Wood, C. L., Freeland, Forgandenny, Perthshire
812 Wood, Ernest Seymour, c/o The Bengal Coal Company, Old Court House Street,
Calcutta, India
813 Wood, John, Coxhoe Hall, Coxhoe, R.S.O., Co. Durham

Date of Election
and of Transfer.
A.M.June 13, 1896
M. Aug. 1, 1896
June 13, 1896
July 14, 1896
April 27, 1895
Nov. 5, 1852
Oct. 12, 1895
Jan. 19, 1895
Dec. 9, 1893
Feb. 6, 1869
Nov. 24, 1894
Sept. 7, 1878
Oct. 7, 1871
Aug. 3, 1854
Oct. 10, 1891
S. June 8, 1889
A. Aug. 4, 1894
M. Aug. 3, 1895

814 Wood, Sir Lindsay, Bart., The Hermitage, Chester-le-Street (Past-President, Member
of Council)
815 Wood, Thomas, North Hetton Colliery Office, Moorsley, Hetton-le-Hole, R.S.O., Co.
Durham
816 Wood, W. H, Coxhoe Hall, Coxhoe, Co. Durham
817 Wood, W. O., South Hetton, Sunderland (Vice-President, Member of Council)
818 Woodburne, T. J., De Beers Consolidated Mining Company, Limited, Kimberley,
South Africa
819 Woodward, Harry Page. 59. Irwin Street, Perth, Western Australia
820 Woolcock, J. H., 49, Lowther Street, Whitehaven
821 Wormald, C. F., Mayfield Villa, Saltwell, Gateshead-upon-Tyne
822 Wrightson, T., Stockton-upon-Tees
823 Wynne, T. Trafford, Post Office, Auckland, New Zealand
824 Yeoman, Thomas P., Manager, Bengal Coal Company's
via Barakur, E.I.R., Bengal, India

Collieries, Laikdih,

825 Young, Henry William, Greymouth, New Zealand
826 Young, John A., 3, Fountain Avenue, Gateshead-upon-Tyne

Oct. 1, 1857
S. Sept. 3,1870
M. Aug. 5, 1871
Aug. 6, 1857
Nov. 7, 1863
Feb. 10, 1894
A.M.June 10, 1893
M. Oct. 10, 1896
June 10, 1893
A.M. Dec. 8, 1883
M. Aug. 3, 1889
Sept. 13, 1873
Oct. 12, 1895
S. Feb. 14, 1885
A. Aug. 4, 1894
M. Oct, 13, 1894
Dec. 12, 1896
A.M. Dec. 10,1887
M. Aug. 3, 1889

[Axliii]

827 Young, John Huntley, Wearmouth Colliery, Sunderland
828 Young, William Alexander, 10, St. Helen's Place, London, E.C.
829 Zumbuloglon, G. C., Mahmoudie-Han, Stamboul, Turkey

Date of Election
and of Transfer.
June 21, 1894
Feb. 13, 1897
S. Feb. 14, 1891
A. Aug. 4, 1894
M. Aug. 3, 1895

ASSOCIATE MEMBERS.
Marked * have paid life composition.

1 Ainsworth, H. S., "Belvedere," Marine Terrace, Geraldton, Western Australia
2 Archibald, John Wilson, Coolgardie, Western Australia
3 Armstrong, J. H., St. Nicholas' Chambers, Newcastle-upon-Tyne
4 Armstrong, T. J., Hawthorn Terrace, Newcastle-upon-Tyne
5 Atkinson, G. B., Prudential Assurance Buildings, Mosley Street, Newcastle-uponTyne
6 Audus, T., Mineral Traffic Manager, North Eastern Railway, Newcastle-upon-Tyne
7 Backhouse, Thomas Salmon, 42 and 43, Pirie Chambers, Adelaide, South
Australia
8 Banyer, B. R., Kapunda, South Australia
9* Bell, Hugh, Middlesbrough-upon-Tees
10 Beneke, G., 70, Gracechurch Street, London, E.C.
11 Bigge, Edward Ellison, General Mining Association, Dashwood House, 9, New Broad
Street, London, E.C. Transactions, etc., to R. H. Brown, Sydney Mines, Cape Breton.
Nova Scotia
12 Blenkiron, J. Ernest, Zomba, British Central Africa
13 Blue, Archibald, Bureau of Mines, Toronto, Ontario, Canada .
14 Bree, John, The Homestall, Barley, Royston, Cambridgeshire,
15 Burdon, A. E., Hartford House, Cramlington, Northumberland
16 Capell, Rev. G. M., Passenham Rectory, Stony Stratford
17*Carr, William Cochran, Lower Condercum, Benwell-upon-Tyne
18 Chapman, C. W., The Australian Smelting Company, Limited, 39, Queen Street,
Melbourne, Australia

Date of Election
and of Transfer.
Feb. 15, 1896
Feb. 15, 1896
Aug. 1, 1885
Feb. 10, 1883
Nov. 5, 1892
Aug. 7, 1880
Dec. 12, 1986
Oct. 13, 1894
Dec. 9, 1882
Feb. 9, 1895
Aug. 1, 1891

Feb. 11, 1893
Feb. 10, 1894
June 13, 1896
Feb. 10, 1883
Oct. 8, 1892
Oct. 11, 1890
Feb.15, 1896

19*Chewings, Dr. Charles, Coolgardie, Western Australia
20 Cleland, E. Davenport, Bayley Street, Coolgardie, Western Australia
21 Cochrane, Ralph D., Hetton Colliery Offices, Fence Houses
22 Cockburn, W. C, 1, St. Nicholas' Buildings, Newcastle-upon-Tyne
23 Colquhoun, A. J., School of Mines, Vancouver, British Columbia
24 Cooper, E. F. X., c/o The Natal Bank, 156 and 157, Leadenhall Street, London, E.C.
25 Cooper, R. W., Newcastle-upon-Tyne

April 26, 1896
June 13, 1896
June 1, 1878
Oct. 8, 1887
July 14, 1896
Feb. 15, 1896
Sept. 4, 1880

[Axliv]

26 Dodds, A. P., 13, Dean Street, Newcastle-upon-Tyne
27 Duncan, G. T., 96, Brighton Grove, Newcastle-upon-Tyne
28 Eccles, Edward, King Street, Newcastle-upon-Tyne
29 Edwards, F. H., Forth House, Bewick Street, Newcastle-upon-Tyne
30 Ellam, Albert Spencer, So, London Wall, London, E.C
31 Ferguson, C. A., 6, St. Mary's Place, Newcastle-upon-Tyne
32 Foster, T. J., Coal Exchange, Scranton, Pennsylvania, U.S.A
33 Goodland, Gillmore, Ravenswood, Queensland, Australia
34 Griffin, Noel, Geelong Gold Mines, Gwanda, Matabeleland, South Africa
35 Gue. T. R, P.O. Box 520, Halifax, Nova Scotia
36 Guthrie, Reginald, Neville Hall, Newcastle-upon-Tyne (Treasurer, Member of Council)
37 Gwyn, A. E. W., 114a, Queen Victoria Street, London, E.C.
38 Hardy, Thomas Edward, Kalgoorlie, Western Australia
39 Harvey, Francis G., Plu Le Desir, Canal No. 1, Demerara, British Guiana
40 Hedley, E., Rainham Lodge, The Avenue, Beckenham, Kent
41 Hedley, J. Hunt, John Street, Sunderland
42 Heeley, George, 43, Harcourt Road, Sheffield
43 Henderson, C. W. C, The Riding, Hexham
44 Henzell, Robert, Prudential Buildings, Mosley Street, Newcastle-upon-Tyne
45 Heyworth, Colonel Lawrence, Chadacre Hall, Bury St. Edmunds, Suffolk
46 Hodgson, Albert, P.O. Box 212, Buluwayo, Rhodesia, South Africa
47 Holland, Williamson, 65, William Street, Heywood, Lancashire
48 Hopper, J. I., Wire Rope Works. Thornaby-upon-Tees
49 Humphreys-Davies, G., 8, Laurence Pountney Hill, Cannon Street, London,
E.C.
50 Hunter, C. E., Selaby Park, Darlington
51 I'Anson, James, Fairfield House, Darlington
52 Inman, F. L
53 Irvine, J. R., Hendon Ropery, Sunderland
54 James, Henry M., Colliery Office, Whitehaven
55*Joicey, James John, Sunningdale Park, Sunningdale
56 Kirkup, Frederic O., Langley Park, Durham
57 Krohn, H. A., 103, Cannon Street, London, E.C.

Date of Election
and of Transfer.
Nov.
5, 1892
Aug. 5, 1893
Oct. 13,1894
June 11, 1887
April 25, 1896
July 14, 1896
Dec. 12, 1891
July 14, 1896
Feb. 13, 1897
Feb. 15,1896
Aug. 4, 1888
Aug. 4, 1894
April 10, 1897
July 14, 1896
Dec.
2, 1858
June 13, 1891
Dec. 14, 1895
Dec.
9, 1882
April 11, 1891
Dec. 14, 1895
Feb. 13, 1897
Feb. 13, 1897
Dec. 8, 1888
Oct. 8,1892
April 27, 1895
Feb. 10,1894
Feb. 15,1896
Dec. 10, 1887
June 10, 1893
Oct. 10, 1891
S. April 9,1892
A.M. April 25, 1896
Oct. 14, 1893

[Axlv]
Date of Election
and of Transfer.
58 Larsen, A 22, Austin Friars, London, E.C
59 Loevy, J., P.O. Box 778, Johannesburg, Transvaal
60 Monckton, G. F., School of Mines, Vancouver, British Columbia
61 Nason, Frank L., 5, Union Street, New Brunswick, New Jersey
62 O'Donahue, T. A., 35, Princess Street, Wigan
63 Palmer. A. M., 1, Jesmond High Terrace, Newcastle-upon-Tyne. Transactions to be
sent to the Anglo-American Club, Freiburg, Saxony, Germany

April 27, 1895
June 13, 1896
July 14, 1896
Aug. 4, 1894
Dec. 14, 1895
Nov. 24, 1894

64 Patterson, William, 116, Northbourne Street, Gateshead-upon-Tyne
65* Pease, Arthur, 92, Northgate, Darlington
66 Perkins, Charles, Gallowhill Hall, Newcastle-upon-Tyne
67 Pringle, John, Chinese Engineering and Mining Company. Tong Shan, Tien'sin, North
China
68*Proctor, John H., 22, Hawthorn Terrace, Newcastle-upon-Tyne
69 Richter, F., Osborne Villas, Newcastle-upon-Tyne
70 Ridley. J. Cartmell, 3, Summerhill Grove, Newcastle-upon-Tyne
71 Ridley, Sir Matthew W., Bart., Blagdon, Northumberland
72 Ritson, J. Ridley, Burnhope Collery, Lanchester
73 Robinson, John Walton, 6, Gladstone Terrace, Gateshead-upon-Tyne
74 Robson, Henry Naunton, Poste Restante, Tahiti, via France
75 Rogerson, John E., Oswald House, Durham
76 Saunders, G. B., Messrs. Saunders. Todd and Company, Maritime Buildings,
King Street. Newcastle-upon-Tyne
77 Shaw, Saville, Durham College of Science, Newcastle-upon-Ty ne
78 Sherlaw, James Linn, Coolgardie Gold Syndicate, Coolgardie,Western Australia
79 Sjögren, Hj., Osmo-Nynas, Sweden
80 Smith, C. A., 20, Alexandra Place, Newcastle-upon-Tyne
81 Smith, Percy Webster, Crichtons, Romford
82 Snowball, Francis John, Seaton Burn House, Dudley, Northumberland
83 Swinburne, U. P., c/o R. Chamberlain, 39, Cadogan Square, London, S.W
84 Taylor, J. Howard, Coolgardie, Western Australia
85 Thom, John, Canal Works, Patricroft, near Manchester
86 Times, Henry, 85, London Wall, London, E.C
87 Todd, James. Elvet Bridge, Durham
88 Turner, Basil William, 40, Collins Street, Annandale, Sydney, New South Wales

Aug.
Dec.
Aug.
Feb.

6, 1892
9, 1882
6, 1892
13, 1897

June 8, 1889
Oct. 10, 1891
Feb. 11, 1893
Feb. 10, 1883
S. April 11, 1891
A.M. Aug. 3, 1895
Dec. 12, 1896
Dec. 12, 1896
June 8,1895
Jan. 19, 1895
April 13, 1889
Aug. 1, 1896
April 25, 1896
Dec. 8, 1894
Feb. 13,1897
Dec. 12, 1891
Aug. 4, 1894
Dec. 14, 1895
June 8, 1895
April 25, 1896
Aug. 6,1892
Feb. 13,1897

[Axlvi]

89 Wall, G. Young, Halmote Court Office, New Exchequer Building, Durham
90 Walmesley, Oswald, 2, Stone Buildings, Lincoln's Inn, London, W.C.
91 Watson, Arthur, Hamsterley Colliery, Ebchester, R.S.O., Co.Durham
92 Weatherburn, John, 14, Stirling Terrace, Saltwell Lane, Gateshead -upon-Tyne
93 Wehner, Fred C, c/o Senor Don Carlos Wagner, Arequipa, Peru, South America
94 Whitehead, Thomas, Brindle Lodge, near Preston, Lancashire
95 Wills, Louis, 29, Cornhill, London, E.C
.
96 Wilson, Arthur P., Mansion House Chambers, Queen Victoria Street, London, E.C.
97*Wood, Arthur Nicholas Lindsay, The Hermitage, Chester-le-Street
98 Wood, E. P., Synher Villa, Crafthole, near St. Germans, Cornwall

Date of Election
and of Transfer
Nov. 24, 1894
June 8, 1895
Oct. 13, 1894
Oct. 13, 1894
Feb. 13, 1897
June 12, 1897
Aug. 1, 1896
Aug. 3, 1889
July 14, 1896
Aug. 3, 1895

ASSOCIATES.

1 Bainbridge, James, North Walbottle Colliery, Newcastle-upon-Tyne
2 Baker, George, Bedlington Colliery, Bedlington, R.S.O
3 Barrass, M., Tudhoe Colliery, Spennymoor
4 Battey, Thomas, Percy Terrace, Backworth Colliery
5 Bell, John, Wardley Colliery, Newcastle-upon-Tyne
6 Bell, W. Ralph, Wearmouth Colliery, Sunderland
7 Berry. Thomas, 1, Middleton, Swalwell, R.S.O
8 Bewick, George, Dudley Colliery, Northumberland
9 Bolam,. J. T., The View, Beamish, Chester-le-Street
10 Bowes, Thomas, Pontop House, Annfield Plain, R.S.O.

Date of Election
and of Transfer.
June 10, 1893
Aug. 3, 1895
S. Feb. 9, 1884
A. Aug. 1,1891
Oct, 13, 1894
Feb. 8, 1890
Oct. 13, 1894
Nov. 5, 1892
April 10, 1897
Oct, 14, 1893
Feb.13, 1892

11 Bowman, Frank, Auckland Park Colliery, near Bishop Auckland
12 Brown, John
13 Brown, Robert O., Throckley Colliery, near Newcastle-upon-Tyne
14
15
16
17
18
19

Clark, Thomas, Dipton Colliery, Lintz Green Station
Clough, John, 1, Melton Terrace, Seaton Delaval Colliery, R.S.O., Northumberland
Cockburn, Evan, Page Bank Colliery, via Spennymoor, Co. Durham
Cowell, J. Stanley, Wearmouth Colliery, Sunderland
Cowx, H. F., Thornley Collieries, via Trimdon Grange, R.S.O
Crown, William, 29, Fifth Row, Ashington Colliery, Morpeth

June 8, 1895
Feb. 15, 1896
S. Oct, 8, 1892
A. Aug. 3, 1895
Oct. 11, 1890
Feb.13, 1897
Aug.5, 1893
Oct. 13, 1894
April 14, 1894
April 14, 1894

[Axlvii]

20
21
22
23
24
25
26
27
28
29
30

Daykin, George, 108, Gurney Villa, near Bishop Auckland
Dixon, Joseph A., Ravensworth Road, Dunston-upon-Tyne
Dormand, R. B., Waldridge Colliery, Chester-le-Street
Draper, William, New Seaham Colliery, Sunderland
Dunnett, Samuel, Cambois Colliery, Northumberland
Eltringham, G., Shiremoor Colliery, Newcastle-upon-Tyne
Elves, Edward, Middridge Colliery, Heighington, R.S.O., Co. Durham
Fairs, John, Escomb Bridge, Bishop Auckland
Fawcett, Edward, 27, Eastbourne Gardens, Walker-upon-Tyne
Fewster, John, Coldwell House, Felling, R.S.O., Co. Durham
Forster, J. H. B., Cramlington Colliery, Northumberland

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Foster, John William, Whitburn Colliery, South Shields
Gordon, George Stoker, Louisa Terrace, West Stanley
Harle, R, A., Wallsend Colliery, Wallsend-upon-Tyne
Hedley, A. M., Medomsley, R.S.O., Co. Durh am
Henderson, William, Wheatley Hill Colliery, via Trimdon Grange
Henry, James, Howgill Staith, Whitehaven
Herron, Edward, Holly Terrace, Stanley, R.S.O
Hindmarch, John, Isabella Pit, Newsham, Blyth
Hobson, Moses, Shildon, via Darlington
Hodgson, E., Black Boy Colliery, Bishop Auckland
Hunter. A., Felling Colliery, near Newcastle-upon-Tyne
Hunter, Christopher, 18, Stanley Street, Blyth, Northumberland
James, Alexander A., Croxdale, near Durham
Johnson, William, Framwellgate Moor, Durham
Lightley, John, Front Street, Sherburn Colliery, Durham
Linday, Robert, 3, Sebastopol Terrace, Seaham Harbour
Lishman, T. A., Rawnsley, near Hednesford, Staffordshire

48 Littlejohn, Albert, Mount Kembla Colliery, Wollongong, New South Wales
49 MacKinlay, Edward, 20, Fourth Street, Heworth Village, Felling, R.S.O., Co. Durham
50 Mackintosh, Thomas, Watt's Farm, Blyth
51 Manderson, John Tom, Seaton Delaval Colliery, R.S.O., Northumberland

Date of Election
and of Transfer.
July 14, 1896
Feb. 15, 1896
Dec. 9, 1893
Dec. 14, 1889
June 8, 1895
Dec. 8, 1894
June 13, 1896
Oct, 14,1893
June 11, 1892
Feb. 13, 1897
S. Nov. 24, 1894
A. Aug. 7, 1897
Dec. 14, 1889
Feb. 15, 1896
April 14, 1894
Nov. 24, 1894
Aug. 5, 1893
June 8,1895
Feb. 15, 1896
Aug. 3, 1895
Aug. 5, 1893
Aug. 6,1892
Feb. 13, 1897
Dec. 10, 1892
June 10, 1893
Aug. 6, 1892
April 25, 1896
Dec. 8, 1894
S. Nov. 24, 1894
A. Aug. 7, 1897
S. Nov. 24, 1894
A. Aug. 7, 1897
June 11, 1892
April 11, 1891
Feb. 13, 1897
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52 Mare, James Heppell, Birtley, Chester-le-Street
53 Mascall, W. H., Joanroyd Colliery, Heckmondwike
54 Mason, Benjamin, Burnopfield Colliery, Burnopfield, R.S.O., Co. Durham
55 Milburn, William, Cornsay House, Cornsay, Durham

Date of Election
and of Transfer.
Feb. 13, 1897
S. Nov. 5, 1892
A. Aug. 7, 1897
April 11, 1891
June 8, 1895

56 Miller, J. H., South Hetton, Sunderland
57 Minto, George William, Chapel Row, Ouston, Chester-le-Street
58 Mordy, William, Ardyngnook, West Lane, Baildon, Yorkshire
59 Naisbit, John, No. 48, Tudhoe Colliery, Spennymoor
60 Nicholson, A. D., Lane Ends, Hetton-le-Hole, R.S.O., Co. Durham
61 Parkinson, W., 6, Ivy Terrace, South Moor, Chester de-Street
62 Patterson, Thomas, Craghead, Chester de-Street
63 Pedelty, Simon, Clara Vale, Ryton-upon-Tyne
64 Pratt, G. Ross, Springwell Colliery, Gateshead-upon-Tyne
65 Pratt, Miles, 33, Black Boy, via Bishop Auckland
66 Proctor, Thomas, Ashington Colliery, Northumberland
67 Ramsay, John, Tursdale Colliery, Ferryhill
63 Ramsay, J. G Page Bank Colliery, via Spennymoor, Co. Durham
69 Ridley, George D., Tudhoe Colliery, Spennymoor
70 Rivers, John, Bow Street, Thornley Colliery, Durham
71 Robson, Robert, 2, Thornley Terrace, Tow Law, R.S.O., Co. Durham
72 Robson, William, Jun., Tow Law. R.S.O Co. Durham
73
74
75
76

Scott, E. Charlton, Rainton Colliery, Fence Houses
Severs, William, Beamish View, via Chester-le-Street
Shaw, John, The Dolcoath Mine, Limited, Camborne, Cornwall
Simpson, Nelson Ashbridge, Bradley Hall, Wylam-upon-Tyne

77
78
79
80
81
82

Southern, John, Heworth Colliery, Newcastle-upon-Tyne
Southern, Joseph C, 9, Success Cottages, Bunker Hill, Fence Houses
Spry, John, Murton Colliery, Durham
Stephenson, William, Hewitson Terrace, Felling, R.S.O., Co. Durham
Stokoe, James, 10, The Avenue, Murton Colliery, Co. Durham
Swallow, F. C., Simonside House, Simonside, South Shields

Dec. 8, 1894
Oct. 10, 1891
S. April 11, 1891
A. Aug. 3, 1895
April 27, 1895
S. June 13, 1885
A. Aug. 4, 1894
June 13, 1891
S.April 13, 1889
A. Aug, 4, 1894
Dec. 10, 1892
June 8, 1895
July 14, 1896
Oct. 13, 1894
April 27, 1895
Dec. 10,1892
Feb. 8, 1890
Feb. 9, 1895
Oct. 12, 1895
S. June 11, 1892
A. Aug. 3, 1895
Oct. 8, 1892
Nov. 5, 1892
April 11, 1891
S. Aug. 1, 1891
A. Aug. 7, 1897
Dec. 14, 1889
Oct. 13, 1894
Feb. 11, 1893
Dec. 13, 1890
Nov. 24, 1894
April 14. 1894
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Date of Election
and of Transfer.
83
84
85
86
87
88
89
90
91

Tarbuck, Harold, 102, Kennington Avenue, Ashley Down, Bristol
Thompson, John W., Greenfield House, Crook, R.S.O., Co. Durham
Thompson, Joseph, 12, The Avenue, Murton Colliery
Turner, George, Cornsay Colliery, Co. Durham
Urwin, John, Inkerman House, Usworth Colliery
Wallett, T., 94, Charlton's Terrace, Guisbro', R.S.O., Yorkshire
Walton, Matthew, Dearham Colliery, Carlisle
Watson, Thomas, East Hedley Hope, Tow Law, R.S.O.
Wilson, R. G., Pelton Colliery, Chester-le-Street

Feb. 15, 1896
June 10, 1893
April 8, 1893
June, 8, 1895
Feb. 15, 1896
Feb. 10, 1894
Dec. 14, 1889
Aug. 3, 1895
Aug. 6, 1892

STUDENTS.
1
2
3
4
5
6
7
8
9

Allport, E. A., 89, Dodworth Road, Barnsley, Yorkshire
Archer, M. W., Victoria Garesfield, Lintz Green, Co. Durham
Bell, William, Elswick Collieries, Newcastle-upon-Tyne
Booth, F. L., Ashington Colliery, Morpeth
Burne, Cecil A., South Hetton Colliery, near Sunderland
Chaplin, G. P., 124, Breakspears Road, Brockley, London, S.E
Clifford, E. Herbert, c/o W. Y. Campbell, P.O. Box 357, Johannesburg, Transvaal
Cowan, H. D., Elswick Collieries, Newcastle-upon-Tyne
Davy, G. C. H., Manvers Main Colliery, Wath, near Rotherham

Date of Election.
April 14, 1894
June 8, 1895
Feb. 13, 1897
Feb. 10, 1894
Aug. 4, 1894
Feb. 15, 1896
Oct. 13, 1894
Jan. 19, 1895
June 21, 1894

10
11
12
13
14
15
16
17
18

Denton, John, Netherseal Colliery, Burton-upon-Trent
Dixon, George, Trimdon Grange, Co. Durham
Falcon, Michael, 23, Cemetery Road, Treorchy, South Wales .
Greene, Charles G, South Durham Colliery, Eldon, Bishop Auckland
Griffith, N. M., c/o Broughton and Plas Power Coal Company, Limited, Wrexham
Hetherington, J. R., c/o Mr. Burnley, Sisters Villas, Garforth Colliery, near Leeds
Imeson, J. A., Wearnouth Colliery, Sunderland
Jones, William, Durham College of Science, Newcastle-upon-Tyne
King, Fred, South Farm, Cramlington, Northumberland

June 21, 1894
June 13, 1896
Oct. 13. 1894
Feb. 15, 1896
Nov. 24, 1894
Aug. 4, 1894
Oct. 13, 1894
Aug. 4. 1894
Oct. 8, 1892

[Al]
19 Latimer, Hugh, South Durham Colliery, Eldon, Bishop Auckland
20 McGowan, Ernest, Wearmouth Colliery, Sunderland
21 Middleton, H. W., Trimdon Grange Colliery, Co. Durham
22 Minns, Thomas Tate, Jun., Greenhill House, Murton Colliery, Sunderland
23 Musgrove, William, Throckley Colliery Office, Throckley Colliery, near Newcastleupon-Tyne
24 Nisbet, Norman, Air Pit, West Stanley, Co. Durham
25 Noble, Algernon, Broomhill Colliery, Acklington
26 Parrington, T. E., Holywell Hall, Durham
27 Peel, J. W., Coundon, Bishop Auckland
28 Raine, Fred. J., Cornsay Colliery Co. Durham
29 Richardson, Nicholas, Heworth Colliery, Felling, R.S.O., Co. Durham
30 Routledge, Robert, Murton Colliery, near Sunderland
31 Sample, J. B., Beamish Air Pit, Stanley, R.S.O., Newcastle-upon-Tyne
32 Severs, Jonathan, Stanley, R.S.O., Newcastle-upon-Tyne
33 Simpson, R. R., 11, Haldane Terrace, Jesmond, Newcastle-upon-Tyne
34 Simpson, Thomas V., Heworth Colliery, Felling, R.S.O., Co. Durham
35 Southern, Stephen, Heworth Colliery, Felling, R.S.O., Co. Durham
36 Stratton, H. S., Cramlington Collieries, Northumberland
37 Swallow, W. A., Bushblades House, Lintz Green
38 Tate, W. O., Trimdon Grange, Co. Durham
39 Thornton, Norman
40 Tweddell, John Smith, Seaton Delaval Colliery, Northumberland
41 Wall, George
42 Waters, Edward, Throckley Colliery, Newcastle-upon-Tyne .
43 Welsh, Arthur, 3, Model Street, New Seaham Colliery, Sunderland
44 White, Harold E., Esh Vicarage, Durham
45 Willis, Henrry Stevenson, Whickham, R.S.O., Co. Durham

Date of Election.
Feb. 15, 1896
Oct. 13, 1894
Aug, 4, 1894
April 10, 1897
June 8,1895
Nov. 24, 1894
Oct. 14,1893
Aug. 3,1895
Aug. 4, 1894
Feb. 15, 1896
Dec. 12, 1896
Feb. 13, 1897
Jan. 19, 1895
June 8, 1895
Aug. 3, 1895
Dec. 14, 1895
Dec. 14,1895
Feb. 9, 1895
Dec. 9, 1893
Oct. 12, 1895
April 27, 1895
Feb. 13, 1897
Nov. 5. 1892
April 14, 1894
Aug. 1, 1896
Oct. 10,1896
Feb. 13, 1892

[Ali]
SUBSCRIBERS.
1 Owners of Ashington Colliery, Newcastle-upon-Tyne.
2 Birtley Iron Company (3), Birtley.
3 Bridgewater Trustees (2), Bridgewater Offices, Walkden, Bolton-le-Moors, Lancashire.
4 Marquess of Bute, Bute Estate Offices, Aberdare, South Wales.
5 Butterknowle Colliery Company. Darlington.
6 Cowpen Coal Company, Limited (2), F, King Street, Newcastle-upon-Tyne.
7 Earl of Durham (2), Lambton Offices, Fence Houses.
8 Elswick Coal Company, Limited, Newcastle-upon-Tyne.
9 Haswell Coal Company (2), Haswell Colliery, Haswell, via Sunderland.
10 Hetton Coal Company (5), Fence Houses.
11 Hutton Henry Coal Company, Limited, 7, Bondgate, Darlington.
12 Marquis of Londonderry (5), c/o V. W. Corbett, Esq., Londonderry Offices, Seaham Harbour.
13 Mills, John, and Sons, Limited, 23, Collingwood Street, Newcastle-upon-Tyne.

14
15
16
17
18
19
20
21
22
23

North Brancepeth Coal Company, Limited, Crown Street Chambers, Darlington.
Owners of North Hetton Colliery (3), Fence Houses.
Ryhope Coal Company (2), Ryhope Colliery, near Sunderland.
Owners of Seghill Colliery, Seghill, Northumberland.
Owners of South Hetton and Murton Collieries (2), 50, John Street, Sunderland.
Owners of Stella Colliery, Hedgefield, Blaydon-upon-Tyne.
Owners of Throckley Colliery, Newcastle-upon-Tyne.
Owners of Victoria Garesfield Colliery, c/o George Peile, Esq., Shotley Bridge, Co. Durham.
Owners of Wearmouth Colliery (2), Sunderland.
Westport Coal Company, Limited (2), Manager, Dunedin, New Zealand.
ENUMERATION.

Honorary Members
Members
Associate Members
Associates
Students
Subscribers
Total

August 7, 1897.
29
829
98
91
45
23
1115

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

[Alii]
NORTH OF ENGLAND INSTITUTE
OF
MINING AND MECHANICAL ENGINEERS.
LIST OF COMMITTEES, 1897-98.
N.B. —The President is ex officio on all Committees.

Mr. T. W. Benson.
Mr. J. Daglish.
Mr. G. B. Forster.
Mr. J. B. Simpson.

Finance Committee.
Mr. W. Cochrane
Mr. T. Douglas.
Mr. J. L. Hedley.
Mr. J. G. Weeks..
Sir Lindsay Wood, Bart.

Mr. H. Ayton.
Mr. T. E. Forster.
Mr. J. H. Merivale.
Mr. T. O. Robson.

Library Committee.
Mr. G. B. Forster.
Prof. H. Louis.
Mr. H. Palmer.
Sir Lindsay Wood, Bart

Mr. R. Donald Bain.
Mr. W. Cochrane.
Mr. T. E. Forster.

Prizes Committee.
Mr. T. W. Benson.
Mr. G. B. Forster.
Mr. T. Y. Greener.

Mr. T. E. Jobling.
Mr. F. R. Simpson.

Mr. J. H. Merivale.
Mr. J. B. Simpson.

Mr. H. Ayton.
Mr. W. Cochrane.
Mr. J. L. Hedley.
Mr. H. Palmer.
Mr. John Simpson.

Arrears Committee
Mr. T. W. Benson.
Mr. G. B. Forster.
Mr. A. C. Kayll.
Mr. R. Robinson.
Mr. J. B. Simpson

Mr. W. Armstrong.
Mr. H. Palmer.
Mr. A. L. Steavenson.
Mr. R. L. Weeks.

Reference Committee for Papers to Read.
(a) Coal Mining.
Mr. G. B. Forster.
Mr. John Simpson.
Mr. J. G. Weeks
Sir Lindsay Wood, Bart.
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Mr. R. Donald Bain.
Mr. W. Cochrane.
Mr. J. H. Merivale.

Mr. J. L. Hedley.
Mr. T. Lishman.
Mr. J. H. Merivale.

Mr. W. Armstrong.
Mr. H. Lawrence.
Mr. C. C. Leach.
Hon. C. A. Parsons.
Mr. J. G. Weeks.

Mr. T. E. Forster.
Prof. H. Louis.
Mr. H. Richardson.

Dr. P. P. Bedson.
Mr. W. Cochrane.

Mr. W. Armstrong.
Mr. T. Forster Brown.

(b) Metalliferous Mining.
Mr. T. W. Benson.
Prof. H. Louis.
Mr. A. L. Steavenson.
(c) Geological.
Mr. T. Heppell.
Prof. H. Louis.
Mr. H. Palmer
(d) Mechanical Engineering.
Mr. W. Cochrane.
Mr. W. G. Laws.
Mr. J. H. Merivale.
Mr. R. Robinson.
Mr. R. L. Weeks.
(e) Civil Engineering.
Mr. W. G. Laws.
Mr. A. M. Potter.
Mr. J. B. Simpson.
(f) Chemical.
Sir Lowthian Bell, Bart.
Prof. H. Louis.
Fan Ventilation Committee.
Mr. M. Walton Brown.
Mr. J. Daglish.

Mr. G. B. Forster.
Mr. A. S. Herschel.
Mr. J. H. Merivale.
Prof. H. Stroud.

Mr. H. Ayton.
Mr. S. C. Crone.
Mr. A. C. Kayll.
Mr. J. B. Simpson.

Mr. W. Garnett.
Mr. G. May.
Mr. A. L. Steavenson.
Sir Lindsay Wood, Bart.
Sections and Borings Publication Committee
Mr. F. Coulson.
Mr. T. E. Jobling.
Mr. T. O. Robson.
Mr. W. Walker, Jun.

[Aliv]
NORTH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL ENGINEERS.
LIST OF TRANSACTIONS AND JOURNALS OF SOCIETIES, Etc., IN THE LIBRARY.
* Exchanges.
† Exchanges.
‡Presented.
*Académie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique, Brussels.
Annuaire, complete from 1882-95. Bulletin, complete from vol. iii. to vol. xxix., 1895.
Acts of Parliament.
*African Review. Complete from vol. x.
*American Academy of Arts and Sciences, Boston. Memoirs, complete to vol. xii., parts 1 to
3, 1893. Proceedings, complete.
†American Engineer and Railroad Journal, New York, vol. Ixiv., and vols. Ixvii. and Ixix.,
incomplete, vol. Ixviii., complete.
*American Institute of Mining Engineers, New York City. Transactions, complete from 1871.
‡American Machinist, New York, 1894 to date.
*American Society of Civil Engineers, New York City.
Proceedings, complete from 1872.
Transactions, complete from 1872.
*American Society of Mechanical Engineers, New York City. Transactions, complete from
1880.
*Annales des Mines, Paris. Mémoires, complete except series 2, 3, and 4. Lois, Décrets,
etc., complete, except series 1, 2, 3, and 4.
†Annales des Mines de Belgique, Brussels. Mémoires, complete.
*Annales des Ponts et Chaussees, Paris. Mémoires et Documents, complete from series 6.
Lois, Décrets, etc., complete from series 6. Personnel, complete from 1881.
*Annales des Travaux Publics de Belgique, Brussels. Complete, except vols. vii. and viii.
Arms and Explosives, London. Complete from 1892.
Association des Ingénieurs sortis de l'École de Liége, Liége. Annuaire, complete,
excepting vols. 1894-95. Bulletin, complete, excepting vols. 1894-95.
Association of Engineering Societies, Philadelphia. Journal, vols, ii.-vi., and viii.-xviii.
*Atti della Società Toscana di Scienze Naturali, Pisa.
Memorie, complete from 1877.
Processi Verbali, complete.
*Australasian Association for the Advancement of Science, Sydney, New South Wales.
Reports, complete to 1895.
*Barrow Naturalists' Field Club, Barrow. Complete, vols, i.-xi.

Berg- und Hüttenmännisches [Huettenmaennisches] Jahrbuch der Bergakademien zu Leoben
und Pȓibram und der Königlich-ungarischen [Koeniglich-ungarischen] Bergakademie zu
Schemnitz, Vienna. Complete from vol. xxxi,, 1883.
Berg- und Huettenmännische [Huettenmaennische] Zeitung, Leipzig.
Complete from vol.
xlii., 1883.
*Birmingham Philosophical Society, Birmingham. Proceedings, complete to 1893.
Board of Trade Journal, London. Complete from 1886.
Boiler Explosions Acts, 1882 and 1890, London. Reports, complete.
†British Association for the Advancement of Science. Complete from 1831.
*British Society of Mining Students, Cinderford. Journal, complete from vol. ix.-xviii.
Brown's Export List, Newcastle-upon-Tyne. Complete from 1853.
‡California State Mining Bureau, Sacramento. Annual Reports of the State Mineralogist.
5th to 12th.
*Canadian Institute, Toronto. Annual Reports, complete from 1887.
Transactions
complete, except yearly volumes for 1867, 1869, 1879, 1872, and 1874-1883.
Canadian Mining Review, Ottawa. Complete from vol. xi. to xiv.
Cassier's Magazine, London. Complete from vol. viii.
*Chesterfield and Midland Counties Institution of Engineers, Chesterfield. Transactions,
complete.
*Cleveland Institution of Engineers, Middlesbro'. Proceedings, complete from 1869,
except 1893-04.
[Alv]
‡Coal and Iron, London, vols. iii.-v.
‡Colliery Engineer, Scranton, Pennsylvania. Complete from vol. viii.
Colliery Guardian, London. Complete from vol. ii., except vols. ix. to xiii.
‡Colliery Manager, London. Complete from 1885.
*Colonial Museum and Geological Survey of New Zealand, Wellington. Manual of the New
Zealand Coleoptera, by T. Broun, complete, parts 1-7. Meteorological Reports, except for
1884, 1886, 1887, 1888, 1889, 1890, and 1891. Studies in Biology for New Zealand Students,
1887, parts 1 and 2. Palaeontology of New Zealand for 1880, parts 1, 2, and 3, and all after
4.
*Connecticut Academy of Arts and Science, New Haven. Transactions, complete, except
title-page and index to vol. iv.
‡Contract Journal and Specification Record, London. Complete from vol. v.
Digest of Physical Tests and Laboratory Practice, Philadelphia. Complete.
Dinglers Polytechnisches Journal, Stuttgart. Complete from vol. ccxlvii., 1883.
‡Durham University Calendar, Durham. Complete, from 1873, except for the years 1876,
1881, 1888, and 1891.
Engineer, London. Complete from 1856, except vols. xxvii. to xxxii.
*Engineering Association of New South Wales, Sydney. Minutes of Proceedings, complete
from 1885 to vol. ix. for 1894.
*Engineering, London. Complete from 1866, except vols. i. and ii. and vii. to xii.
Engineering Magazine, Chicago. Complete.
*Engineering and Mining Journal, New York. Complete, from vol. xx., 1875.
*Engineers' Club of Philadelphia, Philadelphia. Proceedings, complete from 1880.
‡Engineers' Gazette, London. Complete from vol. ix.

Foreign Office Reports, London. Complete from 1886.
†Franklin Institute of the State of Pennsylvania, Philadelphia. Journal, complete from vol.
lv., except vol. cxviii., part 6.
†General Mining Association of the Province of Quebec. Journal, complete to 1895.
*Geological Institution of the University of Upsala, Upsala. Bulletin, complete.
*Geological and Natural History Survey of Canada, Montreal. Complete, except Mesozoic
Fossils, vol. i., part 4 ; and Palaeozoic Fossils, all after vol. ii., part 1, except vol. iii., part 1.
*Geological Society, London. Quarterly Journal, complete from 1843.
*Geological Society of Australasia. Transactions, vol. i., parts 1 to 6, 1892.
*Geological Survey of India, Calcutta. Memoirs, complete to 1885, except vol. i, all except
part 3; vol. ii.; vol. iii., all except part 2. Records, complete.
*Geological Survey of Iowa, Des Moines. Annual Reports, i.-v., 1895.
†Geological Survey of New South Wales, Department of Mines, Sydney. Records, complete
from 1889 to 1895.
*Geological Survey of Pennsylvania, Philadelphia. Complete to 1891.
*Geological Survey of the United States, Washington. Annual Reports, complete from vol.
iii. Bulletin, complete, except title-pages and indexes for all volumes after vol. viii.
*Geological Survey of Victoria, Melbourne. Complete, except publications after Report of
Progress for 1883.
*Geologiska Förening, Stockholm. Förhandlingar, complete from 1872.
*Geologists' Association, London. Proceedings, complete from 1859.
*Glückauf [Glueckauf] , Essen. Complete from 1883, except vols. i. to xviii.
Hull and District Institution of Engineers and Naval Architects, Hull.
Vols, i., ii., and
iii., 1888.
†lllinois Mining Institute, Springfield. Journal, vols, i.-iii., 1895.
‡Indian Engineering, Calcutta. Complete from 1887.
Industries and Iron, London. Complete from vol. xv.
*Institution of Engineers and Shipbuilders in Scotland, Glasgow.
Transactions, complete
from 1857, except vol. ii.
*Institution of Civil Engineers, London. Minutes of Proceedings, complete from 1837.
*Institution of Civil Engineers of Ireland, Dublin. Transactions complete from 1845, except
vols. xxi. and xxii.
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*Institution of Mechanical Engineers, London. Proceedings, complete from 1847.
†Institution of Mining and Metallurgy, London. Transactions, complete from vol. i.
*Institution of Naval Architects, London. Transactions, complete from beginning except vol.
xxxi., for 1890
Iron and Coal Trades Review, London. Complete from vol. iii., 1869.
*Iron and Steel Institute, London. Journal, complete from 1871.
*Jaarboek van het Mijnwezen in Nederlandsch Oost-Indië, Amsterdam. Complete from 1878.
*Jahrbuch für [fuer] das Berg- und Hüttenwesen [Huettenwesen] im Königreiche
[Koenigreiche] Sachsen, Freiberg. Complete, except 1878.
*Kaiserliche Akademie der Wissenschaften, Vienna, Sitzungsberichte, complete from vol.
xlix., except Mathematik, Physik, Chemie, etc., vols. lx. to Ixviii. ; and Mineralogie,
Botanik, Zoologie, etc, vols. Ixiii. to lxviii.

*Königliche [Koenigliche] Bayerische Akademie der Wissenschaften, München [Muenchen] .
Abhandlungen der Mathematisch-physikalischen Classe, vols. vi. and vii. Sitzungsberichte,
complete.
*Kaiserlich-königlich [Kaiserlich-koeniglich] Geologische Reichsanstalt, Vienna. Jahrbuch,
complete from I860.
*Kaiserlich Leopoldinisch-Carolinische Deutsche Akademie der
Naturforscher, Halle.
Complete from vol. xxxvi.
*Koninklijk Instituut van Ingenieurs, 's-Gravenhage. Complete from 1881.
*Königlich [Koeniglich] Ungarische Geologische Anstalt, Budapest. Jahresberichte, from
1882. Mittheilungen, complete,
‡Labour Gazette, London. Complete.
‡L'Echo des Mines et de la Métallurgie, Paris. Complete from 1894.
*Le Génie Civil, Paris. Complete from 1880.
*Liverpool Engineering Society, Liverpool. Complete from 1881.
‡Liverpool Geological Association, Liverpool. Transactions, complete from 1880 to vol. x.,
1890, except vols. iv. and viii.
*Liverpool Geological Society, Liverpool. Complete from I860.
*L'Union des Charbonnages, Mines et Usines Métallurgiques de la Province de Liége.
Complete from 1872.
*Magyarhoni Földtani Társulat, Budapest. Földtani Közlony, complete from 1871.
*Manchester Association of Engineers, Manchester. Transactions, complete from 1887 to
1894.
*Manchester Geographical Society, Manchester. Journal, complete from vol. vi.
†Manchester Geological Society, Manchester. Transactions, complete from 1840, except
vols. iii., vii., and ix.
*Manchester Literary and Philosophical Society, Manchester. Memoirs, complete except all
volumes in first series. Proceedings, complete from 1887.
*Master Car-Builders' Association, Chicago. Proceedings, complete from 1882 to 1896.
*Midland Institute of Mining, Civil, and Mechanical Engineers, Barnsley.
Transactions,
complete from 1869.
*Mineralogical Society of Great Britain and Ireland, London. Journal, complete from 1876.
Mineral Statistics of the United Kingdom, London. Complete from 1882.
Mines, List of Plans of Abandoned Mines, London. Complete.
Mines, List of Mines Worked, London. Complete.
*Mining Association and Institute of Cornwall, Camborne. Transactions, complete to vol. iv.,
part 1, 1893.
*Mining Engineering. Complete from vol. i,, 1897.
*Mining Institute of Scotland, Hamilton. Transactions, complete.
Mining Journal, London. Complete from vol. xviii.
†Mining Society of Nova Scotia, Halifax. Transactions, complete to vol. iii., 1895.
*Natural History Society of Northumberland and Durham, Newcastle-upon-Tyne.
Complete from 1838.
*Naturforschende Gesellschaft zu Freiburg im Breisgau, Freiburg. Transactions, complete
from 1886.
Neues Jahrbuch für [fuer] Mineralogie, Geologie, und Paläontologie [Palaeontologie] ,
Stuttgart. Complete from 1883, except Supplement, part 1.
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Newcastle Daily Journal, Newcastle-upon-Tyne. Complete from March, 1869.
‡Newcastle-upon-Tyne Union, Newcastle-upon-Tyne. Statement of Accounts. Complete,
except for the years ending March 25, 1890, March 25, 1891, and March 25, 1892.
†New South Wales, Annual Report of the Department of Mines. Complete from 1881.
*New York Academy of Sciences, New York. Transactions, complete from 1881, except vol.
iii. Annals, complete from 1879.
*New Zealand Institute, Wellington. Transactions and Proceedings, complete, except vol. ii.
(1869), vol. iii. (1870), vol iv. (1871).
*New Zealand Mines Department, Wellington. Reports, complete from 1879.
*Norsk Teknisk Tidsskrift, udgivet af den Norske Ingenior-og Arkitekt-Forening og den
Polytekniske Forening, Kristiania. Complete from vol. iii., except vol. viii., part 6 ; and vol.
ix., parts 1, 2, and 3.
*North-East Coast Institution of Engineers and Shipbuilders, Newcastle-upon-Tyne.
Transactions, complete from 1884.
*North Staffordshire Institute of Mining and Mechanical Engineers, Newcastle-under-Lyme.
Transactions, complete to vol. xi. ; vol. xii., parts 2 to 5; vol. xiii., parts 1 to 5.
*Nova Scotia Department of Mines, Halifax. Reports, complete to 1892, except for the year
1870.
*Nova Scotian Institute of Natural Science, Halifax, N.S. Proceedings and Transactions,
vol. vi., parts 1 and 4; vol. vii,, parts 2, 3, and 4; vol. viii., 1894; vol. ix., parts 1-2.
*Oberhessische Gesellschaft für [fuer] Natur- und Heilkunde, Giessen. Complete from 1847,
except vol. iii.
Oesterreichische Zeitschrift für [fuer] Berg- und Hüttenwesen [Huettenwesen], Vienna.
Complete from vol. xxxi., 1883.
Official Year Book of Scientific and Learned Societies, London. Complete from 1884.
*Patents, Illustrated Official Journal, London. Complete.
*Patents and Patentees of Victoria, Melbourne. Indexes, complete to 1888.
*Pennsylvania State College, Centre County, Pennsylvania. Mining Bulletin, vol. i., Nos. 16; vol. ii., Nos. 1 to 5; vol. iii., Nos. 1-3.
*Philosophical Society of Glasgow, Glasgow. Proceedings, complete from 1841.
‡Practical Engineer, London. Complete from 1887.
*Reale Comitato Geologico d'ltalia, Roma. Bollettino, complete from 1870, except vols. iii.
and iv.
Reports to the Secretary of the Board of Trade upon the Working of the Boiler Explosions
Acts, 1882 and 1890, London. Complete.
Reports of H.M. Inspectors of Mines, London. Complete from 1870.
Revista Minera, Metalúrgica, y de Ingenieria, Madrid. Complete from vol. xxxiv., 1883.
Revue de la Législation des Mines en France et en Belgique, Paris. Complete from 1884.
*Revue Technique, Paris. Complete from 1894.
†Revue Universelle des Mines, de la Métallurgie, etc., Liége. Complete, except series 1, vol.
xiv. (1863).
‡Rochester Academy of Science, Rochester. Proceedings, vols, i.-ii., and part 1, vol. iii.
*Royal Cornwall Polytechnic Society, Falmouth. Annual Reports, complete from 1870.
Royal Dublin Society, Dublin. Proceedings, complete from 1856. Transactions, complete
from 1877.

*Royal Geological Society of Cornwall, Penzance. Transactions, complete from vol. v. to vol.
xi., except parts 3, 6, and 7.
*Royal Institution of Great Britain, London. Proceedings, complete from 1851.
*Royal Institute of British Architects, London. Transactions, complete from 1841, except
vol. i., part 1, 1857 to 1862, 1867 to 1870, and 1873 to 1876.
Journal of Proceedings,
complete from 1881.
*Royal Institution of Cornwall, Truro. Journal, complete from 1856.
*Royal Scottish Society of Arts, Edinburgh. Transactions, complete from vol. ix., 1872.
*Royal Society of Canada, Montreal. Proceedings and Transactions, complete from 1882.
*Royal Society of Edinburgh, Edinburgh. Proceedings, complete from vol. xi., 1880.
*Royal Society, London. Proceedings, complete from 1800.
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*Royal Society of New South Wales, Sydney. Journal and Proceedings, complete from vol.
vii.
*Royal Society of Victoria, Melbourne. Transactions, complete, except vols. i. and vi.
*Royal United Service Institution, London. Journal, complete from 1857, except Nos. 4,
6, 27, 28, 29, 62, 64, 65, 60, 70, 71, 74, 94, 95.
*Sanitary Institute of Great Britain, London. Transactions, complete from 1880.
Science and Art of Mining, Wigan. Complete from 1890.
‡Scientific American, New York. Complete from 1893.
Seismological Society of Japan, Yokohama. Transactions, complete from 1880.
*Shipping World and Herald of Commerce. Complete to vol. xiii., vols. xiv., xv., and xvi.,
incomplete, vol. xvii., parts 214, 223.
*Smithsonian Institution, Washington, U.S.A.
Annual Report of the Board of Regents,
complete from 1862.
*Société des Ingénieurs Civils, Paris. Mémoires, complete from 1849. Comptes-rendus,
complete from 1879.
*Société des Ingénieurs sortis de l'École Provinciale d'lndustrie et des Mines du Hainaut,
Liége. Mémoires, complete from 1850.
*Société Géologique de Belgique, Liége. Annales, complete from 1874.
*Société Géologique de France, Paris. Mémoires, complete from series 3, except vol. iii.,
part 2. Bulletin, complete from beginning, except series 2.
*Société Géologique du Nord, Lille. Annales, complete from vol. vii., except vol. ix.
*Société de l'Industrie Minérale, St. Etienne.
Bulletin, complete from vol. vii., series 2.
Comptes-rendus, complete from 1877. Atlases, complete from vol. vi. 4.
*Société Industrielle du Nord de la France, Lille. Bulletin, complete from No. 30, 1880.
*Société Scientifique Industrielle de Marseille, Marseille. Bulletin, complete.
*Society of Chemical Industry, London. Journal, complete from 1882.
*Society of Engineers, London. Transactions, complete from 1861, except 1890.
South African Association of Engineers and Architects, Johannesburg. Vol. i.
*South Staffordshire and East Worcestershire Institute of Mining Engineers, Birmingham.
Transactions, complete from 1875.
*South Staffordshire Institute of Iron and Steel Works Managers, Stourbridge.
Complete
from vol. ii., 1881.
South Wales Institute of Engineers, Cardiff. Transactions, complete from 1857.
*Stahl und Eisen, Düsseldorf [Duesseldorf] . Complete from vol. xiv.

‡Steamship, Leith. Complete from 1889.
‡Stevens' Indicator, Hoboken, New Jersey. Complete from vol. vi., 1889.
*Surveyors' Institution, London. Transactions, complete from 1868.
Times Newspaper, London. Complete from March, 1869.
Times Newspaper, Index, London. Complete from January, 1864.
Trade and Navigation Accounts, London. Complete from 1865.
*U.S. Naval Institute, Annapolis. Proceedings, complete from vol. viii., 1882.
*United States Patent Office, Washington. Official Gazette, from vol. lxviii., 1894.
Vereins-Mittheilungen, Beilage zur Oesterreichischen Zeitschrift für [fuer] Berg-und Hüttenwesen [Huetten-wesen] , Vienna. Complete from 1884.
*Victoria, Department of Mines, Melbourne. Reports, complete from 1874.
*Victorian Institute of Surveyors, Melbourne. Transactions and Proceedings, complete
from vols. i. - iii., 1893.
*Western Society of Engineers, Chicago. Journal, complete from vol. i.
West of Scotland Iron and Steel Institute. Journal, complete from vol. iv.
*Wisconsin Academy of Sciences, Arts, and Letters, Madison.
Transactions, complete to
1895, except vol. ix., pages 236-252.
Zeitschrift des Vereines Deutscher Ingenieure, Berlin. Complete from vol. xxvi., 1883.
Zeitschrift für [fuer] das Berg-, Hütten-[Huetten-] und Salinen-Wesen im Preussischen Staate,
Berlin. Complete from 1854.
*Zeitschrift für [fuer] Praktische Geologie, Berlin. Complete from 1893.
The Library comprises over 8,000 Volumes, etc., treating of Geology, and Mining, Mechanical,
and Civil Engineering.
August, 1st, 1897.
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CHARTER
of
THE NORTH OF ENGLAND
INSTITUTE OF MINING AND MECHANICHAL ENGINEERS
FOUNDED 1852.
INCORPORATED NOVEMBER 28th, 1876.
VICTORIA by the Grace of God, of the United Kingdom of Great Britain and Ireland, Queen,
Defender of the Faith, to all to whom these Presents shall come, Greeting :
Whereas it has been represented to us that Nicholas Wood, of Hetton, in the County of
Durham, Esquire (since deceased) ; Thomas Emerson Forster, of Newcastle-upon-Tyne,
Esquire (since deceased) : Sir George Elliot, Baronet (then George Elliot, Esquire), of
Houghton Hall, in the said County of Durham, and Edward Fenwick Boyd, of Moor House, in
the said County of Durham, Esquire, and others of our loving subjects, did, in the year one
thousand eight hundred and fifty two, form themselves into a Society, which is known by the
name of The North of England Institute of Mining and Mechanical Engineers, having for its
objects the Prevention of Accidents in Mines and the advancement of the Sciences of Mining
and Engineering generally, of which Society Lindsay Wood, of Southill, Chester-le-Street, in
the County of Durham, Esquire, is the present President. And whereas it has been further

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

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

removal of any of such officers and servants, and generally may do all such acts and deeds
as they shall deem necessary or fitting to be done, in order to carry into full operation and
effect the objects and purposes of the Society, but so always that the same be not inconsistent
with, or repugnant to, any of the provisions of this our Charter, or the Laws of our Realm, or
any Bye-law of the Society in force for the time being. And we do further will and declare that
at any General Meeting of the Society, it shall be lawful for the Society, subject as hereinafter
mentioned, to make such Bye-laws as to them shall seem necessary or proper for the
regulation and good government of the Society, and of the Members and affairs thereof, and
generally for carrying the objects of the Society into full and complete effect, and particularly
(and without its being intended hereby to prejudice the foregoing generality), to make Byelaws for all or any of the purposes hereinafter mentioned, that is to say : for fixing the number
of Vice-Presidents, and the number of Members of which the Council shall consist, and the
manner of electing the President and Vice-Presidents, and other Members of the Council, and
the period of their continuance in office, and the manner and time of supplying any vacancy
therein ; and for regulating the times at which General Meetings of the Society and Meetings
of the Council shall be held,
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and for convening the same and regulating the proceedings thereat, and for regulating the
manner of admitting persons to be Members of the Society, and of removing or expelling
Members from the Society, and for imposing reasonable fines or penalties for nonperformance of any such Bye-laws, or for disobedience thereto, and from time to time to annul,
alter or change any such Bye-laws so always that all Bye-laws to be made as aforesaid be not
repugnant to these presents, or to any of the laws of our Realm. And we do further will and
declare that the present Rules and Regulations of the Society, so far as they are not
inconsistent with these presents, shall continue in force, and be deemed the Bye-laws of the
Society until the same shall be altered by a General Meeting, Provided always that the present
Rules and Regulations of the Society and any future Bye-laws of the Society so to be made
as aforesaid shall have no force or effect whatsoever until the same shall have been approved
in writing by our Secretary of State for the Home Department. In witness whereof we have
caused these our Letters to be made Patent.
Witness Ourself at Our Palace, at Westminster, this 28th day of November, in the fortieth
year of Our Reign.
By Her Majesty's Command,
CARDEW.
[Alxiv]

THE NORTH OF ENGLAND INSTITUTE
OF
MINING AND MECHANICAL ENGINEERS.
BYE-LAWS.
I.—Constitution.

1.—The North of England Institute of Mining and Mechanical Engineers shall consist
of Members, Associate Members and Honorary Members. The Institute shall in addition
comprise Associates and Students.
2.—The Officers of the Institute, other than the Treasurer and the Secretary,, shall be elected
from the Members and Associate Members, and shall consist of a President, six VicePresidents, and eighteen Councillors, who, with the Treasurer and the Secretary (if Members
of the Institute) shall constitute the Council.
All Past-Presidents shall be ex-officio Members of the Council, so long as they continue
Members or Associate Members of the Institute; and Vice-Presidents who have not been reelected or have become ineligible from having held office for three consecutive years, shall be
ex-officio Members of the Council for the following year.
II.—Qualifications of Members, Associate Members, Honorary Members, Associates, and
Students.
3.—Members.—Every candidate for admission into the class of Members, or for transfer into
that class, shall come within the following conditions:—He shall be more than twenty-three
years of age, have been regularly educated as a Mining or Mechanical Engineer, or in some
other branch of Engineering, according to the usual routine of pupilage, and have had
subsequent employment for at least two years in some responsible
[Ixv]
situation as an Engineer, or if he has not undergone the usual routine of pupilage, he must
have been employed or have practised as an Engineer for at least five years. This class shall
also comprise every person who was an Ordinary Member, Life Member, or Student on the
first of August, 1877.
4.—Associate Members shall be persons connected with or interested in Mining or
Engineering, and not practising as Mining or Mechanical Engineers, or in some other branch
of Engineering.
5.—Honorary Members shall be persons who have distinguished themselves by their literary
or scientific attainments, or who have made important communications to the Society.
6.—Associates shall be persons acting as under-viewers, under-managers, or in other
subordinate positions in mines, or employed in analogous positions in other branches of
Engineering.
7.—Students shall be persons who are qualifying themselves for the profession of Mining or
Mechanical Engineering, or other branch of Engineering, and such persons may continue
Students until they attain the age of twenty-five years.
III.—Election and Expulsion of Members.
8.—Any person desirous of becoming a Member, an Associate Member, an Associate, or a
Student, shall be proposed according to the Forms A, B, C, or D respectively in the Appendix,
in which Form the name, usual residence, and qualifications of the candidate shall be distinctly
specified. The Form must be signed by the proposer and at least two other Members or
Associate Members, certifying a personal knowledge of the candidate.
Any person qualified to become an Honorary Member shall be proposed according to the Form
E in the Appendix, in which Form the name, usual residence, and qualifications of the
candidate shall be distinctly stated. This Form must be signed by the proposer and at least
five other Members or Associate Members, certifying a personal knowledge of the candidate

and the Council shall have the power of defining the time during which, and the circumstances
under which the candidate shall become an Honorary Member.
Any Associate or Student desirous of becoming a Member, shall be proposed and
recommended according to Form F in the appendix, in which Form the name, usual residence
and qualifications of the candidate must be distinctly specified. This Form must be signed by
the proposer and at least two other Members or Associate Members,
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certifying a personal knowledge of the candidate, and the proposal shall then be treated in the
manner hereinafter described.
Every proposal shall be delivered to the Secretary, and by him submitted to the next meeting
of the Council, who, on approving the qualifications, shall determine if the candidate is to be
presented for ballot, and if it is so determined, the Chairman of the Council shall sign such
proposal. The same shall be read at the next Ordinary General Meeting, and afterwards be
exhibited in the Institute's Hall until the following Ordinary General Meeting, when the
candidate shall be balloted for.
A Student may become an Associate at any time after attaining the age of twenty-one years.
9.—The balloting shall be conducted in the following manner :—Each Member or Associate
Member attending the meeting at which a ballot is to take place, shall be supplied (on demand)
with a list of the names of the persons to be balloted for, according to the Form G in the
Appendix, and shall strike out the names of such candidates as he desires shall not be elected,
and return the list to the scrutineers appointed by the presiding Chairman for the purpose, and
such scrutineers shall examine the lists so returned, and inform the meeting what elections
have been made. No candidate shall be elected unless he secures the votes of two-thirds of
the Members and Associate Members voting.
10.—Notice of election shall be sent to every person within one week after his election,
according to the Form H in the Appendix, enclosing at the same time a copy of Form I, which
shall be returned by the person elected, signed, and accompanied with the amount of his
annual subscription, or life composition, within two months from the date of such election,
which otherwise shall become void.
11.—Every Member having signed a declaration in the Form I, and having likewise made the
proper payment, shall receive a certificate of his election, according to the Form J.
12.—Any Member, Associate Member, Associate, or Student elected at any meeting between
the Annual Meetings shall be entitled to all Transactions issued in the Institute's year, so soon
as he has signed and returned Form I, and paid his subscription.
13.—The Transactions of the Institute shall not be forwarded to those whose subscriptions
are in arrear on the first of November in each year.
14.—Any person whose subscription is more than one year in arrear shall be reported to the
Council, who shall direct application to be made for it, according to the Form K in the Appendix,
and in the event of its
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continuing one month in arrear after such application, the Council shall have the power, after
remonstrance by letter to his last recorded address in the books of the Society, according to
the Form L in the Appendix, of declaring that the defaulter has ceased to be a Member.

15.—In case the expulsion of any person shall be judged expedient by ten or more Members
or Associate Members, and they think fit to draw up and sign a proposal requiring such
expulsion, the same being delivered to the Secretary, shall be by him laid before the next
meeting of the Council for consideration. If the Council, after due inquiry, do not find reason to
concur in the proposal no entry thereof shall be made in any minutes, nor shall any public
discussion thereon be permitted, unless by requisition signed by one-half of the Members or
Associate Members of the Institute ; but if the Council do find good reason for the proposed
expulsion, they shall direct the Secretary to address a letter, according to the Form M in the
Appendix, to the person proposed to be expelled, advising him to withdraw from the Institute.
If that advice be followed, no entry on the minutes nor any public discussion on the subject
shall be permitted; but if that advice be not followed, nor an explanation given which is
satisfactory to the Council, they shall call a General Meeting for the purpose of deciding on
the question of expulsion ; and if a majority of the Members and Associate Members present
at such meeting (provided the number so present be not less than forty) vote that such person
be expelled, the Chairman of that meeting shall declare the same accordingly, and the
Secretary shall communicate the same to the person, according to the Form N in the
Appendix.
IV.—Subscriptions.
16.—The annual subscription of each Member and Associate Member shall be £2 2s., of
each Associate and Student £1 1s., payable in advance, and shall be considered due
on election, and afterwards on the first Saturday in August of each year.
17 —Any Member, Associate Member, Associate or Student may, at any time, compound for
all future subscriptions by a payment in accordance with the following scale :—
Under 30 years of age, the sum of £31
Over 30
"
"
"
27
„
40
"
"
"
24
„
50
"
"
"
21
"
60
"
"
"
17
or on such other conditions as the council may, in writing, accept. Every
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person so compounding shall be a Member, Associate Member, Associate or Student for life,
as the case may be. Any Associate Member, Associate or Student so compounding who may
afterwards be qualified to become a Member, may do so, by election in the manner described
in Bye-law 8. All compositions shall be deemed capital money of the Institute.
18.—In case any Member, Associate Member, or Associate who has been long distinguished
in his professional career, becomes unable, from ill-health, advanced age, or other sufficient
cause, to carry on a lucrative practice, the Council may, on the report of a Sub-Committee
appointed by them for that purpose, if they find good reason for the remission of the annual
subscription, so remit it. They may also remit any arrears which are due from a Member, or
they may accept from him a collection of books, or drawings, or models, or other contributions,
in lieu of the composition mentioned in Bye-law 17, and may thereupon release him from any
or all future subscriptions, and permit him to resume his former rank in the Institute.
19.—Owners of Collieries, Engineers, Manufacturers, Railway Companies, and Employers of
labour generally, may subscribe annually to the funds of the Institute, and each such
subscriber of £2 2s. annually shall be entitled to tickets to admit two persons to the rooms,

library, meetings, lectures, and public proceedings of the Society ; and for every additional £2
2s., subscribed annually, two other persons shall be admissible ; and each such subscriber
shall also be entitled for each £2 2s. subscription to have a copy of the Transactions of the
Institute sent to him.
V.—Election of Officers.
20.—The President, Vice-Presidents, and Councillors shall be elected at the Annual Meeting
in August (except in cases of vacancies) and shall be eligible for re-election to any office, with
the exception of any President who may have held office for the two immediately preceding
years, or Vice-President who may have held office for the three immediately preceding years,
and such six Councillors as may have attended the fewest Council Meetings during the past
year, and when any such attendances are equal, the Council shall decide between them ; but
any such Member or Associate Member shall be eligible for re-election after being one year
out of office.
Any Retiring Vice-President or Councillor who may be ineligible for re-election shall
nevertheless be eligible to any other office.
21.—Each Member, and Associate Member, shall be at liberty to nominate in writing, and send
to the Secretary not less than eight days
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prior to the Ordinary General Meeting in June, a list, duly signed, of Members and Associate
Members suitable to fill the offices of President, Vice-Presidents, and Members of Council, for
the ensuing year. The Council shall prepare a list of the persons so nominated, together with
the names of the Officers for the current year eligible for re-election, and of such other
Members and Associate Members as they deem suitable for the various offices. Such list shall
comprise the names of not less than thirty persons. The list so prepared by the Council shall
be submitted to the General Meeting in June, and shall be the balloting list for the annual
election in August. (See Form O in the Appendix.) A copy of this list shall be posted at least
seven days previous to the Annual Meeting, to every Member and Associate Member, who
may erase any name or names from the list, and substitute the name or names of any other
Member or Associate Member eligible for each respective office ; but the number of names
on the list, after such erasure or substitution, must not exceed the number to be elected to the
respective offices. Papers which do not accord with these directions shall be rejected by the
scrutineers. The votes for any Member who may not be elected President or Vice-Presidents
shall count for them as Members of the Council, but in no case shall he receive more than one
vote from each voter. The Chairman shall appoint four scrutineers, who shall receive the
balloting papers, and, after making the necessary scrutiny, destroy the same, and sign and
hand to the Chairman a list of the elected Officers. The balloting papers may be returned
through the post, addressed to the Secretary, or be handed to him, or to the Chairman of the
meeting, so as to be received before the appointment of the scrutineers for the election of
Officers.
22.—In case of the decease, expulsion, or resignation of any Officer or Officers, the Council,
if they deem it requisite that the vacancy shall be filled up, shall present to the next Ordinary
General Meeting a List of persons whom they nominate as suitable for the vacant office or
offices, and a new Officer or Officers shall be elected at the first succeeding Ordinary General
Meeting.

23 —The Treasurer and the Secretary shall be appointed by the Council, and shall be
removable by the Council, subject to appeal to a General Meeting. One and the same person
may hold both these offices.
VI —Duties of the Officers and Council.
24.---The President shall take the chair at all meetings of the Institute, the Council, and
Committees, at which he is present (he being ex-officio a member of all), and shall regulate
and keep order in the proceedings.
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25.—In the absence of the President, it shall be the duty of the senior Vice-President present
to preside at the meetings of the Institute, to keep order, and to regulate the proceedings. In
case of the absence of the President and of all the Vice-Presidents, the meeting may elect
any Member of Council, or in case of their absence, any Member or Associate Member
present, to take the chair at the Meeting.
26.—At Meetings of the Council, five shall be a quorum. The minutes of the Council's
proceedings shall be at all times open to the inspection of the Members and Associate
Members.
27.—The Treasurer and the Secretary shall act under the direction and control of the Council,
by which body their duties shall from time to time be defined.
28.—The Council may appoint Committees for the purpose of transacting any particular
business, or of investigating any specific subject connected with the objects of the Institute.
Such Committees shall make a report to the Council, who shall act thereon, and make use
thereof as they see occasion.
VII.—Communications and Memoirs.
29.—All papers shall be sent for the approval of the Council at least twenty-one days before
a General Meeting, and after approval, shall be read before the Institute. The Council shall
also direct whether any paper read before the Institute shall be printed in the Transactions,
and immediate notice shall be given to the writer whether it is to be printed or not.
30.—The copyright of all papers communicated to, and accepted for printing by the Council,
and printed within twelve months, shall become vested in the Institute, and such
communications shall not be published for sale or otherwise, without the written permission of
the Council.
31.—Twenty copies of each paper printed by the Institute shall be presented to the author for
private use.
32.—All proofs of reports of discussions, forwarded to any person for correction, must be
returned to the Secretary within seven days from the date of their receipt, otherwise they will
be considered correct and be printed off.
33.—The Institute is not, as a body, responsible for the statements and opinions advanced in
the papers which may be read, nor in the discussions which may take place at the meetings
of the Institute.
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VIII.—Meetings of the Institute.

34.—An Ordinary General Meeting shall be held on the first Saturday of every month (except
January and July) at two o'clock, unless otherwise determined by the Council; and the
Ordinary General Meeting in the month of August shall be the Annual Meeting, at which a
report of the proceedings, and an abstract of the accounts of the previous year, shall be
presented by the Council.
35.—All donations to the Institute shall be acknowledged in the Annual Report of the Council.
36.—A Special General Meeting shall be called whenever the Council may think fit, and also
on a requisition to the Council, signed by ten or more Members or Associate Members. The
business of a Special Meeting shall be confined to that specified in the notice convening it.
37.—The Members, Associate Members, Honorary Members, Associates and Students, shall
have notice of, and the privilege to attend, all Ordinary General Meetings and Special
Meetings.
38.—Every question, not otherwise provided for, which shall come before any meeting, shall
be decided by the votes of the majority of the Members and Associate Members then present.
39.—Invitations shall be forwarded to any person whose presence at the discussions the
Council may think advisable, and strangers so invited shall be permitted to take part in the
proceedings but not to vote.
Any Member or Associate Member shall have power to introduce two strangers (see Form P)
to any General Meeting, but they shall not take part in the proceedings except by permission
of the meeting.
IX.—Property of the Institute.
40.—The Funds of the Society shall be deposited in the hands of the Treasurer, and shall be
disbursed or invested by him according to the direction of the Council.
41.—The Institute Hall and Reading Room shall be open to the Members, Associate Members,
Honorary Members, Associates and Students on every week day, from 10 a.m. to 5 p.m.,
except on such special day or days when the Council shall think it expedient to close the rooms
and suspend the circulation of Books. Books shall be issued according to regulations from
time to time approved by the Conned.
42.—No duplicate copies of any portion of the Transactions shall be issued to any Member,
Associate Member, Associate or Student, unless by order from the Council.
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X.—Alteration of Bye-laws.
43.—No alteration shall be made in the Bye-laws of the Institute except at the Annual Meeting,
or at a Special Meeting for that purpose and the particulars of every such alteration shall be
announced at previous Ordinary Meeting, and inserted in its minutes, and shall be exhibited
in the room of the Institute fourteen days previous to sue Annual or Special Meeting, and such
Meeting shall have power to adopt any modification of such proposed alteration of the Byelaws.
Approved by the Secretary for the Home Department
Whitehall,
29th June, 1891 and
26th April. 1897.
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APPENDIX TO THE BYE-LAWS.
[FORM A.]
A. B, [Christian Name, Surname, Occupation, and Address in full], being upwards of twentythree years of age. and desirous of becoming a Member of the North of England Institute of
Mining and Mechanical Engineers, I recommend him, from personal knowledge, as a person
in every respect worthy of that distinction, because—
[Here specify distinctly the qualifications of the Candidate, according to the spirit
of Bye-law 3.]
On the above grounds, I propose him to the Council as a proper person to be admitted a
Member.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is
in every respect a proper person to be admitted a Member.
FROM PERSONAL KNOWLEDGE.
..........................................................Two Members
or
...................................................Associate Members.
[To be filled up by the Council.]
The Council, having considered the above recommendation, present A. B. to be balloted for
as a Member of the North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Dated this
day of
18
[FORM B.]
A. B. [Christian Name, Surname, Occupation, and Address in full], being desirous of becoming
an Associate Member of the North of England Institute of Mining and Mechanical Engineers,
I recommend him, from personal knowledge, as a person in every respect worthy of that
distinction, and propose him to the Council as a proper person to be admitted an Associate
Member.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is in
every respect a proper person to be admitted an Associate Member.
FROM PERSONAL KNOWLEDGE.
........................................................Two Members
or
.......................................................Associate Members.
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[To be filled up by the Council.]

The Council, having considered the above recommendation, present A. B. to be balloted for
as an Associate Member of the North of England Institute of Mining and Mechanical
Engineers.
Signed
Chairman.
Dated this
day of
18
[FORM C]
A. B. [Christian Name, Surname, Occupation, and Address in full], being desirous of becoming
an Associate of the North of England Institute of Mining and Mechanical Engineers, I
recommend him, from personal knowledge, as a person in every respect worthy of that
distinction, and propose him to the Council as a proper person to be admitted as an Associate.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is in
every respect a proper person to be admitted as an Associate.
FROM PERSONAL KNOWLEDGE.
.........................................................Two Members
or
..........................................................Associate Members.
[To be filled up by the Council.]
The Council, having considered the above recommendation, present A. B. to be balloted for
as an Associate of the North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Dated this
day of
18
[FORM D.]
A. B. [Christian Name, Surname, Occupation, and Address in full], being under twenty-five
years of age and desirous of becoming a Student of the North of England Institute of Mining
and Mechanical Engineers, I recommend him, from personal knowledge, as a person in every
respect worthy of that distinction, and propose him to the Council as a proper person to be
admitted as a Student.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is in
every respect a proper person to be admitted a Student.
FROM PERSONAL KNOWLEDGE.
..........................................................Two Members
or
...........................................................Associate Members.
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[To be filled up by the Council.}
The Council, having considered the above recommendation, present A. B. to be balloted for
as a Student of the North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Dated this
day of
18

[FORM E.]
I recommend A. B. [Christian Name, Surname, Occupation, and Address in full], from personal
knowledge, as a person in every respect qualified to become an Honorary Member of the
North of England Institute of Mining and Mechanical Engineers, because—
[Here specify distinctly the qualifications of the Candidate, according to the spirit
of Bye-law 5.]
On the above grounds, I propose him to the Council as a proper person to be admitted an
Honorary Member.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is in
every respect a proper person to be admitted an Honorary Member.
FROM PERSONAL KNOWLEDGE.
.......................................................Five Members
or
.......................................................Associate Members.
[To be filled up by the Council.]
The Council, having considered the above recommendation, present A. B. to be balloted for
as an Honorary Member of the North of England Institute of Mining and Mechanical Engineers.
Signed
Chairman.
Dated this
day of
18
[Alxxvi]
[FORM F.]
A. B. [Christian Name, Surname, Occupation, and Address in full], being at present a
.................of the North of England Institute of Mining and Mechanical Engineers, and upwards
of twenty-three years of age, and being desirous of becoming a Member of the said Institute,
I recommend him, from personal knowledge, as a person in every respect worthy of that
distinction, because—
[Here specify distinctly the qualifications of the Candidate, according to the spirit
of Bye-Ian 3.]
On the above grounds, I propose him to the Council as a proper person to be admitted a
Member.
Signed
Member or Associate Member.
Dated this
day of
18
We, the undersigned, concur in the above recommendation, being convinced that A. B. is in
every respect a proper person to be admitted a Member.
FROM PERSONAL KNOWLEDGE.
.................................................Two Members
or
................................................. Associate Members.
[To be filled up by the Council.]
The Council, having considered the above recommendation, present A. B. to be balloted for
as a Member of the North of England Institute of Mining and Mechanical Engineers.

Signed
Dated this

day of

Chairman.
18

[FORM G.]
List of the names of persons to be balloted for at the General Meeting on the
18
Members :—

day of

Associate Members :—
Honorary Members :—
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Associates:
Students :Strike out the names of such persons as you desire should not be elected, and hand the list
to the Chairman.
[FORM H.]
Sir,—I beg leave to inform you that on the day of
you were elected a
of the North of England Institute of Mining and Mechanical
Engineers. In conformity with its Rules your election cannot be confirmed until the enclosed
form be returned to me with your signature, and until your first annual subscription be paid,
the amount of which is £
.
or, at your option, a life-composition in accordance with the following scale :—
Under 30 years of age
£31
Over 30 ,,
,,
27
“ 40 „
„
24
„ 50 „
„
21
„ 60 „
„
17
If the subscription is not received within two months from the present date, the election will
become void under Bye-law 10.
I am, sir, yours faithfully,
Secretary.
Dated
18
[FORM I.]
I, the undersigned, being elected a
of the North of England Institute of Mining
and Mechanical Engineers, do hereby agree that I will be governed by the Charter and Byelaws of the said Institute for the time being; and that I will advance the objects of the Institute
as far as shall be in my power, and will not aid in any unauthorised publication of the
proceedings, and will attend the meetings thereof as often as I conveniently can ; provided
that whenever I shall signify in writing to the Secretary that I am desirous of withdrawing my
name therefrom, I shall (after the payment of any arrears which may be due by me at that
period) cease to be a Member.

Witness my hand this

day of

18

[FORM J.]
THE NORTH OF ENOGLAND INSTITUTE OF MlNING AND MECHANICAL EGINEERS
Founded 1852. Incorporated by Royal Charter, A.D., 1876.
These are to certify that A. B. [Christian name, Surname, Occupation, and Address in full]
was elected a Member of the North of England Institute of Mining and Mechanical Engineers,
at a General Meeting held on the .... day of ... .18
Witness our hands and Seal this ......day of ......
.................................President.
................................Secretary.
[Seal]

18
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[FORM K.]
SIR,—I am directed by the Council of the North of England Institute of Mining and Mechanical
Engineers to draw your attention to Bye-law 14, and to remind you that the sum of £
of
your annual subscriptions to the funds of the Institute remains unpaid, and that you are in
consequence in arrear of subscription. I am also directed to request that you will cause the
same to be paid without further delay, otherwise the Council will be under the necessity of
exercising their discretion as to using the power vested in them by the Article above referred
to. I am, sir, yours faithfully,
.................................Secretary.
Dated
18
[FORM L.]
SlR,—I am directed by the Council of the North of England Institute of Mining and Mechanical
Engineers to inform you, that in consequence of non-payment of your arrears of subscription,
and in pursuance of Bye-law 14, the Council have determined that unless payment of the
amount £
is made previous to the
day of
next, they will proceed to declare
that you have ceased to be a Member of the Institute.
But, notwithstanding this declaration, you will remain liable for payment of the arrears due from
you.
I am, sir, yours faithfully,
....................................Secretary.
Dated
18
[FORM M.]
SIR,—I am directed by the Council of the North of England Institute of Mining and Mechanical
Engineers to inform you that, upon mature consideration of a proposal which has been laid
before them relative to you, they feel it their duty to advise you to withdraw from the Institute,
or otherwise they will be obliged to act in accordance with Bye-law 15.
I am, sir, yours faithfully,
..........................................Secretary.
Dated
18

[FORM N.]
SIR—it is my duty to inform you that, under a resolution passed at a Special General Meeting
of the North of England Institute of Mining and Mechanical Engineers, held on the
day of
18
, according to the provisions of Bye-law 15, you have ceased to be a
.......................................of the Institute.
I am, sir, yours faithfully,
............................................Secretary.
Dated
18
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[FORM O.]
Balloting List
Ballot to take place at the Annual Meeting on
18
at Two o'clock, p.m.
The names of persons for whom the voter does not vote must be erased, and the names of
other persons eligible for re-election may be inserted in their place provided the number
remaining on the list does not exceed the number of persons to be elected.
President—Not more than One Name to be returned, or the vote will be lost.
------------ President for the current year eligible for re-election.*
----------------New Nominations.*
Vice-Presidents—Not more than Six Names to be returned, or the vote will be lost.
The Votes for any Member who may not be elected President or Vice-Presidents shall count
for them as Members of the Council, but in no case shall he receive more than one vote from
each voter.
-------------------Vice-Presidents for the current year eligible for reelection.
-------------------New Nominations.
Council—Not more than Eighteen Names to be returned, or the vote will be lost.
--------------------Members of the Council for the current year eligible for re-election.
--------------------New Nominations.
* To be inserted when necessary.
[The following paragraph printed sideways on] Any list returned with a greater number of
names than
One President,
Six Vice-Presidents, or
Eighteen Councillors,
Will be rejected by the Scrutineers as informal, and the Votes will consequently be lost.
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Ex-Officio Members of the Council for the ensuing year :—

-------------------------Past-Presidents.
--------------------------Retiring Vice-Presidents.
Extract from Bye-law 21.
Each Member, and Associate Member, shall be at liberty to nominate in writing, and send to
the Secretary not less than eight days prior to the Ordinary General Meeting in June, a list,
duly signed, of Members and Associate Members suitable to fill the offices of President, VicePresidents, and Members of Council, for the ensuing year. The Council shall prepare a list of
the persons so nominated, together with the names of the Officers for the current year eligible
for re-election, and of such other Members and Associate Members as they deem suitable for
the various offices. Such list shall comprise the names of not less than thirty persons. The list
so prepared by the Council shall be submitted to the General Meeting in June, and shall be
the balloting list for the annual election in August. [See Form O in the Appendix.] A copy of
this list shall be posted at least seven days previous to the Annual Meeting, to every Member
and Associate Member, who may erase any name or names from the list, and substitute the
name or names of any other Member or Associate Member eligible for each respective office
; but the number of names on the list, after such erasure or substitution, must not exceed the
number to be elected to the respective offices. Papers which do not accord with these
directions shall be rejected by the scrutineers. The votes for any Member who may not be
elected President or Vice-Presidents shall count for them as Members of the Council, but in
no case shall he receive more than one vote from each voter. The Chairman shall appoint four
scrutineers, who shall receive the balloting papers, and, after making the necessary scrutiny,
destroy the same, and sign and hand to the Chairman a list of the elected Officers. The
balloting papers may be returned through the post, addressed to the Secretary, or be handed
to him, or to the Chairman of the meeting, so as to be received before the appointment of the
scrutineers for the election of Officers.
Names substituted for any of the above are to be written in the blank spaces opposite those
they are intended to supersede.
The following Members are ineligible from causes specified in Bye-law 20 :—
As President ........................
As Vice-President ....................
As Councillors ...........................
[FORM P.]
Admit
of
to the General Meeting on Saturday, the ....................
(Signature of Member, Associate Member, Associate, or Student)...............................
The Chair to be taken at Two o'clock p.m.
I undertake to abide by the Regulations of the North of England Institute of Mining and
Mechanical Engineers, and not to aid in any unauthorised publication of the Proceedings.
(Signature of Visitor).................................
Not transferable.

