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ADVERTIZEMENT.
The Institution is not, as a body, responsible for the facts and opinions advanced in the Papers read,
and in the Abstracts of the Conversations which occurred at the Meetings during the Session.

[ix]
Report
In presenting to the Society their Report for the year which this day concludes, the Council have no
unpleasing duty to perform. It may be true that the increase in the number of members may have
been comparatively less than during some former years; but, in all such cases, it must be recollected
that, as an Institution becomes more extended, the per centage of increase must almost necessarily
diminish year by year. The growth of the infant institution is quick; but when maturity is more nearly
attained, that growth becomes comparatively less rapid. So is it with the North of England Institute
of Mining Engineers. As its members have become more and more numerous, its ratio of increase
has been less; the sum being larger upon which it is to be computed, and the losses by death and
other casualties occasionally more frequent.
During the year just closed, the number of new members elected has been 33. By death or
resignation, there has been a loss of 16 during the same period. The net increase is, therefore, 17
only.
By death the Society has been deprived of two well-known members; that is to say, of Mr. Joseph
Bewick, late of Grosmont, and Mr. Errington, late of Westminster. To the Society the former is
principally known by his paper on the "Rosedale Magnetic Ironstoneˮ; to the public by his tract on
the "Cleveland Ironstone District." As a civil engineer the late Mr. Errington stood high, not only with
his professional brethren, but with the scientific world generally. Although a native of Hull, he was a
scion of an ancient Northumberland family, some of whom have not been unknown to fame. As a
civil engineer, he became early associated with the late Mr. Joseph Locke, and, together with that
gentleman, was engineer to the Glasgow and Greenock Dock and Railway; to the Lancaster and
Carlisle, the Caledonian, the East Lancashire, the Scottish Central, the Scottish Midland, and the
Aberdeen Lines of Railroad. He
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was, also, in conjunction with Mr. Locke, a consulting engineer for the northern division of the
London and North-Western Line of Railway, as well as engineer-in-chief to the London and SouthWestern Line; and, at his death, he had just completed the connection of that system with Exeter

and the West of England. Mr. Errington was one of the Vice-Presidents of the Institute of Civil
Engineers, as well as a conspicuous member of this Society.
The past year, the Council are glad to record, has been unusually rich in the production of papers, as
the published "Transactions" amply demonstrate. The subjects, likewise, have been so happily varied
as to afford matter of interest, as well to the scientific geologist as to the practical miner. Amongst
those of a more practical character, may be mentioned that on "Close-Topped Tubbing," by Messrs.
J. J. Atkinson, and William Coulson, sen.; that on "Boiler Explosions," by Mr. S. C. Crone; and the able
narrative of “The Accident at New Hartley," by Mr. George Baker Forster. Amongst the more purely
scientific communications to the Institute, for the past year, must be noted the highly interesting
papers of Mr. Edmund Gibsone, Mr. Edward F. Boyd, and the President, on the Coal Formations of
the Counties of Northumberland, Cumberland, and the Eastern and Southern Parts of Scotland, in all
of which the geologist will find matter of much theoretical as well as practical interest.
The Council cannot but in this place give expression to their regret, that the arrangement entered
into with the Committee of the Natural History Society has, though in course of completion, not yet
been carried into full effect. It would have been, and eventually will be, the means of rendering
useful, to those engaged in geological, mineralogical, and general mining pursuits, the collection of
fossils, the property of this Society, an advantage which they have not, at present, the means of
realising'; whilst, at the same time, it will ultimately afford a ready access, for members of this
Institute, to the very valuable museum which the Natural History Society have, at so much expense
and pains, collected, and, with so much liberality, thrown open to the public.
Before concluding, there remains one other topic to which the Council cannot but briefly advert.
Those present are not unaware of the various and strenuous exertions made by those gentlemen
who were appointed to, and undertook, the duty of communicating with the University of Durham,
with the purpose of inducing that body to establish a Mining College in connection with it, as well as
of moving, if possible, those
[xi]
most directly interested in the promotion of such an undertaking to come forward with means
sufficient to allow, at least, of the commencement of the establishment of a Mining Educational
Institution upon an independent footing, in which mining science, and the sciences directly
connected with it, might be taught. In connection with this application, in which they had the
support of the University, Government was applied to, and the anomaly pointed out of a county, in
which mining pursuits had been carried farther than in any other, being absolutely destitute of an
establishment in which mining science, and the sciences collaterally connected therewith, might be
cultivated.
Ultimately a Commission was appointed by Government to investigate the case of the University of
Durham, with reference to its academical management. That Commission has printed its Report, in
the shape of ordinances to be observed in the management of the University. It is much to be
regretted that these ordinances are not of a nature to excite much hope of the establishment of a
Mining College, or of the establishment, by the University itself, of any system of education likely to
be of utility to those engaged in mining pursuits, or by which the sciences more directly connected
with mining may be successfully taught. It is, indeed, understood that the tenor of these ordinances

has been considered by the authorities of the University as so little satisfactory, that it is proposed
by them to petition the Legislature for their revision. The Council can only, therefore, express their
hope that something may yet be done towards the establishment of some system of education
applicable to the wants of an interest so extensive and important as is the mining interest of Great
Britain.
In conclusion, the Council need barely to advert to the Report of the Finance Committee. It will be
seen that the publication of two volumes of "Transactions," within the year just closed, has borne
harder than usual on the finances of the Society. This, however, is only an exceptional circumstance,
which the receipts of the current year will, past a doubt, be amply sufficient to adjust and rectify.
[xii]
Finance report
We have examined the Treasurer's Accounts, which, in accordance with the resolution of last year,
are made up to and with June 30th, and having found them correct, beg to submit them to the
Institute.
The cash balance in the hands of the Treasurer last year was £225 16s. 1d.: this was not actually
correct. In distinguishing between the District Bank debt and other monies belonging to the
Institute, the amount of deposit note only was stated, whereas the account should have stated the
amount on deposit note, and likewise the cash balance of the current account.
When the District Bank stopped payment, the Account with the Institute was
On Deposit Notes.......

£600 0 0

Cash Balance........

141 14 3

Total Amount due from the Bank

741 14 3

Payments to the end of last year (10s. in the pound) -

370 17 2

Amount due from Bank at end of last year's Account

370 17 1

Balance shown by the Treasurer at the same date was—
Cash in hands.......

225 16 1

Due from District Bank.....

300 0 0
£525 16 1

The Account should have been—Cash in hand Due from District Bank

-

154 19 0
370 17 1
£525 16 1

Making the same total but putting the Institute in a worse position by £70 17s. 1d. A further
payment from the Bank of 2s. 6d. in the pound has been received this year, leaving a balance now
due from the Bank of £278 2s. 10d.
The expenditure has exceeded the income by £168 10s. 3d. for the year.
The General Meeting held at Birmingham in the beginning of the year has caused an increased
expenditure; it has, however, been the means of introducing the Institute and its proceedings into
new districts, and added considerably to its influence and number of members.
As the Birmingham Volume is not yet complete, the publisher's account cannot be included in this
year's statement, the estimate for the
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printing, &c, was £238, this will, we think, be exceeded, as more papers are included than were
estimated for.
The cost of publishing Vol. XI. is of necessity high, but we think the members will not regret the
expense as this volume must, from the valuable papers it contains, add greatly to the prestige of the
Institute.
We have much pleasure in laying before the members the Accounts of Stock in the hands of the
Printer, as ordered in a resolution passed June 6th, 1861. These accounts show, at a glance, the
number of copies printed, and their distribution, the balance guaranteed by the printer is found
correct, the duty of your committee having been rendered practicable by the resolution of the same
date ordering all the papers to be bound or stitched instead of lying in loose sheets.
The Volumes in the hands of the printer are as follows:—
Bound.
Volume I. (2nd edition)

....

151

Stitched.
.

II........

8

III.

23

-

0

IV........

24

-

0

V........

19

-

0

VI........

8

51

VII........

2-

92

8-

191

15-

175

258

509

.......

VIII.
IX.

-

-.....
-.....

-

0
0

The value of the volumes is estimated at a low rate; about one-half of the selling price. There are,
beside the bound and stitched volumes, many loose sheets requiring two, three, or more parts to
complete the set.
We are sorry to say, that eleven members not having paid their subscriptions for three years, the
"Transactions" are, according to Rule 13, now withheld, and five have resigned their membership
from various causes. The present owners of Holywell Main Colliery have discontinued the
subscription of £2 2s. 0d. formerly given.
The interest received on the Stephenson bequest is not quite 2 per cent. for the year. It requires the
immediate attention of the members to place this fund where a higher rate of interest will be
realized.
Although the manufacturing interests of the country have, during the past year, been very much
depressed, yet it will be seen that the sale of the Institute's "Transactions" has increased, and that in
the face of one of our previously best customers, the United States of America, not appearing as the
purchaser of a single volume.
P. S. REID.
JOHN R. LIDDELL.
CUTH. BERKLEY.
[xiv]
[see in original text The treasurer in account with the North of England Institute of Mining Engineers
for the year ending July 1st, 1862.]
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[see in original text The treasurer in account with the North of England Institute of Mining Engineers
for the year ending July 1st, 1862. - continued.]
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[see in original text General statement July, 1862]
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68 Coxon, F., Shelton Collieries Iron Works, Stoke-on-Trent, Staffordshire.
69 Coxon, S. B., Usworth Colliery, Gateshead.
70 Crawford, T., Church Street, Durham.
71 Crawford, Jun., T., Little Town Colliery, Durham.
72 Crawhall, G. E., St. Ann's Rope Works, Newcastle-on-Tyne.
73 Crawshay, Edwin, Abbott's Works, Newnham, Gloucestershire.
74 Creswick, Theophilus, Clymnel, Merthyr Tydvil, Glamorganshire.
75 Crofton, J. G., Crook, Darlington.
76 Crone, S. C., Killingworth Colliery, Newcastle.
77 Curry, Thomas, Cassop Colliery, Ferry Hill.
78 Daglish, J., Hetton Colliery, Fence Houses.
79 Dakers, Thomas, Byers Green, Ferry Hill.

80 Darlington, James, Springfield House, Coppull, near Chorley, Lancashire.
81 Davison, A., Hastings Cottage, Seaton Delaval, Newcastle.
82 Davidson, James, Newbattle Colliery, Dalkeith.
83 Deane, John, Pencaitland Colliery, Tranent, Haddingtonshire, North Britain.
84 Dees, J., Whitehaven, Cumberland.
85 Dickinson, W. R., Pease's West Collieries, Darlington.
86 Dixon, George, Whitehaven, Cumberland.
87 Dobson, S., Halswell Terrace, Cardiff, Glamorganshire.
88 Dodd, Benj., Blaenavon, Newport, Monmouthshire.
89 Douglas, T., Pease's West Collieries, Darlington.
90 Dunn, T., Richmond Hill, Sheffield, Yorkshire.
91 Dunn, C.E., Thomas, Windsor Bridge Iron Works, Manchester, Lancashire.

92 Easton, J., Nest House, Gateshead.
93 Elliot, G., Houghton-le-Spring, Fence Houses.
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94 Elliott, W., Weardale Iron Works, Towlaw, Darlington.
95 Embleton, T. W., Middleton Hall, Leeds, Yorkshire.
96 Errington, C.E.,------, Executors of, Westminster, London, S.W.

97 Feare, G., Camerton Coal Works, Bath.
98 Fletcher, C.E., Jos., Dawson Place, Whitehaven, Cumberland.
99 Fletcher, John, Clifton Colliery, Manchester, Lancashire.
100 Foord, J. B., General Mining Association Secretary, 52, Broad Street, London.
101 Forster, J. H., Old Elvet, Durham.
102 Forster, G. B., Seaton Delaval, Newcastle.
103 Forster, Thomas E., 7, Ellison Place, Newcastle-on-Tyne.

104 Fothergill, Joseph, Cowpen Office, Quay, Newcastle-on-Tyne.
105 Fowler, George, Moira Collieries, Ashby-de-la-Zouch, Leicestershire.
106 Fryar, Mark, Eighton Moor Colliery, Gateshead.

107 Gainsford, William Dunn, Derby.
108 Gardner, M. B., Chilton Colliery, Ferry Hill.
109 Gibsone, Edmund, Penton, Longtown, Carlisle.
110 Gillett, F. C., 5, Wardwick, Derby.
111 Gilroy, G., Ince Hall Colliery, Wigan, Lancashire.
112 Goddard, C.E., William, Longton, North Staffordshire.
113 Gooch, G. H., Lintz Colliery, Gateshead.
114 Greaves, G. O., Horbury, Wakefield, Yorkshire.
115 Green, G. H., Rainton Colliery, Fence Houses.
116 Green, Jun., Wm., Framwellgate Colliery, Durham.
117 Greener, W., Pemberton Colliery, Wigan, Lancashire.
118 Greenwell, G. C., Radstock Colliery, Bath, Somersetshire.

119 Haggie, P., Gateshead.
120 Hall, T. Y., 11, Eldon Square, Newcastle.
121 Hall, William F., Kelloe Colliery, Ferry Hill.
122 Hall, Thomas, West Hetton Colliery, Ferry Hill.
123 Hann, W., Hetton, Fence Houses.
124 Harden, J. W., Exhall Colliery, Coventry, Warwickshire.
125 Harris, James, Surveyor, Hanwell, Middlesex.
126 Harrison, C.E., T. E., Central Station, Newcastle.
127 Harrison,-----128 Hawthorn, R., Engineer, Newcastle.
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129 Hawthorn, W., Engineer, Newcastle.
130 Heardman, John, Bebside Colliery, Morpeth.
131 Heath, Robert, Newcastle-under-Lyme, Staffordshire.
132 Heckels, R., Bunker's Hill, Fence Houses.
133 Hedley, Edward, Oriel Terrace, Gerard Street, Derby.
134 Hetherington, David, Howard's West Hartley Colliery, Netherton, near Morpeth.
135 Hewlett, Alfred, Haigh Colliery, Wigan, Lancashire.
136 Higson, Jacob, 94, Cross Street, Manchester.
137 Hodgson, R., Engineer, Whitburn, Monkwearmouth, Sunderland.
138 Hood, Archibald, Whitehill Colliery, Lasswade, Edinburgh.
139 Horsley, Jun., W., Seaton Cottage, Hartley, Newcastle.
140 Horton, T. E., Prior's Lea Hall, Shiffnal, Shropshire.
141 Howard, Wm. Frederick, Staveley Works, Chesterfield, Derbyshire.
142 Hunt, J. P., Corngreave, Birmingham, Warwickshire.
143 Hunter, Wm., Spital Tongues, Newcastle.
144 Hunter, William, Morriston, Swansea, Glamorganshire.
145 Hurst, T. G., Backworth Colliery, Newcastle-on-Tyne.
146 Jackson, Frederick John, Seaton Delaval, Newcastle.
147 Jackson, Henry, Astley and Bedford Collieries, Tyldesley, Manchester.
148 Jackson, John, 90, Green Lane, Derby.
149 James, Christopher, Mountain Ash Colliery, Aberdare, Glamorganshire.
150 Jeffcock, P., Midland Road, Derby.
151 Jobling, T. W., Point Pleasant, Wallsend, Newcastle.
152 Johnson, J., Chilton Hall, Ferry Hill.
153 Johnson, R. S., Haswell, Fence Houses.
154 Johnson, Wm. Henry, Dudley, Worcestershire.

155 Joicey, James, Quay, Newcastle.
156 Joicey, John, Urpeth Lodge, Fence Houses.
157 Jones, E., Granville Lodge, Wellington, Salop.
158 Jones, Alex., Mine Agent, Prior's Lee, near Shiffnal, Shropshire.

159 Kerr, John, Auchinheath, Leshmahagow, North Britain.
160 Kimpster, W., Quay, Newcastle.
161 Knowles, A., High Bank, Pendlebury, Manchester, Lancashire
162 Knowles, John, Pendlebury, Manchester, Lancashire.
163 Knowles, Thomas, Ince Hall, Wigan, Lancashire.
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164 Lancaster, John, Kirkless Hall Coal and Iron Works, Wigan, Lancashire.
165 Landale, Andrew, Lochgelly, Fifeshire, North Britain.
166 Laverick, George, Plymouth Iron Works, Merthyr Tydvil, Glamorganshire.
167 Laws, J., Blyth, Northumberland.
168 Lever, Ellis, West Gorton Works, Manchester.
169 Levick, Jun., F., Cwm Celyn and Blaina Iron Works, Newport, Monmouthshire.
170 Lewes, T. Wm., Plymouth Iron Works, Merthyr Tydvil, Glamorganshire.
171 Liddell, J. B., Netherton Colliery, Morpeth.
172 Liddell, M., Hedgefield House, Stella, Gateshead.
173 Lindop, James, Bloxwich, Walsall, Staffordshire.
174 Lishman, Wm., Etherley Colliery, Darlington
175 Lishman, Wm., Lumley Colliery, Fence Houses, Durham.
176 Little, William, West Cramlington, Newcastle.
177 Livesey, Thomas, Chamber Hall, Hollinwood, Manchester, Lancashire
178 Llewellin, Wm., Glanwern, Pontypool, Monmouthshire
179 Longridge, J., 18, Abingdon Street, Westminster, London, S.W.

180 Love, Joseph, Brancepeth Colliery, Durham.
181 Low, Wm., Vron Colliery, Wrexham, Denbighshire.
182 Maddison, W. P., Thornhill Colliery, Dewsbury, Wakefield.
183 Marley, John, Mining Offices, Darlington.
184 Marshall, Robert, 10, Three Indian Kings Court, Quayside, Newcastle
185 Mathews, William, Leasowes, near Birmingham, Warwickshire.
186 Matthews, Richd. F., South Hetton Colliery, Fence Houses.
187 May, George, Hetton Colliery, Fence Houses.
188 Mc'Ghie, Thos., British Iron Works, Ruabon Denbighshire
189 M'Gill, Robert, Eccleston Villa, St. Helen's, Lancashire.
190 Middleton, J., Davison's Hartley Office, Quay, Newcastle-on-Tyne.
191 Miller, Jun., William, College Street, Whitehaven.
192 Morison, David P., Pelton Colliery, Chester le Street
193 Morris, William, Waldridge Colliery, Chester-le-Street, Fence Houses.
194 Morton, H., Lambton, Fence Houses.
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195 Morton, H. T., Lambton, Fence Houses.
196 Muckle, John, Little Town Colliery, Durham.
197 Mulcaster, H., Colliery Office, Whitehaven.
198 Mulvany, Wm. Thos., 1335, Carls Thor, Dusseldorf on the Rhine, Prussia.
199 Mundle, W., Wardrew House, Gilsland, Northumberland.
200 Murray, T. H., Chester-le-Street, Fence Houses, Durham.

201 Napier, Colin, Westminster Colliery, Wrexham, Denbighshire.
202 Palmer, A. S., Risca Coal Works, near Newport, Monmouthshire.
203 Palmer, C. M., Quay, Newcastle-on-Tyne.
204 Paton, Wm., Alloa Colliery, Alloa, North Britain.

205 Peace, Wm. Maskell, Solicitor, Wigan, Lancashire.
206 Pearce, F. H., Bowling Iron Works, Bradford, Yorkshire.
207 Pease, J. Wm., Woodlands, Darlington.
208 Peele, John, Springwell Colliery, Gateshead.
209 Pilditch, Wm. H., Iron Shipbuilding Yard, Jarrow, South Shields.
210 Pilkington, Jun., Wm., St. Helens, Lancashire.
211 Potter, E., Cramlington, Newcastle-on-Tyne.
212 Potter, W. A., Monk Bretton, Barnsley, Yorkshire.
213 Powell, T., Lower Duffryn Colliery, Aberdare, Glamorganshire.

214 Ramsay, J. T., Walbottle Colliery, Newcastle-on-Tyne.
215 Ramsay, David R., Iron Works, Wallsend.
216 Ravenshaw, J. H., Grange, Newton-in-Cartmel, Lancashire.
217 Rayner, J. T., Methley House, Leeds.
218 Rees, Robert N. T., Letty, Shenkin Colliery, Aberdare, Glamorganshire.
219 Reid, P. S., 53, Westgate Street, Newcastle-on-Tyne.
220 Richardson, Dr., Framlington Place, Newcastle-on-Tyne.
221 Robinson, R., Stanley Colliery, Pease's West, Darlington.
222 Robson, J. G., 22, Brecknock Crescent, Camden Town, London, N. W.
223 Robson, J. S., Butterknowle Colliery, Staindrop, Darlington.
224 Robson, M. B., Field House, Borough Road, Sunderland.
225 Robson, Neil, 18, Park Terrace, Glasgow.
226 Robson, Thomas, Wylam Colliery, Newcastle-upon-Tyne.
227 Rockwell, Alfd. P., M.A., Norwich, Connecticut, United States, America.
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228 Rose, Thomas, Coal master, Bilston, Wolverhampton, Staffordshire.
229 Ross, A., Shipcote Colliery, Gateshead.

230 Rosser, Wm., Mineral Surveyor, Llanelly, Carmarthenshire, Wales.
231 Rutherford, J., South Tyne Colliery, Haltwhistle, Northumberland.
232 Sanderson, Jun., R. B., West Jesmond, Newcastle-on-Tyne.
233 Sanderson, Thomas, Seaton Delaval, Newcastle.
234 Shield, Hugh, Hetton, Fence Houses.
235 Shore, Isaac, Mineral Surveyor, Grove Bank, near Wrexham, Denbighshire.
236 Shortrede, T., Bourne Moor Colliery, Fence Houses.
237 Shute, Charles A., Thornley Vicarage, Ferry Hill.
238 Simpson, John H., Medomsley Colliery, Gateshead.
239 Simpson, L., Medomsley Colliery, Gateshead.
240 Simpson, R., Ryton, Newcastle.
241 Simpson, John Bell, Moor House, Ryton, Newcastle.
242 Simpson, R. L., Seaton Delaval, Newcastle.
243 Smallman, Joseph Harris, King's Hill, Wednesbury.
244 Smith, C. F. S., Civil and Mining Engineer, Midland Road, Derby.
245 Smith, F., Bridgewater Canal Office, Manchester, Lancashire.
246 Smith, Jun., J., Monkwearmouth Colliery, Sunderland.
247 Smith, Edmund J., 14, Whitehall Place, Westminster, London, S.W.
248 Sopwith, T., 43, Cleveland Square, London, W.
249 Southern, G. W., Rainton Colliery, Fence Houses.
250 Southern, J. M., Kibblesworth Hall, Gateshead.
251 Spark, H. K., Darlington, County of Durham.
252 Spencer, Jun., W., Eston Mines, Middlesbro'.
253 Steavenson, A. L., Normanby Mines, Middlesbro'-on-Tees, Yorkshire.
254 Stenson, W. T., Whitwick Colliery, Ashby-de-la-Zouch, Leicestershire.
255 Stephenson, George R., 24, Great George Street, Westminster, London, S.W.
256 Stobart, Wm., Roker, Monkwearmouth, Sunderland.

257 Stobart, H. S., Witton-le-Wear, Darlington.
258 Stott, G., Ferry Hill, County of Durham.
259 Taylor, H., Earsdon, Newcastle-on-Tyne.
260 Taylor, Jun., H., Backworth Hall, Newcastle-on-Tyne.
261 Taylor, J., Earsdon, Newcastle-on-Tyne.
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262 Telford, W., Cramlington, Newcastle-on-Tyne.
263 Thomas, George, Wallend Colliery, Bloxwich, Walsall.
264 Thompson, John, Marley Hill Colliery, Gateshead.
265 Thompson, T. C., Milton Hall, Carlisle, Cumberland.
266 Thomson, Alex., Canonbie Colliery, Hawick, Roxburghshire, N.B.
267 Thorman, John, Ripley, Derbyshire.
268 Thorpe, R. C., North Gawber Colliery, Staincross, Barnsley, Yorkshire.
269 Tone, C.E., John F., 10, Market Street, Newcastle-on-Tyne.
270 Trotter, J., Newnham, Gloucestershire.
271 Truran, Matthew, Dowlais Iron Works, Merthyr Tydvil, South Wales.

272 Vaughan, J., Middlesbro'-on-Tees.
273 Vaughan, Thomas, Middlesbro'-on-Tees.
274 Vaughan, William, Middlesbro'-on-Tees.
275 Verner, Albert, Framwellgate Colliery, Durham.

276 Wales, T. E., 15, Nelson Street, Sunderland.
277 Ward, Henry, Priestfield Iron Works, Oaklands, Wolverhampton.
278 Warden,------, Birmingham.
279 Ware, W. H., The Ashes, Stanhope, Weardale.
280 Warrington, John, Kippax, near Leeds.

281 Watkin, Wm. John Laverick, Woodifield and Whitelee Collieries, Crook, Darlington.
282 Watson, W., High Bridge, Newcastle-on-Tyne.
283 Watson, Joseph J. W., No. 1, Rue Notre Dame, Passy, near Paris.
284 Webster, R. C., Ruabon Collieries, Ruabon, Denbighshire.
285 Willis, James, Grange Colliery, Durham.
286 Wilmer, F. B., Seaton Colliery, Sunderland.
287 Wilson, J. B., Haydock, near St. Helen's, Lancashire.
288 Wilson, R., Flimby Colliery, Maryport, Cumberland.
289 Wilson, John Straker, Backworth Colliery, near Newcastle.
290 Wood, Charles S., Master of the Mining School, Bristol.
291 Wood, C. L., Black Boy Colliery, Bishop Auckland.
292 Wood, Lindsay, Hetton Colliery, Fence Houses.
293 Wood, N., Hetton Hall, Fence Houses, County of Durham.
294 Wood, W. H., West Hetton, Ferry Hill.
295 Woodhouse, J. T., Midland Road, Derby, Derbyshire.
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List of subscribing Collieries
Owners of Stella Colliery, Ryton, Newcastle-on-Tyne.
,,

Grange Colliery, Durham.

„

Kepier Grange Colliery, Ferry Hill.

„

Leasingthorne Colliery, Ferry Hill.

„

Westerton Colliery, Ferry Hill.

„

Poynton and Worth Colliery.

„

Black Boy Colliery, Bishop Auckland.

„

North Hetton Colliery, Fence Houses.

„

Haswell Colliery, Durham.

„

South Hetton and Murton Collieries, Fence Houses.

„

Earl of Durham, Lambton Collieries, Fence Houses.

„

Seghill Colliery, Seghill, near Newcastle.

„

East Holywell Colliery.

„

Hetton Collieries, Fence Houses.

„

Whitworth Colliery, Ferry Hill.
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Rules
1.—That the Members of this Society shall consist of Ordinary Members, Life Members, and
Honorary Members.
2.—That the Annual Subscription of each Ordinary Member shall be £2 2s. 0d., payable in advance,
and that the same shall be considered as due and payable on the first Saturday of August in each
year.
3.—That all persons who shall at one time make a Donation of £20 or upwards, shall be Life
Members.
4.—Honorary Members shall be persons who shall have distinguished themselves by their literary or
scientific attainments, or made important communications to the Society.
5.—That a General Meeting of the Society shall be held on the first Thursday or Saturday,
alternately, of every Month (except in January and July), at twelve o'clock noon, or two o'clock, if on
Saturday; and the 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. A Special Meeting of the Society may be called whenever the Council shall think fit,
and also on a requisition to the Council signed by ten or more members.
6.—No alteration shall be made in any of the Laws, Rules, or Regulations of the Society, except at
the Annual General Meeting, or at a Special Meeting; and the particulars of every alteration to be
then proposed shall be announced at a previous General Meeting, and inserted in its minutes, and
shall be exhibited in the Society's meeting-room fourteen days previously to such General Annual or
Special Meeting.
7.—Every question which shall come before any Meeting of the Society shall be decided by the votes
of the majority of the Ordinary and Life Members then present and voting.
8. —Persons desirous of being admitted into the Society as Ordinary or Life Members, shall be
proposed by three Ordinary or Life Members,
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or both, at a General Meeting. The proposition shall be in writing, and signed by the proposers, and
shall state the name and residence of the individual proposed, whose election shall be ballotted for

at the next following General Meeting, and during the interval notice of the proposition shall be
exhibited in the Society's room. Every person proposed as an Honorary Member must be
recommended by at least five Members of the Society, and elected by ballot at the General Meeting
next succeeding. A majority of votes shall determine every election.
9.—The Officers of the Society shall consist of a President, four Vice-Presidents, and twelve
Members who shall constitute a Council, for the direction and management of the affairs of the
Society; and of a Treasurer and a Secretary; all of whom shall be elected at the Annual Meeting, and
shall be re-eligible, with the exception of Three Councillors whose attendances have been fewest,
and such Vice-Presidents as have held office for three consecutive years. All Officers to be elected
from a List of Members nominated as eligible at the General Meeting before the Anniversary; which
list will, with voting papers, be sent to every Member. All voting papers must be delivered personally
at the Anniversary Meeting.
10.—The Funds of the Society shall be deposited in the hands of the Treasurer, and shall be
disbursed by him according to the direction of the Council.
11.—The Council shall have power to decide on the propriety of communicating to the Society any
papers which may be received, and they shall be at liberty, when they think it desirable to do so, to
direct that any paper read before the Society shall be printed. Intimation, when practicable, shall be
given at the close of each General Meeting of the subject of the paper or papers to be read, and of
the questions for discussion at the next meeting, and notice thereof shall be affixed in the Society's
room ten days previously. The reading of papers shall not be delayed beyond three o'clock, and if
the election of members or other business should not be sooner despatched, the President may
adjourn such business until after the discussion of the subject for the day.
12.—The Copyright of all papers communicated to and accepted by the Institute, becomes vested in
the Institute; and such communications shall not be published for sale, or otherwise, without the
permission of the Council.
13.—The transmission of the Proceedings shall be withheld from members more than two years in
arrear of their annual subscriptions.
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ERRATA.
For "Geological Section from the Ewes near Langholm, to the Lyne near Brecon Hill" on Geological
Map of the Border District of Dumfriesshire, illustrating Mr. Gibsone's paper, read Geological Section
from the Ewes near Langholm, to the Lyne, above Breakens.
[1]
NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, SEPTEMBER 5, 1861, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.

Mr. Daglish having read the minutes of the Council, the following gentlemen were elected
members:—-Mr. John A. Simpson, Pease's West Colliery, Darlington; and Mr. Henry Johnson, Dudley.
The President said the first subject which he had to bring before them was the inquiry into the
accident at Monkwearmouth. He had been in communication with Mr. Smith, and had arranged a
committee to make this inquiry. It will, consequently, be gone into by the committee, and a report
made to the Institute at some future meeting. The next question was with reference to the
International Exhibition of 1862. Having been appointed one of the Committee in London of Section
I., Class I., Mining, Quarrying, Metallurgy, and Mineral Products, he was in communication with that
committee as to what was going on, not only in this country but abroad, with respect to models and
other things to be exhibited. He found that great exertions were put forth, and very considerable
progress made, in getting up models, &c. by foreigners, for this Exhibition; but he did not find there
was much doing in this country, at any rate in this district. He spoke more particularly of the Coal
Trade of this district; and as he had undertaken to look after the getting up of models, &c, for
exhibition, from the coal districts of Northumberland and Durham, he felt great anxiety on the
subject. He found, however, that very little, as yet, had been done. There was no committee
appointed, or no steps taken whatever by this Institute;
[2]
he believed that some individual members had been doing something, but nothing had come before
them as an Institute. The question was, whether it was not incumbent, on such a Society as they
were, to get up some models to illustrate the coal mining of Northumberland and Durham. He
thought it would not be very creditable to them, if they went to the Exhibition of 1862, and found
that foreigners had fit up models in illustration of their several mining districts, and that they had
not in this country, especially in Northumberland and Durham, done much towards the illustration
of such an important mining district. He found there was a committee appointed in Sunderland,
principally members of the committee that existed in 1851; and in communicating with them, he
found they had done nothing whatever to illustrate mining. He believed also there was a committee
in Newcastle, but he presumed that committee was appointed more with reference to the
manufacturing interests than to those of mining. He had communicated with Mr. Taylor, the
Chairman of the Coal Trade, but he believed nothing, except issuing a circular as regarded space
required, had been done by that body. He had, therefore, taken the liberty to write to the
committee at Sunderland, and Mr. Meik had attended here. He had also asked the Chairman of the
Coal Trade to meet them this morning. He (the President) thought it was desirable that there should
be some practical and active cooperation between this Institute, the Coal Trade, and the other
committees of the district, to further the production of models, &c, illustrative of the mining, &c, of
this district. He believed there would be a meeting of the Coal Trade on Tuesday next, and if the
meeting thought it was desirable that the Institute should make a move in the matter, he would
propose that a committee be appointed to meet the Coal Trade Committee on Tuesday next. Mr.
Meik had promised to bring the subject before his committee, with a view of appointing a
committee to attend that meeting. He did not know whether he expressed the opinions of this
meeting when he said that something should be done, and that no time should be lost in doing what
was requisite. He begged, therefore, to propose the appointment of a committee to confer with the
other committees of the district on the subject.

Mr. Hall said he had three or four or five models, besides some plans, which he was intending to
exhibit , and he had been talking with his neighbour, Dr. White, who was connected with a party
who were interesting themselves in getting up models. He was not aware that
[3]
the Institute was going to do anything, or he would rather have acted in cooperation with the
Institute; but there was no time by-past. Dr. White, he believed, was connected with Mr. Doubleday
in this matter.
The President—You have gone, I understand, no further than in asking for room to exhibit. I have
laid on the table of the Institute some circulars sent by Mr. Sanford, the General Secretary of the
Exhibition, with reference to applications for room to exhibit, and also as to what they wished to
have illustrated by the Section I., Class I., in the Exhibition. These papers would be left here for any
gentleman to peruse, and two or three would also be left in the Coal Trade Office. They would see
what the General Committee wished to have illustrated. There were blank forms to fill up in their
applications for space. It appeared to him desirable that the applications for space should be made
collectively by the united committees, so that a proper amount of space should be secured for the
illustration of the mining interests of this district.
Mr. G. B. Forster—Do you propose to exhibit the models as an Institute or as individuals?
The President said, certainly as individuals, and on the responsibility of the persons exhibiting; but
he thought it was desirable there should be an arrangement as to the models that were to be
exhibited in illustration of the productions of the district, so that it might be as fully and completely
illustrated as practicable, and with as few duplicates as possible, except such as were necessary in
illustration of the several subjects.
Mr. T. E. Forster—If any one sent a model to the Institute, it would be in his own name?
The President—Certainly. They would see by the papers laid upon the table that the articles to be
exhibited or illustrated were arranged under different heads. If practicable, it was desirable that all
the articles under the different heads should be illustrated; and probably, with the paper before
them, gentlemen might arrange and select the respective articles convenient or practicable for them
to exhibit or illustrate, so that the illustration should be complete as a whole. He begged now to
propose, "That a committee from the Institute be appointed to meet and cooperate with other
committees that may be formed in the district, for the purpose of illustrating the mining operations
of Northumberland and Durham; such committee to consist of the Council of the Institute and the
Inspectors of the District, with Mr. G. B. Forster and Mr. T. Y. Hall."
[4]
The motion, on being seconded, was carried unanimously.
The President said, the next subject was the proposed connexion with the Natural History Society.
The Council had gone into that question very fully this morning-. Mr. Daglish would, therefore, read
over the propositions made by the Natural History Society, and the report of the sub-committee on
these propositions.

"General Heads of Arrangement proposed between the Mining Institute and the Natural History
Society.
"The Natural History Society to provide accommodation for the specimens now in the possession of
the Mining Institute, and any others they may hereafter acquire. The specimens to be properly
labelled, and to remain the property of the Mining Institute.

"The Natural History Society to give the members of the Mining-Institute, and their friends
(personally introduced) free admission to, and every facility in visiting the Museum, and the use of
the joint collections for their meetings, &c.
"The Mining Institute to contribute towards the Improvement Fund of the Natural History Society,
the execution of their improvement being essential to the providing of space for the additional
collections of the Mining Institute, and for the proper arrangement and display of the geological
specimens now belonging- to the Natural History Society.
"The Mining Institute also to contribute a sum annually to the funds of the Natural History Society,
to be applied exclusively to the geological collections, the Mining Institute to have a voice in its
disposal, by means of a small sub-committee, appointed by them to act with the committee of the
Natural History Society.
"The Natural History Society to undertake the proper arrangement and care of the joint collections;
and should this necessitate paid assistance, either temporarily or otherwise, the expense of such
assistance to be considered in the amount of the annual grant of the Mining Institute.
"The agreement to be terminable by mutual consent, or by due notice from either body.
"P.S.—It appears that direct access from the rooms of the Mining Institute to the Museum can be
had at a comparatively trifling cost, by throwing a gallery across the yard, between their premises
and the Medical College (about twenty feet), the Medical College being willing-to offer every facility
for the two societies in so doing."
[5]
"Report of Sub-Committee of the North of England Mining Institute as to Amalgamation of their
Collection with the Natural History Society of Newcastle.
"1st. That the collection of your Institute be temporarily amalgamated with that of the Natural
History Society, in a suitable part of their rooms, approved of by your Institute, and classed and
arranged together with similar specimens belonging to the Society; and be open to exhibition and
inspection, according to the existing or any future rules of the Natural History Society.
"2nd. That, before such amalgamation, your specimens be carefully marked, so as to show the
ownership, and a receipt given by the Secretaries of the Natural History Society.
"3rd. That the Natural History Society shall, so long as they keep your specimens and models, be
responsible for their safe custody, and, for such purpose, employ a sufficient curator or competent
keeper.

"4th. That a communication be made between your rooms and the Museum, through which access
may at all times be had by your members, and friends introduced by them, free of any charge.
"5th. That the Natural History Society shall allow one or more of your members to act, ex officio, on
their Committee.
"6th. That it be distinctly understood that the ownership of your specimens or models remain in
your Institute, and may be added to or diminished by you from time to time; and that the proposed
agreement be terminable by either side upon reasonable notice.
"And your Sub-Committee would, upon such terms, recommend your Institute to give to the Natural
History Society of Newcastle-upon-Tyne an annual grant of £20.
"Signed, for the Sub-Committee,
"Nicholas Wood, Chairman."
The President continued—The proposition made by the Natural History Society seemed to be a very
fair proposition, and he had reason to believe that the report of the sub-committee would be
acceded to by that body; and if so, it would, in his opinion, be a very good arrangement. The models
and specimens of the Institute were of no use at present shut up in drawers. They had a very
valuable set of specimens, and it was desirable to have them placed where the public could see
them, and where they could be of use to the members of the Institute. It appeared to him that if
they could have room for them in the Natural
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History Society's Museum, and the assistance of the Curator to show them, for the sum of £20 ayear, it would be a very desirable arrangement. The Natural History Society Committee wished to
have a subscription to their building fund. The Council left that question open to be settled between
the Natural History Society and the Institute; £20 a-year was equal to the interest of £400, and that
might be thought sufficient for the purpose, as no increase of the establishment of the Natural
History Society's officers would be required.
Mr. Dunn asked if the proposal for £20 a-year had been submitted to the Natural History Society?
The President said it had been communicated to them.
Mr. Dunn—What will be the expenditure on the part of the Institute?
The President—They do not think it will be much. It was thought once of throwing a gallery across
the premises between the Institute rooms and the Natural History Society rooms; but since then
enquiries had been made, and it was found that it would not require a gallery. Access might be had
across the intervening yard without interfering with the Medical College, whose property it was, and
who would, he understood, give permission to cross their premises. The object of the gallery was to
prevent any interference with that property.

It was then resolved—"That the subject of the arrangement between this Institute and the Natural
History Society be referred back to the sub-committee, to make the necessary arrangements
grounded in their report."
The President said that the Council, in recommending the appointment of a Secretary, considered
that the constant attendance of such a person would be required for two days a-week, for the
purpose of exhibiting the specimens, &c, in the rooms of the Mining Institute. But now that they
were likely to come to an arrangement with the Natural History Society, it rather altered the duties
required by the Secretary. The Council, taking this into consideration, suggested that the subject be
referred back to them, to consider and report at the next general meeting.
After a brief discussion, it was resolved—"That the subject of the appointment of a Secretary be
referred back to the Council, and that they report to the next general meeting, after the termination
of their negotiations with the Natural Society."
[7]
The President said, with reference to the British Association, there was a general wish on the part of
the inhabitants of Newcastle and the neighbourhood, that the Association should hold their next
meeting in this town. The Town Council had taken the subject up, and had appointed a committee as
a deputation to go to Manchester, to solicit the Council of the Association to hold the meeting of
1862 in Newcastle. He assumed that he spoke the sentiments of the Institute when he said, they
would be very glad to do all in their power to promote such a result, and to pay every attention to
them in their investigations. The last meeting in Newcastle was a very successful one, and if the
Association should think fit to visit Newcastle again in 1862, he had no doubt that such visit would
be equally successful.
It was then resolved, that the President, with Mr. Potter, Mr. I. L. Bell, and Mr. Marley, be appointed
a deputation to join the deputations from the Town Council, the Natural History Society, and any
other deputations, to solicit the British Association to hold their next meeting in Newcastle-uponTyne.
Mr. Crone then read his paper on the Seaton Burn Explosion, which he illustrated with models and
drawings.
Mr. Boyd not being present, the discussion on his paper was postponed to another meeting.
The meeting then broke up.
[8]
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ON THE PRECAUTIONS PROPER TO BE ADOPTED IN ORDER TO SECURE THE STABILITY AND PREVENT
THE DISPLACEMENT OR FAILURE OF CLOSE-TOPPED TUBBING IN THE SHAFTS OF MINES.
By JOHN J. ATKINSON and WILLIAM COULSON, Sen.

A Paper, on the "Strength of Tubbing in Shafts, and the Forces it has to resist," appears in the
"Transactions" of this Institution for the present year; and it has been thought desirable, further to
place on record, some of the results of experience in reference to what is perhaps the most critical
and dangerous source of failure, in the tubbing employed to shut off the large feeders of water often
encountered in sinking the shafts of mines; the blowing out of the sheeting, and displacement of the
tubbing, by the pressures of the water and gas confined behind it, in cases where it is close topped.
In sinking the shafts of mines large feeders of water are often encountered at different depths in the
same shaft, and in many instances it is found to be necessary, in order to facilitate the progress of
the sinking operations, to lay wedging curbs (or "wedging cribs," as they are generally termed in the
mining dialect of the north of England,) and put in tubbing, from time to time, as the sinking of the
pit progresses; so that, ultimately, the water and gas in the cavities of the strata and the vacancies
behind the tubbing are kept out of the shaft by a series of lifts or tiers of tubbing, all of which,
excepting the uppermost, are closely confined, at both the top and the bottom, by the wedging
curbs; each curb supporting the tier immediately above it, and being closely underset by the top
course of the tier under it.
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In other instances, after it has been found to be necessary to put in a series of such lifts or tiers of
tubbing in juxtaposition, dry and impervious strata are met with; and after passing for some depth
through these, free from water, and without the use of tubbing, at length another series of gullety or
pervious strata are penetrated; and water, requiring the use of tubbing, is again met with, at a much
greater depth than the lowest of the upper feeders; and in such cases it frequently happens that a
detached lift or tier of tubbing, perfectly tight and impervious to water and gas, both at its top and
bottom, has to be introduced into the shaft.
Under either of the conditions just indicated, it has often happened, that on plugging the close
topped tubbing, so as completely to shut off the water and gas behind it, the pressure which they
have exerted has been found to blow out some of the sheeting, and more or less to displace the
tubbing, so as to destroy the circle of the shaft, and altogether endanger its security; segments of
the tubbing in some instances being forced out and falling down the shaft.
After the confined water and gas obtains a vent, in such cases, the tubbing generally remains
without any further disturbance; and, in many instances, a very small vent has proved to be
sufficient to arrest the further disturbance of the tubbing; this fact has been sufficient to point out
one of the two modes now generally resorted to for the purpose of guarding against the
displacement of close topped tubbing, which consists in putting a small tap through the tubbing, and
allowing it constantly to discharge a small quantity of water and gas into the shaft.
How very small a discharge of water and gas will, in some instances, be found to arrest the working,
uneasiness, or displacement of tubbing, will appear from some of the cases hereafter to be
described.
Another mode of preventing the displacement of close topped tubbing, consists in connecting the
water behind every lift or tier, with that behind all the other lifts of tubbing in the same shaft, by
means of pipes called "pass pipes;" their effect being to destroy the isolation of the water behind the

different lifts or tiers, and to render them common, one to the other; and thus, in effect, to render
the whole of the tubbing open topped, through the medium of the uppermost lift, which is so, in
fact.
In a very large majority of cases the water behind each lift of tubbing is naturally connected with
that behind all the other lifts in the same shaft, by means of the cavities and gullets in the strata; so
that the pressure of the water on the tubbing, is that due to the depth from the level of the source
of the highest feeder met with in sinking,
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to the part of the tubbing where the pressure is exerted. In many instances, however, this is
practically not the case, owing, probably, to the very long, tortuous, and contracted channel through
which the connection of the different feeders of water, the one with the other, is established;
rendering it necessary to introduce pass pipes in the manner already described, in order to establish
a free communication between them; so as to avoid the serious consequences that would otherwise
ensue from the united pressures of the water existing, and of the gas generated, in the strata behind
close topped tubbing.
It is self-evident that if gas is generated quicker than the water can flow through the natural channel
of communication, connecting a lower with an upper feeder of water, behind close topped tubbing,
in the absence of pass pipes or other vent through the tubbing, the united pressures of the water,
(reckoned from the level of its source,) and that of the gas, will be exerted upon the tubbing.
A third mode of guarding against the destruction or displacement of close topped tubbing consists in
carrying a pipe from behind the tubbing, up the shaft, to the height necessary to outset the water;
through which the gas generated behind the tubbing can be discharged, and thus preventing the
tubbing from being subjected to any pressure beyond that which is necessarily due to the water
alone.
This mode requires the use of a separate pipe for each lift of tubbing, without being more efficacious
than "pass pipes," as before described.
A modification of this third method, saving a considerable length of pipe, has been successfully
employed, and consists of introducing a pipe through the tubbing, near the top of the lift, and
extending it only a short way up the shaft; but loading a valve on the top of the pipe, to such an
extent as to equal the water pressure; the valve discharges the gas generated and prevents the
pressure behind the tubbing becoming greater than what is due to the water alone.
Unless some of these, or some other effectual precautions are adopted, to guard against the
displacement of close topped tubbing, by the combined pressures of the confined water and gas,
there is a very great liability to its displacement; and in many cases it ensues as regularly and as
frequently as it is replaced, wedged and plugged; notwithstanding that the utmost pains and care
have been taken to do it in the best and most workmanlike manner.
We have no certain knowledge as to the amount of pressure or tension under which the gases are
generated in the strata behind tubbing at
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different temperatures; but experience appears to indicate that they are of enormous magnitude;
and it appears to be probable that the tension due to fire-damp or light carburretted hydrogen gas
will not be the same as that due to carbonic acid gas, at equal temperatures.
The evident magnitude of the additional pressures which may be exerted by the gases, beyond that
due to the water confined behind close topped tubbing, in the shaft of a mine, presents a strong
reason for making such tubbing considerably thicker and stronger than would be required in order to
enable it to withstand the mere pressure of the water itself.
And the necessity for providing this extra strength exists even in cases where one or other of the
modes that have been mentioned for guarding against the prevalence of the additional pressure,
due to the gases generated behind the tubbing, have been adopted; inasmuch as the accidental or
wilful stoppage of a tap, pass pipe, vend pipe, or valve may under such circumstances, at any time,
subject the tubbing to such extra pressure, by confining the water and gas.
An account of a few cases of the sinking and tubbing of shafts, under the conditions that have been
described, and of the results of completely closing off the water and gas behind some of the lower
lifts, or close topped tubbing; together with the effect of adopting some one or other of the
precautions against the extra pressure due to the confined water and gas, may, perhaps, best serve
to exhibit the matter in its true bearings.
At Castle Eden Colliery, in the eastern part of the County of Durham, the shaft had to be sunk
through the magnesian limestone before reaching the coal measures; the bottom of the limestone
being about ninety fathoms from the surface.
After about seventy fathoms of tubbing had been put into the shaft, the wedging curb, at the
bottom of which, was about twenty fathoms above the bottom of the limestone, the pit was sunk
about five fathoms further without any tubbing, where another feeder of water of about one
hundred and fifty gallons per minute, was met with; and at this point, two wedging cribs were laid,
one upon the other, and a tier of tubbing carried five fathoms up from them, closely undersetting
the lowest curb of the seventy fathoms of tubbing above.
Thirty-six hours after the closing course was put in, and the water plugged off, the closing course of
tubbing was displaced by the pressure behind it—the closing course being a good fit, with only halfinch sheeting at its top and bottom.
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As soon as practicable, the tubbing was restored to its proper position, and firmly wedged, and the
water again plugged off.
In about thirty-six hours after this was accomplished, the closing course was again displaced by the
pressure behind it. The tubbing was once more replaced, and after being wedged, the water was
plugged off, so as to restore matters to their original state; the result, however, was the same as
before; as, about thirty-six hours after it was done, the closer was again shifted; this being the third

time the displacement had occurred; always at the same place, and in each instance after the lapse
of a similar period from the time the water was shut off.
On replacing the tubbing after the last of these occasions, a small tap was put through the closing
course, at about half its depth, and this was left open to the extent of allowing about a quarter of a
gallon of water per minute to escape; accompanied, however, with a large discharge of carbonic acid
gas. After this state of things had prevailed for a few days, without the tubbing being displaced, the
tap was shut somewhat closer, so that only about one-eighth of a gallon of water per minute,
accompanied by a good deal of carbonic acid gas, now escaped through it; and this was allowed to
go on for about two years without the tubbing being again displaced by the pressure behind it.
At the end of about two years, however, the tap was entirely closed; but about thirty-six hours after
this was done, the closing course of tubbing was displaced, in a manner altogether similar to the
displacements which had taken place in sinking the shaft.
After the tubbing was restored, the tap was allowed to discharge water and gas as before, for a
continuance of time; and so long as this went on no displacement of the tubbing took place; but, on
two subsequent occasions, the tap was closed, and in each case the tubbing was displaced in the
same manner as before; so that at last the tap was allowed to remain permanently open, to the
extent necessary to enable about one-eighth of a gallon of water, and the gas, to escape from
behind the tubbing; and since this was done no displacement of the tubbing has occurred.
It may be remarked, that while the pit was being sunk, and before the tap was put through the
closing course, three jets of water were noticed to be escaping through the sheeting, at the closing
course; and one of the writers and the master sinker went to, and wedged them off; and the
tubbing, in this case, was shifted by the pressure before they got away, after wedging them off.
At Castle Eden second or attempted winning there were two shafts, one of fourteen, and the other
of ten feet in diameter.
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In the fourteen feet shaft the first water was met with at the depth of sixteen fathoms from the
surface, being about two fathoms below the top of the limestone. At the depth of forty-eight
fathoms from the surface the first wedging curb was laid, and tubbing carried up from it to the
bottom of the walling, stopping all the water.
After sinking below this wedging curb, a further distance of four fathoms, a drift was driven from the
shaft to the bottom of a staple sunk at the in-end of the pumping engine beam, (in the engine house,
for the purpose of pumping,) no water being met with either in the pit or drift below the wedging
curb. On sinking the pit to a greater depth still, a feeder of about 500 gallons per minute was
encountered, and this feeder was tubbed off by a close topped tub; the upper wedging curb being
put in about fifteen feet below the bottom of the drift.
As a precaution, however, the water behind the close topped, detached tubbing, was put into free
communication with the water behind the main tub, above the drift, by means of two nine-inch
pipes, extending from below the upper curb of the lower tubbing, to above the bottom curb of the
upper tubbing, passing the drift in their extent.

With this precaution, no displacement of the lower or close topped tubbing ensued.
At Harton Colliery, in the county of Durham, there is only one shaft of fourteen feet diameter.
The shaft was walled for about eight fathoms next the surface, and below this, the succeeding eighty
fathoms was tubbed; the tubbing being put in in different tiers or lifts, one underneath another;
each of the lower tiers or lifts closely undersetting that immediately above it.
As the shaft was sunk and water met with, wedging curbs were laid from time to time, and a new
tier of tubbing raised upon them; each succeeding lift stopping nearly the whole of the feeders of
water given off behind it. At about seventy fathoms from the top of this tubbing three wedging curbs
occurred. At the depth of about eighty fathoms below the top of the tubbing four large metal
wedging curbs, each six inches deep, and eighteen inches on the bed, were laid, as a permanent
foundation; and the whole of the water was stopped by the tubbing-above them.
After some time inflammable gas was observed to be escaping into the shaft, from behind the whole
of the tubbing; it came out in jets at the sheeting or joints; unaccompanied by water; and these jets
could be ignited by a flame in the shaft, even up to the highest courses of tubbing; and owing to this,
the tubbing was tapped in various places, to ease the
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pressure, as fears were entertained that it might become so great as to displace the tubbing.
The tubbing, on being tapped at the bottom, and for thirteen fathoms upwards, only vended
inflammable gas into the shaft, no water accompanying it.
After this five small taps were put through different parts of the tubbing, and the rest of the holes
were plugged—the five taps altogether vending about three gallons of water per minute,
accompanied by a great deal of inflammable gas. The tubbing stood undisturbed, so long as this
state of things continued; but when, at the end of about eight months from the time when the taps
were put in, they were more closed, so as only to vend about one-half of the previous quantity of
water and gas, only about twelve hours had elapsed (after thus partially closing the taps), until one
of the three wedging curbs, lying about seventy fathoms from the top, and ten from the bottom of
the tubbing, was broken and blown out by the pressure.
After replacing the wedging curb, the taps were opened to the same extent as in the first instance,
and after this no further displacement of the curbs or tubbing took place.
Since this shaft was sunk, the establishment of Water Works at Cleadon has lowered the water
behind the tubbing, to the extent of several fathoms.
After this experience one of the writers determined, in all cases, to put in pass pipes, to connect the
water behind each portion of tubbing (that may be separated by wedging curbs), one with the other;
and this is now his universal practice in all sinking pits under his superintendence; and since he has
adopted it he has never had an instance of tubbing being displaced by the pressure behind it,
although extensively engaged in sinking pits, both in England and on the Continent.

The following case will prove that, at least in some instances, the pressure behind the lower lifts of
tubbing (either arising from the lower feeders having a higher level for their source, than the upper
ones, or from the generation of gas behind the lower lifts) is greater than the pressure due to the
mere height of the column of water, even reckoned from the surface of the water, as first
encountered in sinking the shaft.
The Hibernia Colliery in Westphalia consists of a shaft twelve feet in diameter, which is tubbed from
a depth of six fathoms, to the depth of sixty fathoms from the surface; at the depth of fifty-five
fathoms from the surface a very fine green sand was met with; this sand is stratified
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horizontally, but has no gullets or vertical partings. The coal measures lie immediately beneath a
level layer of marl and chalk, and have a dip of from nine to eighteen inches in the yard. In the sand,
at fifty-five fathoms from the surface, or five fathoms above the lowest wedging curb, a feeder of
about 550 gallons of water per minute, was met with, and was all tubbed off. Now, although the first
feeder met with was encountered at the depth of six fathoms from the surface, it was found, on
bringing a pipe from the feeder behind the tubbing, at the green sand already named, to a height of
twelve feet above the surface, (or eight fathoms above the highest shaft feeder) the water freely
discharged itself into a reservoir for the use of the colliery; the water being accompanied by a great
quantity of carbonic acid gas.
After a lapse of four years, the discharge of water and gas continues to go on, without sensible
diminution up to the present time.
The following instance is one proving that a feeder of water may be met with, in the alluvial deposit
next the surface of the earth, which has no sensible connexion with the lower feeders encountered
in the underlying magnesian limestone, and that the upper feeder may even be run down into the
lower one without sensibly raising its level.
In sinking the shaft at Hartbushes or South Wingate Colliery, six fathoms of clay were passed
through, next to the surface; and below this, eleven fathoms of sand, a portion of it being a
quicksand, with a feeder of 70 gallons of water per minute, was met with.
Beneath the sand another deposit of clay, eight fathoms in thickness, was passed through; the
feeder of water in the sand above, being tubbed off.
After sinking through the second bed of clay, twenty-seven fathoms of dry limestone was passed
through, and at this depth, the first of the limestone feeders were met with, being at fifty-two
fathoms from the surface. After sinking a further depth of forty-nine fathoms in limestone with
water, the lowest wedging curb but one was laid, at a depth of 101 fathoms from the top of the pit,
or forty-nine fathoms below the surface level of the highest of the limestone feeders; these feeders
were all tubbed off and outset. Subsequently the pit was sunk a further depth of thirteen fathoms
with water, and at this depth, being 114 fathoms from the top of the pit, and sixty-two fathoms
below the surface of the highest of the limestone feeders, the lowest wedging curb was laid, and
thirteen fathoms of tubbing carried up from it, so as to underset the wedging curb abovementioned.
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The upper feeder of water, met with in the sand of the alluvial deposit, had no connection with the
limestone feeders, and was, for many years, conveyed by a pipe down the shaft, and discharged
behind the open top of the lower or limestone tubbing, without sensibly raising the level of the
water behind it.
A three or three-and-a-half inch pipe was put through the upper part of the lowest lift of the
limestone tubbing, at forty-nine fathoms below the surface of the highest of the limestone feeders,
and carried fifteen fathoms up the shaft; so that it terminated thirty-four fathoms below the surface
of the highest limestone feeder, which would give a water pressure, at the top of the pipe, equal to
88.4 lbs. per square inch; but water and inflammable gas continued to be discharged from behind
the tubbing, through a valve fixed into the top of this pipe, notwithstanding the valve being loaded
with a pressure of 123 lbs. per inch, or 34.6 lbs. per inch above the pressure due to the water behind
the tubbing—an excess of pressure equal to 13.3 fathoms of water; due, in all probability, to the gas
generated behind the tubbing.
In sinking through the sand, at the bottom of the limestone, the upper part of which was of a grey
colour, and the lower part of a yellow colour, and of a softer character, the sinkers were affected by
the inflammable gas, given off in the shaft, in such a peculiar way, as to be almost deprived of their
eyesight for some days together.
This gas, after being shut off by the tubbing, continued, as has been stated, to be discharged at the
top of the pipe put in connexion with it, and could be ignited at the point of discharge at any time.
About seven years after the tubbing and pipe were put into this shaft, the valve on the top of the
pipe was fastened down (it is said, by an enginewright, on going below the point of discharge for the
purpose of changing a bucket), and very soon after this was done, the pressure behind the tubbing
increased to such an extent as to blow out the sheeting and wedging between the closing course of
tubbing and the curb above it, so that this had to be restored, and the valve allowed to act as before.
At Thorneley and Monkwearmouth Collieries half-inch open pipes, put through the tubbing, have
been found to give a sufficient amount of vent to the water and gas, to prevent the disturbance of
the tubbing.
[18]
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ON THE DESTRUCTIVE ACTION OF THE FURNACE GASES IN UPCAST SHAFTS.
By JOHN DAGLISH.
All the members of this Institute will be aware of the remarkable transformation which cast iron
tubbing undergoes in wet upcast shafts, and as the subject is one of considerable importance, as
well as the investigation being of an interesting character, the writer proposes to offer some

remarks on the causes operating to produce the transformation, and on the nature of the resulting
substances.
Tubbing, or any other description of iron work, which has been exposed for a few years in a damp
upcast shaft, yields readily to the knife, not only on the extreme surface, but to a considerable
depth, and in course of time throughout the whole mass; the action to which it is exposed
completely destroying and rendering it useless.
If a portion be separated and examined, it will be found in no respect to resemble the original metal,
but to possess appearances and properties of a totally different character; for while still occupying
the same bulk, its specific gravity is only 2.11, or about one-third of the original weight; it is readily
broken, the fracture resembling that of dried clay; it can be cut with a knife with the greatest ease,
exhibiting a lustre like black lead; it gives a brown streak on paper, and adheres, when dry, to the
tongue; it is very slightly, if at all, attracted by the magnet, but when examined under the
microscope, there is an appearance of small metallic lustre-spots, consisting, in all probability, of
undecomposed iron; and it has, and retains, however long it may be kept, a strong and very
disagreeable odour. Another remarkable property in this substance is, that when first removed it is
black, afterwards turning brown with the evolution
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of considerable heat; and it has frequently happened that persons who, by chance, have put it in the
pocket, have been considerably surprised on finding it shortly afterwards suddenly become heated;
if powdered soon after its removal, the heat is so considerable as to be unbearable by the naked
hand.
Treated with the blow-pipe, the presence of sulphuretted hydrogen is readily recognizable; it is
probable, therefore, that a small portion of the iron exists in the form of an easily decomposed
sulphide, and the disagreeable smell may be owing to this compound. When powdered and strongly
heated in a platinum crucible, sulphur is volatilized so freely, as to burn, for some time, on the top of
the crucible.
The writer is indebted to Mr. R. Clapham, of the Walker Alkali Works, for the following complete
analysis of this substance:—
Water
Iron
Sulphur

....
-

Carbon ....

14.8 per cent.
59.2

do.

3.28

do.

22.72

do.

From the foregoing description and analysis, it will be seen that this substance consists principally of
iron, but with a large proportion of carbon and sulphur.
An attempt will now be made to show, in what combinations these elements exist, and in what
manner, and by what causes, this change of substance has been produced.

Professor Daniel (Journal of Science) found that when a cube of grey cast iron was immersed in
diluted acid, a porous spongy substance was left undissolved, easily cut with the knife, and of a dark
grey colour, resembling plumbago. A small piece of the substance, when put on blotting paper to
dry, spontaneously heated and smoked. By analysis he found it to contain—[see in original text]
From this analysis and description, a strong resemblance will be
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observed between the substances treated by the Professor and that forming the subject of this
paper, but the former does not seem to contain sulphur in the form in which we have it in the latter.
Since the date of Daniel's researches on this substance (1817) other writers have treated upon it.
Gemalin (v. 206) states that dilute sulphuric acid dissolves cast iron, the grey more easily than the
white, leaving a residue consisting of three very different substances, viz.:—
1. Graphite, non-magnetic.
2. Graphite, magnetic, which becomes heated when exposed to air.
3. Black-brown non-magnetic mould.
Gemalin also quotes an instance of cannon balls, which had lain above forty years at the bottom of
the sea, and were found to be converted into a substance like plumbago, in some cases to the depth
of half an inch, and some throughout the whole substance, accompanied by a loss of two-thirds of
the original weight of the part affected, which yielded to the knife, had no action on the magnet, and
no longer contained magnetic iron; they became so strongly heated when exposed to the air as to
cause the adhering water to evaporate.
In a report to the new River Gas Company during the past year, by Mr. Thomas Spencer, F.C.S., it was
stated that cast iron water pipes are rapidly corroded in damp situations, more especially when
subjected to gas leakage, and are converted into a kind of plumbago, and that the corrosion was
additionally active near the joints where the two metals, lead and iron, are present, a galvanic action
being set up. Cinders, when in contact with the piping, exercise a similar effect.
The writer understands that in the town of Sunderland, where a range of cast iron pipes had passed
through some large cinder refuse heaps, they were found to have been turned into a substance
resembling plumbago.
In a paper read before the Chemical Society during last month, by Professor Crace Calvert, on
"Graphite of Cast Iron," he states that when cast iron has been slowly acted upon by dilute acids,
and preferably so by acetic acid, a black plumbago-like mass is left, so soft as to be cut with the
knife, with a specific gravity of 2.5, and a constant composition of
Iron
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The writer has also been able to obtain a similar resultant by treating
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grey cast iron with dilute sulphuric acid. (Specimens produced and described.)
In a paper read before the Manchester Philosophical Society, by E. W. Binney, in 1854, mention is
made of some researches into this subject by the eminent chemist, Dr. Henry, who examined a piece
of iron pipe which was taken out of the shaft of a mine near Newcastle; his description of it in every
way corresponds with those previously given; he states that a large portion of the iron had been
removed by the action of the mine water, and that what remained was composed of iron, plumbago,
and the impurities usually present in cast iron. The mine water, Dr. Henry found by analysis to
contain a large quantity of the muriates of the alkalies and alkaline earths, he states, "It is most
probable to the agency of the muriates of lime and magnesia that we are to ascribe the removal of
the metallic part of the pipe." Mr. Binney also gives an account of the destructive action of the mine
water in the Pendleton Colliery, which is very similar in effect to that described by Mr. Armstrong, in
a paper published in the "Transactions" of this Institution, as having occurred at Wingate Grange
Colliery. Mr. Binney describes the appearance of some cast iron taken out of the pit as being of a
brownish-black colour, easily cut with a knife, and having an earthy fracture. By analysis it was found
to contain
Iron and its base

38.8

Carbon.......

40

Silica.......

19.7

and a specific gravity of 2.0133.
Mr. Binney states the water had little or no destructive action on steel, and that wrought iron was
merely oxidized, and not turned into plumbago like cast iron.
These descriptions and analyses show one remarkable difference between cast iron when affected
merely by acid or saline water, and when injured by the vapours, &c, of an upcast shaft, (viz.) in the
presence in the latter of considerable quantities of sulphur.
The chemical constitution of cast iron is given by Abel and Bloxam, as an average analysis, to be—
[see Table in original text]
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It would seem, therefore, that the whole of the carbon is chemically combined with the iron in the
white iron, and being in the form of carbide, is, to a considerable extent, unacted on by sulphuric
acid; whilst in the grey, which contains little or no carbon chemically combined, the iron is
comparatively pure, and easily decomposed.

The writer having, in a previous paper, pointed out the existence of sulphuric acid to a large extent
in moist upcast shafts, more especially in those of considerable depth, the practical bearing of the
above views would seem to be, to employ, whenever possible, white instead of grey cast iron.
Unfortunately, however, owing to its mechanical structure, and its extremely brittle nature, the
former does not appear to be so well adapted for tubbing as the latter. It appears, therefore,
absolutely necessary to protect the tubbing in upcast shafts from the action of the furnace vapours,
and several means have been adopted to effect this purpose.
1. By a covering of thin sheet lead; but this is very expensive in the first instance, and in course of
time is destroyed, either by the chemical action of the gases, or by the mechanical action of the
water, containing particles of sand, &c, passing over it.
2. By wood cleading, which answers the purpose very well in shafts where the temperature is not
very high, but if not kept damp is apt to warp; the nails are speedily corroded, and the frequent
driving of them injures the wedging of the tubbing.
3. By an inner casing of firebricks, which are made to the sweep of the shaft, and are about four
inches thick. This mode most effectually answers the purpose of protecting the iron; but it is liable to
the objection of being difficult to remove, when it is necessary to find the locality of, and wedge off,
the slight escapes of water which from time to time occur; besides, it diminishes the area of the
shaft, thereby obstructing the ventilation of the mine.
4. In some cases the flanges of the tubbing are made in the inner side instead of the outer, and the
recesses formed by these are filled up with cement or fire brick. This method is free from the
disadvantage attending that just described, but it does not form such a complete protection, the
edges of the flanges being still exposed, although in some cases these are covered over with a
coating of cement.
It remains, however, yet to be proved, whether this protecting medium "fire brick" is thoroughly
unacted on by the furnace vapours, as the experience attending its use for this purpose, does not
extend over many
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years. The writer has, however, had two instances of the disintegration of "fire brick" brought under
his observation; one instance was, of some new large gas retorts, which had lain for some years on
the surface exposed to the air, and were very considerably decomposed; in the manufacture of
these, however, the burning had been incomplete, which may account for their state when he saw
them. Another instance was, that of some common fire bricks, which had also lain on the surface
exposed to the action of the atmosphere for several years, and which were decidedly disintegrated,
and would allow of portions of the outer surface being crumbled off by the hand. It is possible,
however, that this state may have been induced by the mechanical action of frost, &c.
Calcined "fire clay" is extremely porous, and absorbs a large quantity of water; if, therefore, the acid
action of the shaft waters have any chemically destructive action whatever on this material, it is
most probable that it would simultaneously extend throughout its entire mass, and not be confined
to the surface only. Bloxam states that concentrated sulphuric acid attacks clay readily at a high
temperature, and that clays are generally more readily acted on by acids, when they have been

exposed to a moderate heat; but when strongly calcined, they are rendered more refractory. This
would lead to the conclusion that all fire clay material used in shafts should be burnt as hard as
possible.
Many kinds of sandstones are quickly destroyed by the action of acid solutions, owing to the cement
which holds the silicious particles together being soluble, the stone falling then into the condition of
sand. The writer lately found, by analysis, that the cement in one particular stone consisted solely of
an iron salt, which readily accounted for the fact, that this stone wasted away very rapidly when
exposed to the action of the upcast shaft water. (Specimen produced.)
It seems, therefore, of importance that some material should be adopted as a preservative of the
stone, which will either altogether prevent the destructive action, or at least confine it to the surface
as much as possible. Public attention has recently been strongly directed to this question, from the
fact of the rapid disintegration of the stone of the Houses of Parliament, and various remedies have
been proposed by different individuals.
The formation, by the use of two soluble salts, of an insoluble precipitate within the substance of the
stone itself, has many advocates. Perhaps one of the most popular modes of effecting this object, is
the
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use of Ransom's soluble glass, which is a solution of silicate of potash or soda, and this being washed
over the stone, and followed by another washing of a solution of muriate of lime, an insoluble
silicate of lime is formed in the pores of the stone.
This process has lately been tried, to a small extent, in one of the shafts belonging to the Hetton Coal
Company. Although it may be useful on the surface, it does not seem to answer in this particular
situation: the solutions are rather costly in the first instance, and the fire brick, being of so porous a
nature, can take up an almost unlimited quantity; added to this, the precipitate seems to be, to a
certain extent, acted on by sulphuric acid.
A consideration of the properties of coal tar then induced a trial of this substance to be made, and it
so far is attended with success.
The writer has been favoured with the following communication from Mr. Clapham on the
subject:—
"Walker Alkali Works, Newcastle.
"Dear Sir,—I have received your note of 3rd, and in reply, if you wish to preserve the stone from the
action of gases or an acid you will find it best to boil the stones in tar. We have been in the habit of
preserving our large still stones, for holding heated muriatic acid, for some years by this process. The
stone becomes quite hard after being boiled in a large iron pan for twenty-four hours, and the tar
almost penetrates the stone. It has an equally good effect upon fire brick; but I should doubt if you
would find mere tarring with a brush of equal use. I have no doubt that this plan will assist in
preserving the stone, but before being boiled the stone should be pretty dry.
"Yours very truly,

"R. CALVERT CLAPHAM."
In the very elaborate report by Mr. R. Mallet to the British Association, in 1840, on "The Action of Air
and Water on Iron" he gives it as his opinion, deduced from many experiments, that the only
covering or varnish that is of any use in preserving iron is coal tar. He recommends that it should be
boiled and laid on hot, and states, that when coal tar is boiled, naphtha and other volatile matters
are driven off, and the residue consists of naphthaline embedded in asphaltum, which remain on the
iron as a bright, and solid varnish.
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During the recent visit to Birmingham, many of the members of this Institute had an opportunity, at
the works of Messrs. Cochrane and Co., of observing the process of coating cast iron pipes with a
black varnish. The pipes being first heated, are dipped into a mixture of melted pitch and some other
similar substances peculiar to this patent, and on drying, they remain covered with a thin film of
bright black varnish, which seems to be almost incorporated with the metal, and which, it is stated,
remains uninjured after many years.
[27]
ON STEAM BOILER EXPLOSIONS,
WITH REFERENCE PARTICULARLY TO THE
SEATON BURN COLLIERY STEAM BOILER EXPLOSION.
By STEPHEN C. CRONE.
The serious and disastrous consequences usually resulting from steam boiler explosions are of such
an important nature as to require the closest investigation, for, it must be admitted that; under the
most favourable circumstances, they are generally surrounded with difficulties, and attended with
results which, in the present state of our knowledge of the subject, seem impossible to be accounted
for in a clear, practical, and satisfactory manner. My attention was painfully directed to the subject
by the steam boiler explosion at Seaton Burn Colliery, on Monday, April 2, 1860, which, I regret to
state, was attended with loss of life, personal injuries, and a serious amount of damage to the
property. I purpose giving to the Institute a minute descriptive account of the accident as a record of
facts, to aid those interested in the investigation of those—to say the least—mysterious
occurrences, which ought to be carefully examined into, with their attendant circumstances, to
endeavour, as far as possible, to arrive at the true source of the accident. I trust that the discussion
of the matter may be the means of drawing forth some valuable suggestion, or remedial measures,
to assist in guarding from the recurrence of these fearful accidents.
About half-past eight o'clock on the morning-above-mentioned, No. 4 boiler exploded with a loud
report, like a clap of thunder, and with a fearful amount of violence. The bank inspector, Joseph
English, who was at the time safe from any personal danger, and consequently quite collected,
described the explosion as, first, a rushing sound, like steam blowing off strongly; then a cracking
and snapping sound, as of the
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connecting pipes breaking, followed by a loud report like a smart clap of thunder. All these
happened in instantaneous succession. Was certain he could not be mistaken as to the loud report.
Saw the boiler like a cloud in the air. Could not make out the distinctive form of the boiler, other
than merely as a cloud. Observed the piece of boiler from the fire end (No. 3, plate II.) falling down.
It was about sixty feet high, and descending when first seen. The boiler was lifted out of its seat,
bursting free from its connections, and rose almost straight up into the air to the height of about 120
feet, accompanied with clouds of steam, smoke, bricks, stones, hot water, and numerous large
portions of the boiler fittings, steam pipes, &c, which were blown to considerable distances with
such force as to completely bury themselves in the earth. One piece of eight-inch steam pipe, with
branch for escape valve, an eight-inch valve and weight, weighing about six cwts., were blown a
distance of 180 yards; a piece of four-inch feed pipe, about one-and-a-half cwt., 234 yards ,and one
piece of five-inch steam pipe, 2 cwts., 146 yards from their original place.
The boiler was blown into three pieces. (See plate II.)
The body or main portion of the boiler No. 1 fell into a garden ninety-seven yards to the eastward,
the ends being reversed from their original position on its seat. The boiler in its flight must have
turned, at least, half round. It was rent in many places, and flattened into a huge sheet; the edges
sunk about three feet into the earth, which seemed, when opened out, as though it had been burnt
quite red and hard for about two-thirds the length of the boiler from the fire end, along the flue line,
by the iron having been much heated when it fell. The principal portion of the line of fracture ran
along the centre of the rivet holes, forming the seams; generally leaving the rivets in the under edge
of the plate; the top plate rending off about half way across the rivet hole, a narrow strip of edge
being left attached.
The piece No. 2 was blown a distance of seventy yards, in a north-east direction, and landed upon
the road.
The portion No. 3, the west and fire end of the boiler, must have ascended to a great height, and
taken quite an opposite course, passing in a south-west direction over the pulley frames and
heapstead, falling on a heap of coals seventy-six yards from its seat. This piece gave strongindications of having been ruptured with great violence, and overheated, both from the appearance
of the iron, and the thin wash of sediment being burnt off; radiating rays could be distinctly seen
where the heat
[Plate I. Seaton Burn Colliery boiler explosion – boiler before explosion;
Plate II. Boiler after explosion]
[29]
seems to have spread upward on the inside surface of the iron. This end was not enclosed with
masonry, but openly projected over the front wall of the furnace, as shown in the plan, plate I.
The boiler seats were shattered and blown down to the foundations, and as completely destroyed as
if a mine of gunpowder had been sprung beneath them. The bricks and stones were blown to a
considerable distance around.

The following are the dimensions and position of the boilers previous to and after the explosion:
[see Table in original text]
These were all plain cylindrical boilers, hemispherical ends, fired with one furnace each, placed at
the west end, having a flash flue to east or chimney end.
Power and Position of Engines at the time of the Explosion.
1 Pumping Engine............

90 horse power

Pumping.

1 Winding Engine............

60

„

Slightly moving.

1 Underground Hauling Engine, 40

„

Running.

190
Referring to plate I., longitudinal section of the boiler which exploded, commencing at the west or
fire end, the fittings or mountings were similar to all the boilers, and consisted of—
[a] One Schaffer's pressure gauge, which indicated 32 lbs. per square inch at ordinary working times.
[b] One four-inch safety valve, loaded to 35 lbs. per square inch.
[c] One common stone float, properly weighted.
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[d ] One eight-inch steam jug, with stop valve. This range of steam pipes connected all the boilers
together, and supplied the pumping and underground engines with steam. It may also be remarked,
there was an eight-inch safety-valve upon this range of pipes between No. 3 and No. 4 boilers; the
latter would, of course, have easy access to it. Nos. 1, 2, and 3 boilers were connected with another
range of five-inch steam pipes at the opposite end of the boilers which supplied the winding engine.
[e] One 4⅝-inch feed jug, with common shut-off valve and 4⅝-inch range of feed pipes.
[f] Man-hole door.
[g] One Turnbull's alarm whistle float, properly balanced.
[h] One six-inch feed jug and range of six-inch feed pipes, with common shut-off valve.
[i] One four-inch safety-valve, weighted to 35 lbs. per square inch.
[j] One unplugging rod, working with a screw through the gland, and extended down to the
unplugging valve, seated in the sludge trap [k], used for the purpose of collecting the sediment from
the boilers, and blowing it out by raising the unplugging valve.
It will be seen from the foregoing that every ordinary precaution had been taken to guard against
accident, with perhaps one exception—that of not having a self-acting recoil, or back pressure valve
on the feed pipe, to prevent the boilers priming into each other, should the engineman in charge of
the boilers neglect to shut the feed valve of one boiler on opening that of another. The order and
custom was invariably to do this, feeding only one boiler at a time. With respect to the want of this
arrangement I have to explain that, in consequence of the range of 4⅝ feed pipes being reduced in
diameter by a hard incrustation from the passage of the feed water to an extraordinary degree, and
having added the sixth boiler, I had the second range of six-inch feed pipes placed upon the boilers,
to guard against any stoppage of the 4⅝ range.

The necessity of this will be sufficiently apparent by referring to fig. 4, plate II., which is a section of
the 4⅝-inch feed pipe, and fig. 5 a section of the dip pipe within the boiler, below the feed jug, at the
time of the explosion, the orifice being reduced to little more than one inch in diameter by a very
hard calcareous incrustation, principally composed of carbonate of lime. The dip pipes had to be
bored out about every six weeks. There was no incrustation within the boilers beyond a soft coating
of lime wash. I was afraid, under these circumstances, that a
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self-acting back pressure valve, placed within the feed jug or upon the feed pipe, would be
constantly liable to derangement, and thus create the danger intended to be guarded against, from
the engineman placing an undue reliance upon its effective action. After the explosion, and knowing
the great necessity of having a valve of this description, I abandoned this objection, and adopted one
which was considered suitable to the case, trusting, with proper care and attention, to keep it clear
and in working order. This feed valve will be described hereafter.
The evidence taken at the inquest before Mr. S. Reed, coroner, bears so intimately upon the subject,
I have thought it advisable to append it. Every facility was given to have the matter thoroughly
investigated.
"The Coroner, in opening the proceedings, said—Gentlemen, this is another fearful explosion of a
boiler, which, I am sorry to find, does not stand alone, a frightful one having taken place near
Blaydon only the other week. The cause of these explosions is very little understood, but it appears
to me that there are only three ways of accounting for them, viz., some imperfection about the
boiler, the want of water, or some negligence in attending to the management of them. You will
clearly see that it is the interest of the owners of collieries to have these things in as perfect a state
as possible, not only for the sake of the preservation of their workmen, but also to prevent damage
to their own property. If an occurrence of this kind takes place, it is sure to be accompanied with
very great expense and loss of property; therefore it is the owner's interest to have these all
properly attended to, and to employ the most careful men in the management of these boilers. It
seems to me that there has yet something to be discovered to give a clue to the frightful explosions
of steam boilers. It will be your duty to inquire into it, and arrive at the true cause, if possible. I need
not occupy any farther time by more observations. We will just examine a witness or two to-day, for
the inquest will necessarily have to be adjourned."
“The following evidence was then adduced:—
"Joseph English—I live at Seaton Burn Colliery, and am inspector at bank. On Monday, the 2nd of
April, I was standing at the foot of the branches, about 100 yards from the boiler which exploded.
About twenty minutes to nine o'clock, I heard a crack, and saw the fragments of the boiler all in the
air together. The boiler had exploded. I immediately ran on to the heap, and I found three men lying
bleeding. One appeared much hurt. He was bleeding from the head copiously. They were removed
home as speedily as possible. I then proceeded to the
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fire-hole, where I found the men commencing to get the bodies of the sufferers out from the ruins.
Ewing and Turner were dead. A man named William Shevill, who was hurt by a stone which struck
him on the head, was conveyed home. He is since dead.
"Robert Wight said—I live at Seaton Burn Colliery, and am chief enginewright there. I have the
charge and superintendence of the engines and boilers. The boiler that exploded was the fourth
from the south side. It had two safety-valves, one common float, and one whistle-alarm float. I
believe it would have been safe to have worked the boiler that burst at a pressure of 45 lbs. to the
square inch. The boiler had Schaffer's steam gauge affixed to it. The boiler is generally worked at 35
lbs. to the square inch. I cannot say what pressure was upon it at the time the boiler exploded.
About eight months ago this same boiler underwent some repairs. A small plate was put in. The
boiler plates are three eighths of an inch thick. The boiler that exploded has been in use for sixteen
years. About nine years ago this boiler was injured by an explosion. About one-third of it was then
made new. The boiler was entirely cut to pieces, and then underwent a thorough repair. I examine
the state of the boilers every six weeks. The water is drawn off, and access given to the interior by a
man-hole. On these occasions, the inside of the boiler is washed and scrubbed with a besom, and
any deficiency in the plates can then be discovered, and remedied if necessary. The water used in
the boiler is good, and leaves no deposit. It does not "fur" at all. Last Thursday night the exploded
boiler was laid off work to be cleaned and examined. It had been leaking a little. There were about
six score of new rivets put in the boiler, and a small patch of new plate rivetted in. The boiler was
then supposed to be strong and in perfect repair. It was set to work again on Sunday forenoon to
pump water. There was not a drop of leakage to be seen at half-past eight o'clock that night. I have
never known the boilers to prime into each other. There is never more than one feed-valve open at
once; but at each time of changing the feed there are two valves open for about twenty seconds;
and when the boiler is sufficiently filled with water the other feed-valve is closed. The float goes
down to a point in the boiler three feet one and a half inch from the bottom of the boiler. That is the
lowest point to which it falls. The water may get lower than this, and then leave a vacancy between
the float and the surface of the water. If this should happen, the boiler plates would get red-hot for
three and a half inches. After this, if water is let into the boiler, the effect would be that much
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steam would be so rapidly generated as to become dangerous. I have examined the boiler, and in my
opinion the plates have been heated to a blood red heat; and when the boiler is heated to this
extent, iron becomes ductile, and the force of an explosion would have a tendency to throw the
plates flat out in the same situation as the plates of the exploded boiler are now found to be in. The
plates being heated will render them weaker than they are in their natural state. The engineman has
charge of the boilers, and he and the fireman work twelve hours. Yesterday morning the engineman,
Wilkinson Younger, went to work at four o'clock, and the fireman, John Turner, who is killed, went at
five o'clock. The engine and boilers were under the charge of Wilkinson Younger at the time of the
explosion, which occurred about nine o'clock. The alarm whistle will sound when the water is two
inches above the top of the flue, which would indicate a want of water. It is possible that the alarmwhistle might get out of order. I have known the alarm whistle to be partially stopped, but never
altogether. It is the duty of the engineman to see that the whistle and floats are in proper order. The
firing of the boiler, in my opinion, would not affect it. Wilkinson Younger is considered a steady man,
and has had charge of the engine nearly eight years. The fireman, John Turner, has been employed

at the engine six months. I wish to explain that the working pressure at the time of the explosion
was 35 lbs. to the square inch. The index explaining the amount of pressure is the same on each
boiler; and I find, on examining the other boilers, that it showed that the working pressure was then
35 lbs."
The inquest was then adjourned until a week after. When resumed, the first witness called was
"John Bowman, who said—I am an engineman at Seaton Burn Colliery, and have been so for seven
years past. I was at this engine from between two and three o'clock on the Sunday till four o'clock on
the Monday morning. I was in charge of the boiler that exploded and other four. The boiler that
burst had been under repair, and was considered quite perfect. During a change of feed the boilers
primed into each other, owing to some of the fires being quicker than others. The boiler that burst
worked well, and I fed it in due turn with the others during the shift. When I left at four o'clock in the
morning, it was filled with water. We had two gauges upon her. By working the float we can
ascertain the quantity of water in the boiler. We had also an alarm whistle. It works very well: there
are some times it is liable to stop, but not altogether. It sounded during my shift. I had to put it
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down to work it. When the whistle sounded by its own working it indicated a want of water. It did
not sound of itself during my shift, but only when I worked it. There did not appear to be any
deficiency in the water. There is only one engineman to attend to these five boilers. I do not think
there are too many for one man to look over. We had, during my shift, two firemen to attend the
fires. I consider two men sufficient to attend the fires at that time, there being only two engines in
connection with the boilers. We make it a point of duty, when the new engineman comes to take
charge of the boilers, to see that he examines all the valves and floats himself, to relieve the man
that leaves from any responsibility. This was done when Wilkinson Younger came to the engine to
relieve me, and at that time he considered all satisfactory and safe. The explosion took place at
twenty minutes before nine. I was greatly surprised when I heard of it. I have seen the fragments of
the boiler since the accident. I am not a judge, and cannot say whether the plates show any
indication of having been overheated.
"By Mr. Dunn—The boilers, I think, are thirty-five feet long, and six feet eight inches in diameter.
"John Smith said—I live at Seaton Burn Colliery, and am mastersmith there. On the 31st March I
repaired the boiler that burst. I put six score of rivets and a small plate into her; the plate would be
fifteen inches long and partly circular, being rivetted on to a straight seam of the boiler. This was the
only plate that was put on. It was new iron. I examined the inside of the boiler, and the plates all
appeared to be good and strong. The boiler has been about sixteen years in use. It was a new boiler
when got. I have examined the plates since she burst, and they appear to have been overheated—
being blue-red. In my opinion there has been a want of water to cause the plates to be heated. New
iron expands and contracts a little by heat; old iron does not expand and contract so much as new. It
is possible that when the new plate became heated it would contract and draw the old iron plate
from the rivets; the consequence of which would be water would escape from the boiler, and the
force of the steam would become so tremendous, that the boiler, as was the case, would be blown
to pieces. This result might happen without anybody being able to prevent it; it would occur almost

instantaneously. I am quite of opinion that there had been a want of water in the boiler. William
Shevill was killed by a stone falling upon his head, which had been thrown off by the explosion."
The evidence of this witness is given in the vague, incorrect, and
[35]
unsatisfactory manner as expressed by himself. He evidently did not understand the import of the
questions asked, or could not reply to them in such a manner as to be understood. His meaning
would seem to be, that new iron expanded more than old—when the new iron was heated it was
possible that it might expand to such an extent as forcibly to withdraw the rivets from the old iron,
and thus cause a sudden leakage— a most extreme view, where good material and workmanship is
applied, but possible where either the one or the other is doubtful. The small plate referred to is
marked x upon the piece No. 1 of exploded boiler, plate II. It was quite good after the explosion, and
no indication of the re having been any leakage. To correct the loose ideas of this witness, who
ought to have kept to the fact of this particular plate, I suggested questions to elicit the following
from him:—
"It appears, on examination of the new plate which I put on, that it is quite perfect, as well as the
adjoining plate to which it was rivetted.
"By Mr. Dunn—We cleaned these boilers once in six weeks. The water is good, and does not fur. It is
not an unusual thing to let them go for that time when the water is good.
"By the Coroner—The bursting of the boiler was quite unexpected to me. I cannot account for it in
any other way than want of water. There is nothing, in my opinion, to cause the feed shut off valve
to get out of order.
"John Brown—I live at Seaton Burn Colliery, I am fireman, and attended the firing of these boilers on
the Sunday before the accident. I went on to my shift on the Sunday at five o'clock, and left on the
Monday morning between five and six o'clock. The boiler exploded near to nine o'clock. I boiled the
boiler on the Sunday after her repair. I made up the fires a short time before I left. I cannot say
anything about the boilers, having no charge of them. If we fire much it causes a greater evolvement
of steam, according to how the engine is going. There was only the water engine working on the
Sunday. There was no leakage in the boiler when we tried her on the Sunday, except a small one in
the inside, but which soon subsided.
"There being no further evidence to offer, the Coroner briefly summed up; and the jury, after a
consultation of about fifteen minutes, returned the following verdict:—'The jury are of opinion that
these men came by their death by the explosion of a boiler at Seaton Burn Colliery; but as to how
that explosion was caused no evidence appears.' "
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Since the accident, during the past and present year, I have endeavoured to obtain all the
information possible to prove a satisfactory cause, but have not been so successful as might be
desired.

The engineman who attended the pumping engine, looked after all the boilers which were generally
fed with water by the pumping engine; his duties were comparatively light in an ordinary way, nearly
the whole of his attention might be given to the care of the boilers.
I may here remark, Wilkinson Younger, the engineman, died from the injuries he had received,
joined to the anxiety of mind, consequent upon the accident happening in his hands; he was a
middle-aged, steady, quiet, inoffensive person, most anxious and attentive in the performance of his
duties, with which, he was perfectly conversant; his anxiety was such, as to make him extremely
sensitive, and liable to nervous agitation, should everything not be right. After the boiler explosion at
Blaydon Main Colliery, he was very zealous in his attention to the boilers, and timid, lest any
accident of a similar nature should happen to those under his care.
Robert Wight, the chief enginewright, states he was engaged the whole of Sunday night getting the
underground hauling engine, &c, into working order. Saw No. 4 boiler about 11 p.m. on Sunday, it
was then quite tight, as far as could be seen. W. Younger observed to him that the boiler was quite
tight, and,—referring to some previous conversation,—that the smiths could repair a boiler when
they liked. A little rye meal was put in to check any slight leak by the varying temperature of the
boiler, consequent upon raising the steam, after being filled with cold water. Tried the floats, they
were all right, no symptom of sticking. The safety-valves were in perfect working order; having been
stripped, cleaned, and oiled, when the boiler was under repair. The furnace and flues had been
cleaned, the draft would be good, and everything calculated to raise steam quickly. Went home
about 5 a.m., Monday. Wilkinson Younger, after the explosion, made the following statement, the
two firemen refused to attend the fire of No. 6 boiler;—5 only being-at work—because the
underground hauling engine had been added to be supplied with steam. They had been firing the
same number previously. Younger was much excited, and agitated, in consequence; and rather than
disturb Wight for instructions so soon after he had gone home,— although he started off twice to go
but returned without doing so,— determined to fire the boiler himself for awhile. The feed had been
on
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No. 4 boiler,—took it off, and put it upon No. 6 boiler, a short time before the explosion. He
intended to burn No. 4 boiler fire down to have it cleaned.
This statement was proved afterwards to be quite correct, No. 4 feed valve being shut, No. 6 open.
He sludged No. 4 boiler, together with the others, by lifting the unplugging valves and blowing each
boiler out for a short time. About five or ten minutes before the accident, examined all the boilers.
Went into the firehole to fire No. 6, after which went back to the top of the boilers and tried the
floats. Found all right. The floats of No. 4 indicated a sufficient quantity of water. Returned again to
the fireholes, and just as he took up the shovel the explosion occurred.
This statement would seem to involve the accident in as great mystery as many other boiler
explosions, if it were not from the very strong evidence, from careful examination of competent
persons of the boiler plates having been over-heated along the flue line, and about the fire end;
along the upper portion of the boiler the weazes of the mountings were quite burnt and charred as if
they had been exposed to a considerable amount of heat. Had these indications been wanting, it
might have been assumed that the boiler had burst under the ordinary working pressure, from bad

iron, or defective construction; but from the extraordinary amount of explosive force and violence,
shown by the result, this supposition is not probable.
From what has been previously stated respecting the temperament of Younger, I am induced to
suppose, that, as he was labouring under excitement, his mind being pre-occupied, he was confused
and deceived in some way with the feed or floats—that in sludging the boilers he had blown too
much out, or omitted to observe whether No. 4 sludge valve was perfectly closed, as it sometimes
happened that dirt, and occasionally small articles, such as a rivet head, or a paring from the edge of
a plate, carelessly left in after a boiler had been repaired, might be drawn in, and gag the valve in
such a manner as to leave a strong leak, and seriously reduce the water in the boiler. It must be
clearly understood, to guard against this taking place, the drain into which this water ran was kept
open at a point where the steam from the hot water would give unmistakable evidence of
something being wrong, if observed—as the drain was at the opposite end of the fires, his attention
being given to the fires he might omit to watch this point. Deficiency of water might arise from a
leak in the boiler, where it could not be seen. In either of
[38]
these cases the floats ought to have indicated a shortness of water, as it is improbable that both
floats, if sticking at all, would be sticking at the same time; yet it is doubtful, from some unexplained
cause, they have been deranged, and that the boiler was deficient of water. We may imagine the
consequence of this state of affairs to be something like the following. The firing going on as usual,
the upper part of the boiler would be over-heated, especially from the edge of the water to the top
of the flue, the tenacity of the plates would be weakened as they increased in temperature above
550°, and the liability to rupture greatly augmented by the unequal straining of the iron, consequent
upon the temperature of one portion of the boiler being so different and variable from other
portions. The steam and water would become surcharged with heat to a considerable degree above
that indicated by the pressure of the steam, thus storing up power, whilst the plates were
decreasing in strength, until some disturbing influence suddenly reduced the pressure of the steam
from the surface of the highly heated water. This may arise from the sudden opening of a safetyvalve, or exhaustion caused by opening the steam stop valve if standing, or starting the engine, or in
cases similar to this when a number of boilers are connected, each, perhaps, not uniformly supplying
an average quantity of steam, by a sudden draught of steam to the engines working, or, finally, by
the gradually weakening plates of the boiler at last giving way, and splitting open at a weak joint or
defective plate, thus releasing the pressure and allowing the water to rise and expand by its
contained heat against the heated plates, bursting amongst the heated steam in such a manner as to
flash into an irresistible volume of highly elastic steam, rending open the boiler, and sweeping
everything before it.
Admitting, on the other hand, that the boiler contained a sufficient quantity of water, as indicated
by the floats, the cause of the explosion must be entirely speculative. The water may have been
repelled from the plates being over-heated above the maximum evaporating point, about 350°, and
assuming the spheroidal form, (which may be doubtful under the pressure it would be exposed to,)
would evaporate slowly, until cooled down to that point, when a large amount of steam might be
given off, of such a pressure as to cause a weak seam to burst open, free the water from the

pressure on its surface, thus allowing it to expand instantaneously into steam of forcible violence,
and cause the explosion.
Taking an extreme view, the boiler from unseen defects may have given way under the ordinary
working pressure, with results similar to the
[39]
above; but certainly in this case, it ought to have been with considerable less violence. As previously
stated, the boiler had been taken to pieces and rebuilt, after being injured by the explosion of
another boiler. It is perhaps worthy of note that this boiler, No. 4, was placed in the same seat from
which the previous boiler had exploded. About one half of the old plates were used again in its
reconstruction; the new and old plates being used indiscriminately together.
Upon examination after the explosion, no part of these plates measured less than ⅜ths of an inch in
7
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thickness. The bottom plates of the boiler were originally 16ths, and the top 16 of an inch thick, some
of the plates were brittle and short from the action of the fire. Many of the seams of rivets were put
together very indifferently. A section of part of a seam shewing the position of the rivets is given in
plate II, figure 6, taken from a fractured seam; of course these defects were only known to have
existed after the bursting of the boiler, and made visible by the fracture running along the line of
rivets.
The rivet holes were not opposite each other, and had been picked or cut out into an oval form, and
forcibly drawn up together by means of drifts or pins to get the rivets entered and driven up
irrespective of their being at right angles to the direct strain upon the joint. The immoderate use of
pins or drifts is a clumsy, injurious remedy to defective workmanship, and cannot be too much
censured, as well as excessive caulking in the construction of boilers, the forcible unequal strain and
compression by these applications, as having all the effect of a wedge driven in, must be a fruitful
source of lasting injury and constitutional weakness, the plates being injured near the edge where
they are least capable of resistance and most likely to give way, and where, perhaps, they may be
laminated and faulty, by being pared or slabbed too near the edge. The effect of this is often seen by
the plates cracking from the rivet holes, and fractures proceeding along the line of rivets for
considerable distances, thus greatly augmenting the danger of accidents to boilers.
This most objectionable method had been much resorted to, and had no doubt injured the plates,
resulting in a joint of very questionable strength.
Mr. Fairbairn, in his valuable paper on boilers, states—
Assuming the strength of the plates to be

100

The strength of a double rivetted joint would be, after allowing for the adhesion of the surface of the
plate
...
70
And the strength of a single rivetted joint
These may be taken as rivetted joints of good workmanship. If, then,
[40]

56

there is a loss of 44 per cent. compared with the strength of the plates, in a good single rivetted
joint, the loss upon a bad one must he considerably increased, especially in a boiler constructed of
old and new plates, the variable expansion and contraction of which must have greatly contributed
to weaken the boiler, and ultimately aid, if not cause, its destruction.
Under the most favourable circumstances, the want of uniformity in the temperature of the shell of
the boiler is an evil difficult to counteract, and one which, no doubt, has a great tendency to strain,
and split open the boiler, with its inevitable fatal result.
It is to be feared that boilers, under these circumstances, may be severely injured by this unequal
straining, without causing immediate explosion, but which may, under the combined influence of
other causes, at length arrive at the climax or extremity of their power to resist, and at last give way,
with more or less violence, according to the influences then existing, which may have been quite
unforeseen, and, consequently, never anticipated. Hence the surprise and mystery which often
succeed these cases, and the desire to account for their being occasioned by some extraordinary
unknown cause, rather than examine closely into the facts of the case, or the effect of defects made
visible by the accident.
It is well known, in heating boilers and raising steam, after being off cleaning, or under repairs, they
are liable to leak from this unequal distribution of heat, causing them to bend, or warp, in such a
manner as to open the seams to a certain extent.
It has frequently happened, indeed so often as to draw particular attention to the fact, that boilers
have exploded shortly after having been repaired. This, I think, may be traced to the aforementioned
causes, materially assisted by the cutting to pieces, and hammering, necessary for effecting the
repairs. I may mention, I have had occasion to request boiler smiths to desist from using large
hammers in repairing.
Boiler explosions have occurred on many occasions upon a Monday. This may arise from the boiler
not being properly supplied with water to stand over Sunday. If at rest, the water getting low would
necessarily cause the injury.
This could not be the case at Seaton Burn Colliery, as the pumping engine was constantly going on
Sunday, and the boilers at work.
According to the present state of our knowledge respecting these explosions, some one of the
foregoing assumed explanations, or probably
[41]
a combination of them, would seem to be the only plain, practical solution, which can be given of
this disastrous occurrence.
A few years ago a lecture was delivered before the Royal Cornwall Polytechnic Society, by Mr.
Robert Hunt, F.R.S., directing attention to the remarkable action of heat on water containing no air,
and the spheroidal condition of the steam generated, two very active and predisposing causes of
boiler explosions were to be found.

"Water we know in three conditions: as a fluid, as steam, and as ice; or as solid, liquid, and aeriform.
Water is frozen by the loss of heat necessary to maintain its fluid state, ice formed during agitation
contains no air bubbles, but, under ordinary circumstances (as Wenham Lake ice), the upper portion
is filled with air bubbles in straight lines, as if, in endeavouring to make their escape, they became
entangled among the crystals. It is a remarkable fact, that water in the process of congelation, has
the power of rejecting everything, consequently, all the air the water contains, is expressed.
"If we get water which contains no air, e. gr. liquified ice, and prevent the access of air, then if we
apply heat, water will be produced, apparently in its ordinary state, nevertheless, its condition is
peculiar. It will not boil at 212° Fahrenheit.

"In this state we see the temperature increasing to 230°, 240°, or even 250°, and advancing to
between 270° and 280°; about these points the whole mass will explode with the violence of
gunpowder. This condition of water is not unfrequently found formed in steam boilers, and that,
during the process of ebullition, the steam carries off with it the air, the water in the boiler
containing very little remnant of the air itself. It often happens that a steam boiler explosion occurs
after a rest of the engine, and when the men return, the feed water being applied to the water,
explosion takes place. Professor Donné has found that if we take water of this peculiar character,
bringing it up to 230°, and place a single drop of ordinary water into it the whole will boil with
extreme violence. Supposing that ordinary water contains no air, and the feed water is turned on,
the entire quantity will then burst into explosive ebullition. We shall probably find, therefore, in
connexion with boiler explosions, that to the absence of air, and the spheroidal condition of the
steam, may be attributed many boiler explosions so frequently happening, which otherwise cannot
possibly be accounted for.*"
* Vide Mining Journal, October 20th, 1855.
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The following statement was made by Mr. J. D. Longridge in the discussion on Explosions of Steam
Boilers. "Transactions of the Civil Engineers," Vol. XV. 1856.
"There could be no doubt of the possibility of surcharged steam being in contact with water, and it
was proved by the following experiment, made by Mr. Robert Longridge, of Manchester.
"The boiler was a cylindrical one, with an internal flue: the steam was at 45lbs. per square inch. A
thermometer in the water, about one and a half inch below the surface, indicated 295°, being the
temperature of saturated steam at 45lbs. above the atmospheric pressure. Another thermometer,
also in the water, but below the former one, and within two inches of the flue, indicated 373°, from
which it would appear that the flue was actually not in contact with the water, but enveloped with a
shell of surcharged steam. A third thermometer, in the steam above the water, indicated 334°. With
the steam blowing off at 47lbs., the lower thermometer in the water, indicated 416°."
Referring to the interesting experiments which have been tried as to the effect produced on water
thrown upon red hot plates, it may be stated the temperature of maximum vaporisation for iron has
been variously stated from 300° to 350°, and the temperature for perfect repulsion of drops of water
about 400°, at which temperature the water does not wet the metal under atmospheric pressure,

but assumes the spheroidal form, or small spheres enveloped in a thin coating of steam, having the
power of reflecting the heat, and preventing immediate contact with the iron; the water in this form
rolling about with its elastic coating, evaporating very slowly, and not flashing into highly elastic
steam, as might be assumed would be the case. But it must be remembered, these experiments
have generally been tried under simple atmospheric pressure. It is most remarkable these spheroids
never reach a temperature of more than 205°, "and that bodies in the spheroidal state remain
constant at a temperature below that of boiling, however high the temperature of the containing
vessel may be". I think it may be doubtful whether, inside a steam boiler heated to redness, this
effect would be produced upon any large body of water at a high degree of temperature, and under
the pressure of several atmospheres, as it may be assumed the pressure of the steam contained in
the boiler would overcome the reflecting power of the spheroid when near the plates, against which
it might be dashed, and thus cause the sudden production of a large quantity of steam, upon any
disturbing influence putting the
[43]
steam in motion, such as the opening of the valves, &c, or even sharp and heavy firing, causing the
water to rise to a higher level than it had occupied at the time the plates were heated. Whether this
is the case with red hot plates or not, it is certain that plates at a lower temperature— about 300°—
which gradation must, of course, exist before the plates are red hot—are capable of producing
steam in a most rapid manner, upon water being brought in contact with them, and thus cause the
most disastrous consequences.
Mr. Pearsall stated, in the aforementioned discussion, “Transactions of the Civil Engineers," with
reference to the above subject:—"Having been present at the experiments of M. Boutigny, in this
country, he would state the results.
"M. Boutigny took an empty boiler, which he made red hot; it was furnished with a safety-valve, and
it also had an aperture of four times the area of the safety-valve. Water was then suddenly ejected
into the heated boiler; the aperture was closed, and the fire withdrawn; the explosion did not
immediately occur, because the water had assumed the spheroidal state; but as soon as the
temperature was sufficiently reduced, the steam was liberated in such a volume and at such a
density, as to blow out the aperture, without the slightest escape from the safety-valve."
"Those who examined boilers, generally found indications of their having been red hot, but it did not
follow that the explosion took place when they were in that state."
It may be interesting to give the following extract from a lecture on this subject, given by Mr. J. E.
Bowman, at the Royal Manchester Institution, "On some remarkable properties of water and other
fluids, and their connection with Steam Boiler Explosions."
"The lecturer proceeded to draw from his enquiry something of a practical, and, therefore, perhaps,
more interesting character, with reference especially to the subject of steam boiler explosions, a
subject, on many accounts, of so much importance, that no words of his were needed to enlist
attention for a short time to it.
"Until within the last few days, he had supposed that no one had attempted, previously to M.
Boutigny, to account for the explosion of boilers on the supposition that the water in them passes,

under certain circumstances, into the spheroidal state. In this, however, he found that he was
partially mistaken, and felt great pleasure in saying that one of his townsmen, Mr. Robert
Armstrong, some few years ago, advanced an idea on this subject, a great deal similar to that of M.
Boutigny. If
[44]
heat be applied to water contained in an open boiler, the temperature of the water will, of course,
continue to rise until it reaches 212°, when the elastic force of the steam is sufficiently great to
overcome the pressure of the atmosphere, and the water boils. If the heat be still continued the
whole of the water will boil away, leaving the vessel empty; but as long as any liquid remains the
temperature of the vessel never rises above 212°, owing to the absorption of heat by the steam. As
soon as the boiler, however, is empty, its temperature, of course, rapidly rises, and may reach a red,
or even white heat, provided the furnace be sufficiently powerful. If water be now gradually thrown
into the over-heated boiler, we know, from what has already been said, that it will pass at once into
the spheroidal state, and will continue at 205° until, from some cause or other, it is permitted to
come into contact with the heated surface, when violent ebullition immediately takes place, an
enormous quantity of steam is instantaneously produced, and if the vessel be a closed one, as is the
case with steam boilers, an explosion is the almost inevitable result. An experiment exceedingly easy
of performance is sufficient to illustrate this. Let a large spheroid be formed in a vessel of platinum
or copper, so long as the heat is applied to the latter the water never shows the least sign of boiling,
but if the lamp be extinguished, and the vessel allowed to cool a little, the water suddenly comes in
contact with the metal, an enormous quantity of steam is instantly formed. A spheroid composed of
between four and five pints of water has been in this way experimented with, when the sudden
formation of highly elastic steam was very striking. If water be boiled for some time in a copper flask
or small boiler until the whole of the air is expelled, and the vessel be then tightly corked and the
source of heat removed, it is well known that as the water cools and the vapour condenses a partial
vacuum is formed, and, owing to the external pressure of the atmosphere, the cork is held firmly in
its place, and offers considerable resistance to any attempt to withdraw it. Far different, however, is
the effect produced if, instead of boiling the water in a comparatively cool flask, it be thrown into
one which is sufficiently hot to cause it to pass into the spheroidal state. So long as the flask
continues hot nothing remarkable occurs, but if the lamp be removed, and the temperature of the
metal be allowed to fall lower than 350° or 400°, a faint noise is shortly heard, and the moment after
a violent explosion takes place, projecting the cork or stopper from the mouth with considerable
force.
"Now all this is easily explained. The water on ceasing to be spheroidal
[45]
wets or comes in contact with the heated boiler, and is converted instantaneously into steam, which
being thus generated in vast quantity finds an outlet at the point of least resistance. This experiment
proves, that if water exists in the spheroidal state in a boiler, and the boiler be allowed to cool,
owing to the extinction of the fire, an explosion is the almost certain consequence. A result precisely
similar is produced by adding a quantity of cold water to a boiler containing a portion of liquid in the
spheroidal form. But here the question arises—Does water really ever become spheroidal in steam
boilers, and if it does, what are the circumstances which lead to so dangerous a crisis? That water

contained in boilers does pass into the spheroidal state there can be no doubt, since we know that
sometimes circumstances are such that it could not possibly be otherwise, and, moreover, it has
actually been seen to be so. What, then, are the causes which lead to this occurrence? The most
obvious cause is a deficiency of water in the boiler, owing either to the negligence of the engineman
or to some defect or derangement of the feed pipe. When this deficiency occurs, the boiler, if the
furnace underneath be in action, shortly becomes highly heated, and it is by no means an
uncommon occurrence for it to reach even a red heat. If water under these circumstances be thrown
in, the first portion becomes, of course, spheroidal, and continues so until, by the addition of a larger
quantity, the boiler be so far cooled as to be unable to maintain the spheroidal form of the water.
No sooner is this the case than the spheroid comes in contact suddenly with the over-heated boiler,
bursts into steam, and, in all probability, an explosion is the result."
The result of boiler explosions generally indicated the exertion of such enormous force and violence
as to have induced many to suppose they must have been caused by some more explosive agent
than steam, which, in ordinary everyday work, we hold so completely under control. Electricity and
hydrogen gas have generally been selected as the forces most likely to produce such destructive
effects, but how either the one or the other is generated we are left almost entirely to imagination.
It does not seem clear that a steam boiler containing common water, with its many connections with
the earth, could be charged with electricity to exert any amount of power. It is certainly true that,
with distilled water, insulated boilers, and careful manipulation, electricity can be obtained from
steam. It may be remarked, Professor Faraday found the same results from condensed air of equal
pressure; yet there is a wide field for research in this direction, as we have much to learn in the
[46]
relations of heat, water, and steam; and it seems not unreasonable to suppose, from the close
alliance of heat with electricity, that the intense production of the one may develop the other.
The formation of hydrogen gas inside a boiler is a favourite theory of many, probably arising from its
being one of the constituents of water, or probably from the well-known similar results of explosions
occurring in mines from the presence of this gas. It must be remembered that pure hydrogen, when
mixed with six or seven times its volume of steam, will not ignite, and that hydrogen gas is not of
itself explosive until mixed with atmospheric air or oxygen gas, and not even then, unless brought
into contact with flame, or a bright heat. According to the present state of our chemical knowledge,
there seems nothing to indicate that any large quantity of water inside a steam boiler could be
decomposed into its original constituents, so as to form an explosive compound. Yet it may be
noticed as a remarkable fact, that a mixture of hydrogen and oxygen gas, in the same proportion, by
volume, in which they are united to form water, is highly explosive. As water or steam they are
naturally and chemically combined, hence would not explode to form a union already existing. To
obtain an explosive mixture, the water or steam would have to be decomposed, and their
constituent gases liberated, each into its original or individual state, in a separate form. This has
been effected through the agency of electricity, and it is an important question to decide whether so
powerful an agent is ever brought into operation within a steam boiler, under any existing
circumstances; in the ordinary observation of practice it does not seem to have been detected.
Turner observes, on the chemical effects of galvanism, "the substance first decomposed by it was
water. When two gold or platinum wires are connected with the opposite ends of a battery, and

their free extremities are plunged into the same cup of water, but without touching each other,
hydrogen gas is disengaged at the negative, and oxygen at the positive wire. By collecting the gases
in separate tubes as they escape, they are found to be quite pure, and in the exact ratio of two
measures of hydrogen to one of oxygen. When wires of a more oxidable metal are employed, the
result is somewhat different. The hydrogen gas appears as usual at the negative wire but the oxygen,
instead of escaping, combines with the metal and converts it into an oxide." This latter would be the
case within a steam boiler, assuming it possible for the water to be decomposed, the hydrogen gas
being liberated, and the oxygen fixed by the iron,—the result being a non-explosive gas.
[47]
The report on the apparatus for superheating steam on board of steamboats, with reference to its
liability to accident, made by Professor Faraday to the Board of Trade in 1859, the steam being
carried through iron pipes immediately through the furnace, bears intimately upon this subject. The
following extract may be useful:—
"I am of opinion all is safe, i.e., that as respects the decomposition of the steam by the heated iron
of the tube, and the separation of hydrogen, no new danger is incurred. Under extreme
circumstances, the hydrogen which would be evolved would be very small in quantity—would not
exert greater expansive force than the steam—would not with steam form an explosive mixture—
would not be able to burn with explosion, and probably not at all if it, with the steam, escaped
through an aperture into the air, or even into the fireplace."
The same apparatus was reported upon by Professor Taylor, as follows:—
"It is true that steam passed over pure metallic iron heated to redness (1000°), is so decomposed
that the oxygen is fixed by the iron while hydrogen gas is liberated. This chemical action, however, is
of a very limited kind. The surface of the iron is rapidly covered with a fixed and impermeable layer
of the magnetic oxide of iron, and thenceforth the chemical action is completely arrested. If the
interior of an iron pipe has been already oxidised, by passing through it, while in an heated state, a
current of air, there will be no decomposition of steam during its passage through it. If the interior of
an iron pipe were not thus previously oxidised, it would speedily become so by the oxygen derived
from the air which is always mixed with steam.
"Hence, chemically speaking, under no circumstances, in my opinion, would any danger attend the
process of superheating steam, as it is conducted under this patent.
"It is proper also to state that hydrogen is not explosive, but simply combustible, and assuming that
it was liberated as a result of the decomposition of superheated steam, its property of combustibility
would not be manifested in the midst of the enormous quantity of aqueous vapour liberated with it
and condensed around it. There could be no explosion, inasmuch as hydrogen, unless previously
mixed with oxygen, does not explode; and oxygen is not liberated but actually fixed by the iron in
this process. It is a demonstrable fact that the vapour and gas evolved under the form of
superheated steam, tend to extinguish flame and to prevent combustion from any other cause."
[48]

The following circumstance occurred about fifteen years ago with a steam boiler, underground, at
Seaton Burn Colliery, and is a practical confirmation, in a remarkable degree, of what has been
previously stated, of the improbability of any internal explosion arising from the decomposition of
water from heated plates or any other cause. The underground engine was constructed similar to a
locomotive, with cylinders attached outside a tubular boiler. This boiler, in consequence of defects,
was not used: the engine was supplied with steam from a cylindrical boiler placed near. The boiler
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was only two months old, twenty-four feet long, five feet one inch diameter, 16inch plates; furnace
at one end, with flash flue. One safety-valve worked at 40lbs. per square inch, and one common
float, which could not be distinctly seen in consequence of the great heat, the boiler being arched
over. The engineman was prevented getting to the top of the boiler whilst working; to remedy this, a
small cord was brought from the top down to the fire-hole, and there slighted weighted, this being
the only and very imperfect indicator of the state of the water in the boiler.
The engine had been working the whole of the day, with the feed on for several hours before the
engine stopped. The engineman expected the pump was feeding, but could not have taken any care
to prove this, as it had not been feeding water into the boiler. The cord from the float indicated
sufficient water. Steam could not be obtained to keep the engine going. The fireman had a most
intense fire, which, from the deficiency of steam, he had been keeping up. At length the engine
stopped, and could not be moved. The safety-valve gave no indication of over-pressure. At this stage
the engineman called in the foreman blacksmith (in the absence of the enginewright who was ill)
telling him the boiler must be full of water, as they could not get steam with all the firing they could
give. The foreman opened the doors and saw at once the state of affairs. The boiler bottom from the
intense firing was nearly white hot, large scales of iron falling off, and evidently all the water
evaporated; the fire was immediately withdrawn without any explosion taking place. The boiler was
allowed to cool gradually down, after which water was applied over the outside of the boiler and
boiler seat to prevent fire. This being effectively done, the boiler was left for the night. The foreman
gave the following account:—Went back the next morning about seven o'clock, when I took a small
sludge hole door off at the fire end of the boiler. It was eased off, and allowed to fall inside. Did not
observe any rush of air into the boiler. The weases of
[Plate III. Seaton Burn Colliery – boilers now in use which replaced the exploded and other boilers]
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the door and others on the top of the boiler were all burnt. I had a lighted oil lamp standing upon
the ground when the door was eased off. I raised the light to the hole with the intention of looking
into the boiler, when I was surprised by a sudden flash of flame issuing from the hole, and extending
about twelve feet from the boiler; it flashed backwards and forwards about four times, becoming
less and less every time, gradually retreating into the boiler, where, as soon as I could muster
courage to look in, I saw the ignited gas playing languidly about the bottom until it died out. When
the gas first ignited it made no other explosive report than a slight seething, rushing sound.
When the boiler was opened out, water lines could be traced all round inside, about an inch apart,
nearly down to the bottom. Iron scales were laying in the bottom. The plates were twisted and
bulged out of shape, with the rivets quite loose. The top of the boiler was not injured.

The cause of this would seem to be, the engine constantly working had exhausted the steam and
prevented undue pressure, or at least more than the boiler could bear. The engine continued
working so long as sufficient steam could be obtained; the portion left had been decomposed, the
hydrogen liberated, and the oxygen taken up to form the oxide of iron; the hydrogen would get
largely mixed with air through the loose rivet hole joints and where the weases were burnt off, so as
to be slightly explosive, which would fire immediately it came in contact with the flame of the oil
lamp. It cannot but be supposed, had it been possible for a large quantity of water to have been
decomposed, forming an explosive compound, and to have exploded internally, it ought to have
occurred under circumstances so favourable for such a result.
The old boilers being of such large and variable diameters, and not working uniformly together, were
replaced with new boilers of less diameter, five feet six inches being fixed upon as affording
sufficient capacity for raising steam with greatly increased strength. These boilers were thirty-five
feet long; one of them is shown upon plate III. The mountings consist of—
a Five-inch safety valve.
b Steam stop valve.
c Turnbull's alarm whistle float, used as a common float, the tube or rod not being holed, but ready
to be converted into a whistle float, should anything happen its duplicate, f.
d Manhole door.
e Six-inch feed jug, with back pressure valve.
[50]
f Turnbull’s alarm whistle float.
g Five-inch safety valve.
h Unplugging rod.
K unplugging valve.
An enlarged plan of safety-valve is shown upon plate IV., fig. 1. It has a very small mitred bearing
edge, and is guided into its seat by three webs, fig. 2, a, b, c, with rounded edges to give a steady
motion and prevent sticking. This valve is found to work very well.
The feed jug and back pressure valve e is shown enlarged upon plate V., figs. 1, 2, 3, and 4, referring
to the section fig. 1 is the feed pipe. The feed is put on by slipping the weight d in from the end of
the lever: a is the valve. The water passes upwards from the feed pipe m, lifting the valve, when
freed from the weight d, being passed from the extremity of the lever c, as shown by the arrows,
and into the boiler through the pipe n. The pressure of the steam in the boiler is always on the top of
the valve, keeping it shut as soon as the pressure of the feed water is off, thus effectually preventing
any water from passing out of the boiler. The motion of the valve is communicated to the lever e, by
the rod b, which is connected to the top of the valve a by bolt h. Every movement of the valve can be
distinctly seen by the lever moving up and down at every stroke of the pump, thus plainly indicating

when the feed is effective and all right. By regulating the weight d, several boilers can be fed
together, if necessary, supposing the pressure of the steam to be uniform. The handle e is for the
purpose of pressing and turning round the valve, to prevent any dirt getting upon its edges. The set
screw f is only used to secure the valve, by fastening down the lever when the boiler is off work. No
trouble has been caused by these valves getting obstructed by any incrustation, as had been
previously apprehended, nor do these pipes choke up as the smaller ones did. I have been perfectly
satisfied with the useful and effective operation of this kind of feed valve. The following sketches of
small appendages to steam boilers are given for their simplicity, usefulness, and easy application to
any boiler. I have found them in many cases very useful indeed.
Fig. 1, plate VI. is a very simple and cheaply-applied steam trap, for the purpose of preventing
priming, which is well known to be a fruitful source of much loss and annoyance, by the water and
dirt being carried through, injuring the working parts of the engine, and frequently causing a
deficiency of water in the boiler, which, if not observed, might result in serious consequences, or at
least necessitate additional feed water, and,
[Plate IV. Figs 1 and 2. Section and plan of safety valve;
Plate V. Figs 1, 2, 3 and 4. Section, side view, end view and plan of boiler mountings – feed jug;
Plate VI. Figs 1 and 2. Steam trap to prevent priming;
Plate VII. Steam boiler, water gauges]
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consequently, increased, firing, fuel, wear and tear. It is doubtful priming is too often overlooked, or
quietly submitted to as an unavoidable evil, and certainly deserves more attention than is usually
given to it. Fig. 7 is an end view, (a) being the trap, composed of perforated iron, copper, or any
sheet metal, placed at the bottom of the steam jug. Fig. 2 is a side view: (h) is a small pipe to conduct
away the water which may prime into the trap, to the bottom of the boiler, which it does most
effectually; (c c), are thin dash plates to throw off any water which may wash up the sides of the
boiler. Perforated traps have often been used for this purpose, but without the pipe (h), or any other
means for allowing the return of the water from the trap to the boiler, excepting the way it entered,
which it is prevented from doing by the constant current of steam pressing towards the steam pipe,
carrying the water with it.
It is very important to obtain a supply of good clean water for the careful and economical working of
steam engines and boilers. About our collieries an abundant supply is so easily obtained from the
mine, that it is doubtful this source is often depended upon, however unsuitable the water may be,
instead of forming large reservoirs for surface or spring water; which, even when formed, are often
placed in such positions, from the vicinity of pyrites, and other sulphurous mine rubbish, as to cause
the water to be greatly injured by its draining through, and off such pit heaps, and consequent
serious injury to the boilers and engines, with wasteful expenditure of fuel.
The openings into the boilers of water gauges are often placed too near the surface of the water,
both for steam and water, which, in the case of tubular boilers having the fire tube high, often
causes the water to pass into the top or steam opening in such a manner as to be quite impossible

for the engineman to observe the exact height of the water in the boiler during the working of the
engine, or to know the point it will fall to when the engine ceases working, except by estimating
from previous experience. This, of course, is very objectionable, and can be remedied by adopting
the malleable iron pipe (a), from one to two inches in diameter, as shown in fig. 1, plate VII., which is
also extremely useful in cases where boilers are set in masonry, as it is very difficult to prevent the
small pipes of the ordinary steam gauges, when lengthened through masonry, being continually
choked up and rendered useless, from the difficulty of cleaning them out.
The large pipe, fig. 1, can be bent round outside the masonry, and an ordinary gauge, (b), attached—
the steam opening of the pipe (a) being at
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the top of the boiler, where the steam may be assumed as less fluctuating in pressure, and as far
removed from the surface of the water as possible. The lower or water end of the pipe is near the
bottom of the boiler, where the water is comparatively at rest. The result of this is, the water in the
glass tube (b) will be found quite steady, free from great fluctuations, with only a very gentle
movement, and truly indicating the actual height of water in the boiler. The tap (c) is for blowing out
the pipe and keeping it clean. There are openings at the top and bottom of the pipes, in which the
screws (d d), are fitted; also for the purpose of cleaning and examining the pipes.
Where it may be objectionable to have a pipe of this kind outside the boiler, it can be placed inside,
and the gauge (b) connected, as shown in fig. 2—the small tap (c) being brought through the boiler,
and often tried to prove the water end is clear; or the brass tube of the ordinary gauge may be
lengthened, as shown in fig. 3.
The necessary quantity of surface water is not always obtainable: where this is the case, it becomes
necessary to sludge the boilers more frequently. This is usually done by the valve, or cock, used for
blowing out the boiler, thus giving rise to dangerous evils not always detected. The valve may be
gagged by small pieces of dirt getting upon the face, causing a leak that a careless man may not
observe. Care should always be taken to have these points open to observation, or at least the drain
used for carrying off the waste water: any leak may then be easily seen. In many of the older
establishments this cannot be done, in consequence of the waste water drift or drain being only
intended for emptying or blowing off the boilers into, and are not easily accessible or sufficiently
open for inspection. The operation of sludging with the blow-off valve is then attended with a
certain amount of risk, which makes it doubtful, in such cases, whether it ought to be practised at
all. This method of sludging is beneficial to a certain degree, but not thoroughly so.
I beg to direct attention to a very simple and useful application for sludging, skimming, and gauging
boilers; plate VIII. This blow pipe (e) is very simple, and easily attached to any kind of land or marine
boilers. Many parties have lately applied and found great benefit from its use, especially where the
sediment takes the form of mud. It consists of a small malleable iron pipe (e), from an inch to two
inches in diameter, placed inside the fire end of the boiler, extending from the top to the bottom in
a diagonal direction, to a point about one foot beyond the end of
[plate VIII. Sketch of a steam boiler – sludge and scum pipe]
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the fire bars; the bottom edge (f) resting on the boiler bottom. A small hole (g) is bored in the pipe
about four inches below the highest water line, or near the lowest working line of the water in the
boiler; on the outside the pipe (e) is bent down and taken into the firehole, the end being turned to
throw the water into the ash pit. A cock (d) is placed so as to be easily accessible by the fireman. The
end of the pipe is for sludging, and the top hole for skimming and gauging. When the cock is turned,
the mud is forced into the end of the pipe and blown out; at the same time the hole at the top
operates by forming a small whirlpool, which draws any scum from the surface of the water and
blows it out. The useful effect of this hole is proved by observing how quickly a deposit or
incrustation is formed at any point inside a boiler where a small leak exists. When the water is below
the hole the blow pipe blows steam only, which thus forms an excellent gauge cock, unmistakably
indicating that the water is below the level of the hole, and is a useful check upon the floats, should
they be gagged, injured, or sticking fast.
In one case, previous to the application of this blow pipe, it was necessary to clean the boiler
regularly once a month, when about an inch of mud was usually found on the bottom. After the pipe
was applied and regularly blown out, the boiler was allowed to go three months; and, when opened
out at the end of that time, was found quite clean. This boiler, after the application of the pipe, was
detected short of water in time to prevent an accident. The cock being turned and blowing out only
steam, at once indicated the boiler short of water. The cock should be frequently turned and
allowed to blow through a short time, until the water is clear or steam only issues out, as the case
may require; it may be turned a few seconds every half hour. I need scarcely observe there is great
advantage found from keeping the mud out of boilers; the water being clean, and mud kept from
the plates, necessarily causes a saving in fuel, cleansing, and repairs. The following are extracts from
letters received from parties who have used these blow-off pipes:—
Mr. James Gilpin, 101, Pilgrim Street, Newcastle, writes:— I have great pleasure in bearing testimony
to the efficacy of the invention for cleaning boilers, as well as an alarum in case of the water
becoming low. We have tried it now for eight months, and only had the man-hole door off once for
examination, when we found there was not an ounce of deposit of any sort inside the boiler. I think
that any parties employing steam power would much consult their own interests by having it applied
at once."—May 7, 1861.
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Mr. Robert Gibson, engineer, Gateshead Park Iron Works, states:— "We have been using the blow
pipe in two of our boilers now for about twelve months, and we find them to be valuable. When we
unplug the boilers they are quite clear of mud. One good feature in them is, if the engineman should
forget to shut the cock, he can only blow off the water to a given point, viz., to the small hole in the
internal pipe, when the steam rushes out and prevents any more water escaping. I could with
pleasure recommend them to any one using steam engine boilers."— June 18, 1861.
Messrs. Toward and Son, Glasshouse Bridge Iron Works, Newcastle, state:—"They had applied
several blow pipes of this description, which gave general satisfaction. One applied in their own
boiler in the small screw 'Elfin' had been particularly examined after being at sea a month. The boiler
was found nearly as clean as when quite new; in fact, all that could be expected.”—September 4,
1861.

In several boilers working at Killingworth Colliery, from the inferior quality of the water, a large
quantity of shelly scales were formed within the boiler, and deposited in a thick ridge immediately
above the fire, which prevented the water having access to the plate; the consequence was, the
boilers being sharply fired, and working at a pressure of 45lbs. on the square inch,—the plates above
the fire became overheated and were forced down by the pressure, bulging out in a large basin
shape, to a dangerous extent, requiring the most careful watching to prevent accidents.
It was thought objectionable to put in collectors lest the sediment should become embedded
between them and the boiler bottom, and increase the danger. The evil became so great at last, I
had the two collectors (e, e), fig. 1, plate IX, placed within each of the boilers above the furnace, and
weighted down to keep them steady; they have been most effective in collecting nearly the whole of
the sediment, indeed, far beyond my utmost expectation.
This simple arrangement has preserved the boilers to a considerable extent. There has not been a
single case of any boiler bulging down since they were used.
Boiler explosions may often be traced to a deficiency of water, either at the time of the accident, or
at some previous time, causing serious but not immediate fatal injuries; hence, the great necessity
for constant and regular attention, to the supply of water. Where a number of boilers are connected
together, it is very desirable to have a small donkey engine, to ensure the requisite quantity of feed
water being supplied with regularity
[Plate IX. Sediment Collectors – end and side views]
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There are many ingenious plans of self-acting apparatus, for the purpose, but from the complication,
and consequent liability to derangement, it seems doubtful, whether their general application would
not give rise to greater dangers than they are calculated to avoid, by the workmen in charge placing
too much dependence upon their effective operation, and thus encourage neglect of proper
precaution and personal observation, which is imperatively necessary whether the working
apparatus is self-acting or otherwise.
In cases where deficiency of water is detected, workmen ought to be extremely careful, to avoid any
sudden movement of any of the boiler apparatus. It is important that no disturbing influence should
affect the balance of steam and water in the boiler; both must be kept as quiescent as possible; any
sudden motion of the steam relieving the pressure on the surface of the water, is likely to cause the
latter, under such circumstances, to evolve a large volume of steam, of greater pressure than the
boiler can resist.
The safety-valves must not be eased, or the feed put on, and should the engine be standing, the
steam stop valve must not be lifted or the engine moved. The damper should be closed, the fire
doors opened, and the fire covered over with wet dirty coals, or withdrawn, if it can be done safely;
or perhaps it might be advisable to turn a jet of water upon the fire, where such may be available,
and the boiler left to cool gradually down.
It cannot be doubted that boiler explosions may frequently be caused by defects from various
causes, gradually increasing until the boiler becomes so much injured as to be unfit to work at the

ordinary pressure it was originally designed to bear. It is a source of regret that these defects are not
always visible, as they may arise from original defective places in the iron, hidden from view.
Original weakness may also be occasioned by endeavouring to obtain boilers constructed cheaply—a
false economy—offering inducements for makers to use iron plates of an inferior quality in the
construction, as well as bad workmanship, from the employment of cheap, unskilled, or second-class
workmen.
Boilers, even when well constructed, are not always of that size and form best calculated to bear the
pressure intended for a lengthened period; they may thus become overstrained, and slight injuries
at first, gradually increase to serious defects, especially where repairs are slightly or imperfectly
made, or the working management of the boilers unfortunately happens to be in the hands of
careless or inexperienced workmen.
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It is reasonable to anticipate that boiler explosions may at least be reduced in number, by steam
boilers being well constructed of good material, the working steam pressure regulated to suit the
nature and character of the boiler, which ought to be reduced as it may become deteriorated by age
and wear, and not to persist in keeping the working pressure the same as when the boiler was
new—good, and in the best condition for resisting any undue straining; or to suppose it consistent
that, because a certain pressure of steam had been safely worked at for a number of years, that it
might still be maintained with equal safety. Boilers must be carefully used, cleaned, and examined
throughout by careful competent workmen every time they are opened; the mountings of such a
form as effectively to perform what they are designed to do, and examined at short periods, every
hour or less; the feed water regulated by careful and trustworthy men; safety-valves closely
examined; and the firing regulated to the requirements of the engines. These arrangements carefully
attended to, may at least ensure comparative safety.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, OCTOBER 3, 1861, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Cuthbert Berkley, Esq., in the chair.
The recommendation of the Council of 28th September, as to the proposal of the Natural History
Society, having been read,
Resolved,—"That the consideration of the same be adjourned (so few members being present) until
the next general meeting."
Resolved,—"That the printing of the papers read at the Birmingham meeting be proceeded with,
forming Vol. X."
The following gentlemen were then elected ordinary members of the Institute:—Mr. Robert McGill,
Ecclester Villa, St. Helen's, Lancashire; Mr. William Hunter, Morriston, Swansea.

The meeting then adjourned.
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[blank page]
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, NOVEMBER 7, 1861, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary having read the minutes of the Council,
The following gentlemen were elected members of the Institute:— Mr. Chas. S. Wood, Master of the
Mining School, Bristol; Mr. David R. Morrison; and Mr. Edmund Gibsone, Penton, Longtown, Carlisle.
The President said, it would be seen in part 4, vol. IX., of their "Transactions," what the Natural
History Society had proposed, and what the Council had agreed to accept, in reference to an
arrangement between them. The members of the Institute were to have access to the Natural
History Society's rooms, and to deposit their fossils in the society's rooms, &c, for which they were
to give them £20 a-year.
The Secretary—And to pay the expense of fitting up what may be required for the specimens.
The President proposed that this arrangement be sanctioned.
Mr. Forster seconded the motion, which was carried by a show of hands.
The President said, one of the subjects for discussion at this meeting was, Mr. Reid's paper; but Mr.
Reid was not, in consequence of illness, able to attend, and, therefore, the discussion must be
postponed. The papers of Mr. Boyd and Mr. Dunn were also open for discussion; but there was a
paper to be read from Mr. Gibsone which treated specially
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on a portion of the Northumberland and the Canobie Coal-field, and also on the district comprised in
Mr. Dunn's paper. He would propose, therefore, that Mr. Gibsone's paper be read first. They might
then go on with the discussion of Mr. Boyd's and Mr. Dunn's papers, if it was thought advisable.
Mr. Marley then read Mr. Gibsone's paper on "The Geology of the Border Districts of Dumfriesshire,
Cumberland, and part of Roxburghshire, including the Coal Formation of Canobie, &c."
The President said, the reading of this paper put a different feature on their proceedings, with
regard to the discussion on Mr. Boyd's and Mr. Dunn's papers, from that which existed before, when
notice was given of the discussion. The question was, whether, after having obtained such a mass of
valuable information on the geology of the district of Canobie, and on the coal-fields of North
Northumberland and Cumberland, they should proceed to the discussion of these papers. It was

quite clear that the importance of the Canobie coal-field, which had been so well brought out by Mr.
Gibsone, justified their taking particular notice of it, with reference to the entire district. It was quite
clear that they could not at once go into a consideration of the whole matter, which had been laid
before them, or go into a discussion of the district generally with any sort of profitable occupation,
until they had time for reflection, and until the paper was printed. They had not, likewise, seen the
plans, which were very important to the discussion, especially to gentlemen who were not
acquainted with the district. He felt rather inclined, therefore, that they should postpone the
discussion of Mr. Boyd's and Mr. Dunn's papers until they had all the information before them.
There was, as they knew, another paper to read—a short one—and it was desirable to read it now,
as it was of importance with reference to other papers which they had previously read.
Mr. Marley said, perhaps if Mr. Boyd had any additional remark to make on the subject of his paper,
he might make it now, and then they might postpone the discussion.
Mr. Boyd said, he did not think he had got anything new with regard to his paper. He felt that there
was a great space between the two points embraced in the two papers—between the district
described by him, and the district treated by Mr. Gibsone. It was a most important paper. He had
never met with more illustrative and practical geological observations, in any book or paper than
those made by Mr. Gibsone. There was a great deal of scientific information in it. With the assistance
of a
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discussion, by which they would be able to join the paper of Mr. Gibsone with his, and with some
account which he expected the President would bring forward on the North Tyne district, they
would have the series complete. If they had the paper from North Tyne, they would then have the
connecting link. He therefore strongly recommended that the discussion should be postponed.
The President said he had intended, if the discussion had gone on, to lay before the meeting several
sections, to show the geological connection of the coal-field which had been so ably described by
Mr. Boyd, with that of the North Tyne, and also with the regular coal measures. In reference to this,
he had made a section of the North Tyne—a detailed section, which had been given to him by the
late Mr. Thos. John Taylor, when he was on a visit to that coal-field with Mr. Marley. Mr. Taylor had
subsequently given him an outline of the coal-field of Plashetts, which was the great coal-field in
that district, and with the subordinate coal of Mounses. He had also some plans connected with
Canobie. Mr. Gibsone's paper, however, had given them a great deal of information which they had
not previously possessed, and he thought it would be better not to go on with a discussion, which
indeed would be premature until they had the whole of the facts before them. So far as he was
individually concerned, he would rather that the discussion was postponed till Mr. Gibsone's paper
and plans were printed and circulated, but he would take the sense of the meeting on the question.
Mr. Boyd said, he believed the district described by Mr. Gibsone would be more difficult than his.
The outcrop in the latter, from the sea coast to the extreme west point, embraced only six miles, but
it comprehended the whole series, from the coal measures to the red sandstone. After reaching near
to Belford, towards North Tyne, the carboniferous series spreads out into a much broader space —
about twenty miles. That would make the identification of that district more difficult to accomplish,

but still it was not a difficulty which could not be overcome. A person with great care and power of
identification would be able to connect the two coal deposits of Scremerston and the Plashetts.
Mr. Dunn said, there was another reason for postponing the discussion. Boring was going on in the
neighbourhood of Canobie. They had already reached 145 fathoms, and they were intending to
prosecute it to 160 fathoms. There were also new facts as to the new red sandstone in Cumberland,
which were in course of investigation.
The President said, it would take some time to engrave Mr. Gibsone's
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plans, so that it would not be possible to have the discussion until the February meeting.
Mr. Marley—If it was understood that everything should be got ready for February, the discussion
might be postponed until that meeting.
The President said, the importance of the discussion would justify them in considering the whole
question most carefully before they came to express themselves upon it, and to inform themselves
on all the points which Mr. Gibsone had brought forward. It would indeed be a most interesting
discussion. He did not know any section in the world so complete as the section along the sea coast
of Northumberland and Durham. You begin with the Cambrean and lower Silurian rocks, at Berwick,
and go up into the lias formation, on the Tees. It was a discussion that would open out the whole of
the different formations, and of all the different deposits between those two distant epochs. He
intended to have gone fully into the whole subject if the discussion had gone on; but as it seemed
very desirable to postpone the discussion until Mr. Gibsone's plans and paper were printed, he
would not trouble the Institute with any observations thereon at this meeting. He would, however,
consult the Council if it might not be desirable to lay before the Institute, the sections to which he
had alluded, with a view to their being printed, and in the hands of the members before the
discussion in February.
Mr. Marley wished to know if Mr. Dunn had anything to add to his paper before the discussion was
adjourned. He wished particularly to call his attention to one part of it, viz., the district between
Wigtown and Carlisle, which was coloured as new red sandstone. Mr. Binney, of Manchester, had,
he was probably aware, read a paper before the Geological Society of Manchester, in which he
pointed out the fact, that there was a portion of the lias found at this particular place. He (Mr. M.)
would be glad to lend Mr. Dunn a copy of Mr. Binney's paper, if he thought it would alter his views in
any respect as to the geology of that district. He only wished that the fact should be put on record.
Mr. Dunn said, it was not his wish to go into a controversy with Mr. Binney. He brought facts and
authorities in support of his views of the geology of that district, and Mr. Binney might, if he pleased,
bring authorities on the other side.
Mr. Marley said, he was not aware that Mr. Dunn disputed the fact. If he did, that would put a new
face upon it altogether.
Mr. Dunn said, it would be premature to go into the subject at present.
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The President said, the fact might be quite consistent with Mr. Dunn's views.
Mr. Marley said, all he wanted was to have the fact put on record. Mr. Dunn led the public to believe
that the whole of the district was covered with new red sandstone. He (Mr. M.) wished it to be
understood that there was a small tract of lias; and if this were of any value at all, it would go to
establish the fact that the rest of the strata was new red sandstone. The late Mr. Thos. John Taylor
called the President's attention to it, in connection with the examination of the North Tyne.
Mr. Dunn—This statement can be brought forward in the discussion.
Mr. Atkinson's paper on the Elsecar Ventilating Fan was then read, after which the meeting
adjourned.
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[Plate I. Geological plan of the Border district of Dumfriesshire and of Cumberland with Liddisdale]
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A GEOLOGICAL PAPER ON THE BORDER DISTRICTS OF DUMFRIESSHIRE, CUMBERLAND, AND PART OF
ROXBURGHSHIRE, INCLUDING THE COAL FORMATION OF CANONBIE, &c.
By EDMUND GIBSONE.
INTRODUCTION
The area of the geological map (plate No. I.) accompanying this paper extends from the head of
Liddisdale around Langholm, to midway between Annan and Dumfries with the border of
Cumberland. The paper contains a brief description of the silurians and old red sandstone, the
carboniferous limestone group, the coal formation and permian strata, or what has been usually
called the new red sandstone. Details are also given of the most remarkable igneous rocks, or trap
dykes, and faults seen in each class of strata. The dip or inclination is indicated by arrows on the
map, of different lengths, and a few of the long joint bearings are given in the paper, and will be of
use as showing what connection they have with the large faults near them. Every district has been
carefully investigated on the spot, the boundaries of each group marked, as exactly as the ground
would admit, and, as a subject interesting to mining engineers, the situation in the district where any
attempt to find antimony, lead, coal, or ironstone has been made (and these mineral trials are not
few or far between), are pointed out on the map to those of recent date.
The small sections of the different formations on the map, plate No. I, will assist the reading of the
paper, and the others are given from characteristic or interesting sections of the strata itself, and
renders any lengthy description unnecessary; yet it is somewhat surprising that this
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remarkable coal formation has received little attention from professional geologists, and this, no
doubt, has led to the very imperfect representation of the strata in geological maps, and which it is
the object of this paper to rectify. With the coal sections are given reduced plans of the workable
seams.

THE SILURIANS
The slate is seen in Liddisdale, a little above Peel Fell, skirts round by Arnton Hill, and appears again
near Sandhopeburn, Mosspeeble, Langholm Bridge, Torbeckhill, Burnswarkhill, Dalston, on the
Annan river, where the map terminates. The Silurians are all very much inclined in their lamina or
beds, sometimes contorted. They generally have the dip to the south; a thick stratum of soft slate is
seen near the old red sandstone, of a pale green tint; the hard is also met with near the old red, and
most abundant, of a pale greyish blue colour; a harder, of a deeper blue and a coarse stratum, is
sometimes seen, of a brown colour, but the slates are generally fine grained with veins of quartz and
calcareous spar. There are also, in the northern or upper country, igneous rocks or dykes, which is
beyond the object of this paper to enter into; but it was found necessary to mention the silurians
near the old red sandstone, and places pointed out where antimony has been seen or mined, and
lead trials made; in Hazelberry Hill, Grange Fell, and Westwater, lead; near Crawthwaits Hill and
Glendinning Mine, above Langholm, antimony. At Glendinning it was worked to some extent from
1793 to 1798, and produced 100 tons regulus of antimony: width of vein from five to twenty inches,
containing antimony, lead, and a little silver. Plate No. II shows the section of the workings. On the
death of the then proprietor, it was given up. On a recent visit to this mine, I found it standing clear,
with a few of the workmen's cottages still remaining.
The slate is used for building purposes, but no roofing slate has ever been observed. The valleys run
in a northerly direction, and the mountains have that rounded form suited for sheep pasturage, and
from the natural drainage by the nearly vertical slate beds, a short fine grass is abundantly
produced.
No fossils of any description were observed near the overlying old red sandstone.
THE OLD RED SANDSTONE
Resting on the previously disturbed silurians, and on the map forming
[Plate II. Old sections of borings for coal]
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a well-defined boundary, are the rocks known as the old red sandstone. They are nonconforming to
the slates, and in the lower subdivisions lie with little inclination, and may be considered the
commencement of the carboniferous strata, there being in many places a perfect blending of the old
red into the carboniferous limestone, and that again into the coal formation, and closing with the
permian; but these divisions are useful, readily indicating to the eye some well-known and
distinctive strata in each on the map.
The lowest rock seen is a dusky brown red gritty but soft sandstone, of great thickness, enclosing
rounded quartz pebbles, succeeded by others having water-worn pieces of slate, brown and blue,
obtained from the Silurians on which they are deposited; they pass upwards into finer brown
sandstones, some highly micaceous. These are followed by pink and white and yellow sandstones,
divided by layers of soft crumbling clays—colours, light yellow, light blue, purple, and red. The lower
strata of brown sandstones have curious blotches of white and greenish blue colours, going deep
into the rock, of different sizes, being the chemical change of the colouring iron. The whole strata of

the old red shows little change from one part of the district to another: they are divided by fissures
and joints, occasioned by the movement of elevation. They are also accompanied by an
amygdaloidal trap dyke (see map), the sequence of disturbance which will be more particularly
alluded to hereafter. The workable sandstones become short and of less value as they come near
the dyke, from the heat of such a large mass of trap, as examples of the undulatory movement in the
old red sandstone, Peelburnhead, Liddisdale; they are out of sight below the next group; are seen in
the streams running into Liddel, and skirt round Arnton Hill, whose projection into the valley of
Liddisdale has been alluded to; are below in Hermitage water, near Dinleeburn, then rise to a great
height, forming portions of the hills towards Langholm; sink below at the bridge there; slowly rise
towards Burnswarkhill, and then gradually depress towards the Annan water.
The best exposures of the stratification are round Langholm and Mosspebble, where the mountain
streams have cut them many hundred feet; also at Dawstonburn, Liddisdale. The yellow and white
sandstones, with coloured clays, are well seen north from Linnbridgeford, Kirtletown. There the
upper sandstone of Langholmhill and Burnswark has a low position in the district, is coarse, and a
deep yellow colour, with large quartz pebbles in it, and is five feet in thickness, followed by purple
and blue clays, three feet; white sandstone, four feet to water level.
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The sandstone in the quarry at Langholmhill stands the weather: is white, with a light yellow cast,
divided by three feet of light clay, the under bed of sandstone being about fourteen feet in
thickness. (For the quarry near Burnswarkhill, see the section, plate No. III)
FOSSILS.
I have seen no fossils in the foregoing sandstones, excepting a calamite in the yellow coarse
sandstone near Kirtletown, Kirtlewaterhead. It was turned into coal, but not a very sharp impression.
No remains of marine life, such as fish, &c, are to be seen; but it may be as well to mention, that in
the extensive old reds of Roxburghshire, near Liddisdale, Windburghhill, remains of holoptychius
nobilissimus (bones and scales) have been observed. A limestone apparently belongs to this group,
seen at Limekilnedge, but it contains no fossils.
Three attempts to find coal in the old red series have been made, one at each extreme point of the
group (see map), viz., Castlemilk (1791), twenty-nine fathoms; Linnbridgeford (Kirtlewater) a section
of the bore is given in plate No. II, and shows a thin seam of coal; Limekilnedge, near the quarry, in a
dark shale a thin streak of coal was said to be found, but they wisely gave up after expending £70.
Geological science has shewn how hopeless it was to explore the old red sandstone for workable
coal.
Two trials for lead have been made in this group, by short narrow drifts, near the trap dykes at
Torbeckhill and Roanfell.
THE CARBONIFEROUS LIMESTONE
Lower Series.—Under this designation is embraced the limestones in close contact or in the old red
sandstones. Limekilnedge quarries, dark, thin, poor limestones (often hydraulic lime), hard yellowish
brown sandstones, black, dark grey, and blue shales—all close to the old red proper. A short

distance from these are thicker limestones— blue, and occasionally with thin red-coloured posts and
shale in the westward, near Ecclefechan; with layers of ironstone, but the latter are of no great
thickness. These are followed by limestones, shales, and sandstones, with thin coal seams and
coarse yellow sandstones passing into and succeeded by the thick limestones forming the floor of
the coal formation. The sandstones of the thick limestones are generally unworkable; the thin coal
seams a little thicker than the earlier formed. The Limekilnedge old quarries dip about one in six to
[Plate III. Section of Limekilnedge quarry;
Plate IV. Section of Irvine Burn - Esk]
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the east. The rock is intermixed with pure grains of crystallised calcspar, and some of the cavities are
lined with crystals of red-coloured calcareous spar. I have not met with these limestones anywhere
else. The upper white limestone post contains a good deal of sand in its composition.
First Quarry.
Ft. In.
Red clay, with balls of limestone White sandstone

-

-

-

-

Limestone, top, reddish post
„

middle, white do. -

„

under, dark blue do.

-

-

-

-

-

6 0

-

-

-

26 0

3 6
1 4

-

-

2 0

For the second quarry, see plate No. III.

Lawriston quarry, Liddisdale, and the quarry near Ecclefechan, are very good examples of the hard
blue limestones passing from thin posts to thicker.
The Lawriston lime quarry, lying with slight inclination to the hill or south-east, viz.:—
Ft. In.
Soil.......
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-

-
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-
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Shale
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-

-

-

-

-

-

-

-

-

-

-
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-

-
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8 0

The buff-coloured thin posts of limestone incidentally seen in Liddisdale, near the old red, possibly
contain magnesia in their composition, and to which they possibly own their colour. About midway
between the carboniferous limestone series on the map, a group of thin fine-grained blue
limestones are met with, accompanied by coarse yellow sandstone, blotched with green, red gritty
sandstones and white, with red and blue shales between the limestones, and a four-inch coal seam.
They are exposed at Muirburnhead, and partly at Irvinburn, on the Esk (see plate No. IV), and are
seen occasionally going towards Springkell, and near the Annan. I have not observed this series
farther up Liddisdale than Muirburnhead, and in the shale there I saw veins of soft calcareous spar in
this set; but the red incidental tint of the strata prevails more in the Annandale district, the mass of
thick sandstone and shales,
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with thin coal seams, forming the hills to the south of Newcastleton, may contain them. Redcoloured rock, and blue and black shale, with a thin coal seam, appear near Bailyhill, Linewater,
Cumberland, and northwards from there, limestones, sandstones, shale, with thin coals, dipping
more rapidly towards Canonbie coal-field. Beyond them, in Linewater, an enormously thick
sandstone, of a white colour, dips gently towards the same point. (See the general section on the
map, plate No. I., from Langholm to Holywell.) Three wells are in the formation, having "an ancient
and fish-like smell;" they are of the usual sulphureous character, the first at the head of Liddel and
North Tyne, the second at Holywell, Cragburn, Cumberland, and the third at Blouch, near Wauchope
water, towards Langholm.
Upper Series.—The lower group pass into the thick limestones, or upper series, by white and yellow
sandstones of finer grain, with thicker beds of black and blue-coloured shales, and accompanied
with numerous seams of coal, from a few inches to one or two feet, sometimes detached, and at
other times close to some of the limestones.
The principal stratum worked is one fully thirty feet thick, all pure limestone, with a four-feet post of
limestone, and a ten-inch seam of coal a little below. It is being opened out for the railway at
Peterscrook, where it passes into England. Harlawhill, Springkell, and Kelhead, beyond Annan, are
the same limestones. One of the series in Haythwaiteburn, near Peterscrook, is conglomerate,
containing very small pieces of water-worn silurian slate, with blue and flesh-coloured patches of
pure limestone. This conglomerate tendency is also shown a little near Springkell. Some of the
limestones there have a green-coloured clay dividing the layers forming the post; the incidental
westward red colouring of the shale, &c, is also met with there in the upper series. Plate No. V gives
the thick limestone strata, as exposed at Pentonlinns, and illustrates the enormous movements this
group has passed through. The limestones then become less frequent and thinner, and pass into a
large mass of sandstones with shales, ending with a yellow sandstone of considerable thickness,

followed by shales and sandstone, accompanied with one or two workable coal seams, and forming
the millstone grit of the Canonbie coal formation.
The whole district through which the carboniferous limestone formation stretches is disturbed,
crushed, broken up, and contorted, giving evidence of the fearful forces brought into play to raise,
depress, and fold them over at its will. The thick limestones, &c, seem to have had a wave-like
[plate V. Sections of thick limestone series. Pentonnlinns, river Liddel, and of Millstone grit fault,
shewing the upper coal strata and the lower Permian beds. Ackerbeck Burn]
Plate VI. Section of Oakshaw Colliery strata]
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movement of elevation, at Peterscrook; it is in the river, dipping east, and rises high at Harlawhill,
dipping to the west. At Archerbeck Burn upper bridge it sinks below, and is seen in Byreburn and Esk
river, dipping southwards; dips out of sight towards Springkell, and is again seen there; is out of sight
in Annan river, and again rises at Kelhead, dipping to the east—the whole-forming the edge of a
basin, in which lies the coal formation, overlaid by the permian formation. In addition to the faults,
numerous trap dykes are shown on the map, carefully laid down, and which will be more fully
attended to by themselves. The old red and this series, taken as a whole, bear a resemblance to the
Irish and South Wales group; and the rather unusual geological meeting of the two former with the
permian, takes place midway between Dumfries and Annan. (See map, plate No. I.)
FOSSILS.
The fossils in the lower strata are not very numerous, but become so higher up in the limestones and
sandstones. Lauriston, &c, and Ecclefechan, contain small producta, &c. In the red series, I saw none
but the coal seam, and a great number of calamites in a brown sandstone northwards from
Springkell, in this series. The thick limestones in the upper series, with their shales and sandstones,
contain stigmaria, calamite, lithodendron plicatum, &c., syringopora, trilobite calemene,
actincrinites, productus spinosus, productus humerosus, productus martine gigos, spirifer,
orthoceras, eumphalus, cythophyleun, nautilus vidorsatus, &c, and coprolites. Tracks of sea worms
and the wave ripple are also seen in the sandstones.
Many attempts have been made to find a thick seam of coal in the limestone group, but hitherto
without success: the places are shown on the map. At Kelhead limestone quarry, a bore found the
ten-inch coal seam below the thirty-feet post. At Aiket Muir, Hodom (near Repentance Tower), a
thin seam was found (plate No. II); at Knockhill and Ecclefechanburn, Chapelhill, Springkell,
Liddisdale, near Lauriston lime quarry, Bellsburn, and Tweedenheadburn, Kershopeburn, &c, thin
seams are found; at Nichol Forest, Cumberland, by numerous pits and bores; and over towards
Linewater, thin seams sunk to, and many bores put down on Liddelbank, where, it is affirmed, by
one of the borers living in the district, that one of them found a seam five feet thick (but the journal
is lost), depth of bore fifty fathoms from surface. For many years a small colliery there worked out a
thin seam, about one foot six inches, and
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below it a two-feet seam is still unworked; and on the south of Liddel also is a two-feet seam. The
ten-inch coal below the thirty-feet limestone of Peterscrook, was also worked in old times by day
level, 150 yards by 120 yards of wall face. In the Haglinnburn, head of Carwinlayburn, Cumberland,
two thin seams on edge were formerly worked; also a little pit, for a thin seam and a coarse cannel.
Of all these trials and little collieries going, perhaps thirty or forty years ago, only one continues to
be worked, at Oakshaw, in Bewcastle, by a long day level. The quantity of coals raised is about 2,700
tons—a ton and a half being the collier's shift. The rent is from £60 to £100 yearly. (For strata see
plate No. VI dip, one in seven S.W.)
At Hagbeck, Solport, the following seam was at one time worked:—
Fath. Ft. In.
Shale -.
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Coal.......

0 1 0

White freestone
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-
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-

- 1 3 0

Coal.......
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Bluestone Coal

-

-

-

-

-

-

-

0 0 4
0 0 7

Dipping to the S.W. one in eight.

A trial for ironstone was made, two or three years ago, near the coalpit at Linewater, by Bailyhill, but
I saw nothing to justify such— a blood-red sandstone may have been mistaken for hematite. A little
lead ore is found in the joints of a vertical limestone in the Blackburn, near Newcastleton. Great
quantities of lime are used throughout the districts under survey, and sold at about 5s. per ton—the
distance from fuel being the regulating price of lime. The lime produced at Harlawhill quarry was
3000 tons yearly, and gave a profit of £150. Extensive quarries are also at Springkell and Kellhead, in
Annandale, the lime in all being very pure.
THE COAL FORMATION.
Lower Series.—A thick series of sandstones and dark and blue shales, and one conglomerate post,
Esk river, and one four feet post of impure limestone, containing shells, accompanied by a thin coal,
is seen in Archerbeckburn and Penton Liddel, and above this latter a thick stratum of black shale and
white and yellow sandstones, these forming the floor or foundation strata, on which rest one or two
seams of coal, formerly worked at Byreburn, on the Esk, Archerbeckburn and Penton, in
Cumberland.
[plate Va. Sections from the Millstone grit – Penton railway cutting]
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The above-mentioned group are the millstone grit of some of the English group, and have no
relation to the central Scotch coal-fields. At Byreburn, in addition to the coal, they contain large balls
of ironstone, from two to three feet diameter, and which I found to give thirty per cent. of cast iron,
a four-inch band of the Kidney hematite iron is in blue shale, Penton cutting, being the same as
found in West Cumberland, but in disturbed edge strata. The millstone grit, or lower series, has
suffered denudation, and only portions of the coal seams referred to are found in a stretch of four
miles.
At Hollows Bridge, on the Esk, is a small piece abutting against the limestone being the first seam,
called the lime coal, having about ten inches of coal above and below a rib of dark stone, about eight
inches thick. It is seen in Archerbeckburn and the old Penton Colliery, Penton. At Byreburnfoot,
south of Hollows Bridge, it comes on again, the rocks bending down to the south, and gradually
getting vertical as they pass below the permian group. Twenty fathoms up is the three-quarter seam,
or two feet nine inches. This seam is denuded at the burn of Archerbeck, but is on at Penton railway
cutting and in the Liddel. Both the seams were worked at Byreburn and Penton old collieries, the
railway passing through the pits and old workings of Penton Colliery. Four fathoms above this, at
Byreburn, is the next seam, called the Main Coal.
Ft. In.
Upper bed

-

-

Carving of blue metal
Bottom coal

-
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-

-

-

-

-

-

-1
0

-

3

7
9
0

In an old report it is stated, that in sinking the pits through the sandstone, the top bed was often
found wanting. This seam is completely denuded at the burn of Archerbeck, and also in the Penton
old workings. The series are coals of good quality, but the strata is like the carboniferous limestone,
subject to great disturbance and faults, and were worked in Byreburn at little or no profit in the dip
workings, by means of water bucket engine and winding water wheels, the water being brought
from Tarras, a crush was brought on from leaving too small pillars, the Byreburn broke in, and now
levels itself in the river Esk. The Penton old coal workings are drained by day levels, and a small piece
of the field remains below the level of Liddel. At Penton, about sixteen men and boys were
employed, and the coals taken on the backs of horses to Longtown; afterwards, about that number
in Byreburn, &c.
A reduced plan of the levels and faults of Byreburn is given, and shows the line of the disturbing
forces better than any lengthy explanation.
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The section, plate No. VII, shows the denudation of the coal seams, and bending of the strata
towards Byreburnfoot; and a shows them on at Byreburnside, protected by the strata being
compressed, and forming a hollow curve. At Penton railway cutting, the millstone grit series,
including the coal seams, form part of the radius of the curved limestone series seen below in the
Liddel, and resembling the Byreburnfoot movement, by bending easterly to the limestone fault,
running north, and dipping in the other direction nearly vertical below the permian beds to the

southward. At Hollows Bridge is a small Roman fort, in a sort of angle, formed by two steep rocks
facing the water; and a deep ditch has been cut for defending the other side, with the usual military
bank. On digging into this ditch, I found the coal cut out as well as the covering soil, and little doubt
can be that the old Roman soldiers worked and burned the coals during their weary and cold stay. A
very large square fort lays a little beyond. It is to be regretted the large one is only saved from
obliteration, by being partly in the wood, and recently a road for gravel has been most unnecessarily
made in the ditch of the lesser one. Another of the same is on the south side of Liddel, but is
protected by the railway embankment of the river, and is kept entire.
THE UPPER OR THICK COAL SERIES.
From the upper strata of the previous subdivision to the first workable seam in the coal-field proper,
in order of time, but not of discovery, a space occurs, that at present the exact thickness cannot be
given; but a bore put down thirty fathoms from the seam above mentioned, found only thin seams
of coal. The section shows their thickness and position. They are succeeded by the seven feet seam,
then two fathoms three feet of fire clay; and then the five feet seam, divided by two thin ribs of
stone and clay; then about eleven fathoms of white sandstone; and then the five feet six inch seam,
about eleven fathoms of sandstones and shales brings the series belonging to the eleven feet seam,
with roof of blue soft shale; followed by the six feet seam, or old main coal; and then the four feet
seam, or three-quarter, the last workable seam and the first in the order of discovery, containing,
from the top to the bottom of this group, thirteen seams of coal, or forty-seven feet of coal, the
thinnest being two inches in thickness, and the largest eleven feet thick, divided at the bottom by
one foot of clay, and then two feet of coal, making in all seven seams of workable coal, amounting to
about forty feet six inches,
[plate VII. Plan of the Byreburn Millstone Grit coal seams;
Plate VIII. Plan of the Canobie Coal-field;
Plate IX. Upper sections of the Canobie Coal-field]
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not including the millstone grit. The area is very limited (see reduced plan of coal-field, plate No.
VIII). In the west, or Rowanburn, the dip is from one in three to one in five, and to the west of
Archerbeck workings, about one in ten to fifteen. Regular and fair working portions are in the area,
but the coal-field is much broken up by faults.
Section (b), plate No. IX, is in the line of level or strike, and shows a somewhat interesting series of
faults, from the great dipper to the south, by which the coal formation is hid under the permian
strata to the last on the east, that brings up the millstone grit at Archerbeckburn and Liddel district.
The principal fault between these two is one of about 200 feet upthrow to the east, and passing
through the Byreburn series and the limestone in the Esk and towards Liddel. Another cuts off the
upper coals to the north, running westerly in the same direction nearly as the permian fault to the
dip.
Section (a), plate No. IX, shows the strata from this fault, with inclination of the coals from the dip to
the outcrop. By referring to the plans, maps, and sections, the run and amount of throw can be

found, and more readily seen, than by any lengthy description. A considerable portion of the field
has also, like the others, been washed off during the drift, and portions of the seams were worked
with nothing but a deep sand roof, which did very well, and was not very different from some of the
soft metal roofs.
The coals are very good household coal, and of a coking quality, but several of them have splint,
some in the top, and others towards the bottom of the seam, the splint working large, and being a
powerful steam coal. They resemble the East and West Cumberland coals, and some I have seen in
the pits in North Lancashire.
Section, plate No. X, shows the whole stratification, embracing some of the lower new red
sandstone, as it is usually named, but there is nothing but a regular passage from the coal to the
permian beds, and as far as this district or part of the kingdom is concerned, I would feel disposed to
drop the term lower new red sandstone, as conveying an idea that two different formations lay
above the coal or carboniferous strata. At the top of the section is a coarse sandstone, seen in the
cliff and old workings of Archerbeck, variegated with yellow, white, and deep red, and containing
coal plants. This sandstone is in two posts, about eight feet in thickness over all, the blue clay which
divides it being one foot: it is very irregular in hardness and colour. The next is white and bluish
shale, with a thin post of brown and yellow sandstone, with thin ribs of coal, followed by a deep blue
and white stratum of hard sandstones, containing
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a great deal of lime, boiling-freely with the acid test, followed by dark shale and blue clays,
containing two ten-inch seams of coal; then brown and blue posts of sandstone, gritty, but soft, and
having thin partings of blue clay between them down to the first working seam. In a four-fathom
stratum of fire clay below, it is a rib of hard stone containing lime, iron, and clay, and full of shells;
and then a hard post of blue sandstone, containing lime; from thence, black shales and blue slate
clay beds, with posts of white sandstones and coal seams, and then the seams of coal become thin
and unworkable. From the absence of strata of carboniferous limestone intermixed with the coal
seams of this coal-field and that of Cumberland, and the central coal-field of Scotland being so
arranged or intermixed with limestones, an earlier date must be given to that valuable accumulation
of coal, ironstone, and limestone in the Glasgow district.

FOSSILS.
The fossils of the coal formation are numerous, and contain many fine impressions, the impure
limestone and shale of the millstone grit contain many casts of a small sized spirifer, and I have seen
a few of the coal plants occasionally in its sandstones; they lie in the direction of the posts of
sandstones, sometimes quite flat and turned to coal, occasionally a large round trunk is met with,
and which, no doubt, was floated and sunk ultimately to the bottom of the waters there.
In the upper series, in the black shale beds, containing the two ten-inch seams near top of the
Engine Pit, plates Nos. IX and X, the scales, spines, and coprolites of a fish are very abundant, and in

the four-fathom clay bed below the first working seam, and in the black sandy shale above the sixfeet coal seam, a shell lingulo is very numerous, but do not extend any farther down. From the
coloured strata at top of section, plate No. X, to bottom of the eleven-foot seam the fossil plants are
very plentiful, and some fine specimens were found in sinking the Engine Pit, they seem to have
been floating about and sunk down with the sand and clay; one trunk of a lepidodendron was met
with twenty feet long, lying in the coloured strata above the uppermost working seam, having a thin
coating of coal, one-eighth of an inch, and below it the usual markings, it would be about two feet in
diameter. The stigmaria was always found with their long roots down through the clay beds; in a thin
division of the eleven-feet seam, about three feet from its top, numerous fossil trees were seen from
twenty to thirty feet long, pressed flat, and almost invariably lying in a north-eastern direction. In
the bottom clay very fine specimens
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were also observed; but short and intermixed with each other in every direction; below this seam no
fossils were met with, excepting stigmaria in the fire clay below the seven-feet or lowest working
coal; only two circular rings of coal were in the roofs.
List of fossil plants seen:—Astrophyllites, equesetiformis, sigillaria organum, sigillaria reniformis,
sigillaria caleulouta, &c.; lepidodendron, selaginoides, lepidodendron sternbergii, favularia nodosa,
stigmaria ficoides, catamites (different specimens), sphenophyllum, erosum, &c., &c. This embraces
the coal formation and permian strata, but a few remarks on the latter will be found in treating of
the lower permian beds.
The workings for coal in the millstone grit, and the very frequent trials in the old times in the
carboniferous limestone have already been mentioned. Only one recent bore has been put down in
these rocks, two or three years ago, on Springkell estate, to the depth of about ninety fathoms. One
or two thin seams of coal were intersected, the thickest not exceeding fourteen inches. When the
water stopped the works at Byreburn, an attempt was made to work the lower seam, or lime coal, in
Archerbeckburn; and while doing this, the burn cut down and exposed the upper seam of
Rowanburn and Archerbeck series, turning up against the millstone grit dyke there; the tenant of the
coal-field, a Mr. R. Lomax, of Clayton Hall, Lancashire, brought up a cross cut day level through the
permian beds until it intersected the four feet seam, and then passed westward until the 200 feet
fault was met with, and cutting a long drift to the rise passed the seam and found the next or six feet
seam by mistake, and following the crop arrived at Rowanburn. From the lime coal of the millstone
grit being on the one side of the Archerbeckburn, and these two having something of the thickness
and clay division in the middle of the thickest, it was assumed they had the three-quarter seam and
main coal of Byreburn turned somehow upside down, and they received the same old names. The
tenant then got a life rent of the coal-field, and put up a small atmospheric pumping engine, and
worked out the whole of these two seams by means of a horse gin, and sinking about seventy pits
varying from thirty fathoms to ten fathoms in depth. On the tenant's death, the whole was again
resumed by the Duke of Buccleugh, a drift was then driven to the rise from the bottom of Engine Pit,
and found the eleven feet seam. A bore was then put down one of the gin pits and found the next or
five feet six inch seam, and another bore put down in the crop
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of that seam found the seven feet or lowest seam. A new pit, with high pressure winding engine,
was fitted up, and afterwards, a new pumping and coal drawing shaft, with Cornish pumping engine,
and high pressure winding engine, and the usual modern appliances. The demand rapidly increased
and supplied the districts of Hawick, Annan, and towards Carlisle. About 100 colliers were employed,
and the profits were at the rate of £1,300 for each 1.0,000 tons of coals raised; this includes every
charge excepting rent and income tax. The workmen on the average produced two tons of
household coals per shift, and were paid at the rate of one shilling and eightpence per ton; if the
man found a putter he hewed four tons. Selling price, 5s. 10d. per ton. The two upper seams, when
near the permian fault, had their joints filled with lime spar. The eleven-feet and five-feet six-inch
had carburetted hydrogen gas, and were ventilated and worked on the Newcastle system: the
others had a large flow of carbonic acid gas. The eleven-feet seam having a soft slate clay roof, three
feet of coal was left on for a roof, and workings narrow. All was readily got in taking out the pillars.
The seven-feet, and the five-feet seam two and a half fathoms above it, were worked first by narrow
work, and large pillars were left, and then the upper pillars taken out, and the seven-feet following
up behind, no difficulty was found in taking the coal properly out, as stated, even below the sand.
The faults required every caution in crossing to get them done cheaply, the steep inclination being
met by incline planes. The Border Union Railway has a branch to the colliery, but a considerable
proportion of all the seams have already been worked out. No ironstone or cannel coal worthy of
notice has been observed in the upper series.
THE PERMIAN FORMATION
The lower conforming permian beds are exposed in Archerbeckwood and burn, with the Canonbie
coal seams lying below them, and all dipping towards the south in the angle of the millstone grit
fault and the permian or great upthrown fault to the north (plate No. VIII). After passing this fault
the permian group becomes nearly level, with occasional disturbance of inclination to Liddel, and
then rises towards the south, having also a gentle south-west dip towards the Solway Frith. But at
the Esk, Archerbeck, Liddel at Penton, and in Carwinlayburn the edge of the lower beds are turned
up against the carboniferous strata, the upper beds lying shaken and gradually with less inclination.
Towards Annan the upper beds lie very level, with dip south-east if anything; round Longtown they
are
[Plates X and XI. Sections of coal strata of the shaft etc. at Canobie colliery and Permian strata fo the
borehole at Inch on the Netherby estate]
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nearly level; at Rockcliff, south-west from Longtown four miles, the dip is gently to the north. The
whole district, taking Longtown as its centre, is a thick stratum of brown-red sandstone with a little
white, and succeeded by a deep coloured clay containing thin veins of gypsum; and in Carwinlayburn
a coarse patch of a yellowish colour, containing very small rounded pieces of lime, shale, and silurian
slate; it does not appear of much thickness. At Comlongan Castle, beyond Annan, a conglomerate
bed is met with, containing angular and rounded fragments of slate, and pieces of granite with red
brown sandstone; a red clay is next exposed, near the viaduct of the railway over the Liddel,
containing thin bands of sandstone, and having brown limestone about ten inches thick; this appears
to be only in the form of balls or lumps, seen in the bottom of the foundation of the bridge. On the
south side of the Liddel a thick stratum of light grey sandstone is seen slowly rising towards Penton;

below this a thick stratum of variegated clay, brown and bluish-white with green; then follows the
brown red sandstone in which the Netherby bore commences, situated about half a mile from the
Canonbie coal-field.
Plate No. XI is the additional strata, discovered by boring or identified therewith on the surface.
From the top of the bore to about sixty-eight fathoms consists of numerous beds of shales and clays,
red, brown, and grey, with gypsum, and a few of brown and grey sandstones. At this depth a post of
white and red argillaceous limestone is met with, the outcrop of which, and strata following it, is
seen in Archerbeckburn. Portions of the strata are to be seen in Liddel, &c, that lie above the
limestone. This lime is followed by red, brown, spotted, sandy shale and marl, containing small balls
of lime, red and light coloured, followed by thin posts of grey sandstone and brown, and one bed of
purplish blue shale; and at about 100 fathoms a yellow and white and purple clay was passed,
followed by brown shale, and one dark blue clay bed, followed by brown shale; and at 109½ fathoms
a hard sandstone was met with, followed by softer colours— blue, white, and brown, divided by one
or two thin beds of sandy brown clay, with white and light blue clay in it. This was followed by fine
light blue clay and white sandstones, and below which, is a very dark brown, almost black shale;
then followed softer blue and white sandstone, and blue shale and clay; and then a coarse grained
red, yellow, and white blotched sandstone was cut, of the same appearance and thickness as seen in
Archerbeckcliff, upon the coal measures. This is followed by sandy variegated clays, yellow, brown,
puce,
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Blue, and white, with thin ribs of hard sandstone, and others containing lime and iron, and
resembling the coloured set seen in Archerbeckburn, that pass into the coal measures there.
Referring to the section for minute details, I may now briefly describe the few interesting permian
beds beyond the coal seams, cropping out in Archerbeck, and forming the passage of the one group
into the other, and which are the series in which the bore is at present 140½ fathoms, the bore
being in the top, and this the lower beds of the set.
Plate No. XII shows this strata coming from under the coarse sandstone and strata on the east and
west side of the wood, resembling that found in the bore above-mentioned. The section also shews
the millstone grit fault at this point, the whole of the strata from Penton Liddel coming up to the
surface after each other in a wave-like movement, followed by the coal measures of the upper
series. Of course, it is only where the burn and rivers intersect the strata they are seen, the bore as it
were coming from time to time upon them; nor is it to be expected that any bed will be perfectly the
same three-quarters of a mile off. Brown and white mottled clay, gritty, with yellow spots and balls;
then puce-coloured shale, with ribs of stone, six feet; brown and greyish limey sandstone, containing
a little pure lime, yellowish coloured, four feet; variegated clay, white, puce, and a very little yellow,
six inches; brown sandy clay, ten inches; light fire clay and blue clay, same as Canonbie Pits, four
inches; puce, grey, and light blue sandy clay (firm), with stigmaria in abundance below the blue clay,
reddish brown gritty clay, four feet; light blue fire-clay, spotted with brown (numerous stigmaria), six
feet; brown and blue variegated soft sandstone and red clay oxide, six feet; passing into light blue
sandy clays, with one or two beds, from one to two inches thick, of red oxide of iron, soft, and filling
the joints of the other beds near it, eight feet; one foot of light sandstone; light and dark blue clays,
one or two feet; coal seam, one foot six inches; and passing into section, plate No. X, the strata on

the east side of the burn contain stigmaria and the leaves of lepidodendron; and taking these
sandstones and coloured beds, with the upper portion of the coal formation seen in Canonbie Pits
and Archerbeckburn, with the strata cut in the lower portion of the borehole, that two miles from
this borehole to the north, near Hollowsbridge, and two miles to the south (Carwinlayburn), the
same carboniferous rocks are brought up from under the permian strata, and although nearly
vertical, they incline towards each other, it is a reasonable inference to
[Plate XII. Permian Magnesian Limestone Series]
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assume a valuable coal-field lies below the permian formation there. That the permian beds
originally covered the Canonbie coal-field cannot be doubted, and a portion of these, with some of
the coal measures, removed before or during the deposition of the drift sand. This has been the case
in West Cumberland, where the permian beds have overflowed the limestone beyond the coal-field,
and being denuded, leaving the fissures of the limestone filled with hematite ore, or sand of the
same nature as the red clay oxide of iron in the section of the permian beds of Canonbie. Fine
sections may be had at St. Bees, &c, of the permian, and, in addition, the trias or new red sandstone.
It must be admitted that very considerable movements have taken place before and during the
formation of the permian strata in other parts of England, and it would show little knowledge of
geological discoveries if any one affirmed that a large coal-field existed under these, from Aspatria to
Canonbie, and from there to the coal-field on the east of Carlisle. This, more or less, may be the
case, as the disturbing forces came after, in a great measure, the permian sedimentary accumulation
here; but to enter into disquisitions of this nature is of very little practical value. The only chance to
find a coal-field below these beds is by boring or sinking near the exposed coal measures, in the first
attempt, as has been done very successfully near Manchester; but, though bearing a resemblance to
the permian beds of that district, the Canonbie beds have not a very close one, and have little or no
resemblance to the permian strata of Durham or Nottinghamshire, &c*. The quantity of clay in them
makes the strata very free from water; and one square mile of the upper series would yield 200,000
tons yearly for 150 years.
No fossils were met with in the upper beds, or in the quarries or railway cuttings; the quantity of
sand, clay, and red oxide of iron suspended in the sea, and no sheltering bay being near, possibly,
being the reason; and as for the labyrinthodon of the district round Dumfries, he has not left footprints, testimonies, vestiges, or development anywhere in the area embraced in the map. I may
mention, being employed by the late Sir James Graham, of Netherby, to report on, after
* In using Sir R. Murchison's term, "permian formation," the name permian beds is adopted for the series on
the west side of the kingdom, the limestone being thin or almost absent, and the clays being predominant in
the set; permian strata for the Durham or eastern, where the magnesian limestone is of great thickness, and
forms the characteristic feature of the formation there. A new term has lately been introduced by German
geologists, viz., "dyas," instead of permian. The frequent change of geological names is a great annoyance, and
certainly unnecessary in this case.
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examination of his estate, for the finding of the Canonbie coal-field, the district was fully looked
over, and with former investigations carefully compared, and a trial by boring recommended so near
the Canonbie pits, as to make it a question of depth only; and if the coal measures should
unfortunately not be reached, a knowledge of these beds have been obtained which may ultimately
lead to the discovery of the coal-field below the permian formation.
TRAP DYKES AND FAULTS.
Beyond the limits of the general map, igneous rocks pass from the head of Liddisdale by Wisphill,
Westerkirk, and Eskdale Muir. They vary in colour from a light yellowish red to a deep brown, and
are porphyry and amygdaloidal porphyry, running in a north-westerly direction, and may be of
earlier date than the trap dykes which it is the object of this paper to describe. They come up at
intervals in the silurians, and are the only ones I am aware of in them, and perhaps have flowed up
during the movements of the silurians, when they assumed their nearly vertical position. The trap
dyke a on the map, plate No. I, commences near Windburghhill, a little beyond the head of
Liddisdale, and passes by two branches, enclosing the two limestone quarries of Limekilnedge,
towards the hills round Langholm, and are seen in the streams and hills as shown on the map,
occasionally stopping and reappearing again, generally dividing the old red sandstone; but at
Langholm Bridge, near the slates, passing towards Burnswarkhill, and seem to overflow the strata in
the lower ground towards Annan river, and Dalton beyond. The dyke changes occasionally from
greenstone to basalt, and to greenstone porphyry, as at Torbeckhill. At Langholmhill and
Burnswarkhill it is amygdaloidal, containing almond-shaped holes in it, being the bubbles of gas in
the irrupted lava relieved from pressure; the same dyke at the foot of Langholmhill is solid and close;
at Burnswarkhill many of these holes are partly filled with a verditer green earth. At Windycleuch,
Liddisdale, the greenstone is accompanied by trappean conglomerate, containing pieces of white
sandstone two feet long, pieces of black shale, white limestone, and fragments of red and blue slate.
Although great disturbance follows this dyke, yet the old red generally lies with little inclination, but
is rent by wide fissures and joints. The trap dyke b is a sort of branch of the former, taking Carbyhill
and the Gilburn to Tinnishill as its centre of force. This dyke crosses from Roanfell, Tinnishill, Esk
river, and Catgillburn (Springkell), entering the permian strata there,
[Plate XIIa. Great Permian fault, river Liddel]
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and is no more seen. It is a greenstone; but at Blackburn and Tinnishill is accompanied by tuff or
volcanic ash; in fact, Tinnishill is entirely of ash on the outside, but in a kind of circular cavity on the
top, pieces of loose basalt lie about. It would appear as if showers of ashes had been first blown up
from the interior of the fissures, in some places, followed by the molten trap, and the tuff
consolidated round about under water. In Blackburn the stream has cut it at least seventy feet deep,
and Tinnishill forms one of the bearing points of the marine maps of Solway Frith and Silloth port: c
comes from Peel Fell, crossing Dawstonburn, Rickerton or Railway Junction, and is seen in all the
streams and hill bottoms to Castletonkirk, crossing the Liddel, and entering the hills by
Whitehaughburn, and in Tweedenburn at Clintcleuchlinns, forming a fine cascade there; attains its
culminating height at Carbyhill, passing through Kershopewater and Liddel, joins Greenahill near
Liddelbank, and passing the high range of ground at Craigs, is seen tilting the strata at
Archerbeckburn, above the upper bridge, crossing the streams to Esk a little below the other, and

then forming one dyke to Catgillburn, where it stands some twenty feet high above the adjoining
permian formation and millstone grit, and is there changed from greenstone to porphyritic
greenstone: d is a branch from this dyke, crossing near a ruined cottage called Hudshouse, North
Tyne; is easily traced from Thorlieshope, Lawriston Fell, and Dinleybyr Fell, and, crossing the
Kershope, enters Cumberland towards the black and white line river. Along the fells the strata lie
with little inclination, but are opened into wide joints, which would drain the rain falls rapidly off
these fells; but the dykes, no doubt, act as a barrier wall or dam, forming damp thin peat moss. Two
trap dykes branch from Carbyhill, crossing the Kershope water, and are of a more crumbling nature
than the other, but disturbing the limestones in the burn, and everything else. The carboniferous
limestone formation has suffered great displacement from the whole of the preceding dykes, in
connection with the faults, and more so in the neighbourhood of the coal formation than any other
area, if the one or two miles of edge rocks in the black line water be excepted, being thin beds of
limestone, shale, and sandstones, enclosed in c and d, as they pass through Cumberland, bringing up
the same class of strata at Oakshaw Colliery, as seen near the old one of Liddelbank, and forming the
dividing ridge and change of inclination towards Newcastle on the one side, and the Solway on the
other. The whole district change their local inclination frequently; and even the old red shews a little
turning up near the
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trap in Liddisdale, accompanied, there, with large masses of jasper rock or calcedony, red and white.
They are greenstone, but are dark, resembling basalt on Carbyhill, and the sandstone there becomes
short as it closes with the trap. At Greenahill, c, the trap turns up the limestone on edge on the
south side, while on the north side the limestone is cut off without disturbance; but Archerbeckburn,
upper bridge, the strata is on edge on both sides of the trap dyke, and it is generally the case
excepting that of a.
By referring to the map, plans, and sections, the run of the principal faults are given, but in a country
covered frequently with deep drift or a boulder clay, some may be left out as to their actual length,
and small ones would confuse the map. Every care has been given to them and the trap dykes, as in
these manifestations of geological force the key to what is unseen can only be obtained. (See map,
plate No. XIII.)
In Blackburn, Tinnisburn, Meerburn, Kershope, and Esk, &c, the disturbance from the sedimentary
level assumes the form of the letter W, the strata being as it were compressed together. The
limestone strata at Springkell has also this compression, or forcing together, before passing
downwards below the permian. In Penton Linns, it is the form of a curve, &c, while at or above
Oakshaw, in Bewcastle, they are nearly vertical. The coal-field is cut off to the north of Byreburn by a
large fault, moving in a south-west direction between the millstone grit and the limestones; and one
in the same direction is seen in Carwinlayburn, but the strata turns round towards Brampton, as it
closes on the permian strata, each post being left behind, and hence it is impossible to say if the coal
formation go on towards there, or the permian strata overspreads strata like that in Bewcastle. One
thing is evident in the geological movements of this district, that an upheaval of the different
formations towards the east slowly went on, bending the beds upwards, possibly without much
disturbance; that afterwards large areas were cracked by movements in the earth's crust, and the
molten trap flowed up like mud in some places, and in others, being more confined, pressed

upwards and tilted the strata near them; that some portions of this district were lifted up, other
parts were not so much so, and these where the cracks or fissures formed like the letter V to each
other, and the other areas formed like the letter A between the trap dykes, that portion of the strata
would be level; but A being raised from below, would then drive the others to every shade of
inclination until the various broken sime hardened stratification reached the wave line of the sea,
and then began the
[Plate XIII. Map of the Penton Millstone Grit seams. The Limestone faults, and permian beds, Liddel]
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work of denudation, the currents and ice deporting the water-worn rocks and soft materials from
them in every direction in accordance therewith. Such may still be seen going on at St. Bees to this
day.
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DENUDATION, AND THE DRIFT OR BOULDER CLAY.
At the risk of extending this paper to a greater length than at first intended, I have made a few
additional remarks on the drift, as it is generally called. On the tops of the high hills beyond
Langholm are blocks of white sandstone, the same as the rock below, and on the slate hill between
Langholm and Arkleton Craigs; on these hills and on Roanfell, and also on the fells on south of Liddel,
these blocks are found, but no granite ones or boulder clay is seen; a white sand, about seven feet
deep, at Roanfell, &c, covers the sandstone, but in many places nothing is on the sandstone but
peat, giving the district a wild and desolate appearance. In summer a coarse herbage springs up.
These hills have, therefore, been raised that high that while the waters flowed over them they left
no deposit of clay or sand such as is seen below their summits; a little lower in level a dull red blue
till or clay is met with, sometimes many feet in thickness, intermixed with water worn pieces of the
upper sandstones of a red colour, &c, with pieces of silurian slate, granite
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boulders from a small size to four or five feet in diameter, the large ones lying generally on the top
of the boulder clay, as in the high grounds near Christonberry Crags, Cumberland, and in Liddisdale
valley. This till seems to have at one time filled all the hollows to a great depth, as, at the head of the
White Line, Wauhopewater, near Langholm, about fifty feet deep, containing a great number of
granite boulders; and in the Liddel, below Peterscrook, it is in isolated patches, but much thinner in
depth towards the lower country. Near the pits the till or boulder clay contains pieces of coal from
one inch to five inches long, firmly imbedded in the clay, with pieces of slate, sandstone, and
limestone, all water-worn and rounded. A portion, of a deeper blue, containing large fragments from
the coal strata, with a large number of limestone boulders of considerable size, is to be seen in the
railway cutting at Penton and Harlawhill quarry, the limestone blocks being mostly on the top and
covered by the reddish boulder clay, and singularly mixed with the other and a yellow clay. This
latter clay sometimes covers the sand and gravel layers; the sand is very deep to the north of the
colliery, and in thin layers of about three-quarters of an inch, and so firmly pressed as to lift in flags
of one or two feet square; near the air-shaft it is pure brown clay below a quicksand, the sands and
gravels spread out in isolated areas from Liddisdale, above Newcastleton, to Carwinlayburn district,
Rowanburn and Byreburnfoot, west side of Esk at Brockwoodlees, Linnbridgeford, Mein Water, &c.
In addition to the foregoing, a number of gravel hills are met with on the west side of Canonbie,
Torcoonhill, &c, and Dalton, near Annan river; a lower range is to be seen in the low ground to the
westward of Kellhead lime quarry, and at Longtown or Authuret; in the fields to the eastward of
Annan (Dornock) a quantity of amygdaloid trap lies scattered about, and also near Rowanburn; the
pieces may be from three to four inches long, showing that the dykes had been irrupted before
denudation caused their removal from the mass forming the dykes.
Near Liddelbank, and stretching S.W. from Greenahill, is a very remarkable ridge of gravel, about
three-quarters of a mile long, and about twenty feet in height, round at the top, and in shape like

some old military embankment, covered with a thin green sod. The gravel consists of small pieces of
sandstone, slate, and granite, and an odd bit or two of coal. It is situated a long way above the valley
of Liddel water, and is again met with in sand and gravel layers on the south. It appears to have
originated in this way, viz., when the strata of the district was
[Plate XIV. Sections of Mein Water, 50 feet high, Penton railway cutting 20 feet deep and Kirtle
Water 30 feet high]
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raised to its present level, the sea washed off and removed portions of the old red, &c, and
carboniferous limestone, millstone grit, coal measures, and the permian strata (which it readily
would do) raised up, crushed, and soft to what they are now; that these were rolled and tumbled
about in a shallow sea, and the clay carried forward as being light and easier floated; that masses of
ice carrying the larger stones and the granite and limestone boulders forward, and dropping them as
the summer's heat melted the ice; and the sand being heavier, by the flow of the waters, was
formed into layers, as may be seen at Silloth, &c, on the Solway, and westward of Annan-foot; that a
small glacier formed round the hill tops in the upper part of Liddel valley, of which the white sand,
and blocks of sandstone, and the Liddelbank ridge are the evidence. The level of the sea was then
slowly lowered, the flowing currents washing away considerable portions of the boulder clay and
sand layers, leaving the country as it now is, except what has been farther removed by the rivers and
streams; and then, continuing at this present level, the action is less noticeable in the Solway, but
nevertheless it is the same marine action that forms the gravel and sand-banks now. The granite
boulders are from Criffellhill, &c, near Dumfries, and are all rounded, and masses of ice would easily
be floated with them, from there towards Langholm, Liddisdale, and Christonberry Crags, during the
cold climate then prevailing, dropping some as they surged along.
I have, therefore, come to the conclusion that the drift here was formed towards the close of the
glacial period; that no movement of a local nature took place after the deposition of the drift, as the
sand layers are level, and the dykes and faults do not thrust up points of rocks through the clay till or
sands; that the sea level gradually fell from the top of the heights, by the sinking of the bottom of
the Atlantic, being the compensating movement for the previous upheavings in what now is the
district under survey; and He who as it were held the hills in a balance, and regarded the isles as a
very little thing, said to the sea, "Thither shalt thou come and no farther;" and the trembling strata
remains at rest to this day. But why these movements should not again take place is not the object
of this paper. No glacier shells, or any shell or remains of any kind found in the drift elsewhere, are
seen in this.
Plate No. XIV. shows the sand and gravel beds, Mein Water, and as they are seen elsewhere; also the
upper and lower red boulder clays, near Kirtletown and other places; and the blue boulder clay,
Penton railway cutting. The quality, and, as a sequence, the rental of an estate or farm
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depending on the run of each kind of drift through it, and not on the particular strata of rocks below,
as generally assumed.

In conclusion, an endeavour has been made in this paper to state facts, and to avoid speculative
geology as much as possible. The usual assumed thickness in feet of each formation is unnoticed;
but the vertical section on the map, plate No. I, gives the approximate depth of each to the other.
Enticing as the questions are, whence came the sands, clays, and lime filling up the bottom of the
ancient deep with the early sea and land life— the vegetative attaining its full development in the
coal formation—the enormous length of period embraced—the change of climate from warm to
cold and temperate, are left to the investigation of those who delight to find out the ways and times
of the Creator, "for whose pleasure they are and were created."
ADDENDA.
By referring to the vertical section on map No. I, alluded to on the foregoing page, the numbers of
the plates are given, showing the position of the various sections taken from each formation,
including plate Va.
Plate Xlla, is a continuation of the Penton Linns section (plate V.) through the great permian fault,
showing a portion of the lower permian beds, containing a band of hematite iron ore, three feet
thick, peculiarly intermixed with firm thin brown layers of clay on the top, and pure white towards
the bottom.
Plate Xlla shows the Carwinlayburn fault, with the magnesian limestone exposed, about two or three
hundred yards up the stream, above the conglomerate bed mentioned at page 79. This
conglomerate contains, in addition to limestone cement, &c, rounded pieces of hard white
sandstone in some places. The section contains the magnesian series, which consists of grey and
purple shales, white, brown, and yellow sandstones, passing into the Archerbeck lower section. (See
plate XII.) These variegated clays are partly exposed in the Haglinnburn, along with the coal seams of
Byreburn, all coming up nearly vertical, with a slight inclination towards Canonbie. The magnesian
series, &c, are exposed near Rodingend, and in the Lyne; and towards Malsgate, on the Geological
Map, plate No. I., I have discovered a coal-field, with a seam of coal five feet eight inches in
thickness. This small part of the map I was unable to complete from personal observations before
the proof was returned, having met with a severe accident while making the investigations. The
geological discoveries stated in this paper are of great interest, and must be the excuse for the
number of drawings, &c, illustrative of the subject. Penton, by Longtown, Sept. 10, 1862.
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ON THE PERFORMANCE OF A VENTILATING FAN AT THE HEMINGFIELD PITS OF
THE ELSECAR COLLIERY.
By JOHN J. ATKINSON.
On the 3rd of the last month, in company with Mr. Armstrong, of Wingate Grange, Mr. J. R. Liddell,
of Netherton, Mr. W. A. Potter, of Mount Osborne Collieries, and my colleague, Mr. Higson, of
Manchester, I had an opportunity, with the kind permission of Mr. Hartop, of witnessing the
performance, as a ventilating power, of the fan in operation at the Hemingfield Pits of the Elsecar
Colliery.

Under the impression that reliable information on the subject of the performance of ventilating
machines, in comparison with furnace action, is not only very useful at the present time, but eagerly
sought for by many of the members of this Institution, and at the request of its President, I beg to
lay before you an account of the machine or fan alluded to, accompanied by drawings of a fan of the
same general character and dimensions, in operation, I believe, at the Simonwood Pit of the Elsecar
Colliery; the principal, if not the only difference between the fan at the Hemingfield pits, and that at
the Simonwood Pit, being, that while the former is set in masonry, and only has one central opening
for the return air to enter by; the latter is set in a wrought iron casing, and has two central openings,
one on each side. A fan similar to that at the Hemingfield Pits is now in operation at Tursdale
Colliery, in this district. There is also submitted to your notice, an account of the experiments made
to test the power and economy of the fan, on the occasion of our visit; and of some of the
inferences and conclusions which have been drawn from them.
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As the experiments were made with a special object in view, they are neither so numerous nor so
varied as might have been wished. In connexion with the workings or mine ventilated by the fan, at
the Hemingfield Pits, there are two downcast shafts, each 468 feet in depth. One of these is used as
a winding shaft, and is elliptical in section, its transverse diameter being ten feet, and its conjugate
diameter nine feet; the other downcast shaft is circular in section, and ten feet in diameter, but has
three lifts of pumps in it; being the engine pit.
There are also two upcast shafts, employed exclusively for ventilation; they are both circular in
section, the one being nine feet, and the other seven feet in diameter. These two shafts are, near
the surface, brought into one, which opens into the central part of one side of the fan.
The downcast shafts are situated at a distance of about 530 yards to the dip (of the strata), from the
upcast shafts; the dip being about one in eleven, or 3¼ inches per yard.
The workings ventilated by the fan extend about 726 yards in one direction, and 770 yards in the
other, on the level course of the strata, and embrace about 136 acres.
DESCRIPTION OF THE FAN
Diameter, outside of the extremities of the vanes, twenty-two feet eight inches; diameter, outside of
the rim, twenty-two feet. The extremities of the vanes project ten inches beyond the rim of the fan.
Diameter of the fan, on the inside of the rim, sixteen feet ten inches; width of the vanes, five feet;
depth of the same, three feet.
The vanes are stated to be fixed so as to form an angle of 45°, with a line drawn to them, from the
centre of the fan. This particular angle, it was stated, had been found to give the best results, by
special experiments made for the purpose of finding the best angle for the vanes.
There are twenty-six vanes in the fan, and it has seven arms, to which the rim is attached.
The vanes are not curved, but quite straight.

DESCRIPTION OF THE ENGINE.
The fan is driven by a steam engine, having a vertical cylinder, and a connecting rod attached to a
crank at the extremity of the main shaft of the fan, so that the fan makes a revolution for each
double stroke of the engine.
[Plan of the front elevation of the Elsecar ventilating fan at the Simonwood Pit Elsecar Colliery; and
Ground plan of the building at the Elsecar ventilating fan, at the Simonwood Pit Elsecar Colliery]
[91]
The engine cylinder is twenty-two inches in diameter.
The length of the stroke of the engine is also twenty-two inches.
The engine is worked by means of three boilers (cylindrical, with hemispherical ends, and having
wheel flues), each of which are thirty feet long, over all, and five feet in diameter. All the three
boilers were at work when the experiments were made on the 3rd of October; but it was stated that
two of these boilers were ordinarily sufficient to supply steam for driving the fan.
The pressure of the steam, during the experiments, was 43 lbs. per square inch; but 40 lbs. per
square inch was stated to be the ordinary working pressure, i. e., the pressure on the boilers.
The average quantity of air circulating in the mine, under the ordinary working of the fan, was stated
to be 88,000 cubic feet per minute, with a water gauge of 0.5 to 0.6 inch at the fan, which, of course,
includes the shaft resistances.
The average number of strokes of the engine, during the ordinary working of the fan, was stated to
1

be sixty per minute, and the coals consumed six and a half tons in twenty-four hours, or 109 lbs. per
minute. Near to the principal fan, an auxiliary fan is erected, to be employed only in the event of the
larger fan being stopped for repairs, or from any other cause.
This small fan has an outside diameter of only fourteen feet.
The cost of the large fan, with the engine, was stated at £450; but this does not embrace the cost of
the boilers and mason work, nor that of erecting the fan and engine.
The air was only admitted on one side of the fan at the Hemingfield Pit; but, as has been stated,
there is a fan of a similar description at the Simonwood Pit of the Elsecar Colliery, having two air
inlets, one on each side, by means of external iron casings, which render it somewhat more costly.
The following is an account of the experiments and observations made on the 3rd October, 1861:—

Temperatures of the downcast shafts Do.

of the upcast shafts

-

-

Top.

Bottom.

54°

54¼°
60½°

The air might be considered as being saturated with vapour at the surface, and also in the returns;
there being a difference of only half a degree between the wet and dry bulbs of a Mason's
hygrometer.
[92]
There are five separate return air-ways leading into the bottoms of the two upcast shafts, the
dimensions of which are given below, as taken at the points where the air was measured.
[see Table in original text.]
Note 1st.—No. 2 experiment was made immediately the pit stopped working; and No. 3, not until a
few hours after it had stopped.
Note 2nd.—The quantities marked * are only estimated, as the anemometers did not move with the
currents.
It was intended to have made an experiment with the fan working at seventy revolutions per
minute, but owing to some slight defect in the fan, this velocity could only be maintained for a very
short time, without endangering its breakage, there was, consequently, only sufficient time to
observe the water gauge to be 0.9 inch, at this high velocity.
About sixty revolutions per minute appeared to be the highest speed at which the fan could be
worked with safety.
After this, with the view of ascertaining the amount of water gauge which the fan was capable of
overcoming, the top of the upcast (above where the two shafts were confined to a single channel)
was contracted by means of a pair of folding doors, and the following' experiments were made:—
[sketch of Side elevation of the Elsecar ventilation fan at the Simonwood Pit at Elsecar Colliery]
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No. of Expts.

Inch.

4.—In the ordinary working of the fan, at sixty revolutions per minute, with the top of the upcast
open, the water gauge was observed to be
0.6
5.—With the fan making sixty revolutions per minute, and one-half of the top of the upcast closed,
by means of one of the folding doors, the water gauge was still about
0.6
6.—With the fan making sixty revolutions per minute, and one of the folding doors closed, and the
other at an angle of 45°, or half closed, the water gauge was
----0.7
7.—With the fan making sixty revolutions per minute, while the ventilation of the mine was entirely
suspended by closing off the top of the upcast by means of the two folding doors, the water gauge
was only ------0.8
8.—In a previous trial, with the shafts all open, and the fan making seventy revolutions per minute,
during a very short time, the water gauge was observed, as already stated, at - - 0.9

The ventilating pressure arising from the air in the ascending parts of its route, being of less density
than that in the descending parts (owing to an increase of temperature, or of the quantity of vapour
in the air) is not only generated, but also expended in the mine, on overcoming the resistances
offered by the shafts and air-ways of the mine; and, consequently, does not operate upon or
influence a water gauge connecting the outer atmosphere with the fan at the top of the upcast
shaft—the place where the water gauge was ascertained—so that this pressure, which gives rise to
the natural ventilation, is not shown by the water gauge, although, in all the experiments, it is a
force operating in conjunction with the additional force created by the fan; so that the actual power
given out by the fan is simply that which is due to the pressure created by it, and actually indicated
by the water gauge, taken in connexion with the actual quantity of air observed to be circulating at
the time.
The remaining or natural pressure, not shown by the water gauge, but arising from the temperature
and vapour rendering the air of less density in the ascending than in the descending parts of its
route, may be regarded as being sensibly constant; and, although not shown by a water gauge
placed at the fan, near the top of the upcast shaft, owing to its being expended before reaching that
point, would operate equally in favour or aid of a furnace or of any other ventilating power that
might be employed at the same mine, in lieu of the fan, and ought, therefore, to be neglected in
calculating the power due to the fan.
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Neglecting, therefore, this source of natural ventilation, the real power given out by the fan, and
utilized in the production of ventilation, is, by No. 3 experiment—
74,718 𝑥 0.7 𝑥 5.2
=
33,000

8.24 horse power, where 5.2 is taken as the pressure in lbs. per square foot, due to

one inch of water column.
By No. 2 experiment, on the same principles, the fan gives out, as utilized,
82,294 𝑥 0.8 𝑥 5.2
=10.374
33,000

horse power.

Now, if we presume that, at the time of making the 2nd experiment, just alluded to, the boiler fires
were consuming the ordinary working quantity of six and a half tons of coals per twenty-four hours,
or 606⅔ lbs. per hour, we have a consumption of

2240 𝑥 6

1
2

24 𝑥 10.374

=58.48 lbs. per horse power, actually

utilized, per hour.
In cases where furnaces are employed to produce ventilation, the consumption of coals per horse
power really utilized in the production of ventilation, varies to a great extent, under different
conditions, as to depth and sizes of shafts, and of air-ways; and as to the relative state of dryness or
dampness of the walls or brattice of the shafts; being in some instances much greater, and in others
materially less than the amount just stated as being due to the fan, in this instance.
The following account of the consumption of coals per horse power utilized, per hour, by different
ventilating furnaces, in use in different collieries, is extracted from page 143 of Vol. VI. of the
"Transactions" of this Institution.

[see Table in original text]
It may, however, be remarked, that a furnace would have operated
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under very disadvantageous circumstances with an upcast shaft like that of the Hemingfield Pit, at
Elsecar Colliery, owing to its being no more than 360 feet, or sixty fathoms in depth.
Under such a condition, in order to have got the same amount of water gauge, and, consequently,
the same amount of air as was yielded by the fan in No. 3 experiment—the pressure indicated by the
water gauge being superimposed upon the naturally existing ventilating pressure—an average
upcast temperature of 152.8° would have been required, as will appear from the following
considerations.
The head of air-column, taken at 54° and 30 inches of mercury, due to the natural difference
between the temperature of the air in the downcast and that of the air in the upcast shafts, taken at
54° and 60.5° respectively, would be

60.5−0.554
=
459+6

4.5 feet.

But since the temperature of 60.5° was that of the return air as it reached the bottom of the upcasts,
and since there would be a little cooling from the expansion of the air as it ascended the upcast
shaft, it is probable that the average temperature of the upcast column was slightly less than 60.5°,
and in order to allow for this, in lieu of taking 4.5 feet, only 4.16 feet of air column will be assumed
as the ventilating pressure arising from the natural difference of the temperatures prevailing in the
downcast and upcast shafts, respectively.
But, taking the weight of a cubic foot of air, saturated with vapour at 54°, and under a pressure of 30
inches of mercury, at .07704 lbs., there would be required, to give a pressure equal to that
represented by 0.8 inch of water column, a further column of such air and vapour of
0.8 𝑥 5.193⅔
=
0.07704

54 feet in height.

Making a total height of such air column (including that due to natural causes) of 54 + 4.16 = 58.16
feet, and the average prevailing temperature, required in the upcast shaft, in order to give such a
pressure, will be found from the formula T = 459 H + dt / d - H
Where
T = the average temperature of the upcast column.
H = the height, in feet, of air column, arising from the difference of shaft temperatures = 58.16 feet.
d = the depth of the upcast shaft = 360 feet.
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t = the temperature of the downcast shaft, and of the air column H, or 54°.
From whence, T =

459 𝑥 58.16+360 𝑥 54
360−58.16

= 152.8°, as above stated.

But, taking the temperature of the return air at 60.5°, and the barometer at thirty inches of mercury
(the return air being saturated with vapour), we have 30.000 inches of mercury as the barometrical
pressure, and 0.527 inches of mercury as the tension of the vapour; leaving 29.473 inches of
mercury as the tension of the air.
Now the weight of a cubic foot of air, at 60.5°, and under 29.473 inches of mercury, is

1.32529 𝑥 29.473
459+60.5°

= 0.07519lbs The weight of a cubic foot of vapour of water, at the same temperature, and under a
tension or pressure of 0 527 inch of mercury, is

0.07519 𝑥 0.527
29.473

= 0.622 = 0.000833 lbs.

And taking the capacity of water, for heat, at unity, that of air and vapour of water, under a constant
pressure are .238° and .475° respectively ; so that the capacity for heat, of the returns, passing over
the furnace each minute, is equivalent to that of
0.07519 x 82,294 x 0.238 = 1,472.67 lbs. of water, and
0.000833 x 82,294 x 0.475 = 32.56 lbs. of water.
or, together, to 1,505.23 lbs. of water.
And admitting that so much of each pound of coal, applied to the furnace, as is actually burnt, yields
13,000 calories or units of heat, the coals required to elevate the temperature of 82,294 cubic feet
of such saturated air, from 60.5° to 152.8°, or through the difference of (152.8 - 60.5 =) 92.3°, would
be

1,505.23 𝑥 92.3
=
13,000

10.687 lbs.

So that, if even there were no loss of temperature by cooling in the furnace drift and upcast shafts,
this would be the necessary consumption of coal by a furnace, to do the same work as the fan, if
employed to supersede it, in the ventilation of the Hemingfield Pit at Elsecar Colliery.
But if we presume that one-third of the heat given out by the furnace
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had been lost by cooling, when the air reached that part of the upcast shaft at which the average
temperature prevailed, then the consumption of coals by a furnace, to have given a ventilation of
82,294 cubic feet of air per minute, at a pressure of .8 inch of water gauge (in addition to the natural
ventilating pressure), would, in this particular case, have been 1½ x 10.687 = 16.0305 lbs. per
minute, or

16.0305 𝑥 60 𝑥 24
2,240

= 10.35 tons in twenty four hours, in lieu of only 6.5 tons, used in driving

the fan, to produce the same amount of ventilation.
This last result gives, for a furnace, in so shallow a shaft, a consumption of 92.71 lbs. of coal per
horse power utilized, per hour; compared with one of 58.48 lbs. used for driving the fan, and, if even
there were no loss of heat by cooling, in the case of the furnace, the consumption of coal would be
61.81 lbs., compared with 58.48 lbs. per horse power utilized, per hour, as used for the production
of ventilation by the fan.
No indicator, friction break, or other means, were used to ascertain the actual power of the engine
employed to drive the fan; but, as has been stated, the pressure of the steam in the boilers was 43
lbs. per square inch, and the diameter of the cylinder, and the length of the stroke, were each

twenty-two inches; and, as the engine made sixty double strokes per minute when 82,294 cubic feet
of air per minute circulated, it follows, that if we allow one-fourth of the pressure of the steam to
have been used or lost in overcoming the friction of the machinery connected with the engine and
the fan, by condensation, &c, we have—
222 x .7854 x ¾ x 43 x (22 x12 / 12) / 33,000 = 81.728 horse power, as the working power of the
engine. But we have already seen that only 10.374 horse power was actually realized, in the
ventilation produced, which is only 12.69 per cent. of the power, so calculated, for the engine,
showing a loss of 87.31 per cent. of that power.
This result is what might have been anticipated from a consumption of so much as 58.48 lbs. of coals
per horse power utilized, per hour: the consumption of coals, on the power of the engine, as above
calculated, being only 7.42 lbs. per horse power, per hour.
It appears from these experiments, that the Elsecar fan is capable of circulating large quantities of
air, at a low water gauge, such as is due
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to the existence in the mine, of numerous roomy and short air-ways; and that it is not well adapted
for overcoming heavy drags or resistances, such as occur where the air-ways are few in number,
limited in sectional area, or very long; inasmuch as it was found impracticable to obtain so much as
an inch of water pressure, from the use of the fan, even when the mine was entirely shut off, and no
air allowed to circulate in it; beyond any small amount of leakage that might prevail at the folding
doors, over the top of the upcast shaft.
This fan appears only to give a utilization of 12.69 per cent. of the power employed, compared with
one of about sixty per cent., alleged to be obtainable from machines similar to those known as
Struvé's, Fabry's, and possibly one or two other kinds. It has, however, the recommendation of being
moderate in first cost, and so simple in construction, as to be little liable to get out of repair; and, as
the class of coals used are of no very great value, on many collieries, its waste of power, in such
cases, may not stand greatly in the way of its adoption, where the nature of the mine happens to be
one of a character to suit its application.
[99]
NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, FEBRUARY 6, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary having read the minutes of the Council, the following gentlemen were elected
members of the Institute:—Mr. Neil Robson, iron master, 18, Park Terrace, Glasgow; Mr. James
Davison, Newbottle Colliery, Dalkeith; Mr. Alexander Thompson, Canonbie Colliery, Canonbie.
The President wished to state the reason why the last meeting was postponed. He need not remind
the gentlemen present of the loss which Her Gracious Majesty the Queen and the country had

sustained, by the death of His Royal Highness the Prince Consort. He had not an opportunity of
consulting the Council, and he therefore took it upon himself to postpone the meeting, as a mark of
respect to the memory of that excellent Prince. Since then the Council had met on the subject of
presenting an address of condolence to Her Majesty. An address was drawn out, and being in town
shortly afterwards, was given by him to the Secretary of State, Sir George Grey, for presentation to
Her Majesty. To that address he had received the following reply:—
"Whitehall, 4th February, 1862.
"Sir,—I have had the honour to lay before the Queen the loyal and dutiful Address of the President,
Council, and Members of the North of England Institute of Mining Engineers, on the occasion of the
death of His Royal Highness the Prince Consort, and I have to inform you that Her Majesty was
pleased to receive the address very graciously. I am, Sir, your obedient servant,
"G. GREY.
"N. Wood, Esq., President."
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The President then referred to the Hartley calamity, which, he said, was known to them in all its sad
details. It was a source of very great regret that such accidents, notwithstanding all the care that was
taken, did occasionally happen, and this was one of the most fatal of any that had ever occurred. By
the accident at Lundhill nearly 190 lives were lost, and now, in this instance, no less than 209. The
occurrence of such an accident, independently of the inquiry before the Coroner, must excite the
attention of every member of this Association. He had taken the liberty of asking Mr. G. B. Forster,
who was employed professionally, if he would favour the Institute with some account of the manner
in which the accident took place. He had promised to do so, and would probably send a paper to be
read at the next meeting of the Institute. It was very desirable that the Institute should have a
record of every accident of moment that occurred; because it was only by having a perfect
knowledge of all the circumstances which occasioned each accident, that measures could be taken
or devised to prevent them. The inquiry before the Coroner was not carried to the same extent as
they would require for the purposes of the Institute. The inquiry before the Coroner went simply to
the question, what was the cause of this particular accident? but the Institute should go further, and
endeavour, by a discussion on the paper to be read, to devise measures to prevent such accidents in
future. He was glad that Mr. George Baker Forster, son of Mr. Thomas E. Forster, had engaged to
furnish a paper, which, he had no doubt, would give the Institute a most accurate account of the
cause of this accident.
The next business of the meeting was the discussion on Mr. Reid's paper, "On the Relative Ages of
Coal Formations, and Comparative Discussions on their Co-formation in Great Britain and
elsewhere;" but, owing to Mr. Reid's unavoidable absence, the discussion was postponed, and the
remainder of the sitting was occupied with the reading of a paper by the President, "On the Upper
and Lower Coal Beds of Northumberland and Durham."
[Plate VII. Plan of Plashetts Coal-field]
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ON THE UPPER AND LOWER BEDS OF COAL IN THE COUNTIES OF NORTHUMBERLAND AND
DURHAM.
By N. WOOD, Esq., President.
It has long been a subject of considerable importance, both in a geological and likewise in a
commercial point of view, to determine, with some degree of accuracy, the identity of the several
beds of coal, in the carboniferous series of rocks, which crop out to the surface, or exist in the
different parts of Northumberland. The boundaries of the great basin of the regular coal beds of
Durham and Northumberland are well known. They have been worked along the outcrop almost
entirely around the basin, and though along the southern and eastern edges there yet may exist
some doubt as to their extent, in a geological point of view, below the magnesian limestone and red
sandstone, their commercial extent is pretty well ascertained.
It is not, however, the precise extent of the beds of the southern and eastern edges of the basin, nor
the development generally of the regular coal measures, which is intended to be investigated by this
paper; it is the elucidation of the irregular, if I may so term them, coal beds of the mountain
limestone which I have more particularly in view. It is sufficient for my present purpose, therefore,
to state generally, that all along the eastern side of the great coal basin from Tynemouth southward
to near Hartlepool, the coal beds of the regular coal measures, along the line of the coast, pass
underneath and are covered by the magnesian limestone, and the new red sandstone, or what are
now called the permian measures. That from Tynemouth northward the said coal measures pass
underneath the sea to the east, rising gradually northwards along the coast, the lower beds
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successively rising out to the surface, and ultimately terminating at or near the entrance of the river
Coquet. The millstone grit then comes in, rising out from underneath, and in strict conformity with,
the coal measures. From this point westward, and all along the western edge of the basin, the coal
beds rise gently westward, crop out to the surface, and are likewise succeeded by the millstone grit,
on which they repose conformably. This extends all along the western edge, to the valley and banks
of the Wear beyond Bishop Auckland, through the ancient commons or tracts of land called
Throckley Fell, Hedley Fell, Lanchester Common, Wolsingham Common, Evenwood, and Brussellton,
when the escarpment of the magnesian limestone is reached, and where the coal measures are
overlaid by it, and do not crop out upon the millstone grit. From this point along the south and
south-eastern edge of the basin to the sea near Hartlepool, as mentioned previously, the immediate
cover of the coal measures is a bed of sand and the magnesian limestone.
This is, perhaps, as true a basin of coal, of the regular coal measures, as can exist; a considerable
portion of the eastern part, however, from the Coquet to near Hartlepool, are met by the line of the
coast, the coal measures passing underneath the sea; the sea coast thus forming the eastern
surface-boundary of the coal-field.
At the northernmost extremity of the coal-field near Warkworth, on the river Coquet, the coal beds,
as previously explained, rise to the surface, reposing conformably upon, and are succeeded by, the
millstone grit, which for some distance forms the cliffs on the coast. It is succeeded by the

carboniferous or mountain limestone, which likewise rests conformably underneath the millstone
grit; the limestone series extending, with some undulations, to the river Tweed at Berwick.
Following the line of the coast southwards from the northern extremity of the coal-field at the
Coquet, the coal beds dip gently southward to the centre of the basin near Sunderland; they then
rise gradually southward until they pass into the magnesian limestone, which reposes
uncomformably upon them.
No. I. section, from the river Tyne to the river Tweed, shows, to the extent of the river Coquet, the
general position of the coal resting upon the millstone grit, and carboniferous series of rocks to the
north; with the magnesian limestone and red sandstone resting unconformably upon them to the
south.
No. II. and No. III. sections show the coal measures rising gently west, reposing conformably upon
the millstone grit.
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These sections were given in a paper read by me to the Natural History Society, of Newcastle-uponTyne, and printed in the first volume of their "Transactions" in 1831; and I may add, that the outline
of the crop of the coal on the western edge of the basin in Northumberland, is likewise shown on a
map attached to that paper; which also shows the extraordinary prolongation of the coal beds for
twenty-seven miles, beyond the regular line of crop of the measures, along the dip side of a great
slip dyke, crossing the coal-field east and west, and running into the limestone measures in
Cumberland, and there cut off by the great penine fault at Tynedale Fell, as shown by section No. II.
It is almost unnecessary to say, that no doubt whatever exists, as to the coal-field of Durham, and
the southern part of Northumberland, as far north as the river Coquet, being a basin of the true coal
measures.
The object of this paper is, however, besides that of their elucidation, to establish the connection of
this coal-field, with the smaller coal-fields of Berwick and Plashetts in the north of Northumberland;
and likewise, and more particularly with the coal basin of Canonbie on the borders of Scotland, and
with the coal-fields of Scotland generally.
It is well known that, succeeding the millstone grit is the great carboniferous or mountain limestone
series, which extends northwards, and westward, from near the sea coast in the north of
Northumberland, to the great penine fault in Cumberland. I have already mentioned that a great slip
dyke, called in the coal district, the ninety-fathom dyke, but which in reality is a downthrow of the
strata to the north of 160 fathoms in some parts of its course, runs in a westerly direction from a
little north of Tynemouth to Tynedale Fell, in Cumberland, where it is cut off by the great penine
fault.
Taking the line of this fault or slip dyke as a base, a few miles to the south of this line, in the great
beds of limestone of the carboniferous series, large quantities of lead are obtained out of the
mineral veins in that series. The rich lead mines, belonging to the Beaumont family, of Alston Moor
and Weardale, being a few miles south, of the ninety-fathom dyke. It is, however, a fact, that the
beds in the mountain limestone on that side of the dyke contain very little coal; only one or two

beds of thin coal, of very indifferent quality, as shown in Mr. Westgarth Forster's section of the
strata from Newcastle to Cross Fell in Cumberland, viz., only three feet eight inches of coal in four
beds. (See section in the Appendix A.) And the work of Professor Phillips on the geology of Yorkshire,
shows likewise very little coal; and when any
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beds of coal do exist, they are not more than a foot or eighteen inches thick. (See section of strata in
Appendix B.)
Whilst, on the contrary, in the carboniferous series, on the north side of the ninety-fathom dyke,
although very little lead is found, coal beds of very considerable extent and thickness exist. Mr.
Boyd, in a paper read to the Institute recently, has given a most elaborate description of the
Scremerston coal-field, with very valuable sections and maps of the accompanying limestones and
other strata; there appearing to be in this coal-field altogether about ninety feet of coal in several
beds. (See vol. IX.)
In the paper previously named, which I presented to the Natural History Society in 1831, I
mentioned that beds of coal existed at Scremerston, in the vicinity of Berwick-upon-Tweed, and I
gave a detailed section of the strata, as it appeared along the coast from the River Tyne to the River
Tweed; and, also, a section on a smaller scale, to show the continuation of the millstone grit and
carboniferous series of rocks between these two localities, on which was shown the beds of coal at
Scremerston. No. I. section, appended to this paper, is a copy of such last named section. This paper
was got up for the purpose of showing the true geological position of the red sandstone beds of the
Tweed, which were previously marked on the geological maps as new red sandstone; but which
were clearly shown by these sections, and by that investigation, to be red sandstone beds at the
bottom of the carboniferous series of rocks, and that they were, in fact, what is now called the upper
beds of the old red sandstone. The maps and sections of Mr. Boyd of the Scremerston beds of coal
and associated beds of limestone, shale, and sandstone, and especially with the red sandstone beds
of that locality, decisively corroborate the views I then held, as regards the geological position of the
red sandstone, and, as will be seen hereafter, completely establishes the geological position of the
Scremerston coal beds.
In the paper above referred to, I likewise instanced several beds of coal occurring in other localities
in the limestone series, and traversing that series from the line of the ninety-fathom dyke in
Cumberland, to the sea coast in Northumberland; viz., a bed of coal below the second limestone of
Mr. Forster, and above the great limestone, which was worked at Tynedale Fell, Talkin, Geltsdale,
Blenkinsop, Haltwhistle, Haydon Bridge, Fourstones, Acomb, Wall Fell, Fallowfield, Ingoe,
Kirkheaton, Brinkburn, Newton, and Shilbottle. Below this bed of coal, and below what is called, in
Mr. Forster s section of the strata, the "great limestone," several beds of sandstone and shale, and
seven
[Plate ?. Section of Plashetts Coal-field from C to D]
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beds of limestone, occur; when we reach the whin sill, a bed of basalt. This bed of basalt, which is
seen on Tynedale Fell, is easily traced across the whole of the county of Northumberland, viz.,

commencing at Croglin, Cumrew, and Zimmon, in Cumberland, and continuing through Wall Town
Crag, Walwick, Barrasford, Bavington, Alnwick, at Ratchcliffe Crag, and south-eastward, until it
reaches the sea coast at or near Howick. It does not appear that there are any beds of workable coal
between the limestone beds previously described, and the whin sill. Below the whin sill there are
several beds of limestone, and then we come to a series of beds of coal; which may be termed, the
lower beds of coal, in the carboniferous series of rocks.
These beds of coal on the east coast, near Berwick, and their accompanying beds of limestone,
sandstone, and shale, have been, as previously stated, most minutely and ably described by Mr.
Boyd, in a paper read to the Mining Institute, and published in vol. IX. of the "Transactions." They
occur near the bottom of the carboniferous series, reposing on the upper beds of the old red
sandstone, as previously noticed, and in the form of a section of a basin, abutting on the sea coast,
near Scremerston; and extending south and west in the limestones, shales, and sandstones, and may
be called the Scremerston basin of the lower coals of the carboniferous series.
Section XXVI., vol. IX., across this coal basin from A to B, north and south, shows these beds of coal,
limestones, and shales, in the paper previously alluded to. It will be seen that there are several beds
of coal, of different thicknesses, making altogether an aggregate thickness of ninety feet of coal; and
that within the series there are also several beds of limestone, which are entirely of marine origin. It
may here be remarked, that the quality of these coals is essentially different from the rich beds of
the regular coal measures in the neighbourhood of Newcastle-upon-Tyne and Durham; approaching
more nearly to the lower beds of the regular coal measures in Northumberland, called the steam
coals, but not so bituminous.
There is, likewise, as I have already intimated, an important basin of coal in the lower portion of the
carboniferous series, situated in a locality called Plashetts, near Kielder Castle, in Northumberland;
which appears to be a parallel basin to that of Scremerston, and which may be called the Plashetts
basin of the lower coals of the carboniferous series.
Section No. VI. shows the series of beds of the Plashetts coal basin, in a north and south direction
along the line of the North Tyne river,
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as nearly as the same can be ascertained. The materials for this section were given to me by the late
Thomas John Taylor, who, having been the Duke of Northumberland's mineral agent for several
years, had every opportunity of studying and ascertaining the various beds of limestone, sandstone,
shale, and coal in that district. Having myself, likewise, been employed for several years as a mining
engineer in that locality, for the late Sir John E. Swinburne, Bart., I had frequent opportunities of
studying the geology of that district, and the succession of the several beds; and I believe the section
herewith given shows pretty correctly the succession of the various beds in that locality, though it is
not pretended that all the beds are shown.
Plan No. VII. shows the extent of this coal basin, or rather the outcrop of the coal and limestone
beds at the extremities of the basin, and constituting the Plashetts coal-field. I may here observe,
that there is a bed of limestone, locally called the Papists Cross or Plashetts limestone, which is
always associated with, and identifies the principal bed of coal called the Plashetts bed, so that the

outcrop of the one marks out the outcrop of the other. It may here be remarked, that the coal-field
of Plashetts can scarcely be called a true basin. The strata in this part of the mountain limestone
district is extremely undulating, forming comparatively low rounded hills, with successive basins or
hollows, and corresponding hills and valleys, within and around which the beds wind by clinal and
anticlinal axes of endless variety. The crop of the beds of coal of the Plashetts seam, and associated
Papists Cross limestone, are shown on the plan at various points around the edges of the basin; but
the upper and lower beds extend to considerable distances therefrom, interposed with beds of
limestone, sandstone, and shale, above and underneath the Plashetts coal.
The coal beds may be classified into the upper or Hareshaw beds, the middle or Plashetts beds, and
the lower or Lewis Burn beds; and it might be expected that these coals should be found wherever
the limestones, shale, and sandstone beds, of that portion of the carboniferous series occur,
thoughout the extensive range of country from Cumberland, through the county of
Northumberland, to the coal beds of Scremerston. This, however, may or may not be the case, as
the country has not yet been so intimately explored as to ascertain this fact. Beds of coal are worked
in various parts of the county, being, no doubt, one or other of these coal beds; but no great or
decided development of coal has yet been discovered, to justify the semblance of a classification of
such coal into any regular basin, except at Scremerston and Plashetts.
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The identification of the Plashetts coal with the regular coal measures, was shown on the general
section from Stublic (where the regular coal measures exist), up the North Tyne, in my paper on the
Geology of Northumberland in 1831. I have copied that section into this paper. (See section No. III.)
I now proceed to describe in detail what has been called the “Plashetts coal-field." Plan No. VII.
shows the locality of this coal-field. It is situated upon the North Tyne river, or northern branch of
the river Tyne, and extends, with some interruptions, from south to north between seven and eight
miles, and from east to west about ten miles. The country, as previously stated, is very undulating,
and the coal beds have only been worked as landsale collieries near the outcrop. The correct extent
of the several beds can only, therefore, be correctly ascertained when the working of the seams has
been more extended, which will now be the case, as the Border Counties Railway, now incorporated
with the North British Railway, passes over the entire coal-field.
The following account of the strata in the southern part of the coal-field at Ridsdale, or upper series
of coal beds, was given me by the late Thomas John Taylor, through whose unremitting exertions
and perseverance the attention of the public was first directed to this coal-field, and by whose
superintendence the Border Counties Railway was ultimately carried through the district; and, most
lamentable to say, Mr. Taylor met his death in his devoted attention to the execution of the works
on that line of railway, by a cold caught in the examination of a tunnel.
Section of Metals sunk through in Aid Pit, Ridsdale.
Fms. Ft. In.
1 Moss
2 Gravel ..

..

..
..

..
..

..
..

0

2 0

0

3 6

Fms. Ft. In.

3 White sandstone

..

..

4 Shattered freestone

..

5 Freestone

..

..

6 Grey beds
7 Fire clay

..
..

..

11 Coal

..

..

9 Ironstone band
10 Plate

..
..

..

8 Plate (shale)

..

..

..

.

..

..

..

..

.

..

..

..

..

..

..

..

.

.

0

2 0

0

1 6

1

2 3

0

3 0

0

3 0

0

5 0

0

0 1½

0

5

0

0

0

8

-----------------12 Freestone

..

..

13 Grey beds ..

..

14 Freestone

..

15 Grey beds ..
16 Plate ..

..
..

..

17 Ironstone band

0 1 8
..

..

0 3 2

..

..

0 3 6

..

..

3 7

0 0 7½

..

..

Carried forward

..

..

..

1

5 4 0½

..

0 0 3½

..

3 0 10

5 4 0½

Fms. Ft. In.

Fms. Ft. In.

3 0 10

5 4 0½
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Brought forward

..

..

18 Plate ..

..

..

19 Limestone ..
20 Fire clay
21 Coal

..
..

..

..

0 0 3

..
..

..

.
..

..

.0 0 6
0 2 4

..

0 0 3½
3 4 2½

22 Fire clay
23 Coal

..
..

..
..

..
..

0 3 3
.

0 0 1½

---------------24 Plate, with nodules
25 Fire clay

..

..
..

..

26 White freestone ..
27 Grey beds ..

30 Coal

..

..
..

..

0 3 11

..
..

28 White freestone ..

1 3 2
..

..
..

29 Grey beds ..

..

0 3 1
..

..
..

..

0 1 0
2 3 6

..

1 0 0

,.

0 0 1
--------------

31 Freestone ..
32 Grey beds
33 Freestone

..
..

..

34 Grey beds

..
..

35 Freestone ..
36 Grey beds

..
..
..

..
..

..
..

..

..

..

1

0 4 6
0 1 0

.

.0 3 6

..

37 Coal—Hareshaw Head Seam ..

0 3

0 3 0
..

0 2 3
------------

38 Freestone
39 Coal

..
..

„.
..

..
..

0 1

0

.. 0 0

8

------------40 Fire clay

..

..

41 Freestone ..

..

..

..

..

Freestone—Haining Rig seam in here
..

..

..

1

4 0

0 5 0
..

0 1 8

0 3 4

12 0 0

Clay........
Grey Beds ..

3 1 10

0 3 0

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

Limestone ..

6 2 9

0 2 6

..

..

0 3 4½

..

.. 0

4

4

1 0 4

Black

Plate

..

..

Band

Black band (not good, bit. shale)

Pit

Coal

..

Freestone

..

..

..

..

..

..

..

..

Freestone (shivery)

..

..

Grey beds ..

..

..

..

..

Plate, with nodules of ironstone
Limestone ..

..

Freestone

..

..

..

..

..

..

Workable plate, with nodules of ironstone

1

0 8

0

0 11

0 0 2½
5

0

0

1

5

3

0

4

0

6 2

6

2 5

0

1

5

6

5 0

0
30 1 4½
51 1 7

Fire clay at bottom.
Section of Seventy Fathom Pit.
Fms. Ft. In.
Clay, &c.

..

..

Grey beds
Fire clay

..

..
..

..
..
..

Coal— Upper Wall seam
..

Grey beds
Ironstone
Plate ..

Carried forward
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..
..

..

0 2 0
..

..

0 5

0

2 2 0
..

..

0 1 0
0 0 9

..

..
..

..

..

..

..

0 3 0

..

..

0 4 0

..

..

0 0

.

..
..

Freestone ..

5

..
,.

Plate, with ironstone

Ironstone

..

0

0 7

0 1

3

10 1 7

Fms. Ft. In.

Fms. Ft. In.
Brought forward

..

Ironstone ..

10 1 7

..

Plate ..
Coal—Furnace seam

..

.

Limestone
Plate and coal

..

Freestone
Plate

.

..
........

Fire clay, with balls

..

Limestone ..

Freestone

..

..

..

..

..
..

Grey beds
Freestone ..

..
..

..

0

0

6

0

1

8

0 3

8

1 0
6

0 3 0
..

..

..

..

0 1 10

0 5 0
0 0 4

........

0 0 4

Freestone
..

..
..

Grey beds ..

Grey beds ..

2 0

0 4 4
..

Grey beds

Ironstone

0

0 4 2

..

Freestone

1 4

1 3 6

Hard plate ..

Coal

0

0 0 4

..

Grey beds

Coal

5 0

0 2 0
.

Grey beds

1

0 4

..
..

1 8

1
..

Grey beds
Ironstone

.

0

.
..

..

..

2 1

6

0 0

5

1 0

0

1 0

0

0 0 10
..

..

1 0 0

Fms. Ft. In.

Freestone
Coal

.

0 2 0

......

..

Freestone

0 0

..

Grey beds ..

..
..

Hazel

2 4 0
..

..

..

0 5 9

..

..
..

..

..
..

Grey beds
Freestone

0 5 0

..

Plate ..
Hazel

..

.

Limestone ..
Plate ..

4 0 0

..

Plate, with balls ..

..
..

..

.
..

Plate ..

..

.

..

Hazel

..
..

..

..

..

..

..

..

..
..

..
..

..

..

..

..

..

0 3

6

1 2

0

0 1

0

2

0 1

6

1 0 0

0 1 2

..

..

0 4 0

..

0 1 10

..
..

0 1

0 0 4

..

Sandstone ..
Fire clay

..

..

........

Fireclay

0

0 1 2

Coal—No. 42 in Bellingham boring

Coal

0 1

0 0 3

..

Plate ..

0

0 2 0

........

Plate ..

0 1

0 5 8

..

Plate or grey beds
Coal

8

0 0 8

Plate, with balls ..
Hazel

0 1

0 4 0

Ironstone ..
Fire clay

7

.
..

..

0 2 0
1 0 0

Hazel

..

..

Fireclay

..

Plate ..

..

..

White limestone

Coal

..

0 2 8

..

..

0 3 0

..

..

0 2 0

..

0 1 0

........

0 1 0

Fireclay

..

..

Sandstone ..
Fire clay

..

..
..

0 2 0

..

..

..

Carried forward

0 4 0
1

..

..

3 0

48 2 5
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Fms. Ft. In.
Brought forward

..

Black limestone
Goal

..

Fire clay

..
..

..

..

..

Freestone
Plate
Hazel ..
Hard plate ..

..

..

..
..

..

..

..
..

..

1 0

0

1 0

0 0 4

1

1 6

12 1 0

..

..
..

..

..

1

0 8 6

..

..

..

..

..

..

..

..

..

..

0 0 7
..

..

..

0 5 10

..

..

..

.

..

..

Freestone
Plate

..

0 2 0
0 0 9

..
..

..

..
..

..

Hazel ..
Plate

..
..

..

Hazel ..
Coal

..

..

Ironstone
Plate

48 2 5

0

0 1

8

0 1

0

0
..

0 7

0 8

0 4 6

Fms. Ft. In.

Black limestone ..
Plate

..

..

..

Hazel ..

..

..

Plate

..

..

..

5

1 0

5

..

..

..

0 1

0 2 3

..

..

0 5 0
------------

Total fathoms

69 1 5

..

120 3 0

Bored below this, 30 fathoms.
General Section, according to Mr. Taylor, from Hareshaw (upper series of Coal-beds) to the
Bellingham Seam of Coal.
Fath. Ft. In. Fath. Ft. In.
Sandstone and shale

..

..

Freestone

..

..

..

Blue and grey metal ..
Coal

..

..

..
..

..
..

.. 20 0 0

..

.. 2

3 5

1

0 10

.. 0

0 5

..

..

..

-----------Freestone and grey metal

..

Grey metal and post girdles
Freestone

..

..

Grey beds

Coal

..

..

..
..

..

Freestone

..

..
..

..

Grey metal and grey beds

..

4 0

2

2 3

.. 1

3 6

..

0

5

6

2

1

2

..

.. 0

0

7

..

1

..
..

.. 1
..

..

..

..

..

..

3 8

Ft. In.
Hareshaw Head seam—
Coal

..

..

Coal and shale ..
Clean coal ..

0 3½
..

..

23 4 8

0 4½
2 10
0 3 6

-----------Grey and blue shale
Coal

..

..

..

..

..

1 0 0

..

..

..

.. 0 0 5

Shale, freestone, &c. ..

..

..

.. 6 5 7

Limestone

..

..

..

11 0 2

..

2 1 0

Shale, freestone, and limestones

..

.. 110 0 0

Coal—Hawing Rig seam

..

.. 0 1 10

..

-----------Freestone, shale, &c. ..

..

Lower limestone ..

..

..

..

.

..

Freestone on top of shale
Shale

..

..

17 0 0

..

..

..2 3 0

..

..

.. 1 0 0

..

..

5 0 0

Top shale, with thill band 6in., and ironstone nodules
Carried forward ..

..

120 2 10

..

2

2 0

27 5 0

155 1 8
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Fms. Ft. In. Fms. Ft. In.
Brought forward ..

..

..

27 5 0

Bottom shale, richer in nodules than the top
Fire clay
Grey beds

..
..

Freestone

..

..

..
..

Grev shale ..

..

..
..

..

..
..

..

2

3 10

.. 0

4 0

..
..

..

155 1 8

0

2 10

.. 2

0

0

0

5

1

..
Ft. In.

Isabella band
Coal, splint ..

..

..
..

..

.. 0 3
..

0 1½
---------

Thomas band, ferruginous limestone, 6½ in. to .. 0 10

0 0 4

Coal

..

Grey shale

..

..

..

..

..

0 6

..

..

3 0
-------0 4 4
------------

Sandstone and shale

..

..

..

.. 15 0 0

Upper coal seam, formerly worked at Brier Edge ..
Shale and sandstone

..

..

Coal—Furnace coal seam

..

..

35 1 5

..

..

..

0

1

5

3

0

0

0 1

4

-----------Boring— Sandstone, shale, and limestone

20 2 7

42 0 0

Ft. In.
Caxiteth coal seam—Coal

..

0 9

Blackstone

0 1½

Coal

..

0 10¼

(Bellingham seam.)

-------

0

1

-----------Sandstone, shale, and limestone

..

..
..

..

1

Sandstone and shale

..

..

7

..

42 1 8

.. 39 3 0

Supposed Whilchester limestone*
..

8

0 10
3 0

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

48 0 10
301 2 2

(Bellingham boring, 90 fathoms 2 feet 6.75 inches.)
General Section of the Kielder District, from the Plashetts to the Lewis Burn Seam of Coal.—By Thos.
J. Taylor.
Fath. Ft. In. Fath. Ft. In.
Sandstone and shale

..

Papists Cross limestone
Shale and sand

..

..
..

..
..

..

..
..

..

7 3 0
.. 1 4 0

..

13 2 0

Coal—30-in. seam

..

..

..

..

0 2

6

-----------Sandstone, shale, and limestone

..

..

22 5 6

43 2 0

Ft. In.
Coal, Plashetts coal section—Coal
Band

..

.. 3 2

..

0 1

Coal ..

..

1 4

-------

0 4 7
------------

Shale
Coal

..
..

..

..

..

..

..

..

..
..

3 0 0
..

0 1 4
------------

Sandstone, shale, and limestone
Starsley coal, 2ft. to 2ft. 6in.

..
..

..
..

..

3 1 4

60 0 0
..

0 2 3
-----------

Carried forward

44 0 7

..

60 2 3

130 3 8

* This limestone is supposed to be the same as the Papists Cross limestone, which lies about 14 fathoms above
the Plashetts seam of coal.
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Fms. Ft. In.
Brought forward ..

Fms. Ft. In.
130 3

Sandstone, shale, and limestone

4 14 0
Ft. In.

Coal, Chilburn Haugh seam section—Top coal 1 0
Shale and coal 1 3
Coal
----------------

..

1 2
0 3 5
42 1 5

8

Sandstone and shale

..

..

Limestone

..

..

..

Black shale

..
..

Coarse coal ..

..
..

..
..

Shale and sand girdles

..

..

..

..

..

..

..

8

4

0

1

2

0

4

2

0

0

0

2

3

2

0

Ft. In.
Splint coal (house coal) section—Top coal 0 4
Good ditto ..

1 4

------

0 1 8

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

17 5 10

Shale and freestone

..

..

..

Lewis Burn seam—clean coal

..

..

3 1

0

0 2

0

-----------Total

3 3 0
..

..

..

194 1 11
Sections of the Plashetts Seam of Coal.

N x.—Hareshaw district, Hareshaw seams.
O F M and L.—Ditto,

ditto.

Section, 2ft. 6in. to 3ft. 6in.
7.—Hareshaw limestone.

+ A. Thorneyburn, Plashetts seam—
Ft. In.
Coal

..

Band
Coal

..
..

..

..

..

..
..

..

..
..

..
..

..
..

Band, varying; sometimes not in at all
Coal

..

..

..

0 8

..

0 1½
2 2½

..
..

0 0
1

6

4 6
Coal ..

..

..

..

..

..

0 8

Shale

..

Coal ..

..

..

..

Parting

..

..

Coal ..

..
..

..
..

..

..
..

..

0 3

..

.. 1 0

..

.. 0 0

..

.. 2 8
4 7

+D

Coal

..

..

Sulphur balls ..
Coal

..

Coal

..
..

Stony coal

..
..

..
..

..

..
..

..

..

..

..

..0 0
,.

..

1 11

..
..

1 0

..0 2
..

1 4
4 5

Coal ..
Shale

..
..

Coal ..

..

..

..
..

..

..
..

..

..
..

..
..

2 11
0 2

..

1 3
4 4
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Ft. In.
Hawlehope Coal Pits—
Coal

..

Band
Coal

..
..

..

..
..

..

..
..

..

..
..

..

0 6
.. 0 2¾

..

2 4
3 0¾

+C

Coal (coke pit)

Coal

..

Band ..
Coal
Parting

..
..

..
..

..

..

3 11

..

..

3 4

..

..
..

..

..
..

..
..

..

.. 0 2
..

..

0 6
.. 0 0

Coal

..

..

..

..

..

0 6
4 6

Coal ..

..

..

.

..

1 6½

Band, various in different parts of the seam

0 1

Coal.

1 6½

..

Parting
Coal

..

..

..

..

..

..

..

.

..

..

..

..

0 0

..

1 5
4 7

+B Plashetts—
Coal

..

..

Band ..
Coal

..

..
..

..

..

.. 3 2

..

..

..

.-

..

0 1½
.. 1 3½
4 7

Coal

..

..

Shale ..
Coal

..

..
..

..

..
..

..

..
..

..

3 0
.. 0 2

..

..

1 5
4 7

Coal ..
Parting

..
..

Coal ..
Band

..
..

..

.. 0 0
..

..
..

..0 9

..
..

..
..

..

..
..

..

Coal ..

..

..2 4

..
..

..
..

0 1
.1 4
4 6

+G Section, 2ft. 9in. to 3ft. 3in., but coal close to outcrop, and correct section cannot be taken.
Alluvial cover upon coal, and not full height of seam.
Ft. In.
+E
Coal

..

..

..

..

..

4 2

Band ..
Coal

..

..

..

..

..

..

..

..

.

.0 2

..

1 3

5 7
Coal ..
Bond

..

..

..

Coal ..

..

..

..

..

..

.. 4 0

..

..

..

..

0 2

..

.. 1

2

5 4
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Ft. In.
Hurtholes—
Coal

..

Band ..

..
..

..
..

..

..

..

Stone

..

..

Coarse coal

Coal

..

..

..
..

..

.. 0 0½

..
..

..

..
..

..

4 3

0 2¼
. .0 0¼

..

1

3

5 9
+F
Coal

Coal ..
..

Band ..
Coal

..
..

..
..

2ft. 10in. to 8 1
..

..
..

.
..

..

..

..

1 10

..

..0 2

..

0 6

2 6
L
Inclination of Seams.
+A Water level N.E.; dip S.E., 1ft. 3in. and 1ft. 4in.; nearly 10in. per yard at outcrop.
+C Dip N.E. 1 : 12; dip N.W.1 : 7 ; say dip northerly.
+D Dip little to E. of N. 1 : 10.
+B Dip little to E. of N 1 : 12
+G Rise, dipping E. of N.

Limestones.
Nos. 1, 2, 3, 4, 5, 8, 10, 11, 12, 13, are all Papists Cross limestones.

Mr. Taylor calculated that there were, within a moderate depth from the surface, thirty-six square
miles of the Plashetts seam, which, after deducting eight square miles for denudations and coal
locally thin, would leave twenty-eight square miles of workable coal, four and a half feet thick, and
which, deducting one-sixth for band and loss in working, would yield 104,000,000 tons of coal; and
observed that the above calculation did not include any portion of the coal-field lying to the deep of
Thorneyburn, at the point marked A, where the Plashetts strata dipped under the overlying beds,
and would necessarily accompany these beds down the Tyne Valley. And he pointed out that the
Bellingham boring was ninety-four fathoms, and that at eighty-six fathoms there was a limestone of
seven feet, which he supposed to be the Plashetts limestone; if so, then the depth of the Plashetts
seam is 86 + 68 = 154 fathoms; or, from Thorneyburn to Bellingham is four and a half miles,
supposing the dip of strata to be 1 in 25, will be 168 fathoms; but deducting the fall of surface
twenty feet per mile will be fifteen fathoms, leaves for the depth of the Plashetts seam at
Bellingham 143 fathoms.
The quality of the Plashetts seam is considered to be quite equal, if
[Plate ?. No. Section I from the river Tyne to the river Tweed; No. II. Section from Tynemouth to
Tindale Fell; No. III. Section across the Stublick Dyke to the head of North Tyne]
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not superior, to the Scremerston beds, or any of the beds of coal in the lower series of the mountain
limestone beds.
[see Diagram of Section of the strata at Ridsdale]
It is necessary to observe that in the upper series of those coal beds at Hareshaw, there are
excellent beds of ironstone and fire-clay. The annexed section of the strata at Ridsdale shows a bed
of shale or plate, thirty feet in thickness, containing several interbedded layers of ironstone of
excellent quality, at which some iron furnaces were erected, but which, owing to there being no
railway communication at that time, were obliged to be abandoned.
This section shows a collection of strata peculiarly adapted for the manufacture of iron, having the
ironstone, the lime, the fire-clay, and building stone all in one group, and I believe the quality of the
ironstone was considered very good. This ironstone bed and associated bed of limestone, is shown
on the map of the coal-field.
Having thus given a detailed account of the coal-field of Plashetts, I shall now show its connection
with the general geology of the country. Section IX. is a continuation of a section given in my
communication to the Natural History Society in 1831. Section III. is a section across the Stublic dyke
to the head of North Tyne, extending to Lewis Burn, the lowest of the coals of the Plashetts coalfield.

Following the line of section IX. from south to north, we first of all have the regular coal measures at
Stublic, in the extended basin along the dip side of the ninety-fathom dyke (shown in section II.),
which corresponds with the outcrop of the regular coal measures at the mouth of the Coquet.
Following the regular coal measures as on the coast, we have the millstone grit extending for a
considerable distance northward, and crossing the South Tyne. We then encounter the coal beds of
Acomb and Fallowfield; the beds in the upper series of limestones, corresponding
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with the coal seam of Tynedale Fell, Talkin, Fourstones, &c, and corresponding likewise with the
tracings of coal in Forster's section (Appendix A), and lying below the little limestone and above the
great limestone, denominated the "high and low coal sills." Then, following the line of section
northwards, we have the whin sill crossing the North Tyne near Barrasford—the same whin sill
which crosses the country, and terminates on the coast line of section near Howick. The lower beds
of limestone then come in, and at or about the junction of the Reedwater with the North Tyne, or
near Ridsdale and Bellingham, the upper series of coal beds of the Plashetts coal-field make their
appearance, as given in the detailed description, and shown on the section VI., and plan VII. Then,
following still further northwards the line of section IX., we come to the centre of the Plashetts coal
beds, at or about Plashetts; and, still following the section, we reach the bottom of the coal beds at
Lewis Burn. Then, continuing the line of the section to Peel Fell, we reach the upper silurian or
grauwacke rocks.
It is necessary, however, in order to determine the position of these coal beds in the series more
correctly, that we should trace their connection, and especially the lower Lewis Burn coals, with the
coal beds of Scremerston, and with the lower limestones, and the red sandstone beds of the Tweed
and Scotland.
In the Scremerston basin, the rocks are laid bare along the sea coast, by which the succession of the
lower coals, limestones, and shale beds are seen, resting conformably upon the red sandstone,
which, in a very short distance, reach the bed of the river Tweed; beyond this, the connection of
these beds with the silurian rocks of the old red conglomerate, and the upper silurian slate beds of
the Lammermuir Hills, are clearly traced, and upon which latter rocks the upper red sandstone beds
rest unconformably.
To the north of the Plashetts basin, and of the Lewis Burn beds, we have an extensive tract of the
lower limestone beds, shales, and sandstones, for several miles, before we reach the red sandstone
beds, which latter are only rarely seen, reposing against the silurian strata. Section IX. shows the
general position of these rocks; the juxtaposition of the lower carboniferous rocks with the silurian
strata, being traceable only by short deviations from the line of the section. To the westward of the
line of section IX., we reach the debateable red sandstone, and coal basin of Canonbie, the beds of
the mountain limestone dipping rapidly at a very considerable angle downwards, in juxtaposition
with the red sandstone
[Plate XIV. Section from the Plashetts to the Canonbie Coal-field]
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of the Esk. Section XIV. shows the succession of the strata from the Plashetts to the coal beds of
Canonhie.
As it is not my intention in this paper to enter upon the debateable question of the identity of the
Canonbie coal measures, but rather to investigate the identification of the regular coal measures of
the south of Northumberland and Durham, with the coal-fields of Scremerston and Plashetts in the
north of Northumberland; I shall not at present enter upon the investigation of the Canonbie coal
question, but shall leave that to the discussion which has been set apart by the Institute for that
purpose. I have thought it, however, desirable, in order to facilitate that discussion, to extend the
general section of the North Tyne up to the debateable ground, as in section XIV.
It is thus clearly shown, that the two series of coal beds of Scremerston and Plashetts are parallel
formations, occupying the same position in the carboniferous series, viz., in the lower limestones,
shales, and sandstones of that formation of rocks. It has been remarked, that occupying the same
position in the beds of the carboniferous series, and as that series extends from the North Tyne to
the sea coast, across Northumberland, and especially seeing that the two upper limestone coal beds
of Talkin, Kirkheaton, and Shilbottle, as well as the whin sill, extend continuously (except where
interrupted by dislocations, or undulations of the strata), from the North Tyne to the sea coast—why
do we not find these two coal basins extend across the country likewise, from the Plashetts to
Scremerston? Whether this is so or not, there certainly have not yet been discovered, between
these two localities, any beds or series of beds of coal, sufficient to justify the designation of a coal
basin or coal-field. At the same time, I must observe, that the district of country between these two
localities is of a most undulating character, and that I think it yet requires more investigation than
has yet been devoted to it, to determine this question satisfactorily. There is one feature, in a
geological point of view, which must be noticed, and which is, the protrusion of a vast mass of
porphyritic felspathic rocks, called the Cheviot Hills, which protrude and disturb the carboniferous
rocks. What effect the protrusion of these rocks may have had, in the regularity of the lower beds of
the carboniferous rocks, has not yet been clearly ascertained, though the country has been visited
by some observing geologists. The annexed sketch will show the general position of the strata as
connected with these hills.
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[see in original text Sketch of Section across the Cheviot Hills]
The foregoing sections and observations, it is presumed, clearly show that we have, in
Northumberland and Durham, two series of coal beds, viz.:—The regular or upper coal measures,
which extend from near Hartlepool to the river Coquet, and The lower or limestone series of coal
beds, which exist at Scremerston and Plashetts:—separated by the millstone grit, and the upper
beds of the limestone series (within which latter beds occur two beds of coal), all constituting, if I
may so call them, the commercial portion of the great carboniferous series of rocks; —followed by
thick beds of red sandstone, limestones, shales, &c, which, in contradistinction to the
unconformable red sandstone deposits of the south and west of the Tees, constitute the
carboniferous period of geological succession. All the strata comprising this series of rocks, viz., the
regular coal measures, entirely fresh water deposits—the millstone grit of the same origin — the
upper and lower series of limestones, shales, sandstones, and coal; alternately marine deposits as
regards the limestones, and fresh water as regard the coal, shale, and sandstones; together with the

red sandstones and limestones of the lower beds of the carboniferous series, occur in strict
conformable succession of beds, one after another, whether of marine or fresh water deposition,
forming one great geological epoch—and resting unconformably upon the old red sandstone,
conglomeratic, and silurian slates of a previous geological epoch—and succeeded in the sea coast of
Durham by the red sand and magnesian rocks, in unconformable deposits of the permian period of
succession, and extending almost uninterruptedly south-westward through the Midland Counties,
and through South Wales, to the Western Ocean.
As I shall have occasion hereafter to make some observations on the original formation of the
different series of coal beds, in connection with the carboniferous rocks and the regular coal
measures, it will be advisable to extend my observations from the lower beds of the carboniferous
series, to the upper red sandstone of the Tweed, which appear to be the lowest beds of that series,
and into the conglomeratic red sandstones, called the
[119]
lower red sandstone, upon which the carboniferous and upper red sandstone beds rest
unconformably. And it may likewise be desirable to pursue the investigation into the beds lower
down into the silurian, and the other rocks interposed, or associated with them. And it will likewise
be interesting to trace the connection of the coal-fields in the south-eastern or Mid-Lothian district
of Scotland with these rocks, and also with the coal basins of Northumberland and Durham. For this
purpose I have, therefore, extended the map and sections, across the silurian slates of Berwick and
Roxburghshire, into the carboniferous series and coal beds of the Mid-Lothian coal-field, from the
coal basins of Scremerston and Plashetts.
Section No. VIII. shows the extension of the beds, from the coal basin of Scremerston across the
Tweed, and across the silurian beds of Berwickshire, and the carboniferous rocks and coal beds of
Dalkeith, to the Pentland Hills, west of Edinburgh. And section No. IX. shows the extension of the
beds from the Plashetts coal-field across the silurian rocks of Roxburghshire, to the same range of
hills of the Pentland chain. And plan No. X. is a map of the country, from the river Tees to the
Pentland Hills in Scotland.
Following the line of section No. VIII., we find the coal beds of the lower coal basin of the
carboniferous series at Scremerston, together with the beds of limestone and red sandstone
associated therewith, or in strict conformity with each other, running into the estuary of the Tweed;
they there meet with, in some isolated patches, the gritty conglomerates of the lower red
sandstone, upon or against which they rest unconformably. Then these beds are succeeded by the
extensive beds of slates formerly called grauwacke, but now silurian slates. The section then meets
the carboniferous series, and lower coal beds resting unconformably on the silurian rock, followed
by the millstone grit and the regular coal measures of the basin of Dalkeith; then again following the
line of the section across the coal measures to the other or north side of the basin, the lower coal
beds, and associated carboniferous series of rocks and upper red sandstone come to the surface,
overlying the old, or lower red sandstone and silurian slates of the Pentland Hills.
Following the line of section No. IX., we have the same succession of strata, in departing from the
coal basin of Plashetts and Lewis Burn, viz.:—the lower limestones and other beds of the
carboniferous series, followed by the upper red sandstone—upper as compared with the
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silurian rocks, but the lowest beds as compared with the carboniferous series—resting- sometimes
almost horizontal against the almost vertical slates of the silurian series, and sometimes upon or
against the old red sandstone conglomerate, unconformably. The section then extends to the
silurian rocks, passing a little to the west of the line of section, across the carboniferous and lower
coal beds, and regular coal measures of the Mid-Lothian basin, to the opposite edge of the basin;
when it again crosses the carboniferous series, with the lower beds resting unconformably upon or
against the silurian beds of the Pentland range.
Reversing, now, the consideration of the different formations of rocks, and tracing them in the route
from north to south, or according to the date of their formation; and commencing at the silurian
slates of the Pentland Hills, which form the base of the series, and following the line of section No.
VIII., from the Pentland Hills along the coast to the Tees. We pass successively through the lower and
upper silurian, and lower old red sandstone, forming the first division or group of rocks. Then the
upper old red sandstone; the limestones, shales, and sandstones of the lower carboniferous rocks;
the lower coal beds; the upper series of carboniferous rocks; the millstone grits; and the regular coal
measures: forming the second division or group of rocks. When we come to the third division or
group of rocks, viz.:—the lower new red sandstone; the magnesian limestone; the upper new red
sandstone and lias of the Tees; passing thus successively through the several divisions or groups of
rocks of the permian series. Thus this line of section exhibits the three several divisions or groups of
rocks, or the three distinct epochs of the silurian, carboniferous, and permian series of rocks; the
several beds of which are conformably in each series, but unconformably as groups or divisions.
It will be necessary, however, in order to arrive at a correct conclusion as to the deposition of the
successive groups of rocks, and also as to the deposition of the several beds, forming each division
or group of the series; to give some cases to show that the succession of strata adopted in the
preceding division of rocks, is justified by facts.
Commencing, therefore, with the base of the groups, or with the silurian rocks of the Pentland Hills,
the following diagram, given in the Memoir accompanying map 32 (Scotland) of the Geological
Survey of Great Britain, page 7; shows the relation of the rocks at the south end of the Pentland
chain, which incontestable prove the unconformable
[Plate VIII. Extended section from the river Tees, Yorkshire to the Pentland Hills, Scotland; and
extended section from the Stublick Dyke, Durham to Dolphington Hill (range of Pentland), Scotland]
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nature of the upper old red sandstone and carboniferous rocks, with the lower old red sandstone,
and upper silurian slates.
[see in original text Diagram to show the general relation of the rocks at the south end of the
Pentland chain]
Excellent descriptions of the silurian and old red sandstones of Lishmahagow, and the Pentland Hills,
are given by Sir R. Murchison and Mr. Geikie, in vols. XII. and XVI. of the "Geological Journal." In
some cases the position of the beds of the upper, and of the lower old red sandstones, are at right

angles to each other. One feature of the silurian and old red sandstone is worthy of remark, as
proving the independent nature of the two groups of rocks—the silurian rocks and the lower old red
sandstone, are both traversed by dykes of porphyritic felstone, often of considerable size; these
dykes, says Mr. Geikie, pass through group No. 1, or through the silurian and old red sandstone
rocks, but never intersect the carboniferous series.
In several places, likewise, along the southern edge of the silurian rocks in Berwickshire and
Roxburghshire, the junction of the lower, and also of the upper, old red sandstone, with the silurian
rocks, may be seen; in all of which places, the unconformable nature of the upper, with the old red
sandstone, and also with the silurian slates may be seen. The lower old red seems to have been
formed from the grits, derived from the waste of the underlying silurians, and also from the
fragments of quartz, jasper, of the various felstones; the smaller fragments being usually most
abundant towards the top, and the coarsest conglomerates being most abundant at the base of the
beds.
It appears clear, therefore, that the beds of the lower old red sandstone terminated the series of
deposits of the silurian period, or the first period comprised in this enquiry, and that the upper old
red was the commencement of another series of rocks, or the second period. The palaeontology of
the two series, proves this likewise most conclusively. Adopting the palaeontology of the world's life,
as given by Mr. Page in his most excellent work on "The Past and Present Life of the Globe," and the
still more detailed and eminently scientific work on palaeontology of Professor Owen,
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we arrive at the conclusion, that the period previously to life of any description whatever being
discovered, may properly be called the hypozoic period, or underlife; and which comprise the
granitic or the crystalline or metamorphic rocks. "For though the clay slates, micaschists, and gneiss
rocks may be said," as Mr. Page justly remarks, "to have been deposited in the seas and estuaries of
that period, no signs of life have yet been discovered in these rocks; and if they ever existed, the
metamorphic changes which these rocks have undergone, have entirely obliterated all signs of
organic life; for, as regards the Cambrian period, though in the rocks of this period obscure and
scattered remains of zoophytes, tribolites, and shells are found, the rocks in which these remains
have been found, called the Cambrian slates, have been termed the furthest verge and boundary of
animal life, exhibited by those rare and scattered remains."
The Silurian period next follows—the base of the rocks from which our section proceeds—a period
characterized, as Mr. Page remarks, "by its lowly seaweeds, and doubtful traces of land plants,—by
genera, and species of protozoan radiate, mulloscoid, molluscan, and articulate types, but by few, if
any of even of the lowest vertebrate order." Its strata consists of shales, sandstones, conglomerates,
and limestones, the solidified muds, sands, pebbles, and coral growths of seas and estuaries. The
silurian flora is likewise of a very lowly character, fucoids, sporelike organisms, and a few
lepidodendroid twigs, being all that present themselves. The fauna being, however, very abundant,
infusorial from its shales, graptolites in inconceivable numbers, corals of many genera and species,
encrinites of various forms, star-fishes, and sea urchin-like cystidece. In molluscan life,
representatives of every order, brachiopods, aciphalans, gasteropods, pteropods, and cephalapods.
In the articulate division, numerous annelid markings, a vast display of trilobites. The remains of
fishes are but sparingly found, and only in the uppermost beds of the system, and those that are

found are doubtful whether they belong to the close of the silurian or dawn of the Devonian epoch;
all of marine origin.
The next epoch in succession is the Old red sandstone, or what is now termed the Devonian epoch.
And in the deposits of this period we have still the same abundance of molluscan life, of zoophytes,
brachiopod, gasteropod, and aphalopods, but the graptolites which flourished in such profusion in
the silurian epoch has become extinct. The tribolites which existed in hundreds, are now reduced to
a dozen or two, whilst the larger
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crustacean forms of eurypterus, plerygotus and stylonurus, then merely appearing, now flourish in
great force; and fishes of various families swarm in vast profusion. Gigantic annelids, which occur
alike in the lowest old red or Forfar, and in the upper beds of Roxburgh, come into existence.
Reptiles, also, for the first time, come into notice, but not the higher order; though some footprints,
bones, and teeth have been detected, the existence of reptiles is however considered doubtful. In
the fauna, the large crustacea and curiously encased fishes appear, covered with hard enamelled
scales. In the vegetable world, a greater abundance of fucoids or sea weeds, marsh plants, related to
the equisitums, reeds and rushes; ferns of rare beauty (adeantites); club moss, like stones of gigantic
growth (lepidodendra) and fruit cones; and it is said that at Point Gaspé, in Canada, thin seams of
bituminous coal are interlaminated with the plant yielding shales and sandstones.
Then comes the Carboniferous era, the transition to which is more distinctly marked; still in this age,
as in the past periods, new forms appear, arrive at their culminating point, and then gradually or
quickly decline. In the vegetable world, and it is in this respect that this epoch is more particularly
distinguished, and accordingly we have most exuberant flora—far beyond any of the most exuberant
of the existing tropical regions, if we except the Wellingtonian trees of California, and the pines of
Norfolk Island. The tree ferns of New Zealand are extremely luxurious, whilst the phormium of the
same island, and the tussack of Falkland Island, show leaves as large as the poacites of this period;
still, generally, the flora of the carboniferous period show a more luxurious growth than the flora of
the present period. The vegetation of that period principally consisting of fucoids, and confervites or
seaweeds, innumerable ferns, calamites of palms, sigillaria, stigmaria, lepidodendron, &c, and the
pine, arancaria, pena yew, &c, of the true conifera. It is, however, to be remarked, that only two or
three doubtful instances of a dicotyledomes flora has been found, the majority of the preceding
forms being monocotyledons and conifers. With regard to animal life, which belongs almost
exclusively to the waters, it is equally exuberant in numbers and variety, and there is a resemblance
in that period which distinctly stamps it from that of the preceding and succeeding periods, from the
old red which precedes, and the new red which succeeds. The seas, in the carboniferous period,
seem to have swarmed with zoophytes, corals, star-fishes, sea-urchins, encrinites, and sea-worms.
Eurypterites are now on the wane, and forms like the limulus, or sea-crab, of the
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Indian ocean now make their appearance. For the first time, too, the crusts and wing-cases of
beetle-like insects appear. Every order of molluscan life occurs in abundance, brachiopods, huge
nautilus, &c, gasteropods and aceplans. The bone encased fishes of the old red sandstone have
disappeared and more fish-like forms have taken their place, megalichthys, &c; gigantic, shark-like

cistracionts, the teeth and fin species of which are alone preserved; huge sauroid genera. In reptiles
the forms are, on the whole, of lowly organization, indicating the recent advent of the order; some
remains of frog and lizard-like animals having been discovered in the Nova Scotia coal-field. "Such,"
says Mr. Page, "is the panorama of carboniferous life—an unparalleled exuberance of indigenous
flora—a wonderful profusion of estuarine and marine life in all its aspects; but as yet few insects—
none of the higher reptiles—no birds—no mammals." This period comprises the series of deposits of
the carboniferous series from Berwickshire to the termination of the coal measures; commencing
first with entirely marine deposits, as the upper old red sandstone—then the alternate marine
deposits of limestones of the lower measures of the carboniferous series, succeeded by the fresh
water deposits of coal, shale, and sandstones of the coal-fields of Scremerston and Plashetts—and
ultimately the entirely fresh water deposits.
The permian period, or new red sandstone formation, is considered by Mr. Page more in the light of
a new rock formation, than a distinct life period; as more the continuation and close of the
carboniferous era, and the dying out of many genera and species, viz., the rapid disappearance of
the coal-flora; its restriction to a few higher forms of tree ferns and coniferonatrees; the
disappearance of the gigantic sauroid fishes, and the appearance of reptiles of large growth and
curious configuration; reptilian and bird-like footsteps, and if American geologists be not mistaken,
mammalian life in its lowly marsupial form now comes for the first time on the stage; and, on the
whole, a paucity of life as compared with the preceding period; and what distinguishes this period
decisively from the previous, the occurrence of beds of rocks of exclusive marine origin. The object
of this paper being, however, the illustration of the carboniferous and coal formations, more
particularly from the silurian to the permian, it is not necessary to pursue the investigation of the
palaeontology further.
I shall now commence to describe, in a geological point of view, the successive formations, and to
trace them from the Silurian through the
[Plate XII. Section of the Midlothian coal-field]
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Devonian, and Carboniferous and Coal periods, upwards to the Permian period; as exhibited along
the line of section No. VIII., from the Pentland Hills, in Scotland, to Hartlepool and the Tees, in
Yorkshire.
Commencing, therefore, from the period of the termination of the deposit of the Cambrian rocks,
we may assume that the Pentland Hills, in Scotland, constituted the great central ridge of the ancient
rocks, dividing that country into two portions, and comprising a ridge of primordial rocks, running
from the point which is now Edinburgh, in a south-west direction, until it terminated in a chain of
hills of similar rocks in Peeblesshire. This ridge, constituting the base of our inquiries, would appear
to have been the only rocks existing above the level of the ancient seas at that period. No silurian—
no old red sandstone—no carboniferous or coal deposits then existed. Our imagination may, indeed,
present to us, that there then existed a state of things when only a narrow ridge of hills of felstone
and other primordial rocks, with dotted islands of similar rocks in that part of the globe, were
elevated above the level of the ancient seas, or, indeed, the only rocks which then existed; and if
these seas were of the same, or nearly the same level of the seas at the present period, these hills

would be of no great elevation. If we suppose, however, that the ancient seas were at a much higher
level, as containing within them all the materials which have since been deposited, and which
constitute the present dry land, then these primordial rocks would scarcely, if at all, be visible. This
would be the physical aspect of the district at that period, the vast extent of which is now dry land,
and which constitute all the subsequent formations, would be seas.
Then we may suppose another state of things to have arrived, when the deposit of the silurian rocks
took place. The lower silurian rocks would, in that case, we may suppose, be first of all deposited
upon, or along the sides of the primordial ridge of rocks; and accordingly, we find the lower silurian
rocks, though occupying a very small space indeed within the limits of the map of the district which
is the subject of this paper, deposited upon or against the Cambrian rocks. The next in succession are
what is now called the upper silurian, a continuation of the same series of rocks, in conformable
deposits, layer upon layer, of hard grits and shales; at present highly inclined to the horizon, either
by the upheaval of the primary rocks on which they were deposited, or by the depression of the
base on which they rested. The transition from a state of deposition, to a state of rest and
consolidation does not, however, appear
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to have been accomplished quietly or without disturbance, as we find great dislocations existing in
the shape of what are called faults; and the distortion and position of the beds, as at present seen,
shows that great disturbances had taken place.
These silurian rocks vary in character in different parts of Great Britain, and on the continent; and
have been made the subject of a distinct work, well worth the study of the geologist, by Sir R.
Murchison. In the district in question their deposition is, however, extremely simple; reposing upon
or against the primordial rocks of the Pentland Hills, already mentioned, and forming the base of the
next series of deposits.
The lower, or old red sandstone conglomerate, is the next deposition; resting upon the upper
silurian, and apparently formed by the destruction of the silurian portions of these strata, though
the various beds of this series of rocks appear to have been deposited conformably with, and in the
same epoch, as the silurian. This series of rocks, consisting of red shales and conglomerates, is
considered to be the basement beds of the old red sandstone, as it is popularly called, but which is
now called the “upper old red sandstone," in contradistinction from the "lower old red sandstone,"
or the conglomerate resting immediately upon the silurian slates. The woodcut, No. 11, given in the
memoir already alluded to, page 7, shows very distinctly the relative position of the silurian slates,
and old red sandstone beds, as at present existing; their conformability with each other, and their
unconformability with the carboniferous rocks.
The upper old red sandstone beds appear to have been, in this locality, the next deposit; and they
are considered as the basement beds of the carboniferous period, being everywhere conformable
with the beds of that series of rocks, and always unconformable with the previous deposit of the
lower red sandstone. The latter is, therefore, considered as the terminal period of the silurian, and
the upper old red, as the commencement of the carboniferous period.

The lower old red is visible in the Esk, and in the Tweed; but, except some small patches in the
former river, it is not seen anywhere else in the range of the Pentland Hills.
Tracing the other beds of the carboniferous period in detail, and following the line of section No. VIII.
and map X., after passing the silurian beds, we come at once into the lower carboniferous
sandstones or upper old red, the first of the beds of the series, and we find them occupying a space
in the section from the foot of the Pentland Hills to near Fountain; then comes in the lower beds of
limestone, which borders
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the Mid-Lothian coal basin on the north. Passing these limestone beds southwards, we encounter
the lower coal beds of the carboniferous series, which form the lower series of coal measures of the
Mid-Lothian coal-fields, with their accompanying beds of limestones, shales, and sandstones, as
shown on a large scale in section No. XII. Next, we come upon the upper limestone beds, with two or
three well defined beds of coal, which will be hereafter noticed. And next, the millstone grit, which
here occupies a broad belt surrounding the Mid-Lothian coal basin. All these strata are composed of
beds, in strict conformity with each other; and in strict conformity with them, and reposing upon the
beds of the millstone grit, we cross the numerous coal beds of the Mid-Lothian coal basin of the
regular coal measures. These are shown on a large scale in section No. XIII. Following the line of
section No. VIII. further south we again re-cross this coal basin by Lasswade, Newbattle, &c, and on
the southern edge thereof encounter, first of all, the same regular coal beds of the regular coal
measures as heretofore. Then again the millstone grit, followed by the upper series of the
carboniferous limestone beds, with the two beds of coal previously named; and then pass into the
carboniferous limestones and lower coal beds, contemporaneous deposits apparently with the
Scremerston and Plashetts coal beds, and then reach the lower limestones and upper old red
sandstones as heretofore, the basement of the carboniferous series. And if we follow the line of
section a little further into Berwickshire, to the Lammermuir Hills; we have again the upper silurian
slates and old conglomeratic red sandstone, upon which the upper red sandstone of the Tweed, and
the carboniferous rocks rest in unconformable position.
In this comparatively short line of section, viz., from the Pentland Hills to the Lammermuir Hills, we
commence with the silurian rocks, pass through the whole of the carboniferous, lower coal
measures, and millstone grit series, to the middle of the Mid-Lothian regular coal basin at Lasswade
and Dalkeith; and proceeding south, we again pass over the same regular coal measures, the
millstone grit, and the carboniferous and lower coal measures, by an anticlinical axis, to the silurian
rocks of Berwickshire, and all this within a space of about fifteen miles. It would make short work of
my paper to remark, that the whole of the remaining part of the section No. VIII., from Berwickshire
to Hartlepool, is only a repetition of one-half of what I have already stated, word for word, series
after series, and beds after beds, viz., passing from the silurian and conglomeratic old red sandstone
of Berwickshire; over the lower beds of
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the carboniferous series, the upper old red sandstone of the Tweed, and the lower beds of
limestones associated therewith; then passing these at the mouth of the Tweed, we encounter the
lower coal beds of the carboniferous series, forming the Scremerston coal basin, with their

accompanying beds of limestones, shales, and sandstones; and next the upper limestones, with the
same two or three well defined beds of coal, instanced in the Mid-Lothian coal basin; next the
millstone grit; and, finally, the great beds of the regular coal measures of the south of
Northumberland and Durham, which, in the line of the coast section, terminate unconformably
against the permian strata of the lower new red sand and magnesian limestones; but which, if we
were to extend the section westward, would, as in the Mid-Lothian section, terminate, and rest
conformably upon the millstone grit, and carboniferous limestones, of the western part of the coal
basin in the county of Durham.
I cannot, however, terminate this enquiry with this short (though, I trust, conclusive) statement, as
regards the succession of beds of the carboniferous period. There are some peculiarities regarding
both of the two groups of formations, viz., of the coal beds of Mid-Lothian, and also of the coal beds
of Northumberland and Durham, which require notice.
In the first place it is to be remarked, that the lower coal beds of the Scotch basin are, on the north
side of the basin, in the position of what is called edge seams, which is, that the inclination of the
beds is such as to be almost vertical. These are the Gilmerton beds on the north and east side of the
basin. The regular coal measures, and the beds on the southern side of the basin, are more
horizontal, though in some places, by the occurrence of slip dykes, they lie at a considerable angle,
yet in contradistinction to the other beds, the one is called the "edge," and the other the "flat"
seams. On examining the geological maps of the district and map X., it will be seen that the basin is a
very narrow and elongated one, in an apparent estuary, and hemmed in by the highly inclined rocks
of the silurian period; and that this basin is, in all probability, an outlying arm of the more extensive
coal formation, extending across the Forth into Fifeshire, and which is very elaborately explained by
Mr. Maclaren in his Geology of Fife and the Lothians.
Passing over any further observations at present on the Mid-Lothian coal-field, except that the
quality of the coal is essentially different from the quality of the coal of the regular coal measures of
Newcastle—the former being what is called very appropriately in Germany the "hard coal”, not
caking, but open burning, and leaving a large residue of ashes:
[Plate X. Map of the district of country, from the river Tees, Yorkshire to Fifeshire, Scoland]
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the latter, like the "fat coal" in Germany, and the bituminous coals of Newcastle, caking and very
bituminous, and leaving little residue.
The silurian slates of Berwickshire are followed by the lower limestones, shales, &c, and then we
come upon the coal beds of Scremerston, which having been so ably and accurately described by
Mr. Boyd, it would be superfluous in me to give any further description of them here, except to refer
to his paper in vol. IX. of the "Transactions" of the Institute.
These coal beds are followed by the upper limestone beds, within which are interposed two well
defined beds of coal, previously noticed, in the Scotch strata, viz., the Shilbottle, &c, beds on the
east coast, which stretch across the country to Talkin, on Tynedale Fell, in Cumberland. Interposed,
likewise, in the Northumberland limestone beds, is a bed of basalt, which does not appear to exist in
the Scotch series. This is a true bed, and not a vein. The basalt is traced throughout the whole extent

of Northumberland into Cumberland, where it cuts the great slip dyke, shown on map No. II., by
which it is thrown up to the south with the other strata. From thence it continues into the lead mine
district of Alston Moor, and contains considerable quantities of lead ore in the veins which pass
through it, and which are worked very extensively in Alston Moor and Weardale, and in some places
yields more ore than some of the limestone veins. It occupies a particular position in the strata,
being always near the bottom of a bed of limestone, called the Tyne bottom limestone (see Forster's
section of the strata of the Alston Moor district, Appendix B); and it may be observed, that it
continues into Teesdale and Yorkshire, still occupying the same position in the series. Professor
Phillips, in his Geology of Yorkshire, says—"The geological place of the whin sill is better known in
Teesdale, around Cross Fell, and along the western edge of the penine chain from Brough
northwards, than elsewhere. From my own inspection, and the statements of miners, I cannot doubt
that the place of the whin sill in Teesdale and Tynedale, and along the breast of the penine chain, is
constantly below, but not far below, the Tyne bottom limestone (which forms the upper part of the
great scar limestone of Ingleborough), and above the thick limestone of Melmerby scar." And it
seems to occupy the same position in the strata across Northumberland to the coast, where, as will
be seen by the coast section, it is terminated by the sea, and there forms or is associated with
several overlying masses of basalt—the Fern Islands being formed of the same rock.
There are, however, notwithstanding the undisputed regularity of
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succession of these several beds in this series of rocks, some peculiarities which deserve, if they do
not require, notice; and, commencing at the most distant period of deposition of these rocks, or
ascending series, the crystalline rocks are clearly the base of all the successive formations of the
localities of this paper, and though the micaschists and gneiss are supposed to be the result of the
deposits of seas, they are considered to be devoid of life, and in the consideration of them I have not
entered upon in this paper. The Cambrian rocks are also excluded, as not coming within the limits of
the paper, except as being the base of the next period of formation of rocks, and except in the
influence which these rocks have had by their protrusion through the beds forming the subject of
the paper; and perhaps it is necessary to glance at these in the first place.
I have already noticed in what manner, and the sections of the locality show the disturbances, which
the intrusion of the primordial strata have occasioned to the silurian rocks in the ridge of the
Pentland Hills, and in the intrusion of these rocks in other localities which exist within the limits of
our investigation, and which materially affect the deposits of a later period, viz., the Cheviot Hills, in
Northumberland, which affect the carboniferous series in that county, a section of which I have
already given and the effect which the intrusion of these rocks has produced on the carboniferous
beds, I shall have occasion to make some remarks hereafter.
The dykes likewise occupy a prominent and important consideration in the physical features of the
successive formations, and show, to some extent, the order of succession of the various deposits.
Reverting to the silurian period, the next in succession after the Cambrian, we find that,
independently of the unconformity of deposition of the silurian and carboniferous rocks, the dykes
which occur in the silurian strata do not cut into or interfere with the upper old red sandstone or
carboniferous rocks; hence the conclusion that the formation of these dykes was anterior to the
deposition of the latter rocks.

The palaeontology of the silurian period is likewise essentially different from that of the
carboniferous period, being almost exclusively the remains of seas and estuaries, and the flora of
that period, if flora it can be called, being of the most scanty and lowly character, as previously
noticed. The boundaries of the silurian rocks within the limits of our inquiry, appear to have been
much more extensive than the Cambrian rocks. The silurian rocks would then, after their deposition,
as shown by the most recent maps, present a ridge of hills in the position of what is now the south
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of Scotland, extending westward from the east coast, between what is called Berwick and Dunbar, to
the Western Ocean, or to what is called Port Patrick, a distance of upwards of 130 miles, and of an
average width of upwards of thirty miles, stretching across the whole island, with a few patches of
intrusive Cambrian or primary rocks. At about a distance of forty to fifty miles to the north, a similar
deposit of silurian rocks, but of much larger extent, forming, in fact, almost the entire region of the
north of Scotland, runs across the island from east to west, and nearly parallel to the former deposit,
and, if the level of the seas was the same as at present, would be the only rocks visible.
The intervening country across the whole extent of Scotland, east and west, may be supposed to
have been covered by the then seas, except the isolated intruded rocks of greenstone, basalt, &c,
running across the country from St. Andrew's Bay on the east coast, to Ardrossan on the west coast,
if such rocks were then obtruded. This interval of sea would then, we may suppose, form a strait
between what might be termed the two islands of south and north Scotland.
In this strait is now deposited rocks, exclusively of the carboniferous and old red sandstone period,
including the coal-fields of Mid-Lothian, Fife, and the west of Scotland.
To the south of the silurian hills of the south of Scotland we have no old rocks, except the protruded
Cheviot Hills, until we come to the silurian hills of Westmorland, and North and South Wales. The
whole of the intervening country consists of the carboniferous strata, including the coal-fields of
Whitehaven on the west, and the coal-fields of Northumberland and Durham, Yorkshire, Derbyshire,
Lancashire, North Wales, and South Wales, to the east and south. These latter are, however, beyond
the limits of the district assigned to this paper, and I therefore only mention them at present, with a
view of adverting to the subject in a probable future communication to the Institute.
The deposits of the carboniferous period would, therefore, include all the carboniferous strata of
Scotland, flanked on the north by the silurian hills of the north of Scotland, and on the south by the
silurian hills of Berwickshire and Peeblesshire, stretching across the strait from sea to sea; and within
this tract are all the old red sandstones of Forfarshire, the limestones and coal of Fife, the MidLothian coal-field, and the several coal-fields of Clackmannan, Linlithgow, Stirlingshire, Lanarkshire,
Renfrewshire, and Ayrshire. There can be no doubt, therefore, that all these coal-fields are the
deposition of one era, and of one period in point of time.
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Comprising the upper old red sandstone marine deposit—the lower limestones, shales, and
sandstones being an admixture of marine and fresh water deposits—the lower coal measures being
likewise alternately marine deposits in the case of the limestones, and fresh water deposits in the
cases of coal, sandstones, and shale—then the millstone grit and upper coal measures, exclusively

fresh water. And these are repeated obversely as we proceed south to the north side of the silurian
hills of Berwickshire.
To the south of the silurian hills of Berwickshire, which, as above stated, form the southern
boundary of the carboniferous rocks of Scotland, we have the same succession of strata:—the old
red sandstone of the Tweed, marine—the lower limestones, marine—the alternations of limestone,
marine—coal, sandstone, and shale, fresh water—the millstone grit —and the coal, sandstones, and
shale of Northumberland and Durham, all forming1 the great deposit of the carboniferous rocks, and
flanked by the silurian hills of Berwickshire, and in every respect similar to the carboniferous rocks of
the Forth and the west of Scotland.
There can be no doubt, therefore, that the carboniferous series of rocks and coal beds in the Forth,
or between the two ridges of silurian slates of the north of Scotland and the Lammermuir Hills, are
identical with, and are of the same period of deposition as the carboniferous rocks south of the
latter hills, including the coal beds, both lower and upper, and that both series of deposits are all the
production of one era; and when the state of things was congenial to each particular series of
deposit, viz., first of all, of thick and extensive beds of red sandstone, the production of marine
deposition—then of the alternate deposition of limestone, sandstone, and shale of the lower
carboniferous series, still all marine—then a state of things when, on both sides of the Lammermuir
Hills, such a quantity of dry land had appeared, on which the heat and moisture of the climate of
that era was productive of the most exuberant flora, and which, as seen by the sections Nos. 26 and
27, vol. IX., section VII. of this paper, and the sections of the Mid-Lothian and other coal-fields,
produced numerous thick beds of coal, sandstone, and shale, of fresh water origin, but during which
particular period were not all successive and uninterrupted deposits of fresh water origin, but
included alternate depositions of fresh water strata, succeeded by alternate depositions of marine
limestone beds. These seem to have occurred, up to a certain period, on both sides of the silurian
rocks ; when we come to a period, during which no marine materials whatever had been
deposited—all fresh water—and comprising the vast extent and number of beds of sandstone.,
shale, and coal, as exhibited
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through the millstone grit and regular coal measures strata, both in Northumberland and Durham,
and in Scotland, and elsewhere.
It is not my wish, in this paper, to indulge in speculations with reference to time in the deposition of
the beds of the carboniferous period. The great feature of that era is the existence of a climate, if I
may so term it, of a temperature which would successively, at different periods in the era, produce
vegetation capable of yielding materials for vast deposits of coal, as in the case of Scotland,
Scremerston, Plashetts, Canonbie, and the coal of the regular coal measures of Northumberland and
Durham, within the limits of this paper. Commencing with a deposition of red sandstone, in some
places of vast thickness, entirely marine; and terminating in another deposit of red sandstone, also
of marine origin, of equal or greater thickness in some places.
The character of the carboniferous period is well marked, independently of the palaeontology
exhibited in the remains of animals and plants embedded in the strata. The regular succession of the
beds at the different periods of deposition, occurring probably many thousands of years from each

other, mark the periods of deposit, not only as regards each group of rocks, but, indeed, almost of
each individual bed, in the most decisive manner. No one, looking at the succession of coal beds in
the lower carboniferous rocks near the bottom of the great series of limestone deposits, and the
alternation of these beds with the limestones at Scremerston and Plashetts, and compares these
deposits with those of the lower beds in the Mid-Lothian coal basin, on the two sides of the silurian
rocks of Berwickshire, can doubt that they were parallel formations, and deposits of the same period
of time, and there can be no doubt of the connection of the Mid-Lothian coal-field, with the coal of
the other parts of Scotland.
This being then admitted, it has been clearly shown that the regular coal measures of
Northumberland and Durham, are the great coal deposits proper, succeeding the millstone grit, and
that they are parallel in formation with the regular coal measures of Scotland, succeeding the same
great sandstone deposit of the same name in that country.
We trace the existence of a lower and upper series of coal beds in Scotland, and the existence of a
lower and upper series of coal beds in Northumberland and Durham, divided by a succession of beds
of marine limestones, and within such divisional strata two or three beds of coal. And we follow this
series of deposits through Northumberland, and into Cumberland, until we meet the line of the
great ninety fathom
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dyke, shown in section No. II. The upper series of coal beds then extend across this dyke through the
county of Durham, to the extremity of the basin or coal deposit in South Durham; we are apt to say
until cut off by the deposit of red sand and magnesian limestone; but the latter being a subsequent
formation, could not affect the deposition of the coal beds and associated strata, and therefore we
would more correctly say, that we trace the coal beds either to their termination, reposing on the
millstone grit at the south and west edges of the basin, and as at their northern extremity; or to
where they dip underneath, and are covered by the magnesian limestone, and the sea to the east.
Still, wherever visible, or where explored, we find the basin complete; and, except some internal, as
it were, intervening alternations, or variations in the individual beds and strata, we have all the
different beds of coal in that basin, occurring throughout the whole of the coal-field.
Not so, however, with the lower series of beds of coal, alternating with the limestones. As I have
previously remarked, when we reach the ninety fathom dyke, section No. II., all trace, almost, of the
coal beds associated with the limestones is lost, and, south of that dyke, we have only two or three
very thin beds of coal (see Forster's section of the strata, Appendix A.), or rather traces of coal, as
they are only in some places of twelve to eighteen inches thick. And in proceeding south into
Yorkshire, we find only the same two or three thin beds of coal in precisely the same place in the
series (see Appendix B.) and, except in Swaledale and Arkendale, these beds seldom or ever extend a
foot in thickness; and where they do become workable, it is only in detached and occasional
deposits. We see no beds of coal in this portion of the series equivalent to the lower coal measures
of Scotland, or of the Scremerston or Plashetts beds of coal. But only, and this is somewhat
remarkable, the two or three thin beds, about midway between the lower and upper series of coal
deposits.

It would seem, therefore, that in the early (comparatively) period of the coal deposits of the
carboniferous series, and whilst such deposits were subjected to successive alternations of marine
and fresh water submerging; or that whilst there occurred alternate deposits of land of fresh water
origin, and of marine inundations, the formation of coal was not regular, and existed only in certain
localities, and not in continuous beds, except the two or three thin beds previously noticed. The
greatest development of coal, in the lower series, seems to have been in Scotland, in the
carboniferous deposits between the silurian strata of the north and of the south of Scotland; the
next, in the Scremerston and Plashetts
[Appendix A. Forster’s section of the strata]
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localities; and then, after a few scattered beds in some detached localities in Northumberland, all
these beds of coal comparatively cease to exist, and are not again seen in the carboniferous series, I
believe, at all certainly not within the limits of this enquiry.
Particular beds of limestone, and even the bed of basalt previously alluded to, on the contrary, can
be traced from the coal beds of Scremerston and Plashetts, throughout the whole of
Northumberland, great part of Cumberland, into and through a great part of Yorkshire, always
preserving the same locale in the series, passing alike through the strata where these coal-fields
exist, and on the south of the dyke where they do not exist. Further south a change, however, comes
over these limestones likewise: they become thicker, and ultimately, in Derbyshire, form only one or
two beds of enormous thickness, whilst the sandstones and shales likewise become thick beds, with
few alternations. This is, however, beyond the limits of this enquiry, and I shall not, therefore, at
present pursue the subject further.
Suppose, however, we were to indulge in a speculative glance at the formation of the coal-fields in
the other parts of England and Wales. We have shown that the coal-fields of Scotland, and
Northumberland and Durham, are not only of one era, but are parallel formations of the same
period of time, and in the same position in the series; and though we cannot, perhaps, clearly trace
every bed in the series in the two localities, from the effects of local causes, which very clearly exist
in one district and not in the other, we can distinctly trace similar beds throughout the entire
deposits from Scotland into Yorkshire , and if we pursue the enquiry further south, we can trace the
same succession of strata in the same places in the carboniferous series, through all the coal-fields
intervening between the north parts of Yorkshire, into and including South Wales.
And this is consistent with what we originally set out with. We found, at the end of the silurian
period, that the only rocks in existence then, were the primordial and silurian hills of the north of
Scotland, and the Lammermuir Hills of Berwickshire, Roxburghshire, Peeblesshire, &c, and that the
carboniferous rocks subsequently filled up the space between these groups of hills forming the coalfields of Scotland; that the carboniferous strata forming the Scremerston and Plashetts coal-fields
were deposited against, or on the south side of the latter range of hills, and extending southward
and forming the regular coal-fields of Northumberland and Durham; and that the lower beds of
millstone grit,
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limestones, &c, extended continuously into Yorkshire. If we pursue this system of formation further
south, the only rocks or hills of prior date , to the deposition of the carboniferous rocks, are the
primary and silurian hills of Westmorland, and North and South Wales. Accordingly, and in strict
conformity with the deposits of the Forth, and of Northumberland, we find the whole intervening
tract of country, on the south and east, and along the line or range of such primary and silurian hills,
from Northumberland to the Bristol channel, and on the west side of these hills to St. Bride's Bay, on
the Bristol channel, filled up with the deposits of the carboniferous strata, and constituting the
several coal-fields of Yorkshire, Lancashire, Derbyshire, and North and South Wales; from which we
may assume a contemporaneous origin of birth and formation, not only of the coal-fields of the
regular coal measures of Northumberland and Durham, and of Scotland, but everywhere else in
England and Wales, the coal measures in the lower series excepted.
I have only omitted in this catalogue the Whitehaven and the Canonbie coal-fields. The latter being,
however, sacred ground, as intended to be developed in the discussion of some papers already read
to the Institute, I shall not, therefore, anticipate their discussion; but I think it a legitimate conclusion
to this paper, to so trace the formation and nature of the strata surrounding that small, but locally
important coal-field, as to so envelope it within the folds of undoubted and well-defined deposits (in
accordance with the principles and details advanced in this enquiry), as to render the determination
of the geological position of that coal-field a matter of more certainty.
We have, I think this coal-field bounded on the north by the silurian rocks so frequently alluded to of
Roxburgh and Dumfriesshire, and we have the deposition of the lower carboniferous limestone, &c,
rocks reposing upon, or against the silurian rocks, from that locality to the westward, and forming
the northern extremity of what is called the great plain of new red sandstone of Carlisle. We have,
likewise, the lower beds of the carboniferous limestones, &c, extending from Plashetts to the verge
of the coal-field, and, indeed, only separated from it by a great downthrow fault, and forming the
east and south boundary of the coal-field; whilst, on the west, it is bounded either by the red
sandstone of the plain of Carlisle, or by the upper old red sandstone of the Tweed, or by both.
The question is, therefore, confined within narrow limits, and if we
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take a very general glance at the formation of the Whitehaven coal-field, and the strata connected
therewith, it may throw some light upon this debatable question.
I think it has been clearly shown, that everywhere in the North of England, and in Scotland, where
the carboniferous series of rocks are deposited, they have been deposited upon or against the
primary or silurian rocks. Accordingly, we find this to be the case with the Whitehaven coal beds. We
find a belt of the carboniferous limestones occurring around the silurian Cumberland Hills on the
west and north; upon which, in strict conformity, we trace the millstone grit and coal measures
dipping towards the sea, and upon which, resting unconformably upon the coal measures, we have
the magnesian limestone and new red sandstone.
Mr. Matthias Dunn read an excellent paper, with plans and sections illustrative of this coal-field, to
the Institute; it is, therefore, only necessary for me to refer to this paper, which is printed in vol. VIII.
of the "Transactions", for full details of the geology of the Whitehaven coal-field. And as this paper is

set down for discussion at the same time as Mr. Gibsone's paper on the Canonbie coal-field, I shall
not entrench on such discussion further in this paper, leaving the question of the red sandstone of
Carlisle and Canonbie coal-field free and undisturbed for that eventful day.
I may, however, remark, in conclusion, as entering into the question of such discussion, the
existence of a great downthrow fault to the west, which runs from the silurian hills near Kirby
Lonsdale, passing Kirby Stephen and Brampton, which terminates against the silurian slates of
Dumfriesshire, and which forms the western escarpment facing the red sandstone of the Carlisle
basin. This great fault, which is called the penine fault, is minutely described by Professor Phillips in
his Geology of the Mountain Limestone District of Cumberland, &c, is said by the professor to be a
displacement for a length of fifty-five miles, and in one part to the extent of a thousand yards
downthrow to the west. The line of this fault is shown on map No. X.; and as it terminates near the
Canonbie coal-field, and forms the boundary between the carboniferous strata on the east, and the
red sandstone of Carlisle on the west, from Kirby Stephen to that coal-field, it is an important
element in the discussion previously alluded to.
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APPENDIX B.—SECTION OF STRATA IN YORKSHIRE
[Phillips' Geology of the Mountain Limestone District.]
Two Sections of Strata north-west of High Force between Ettersgill Beck and Langdon Beck, on the
downcast side of Burtreeford Dyke.
Feet.

Feet.

Top of main limestone.
Base of

ditto

..

Grits and shales ...

..

..

63

..

Top of underset limestone
Top of solid gritstone

..
..

..
..

Top of scar limestone ..
Bottom of ditto

..

..
..

.

..

142
..

..

242
317 and 262

..

..

..

..

..

329 and 274

..

..

..

..

..

322

Top of Tyne bottom limestone ..

..

..

412 and 357

Base of

..

..

436 and 381

Shales and grits
Hard gritstone

Top of whin sill

ditto

..
..

..
..

..

..

516 and 461

Section on the Descent of Mickle Fell towards White Force.
Feet.
Main limestone of the summit.
Underset limestone, below the summit ..
Gritstone (High Brigstone hazle)
Dislocations passing here.
Three-yard limestone (thin)
Gritstone

..

..
..

..

..

Limestone (6 feet)

]

..

130
..

Limestone (Tyne bottom)

..

..

567

..

.

575

..

..
...

..

the intermediate
strata is not given

..

.
..

288

600

..

Whin sill (basalt)

..

..

Limestone (6 feet)

..

..

..

..

Limestone, dark (12 feet)

Limestone

..

..

..

625
645
708
858

..

Section on a Branch of Maise Beds to High-cup-nick.
Strong grit rocks, Brigstone hazle of Teesdale (six fathom hazle of Alston Moor)
Plates and grits
Scar limestone
Alternations of grit and plate
Limestone
Alternations of grit and plate
Tyne bottom limestone
Alternations of grit, plate, &c.
Whin sill (basalt)
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, MARCH 6, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.

John Marley, Esq., in the Chair.
The Chairman read the minutes of the Council meeting of last month, and also those of the Council
of this day.
Lindley and Hutton's "Fossil Flora," at twelve guineas, was considered, and declined by the Council.
Mr. Brown's letter, in reference to a paper on the Burradon Explosion, was read, and the writer was
referred to the printed "Transactions" of the Society (vol. IX., pp. 55-6), for the reason why the paper
was not discussed.
The following gentlemen were then elected members of the Institute:— Mr. J. T. Rayner, of Methley
House, Wakefield; Mr. Thomas Bagnall, Penn, Wolverhampton; Mr. Henry Ward, Priestfield Iron
Works, Oaklands, Wolverhampton; Mr. George Thomas, Wallend Colliery, Bloxwich, near Walsall;
Mr. Henry C. Briggs, Oakwood Hall, Wakefield; Mr. Thomas Rose, coal master, Wolverhampton; Mr.
George May, Hetton Colliery, Fence Houses; Mr. Henry Shield, Hetton Colliery, Fence Houses; Mr.
William Miller, Whitehaven; Mr. William Goddard, Longton, Staffordshire; and Mr. Hatfield Ashwell,
Longton, Staffordshire.
The Chairman said—The first business of the day was Mr. P. S. Reid's paper on "The relative Ages of
Coal Formations and Comparative Discussions on their Co-formation in Great Britain and
elsewhere." As Mr. Reid was not present, the meeting would have to decide whether they
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would enter upon the discussion of this paper, or adjourn its consideration sine die. Mr. Reid had
had notice that his paper stood for discussion on this occasion.
It was remarked by Mr. M. Dunn, that gentlemen having papers for discussion ought to make a point
of attending; because their presence might enable members to arrive at a satisfactory elucidation of
any difficulty that might have suggested itself to others.
Mr. J. Ramsay said—The question was before the meeting, and as there was no one prepared to
discuss it, it ought to be set aside as having been discussed.
Mr. J. B. Simpson said—He would just make one or two observations on the matter. In the section of
the Yorkshire coal-field, appended to Mr. Reid's paper, I find he has omitted a depth of 817 feet of
strata, which lies below the Low Moor beds of coal, and in which are the Halifax, or ganister series of
seams. This addition will make the coal measures in that district 2800 feet, with an aggregate
thickness of coal of seventy-nine feet. In the Newcastle section the millstone grit, is shown at a
depth of forty-seven fathoms below the Brockwell seam. Now, although I believe no further
explorings have been made below such a depth, it is by no means certain that the millstone grit may
be found at that depth. It is highly probable that there may exist several hundreds of feet of strata
before reaching it, and in which (some go so far as to say) some workable seams of coal may be met
with. It is true that no seams have been observed at the outcrop; still this is not a decided proof of
their non-existence. The comparison of distant coal-fields is an extremely difficult matter; but we
cannot help being struck with the wonderful similarity which exists between those of Newcastle and
Yorkshire in point of thickness of the whole strata above the millstone grit, and also in the aggregate

thickness of the coal. In both cases we have an aggregate thickness of about 2800 feet, with a
thickness of coal in the Newcastle district of eighty feet nine inches, and in the thickness of the coal
in the Yorkshire district of seventy-nine feet. There is much more identity between these two coalfields than there is between those of Newcastle and Glasgow. Mr. Reid gives the thickness of the
Glasgow coal-field at 1250 feet, with sixty feet of coal. In the Mid-Lothian district, Professor Phillips
states the coal-bearing strata at from 6000 to 6300 feet. This includes the limestones, in which much
of the coal is found. Now, in order to render the assimilation of the Newcastle district closer to that
of the Mid-Lothian
[Diagram. Yorkshire coal-field. section of strata between the Low Moor Bed and the Millstone Grit]
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I should be of opinion that it would more thoroughly carry out this notion to add the Newcastle coal
measures proper, the millstone grit underlying them, and the carboniferous limestone underlying
that, into one sum; and if this united total approached 6300 feet, we might more reasonably
consider the Newcastle and Mid-Lothian formations identical and simultaneous. [The accompanying
diagram is explanatory of Mr. Simpson's observations on the Yorkshire strata.]
Mr. Atkinson said—It appeared to him to be quite likely that some coal-fields were completely
formed before the commencement of the formation of others; particularly in cases where they were
situated at great distances from each other; and until the contrary of this was either established, or
rendered highly probable, it appeared to him to be Utopian to attempt to establish an identity
between a seam of coal found in one coal-field, and one found in another and distant coal-field.
Mr. Berkley asked upon what data Mr. Atkinson based his theory?
Mr. Atkinson replied—Upon the appearances that indicate the very lengthened period of time
embraced by a geological era: the same general flora and climate may have prevailed over a period
sufficiently long for this successive formation of coal-fields to have occurred, even in the same
quarter of the globe; but a similar flora and climate may have prevailed, first in one and then in
another part of the globe; and in either case the formation of separate coal-fields need not have
been absolutely simultaneous; and unless it was so, it was impossible that any such identity of
seams, as that sought to be established, should really exist.
In the course of a brief discussion which followed, Mr. G. B. Forster said, it might be as Mr. Atkinson
had stated; but still there was no evidence to show that any time elapsed between the formation of
the coal and the formation of the sandstones and shale strata.
Mr. Berkley remarked that without data they might go on discussing this matter for ever. [Mr.
Atkinson—Or until the formation of another coal-field.] For his part, he did not agree with Mr.
Atkinson's theory; for if that were true, the formation of coal-fields might have been going on from
all eternity.
On the motion of the Chairman, the discussion was adjourned sine die, the object being to allow of
its being re-opened at any time, should the writer of the paper desire it.
Mr. G. B. Forster then read his paper on the Accident at Hartley Colliery.
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A few remarks were made on the matter, chiefly as to the quantity of timber that was in the shaft
prior to the accident.
Mr. G. B. Forster said he had embodied some facts relative to the question in his paper. He would
obtain further information on the point and lay it before the Institute at their next meeting.
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ON THE ACCIDENT AT NEW HARTLEY COLLIERY.
By GEORGE BAKER FORSTER, M.A.
At New Hartley Colliery, on the 16th of January, 1862, there occurred an accident which, from its
peculiar and unforeseen nature and disastrous extent, is unparalleled in the mining annals of the
kingdom.
The object of the following paper is to give such a description of the colliery and its machinery, the
results of the accident, and the means used to recover the men, as may afford materials for the full
discussion of the subject by the members of the Institute.
Hartley Colliery is one of the oldest in the steam coal district of Northumberland. It is situated near
Seaton Sluice, on the royalty of Lord Hastings, and was worked for many years by means of shafts at
and near that village—the coals being shipped at the harbour, there constructed for the purpose.
In 1844, the workings in these old pits were laid in by an inundation of water, supposed to be from
the sea, and have never been reopened. In the year 1845, a new winning was commenced about a
mile and a half to the north of the old colliery, and adjoining the railway which has since become the
Blyth and Tyne. The low main seam was reached on the 29th May, 1846.
At this time the colliery was held by Messrs. Jobling, Carr, & Co., but shortly afterwards was
transferred to Messrs. Carr Brothers & Co., in whose possession it has since remained.
The following is the section of strata sunk through in the Hester Pit, which was the scene of the
accident:—
No.

Fms. Ft. In.

From top crib to soil
1 Soil ..

..

2 Clay, strong

..
..

..

.

..

..

..

3 Sand, with water (stone head)
4 Grey metal stone
5 Coal, very soft ..
Carried forward ..

..

..
..

0

4 0

0

1 0

..

..

3 3 9

..

..

0 5 0

..
.

..

..
..

0 5

3

0 1

4

-----------

Fms. Ft. In.

6 2 4
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No-

Fms. Ft. In.

Brought forward

..

6 Black stone

..

..

6 2 4

..

.,

7 Grey metal stone, thilly ..

..

.,

..

8 Grey post girdle, with water ..
9 Grey metal stone

..

..

..

..

10 Post girdle, with water

.

..

..

11 Grey metal stone, with thin post girdles
12 Coal, very soft

..

..

..

..

..

0

0 8

1

5 8

0

0 8

0

5

5

.. 0

0

8

2

2 7

0

0 5

_________
13 Thill stone

..

..

..

14 Grey metal stone, soft

..

..

15 Strong post girdle, with water
..

17 Coal, strong

.

..

..

..

..

16 Strong grey metal stone

..

..

0

5 3

0

1 2

0

2 8

0

2

5

0

1

1

-----------18 Grey post, mild

..

19 Grey metal stone
20 Coal

.

..

..

..

1 3

..

..

0 5 4

.

.

..

0 2

22 Whin girdle

..

..

23 Grey metal stone, soft

..

..
..

..

24 Grey metal stone, strong

0 1

..

..

2

0 2 6

..

..

0 3 1

25 Grey and white post, much water, sixty 40-gallon tubs per hour 1
26 Whin girdle

..

..

..

2 5 0

0 2 3
..

..

2 0 7

5

------------21 Grey metal stone, strong

5 4 1

3

..
..

Fms.lt. In.

..

0

2 6

0 0

27 White post, with water ..
28 Grey metal

..

29 Scamey post

..

30 Grey metal
31 Coal ..

..
..

..

..

0 3 6

..

,.

3 9

0 0 10

..

..

..

5

..
..

..
..

..

..

0 1 3

..

0 0

8

------------32 Thill

..

...

..

..

.

33 Mild scamey post, with metal partings

. 0 1

..

4

1 1 9

34 Grey metal, with whin, from 4in. to 1ft. 10in. thick

2 5 2

35 Black stone, with mussels in the top part ..

1 3 0

36 Coal

0 1 6

..

.

..

------------37 Thill..........

6 0 9

0 0 8

38 Grey metal, with post girdles
39 Whin girdle

9 3 6

..

..

..
..

.

40 Strong white post, with water
41 Coal (High Main seam) ..

..

2 1 10
0 0 10

..
..

..
..

1 0 11
0 4 6
-------------

42 Thill, soft

..

..

43 Black stone, mixed with coal
44 Grey metal, soft

..

..

..

..
..

..

..

..

..

..

..

..

50 Post, with metal partings, a little water

0 5 2

..

..

8

0 4 2

..

48 Black metal, mixed with coal ..

0 0

..

47 Grey metal stone, with balls of ironstone

49 Dark grey metal

0 2 3

..

45 Dark grey metal, mixed with coal ..
46 Grey metal

0 0 3

1 1 7
..

0 4 4

..

0 1 8
..

7 1 8

4 2 9

51 Strong grey post, with whin girdles, a little water

6 3 8

Ft. In.
52 Coal, soft

..

53 Grey metal band
54 Coal, hard

1
.. grey seam

..

1

0 3½

..

2 6½
0 3 11
-------------

55 Dark grey metal

..

..

56 Grey metal, with post girdles

..

.

..

18 5 4

.0 2 2

..

2 0 10

Carried forward

..

..2 3 0

56 0 4
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No.
Brought forward
57 Grey metal, with balls of ironstone
58 Black stone, mixed with coal

..

..

..
..

59 Thill, mixed with balls of whin

Fms. Ft. In.

2 3 0

56 0 4

1 3 9
0 4 8

..

..

60 Strong grey metal stone ..

0 5 0
1 1 10

61 Strong grey metal, with post girdles

..

..

62 Strong white post, mixed with whin

..

63 Grey metal, with post girdles
64 Coal (Yard seam)

Fms. Ft. In.

..

..
..

..

2

3 8

1

3 0

2

0 0

0

2 9

------------65 White thill

..

66 Dark grey metal
67 Coal

..

..
.

..

..

..

..
..

0

4 0

0 4 4
..

..

0 1 2
------------

68 Black stone, soft

..

13 3 8

0 0 2

1 3 6

69 Grey metal thill

..

..

..

..

0 3

70 Strong grey metal stone, mixed with post ..
71 Dark grey metal, mixed with coal
72 Grey metal thill

2 0 6

..

..

..
..

74 Strong white post, mixed with whin, very wet
75 Blue metal, with ironstone girdles
76 Coal, with slaty partings

..

..

..

..

3 2
7

0 2 6

..

80 Coal, mixed with black stone

0

0 1

.

79 Strong grey metal ..

4 3 9
10 1 0

77 Strong grey metal, with post girdles
..

0 2 1
0 4 0

73 Strong grey metal stone, with balls of whin

78 White post

0

[ Bensham ]

0 1 6

[ seam

0 1 4

]

..

0

1 11

------------81 Grey metal thill

..

..

82 Grey metal, with post girdles
83 Grey post ..

..

..
..

..

..

0

.•
..

..

0 1 4
1 1 2

85 Mussel scarp

0 0 6

86 Strong grey metal

..
..

87 Strong white post

..

..

0 4 4

..

0 1 6

88 Strong grey metal, mixed with post
89 Jet or black stone

..

90 Coal (Low Main seam)

..
..

..
..

..

1
.

..

2 6

0 0

6

0 3 4
-------------

91 Thill

..

..

2 4

0 3 0

84 Grey metal, with ironstone girdles ..
..

20 2 6

..

0 4 0

92 Strong grey metal, with post girdles

2 2 0
-------------

5 9 0

3 0 0

Total........

100 1 0

It will be seen that the low main seam found here is much below the average thickness, owing to the
pit having been sunk on the tract of thin coal described by Mr. T. G. Hurst in vol. VIII. of the
"Transactions" of this Institute. The coal, however, proved rather better to the east, and the
workings were continued until the same difficulty was encountered which had formerly stopped the
old colliery. On the 14th February, 1852, an immense feeder of water came off from some pillar
workings between the pit and the sea, which only allowed a few hours for the drawing of the horses
and a portion of the stock. The pumping power then in use being utterly inadequate to contend with
this great increase of water, Messrs. Carr commenced to erect a 400-horse condensing engine, and
to put in
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pumps of suitable sizes. Plan No. I. shows a section of the engine, together with the shaft and
arrangement of sets. The diameter of the cylinder is 86½ in., and length of stroke 10ft.; the engine
working with one foot expansion. There were two condensers with air pumps 3ft. 6in., worked by a
back beam. The main beam was 8ft. in depth at the gudgeon, and consisted of two plates 5in. thick,
with a web running round their outer edges, of an average section, 9in. x 5in.; the length was 34½ ft.
extreme centres, the inner end being 18ft., and the outer end 16½ ft., giving for the 10ft. in the
cylinder a stroke of 9ft. 2in. in the pit; whilst the upper or staple sets, being attached to the beam
7ft. from the piston rod, had a stroke of 6ft. 1in.
The sets were three in number, viz.:—
1.—Low set, 34 fathoms long, 24-in. working barrel, lifting the water to the Yard Seam.
2.—Middle set, 30 fathoms long, 24-in. working barrel, lifting the water to the High Main, whence it
flowed to the staple sunk under the engine house, and was raised to the surface by
3.—High set, 38 fathoms in length, 30-in. working barrel.
These were all lifting sets; the working pieces were of cast iron, as usual, but the common pumps
5

were constructed of ½in. to 16in. plates, with a ½in. strip rivetted over the vertical joint, the flanges
being of angle iron.
The wet spears of the high set were of Memel, 12in. square, with spear plates 21ft. long, 8in. x 1½ in.
in the middle to ¾in. at the end. The main dry spears at the pit end were also Memel, 14in. square,
except the top and bottom ones, which were of oak.
The middle set of wet spears and the low set of dry and wet spears were of Memel, 10in. square.
A metal catch-pin, five tons in weight, was placed on the inner end, to assist in balancing the engine;
and that on the outer end was of oak, 22in. square x 9ft. 3in., fastened to the beam by two 4-in. iron
bolts.
The spring beams were of Memel, 24in. square, with oak springs 20in. x 9in., tapered to 5in. at the
ends, and were stayed by metal pillars under each catch-pin.

The engine usually worked at the rate of 4½ strokes per minute, but on extraordinary occasions it
has been driven up to 7½ strokes, which gave a delivery of 1,395 gallons per minute. The diameter of
shaft is 12ft. 6in., divided in the centre by a 3-inch plank brattice, secured in the usual way by side
planks. From the surface to the stonehead the pit was walled with
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stone, below that, except where post was met with, the sides were lined with timber, consisting of
4-inch x 5-inch ash cribs, three feet apart, with 1¼ inch cleading deals spiked on in front. The fore pit
was used as a downcast and drawing shaft, the cages being double-decked with one tub on each flat,
and working each in two ordinary wooden slides, one attached to the brattice and the other to
buntons. The back pit was the upcast from the Yard Seam, and also contained the low and middle
sets. The return air was conducted by means of a slope drift and staple to the Yard Seam, in which
was placed the furnace 6 feet x 6 feet, 40 yards from the shaft, and thence it passed to the back
shaft by a drift, as shown in section No. II. The distance from the Low Main to the Yard Seam is 24
fathoms, but this was shortened by taking advantage of a rise trouble of 8 fathoms, so that the
staple was only 14½ fathoms, and the rise in the drift 9 feet.
On the morning of the accident all was going on as usual: the back shift men had gone down, and
the fore shift men were still in the pit, with the exception of 16 or 17 men who had ridden, and eight
then being drawn up in the cage; when, at half-past ten o'clock, the out end of the beam was seen to
fall suddenly into the pit. On examination, it was found to be fractured, in a line passing through the
gudgeon, and slightly inclining from the centre towards the pit. The ascending cage would, at that
moment, be about 6 fathoms below the High Main, and the greatest apprehensions were at the time
entertained for the safety of the men who were being drawn up in it.
Immediate measures were adopted to endeavour to get down to them. I. Short, the enginewright of
the colliery, and his assistants, at once went into the shaft, on the jack-engine and crab ropes. They
found the whole a complete wreck; the brattice entirely destroyed; most of the cage slides and
buntons knocked out or damaged; the main dry spears broken about 8 fathoms from bank, and all
their collarings carried away. As all the timbers were hanging in a very dangerous state, their
progress downwards was very slow. In the meantime a party of men were sent down the pumping
staple to clear away the wreck which had accumulated at the High Main seam; and they succeeded
so far, that in the afternoon they were enabled to get the jack-rope through the wreck above by
means of a hand-line. Before this, however, they had been able to communicate with the men in the
cage below, and to lower a light to them. The jack-rope was now lowered down to the cage, with a
loop attached, and one man, named Sharp, got in; but, in coming away, he unfortunately
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got fast, was pulled out of the loop, and falling on the wreck below; was killed. It was then deemed
advisable to haul them up by hand into the High Main, and in this way Sharp (who had been thrown
out of the cage by the shock on to a bunton), Ralph Robinson, and Thomas Watson were got out,
and brought to bank safe, but in a very exhausted state. From these men it was learned that four
men had been thrown out by the first shock, and were killed, in addition to Sharp, who fell from the
loop, as mentioned above. A consultation of those viewers present was now held, when it was
deemed advisable to put in a temporary scaffold at the High Main, so as to catch the timber, &c,

which fell from the men working above, and prevent it going down to increase the difficulties below.
The work of clearing the shaft was now commenced afresh, and in a few hours all the timbers, &c,
which had been left hanging in a dangerous state above the High Main, were either taken out or
thrown down on to the scaffold, and the men commenced to rid them away, and stow them in the
drifts of the High Main. This was soon done, and before morning the two cages were got out in a
very shattered condition, having been much crushed by being pulled out, as well as by the falling of
the beam.
Friday, 17th—The cages having been got out, and one rope taken off the machine, so as to enable the
men to make use of the other, the work of clearing away was again resumed, and it was found that,
at about 15 or 16 fathoms from the High Main, the obstructions had assumed a very consolidated
form. Timbers of every description, including cribbing and deals from the shaft sides, were jammed
together in most hopeless confusion, and the water-boxes having been carried away, the whole of
the shaft-feeders were scattered over the pit, so that the men worked under the greatest difficulties
and dangers, and the progress was necessarily slow.
The middle set of pumps and the low dry spears, which, when first seen, were nearly in their proper
position, had by this time fallen into the fore pit, and across each other, which greatly increased the
difficulty. During the day, Mr. W. Coulson arrived at the colliery, and volunteered his services. It was
at once felt by all parties that they would be of great value, and accordingly the work was put under
his charge, and after this time he superintended the whole of the operations in the shaft.
Saturday, 18th.—The work was continued with tolerable success, though slowly, much of the timber
being literally reduced to matchwood, and having to be filled into the corf with shovels.
Unfortunately, during
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the day the sides of the shaft began to give way, and a quantity of stone fell from time to time,
which was the cause of great danger and delay. Towards night this evil increased so much that it was
absolutely necessary to stop and put in some square timber and stays, both to provide for the safety
of the men working in the shaft, and to facilitate their progress. This occupied about twelve hours.
Sunday, 19th.—This morning it was computed that a point about five fathoms from the Yard Seam
had been reached, and the above timber having been finished, the sinkers commenced to work a
hole down by the side of the pumps, for the purpose of obtaining access to the furnace drift. This
was found to be a work of considerable difficulty, as the timbers were so jammed and wedged
together that they could only be pulled out by heavy lifts of the crab rope; and when brought away,
a quantity of debris always rushed down into the space left by them.
I may here mention that a variety of schemes had before this been suggested to those in charge,
such as boring a 3-in. hole to the Yard Seam; drawing the spears, and going down the pumps, &c.;
but being of no practical value, they were, of course, not adopted. The project of attempting to get
down the pumps had, indeed, been discussed by us on the Thursday night, and abandoned as
impracticable; and it is fortunate that it was not tried, for in drawing the middle set after the
accident, it was found that the spears were completely jammed in by broken wood, &c, and it was
with great difficulty that they were got out at all.

Great hopes were at this time entertained, that, on reaching the bucket door scaffold, it would be
found whole, and that there would be a hollow space underneath it, affording a clear passage to the
clack door scaffold, and thence to the Yard Seam.
Monday, 20th.—No change in the nature of the work during this day. By persevering and most
strenuous efforts the sinkers succeeded in reaching the bucket door before night.
Up to this time no very serious apprehensions were entertained of the lives of the imprisoned men
being in danger from any cause, except that of want of food and rest.
The existence of the staple to the Yard Seam was known to nearly all on the colliery, and the
chargemen had special instructions to make use of it to escape to the Yard Seam, in case of any
accident to the machinery or shaft; and, in fact, we felt confident that they had done so, as the
sinkers heard them on the Friday, working and jowling at no great distance below the place where
they themselves were engaged.
Those acquainted with the mine assured us that the seam gave off no
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appreciable quantity either of carburetted hydrogen or carbonic acid gas. It was known, also, that
the men in the Yard Seam would have access to good water, and, besides the provisions they took
down on Thursday, they could obtain a considerable quantity of oats, &c. Under these
circumstances, the highest medical authorities declared the men would undoubtedly exist for seven
or eight days. But on Monday a new enemy began to develope itself. In the early part of the day a
vapour, which was at first thought to be smoke, had been observed coming out of the pumps. It
certainly had a strong sooty smell, and some even imagined that the imprisoned men had lighted a
fire. The pit itself also began to cast up, and so strongly, that the vapour backed against the fresh air
which came down from the surface, and passed by the drift in the High Main to the staple.
During the night, however, the sinkers, at each change of shift, began to show symptoms of sickness
and nausea on coming into the fresh air, and it became evident that they were under the influence
of some gas which produced these effects. It was at first thought to be stythe or carbonic acid gas;
the fact, however, of the lights not being subdued by it, but, on the contrary, burning freely, and if
anything, with an increased flame, led us to suppose that it must be carbonic oxide.
Tuesday, 21st.—Early this morning the sinkers reached the clack door scaffold, and, on pulling out a
piece of timber rather larger than usual, the gas came away in immense volumes, overpowering the
men in the bottom to such an extent, that it was with the greatest difficulty that they escaped. Even
those in the High Main were very severely affected by it, and came to bank extremely ill.
It now became evident that the Yard Seam could not be reached without some means to restore the
ventilation in the shaft. Preparations were, therefore, at once made to put in a temporary brattice of
cloth below the High Main, and in the meantime the sinkers were engaged in clearing away many of
the broken timbers, which, in their anxiety to get down, they had left hanging to the sides of the
shaft in an insecure state.

The staple to the High Main served, of course, for an upcast from that seam. Below this the cloth
brattice was put in on the north side, two feet from the centre, and a cap being placed on it, at the
High Main, the drift to the staple was secured by a close stopping. The cloth brattice was fastened to
battens, placed as buntons, six feet apart.
Owing to the awkward position of the pumps and dry spears in the shaft, there was some little
difficulty in getting the brattice in, it being necessary to commence it on one side, and, passing
round the pumps, to
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take them within it, so as to secure the furnace drift for a last return. To obtain the necessary
ventilating power, the top of the staple was connected with one of the boiler fires, by means of the
crab rope drift going under the engine house, and terminating in two metal pumps 14in. diameter,
which were let into the mason work, one on each side of the fire-doors. By this means the heated
column of air in the engine chimney was made available, and a waterfall having been put on in the
fore pit, a sufficient current of air was produced to clear away the gas as the brattice was carried
down.
Wednesday, 22nd.—This morning the work of putting in the brattice was so far completed, that the
sinkers were able to resume their work of clearing away the rubbish at the bottom, and towards the
middle of the day they succeeded in making a small hole through the obstruction, and at last
reached the entrance to the furnace drift; but here the gas was so strong that it was some time
before they could enter it. Before the afternoon, however, the gas was partially cleared away: they
got in a short way, and found some tools and a back-skin, which were recognized to be those
belonging to the deputies at work at the time of the accident. They also found evidences of the men
having been at work there, endeavouring to clear away the timbers which blocked up the mouth of
the drift. Eventually some of the men forced their way into the drift, and thence to the seam, and
soon our worst fears were confirmed. The men were found all dead. Two lay at the furnace, one of
them on the bars and the other leaning against them. The main body of the men were, however,
found in the ingate, close to the shaft, and in the cross cut and stables near it, as will be seen on
reference to the plan No. III. The whole of the bodies were found in positions showing that they had
died quietly and without pain, the gas having evidently produced a sleep, which ended in death.
Having thus ascertained that no life remained to be saved, it was resolved that, before proceeding
further, the bad stone in the shaft, which had all along been in a very dangerous state, should be
secured, that the rest of the obstruction should be entirely cleared away, and the brattice completed
to the Yard Seam buntons. This was the more necessary as it was found that there was still a
considerable amount of gas in the seam, and though at times it was possible to penetrate to some
distance from the shaft, yet at others the gas seemed to fill all the avenues to the seam, and the
men who came out last were affected by it in a very high degree.
Thursday, 23rd.—In accordance with the above determination, preparations were made
immediately for putting in two or three lengths of
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temporary timber, consisting of ordinary ash cribs and cleading deals. This occupied the whole of the
day, and on it being finished, the work of clearing the shaft below was again proceeded with. It
having been ascertained that the lower part of the set of pumps had been bodily shifted about 15in.
from their original position, some fears were entertained that they might not be standing securely
on the buntons, and that when the timber, &c, which was wedged about them, came to be cleared
away, they might be found in a very unsafe state. To provide for this, two large oak buntons were
got ready, and also strong chains with which to hang them; but, fortunately, they proved
unnecessary, as the pumps, though shifted to the above extent, were still resting firmly on the cross
buntons.
Friday, 24th.—Nothing now remained to be done but to clear away the last portion of the rubbish,
and to complete the brattice. This, however, occupied the whole of the day and night, as the gas and
stench were at times so strong as almost to prevent the men from working in the pit. Some
inconvenience having been felt from the gas coming up the pumps and into the fore pit at the High
Main, the bucket door was taken off, and the top of the pumps connected with the return by means
of a box attached to the hogger pump, and passing through the stopping in the staple drift; and as
this increased the area of the upcast, it was found to be of great service.
Saturday, 25th.—By 10 o'clock this morning everything was ready for the sending away of the
bodies. A scaffold was laid over the fore pit at the Yard Seam, and the brattice was carried down and
secured to the standing buntons, which caused a free circulation of fresh air in the Yard Seam, and
enabled the men to go into it without any inconvenience. As some of the bodies were considerably
decomposed, it was deemed necessary by the medical men to have a good supply of chloride of
lime; and every one who went down to assist in removing the bodies, was provided with a pair of
strong leather gloves.
It had been originally arranged to send the coffins down the pit, but it was found that the bodies
were not, in general, in such a state as to render this necessary, and they were eventually sent away
simply in sling chains, and coffined at the surface. This materially facilitated the task, as it would
have occupied a considerable time to coffin the bodies in the seam; and the position of the pumps
and spears in the shaft was so awkward, that it would have been very difficult to bring the coffins
safely past them. At half-past ten the first body was brought to bank. Parties of men from the
neighbouring collieries were told off to relieve each other
[Plate IV. Plan of Hartley Colliery, low main seam]
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in the labour of bringing the bodies to the shaft, each party having some responsible person in
charge of it, whilst a sinker rode in the shaft to guide the bodies to the surface; and thus the final
work went on, without stop or intermission, for seventeen hours, until, at half-past three on Sunday
morning, it was announced that all the bodies found in the vicinity of the shaft, 199 in number, had
been brought to bank. A misunderstanding having arisen as to the exact number in the pit at the
time of the accident, it was thought that there might still be some bodies in the workings of the Yard
Seam or Low Main; a party was therefore organised, who went down and explored every place in
the Yard Seam, and though much impeded by the bad air, eventually penetrated to the staple which
communicates with the Low Main. This they found to have eight or ten feet of water in the bottom,

which, of course, put an end to any further search; and it was ascertained, by a careful computation,
that the 199 found in the yard seam, with the five who were killed in the shaft, making 204 in all,
were the whole of those lost by this most terrible catastrophe.
The following are the weights of the beam itself, and the working load on it:—
Tons. Cwts. Qrs.
Weight of beam

Tons. Cwts. Qrs.

42 0 0

Do. on outer end—
Water

..

..

..

30 17 0

Dry spears, plates, &c. ..

12 0 0
---------

42 17 0

Do. on inner end—
Piston, piston rod, cross-head, and links 7 9 0
Water in staple set
Metal catch pin

..
..

32 2 3
..

6 0 0
---------

45 11 3

Area of cylinder 5876.5 square inches, which, with steam at 14lbs. and vacuum 10lbs. = 24, gives a
pressure on the piston of
..
..
..
62 10 1
I have been favoured with the following observations on the strength of the beam by Mr. J. J.
Atkinson, H.M. Inspector of Coal Mines for Durham, who has kindly permitted me to insert them
here.
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Approximate calculation of the amount of steady load or strain that would have been required to
break the Main Beam of the Pumping Engine at New Hartley Colliery, presuming the Beam to have
been in an uninjured and ordinary condition, and the cast iron of which it was composed of average
quality.
The greatest steady load that could come upon the beam, in the ordinary course of working, would
arise from the combined action of the steam and vacuum in the cylinder of the engine, together with
the weight of the piston, piston-rod, cross-head, links, and catch-pin, at the in-end of the beam,
assisted by the weight due to the spears and water in the high or staple set of pumps, and the
weight of the in-end of the beam itself.
But the following calculations appear to discountenance altogether the supposition of the beam
having been broken by the steady force of the working load, as that load appears to have been less
than one-thirteenth of the force that would have been required to break the beam by a steady

strain, thus confirming the general opinion, that the fracture of the beam was caused by some
sudden shock or concussion.
We have no precise rules for calculating the ultimate strength of bars or beams of cast iron, the
transverse sections of which are so irregular in form, as the main beams of pumping engines; and all
that we can do towards ascertaining their strength, in the absence of special experiments, is to
calculate them approximately from the results of experiments on bars, having more simple forms of
section.
Perhaps a sufficiently near approximation to the real strength of the Hartley beam will result from
regarding it as a beam of uniform breadth, equal to that which the area of the plane of fracture
divided by the entire depth of the beam, including the central opening of eighteen inches for the
gudgeon, will indicate. That is to say, by viewing the metal exposed at the line of fracture as having
been uniformly distributed over the entire depth of the beam, so as to have formed a beam of
uniform breadth, in lieu of the more complex figure which it really presents. The average load
required to break bars of cast iron, as deduced from experiments on forty-nine different samples,
the particulars of which are given in a table supplied by Dr. Fairbairn, of Manchester, and published
in the "Treatise on the Steam Engine," by the Artizan Club, was 449.73lbs. for bars of one inch
square in section, and four and a half feet in length, when supported at both ends, and loaded in the
middle.
This would give, for bars having the same sectional dimensions,
[Plate V. Section of the main beam of the pumping engine at the Hartley colliery]
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supported and loaded in the same manner, but only one foot in length, a breaking strain of 449.73 x
4½ = 2023.785 lbs.
But for bars having the same sectional dimensions, one foot in length, and fixed at one end and
loaded at the other, it would give a breaking strain of 2023.785 / 4= 506 lbs. nearly.
The transverse breaking strength of bars of cast iron having rectangular sections is found to be
directly proportional to the breadths and to the squares of the depths of the bars; it is also inversely
proportional to their lengths, so that these experiments conduct to the following formula for
rectangular bars of average quality, when fixed at one end and loaded at the other.
W = 506b d2 / L
Where
W = the breaking strain in lbs.
b = the breadth of the section in inches.
d = the depth of the section in inches.
L = the length in feet.

(1)

The sectional area of the Hartley beam at the line of fracture, as shown in the accompanying
drawing (see plan No. V.), is about 1163.074 square inches, so that if we regard the metal as having
been uniformly distributed over the entire depth of the beam at the line of fracture, including the
central opening (for the reception of the gudgeon), it would have formed a beam 1163.074 / 98 =
11.868 inches in breadth and 98 inches in depth at the line of fracture.
If, from some accident, the outer end of such a beam became rigidly fixed, we might regard it as a
beam fixed at the centre gudgeon, or line of fracture, and loaded at the other or in-end, at a
distance of eighteen feet from the fixed point, that being the distance from the middle of the centre
or main gudgeon to the centre of the cylinder.
Under these circumstances, if we reduce the constant in formula (1) from 506 to 500, to allow for
the two small honey-combs discovered in the beam, and regard the metal as being sound, and of
average quality, the load required to be applied at the centre of the cylinder, eighteen feet from the
fixed point of the beam, in order to break it, would be W = 500 x 11.868 x (98 x 98) / 18 =3,166,118
lbs or 1413 tons 8cwts 3 qrs 18lbs, which is probably a fair estimate of
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the amount of steady load or force that would have been required to break the beam, as the metal
had the appearance of being of average quality, and no flaws, beyond what have been allowed for,
were discovered in the plane of the fracture.
The next point requiring consideration is the amount of the greatest steady strain that could, under
any circumstances, come upon the inner end of the beam, on the supposition of the outer end
becoming, by some accident, fixed.
And as the force or strain that would have been required to break the beam has been calculated for,
as being applied at a distance of eighteen feet from the centre of the main gudgeon, it will be
convenient to consider the greatest strain as being applied at a similar distance from it.
Weight of inner end of beam, say twenty-four tons, or 53,760 lbs., taken as a parabola, having its
vertex nineteen and a-half feet from the centre of the centre gudgeon. An equivalent force applied
eighteen feet from the gudgeon would be 53,760 x 19½ x .4 / 18 =
23,296 lbs.
Entire weight of piston ..

..

..

Do.

of piston rod ..

..

..

Do.

of cross-head

Do.

of links

Do.

of catch pin

..

..

..
..

..

..

4,816
..

..
..

4,816

1,904
5,152

..

13,400

Water and spears in the staple set of pumps, 72,000 lbs. at eleven feet from the centre of the main
gudgeon; the equivalent weight, at a distance of eighteen feet therefrom, being
72,000 x 11 / 18

44,000

Pressure of steam in cylinder, fourteen lbs. above atmospheric pressure, and the amount of vacuum
ten lbs. below the pressure of the atmosphere, together, equal to twenty-four lbs. per square inch of
piston, the diameter of which, was eighty-six and a-half inches, giving an area of 5876.56 square
inches, operating at a distance of eighteen feet from the line of fracture at the centre gudgeon =
141,037
Giving as the greatest steady strain that could act upon the inner end of the beam, calculated for a
distance of eighteen feet from the line of fracture ..
..
238,421
pounds, or 106 tons 8 cwts. 3 qrs. and 1 lb.
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But 3,166,118 lbs., or 1413 tons 8 cwts. 3 qrs. and 18 lbs., was the steady force operating at the
same distance from the line of fracture that would appear to have been required to break the beam.
It results from these calculations, that the beam was to all outward appearance calculated to sustain
a steady force of about 3,166,118 / 238,421 = 13¼ times greater than the greatest steady force that
could, from the nature of the case, be brought to bear upon it; even allowing that the spears in the
shaft had become fixed, and that the full force of the steam and vacuum were at the same time
applied to aid the natural load at the inner end of the beam, in straining it.
It would, therefore, appear that the beam was not broken by a steady force or strain, but, in all
probability, by a sudden shock or concussion, such as might arise from the beam losing a large part
of its load at the pit end, while at or near the bottom of the stroke in the shaft, and so allowing the
engine to make the instroke too rapidly.
[see in original text Facsimiles of the obverse and reverse sides of the Medals which were presented,
at a Public Meeting in Newcastle-upon-Tyne, on the 20th May, 1862, to the Workmen who nobly
attempted the recovery of the entombed Miners.]
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, APRIL 3, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary read the minutes of the Council, which contained a recommendation that the usual
meeting of the next month be deferred, (on account of the opening of the Great National Exhibition
on the 1st of May) to the 15th of that month.
The President, in moving the confirmation of the minutes, said— There was but little business to
transact. The Secretary had read the minutes, and in these there did not appear to be anything

calling for observation. The Council had resolved that it was expedient to postpone the next meeting
from the 1st to the 15th of May, on account of the opening of the Exhibition on the former day, as
some of the members might have a desire to be present at the opening. For himself, he was afraid
that he should be obliged to be present, being one of the Committee of Section I.; and probably he
should also be a juror, as he had been applied to become one. He then put the motion for
adjourning the meeting, which was unanimously adopted.
The President then drew attention to a safety-lamp for mining purposes, which had been presented
by the inventor, Mr. Jones, through Mr. J. T. Ramsay, to the Institute. He did not know, he said,
whether the gentlemen present had examined this lamp, but he had done so, and had ordered half a
dozen for use in the Hetton Colliery. The object of this improvement was that the lamp could not be
opened without at once causing the light to be extinguished. That was its object, and it was a
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very important one, because it was very desirable to have a lamp of simple construction; and, at the
same time, one that would be extinguished as soon as the workman attempted to open it
surreptitiously. If the lamp before them answered this purpose, it was, at the same time, a very
simple apparatus. It appeared well worthy the consideration of the members of this Institute, and he
would recommend those who were interested to purchase one, and study its construction, and give
it a trial. It was made by Mr. Jones, of London, and of Dukinfleld, near Manchester.
Mr. Daglish said, that Mr. Abbot had brought out a safety-lamp, which, on being opened, the light
was extinguished, but which had not as yet been brought under the notice of the Institute.
Some conversation arose as to the effect of the friction in turning the screw of Jones' lamp to
extinguish the light; and the President observed that it was impossible to get a screw to work
without some friction, and, consequently, the desired effect would be produced. The plan was so
simple that, if a workman began to tamper with the lamp, even if he attempted to insert a pin to
prevent the extinguisher from acting, it would be difficult to prevent the operation of extinguishing
the light. He did not say the lamp was perfect, there were evident defects, but these appeared to
him to be capable of being remedied. The principle was good, and as it was only about a shilling
more expensive than the ordinary lamps, it was desirable, therefore, that gentlemen interested
should purchase one and try it.
Mr. M. Dunn said he had had one sent to him by Mr. Jones, accompanied by a written request that
he would see Mr. Watson, of the High Bridge, about it. He had done so, and had asked Mr. Watson
what he thought about it—did he think that it was likely to take precedence of other lamps? Mr.
Watson's reply was that he thought there was nothing in the invention.
The President—But we like in such cases to judge for ourselves, and Mr. Watson, being himself a
manufacturer of other lamps, was not a strictly impartial person. He would, therefore, recommend
all practical persons to give it a fair trial.
Mr. J. T. Ramsay said the inventor was an industrious, clever man, and on that account he had taken
some interest in his invention. He (Mr. Ramsay) also had seen Mr. Watson about it. Mr. Watson had
entered into an arrangement with Mr. Jones to make the improvements, but he said he could do
nothing with it without testimonials from the
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mining engineers of the district. Mr. Ramsay then read the account of the lamp, which was as
follows:—
"During the present year, Mr. Jones, of London, has invented a piece of mechanism of great
simplicity, which can be readily adopted in any Davy, Stephenson, or Clanny lamp, so that what good
discipline fails to effect, mechanical appliance does instantly and unerringly accomplish, by causing
the workman to extinguish his own light the moment he attempts to open it, and so removes the
inducement to tamper with his lamp.
"The invention consists in removing the ordinary lock from the bottom or outside rim of the lamp,
and passing a screw bolt through the brass rim, and also through two small pillars, firmly into an
extinguisher, to a point where it is securely locked. While the bolt is being turned from left to right
to lock the lamp, it gradually turns the extinguisher to the right side, to form no shadow; but the
moment the bolt is turned back from right to left to open it, the extinguisher is infallibly brought
upon the flame, and instantly puts it out.
"To prevent the ingenuity of a collier raising the wick above the extinguisher to prevent its action,
two pickers are placed in the oil vessel—one to sweep over the surface of the wick to remove the
snuff, and the other to raise the wick one-fourth of an inch, but no further. With wicks made of
woven cotton, one-eighth or one-sixteenth of an inch is sufficient for an ordinary day's work and
use.
"Besides the above additions, an improved burner has been introduced into this lamp, by which
nearly double the light emitted by the ordinary Davy is produced."
The President said, Mr. Jones applied to him for a certificate, and he told him that he should like to
try the lamp practically before he gave him a certificate, and therefore he took half a dozen of the
lamps for trial. He had not given him a certificate yet.
Mr. M. Dunn called attention to recent accidents from the breaking of links in pit chains, naming one
at Walker, where the cage was precipitated 100 fathoms down, carrying everything away with it.
That was not a single pit, and therefore no lives were lost. Then, again, there was the recent accident
at Seaham. It had occurred to him that it would be well to investigate the various schemes that were
before the public in the shape of safety cages, one of which he named as the invention of Mr. Owen,
of Manchester; and there were others in use in Scotland.
The President said, that the matter was not yet before them for
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discussion, but that a meeting would be held, either here or in Manchester, in July next, when, in all
probability, it would be one of the subjects for discussion. At present, there was a difference of
opinion amongst mining engineers as to the utility of those cages [a safety cage being placed before
the meeting]. Some were of opinion that there would be more accidents with them, than without
them.

Mr. Dunn said, if serious accidents were to occur, the question would arise, why were not means
taken to prevent them? and the Government Inspectors would be censured.
Mr. Ramsay said, he was busy with one of Owen's, and when it was finished he should send a report
of its working to Mr. Dunn.
Mr. Berkley suggested, that it would be of value if Mr. Dunn would obtain statistics from the
Inspectors as to whether any of the cages in use were the cause of accidents.
The President—When we discussed this matter some time ago, some gentlemen said that more
accidents occurred through the use of the cages than without them. Whether that was the fact,
would depend upon the practical result. If Mr. Dunn would undertake to collect such statistics as Mr.
Berkley had suggested, as to how many accidents have happened through their use, and how many
they have prevented, such information would be exceedingly useful when the time for discussing the
matter arrived.
Mr. Wm. Greene, jun., read a paper on "The Origin and Formation of Coal."
The meeting then adjourned.
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ON THE ORIGIN AND FORMATION OF COAL.
By WILLIAM GREEN, Jun.
The origin, peculiarities, and connection of coal seams having recently been brought before the
Institute by Messrs. Reid, Hurst, and Wood, I think it will be only germaine to the subject to collect in
one paper the opinions of different scientific men upon the ages of some of the various deposits and
formations, including the formation of coal in particular.
In considering these questions, the great difficulty which meets us is, the want of data as to the time
required for the various deposits; and here we are not altogether left in the dark, eminent geologists
having ventured to make some calculations, which I shall hereafter record.
In venturing upon this part of the subject, it may appear to many well meaning people that I am
bringing in question the truth of the Bible. This I dispute, but I question its chronology.
The following extracts from Ansted, I am of opinion, are very convincing on this head:—
"At a distance of about five and a half miles N.N.E. of Cairo, is the obelisk of Heliopolis. This most
ancient monument is supposed to have been erected about 2300 years before Christ, and to have
been among the ancient decorations of the long extinct city of Heliopolis, which, even in the days of
Herodotus,* was an object of antiquarian investigation. The existence of undisturbed Nile sediment
below the foundations of this city, of much greater thickness than the mud that has since
accumulated, and now covers them; and the presence in this undisturbed mud of human remains,
irregularly distributed over a large area, affords distinct proof of the existence of civilised races at a
period long antecedent. Long before this again, and for centuries, if not thousands of years, there
must

* Herodotus was born 484 years before Christ.
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have been uncivilised tribes utterly unacquainted with the arts of pottery, or the habits which could
enable them to make use of such arts.
"It ought not to be necessary to remark that such a discovery, however it may shake our faith in the
recognised chronology of the Bible, does not in the smallest degree affect one particle of the
evidence according to which we believe the Bible to be a sacred book. No miraculous information,
nothing beyond the current ideas and language of the day, is in any place vouchsafed with reference
to those points of investigation for which human inquiry is sufficient. Astronomy is not corrected
there, geology is not alluded to; and chronology is equally left to be determined by the aid of those
faculties with which we are endowed."
From Hugh Miller, I extract the following, also relating to the valley of the Nile:—
"The valley of the Nile is known to be covered with a bed of slime which the river has deposited in its
periodical inundations, and which rests on a foundation of sand, like that of the adjacent desert. The
French savants who accompanied Bonaparte in his Egyptian expedition, ascertained, by digging 200
pits, the thickness of this deposit to be rather more than twenty feet. Monsieur Gironde determined
that the quantity of slime deposited in a century was rather less than four and a half inches. Dividing
the total thickness of the bed by the centenary elevation, he found the quotient 5650 years before
the year 1800. Underneath the silt of the river lie the two formations of the tertiary division."
The Falls of Niagara are gradually eating their way through an elevated tract of table land, upwards
towards Lake Erie, at the rate of about fifty yards in forty years. Sir Charles Lyell states, in his eighth
edition of his "Principles":—" After the most careful inquiries I was able to make, during my visit to
the spot in 1841-2, I came to the conclusion that the average recession of one foot a-year would be a
much more probable conjecture than that of one and a quarter yards. In that case it would require
35,000 years for the retreat of the Falls from the escarpment of Queenstown to their present site."
The deposit (says H. Miller) through which the St. Lawrence is slowly mining its way, is older than the
river itself, by the vast breadth of the four tertiary periods; by that of all the secondary ages,
cretaceous, oolitic, and triassic; by the periods, too, of the permian system, of the carboniferous
system, of the old red system, and of the uppermost beds of the upper silurian system.
Hugh Miller, by an ingenious calculation, based upon the respective
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depths of the caverns upon the old and present coast lines of Scotland, comes to the conclusion that
the present coast line is at least 2600 years old, and the ancient one 3900, and, both periods united,
(6500 years), more than exhaust the Hebrew chronology.
The instances I have given will be sufficient to show that we are not altogether without data to
calculate the age of some of the deposits, and, doubtless, as the science of geology advances, more
light will be thrown upon the subject. Dykes and faults will probably be found to furnish valuable aid.

The intention of this paper would not be carried out without referring to the six days of Creation of
Scripture, and while making the following quotations relating to them, I would deprecate the idea of
inaugurating a theological controversy.
Many geologists still pin their faith to the six days, and if I understand Mr. Reid aright, he among
them.
I again quote from Hugh Miller, whose fourth lecture, in his Testimony of the Rocks (the Mosaic
Vision), is well worth reading, as follows:—
The writings of Moses do not fix the antiquity of the globe. "It is known to all students of the sacred
writings, that there is a numerous class of passages, in both the Old and New Testaments, in which,
by a sort of metonymy common in the East, a considerable part is spoken of as the whole, though in
reality greatly less than a moiety of the whole; of this class are the passages in which it is said, that
on the day of Pentecost there were Jews assembled at Jerusalem out of every nation under heaven,
that the gospel was preached to every creature under heaven."
I quote the above extract merely to show that we cannot in all cases accept a literal reading of the
Bible.
Dr. Kurtz remarks, that the scenes of the first chapter in Genesis are prophetic tableaux, each
containing a leading phase of the drama of Creation. Before the eye of the seer (Moses) scene after
scene is unfolded, until, in the seven of them, the course of Creation, in its main momenta, has been
fully represented.
Certainly the day of the Lord (observes Hugh Miller), and the day of God, and the thousand two
hundred and three score days of the Revelation of St. John, and the seventy weeks in the prophecy
of Daniel, are not to be understood in their primary and natural sense.
Moses Stuart, in his philological assaults on the geologists, is scarce less explicit in his avowal of a
similar belief, viz., the purely optical character
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of the revelation. "Every one seesʺ, he says, "that to speak of the sun as rising and setting is to
describe, in common parlance, what appears optically, i.e., to our sensible view as reality. But the
history of Creation is a different affair. In one respect, indeed, there is a resemblance; the historian
Moses everywhere speaks as an optical observer stationed on a point of our world, and surveying
from this the heavens and the earth, and speaking of them as seen in this manner by his bodily eye."
I now go on with some remarks upon the formation of the carboniferous system.
The depth of the carboniferous system has well been described as enormous. In South Wales it is
stated to be 12,000 feet thick.
Maclaren, speaking of the geology of Fife and the Lothians, and of the beds by which it is occupied,
says, "It is estimated that about thirty are coal, varying from several feet to but a few inches in
thickness; and we now know, that though some of these coal seams were formed of drifted plants
and trees deposited in the sandy bottoms of some great lake or inland sea, by much the greater

number are underlaced by bands of an altered vegetable soil, thickly traversed by roots, and that, as
in the case of many of our larger mosses, the plants which entered into their composition must have
grown and decayed on the spot, and, of course, when the plants were growing, the shallow in which
they occur, though subsequently buried beneath plummet sound, or at least thousands of feet, must
have formed a portion of the surface of the country, either altogether subaerial, or if existing as a
swamp, overlaid by but a few inches of water.
We have evidence of nearly the same kind, observes Mr. Miller, in the ripple markings which are so
abundant throughout all the shales and sandstones of the coal measures, from top to bottom, and
which are never found save where the water is shallow. Stratum after stratum, in the whole 10,000
feet included in the system where it is most largely developed, must have formed in succession the
surface either of the dry land or of shallow lakes or seas; one bed must have sunk ere the bed
immediately over it could have been deposited, and thus, throughout an extended series of ages, a
process must have been taking place upon the face of the globe somewhat analogous to that which
takes place during a severe frost in those deeper lakes of the country that never freeze, and in which
the surface stratum, in consequence of becoming heavier as it becomes colder than the nether
strata, is for ever sinking, and thus making way for other strata that cease to be the surface strata in
turn.
[167]
This sinking process, though persistent in the main, must have been of an intermittent or irregular
kind. In some instances forests seem to have grown on vast platforms that retained their level
unchanged for centuries, nay thousands of years together, in other cases the submergence seems to
have been sudden, and to such a depth, that the sea rushed in and occupied wide areas where land
had previously been, and this to so considerable a depth, and for so extended a period, that the
ridges of coral which formerly, and the forests of encrinites which grew in these suddenly hollowed
seas, composed thick beds of marine limestone, which are now found intercalated with coal seams
and lacustrine sills and shales. There seem too to have been occasional upward movements on a
small scale. The same area which had been occupied first by a forest, and then by a lake or sea, came
to be occupied by a forest again; and though, of course, mere deposition might have silted up the
lake or sea to the level of the water, it is not easy to conceive how, without a positive upheaval for at
least a few feet, such surfaces at the water level should have become sufficiently consolidated for
the production of gigantic arancanians and pines.
But the sinking condition was the general one; platform after platform disappeared, as century after
century rolled away, impressing upon them their character as they passed; and so the coal
measures, where deepest and most extensive consist, from bottom to top, of these buried
platforms, ranged like sheets of a work in the course of printing, that after being stamped by the
pressman, are then placed horizontally over one another in a pile.
The first and most startling fact made known by the study of fossils, (observes Ansted,) is, that there
are wide tracts of lands, whose physical features indicate no recent action of the sea, but whose soil
and underlying rocks abound with the remains of marine animals, or of animals requiring a different
climate and different physical conditions from those now known to belong to it. We are forced to
conclude, therefore, in these cases, that we stand upon the fragments of a former world.

In Nova Scotia (observes Lyell), Mr. Logan found erect trees at seventeen levels, extending through a
vertical thickness of 4,515 feet of strata; estimated total thickness of strata, 14,570 feet, everywhere
devoid of marine remains; usual height of buried trees, from six to eight feet; in no instance could he
detect any trunk intersecting a layer of coal, however thin. The erect trees, therefore, appeared in
general to have grown on beds of coal.
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Near Pottsville, North America, seven seams at first widely separated unite to form a bed of
anthracite coal forty or fifty feet thick. The accumulation of vegetable matter now constituting this
vast bed of anthracite, may perhaps, before it was condensed by pressure, and the discharge of its
hydrogen, oxygen, and other volatile ingredients, have been between 200 and 300 feet thick. The
origin of such a vast thickness of vegetable remains, so unmixed with earthy ingredients, can, I think,
be accounted for in no other way, than by the growth during thousands of years of trees and ferns in
the manner of peat.
The geologist, (Miller,) has come to know that even the mighty forests of America are inconsiderable
compared with its deposits of coal; nay, that its forests gathered into one heap would fail to furnish
the materials of a single coal seam equal to that of Pittsburg.
The formation of coal (observes Ansted,) is by no means easy of explanation. In our own country
these beds are exceedingly numerous, but (with one exception) they are of inconsiderable thickness,
not often exceeding seven feet, and in far the greater number of cases, being only a few inches.
Elsewhere, this is not the case, for the bands of carbonaceous matter called lignite, found in many
parts of the continent of Europe, and in India, and the regular coal beds of America are sometimes of
enormous thickness, amounting to fifty or eighty yards in particular spots.
The average thickness of one seam of true coal in the Aubin coal-field, Central France, is 150 feet by
actual measurement, and 124 yards of solid coal in eight seams.
The lignites in some parts of Styria are much thicker.
As in order to obtain this enormous thickness of coal, a corresponding accumulation of vegetable
matter was absolutely necessary, it is not easy even to conjecture the circumstances under which
the deposit took place. The remarkable case of an erect fossil, many feet long, having deposited
around it many feet of sandstone, followed by underclay, a bed of coal, shale, and other successive
deposits, is, however, a startling proof of the rapidity with which the coal beds were formed, of the
rapid decomposition of those which constituted the coal, in comparison with the coniferous wood,
and of the probable composition of that deposit of very soft tissued plants.
Speaking of Europe during the paloeozoic deposits, Professor Ansted says, the climate of the older
part of the period is by no means indicated by the nature of the fossils, and, as far as the coal is
concerned,
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the evidence afforded by the fossil plants, insects, and reptiles, is rather in favour of equable
temperature and much moisture than even that degree of heat now enjoyed by countries near the

torrid zone, or where a subtropical climate is produced by heated marine currents and a prevalence
of warm winds.
Mr. McLaren, in his geology of Fife, arrives at the conclusion that it would require a 1000 years to
form a bed of coal one yard thick.
Both Lyell and Miller remark upon the remains of a forest at Parkfield colliery, near
Wolverhampton—I quote the language of the latter— "The bottom coal rises to view, and where the
surface has been cleared of the alluvial covering, it presents the appearance of a moor on which a
full grown fir wood had been cut down a few months before and left the stumps behind, stump rises
beside stump, to the number of seventy-three in all; the thickly clinging roots strike out on every
side into what seems once to have been vegetable mould, but now exists as indurated brownish
colored shale. Many trunks sorely battered lie recumbent on the coal; several are full thirty feet in
length, while some of the larger stumps measure rather more than two feet in diameter.
There lie thick around, stigmaria, lepidodendra, calamites, and fragments of ulodendria, and yet with
all the assistance which these lent, the seam of coal formed by this ancient forest does not exceed
five inches in thickness. Not a few stumps in this area (a quarter of an acre) are evidently water
worn. The prostrate forest had been submerged.
The upper forest is underlaid by a second and even a third—we find three, full grown forests closely
packed up in a depth of not more than twelve feet.
One of the most active agents in the changes which have taken place in our globe is heat, and its
effect upon strata is well described by Professor Ansted in the succeeding quotation from one of his
works.
"If a mass of compact sandstone, extending for 100 miles in length, is, by however slow degrees,
removed from the earth's surface to a depth of 10,000 feet below the stratum of invariable
temperature, where it would attain a temperature of 180° Fah. above that of its original position, it
must undergo an expansion, the additional length amounting in all to 620 feet; and we may fairly
suppose, that any compressible strata, irregularly squeezed by this irresistible force, must be
affected and contorted in a very marked degree. If, on the other hand, a granite rock, measuring 100
miles in length, be elevated from a depth of 10,000 feet to the surface, it will undergo a contraction
in length from change of
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temperature alone, amounting to as much as 460 feet, or upon an average four and half feet of
crevices per mile."
To earthquakes and volcanic action we may doubtless attribute not a few of the distortions in
stratification, and, perhaps, to them also, to some extent, may the frequent nonconformity of our
coal seams be ascribed. Dykes and faults may also claim their origin from them. Great must have
been the pent-up force to have caused the craven fault, which extends thirty miles, and displaces
the strata from 600 to 3000 feet.

Professor Ramsay states, that there is a downthrow in Anglesea of 2300 feet, and he believes there
is one in Merionethshire of 12,000 feet.
It will be recollected that Mr. Reid suggested there had been an eruption of mud from one of the
dykes intersecting the coal-field treated of in Mr. Hurst's paper. This is no improbable supposition;
the probability is that mud volcanoes were actively at work during the deposition of the
carboniferous system.
Eruptions of mud mixed with gases and vapour of water are not uncommon, they are described as
occurring in Java, in Peru, near the Caspian Sea, at Girgenti in Sicily, and near Sassulo in the Duchy of
Modena.
Among the great causes affecting the coal formation, denudation should not be omitted.
I now, after a somewhat tedious quotation of extracts relating to the carboniferous formation, its
proportions, peculiarities, age, and supposed mode of deposition, proceed to give various opinions
and theories upon the origin and formation of coal itself.
Leibig says, "that vegetable matter buried in the earth, exposed to moisture, and partially or entirely
excluded from the air, decomposes slowly and evolves carbonic acid gas, thus parting with a portion
of original oxygen. Thus, being gradually converted into lignite, which contains a larger proportion of
hydrogen than wood does, a continuance of decomposition changes the lignite into common or
bituminous coal, chiefly by the discharge of carb-hydrogen."
Mr. Page upon the same subject observes, "We have thus the most satisfactory evidence that coal,
in all its species, is merely mineralised vegetation, which in part grew and was submerged in situ as
peat mosses, cypress swamps, jungles, and forest growths, and in part was drifted by rivers into the
seas of deposit, whose varied strata of sandstones, limestones, shales, mudstones, coals, and
ironstones, now constitute our available coal-fields. Of course, as the operations of nature are
uniform
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and incessant, we have coals of all periods, graphites and anthracites of the silurian and devonian,
bituminous coals of the carboniferous and jurassic, lignites of the tertiary, and peats of the current
epoch, the products differing in quality according to the amount of mineralization and subsequent
metamorphism to which they may have been subjected. The available coal of Great Britain is no
doubt of carboniferous age."
The following analyses exhibits proximately, but mainly that varying proportion of gaseous elements,
which marks the passage of wood into peat, peat into coal, and coal into anthracite and graphite:—
Carbon.

Hydrogen.

Oxygen.

Nitrogen.
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Wood

..

48-54 ..

6-10 ..

35-45 ..

0-0 ..

0-0
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"The principal difference between lignite and coal (Fossil Fuel) is owing to the change which the
vegetables had undergone, having taken place at a time when the chemical power had lost much of
its energy."
It is a well-known fact, that some of the mosses (in peat) contain metallic oxides in considerable
quantities; bog iron ore is not unknown to the smelter. It occurs in large rusty-looking masses, being
deposited by the flowing of chalybeate water highly impregnated.
Mr. Hatchett states, that true bitumen has never been produced by any artificial process hitherto
devised, either from resin or other vegetable substance. Yet there is reason to believe that the agent
employed by nature in the formation of coal and bitumen has been either muriatic or sulphuric acid.
It may be added, that by the action of sulphuric acid on vegetable bodies, a much greater portion of
their carbon is converted into coal than when the same are subjected to the effects of fire.
Phillips and Conybeare, referring to Dr. McCulloch, say, "Examining, therefore, the alteration
produced by water on common turf or submerged wood, we have all the evidence of
demonstration, that its action is insufficient to convert them into substances capable of yielding
bitumen on distillation.
"That the same action, having operated through a longer period, has produced the change on the
brown coal of Bovey is rendered extremely probable by the geognostic relations of that coal.
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"From this to the harder lignites and jet the transition is so gradual that there seems no reason to
limit the power of water to produce the effect of bituminization in all the varieties, nor is there
aught in this change so dissonant from other chemical actions as to make us hesitate in adopting this
cause."—Geological "Transactions," vol. II., page 19.
"Although it thus appears," observes Phillips and Conybeare, "that water rather than fire has been
the agent employed in the first bituminization of vegetable matter, yet there is a wide interval
between the external characters of the bituminous lignites and true coal, although their chemical
composition is nearly the same. As, therefore, many philosophers of high reputation have supposed
that fire has been the probable agent in this part of the conversion, Dr. McCulloch felt it incumbent
to examine what analogues in favour of this hypothesis result from experiment and he represents
those results as so far according to this theory, that by the application of heat, under compression,
to jet it was fused into a substance possessing the true characters of coal. It is possible, therefore,
that the agency of fire applied to beds of lignite and peat may convert, not wood, but vegetable
matter, previously bituminized, into coal."
Bristow, in his Glossary of Mineralogy, states, the conversion of the vegetable matter into coal was
apparently produced by a kind of moist putrefaction, accompanied by the exclusion of air. Under
these circumstances, the oxygen escaped in the form of carbonic acid, while the hydrogen being

disengaged in the form of carburetted hydrogen, the carbon became in consequence more
concentrated. In this manner, by the removal of the hydrogen, bituminous coal becomes converted
into anthracite.
It has been stated that the microscope fails to discover in cannel coal vegetable tissue similar to
what it discovers in coal, but I find that Witham, in his work on the internal structure of fossil
vegetables, speaks of having distinctly seen woody layers in jet, and in some species of cannel coal
from Lancashire, he says, "I have certainly found decided traces of organization.
"Except in a few instances, I have ineffectually tried, with the aid of the microscope, to obtain some
insight into the structure of coal, owing to its great opacity, which is probably due to mechanical
pressure, the action of chemical affinity, and the percolation of acidulous water, all traces of
organization appear to have been obliterated."
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Professor Goppert, after examining the fossil vegetables of Germany, has detected, in beds of pure
coal, remains of every family hitherto known to occur fossil in the coal. Many seams, he remarks, are
rich in sigillaria, lepidodendron, and stigmaria, the latter in such abundance as to form the bulk of
the coal.
Lyell says, that in some places all the plants forming coal are calamites, and in others ferns. In the
Virginia coal-field, America, the plants are zamites, calamites, and equisetiores, the last commonly.
The latest living horsetails in South America do not exceed five feet in height.
In accounting for the freedom from bands and impurities in some seams, Lyell writes as follows:—"In
the cypress swamps of the Mississippi, all earthy impurities contained in the overflowing waters is
filtered out by the surrounding hedge of reeds, and where a fire has been in the swamp, penetrating
seven or nine feet, no earthy residuum remains."
From Liebig's "Agricultural Chemistry" I extract as follows:
"According to Richardson and Regnault, the composition of the combustible materials in splint coal
from Newcastle, and cannel coal from Lancashire, is expressed by the formula C24 H13 O. When this is
compared with the composition of woody fibre, it appears that these coals are formed from its
elements, by the removal of a certain quantity of carburetted hydrogen and carbonic acid, in the
form of combustible oil.
"The composition of both these coals is obtained by the subtraction of
3 atoms of carb. hyd.
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Coking coal from Garesfield contains the elements of cannel coal, minus the constituents of olefiant
gas C4 H4."
Page, speaking of cannel coal, in his "Handbook of Geological Terms," states that it appears to have
been formed either by the greater maceration of the vegetable mass, or under such conditions as
permitted a more equable and thorough bituminization than in ordinary coal.
The same author, speaking of the two theories upon the formation of coal, viz., the terrestrial or
peat, and the drift theory, says that both are correct.
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I might have gone on to have given the character and analyses of the different descriptions of coal,*
but I am afraid that this paper has already transgressed all reasonable bounds; still, if it in any
measure saves the Institute from travelling over ground already amply described by men of no mean
note, my trouble will have been well repaid.
Before closing, one peculiarity in coal seams, as accounted for by Sir H. de la Beche, I must record,
viz., iron pyrites:—"The hydrogen evolved from the decomposition of animal matter is considered to
take the oxygen both from the sulphuric acid and oxide of iron, so that iron pyrites or bi-sulphuret of
iron is formed."
The conclusions which present themselves to my mind, from a consideration of the foregoing
extracts, are—
1st.—That the carboniferous formation has taken for its deposition a series of ages far beyond man's
power of grasping.
2nd.—That the seams of coal have, for the most part, been composed of soft-tissued moistureloving plants; indeed, I very much question, from the evidence we have, that trees (hard wood), in
the strict sense of the word, have at all entered into their composition. We find silicified trees in the
Portland dirt-bed; we find them at Parkfield Colliery, near Wolverhampton; we find them in
immense accumulation as lignite; and we also find them in the thills and roofs of our own coal
seams, converted into stone, with the exception of their bark, which is invariably coal. In no
instance, to my knowledge, has a tree been traced through a seam.
3rd.—I think that we may safely assume, that coal seams are the product of a dense vegetation
submerged in situ. They may also in part have originated from vegetable matter drifted into seas of
deposit, but I must confess that I do not lean to this theory. Referring to Lyell's account of the
Mississippi cypress swamps, I can well believe that an unusual flood in a river running through a
swamp of this description would overtop the hedge which had hitherto prevented the sediment of
the river from being deposited in the swamp, and thus leave a deposit after subsiding, which we find
in the shape of bands so frequently in the coal seams.

I would here hazard an explanation of the danty or charcoal bands also so common in seams.
Supposing a fire passed over these swamps in the dry season, similar to the American prairie fires,
would not a danty band result ?
* To any one desirous of making himself fully acquainted with the peculiarities and constituents of coal of
various qualities, I would recommend Dr. Percy's book upon Metallurgy, recently published, where he will find
the subject amply treated.
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4th.—In considering the connection of our adjoining coal-fields, as the Yorkshire, Durham,
Northumberland, and Glasgow, I am of opinion that we ought to presume that they have been
simultaneously created, unless we have strong evidence to the contrary. At the time of their
development, all the operations of nature were upon a grand scale, hence to have created small
detached coal-fields, as it were piecemeal, would have been an exception to the order of things at
that epoch. Difference of level, difference in quality, gaps and mountain ranges between the coalfields, I hold are not sufficient data to authorize the opinion that the coal-fields I have named are not
of contemporary formation.
We have seen, in some of the extracts already referred to, abundant causes to account for apparent
discrepancies.
The difference in the quality of seams of coal, and even of the same seam, resulting from their
having partially parted with their hydrogen, oxygen, and other volatile ingredients, is rather a
curious subject, and is deserving of further investigation. Probably the superincumbent strata
immediately above a seam will be found to have much to do with it; where fissured we may expect a
larger escape of gas than where pretty compact.
Recently, if not at the present time, a large escape of gas was going on in the bed of the Wear, near
Framwellgate Bridge, Durham. Some years ago, Mr. Wharton, of Dryburn, by an ingenious
contrivance, collected and burnt some of it; doubtless this gas is being evolved from some seam, if
so, it may be occurring elsewhere, and so some of our seams may be still slowly altering in character.
Pillars which have been standing many years will be found to be of different quality from the coal
formerly wrought out of the whole mine. We all know how soon some descriptions of coal lose their
coking power after exposure to the atmosphere for some time.
Speaking of the varying quality of coal in the same seams, some years ago a colliery under my charge
produced fair household coal, which being exhausted to the rise, it was necessary to work to the dip;
so soon as the edge of the dip was wrought over the coal turned coarse and was only fit for lime
burning; here the distance between the two qualities was very trifling, yet the difference in quality
great. I believe that there was little variation in the roof strata, so the presumption is, that in this
case the gas must have escaped from the dip to the rise part of the seam, impoverishing the former
to the enrichment of the latter.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, MAY 15, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary having read the minutes of the Council, the following gentlemen were elected
members of the Institute:—Mr. I. S. Robson, Butterknowle Colliery, Staindrop, Darlington; and Mr.
Rowland Childe, Wakefield, Yorkshire.
The President said (referring to the minutes of the Council), their first business would be to tender
the thanks of the Institute to Mr. Cooper, of the Grange, for the present he had made to them of a
box of fossils. He had not examined them, but he was told that they were very good specimens, and
that they had been collected from the roof of the Low Main Seam. He therefore proposed that the
thanks of the members be presented to Mr. Cooper.
Mr. Potter seconded the motion, which was unanimously carried.
PUBLICATION OF PROCEEDINGS.
The President said, the next matter had reference to the publication of papers which had been read
before the Institute. The question as to the desirability of a publication of a digest of their
proceedings in some of the local newspapers and scientific magazines had been often discussed, but
hitherto there had been a difficulty in the way of doing so, owing to the papers generally being of a
technical nature, and, consequently, involving professional knowledge on the part of the person
preparing such digest. The Council had considered the subject, and they recommended, that
gentlemen presenting papers to be read should
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also send with them a digest of the subjects for publication. It was very desirable that the public
should know what they were doing— that their light should not be hid under a bushel; and as the
authors of papers, who were now asked to prepare a digest of them, would best understand how to
condense the substance of such papers into a form fit for publication, it appeared that this mode
would be the best which could be adopted. Some papers had been published in extenso, without the
knowledge or consent of the Council, and that, the Council thought, was undesirable; still it was
thought that the public should have the substance of such papers communicated to them in some
shape or other; and with regard to the discussions which arose upon papers, the Council
recommended that a committee of their body, consisting of Messrs. Marley, Daglish, Hurst, Ramsay,
and Berkley, be appointed to draw up a report of such discussions, for publication in the public
papers and magazines. He therefore proposed that the recommendations of the Council be
adopted.—The motion was carried unanimously.
ALUMINIUM WIRE GAUZE FOR SAFETY-LAMPS.

The President said, at one of the meetings of the Institute, at which Mr. I. L. Bell was present, that
gentleman mentioned the new metal, aluminium, as one which he thought might be used in the
formation of the wire for gauzes of safety-lamps. It was agreed by the Institute that it should be tried
in a lamp. That had been done, and the result was, that in the experiments, when the lamp was
subjected to explosive heat, the wire melted. It was, consequently, unfit for safety-lamp purposes.
Mr. Atkinson, the Government Inspector, had been present at the experiments, and he would,
perhaps, be so good as to communicate to them the result.
Mr. Atkinson said, the experiment was this:—A mixture of ordinary coal gas and air was put into a
box with a gauze front. The lamp produced was affixed upon a revolving arm, and was turned round.
In a short time the flame fired inside the gauze, and an explosion of the gas in which the lamp was
immersed quickly followed. When they took out the lamp, they found that the gauze had melted. He
ought to say, however, that the test applied was perhaps more severe than if the ordinary pit gas
had been used, but at the same time, when the gauze melted with that test, he should not like to
use it as a safety-lamp.
The President—The pit gas would not produce so hot a flame as the ordinary gas?
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Mr. Atkinson—Certainly not. Mr. Bell's idea was, that its cooling property was greater than the
ordinary wire gauze, but that appeared not to be the case.
Mr. Watson—We tried to work this gauze, but it was too brittle.
The President—In the lamp produced I see the metal is entirely fused; it does not appear to have
failed from brittleness.
Mr. Watson—No; perhaps the wire of that lamp has been better annealed.
Mr. Atkinson—It is a very weak gauze, and not at all fitted for safety-lamps.
The President said, as the wire had, at a previous meeting, been suggested as fitted for safety-lamps,
and as it had been found by experiment to be unfitted for such a purpose, he had thought it his duty
to bring the subject before the meeting, that the public might know that, however valuable the
metal might be for other purposes, it was not fitted for the use of wire in the construction of safetylamps.
MR. DUNN'S PAPER.
The President said, they would now proceed with the discussion of the several papers of Messrs.
Dunn, Boyd, Gibsone, and himself, on "The Coal-fields of Cumberland," on "Part of the
Northumberland Limestone Series," on "The Coal Formation of Canonbie," and on "The Upper and
Lower Coal Beds of Northumberland and Durham." Beginning with that of Mr. Dunn, he would ask
that gentleman if he had any further remarks or communication to make on the subject?
Mr. Dunn—I am still of opinion that the coal-field of Cumberland passes underneath the red
sandstone of Carlisle.

The President—In your "History of the Coal Trade," published in 1844, you say:—"The new red
sandstone which overlies the coal strata makes its southern appearance at St. Bee's Head, and was,
until lately (like our magnesian limestone), the subject of much controversy, as to whether any good
coal was to be found underneath it; but these doubts have long since been dispelled, and it is now
beyond question that the coal is totally uninfluenced by the said sandstone and magnesian
limestone. But before and since that period, I have been constantly familiar with the operations of
the Cumberland collieries, and have, within the last five years, reiterated the opinion that coal seams
exist, more or less, underneath the immense area of country in England and Scotland overlaid by the
new red sandstone. "I understand you now to say that you are still of the same opinion?
[180]
Mr. Dunn—Yes; two or three experiments have been made since, which tend to confirm me in that
opinion. At the Ellenboro' pit, near Maryport, the red sandstone is approached as it runs under the
town of Maryport.
The President—The workings at the Ellenboro' pit are terminated by a slip dyke to the east, and then
you say that beyond this dyke it is entirely red sandstone?
Mr. Dunn—Yes; the coal is first of all deteriorated, and then it is stopped by a dyke. Towards the
Aspatria station of the Maryport and Carlisle Railway, they have been boring lately, and the result, in
the first hole, has been, that nothing but red sandstone was found. Then, drifting out to the
eastward, they came again into the coal-field; and there was reason to believe, that all the way from
there to the mountain limestone was a regular coal-field.
The President—I should like to hear what your reasons are for such belief?
Mr. Dunn—We have bored several holes eastwards, towards the mountain limestone, and found a
regular coal-field all the way from Aspatria to Blennerbasset and Bolton. There it is cut off by a dyke,
but all the intermediate distance is a clear coal-field, till you find it terminating in the mountain
limestone.
The President—In the map which accompanies your former communication, you have laid down the
Maryport and Carlisle Railway as the northern boundary?
Mr. Dunn—Yes; we bored at Blennerbasset, and found the coal-field there all right.
The President—At Whitehaven they sink through the red sandstone to the coal?
Mr. Dunn—Yes, and the magnesian limestone, too.
The President—Then at Workington they do the same?
Mr. Dunn—Yes.
The President—Then, does the red sandstone in both places cover the coal measures?
Mr. Dunn—Yes, it does; but the upper part of the sandstone is a peculiar red, as it comes in again at
Maryport.

The President—If you look at your section, you will find the red sandstone covers the greater part of
the coal measures?
Mr. Dunn—Yes, so it does.
The President—Both the upper and the lower red sandstone?
Mr. Dunn—Yes.
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The President—Does that afford us any explanation?
Mr. Dunn—Yes; it makes more certain the ultimate line of the red sandstone. That at Aspatria shows
expressly the red sandstone in that direction.
The President—That is, the red sandstone to the west is cut off from the coal measures by a dyke?
Mr. Dunn—Yes. It is not exactly a dyke; it is the brow of the red sandstone strata which was passed
through from the Aspatria sinking.
The President—Do you think that the coal measures extend further east?
Mr. Dunn—Very little. It is very like the strata that was passed through in the Crossby pit.
The President—And you see no reason to change your opinion on the subject?
Mr. Dunn—There have been no further trials made northward, but they are boring two holes on the
late Sir James Graham's property near Canonbie. The old hole is discontinued, and the new one is
down to fifty fathoms.
In answer to the President, Mr. Gibsone said, these new holes were about a mile and a half higher
up the river Liddel than the Canonbie old hole.
Mr. Dunn—I will read you a letter I have received from the agent of the Ellenboro' pit, which bears
out my assertion that the coal deteriorates as it approaches the red sandstone:—"I enclose you a
tracing and sketch of the approach to the red sandstone dyke in the Ellenboro' pit, on the dip or
north side towards Maryport. You will see by the said sketch that the metal (or bands) in the seam
thickens towards the trouble, and that the laying in and bottom coal turns to a black stone: the top
coal gets very bad too. Also in the Aspatria pit, as we approach the red sandstone dyke, the red
cover comes down on to the top of the coal; that is, the metals above the coal are quite red, as
shown on section; and the coal thins as we proceed on, but turns to a regular black stone. I have also
put on the section the position of the old Brayton domains pit. I suppose, as the workings
approached the red sandstone dyke on the east of the old pit, and the west of our Aspatria pit, the
coal thinned out the same way, and into a complete black stone. They had the same thing at Crossby
Colliery, on the rise side of their shaft. The coal thinned out towards the red cover, which you will
have observed in passing. They are out in a quarry by the railway side. The coal there also turned to
a black stone. * * * * C. R. Steele."
[182]

The President—How is this to be accounted for? The red sandstone is supposed to have been
deposited at a very much later period than the coal: how is it to be accounted for that it has
produced an alteration in the coal?
Mr. Dunn—I cannot account for it. I find, in the ordinary dykes of the coal-field, that the coal
deteriorates as it approaches the red sandstone.
The President—It was supposed, many years ago, that there was no coal under the magnesian
limestone in the south-eastern part of the Durham coal-field. This arose, I believe, from several
dykes occurring in the coal immediately underneath the edge of the escarpment of the magnesian
limestone; but it was subsequently proved that the magnesian limestone had nothing whatever to
do with the deterioration of the coal, and that it was an entirely accidental occurrence, peculiar to
the coal itself. Is that the case here?
Mr. Dunn—I cannot tell; but it is an undoubted fact that the Crossby coal got so bad as it
approached the red sandstone, that they ceased to work it. These are two other proofs which I have
mentioned, along the same line.
The President—As I have previously mentioned, the same circumstances existed in the county of
Durham, but subsequently it was found that the deposits of the red sandstone and magnesian
limestone had nothing to do with the deterioration of the coal, the line of such deterioration
extending much beyond where the coal strata was covered by the magnesian limestone.
Mr. Dunn—In the county of Durham there was great fear about the depth of the cover. The deep
winning that would necessarily take place, also gave proof of the difficulties of reaching the coal in
the eastern district.
The President—It is rather an extraordinary circumstance, that in several places in Durham there are
dislocations of the coal all along the line of the escarpment of the magnesian limestone; but I am of
opinion that these dykes may have produced the line of escarpment, rather than that the
escarpment had produced the dykes, or the deterioration of the coal.
Mr. Marley—As I understand you, Mr. President, you urge that the magnesian limestone had
nothing to do with the coal formation or deterioration. Mr. Dunn's position is, that he adduces
certain facts from the Crossby, Aspatria, and Ellenboro' pits, there being a similar coincidence in all;
that as you approach the red sandstone, there is a deterioration of coal, but whether this arises from
the dykes there, or from the new red sandstone, Mr. Dunn does not pretend to say?
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The President—Yes; but Mr. Dunn does not say that the slip dykes extend into the red sandstone
measures, though these measures rest on both sides of the dykes.
Mr. Dunn—You see, Whitehaven is the largest example of an immense area of the coal-field being
overlaid by this red sandstone.
The President—I should like to know if the slip dyke there passes through or into the red sandstone?
Mr. Dunn—No; the upper part of the red sandstone passes off there [indicating a spot on the map].

The President—There are several dykes in the regular coal strata in Whitehaven, underneath the red
sandstone. Do these dykes pass through the regular coal strata into and disturb the red sandstone?
Mr. Dunn—I cannot answer that.
Mr. Marley (to Mr. Dunn)—Have they ever proved the coal underneath the red sandstone at the
Ellenboro' pit?
Mr. Dunn—No; they found the coal so bad on reaching the red sandstone, as to compel them to
cease working.
Mr. Marley—Therefore they have never proved it. The difficulty there, I suppose, has been the
apparent great depth to which they would have to go?
Mr. Dunn—Yes; they have not proved it for that very reason.
The President—We have got this additional fact, that, in sinking through the red sandstone, they
found coal at Aspatria.
Mr. Dunn—Yes; they drove through what we might call a dyke, and then came to the coal-field, and
they have now established a colliery there.
The President—In looking over your paper very attentively, Mr. Dunn, I see that one of the
conclusions you have arrived at, is the opinion, that coal extends all over the plain of red sandstone
of Carlisle, to the mountain limestone.
Mr. Dunn—Yes, more or less.
The President—I wish to have a little explanation as to the data on which you found that opinion. I
have looked at the different statements you give, and the opinions of some other gentlemen which
you quote in your paper, and considering it would be very desirable if we could get on record any
explanation of those statements, to enable us to arrive at a satisfactory conclusion upon them, I beg
to ask you a few questions thereon. You say, for example, at page 142, vol. IX.:—"At about 190 yards
south-east of the Engine pit [Byreburn, near Canonbie], this coal-field is interrupted by a downcast
brow of red sandstone [shown on
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Gibsone's plan]; and on the east side the coal terminates at the mountain limestone." This is nothing
more, I think, than what Mr. Gibsone states in his paper. That gentleman says the Canonbie coalfield is bounded on the one side by red sandstone, and on the other by the "millstone grit." I believe,
Mr. Dunn, that what you call "mountain limestone" Mr. Gibsone calls "millstone grit?" I suppose
they are the same?
Mr. Gibsone—They are the same.
Mr. Dunn—I was at Canonbie along with Mr. Gibsone, and we agreed in this, that the red sandstone
of Carlisle extends to within a little distance of Canonbie pit; and that, boring towards the dip of the
Canonbie coal-field, through the red sandstone, you would, in all probability, find the Canonbie
seams.

The President—We are all of the same opinion, that the red sandstone which occurs at Aspatria
extends all the way to near the Canonbie coal.
Mr. Dunn—That is what I have just mentioned.
The President—There is no doubt of that, I think, Mr. Gibsone?
Mr. Gibsone—It is red sandstone which occurs near the Canonbie pit, but whether it is the same red
sandstone as that seen at Aspatria— the same identical bed, extending from thence to Canonbie—I
am not prepared to say.
Mr. Dunn—I once took a specimen of the Maryport red sandstone, and compared it with that found
at Canonbie. It was the self same—a dark, red sandstone.
Mr. Gibsone—You may find several of the same tint much lower down the river Esk. There is the
brown red sandstone close to Canonbie, and there are others as you proceed towards Longtown. It
is all the same rock. A little to the north-east of Longtown you get red sandstone, and then you can
trace it pretty far along the plain of Carlisle, and then you find it again as you come towards the
bore-hole near the pits.
The President—Which justifies the supposition that this red sandstone extends from Aspatria to
Canonbie.
Mr. Gibsone—Perhaps to near two miles of the colliery, and then a brown red strata comes in.
Mr. Marley—You alluded, Mr. President, to the geological maps. Sir R. Murchison, in his last
geological map, makes a distinction between the two: he makes Aspatria the lower new red, and
Canonbie the upper new red. He divides them a little to the west of Carlisle.
[185]
Mr. Dunn—How will that affect the argument?
Mr. Marley—Not at all as to coal. You and the President contend that you have established the self
same red sandstone beds at Canonbie and at Aspatria. It affects your argument to this extent, that at
Aspatria you would not have magnesian limestone to go through, whereas in the neighbourhood of
Canonbie you would have it to go through. Mr. Dunn takes it as all one geological series.
Mr. Dunn—Yes.
The President—And so do I.
Mr. Marley—You called it "permian," but it is "trias" and "permian."
The President—Exactly; I did not distinguish between the one and the other. I consider the red
sandstone above the magnesian limestone, the magnesian limestone itself, and the red sandstone
below, all as subsequent to the coal formation, and unconformable. I do not go into the details of
the formation of the strata above the coal: I consider the different members thereof all as one—as a
new era, and entirely distinct from the carboniferous series. I think the Carlisle red sandstone, as a
whole, just the same—the new red sandstone series being unconformable with the coal strata at

Whitehaven, and the commencement of a new era. The magnesian limestone, and the red
sandstone above the magnesian limestone, are both the same formation—the commencement of a
new era entirely distinct from the coal, and unconformable with it.
Mr. Marley—Then, if you revert back to the position in which Mr. Dunn and Mr. Gibsone agree—if
you take it to be same geological strata—neither of the two parties will differ.
The President—Not exactly. Mr. Gibsone thinks the red sandstone immediately adjacent to
Canonbie a different red sandstone from that of Aspatria, whereas Mr. Dunn considers them the
same bed.
Mr. Marley (to Mr. Dunn)—Have you directed your attention since the last discussion to a small tract
of lias, said, by Mr. Binney, to be found in the neighbourhood of Outerby, Aikton, and Quarry Gill?
Mr. Dunn—I have not, because it does not, I think, affect the question at issue.
Mr. Marley—It may not affect the question as to whether coal is underneath, but it does affect the
colour of the map as to the red sandstone series. It proves a still newer formation than the red
sandstone. It goes to show that between Aspatria and Canonbie a small patch is covered
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with a newer formation. It affects generally the colouring of Mr. Dunn's maps.
The President—It does not militate against Mr. Dunn, supposing that coal may extend all over the
Carlisle plain, because it is a newer deposit than the red sandstone. Any strata that is newer than the
coal does not, of course, affect the question. Is it your idea, Mr. Dunn, that the Canonbie coal is
identical with the Maryport coal?
Mr. Dunn—Yes. I think the Canonbie coal dips towards the red sandstone, passes underneath it, and
is again found at Aspatria. It is upon such a supposition that coal is being bored for on Sir J. Graham's
property, near Canonbie.
Mr. Marley—Mr. Dunn having got red sandstone at Canonbie and at Aspatria, leaves us to infer that
coal extends all the way between these places.
Mr. Dunn—No, I do not infer it. It is simply the case of Cheshire as regards the Welsh coal-field, and
as regards the Lancashire coal-field.
The President—Not quite. Supposing Lord Carlisle's coal-field, at Midgeholme, which is undoubtedly
the regular coal measures, instead of being raised to a high elevation, had been depressed, and been
covered with red sandstone, and that such red sandstone extended from Midgeholme to Canonbie,
you would have had the new red sandstone covering the Midgeholme coal, the same red sandstone
covering the Canonbie coal, and the whole intermediate district with not a particle of coal in it, but
the mountain limestone underlying the red sandstone. Then why should the same not be the case
underneath the red sandstone of Carlisle, considering more especially that all along the eastern edge
of the red sandstone it is in juxtaposition with the mountain limestone from Tynedale Fell to
Canonbie? And then again we have the regular coal measures rising out from underneath the red
sandstone at Whitehaven, and resting upon the same mountain limestone.

Mr. Dunn—The limestone comes in there.
The President—Why may not the limestone come in at Aspatria the same as at Whitehaven? That
would show that there is no certainty beyond Aspatria. The coal measures may or may not extend to
Canonbie.
Mr. Gibsone said, he had found magnesian limestone two miles further up the river Lyne than was
shown on the map, and it was his intention to bore there to see if the coal-field was not in there. He
had also found permian strata extending up that river further than was indicated in any of the maps.
He found also a loose, coloured strata, that was seen in
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the Canonbie district, coming out below this magnesian limestone, two thin seams of coal, and he
intended to start boring there next week. He hoped to get some of the Canonbie coal there.
The President—These will not affect the question immediately under discussion to any extent,
because it will not prove to what these supposed tongues of coal and magnesian limestone belong.
Mr. Marley—If it is proved, it may assist in showing a connection between the Brampton and the
Canonbie coal-fields. It goes to within two miles of it. In the meantime, it does not affect Mr. Dunn's
argument.
Mr. Dunn thought that there was a great similarity between the district under discussion, and the
Cheshire coal-field.
The President said, he had, in his paper, endeavoured to show that there was a succession of
formations of strata, from the silurian through the carboniferous series, which included red
sandstone and coal. The facts that had been mentioned in this discussion were consistent with his
paper—that coal was not continuous throughout the whole series; that, in fact, it was deposited in
different localities, quite independent of each other. There was a small coal-field at Canonbie; they
knew that there was another small coal-field on Lord Carlisle's property, at Midgeholme; and they
had the greater deposit at Whitehaven, Maryport, and Aspatria, but they did not know that there
was coal between any of these three localities. The fact, therefore, that coal was found in one place
underneath a covering of red sandstone, was no proof that where red sandstone existed, coal was
necessarily underneath it; on the contrary, facts more generally showed that the deposition of coal
was either not continuous, or that if deposited, it had been denuded or washed away in a great
number of cases; the inference of coal being underneath red sandstone continuously from Aspatria
to Canonbie, was extremely doubtful; the red sandstone, had, in fact, nothing whatever to do with
the question.
Mr. Dunn—Except that it conceals the coal from view.
The President—And if the coal is not seen under this red sandstone from being covered, you assume
that it is underneath. If the Canonbie coal-field is the true coal measures, it is, no doubt, identical
with the upper coal measures of Scotland; because, we have the lower coal measures well defined,
as associated with the mountain limestone in Northumberland, and there being no limestones
associated with the Canonbie coal, we infer that coal to belong to the regular coal measures. There

is no doubt, that the lower coal measures of Scotland, being associated with mountain limestone,
belong to the lower series, and are identical with the lower coal measures of Northumberland.
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Mr. Marley—Yes; but there is a very large area of the true measures in Scotland, and there is a large
space of the true coal measures that is mixed with limestone.
The President—In my paper, I have distinguished between these two distinct series of measures. I
have looked narrowly into the facts, given by Mr. Gibsone, in his paper, and if there had been one or
two beds of limestone associated with the Canonbie coal, and they had been passed through in the
colliery sinkings, they would have shown the identity of the coal-field at once—that it was really the
lower one of Scotland, and not the upper one. The Whitehaven coal is, of course, the upper bed of
Scotland.
Mr. Marley—Is it necessary to go to Scotland now? Had we not better try to connect Canonbie with
Whitehaven or Durham?
The President—I have not the least objection. I thought we had almost exhausted the facts in Mr.
Dunn's paper. Mr. Boyd's paper stands next, but he is not here. His paper, however, does not much
affect the question. There is no doubt of coal-fields in the carboniferous limestone in a particular
part of the series; and if the Canonbie coal had been so intermixed with limestones, there would
have been no question that its identity would have been established. But it is not so intermixed, and,
therefore, we assume that the Canonbie coal is part of the coal measures proper.
Mr. Marley—Is it your assumption, Mr. President, that it is part of the coal measures proper?
The President—I am inclined to think it is, but there are some facts regarding it which require
explanation, and I should like to ask Mr. Gibsone a few questions as regards those facts.
MR. GIBSONE'S PAPER.
The President—Are there any other facts, Mr. Gibsone, in addition to what you have stated in your
paper, that you would like to add?
Mr. Gibsone—None, except the discovery of magnesian limestone up the river Lyne.
The President—This locality will require to be very carefully examined, because at present it is
assumed to be part of the carboniferous district, and, therefore, all the limestones will require
particular examination, and whether the coal that is found there is, or is not, associated in any way
with limestone, it is clear that, if associated with the carboniferous limestones, it must be a coal
parallel to that of Mr. Boyd's and to the Plashetts. The fact, therefore, that any coal in that locality is,
or is not,
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mixed up with limestones will go a long way in proving its identity, and, consequently, this must be
carefully examined.

Mr. Marley—We shall ascertain the boring particularly that Mr. Dunn has spoken of, so as to have it
marked upon the map. There is the Inch bore hole in the section as given in Mr. Gibsone's paper.
The President—Is there any result in that boring yet?
Mr. Gibsone—None yet, although the Inch boring is suspended.
Mr. Marley—I wish to ask Mr. Gibsone if, in sinking the Canonbie shaft, they did not come to red
sandstone before they came to coal, near the surface, as shown on the section facing page 79 of his
paper?
Mr. Gibsone—Yes.
Mr. Marley—And you say that Archerbeck Cliff shows the red sandstone overlapping the coal; and it
is the same red sandstone, designate it by what name you may, that overlaps the coal strata?
The President—I see, Mr. Gibsone, that you speak of the permian formation as being exposed at
Archerbeck Burn Head, and the millstone grit is shown by you on plate VIII., the permian rocks being
the level for the drainage of the coal. Then you describe the conglomerate beds, stating that you
met with one at Comlongan Castle. Are there any other conglomerate beds in the red sandstone?
Mr. Gibsone—There is one to the north of Longtown, clearly the new red sandstone district. I have
seen those at Jedburgh, but they are not the same red sandstones, though we have one about
Langholm very similar to those beds about Jedburgh.
The President—You do not trace the Jedburgh beds to Canonbie?
Mr. Gibsone—No.
The President—In the Netherby boring you mention "red argillacious limestone." Is that the identical
colour, and is it a real limestone bed?
Mr. Gibsone—It will be found on one of the plans showing Archerbeck Burn.
The President—There is no limestone, then, in your sinkings to the coal at Canonbie.
Mr. Gibsone—There are two beds of stone in the coal strata that have a deal of lime in them, but
they are not limestones.
The President—But, if you look at the section, you will see that you mention limestone at the borehole.
Mr. Marley—He shows a cropping of limestone which does overlap the coal.
Mr. Gibsone—That is a thin limestone; it is the same as in the bore.
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The President—Is that a part of the magnesian limestone?
Mr. Gibsone—Yes.

The President—Why do you think so?
Mr. Gibsone—Because it is quite different from the ordinary limestone.
The President—Then, from its mineralogical character, you think it the magnesian limestone?
Mr. Gibsone—Yes. The limestone shown in page 81 is below the Inch boring.
The President—Refer to page 75; plate VIII. shows the area of the coal-field, bounded on one side by
a dyke of red sandstone, and on the other by the millstone grit and a dyke also. Now, look at plate
VII.: there you have a cross section.
Mr. Gibsone—That is the mountain limestone of Byreburn.
The President—The Byreburn limestone appears to be very near what is called the lime coal?
Mr. Gibsone—Yes.
The President—Do you consider the lime coal as belonging to the mountain limestone series?
Mr. Gibsone—No; there is a considerable thickness of sandstone and shales before you come down
upon the limestone beds. As you go further down, you get to a thicker limestone: it thickens as you
go on.
Mr. Dunn—You mean that it is part of the Canonbie field.
Mr. Gibsone—It is part of it before it passes away into the limestone series.
The President—It is very like limestone on the plate.
Mr. Marley—There is a large dyke between the two. It is what I should designate on a par with our
limestone generally: it is identical with our great limestone.
The President—Take it as such, and it is not unlike it, for it is very undulating, like the great
limestone of Durham and Northumberland. Then there are two beds of limestone above that in
Northumberland; the Acomb bed, or little limestone, immediately above the great limestone,
cropping out to the surface on the eastern bank of north Tyne, at the village of Wall, and another
bed of limestone called the fell top limestone. I state in my paper that it was an extraordinary
circumstance, as associated with the mountain limestones generally, that there are two beds of coal
which traverse the whole of Northumberland, from the sea coast up to the ninety-fathom dyke, and
that, beyond that dyke, there are only traces of them into Yorkshire.
Mr. Marley—That is one point in which I do not agree, although I
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have not had the pleasure of reading your paper, Mr. President, fully. True, there is that thin seam of
coal in Weardale, but if you go to Tanhill Collieries, King Pit, south-west of Bowes, in Yorkshire, you
have a four feet seam in the mountain limestone series.
The President—No doubt in a small district in Yorkshire.

Mr. Marley—You say "no seam above eighteen inches."
The President—I say "generally." If you have read Professor Phillips' work on the Geology of
Yorkshire you will find that he describes the seam to which you allude, giving at the same time
several sections, with only thin beds of coal in that part of the mountain limestone.
Mr. Marley—But I do not think, sir, that you name that bed of coal in your paper.
The President—I meant, that generally there are only thin seams of coal south of the ninety-fathom
dyke, viz., that the beds of coal which in Northumberland are thick workable seams, to the south of
the ninety-fathom dyke, for several miles, are only thin beds, not workable. I had in my mind at the
time the bed of coal to which you allude, the thickness of which I considered a casual circumstance.
Reverting back to the Canonbie district, if in plate VII., in Mr. Gibsone's paper, the limestone
mentioned in the Byreburn section is the great limestone, then, I think, it is very likely that this lime
coal may be identical with the upper limestones and those seams of coal which run through
Northumberland. Taking the Acomb and the Talkin seams, you have, in these localities, the great
limestone as the prominent stratum of the district, and you have the little limestone above, with the
seam of coal immediately below it, and with sometimes a thin bed of coal below the great
limestone. Supposing the thick bed of limestone in the Byreburn section to be the great limestone,
there ought to be the little limestone, and what is called, in the Alston Moor district, fell top
limestone above it, and then the millstone grit ought to come in before you come to the regular coal
measures. Looking at the Byreburn section, there seems to be, however, very little space between
the three-quarter coal and the lime coal, and still less space for the millstone grit. Can you trace
anywhere, Mr. Gibsone, the strata between the limestones and the coal continuously?
Mr. Gibsone—No, sir; it is so much disturbed, that it is not easy to trace it continuously.
The President—We have no coal in the carboniferous series in
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Northumberland, below the regular coal measures, until we pass through the millstone grit, and
come to the first or second limestone, when we have a bed, and sometimes two beds of coal. The
coal which extends through Northumberland in that series is below the second, or little limestone. If
these limestones are considered to be co-existent with the uppermost beds of coal, at the top of the
mountain limestone series, then, there is only between the regular coal measure, and these
limestones and coal, the millstone grit. If you look at my section, No. XIV., up the north Tyne, you
have the regular coal measures south of the river Tyne, then the millstone grit, and then you have
one or two beds of limestones, and next the coal, associated with the upper beds of limestone,
which I consider to be coals, parallel with the upper portion of the lower beds of the Scotch coal, in
the Mid-Lothian coal-field. At Dalkeith, you have the regular coal measures, then the millstone grit,
and then the lower coal measures mixed with the limestones. Supposing the lime coal of Byreburn
to be associated with the limestones, then it would be parallel with the uppermost coal beds of the
carboniferous series in Scotland, and you ought to have, above the lime coal at Canonbie, the
millstone grit, and then the regular coal measures. But, supposing there are no limestone beds
associated with the lime coal, then that coal may be considered as one of the lower coals of the
regular coal measures. But I do not see how this can be satisfactorily ascertained, unless you can

trace the connection between the thick limestone beds, the lime coal, and the regular coal seams.
The connection would, of course, be complete, if, above the thick beds of limestone, you could trace
even thin beds of coals mixed with limestone, then, the millstone grit, and so on, to the regular
coals. Below the lime coal on the section, there appears two or three seams mixed up with
limestone, with the thick beds of limestone underneath, which may represent the uppermost coal
beds of the lower series in Scotland.
Mr. Gibsone—These beds of coal are very thin, from six inches to a foot.
The President—Well; can you trace the strata from the thick beds of limestone up to the lime coal,
then the millstone grit, and ultimately the coal-beds?
Mr. Marley—I think you can trace them. If you begin with the east side, you have these thin seams;
look at page 80 of the letter-press and the plate adjoining, there you have the thick limestone.
The President—Well; that goes so far towards tracing the sequence
[193]
of strata; supposing the thick beds of limestone to be identical with the great limestone of
Northumberland, then there succeeds some shale, and then you come to another limestone seven
feet thick.
Mr. Gibsone—Identical with the coal seam below it.
The President—That is very similar to the Northumberland section.
Mr. Marley—There is coal above the first limestone?
Mr. Gibsone—There is coal above the first limestone; and there are ten inches below and six inches
above the thick limestone.
The President—You have apparently got the shale, the little limestone, and the great limestone.
Mr. Marley—And that all agrees with Mr. Gibsone's theory as to the Canonbie seam.
The President—I think it does.
Mr. Marley—And that is the conclusion which you, Mr. President, Mr. Armstrong, and myself came
to in 1858, after due consideration of the subject. There are some other things in Mr. Gibsone's
paper upon which he has changed his mind a little; but upon the main point I have no doubt
whatever that he is right.
The President—The coals are a little differently distributed here [referring to the section] than in the
Northumberland beds, but that does not matter much. It does not materially affect the question, for
if the coals are differently distributed, it rather tends to show that this coal-field belongs to the
Whitehaven coal or the Scotch coal, rather than to the Newcastle coal. There is a different
distribution of limestone and shales here to what there is generally in Northumberland; and if you
suppose that the general strata of Northumberland is associated with the formation of the coal of

Durham, then the limestones being different, it is likely the coal will be differently distributed
likewise, and partake more of the nature of the Whitehaven coal.
Mr. Marley—Does it not appear to be the regular coal formation?
The President—I think so; but it is more like the nature and quality of the coal of Scotland, and
though the Scotch coal belongs to the regular coal measures, it is very different in quality to the coal
of Newcastle.
Mr. Marley—My argument is, that the Canonbie coal-field belongs to the regular formation, and not
to the irregular, as you designate it in your paper.
The President—It was my object in that paper to leave the question quite open, and I did not like to
put forth a decisive opinion until the question was freely discussed, and the supposed connection
between the
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limestone and the coal was satisfactorily traced; and I therefore designated all these coals
"irregular." We have made an important step, but there is still a hiatus. The great point is to show
the connection between the yellow bed of sand, thirty feet thick on Mr. Gibsone's section, and the
coal. Can such connection be traced in any way clear of the dyke ? If it can, that will be decisive.
Mr. Gibsone said, he thought he could furnish a section which would supply the hiatus, and he
undertook to do so.
The President said, if he could do so that would be decisive.
THE PRESIDENT'S PAPER.
Mr. Marley, referring to page 103 of the President's paper, asked, if the President wished it to be
inferred that the Plashetts and the Canonbie coal were the same?
The President—No; I give no opinion about that in the paper, for the reasons therein stated. The
section No. XIV. is given to furnish the requisite information. That section shows the continuation of
the mountain limestone beds from Plashetts up to the Canonbie coal-field, and is then terminated
by a dyke which intervenes between the limestone beds and the Canonbie coal-field. I merely
wanted to establish, that the mountain limestone stretched from the Plashetts coal up to the
Canonbie coal-field, and that the red sandstone of Carlisle bounded the coal-field on the west, and
having established these facts, it was my wish to leave the question quite open as to the geological
position of the coal-field.
The President gave some other explanations to Mr. Marley, after which the discussion of his and Mr.
Boyd's papers was adjourned to the next meeting.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.

GENEEAL MEETING, THURSDAY, JUNE 5, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STEEET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary having read the minutes of the Council Meeting held this morning,
The following gentlemen were elected members of the Institute:— Mr. James Hains, of Hanwell,
Middlesex; and Mr. Edwin Crawshay, Abbott's Wood, Newnham, Gloucestershire.
THE LIAS IN CUMBERLAND.
Mr. Marley called Mr. Dunn's attention to Mr. Binney's paper on "The Lias of Cumberland," as being
not only in accordance with the views that he (Mr. Marley) brought forward some time ago on that
subject, but also with Mr. Dunn's own paper, and recorded in page 149, vol. VIII., viz., that portions
of the lias were found overlying the red sandstone in that district.
Mr. Dunn said, he was not geologist enough to have called it "lias." He knew that it was limestone.
The question was, "was it the lias formation".
Mr. Marley—It is so called in the page and vol. indicated.
The President—There is no doubt that the lias does exist in the basin of Carlisle, and it is really the
place where it ought to be found reposing upon the new red sandstone. I have been surprised at the
quantity of lignite coal that in some countries is associated with the lias, especially in Austria, but it
does not seem that there is any of consequence in England.
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RESUMED DISCUSSION ON MESSRS. BOYD, WOOD, AND GIBSONE'S PAPERS.
The President said, they would now resume the discussion which had been postponed to this
meeting, and asked Mr. Boyd if he had any further remarks to make on his paper?
Mr. Boyd said, he had had no opportunity of enlarging his paper, but had no doubt that patient
investigation would prove that his theory was correct as to the seams and strata that he had
explored. With regard to the extension south-westward of the Scremerston coal-field, he was
satisfied that these coal seams and other strata extended in a continuous definite line right through
the county to the Plashetts, and that continuous strata of these coal and other measures could be
traced from the one locality to the other.
The President said, they knew that the mountain limestone stretched across the district alluded to,
but they did not know that the beds of coal were continuous.
Mr. Boyd said, coal was to be found cropping out to the surface with the mountain limestone at
Kirkwelpington, Little Harle, Ridsdale, and several other places, and the same could be traced to
Bellingham, and, therefore, whilst the coal beds extended only to a breadth of five or six miles at
Doddington, at other places it expanded itself to a width of twenty miles.

The President said, that his section up North Tyne showed the range of the beds of limestones and
other strata in a north and south direction. To the north the lower strata came in. The bed of
limestone which Mr. Boyd spoke of, at Kirkwhelpington, Little Harle, &c, was the second bed of
limestone in the series. The first bed cropped out near Corbridge and Stagshawbank, whilst Mr.
Boyd's coal beds only came to the surface at Ridsdale, and, therefore, were not the same beds of
coal as at Kirkwhelpington, &c. These coals were above the whin sill, whereas Mr. Boyd's beds were
below the whin sill.
Mr. Boyd—My paper embraces a great many seams of coal both above and below, or in connection
with, the whin sill.
The President said, he should doubt that. His idea was, that what was drawn in Mr. Boyd's paper as a
bed of whin, was not a regular bed of whin, but an overlying mass. If he was right in his notion of the
position of Mr. Boyd's coal and other strata in the series, they occupied a position as a whole below
the whin sill which crosses the county. If, therefore, the two beds were identical, that bed of whin
which crosses
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the county should not be within Mr. Boyd's coal beds. He (the President) admitted that there was a
great deal of basalt in the vicinity, rising to the surface in overlying masses; but except the regular
whin sill, he did not know of any other regular bed of whin or basalt. In position, as before
mentioned, Mr. Boyd's group of coal strata was very much below the whin sill; and he did not know
a place in Northumberland, in the entire route of the regular whin sill across the county, where beds
of coal existed above and below the whin, to such an extent as shown in Mr. Boyd's sections, or
where the whin was so intimately associated with them. Either, therefore, the whin shown in Mr.
Boyd's section must be another bed of whin, or his coal must be coal in a different position in the
series. There is a whin dyke that runs through the Plashetts coal-field; but he had not noticed that
circumstance in his paper on the Plashetts coal-field, and for this reason, that that coal-field had not
as yet been much explored, and he did not think it was satisfactorily proved, whether the whin
which runs through the entire breadth of that coal-field was a dyke, or whether it did not, in some
place, spread out and assume the character of a bed. He could not, consistently with his present
experience, place it as a bed, and, therefore, he thought it better to leave it out entirely, rather than
to assume an expression of opinion which might afterwards prove to be erroneous. This was what
he had from the first intended to explain to the members of the Institute, why he had not placed
that basaltic dyke on his map. Probably Mr. Forster knew the dyke which crossed the Plashetts coalfield.
Mr. Forster—Yes. What do you call the Blenkinsop seam?
Mr. Boyd—I expect it is similar to the upper part of the Scremerston series.
Mr. Forster—There is no doubt that it is the Plashetts seam.
The President—The Blenkinsop seam, in my opinion, is a different seam from the Plashetts, or the
lower coal. It is higher in the series, and parallel with the Acomb and Kirkheaton beds of coal.
Mr. Boyd—You have mentioned it, sir, as very nearly the highest bed in the series.

The President—Yes. It is one of the Tynedale Fell seams, and the same as the Acomb.
Mr. Boyd [reverting to the whin bed shown on his section] said, the great point he would allude to,
in a decision of the question, would be to enumerate the number of seams of coal and limestones
lying above it, in one part of the county, and those that lie above it in another part of the
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county; and if these assimilated themselves together exactly, he would say that the whin bed was
lying parallel, and on the same range of beds, and similar in deposition with them at both the
localities. Mr. Thomas John Taylor, after his (Mr. B.'s) paper was read, asked him if he had satisfied
himself that the insertion (supposing it was a red hot mass) of this whin had taken place identically
in the same identical layer relatively to the seam of coal above and the seam of coal below it
throughout the whole of the county? to which he replied he was not in a position to answer the
question.
The President—Then why have you put it amongst your coals? and parallel to the coal beds?
Mr. Boyd—For this reason: in the whole length of its course, wherever I have been able to trace it,
there are coal beds running parallel with it above, and parallel with it below.
The President—Notwithstanding the fact that the regular bed of whin or basalt which runs across
the county keeps generally parallel with the other beds of the series, I consider the basalt shown on
your section of the Scremerston coal-field an overlying mass and not a regular bed. For instance, I do
not understand that in any part of that coal-field any sinking or boring has been made, which passes
through any of the beds into, or upon, the whin sill to show that any of these beds repose upon it,
neither can you trace any of the beds as resting upon the whin. It is true we see a large mass of
basalt covering the surface, but in no one part of the coal-field is it observable that this basalt passes
underneath, or is covered by any of the beds. The basalt rests upon other strata, as a mass of
overlying basalt may do, but it is nowhere seen that any other strata rests upon it, as shown on the
section.
A long discussion took place as to this basalt being of the character of a bed or of an overlying mass;
Mr. Boyd explaining, as one of his reasons for considering it a bed, that the series of strata he had
described was composed of two sets of measures, one above, and the other below the whin sill; that
the whin sill and overlying measures have been denuded on the north side of the east and west
basaltic dyke, shown on the general plan of the district, immediately opposite those measures on
the south side of the said dyke where the whin sill and accompanying measures are perfect.
The President—I rely mostly upon the fact, that in no one place is the basalt of the Scremerston
coal-field shown to be covered by other strata, which, if it did, would decisively prove it to be a bed,
and not an overlying mass. I rely likewise on this, which, I think, has been clearly
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shown, that the Scremerston coals belong to the lower part of the carboniferous series, whilst the
regular whin sill is in the upper part of the series— that, in fact, the beds of limestones, shale, and
sandstone beds above the whin sill have been termed the upper series of beds, whilst the

limestones, shales, and sandstones below the whin sill have been termed the lower series of beds,
and it is in the lower beds of the lower series which I believe the Scremerston coals exist.
Mr. Boyd—Then do you say, sir, that the whin sill does not occupy a parallel position with the other
beds of the series?
The President—I think it does. It does not vary much, if at all. It is almost precisely in the same
position in Yorkshire. As regards the regular whin sill limestone, you find it crossing the north Tyne
immediately below what is called the Tyne bottom limestone. It runs in the same position below the
Tyne bottom limestone through the whole of Alston Moor and Weardale, and if you read my paper
you will find I quote Professor Phillips, that "the position of the whin sill in Teesdale and Yorkshire is
constantly below the Tyne bottom limestone." That is a remarkable test of the parallelism of the
whin sill with the other beds. In Weardale they sink the same shaft through both the Tyne bottom
limestone, and the whin sill, and they work the lead in the whin sill, as well as in the Tyne bottom
limestone. But you will find none of the coals which are so profusely developed at Scremerston, in
any of these localities associated with the whin sill. The Scremerston coals are, in my opinion, as I
have stated, much lower down in the series, and, therefore, I think it rather an anomaly that a whin
sill or bed of basalt should be amongst these coal beds, and this made me ask you more particularly
(having previously given notice that I should do so) whether you had, in any part of the Scremerston
coal-field, discovered any of the beds immediately overlying or resting upon the basalt, or if you
supposed it was a local mass of basalt injected between the beds as a bed? If it is a local bed
associated with the Scremerston coal-field, in all probability it would be of a very much earlier date
in point of time than the whin sill, which I call the regular whin sill, though there is nothing
inconsistent with its being an overlying mass of the basalt of the regular whin sill, the Scremerston
beds being of a much earlier date.
Mr. Boyd—Your admission of the strata above and below being parallel, rather tends to the
impression that the whin sill is a stratified mass.
The President—It is a stratified mass. The question is, whether the
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whin of Mr. Boyd's section is the same as the regular whin sill—I think they are not the same;
because there are many more beds of limestone and coal associated with the Scremerston
formation, than there is in the locality of the other whin; and, further, if you study these limestones
attentively, you will find, that not only in position, but in character and in every other respect, they
are a different class of limestones than are associated with the regular bed of whin.
Mr. Boyd—One method of testing that, would be by ascertaining whether the animal remains and
fossils of each group of beds are the same or not.
The President—That would, of course, be a good test. I attempted to do this in the section which I
have given. You will find in the copy given to the Natural History Society, all the beds of limestones
detailed with great minuteness, and the several thicknesses given.
Mr. Boyd—Were the fossils in that case enumerated?

The President—Only generally; but if you look attentively at that large section, you will probably
agree with me in thinking that the position in the series which I have assigned to the Scremerston
beds is the correct one; that they are beds of limestones and coals, much below the whin sill; and if
you look at the Plashetts section, you will find that the late Mr. John Thomas Taylor places these
beds very much below the whin sill. The whin sill crosses to the south of Ridsdale iron-works, and
Ridsdale ironstone beds, and it is admitted that the whin sill is considerably above these beds.
Certainly these beds are above the lower series of the Plashetts coal-field, and, therefore, the whin
sill being very much above the Plashetts coal-field, ought to be very much in geological position
above the Scremerston beds.
Mr. Boyd described his tracing the outcrop of the whin sill in Northumberland, remarking that the
outcrop ran north and south at Kylo, its northernmost point; at Belford it ran nearly due east; at
Bamburgh south-east, where a difficulty arose from its running into the sea; and the link was not
visible at North Sunderland, though that was the place where the whin sill would have been if it had
not been washed away. Passing Dunstanborough, it runs right across the country to Alston.
The President said, it was a subject on which young members of the Institute might very profitably
employ their ingenuity in tracing these beds; it was altogether a most interesting district.
Mr. Boyd said, the difficulty would be to take up the link at the different points he had spoken of.
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The President said, the immense mass of porphyritic rock, the Cheviot Hills, had protruded through
the strata, and that such protrusion had taken place for the most part after the deposition of the
mountain limestone. This is shown by the inclination of the latter beds around the base of the
porphyritic rocks. In some places these beds run nearly level up to the porphyritic rocks, whilst in
other places there is evidence of the carboniferous beds having been heaved up and become almost
parallel with the base of the highly inclined strata of the porphyritic rocks. There is, therefore, no
doubt that the rocks of the Cheviot ridge had been partially protruded after the deposition of the
mountain limestone, and had, in fact, been the cause of the undulating nature of the mountain
series; the coal may have been washed off in some places, as he had no doubt it had been. Still, he
doubted very much Mr. Boyd being able to trace the coal continuously through the district he had
named.
Mr. Dunn—By what train of reasoning do you make out the connection between the Plashetts and
Scremerston?
Mr. Boyd—Because we have the same features in many parts in the two localities. I have no doubt I
shall be able to prove it to your satisfaction, that my assumption is the correct one; indeed, I shall
never rest satisfied until I have done so.
Mr. Forster said, there must be an immense dyke between Plashetts and Scremerston, because the
latter seam at Ridsdale must be 200 fathoms from the surface.
Mr. Boyd—Not necessarily a dyke.

Mr. Forster—Necessarily so, I think, because when the Plashetts bed is upwards of 200 fathoms in
depth at Ridsdale, what would it be at Scremerston if the beds continued at the same inclination.
Mr. Boyd said, the plan would best explain that. If Mr. Forster would observe, the whole series was
spread out there like a fan.
Mr. Marley said, it was Mr. Thomas John Taylor's theory regarding the Plashetts seam (in the inquiry
in which Mr. Forster was associated with that gentleman), that the laws of dip which were held to
apply to what the President designated "the regular coal-field formation," did not hold with the
irregular coal formations. If they took the appearance of the seam near to the Papists Cross, they
would calculate the dip to be something like the regular inclination as it appeared at the outcrop.
Mr. Taylor held that that was not the case, but that the seam there was full of undulations; and that
so far from the idea of continuous inclination being the fact, it only went down the hill so far, and
then began to
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rise, and so went on again changing. This, he contended, was corroborative of Mr. Boyd's theory as
to undulations between Plashetts and the Berwick coal-field, and showed that there was not
necessarily a dyke, but that the whole might be accounted for on the principle of undulations.
The President said, there was no doubt, that the strata generally, was very undulating from Plashetts
to Scremerston; and as the other strata undulated, they might suppose that the coal would undulate
likewise; and, therefore, no conclusive deductions could be established by assuming a particular rate
of inclination of the beds throughout such a district.
Mr. Boyd—There are not only the undulations, but there are denudations also.
Mr. Forster said, his opinion was, that the Plashetts, Acomb, and Shilbottle seams were identical.
The President agreed with Mr. Forster, as to the two last-named, but not as to the Plashetts.
Mr. Boyd said, the Shilbottle seam at Alnwick cropped out above the whin sill. They would agree
with him, that the whin sill formed a marked division of the beds of coal above and below. He
thought the President had a strong inclination to admit that.
Mr. Forster—I do not admit it; I should require much further proof before I could do so.
The President said they had it on record, that there was a large basin of coal at Scremerston; and
that there was a similar basin at Plashetts, which were, no doubt, the same beds. Mr. Boyd had
coloured a whin sill at Scremerston, and ceteris paribus, they might suppose that there ought to be a
whin sill at Plashetts. There was a basaltic dyke at Plashetts, as he had mentioned; but his opinion
was adverse to that of Mr. Boyd, with regard to its being the whin sill; and still more to its being the
same whin sill that crossed the county. The Scremerston and Plashetts coals, he contended, lay
much below the regular whin sill. If the Scremerston basalt was a whin sill, it was a whin sill very
much below the regular one.
Mr. Boyd—There are whin dykes coloured upon my section, varying entirely in character from the
whin sill.

The President—That is perfectly in accordance with what we might suppose, viz., that basaltic dykes
would occur in the vicinity of the overlying masses of basalt.
Mr. Boyd—And you have the coal on each side of such dykes undisturbed
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as to level. Then there was another point to which he wished to draw attention. If what he had
traced was the whin sill, the question would come, "at what period, and by what means was it
placed in its present position?" Geologists of high standing had promulgated the idea that it was
protruded between the existing rocks at the period of deposition of such rocks. Other gentlemen,
among whom was Professor Sedgwick, said, that it was protruded from below upwards, as a boiling
mass, and spread over the top and on the surface of the strata which were then in existence as the
top or highest layer; and that, subsequently to that deposition, the other strata of limestone,
sandstone, shale, and coal, which over-lie the whin sill, were deposited in periods years after the
whin sill had been deposited. His own view of the matter, so far as he had been able to judge, would
go with the latter; and for this reason: that when you take a piece of rock upon which the whin sill
lies, you will find it burnt; the layer above it will be found not to be similarly affected; and therefore,
he held that it was not a protruded mass, but extended over the then highest layer, and covered by
subsequently deposited layers of strata.
Mr. Reid—Can you identify any seam in the Scremerston district with those of the Glasgow coalfield?
Mr. Boyd—I have not been able to do so.
The President—I have, as you will see, by looking at my sections, considered the lower beds of
Scotland, and the beds at Scremerston, contemporaneous deposits; but we do not, even in the MidLothian district, which is nearer than Glasgow, find any whin sill associated with these beds, except
as overlying masses.
Mr. Boyd—No, we do not.
The President—It appears to me that the upper beds of coal in Scotland, and the coal in
Northumberland and Durham, are parallel deposits. And yet it is extraordinary that these coals differ
very much in character. That may arise in Scotland, from the quantity of old rocks which are to be
found in the vicinity of the coal deposits, and the effect of these rocks upon the coal. The MidLothian coal is an extraordinarily narrow, elongated basin, which runs up between the Silurian and
the porphyritic rocks.
Mr. Reid—Has there been any volcanic action?
The President—I do not say that. It seems that the coal beds have been disturbed after their
deposition, so that they have become almost
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vertical at the sides of the basin, and yet they continue their parallelism to each other. It would
rather appear that the disturbance had taken place after the deposit of all the series of coal beds;—

for if you take the section of the Mid-Lothian coal-field, you have first the regular coal measures,
then the millstone grit, then you come to the limestone beds, and then you have the lower coals
intermixed with these limestones, the whole of these several formations being parallel to each
other; and yet they must have occupied an immense period of time in their formation. Then you
have those beds which must have been originally deposited perfectly level, turned up on the sides,
as if squeezed into half the original width, like the leaves of a book turned up on the edges, and
become vertical, the centre being of a basin shape, the beds still keeping their parallelism. I should
like to direct your attention to some of the distortions of the beds of coal on the Continent, the
maps of which you will see in the Great National Exhibition, viz., the Belgian, Prussian, and Austrian
coal-fields. These maps of themselves are a study for days, to consider how these beds of coal could
have been distorted in the manner shown by these maps, and by the workings of the coal beds. The
same occurs in the French sections of the Valenciennes and Calais basins. The contortions are of the
most inconceivable nature—in some cases the vertical shafts passing twice through the same beds,
and the horizontal drifts passing and repassing through the same beds of coal. How these
contortions have been produced is most inexplicable. These coal beds rest mostly upon the primary
rocks, and it has been supposed that these rocks may have in some way or other produced the
distortions. The parallelism of the beds, which are extremely numerous, being retained almost the
same as if the beds had been deposited regularly upon each other in the most quiet manner. The
whole operation shows a most extraordinary placidity of strata, so placid as to be distorted into
every conceivable shape, and yet the parallelism of each bed with the other remaining perfect.
Compared with these contortions, the irregularities of the Scotch and English beds are quite stale. It
is comparatively of much easier solution to suppose the coal beds of the Lothians to have been
deposited on a plain (which may have previously been an estuary of the then receded sea), between
the partially elevated silurian strata of the Pentlands and Berwickshire, and that a subsequent
upheaval of the primary rocks acting upon the silurian, red sandstones, and carboniferous rocks, had
thrown up the coal beds, together with the lower rocks, into their present position,—and that
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the estuary being in the shape of an elongated basin, and narrow, the edges of the basin became
nearly perpendicular. The carboniferous rocks and superior coal beds of Northumberland and
Durham would appear to have been subjected to a similar upheaval as that of the silurian rocks of
Berwickshire and Roxburghshire, by the Cumberland and Westmorland hills, to a considerable
elevation, the force and extent of upheaval gradually diminishing to the eastward, as the formation
of the coal receded from the primary strata. And it must be remarked, that this upheaval would
appear to have extended to, and disturbed the new red sandstone and magnesian limestone beds of
the permian rocks deposited at a subsequent epoch, and resting unconformably upon the coal
measures; as we find the base of the magnesian limestone beds rising gently westward towards the
primary strata, and in fact, to a certain extent, following the line of upheaval of the coal strata. This
would show that the process of upheaval of the carboniferous, and subsequent permian rocks,
extended over a vast period of time, disturbing all the strata of the carboniferous rocks, and
extending into the subsequent later formation of rocks. It would be an interesting investigation, to
endeavour to illustrate the effects of such an upheaval, by studying the facts elicited by the dykes
exhibited in the colliery workings of these extensive coal-fields, and the dykes associated therewith,
in the other parts of these counties; and it would be well to pursue such investigation by a collection

of facts, as regards the features of such dykes. At present we can only take a general view of the
disturbances applicable to the present position of the deposits alluded to in this discussion.
Mr. Forster—You have said that the coal of Durham and Northumberland was formed at the same
time. If that is so, how does it happen that you find some of the beds of coal differing so much in
quality?
The President said, that such difference was more in the distribution of the constituent parts, than in
a chemical constitution of the coal. Take Seaton Burn and Springwell coals for example. The first was
a decided steam coal; the other a first-rate gas coal; whilst the chemical analysis was almost
precisely the same. Dr. Percy, an eminent metallurgist, who analysed these coals, explained the
difference to be only a different disposition of the constituent parts. In the gas coal, the bitumen and
carbon are distributed almost uniformly throughout the whole of the mass; whilst in the steam coal,
the bitumen and carbon are distributed in separate layers—the bitumen in one layer and the
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carbon in another alternately through the mass, the general effect being that the bituminous layers
of the steam coal, when subjected to a strong heat, burn with a flash and flame. The carbon
producing a strong heat, and not combining, whilst in a state of flame, with the bitumen, produced
what was called an open-burning coal, peculiarly adapted for raising steam. The bituminous coal, on
the contrary, producing a more uniform, steady, and less vigorous and intense heat, and burning
more uniformly, was thus better adapted as a house or gas coal.
Mr. Boyd said, in answer to a question by Mr. Dunn regarding the red sandstone to be found above
Berwick, that he had not been in that district.
Mr. Marley (to Mr. Boyd)—You have spoken of the upper series of red sandstone, is that
conformable with the lower coal measures?
Mr. Boyd—It is conformable with the limestone series in my paper.
Mr. Marley—Then that which the President calls the lower series of red sandstone would be
unconformable?
Mr. Boyd—That I cannot answer. The upper one is conformable with the mountain limestone series,
and with the coal associated with it.
The President—If you visit the Tweed you will find, in proceeding from Berwick up the Tweed, the
red sandstone, which is conformable with the coal measures, resting upon the edge of the lower red
sandstone unconformably. The latter is a conglomerate. You will see it almost under the castle walls
at Berwick.
Mr. Marley—The only thing I should like to say is with regard to the designation of these red
sandstones. No doubt Murchison and Hugh Miller use the terms "upper and lower series of old red
sandstone;" but I think it would be better if we here were to adopt a different nomenclature. That
which our President calls "the upper old red sandstone" would be better distinguished as "the
Berwick coal formation of red sandstone," and the other "the old red," inasmuch as the two
formations are admitted to be unconformable to each other. Mr. Boyd says the upper is

conformable to the Berwick coal formation; it, therefore, appears to me that it ought to be better
distinguished, as the upper is not part of "the old red."
The President—The question is, whether the whole of the district, so well explained by Hugh Miller,
is the upper red sandstone. Supposing the red sandstone he speaks of to be the upper new red,
there may be an upper and a lower series of these beds. That formation is a very complicated
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one, varying in character and deposition in different parts of the world. In reading Sir Roderick
Murchison's " Silurian" and other works, it must be confessed that there is a good deal of intricacy
with regard to the red sandstones. But there is no doubt of this, that there is a red sandstone in the
northern districts of England and in Scotland, which is conformable to the lower coal measures and
mountain limestones; and there is another conglomeratic red sandstone below, which is
unconformable. You may distinguish them by what names you please, but such is the fact. For my
part, I like to keep to terms that are generally known, rather than to local terms.
Mr. Marley—As they are not conformable to each other, they should have different names, being
different formations.
The President—The old red is a conglomerate, formed principally of pebbles, rounded and cemented
together by iron cement, and these pebbles are clearly remains of the Silurian rocks.
It was then decided to adjourn the discussion, Mr. Gibsone not being present to furnish the further
information he had promised.
STEAM BOILER EXPLOSIONS.
The discussion of Mr. Crone's paper on "The Explosion of Steam Boilers" was then proceeded with.
Mr. Ramsay said, on examining Mr. Crone's paper, he found that in the case of the boiler which
exploded at Seaton Burn, there were only two feet nine inches between the fire-bars and the
bottom of the boiler. This struck him as very low, and he wished to know if there was any advantage
in it?
Mr. Crone would rather consider it a disadvantage. To fix a boiler at that height above a fire-grate
would be much too low. He fixed them at three feet nine inches. The consequence was considerable
advantage was obtained in raising the steam. Some of the old-fashioned boilers were placed so that
you could hardly distinguish between the bottom of the boiler and the top of the fire. Mr. Crone
added, in answer to Mr. Dunn, that the diameter of the exploded boiler, named by Mr. Ramsay, was
six feet eight inches, and thirty-two feet in length.
Mr. Dunn—At the Byer Moor explosion it was shown that three separate plates had given way
directly above the fire. The plates were seven feet in length, and they failed in each boiler
immediately above the fire. New plates were inserted, and these failed also. I put this question
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to the engineer at the inquest:—In raising such an immense quantity of water into steam as you do,
in a boiler forty feet long and five feet diameter, would it not be safer and better to have two fireplaces, one at each end of the boiler? It appears to me that, with such an intense fire at one end,
you cannot fail to injure those plates immediately over the fire. It seems to be an important
question, to consider how far a single fire in such a case is accountable for the accident.
Mr. Boyd said, at Lambton Colliery they have two fires to almost every one of their large boilers.
The President—Do you assume, Mr. Dunn, that with two fires the boiler is subjected to a lower
temperature than with one fire? In that case, would not two boilers with one fire in each, and
multitubes to abstract the heat, be better than two fires and one boiler? You want a certain quantity
of water evaporated, and you want to apply the fuel in the most economical manner. I rather
suppose, whether one fire or two fires be applied, the intensity of heat of each fire will be the same;
and then it depends upon the manner in which that heat is distributed what the general effect is,
and the comparative effect of one boiler and one fire, or a longer boiler with two fires. I should not
think, however, the difference of intensity of the heat of the respective fires will be so great as to
materially add to, or diminish the effect upon the boilers.
Mr. Dunn was not prepared to answer that, but thought it would be well to ascertain the size and
other particulars of the boilers at Lambton, to which two fires were applied.
Mr. Crone said, Mr. Boyd had correctly described the boilers at the Lambton Colliery. There are two
fires to each boiler there; the flues are on the flash principle; and the smoke of the first fire passes
over that of the second, and from both it passes away to the chimney. As the smoke evolves, there is
a more intense combustion.
Mr. Lindsay Wood said, that at Hetton they got more evaporative power from one large fire than
from two smaller ones.
The President—With reference to the cause of boilers exploding, I have always thought there is
something connected with such explosions which we do not yet understand—that it is something
more than the mere pressure of steam that causes these explosions. I believe the cause of the
explosion at Marley Hill was a deposit upon the plates, which prevented the water getting access to
the surface of the iron, and so cooling it down.
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Mr. Dunn—There is a difference of opinion about that.
Mr. Berkley—I think not. The analysis showed that the water contained a solution of lime, which was
deposited on the plates of the boiler scarcely as thick as a shilling. We still have the same thing to
contend with. The peculiarity is, that it collects over the fire only, and becomes as thick as a sixpence
in three days.
The discussion was then adjourned.
Mr. Marley gave notice of a motion for electing nine, instead of four, Vice-Presidents.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
GENERAL MEETING, THURSDAY, JULY 17, 1862, IN THE ROOMS OF THE INSTITUTE, WESTGATE
STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The President said, it was proposed by the Council to take the discussion of the Birmingham papers
at the Anniversary Meeting, on the 7th of August next. Probably on that day there would be a larger
attendance of members than usual, and, therefore, a suitable day for the purpose. The papers were
voluminous, and should the discussion continue over the first day, they might adjourn to the next,
and make arrangements to enable the members from a distance to visit some of the collieries or
other works of interest on that day, and so fill up the two days. The Council were also of opinion that
the members should dine together on the day of the Anniversary Meeting.
Mr. Atkinson said, he had often been asked if there was any regulation by which under-viewers and
overmen could be admitted members of the Institute for one guinea, or half the ordinary fee.
Mr. Berkley said, there was some time ago a proposition to admit such persons at half price, but it
was negatived, and consequently not a single member was charged less than two guineas.
The President said, that collieries subscribing to the Institute, had the privilege of sending to the
meetings of the Institute, a certain number of their under-viewers and overmen; and they had also,
in proportion to their subscription, a certain number of copies of the Proceedings. And again, each
member might bring to the meetings, or discussion of papers, one person. The first arrangement
was, in the hope that the collieries
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would subscribe, and so obtain copies of the Proceedings, to give to their under-viewers and
overmen, and also enable them to attend the discussions. All the collieries with which he was
connected subscribed to the Institute, and they obtained a certain number of copies as they were
published, and the under-viewers and overmen could attend the meetings. He had hoped that the
other collieries would have followed this example, but he had been disappointed. This Institute had
been of great benefit to the Coal Trade, but very few of the collieries had subscribed. There were, he
believed, altogether fourteen collieries which subscribed to the Institute, and with seven of these he
was connected.
Mr. Atkinson said, that in future, when he was asked the question, he should reply that the collieries
ought to become subscribers. He agreed with the President, that the Institute had been of great
benefit to the Coal Trade.
The President said, they were doing all the good they could with the funds at their disposal. They
would have been very much hampered, had it not been for the bequest of the late Mr. Stephenson.

CONSUMPTION OF SMOKE.
Mr. Dunn said, that Mr. O'Regan, who had a patent for the consumption of smoke and the saving of
fuel in steam engine furnaces, wished to be introduced.
On the motion of Mr. Atkinson, permission was given to Mr. O'Regan to attend and state the nature
of his patent.
Mr. O'Regan said, that his method was to admit air at the lower part of the door of the furnace, and
to apply a box at each side of the door. The air in the boxes became heated, and was distributed in
such a manner as to bring all the products of the coal into instantaneous combustion. Smoke was
not formed; there was no time for it, and there was a saving in the amount of fuel of from twenty to
twenty-five per cent. He had tried it at Ryhope, using, nothing but duff coal, and it was most
successful. He undertook to supply his apparatus complete for £10.
Mr. O'Regan having retired,
The President said, he had received from Mr. Dunn a copy of the pamphlet he had lately published,
as a present to the Institute. He also read a letter from Mr. Green with respect to his paper. It was
dated Workington, 2nd July, and stated that the writer would be in Ireland at the time of the
meeting. In that case, he (the President) thought they had better postpone the discussion on Mr.
Green's paper.
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DISCUSSION ON MR. CRONE'S PAPER ON STEAM BOILER EXPLOSIONS.
Mr. Crone said that no doubt all who used steam boilers were greatly interested in the subject, and
if our practical engineers devoted more time to a thorough examination of boiler explosions, they
might arrive at some useful conclusions, and not have to attribute them to occult or unknown
causes, as an unknown cause could only be met with speculative remedies, which would necessarily
be uncertain in their results. He thought that, connected with all boiler explosions, there were facts
which pointed to some cause or other, either in the bad construction of the boilers originally, or in
their not being thoroughly and carefully kept in good repair, so that they got gradually bad, and then
became weak and unsuited to the pressure at which they were worked, or in the condition of the
water used, which was often of indifferent quality, containing many impurities, usually resulting in
the formation of deposits over the surface of the iron, which, acting as non-conductors of the heat
applied, often caused a serious amount of injury to the boiler. Many people went on using boilers
from year to year, keeping the steam at the same working pressure, assuming that the boiler must
be a good one, and well tested by the length of time it had been successfully worked, forgetting that
it became deteriorated by constant use, and less capable of bearing the original pressure of steam.
In collieries where establishments were kept for the purpose of keeping the boilers in repair by good
workmen, there were very few explosions, considering the number of boilers in regular use. In order
to guard against explosions, he would strongly recommend the use of good and pure water. This was
very often lost sight of about collieries. The mine water was so easily accessible, that the surface
water was sometimes neglected. It was well known that bad water entailed serious loss in the rapid
deterioration of the boiler plates, and in the consumption of fuel, as well as in the difficulty of
maintaining the steam. From the impure water being rendered more dense, and probably from

these impure solutions taking the place of air, or any small amount of carbonic acid gas the water
might contain, it would be less lively, and unsuitable for yielding steam with regularity at the usual
temperature, as well as causing the water to exist in such a peculiar state, from the exclusion of air,
as greatly to increase the risk and danger of explosion, as referred to in the paper, page 41. As to the
supply of heated feed water, he was aware that some objected to its use, as not raising steam so
satisfactorily as cool water; but this, he apprehended, might also arise
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from the feed water being kept at too high a temperature, as the air might be expelled by constant
boiling, and the water thus brought to a similar state as that before-mentioned. Air being so much
more easily expanded than water, its presence in the feed water would be beneficial in separating
the particles of water, and causing the heat to permeate throughout in such a manner as to cause a
free and rapid evolution of steam. He thought that water heated and kept at a temperature not
calculated to expel the air, or considerably below the boiling point, say at 150° or even 200°, would
be found most suitable and economical for feeding boilers. Any old boiler would make an excellent
heating cistern for this purpose. The steam from the exhaust pipe, where high-pressure engines
were used, could be turned in to keep the water at the requisite degree of temperature.
Mr. Atkinson said, there were three boiler explosions in four years at one colliery which he had
visited, and three or four more at neighbouring collieries. The chemists who analyzed the water
failed to detect anything in it to cause the explosions. He believed the colliery engineers at these
collieries took great precautions, and he had himself been at a loss to find out the cause of the
explosions. As regards heating the water, he was told that there was a greater deposit of sediment
from the water when heated, than when it was supplied to the boilers without previous heating.
Mr. Dunn said, with respect to the Seaton Burn explosion, that was clearly from want of water. And
there was another fact connected with that explosion. The boilers, before the explosion, were six
feet eight inches in diameter and thirty-five feet long; after that, the boilers were of lesser size.
Mr. Crone—They were made uniformly of lesser diameter, to enable us to work them at a higher
pressure, if found necessary to do so, without causing any undue risk.
The President asked Mr. Dunn what diameter he would recommend for boilers.
Mr. Dunn—Five feet three inches. He would also recommend that boilers should be heated with two
fires instead of one.
The President—That would insure less intensity of heat at one part.
Mr. Berkley, referring to the explosion at Byermoor, said, they had other boilers working at the same
pressure as the one that exploded, and there was no failure of plates. In these boilers the water gave
a certain quantity of sediment, and the chemists, Messrs. Richardson and
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Browell, said it was the worst conductor of heat that was known. There was a piece of sediment, a
quarter of an inch thick, found near one of the plates, but he doubted if it was on the plate prior to
the explosion. It would take twenty-five days to form a layer of carbonate of lime a quarter of an

inch thick, and this boiler had been cleaned three or four days before the explosion. Sediment, less
than the sixteenth of an inch thick, was found in four days. Supposing the sediment was a bad
conductor of heat, he had thought that the explosion might have arisen from the boiler suddenly
cracking at the rivets. There would be an actual pressure of 300 or 400 tons on the longitudinal
section of the boiler. If there was a crack of six feet long, the mechanical force of the pressure,
previously supported by the six feet, would be entirely thrown upon the edges of the plate at the
ends of the crack, and would be sufficient to produce all the effects. The action was so rapid that it
would be like an explosion. The iron was found, to a certain extent, crystallized where it lapped over.
The man had just left the float when the explosion occurred.
Mr. Crone—It was of the utmost importance to guard against small leaks or rents, as, although they
might appear trivial at first sight, it was quite clear that a rupture once begun would require a less
exertion of power to continue it than would take to commence it. The rationale of a boiler explosion
might be something like the following:—A weak part giving way would cause a sudden escape of
steam; the water contained in the boiler being considerably above the boiling point, thus suddenly
relieved from the pressure of steam on its surface, would in turn immediately burst into a large
volume of steam; or the water might exist in that highly explosive state, from the expulsion of air,
and absorption of heat under pressure of the steam, as to explode "with the violence of
gunpowder," as previously referred to (see page 41 of paper), and thus continue the rupture and the
explosion with all its violence in instantaneous succession. It was quite possible the workmen might
be deceived with respect to the working of the floats. It would be better if they had more water
gauges.
The President said, he had a letter from Mr. Spencer, suggesting a mode of preventing explosions
from the heating of plates. The plan was, to have a float in the boiler on the top of the water. This
was attached to a cock in the discharge pipe. When the float gets low, so as to become dangerous, it
opens this cock, and throws the water on the fire to put it out.
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Mr. Daglish said, that was Archer's invention.
Mr. Atkinson said, he believed that, in a majority of cases, there was plenty of water in the boilers.
He had paid attention to the evidence given, and could scarcely doubt but that such was the case.
He thought there was a cause of explosions which had not been sufficiently looked at. It might be,
that at some period not very remote from the time of the explosion, there had been a deficiency of
water, and the boiler consequently became injured through over-heating and unequal expansion, so
as to be unable to bear the ordinary working pressure, the steam not being at that pressure at the
time of the injury, owing to the engine being at rest, and the fires slack. But soon after re-starting
the engine, and carefully re-filling the boiler, the fires would be put away, and the pressure, on or
before attaining its ordinary state, would cause the injured boiler to explode, although fully supplied
with water. It often happened that boilers exploded soon after an engine had been at rest for some
time; and this appeared to be confirmatory of what he had stated as a probable cause of boiler
explosions. He had reason to believe that, in several cases, this had been the cause of explosions.
Mr. Crone quite agreed with the opinion expressed by Mr. Atkinson, that boilers were often injured
without exploding at the time such injury took place, but which would weaken the boiler, and render

it less capable of working with safety at the usual pressure, and quite unfit for bearing any unusual
strain which it might be accidentally exposed to. This had been referred to in a similar manner in the
paper (see page 40).
The President said, if the sediment intervened, the iron would get red hot, though there was water
in the boiler. It was singular that at Byermoor, where there was a series of plates, there should have
been injury to each in succession.
Mr. Daglish said, the engineer of the Boiler Association reported in favour of the flue boiler against
the externally fired boiler. In the Cornish boiler, the fire-place was inside.
Mr. Atkinson said, in that case there would be a tendency to collapse.
Mr. Daglish—Mr. Fairbairn's method had alleviated that.
Mr. Crone here described the working of a feed jug having a recoil valve inside, every motion of
which was communicated to the engineman at a distance. And with respect to priming, the use of
steam traps effectually prevented it. They put in a small pipe, reaching to the bottom of the boiler,
to carry off any water going into the trap. He also called attention to the form of water gauges.
There was great difficulty in
[see in original text Sketch of T. Y. Hall's water gauge 1857]
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keeping water gauges in where there was a considerable amount of masonry at the ends of the
boilers. Gauges put on at the end, with the ordinary small pipe usually attached to water gauges,
were found to choke immediately. To remedy this, he put in a larger pipe, two or three inches
diameter, communicating with the top and bottom of the boiler, and upon this he put the gauge.
This arrangement was found most effective and useful, and did not become choked.
Mr. Atkinson—The water must be something particular if they do not choke.
Mr. Crone said, the increased diameter of the pipe over the ordinary small pipe effectually guarded
against this. With respect to the steam and sludge pipe, that was an invention of Mr. Joseph Crone,
of Newcastle, who took great interest in these matters. It was not a patent, and was perfectly open
for any one to adopt. Many establishments had tried it and found it very useful. It was more
applicable for boilers where the sludge was in the form of mud. As well as being a sludge pipe, it was
a first-class water gauge. If it blows water, the engineman knows that it is there; if it blows steam
only, he knows that the water is getting low.
In reply to the President,
Mr. T. Y. Hall mentioned a plan that he had had in use in 1857, which he described to the meeting.
His attention had been called to the matter by the conflicting evidence in the celebrated trial in
Wales, viz., the Queen v. the Dowlais Iron Company, more commonly known as "the battle of the
boiler gauges." In an ordinary boiler, he caused a narrow aperture to be made at the end, extending
about five inches above and below the ordinary level of the water inside. In front of this aperture he
placed a strong metal box, into which he fitted a piece of plate glass, and protected it by talc, so that

the engineman could see the height of water at any time with perfect safety, and without any risk of
failure, such as often happened with cocks, floats, and tubes. He adapted it so that glass could also
be fitted in the sides of the projection, and by placing a light on one side, the water could be seen at
all hours of the night. A revolving valve was so placed as to be turned half-way round, to cut off the
water and steam whenever it was necessary to clean the glass, or for any other purpose. This plan
was applied to a boiler on the premises of Mr. H. Watson, High Bridge Foundry, Newcastle, in 1857,
and found to answer admirably. It was also tested without the aperture, cocks and taps alone
forming the channel of communication with the water inside the boiler and the talc-protected
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chamber. He (Mr. Hall) obtained provisional protection for his plan in 1857, but did not persevere
with the patent, although he considered that the plan was preferable to any other in existence; and
he remained of the same opinion.
The President—Would not the aperture weaken the boiler?
Mr. Hall replied in the negative. The apparatus being screwed on to the boiler actually strengthened
instead of weakening it. The boiler end, instead of having an aperture of half an inch by ten inches,
might be perforated with holes of half an inch diameter, one inch apart, which would answer the
same purpose, and would be still stronger. In his experiments he had the glass intentionally cracked,
but the talc lining still prevented the escape of steam and water, and showed the height of the latter
with great distinctness. A Mr. Chandler, of Mark Lane, London, had recently patented a somewhat
similar invention; but in Chandler's plan there was no protection to the glass, and it necessitated the
use of two cocks. When it was required, his (Mr. H.'s) apparatus could be extended through
brickwork any distance from the boiler, so as to do away with floats, cocks, and the small round
tubes, and enable the engineman to see the state of the water level in the boiler without any such
intervention as has heretofore been applied. A float, made of cork, india rubber, or some other
elastic substance, might be put in by a small rod at H, but he did not consider it necessary. It might,
however, be used at any time as a rubber, to take the steam off the inside of the talc. He would
prepare a drawing to bind up with the discussion, and show the original model at Mr. Watson's
manufactory.
Mr. Crone said, that glass could only be applied at the flat end of boilers where there was no
masonry, and even then there would be an amount of danger. In any case where such an invention
was applied, it would be better to attach the pipes to the top and bottom of the boiler in which was
inserted the pane of glass. There should also be cocks at the top and bottom of the pipes, to shut off
the connection with the boiler, in case the glass was fractured or blown out.
Mr. Southern said, that made it like a common water gauge.
Mr. Crone said, he was afraid the expansion and contraction of the metal would not agree with the
glass, and that there would often be fractures in the glass, which might give rise to serious
consequences.
The meeting then broke up.
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NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS.
ANNIVERSARY MEETING, THURSDAY, AUGUST 7, 1862, IN THE ROOMS OF THE INSTITUTE,
WESTGATE STREET, NEWCASTLE-UPON-TYNE.
Nicholas Wood, Esq., President of the Institute, in the Chair.
The Secretary having read the minutes of the Council and the Annual Report, and Mr. Berkley the
Financial Statement,
The President said, it did not appear there was anything in the Report of the Council for the year
that required many remarks from him. The only subject he remarked was with reference to the
University of Durham, and the Report itself gives all the information we possess upon the subject.
You will probably have read the ordinances which have been issued for the governance in future of
the University, and I am sure you will agree with me that those ordinances are not very satisfactory. I
think the substance of them is, that it is within the power of the Senate of the University to make
such minor rules and regulations as may enable them to associate with the University a Mining
College. I think, if I read them aright and understand them, that such a result may be carried into
effect by the Senate in convocation. But it appears to me that the Senate are very much fettered and
restricted by these ordinances and certain other regulations, which, I fear, are fatal to the successful
establishment of a Mining College. One of these regulations is, as to the amount of salary to be paid
to the professors, which you will see is £300 a-year. Now, if a Mining College is to be established at
all, it must be a Mining College conducted by the most efficient, the most eminent, and the most
competent professors; and I do not think that the University will obtain professors of such eminence
and such acquirements, as would give confidence to the mining population at large, and induce
them to send their sons there as pupils to professors with £300 a-year, and unless the professors are
of that eminence which will give confidence to persons sending their sons to the University—unless
the mining interest at large
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think their sons can obtain better education at that University than at the present sources of
education, they will not, of course, send their sons there; and as the University can only be useful in
proportion to the efficiency with which the duties of the institution are carried out, it appears to me
that this restriction strikes at the root of the prosperity of a really practical and efficient Mining
College. That is one of the regulations which I think seems to be almost fatal to the establishment of
a Mining College; and I still more regret this, as I fear the standard recommended for the payment of
the professors of the University, somewhat bears on the standing of the University itself. I had
hoped that the University of Durham stood higher than the payments recommended to be made to
the professors would seem to indicate. I understand the present authorities of the University intend
petitioning Government, or the proper authorities, for a revision of the ordinances. I trust, in doing
so, they will feel the necessity—I think I may say necessity, certainly the propriety—of associating
with that University a Mining College; and I likewise trust that the Government, or the authorities
who are to regulate, finally, the routine of University management at Durham, will see the necessity
of providing a suitable education for the mining and manufacturing population of the district, or,
indeed, for the country at large. I had at one time thought it might be advisable that the Coal Trade
and this Institute should have petitioned along with the University, but I doubt that we can scarcely

assume to ourselves such a connection with the University as would entitle us to do that. The matter
seems at present to rest between the University and the recommendations that have been made for
its improvement. I make these observations, hoping they will come before the University, so that
they may at least know what our feelings are. At the same time, if you think any other course more
advisable to be pursued—if you think it is open to us to communicate with the University, and
endeavour with them to accomplish a revision of the ordinances, I shall be very happy, so far as I am
concerned; and I am sure my colleagues, who were appointed to communicate with them, would be
very glad to make any communication with that body which you think it is desirable to do.
Mr. T. E. Forster—Is the offer of the Duke of Northumberland entirely lost sight of?
The President—I do not know that it is entirely lost sight of. I fancy, if a Mining College was likely to
be established at Durham, the Duke, on being applied to, would probably aid in the establishment of
it financially. I have this opinion of the Duke, that having made the offer
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alluded to, he saw the advantage of having a Mining College established, and I believe he is still of
that opinion.
Mr. Forster—Would it not be much better to have it in Newcastle?
The President—That is a very wide question. We attempted to have it established in Newcastle, and
failed for want of funds.
Mr. Forster—The Duke offered £10,000, did he not?
The President—Conditionally, and as an endowment, on our raising £15,000.
Mr. Forster—Could we not raise £15,000?
The President—We applied to the coalowners, and to the parties we thought most likely to
subscribe as being interested in the matter, and I am afraid to mention the sums we were promised.
I think, for the credit of the trade and the gentlemen connected with it, perhaps I had better not. It is
certainly very much to be regretted that the trade generally did not support the measure, as I think
they ought to have done; but, of course, they are best able to judge of their motives. I doubt very
much our being able to get money to erect the necessary buildings for a University in Newcastle,
which was estimated to cost from £40,000 to £50,000. Now, in Durham they have those buildings,
and they proposed to provide three professors, and also to provide lecture rooms, workshops, &c.;
and, looking to the non-matriculated class of students of miners as likely to be the most numerous, I
think, in connection with the University, we might have got rooms for those students within the
precincts of the University. I do not think it would, therefore, take a large sum to establish a Mining
College in connection with the University of Durham. I think that the bulk of this sum ought to be
provided by the University, and that they should establish the College without any large
subscriptions on the part of the trade; and, certainly, if so, there would be a difference of probably
£30,000 or £40,000 between establishing the Mining College in Durham and establishing it in
Newcastle.
Mr. M. Dunn—Where is it proposed to get the funds for paying the professors at Durham?

The President—From the funds of the University. The University has, I believe, between £10,000 and
£12,000 a-year, and the funds would, I presume, come out of that. The Commission seems to have
acted on this principle, if I understand it, that inasmuch as there were so many professors
previously, who had certain salaries, they have extended the number, and divided the amount
amongst them, and so reduced the individual payments. There are some other arrangements in
regard to
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fellowships, scholarships, tutors, and other matters, which are more in detail, but which I think
equally require revision.
Mr. Boyd—Are there any remarks made in these ordinances with regard to the different amount it
might cost a person in one position in life going to the University, as compared with a person in
another position. Your idea, Mr. President, when you first proposed the matter, was that there
should be two grades and two costs.
The President—They do not go into such details.
Mr. Boyd—Except that the cost of living and the payments to the professors are mentioned. Your
idea was that there should be two grades, in order that we might have the opportunity of admitting
a certain style of person at a lower price than the higher style.
The President—What we put before the University has been published in our proceedings, and you
will see by that document that the arrangement was, that there should be two descriptions of
pupils, one matriculated and the other non-matriculated. The matriculated students would be the
same as any other students of the University, and would be subject to all the rules and regulations of
the University. It was proposed that the Mining College was to be established of the nature of a
college within the University, independent, with managers of its own, but still subject to the general
control of the University, and we proposed the admission of non-matriculated students at a lower
rate of charge. The ordinances, you will observe, make no distinction between the discipline of the
matriculated and non-matriculated students, and, therefore, having a class of students nonmatriculated, connected with a separate College, to admit the sons of underviewers and overmen,
and such like persons, at a cheaper rate, seems to be inapplicable to the proposed system, and it is,
therefore, I think, on that account very objectionable. I still, however, think that the powers these
ordinances give to the senate would, with some modifications, enable them to make such a
distinction, and so establish a separate College, and provide for the admission of non-matriculated
students at a cheaper rate.
Mr. John Daglish—I do not think it is necessary, in any of these Colleges, to make any special
ordinance about non-matriculated students. A non-matriculated student merely pays for the
lectures: he is not subject to any other regulation, and gets all the benefit by paying the lecture fees.
There is no regulation in connection with University College, or King's College, London, to prevent
any person attending the lectures. I also believe persons attended the late Professor Johnstone's
lectures in Durham without being subject to anything further than simply paying the class fees.
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The President—No doubt persons might attend the lectures at Durham, but that alone would not
constitute a college education for miners such as we propose.
After some further conversation,
The President said, the only question before the meeting was whether it thought that matters
should be allowed to take their course, and to see the effect of the petition for a revision of the
ordinances, or make any further communication to the University authorities. If you think it right, I
could see some of the authorities, and ask whether they would wish us to present any petition.
Mr. T. E. Forster—I think that would be the best thing.
It was ultimately resolved—"That the committee which was appointed to confer with the University
of Durham on the subject of a Mining College be requested to take into their consideration the
ordinances now published by the Government Commission, with the view of making such
communications on the subject with the authorities of the University as the case may seem to
require, and that a special meeting of the Council be held on the subject."
The report of the Council having been adopted,
Mr. Berkley brought before the meeting the question whether the £2,000 left to the Institute by the
late Mr. R. Stephenson should not be put into railway debentures or some other funds where they
could receive a better rate of interest than they were now obtaining, which was not quite two per
cent for the present year.
After some discussion it was resolved—"That it is the opinion of this meeting that the Finance
Committee be instructed to invest the sum of £2,000, bequeathed to this Institute by the late R.
Stephenson, Esq., in approved railway debentures."
The meeting then proceeded to the election of new members, when the following gentlemen were
elected members of the Institute:—Mr. Joseph Fothergill, Cowpen Office, Quay, Newcastle; Mr.
Thomas Sanderson, Seaton Delaval; Mr. G. O. Greaves, Horbury, Wakefield, Yorkshire; Mr. W. R.
Dickinson, Pease's West Collieries, Darlington; and Mr. Wm. John Laverick Watkin, Woodifield
Colliery, Crook, Darlington.
The next business taken up was the following resolution which had been put on the paper by Mr.
Marley.
"That Rule IX., by which four Vice-Presidents are elected annually,
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shall be altered so as that nine Vice-Presidents be elected; and that the three lowest in number of
election votes shall retire every year and not be eligible for re-election at the meeting at which they
retire. Also, that in no case shall the office of Vice-President be held more than three years
consecutively by any member; and, further, that in future, at the general meeting, prior to the
anniversary meeting, members for the various offices of the Institution shall be nominated, and that
the officers be elected from such nominated list at the annual meeting in the same manner as
already prescribed in this rule, and that the Secretary send such list of persons nominated for

election to the members a month previously to the annual meeting, instead of a list of all the
members as now required."
Mr. Marley, in moving his resolution, said that by their present Rule IX. they had four VicePresidents, and that at the time when four Vice-Presidents were chosen in connection with the
Institution, they had only 80 members. The members had, however, gone on increasing year after
year from 80 to 141, 159, 222, 228, 231, 237, 286, and 295, so that the number of Vice-Presidents at
the commencement formed something-like one-twentieth of the whole membership, while at
present it was not equal to one-seventieth. A change from four to nine was the first proposed
alteration in the rule, and the next was, as to the three lowest in the election retiring; another
provision was that no member, although he might be at the head of the poll every year, should hold
office more than three years consecutively, but, having been out of office for a time, he of course
became re-eligible; another part of the rule which was proposed to be altered was this—that by the
present rule their Secretary was obliged to send out every year a list of the whole of the members.
He proposed instead of this, that only a list of those who might be nominated for the Council, a
month before the annual meeting, should be sent round.
The President having ruled that the various parts of the resolution should be taken seriatim,
Mr. Marley moved his proposal, as to the increase of Vice-Presidents from four to nine.
Mr. T. E. Forster seconded the motion.
Mr. Berkley thought there was no necessity for increasing the number of Vice-Presidents.
Mr. Boyd proposed as an amendment, that the number of Vice-Presidents should be increased from
four to seven.
Mr. J. T. Ramsay seconded the amendment.
The President, however, held, that as no notice had been given of this proposition, it could not be
entertained.
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Accordingly, after some discussion, a vote was taken for and against Mr. Marley's motion, when it
was negatived by eleven to nine.
Mr. Marley then submitted his proposal, that three out of the four Vice-Presidents should retire
every year, but this, after some conversation, was allowed to drop, as the first part had not been
carried.
The next proposition—that in no case should the office of Vice-President be held more than three
years consecutively by any member, was carried by eleven votes to four.
The last portion of the resolution, relating to the sending out of the list of members nominated for
election as office-bearers, was carried on a show of hands.
Mr. M. Dunn had given notice of the following resolution—"That members be empowered to
introduce a friend at the General Meetings of the Society."

This, however, was not taken up, as it was stated by Mr. Marley that the Society, at one of its first
meetings in 1852, had resolved that each member should be at liberty to introduce a stranger.
Mr. Daglish brought forward the following motion, which he had placed on the paper—"That in
every alternate month in which General Meetings are held, the day of meeting shall be the first
Saturday, instead of the first Thursday, in the month, and the hour two o'clock." He thought that the
meetings on which there was real business, should be on the Thursdays as usual, but that any
discussion not expected to be of great importance, or routine business, could be taken on the
Saturdays. Many members were in town on a Saturday, and such an arrangement would save them
expense and time.
Mr. Southern seconded the motion.
Mr. J. T. Ramsay objected to the alteration, on the ground that it would be very inconvenient. Many
viewers came to Newcastle on Saturdays to attend meetings of owners, and their time was so fully
occupied, that they would be unable to attend meetings of the Institute. They would get no
meetings on Saturdays; Thursday was the best day for the Society, and they ought not to alter it.
The motion of Mr. Daglish, on being put to the meeting, was carried by twelve to four.
The officers for the ensuing year were then elected. In connection with the paper by Mr. Wm.
Green, jun.,—"Suggestions for the enlargement of the sphere and object of the Mining Institute,"
and on the "Establishment of a Mining Record Office"—
The President said, the question of a record of mining property had
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been suggested a great many years ago; but up to the present time nothing had been done, except
by the Institution in Jermyn Street, in London, there they had a gentleman, Mr. Hunt, who was
exceedingly zealous in the cause, employed in the Record Office there. He (the President) did not
know how far they had been successful. Mr. Hunt had made applications to a great many gentlemen
in this neighbourhood, and he believed he had got some plans. It would certainly be a very desirable
thing if the Northern Mining Institute could have a Record Office connected with it. It would be
exceedingly useful, but that, he supposed would be applicable only to this district. The Record Office
in Jermyn Street was applicable to the country at large. However, it was a subject well worthy the
consideration of the Institute, and probably the best way would be to refer it to the Council to make
inquiries, and report to the general meeting as soon as they had accomplished that object.
The matter in question was accordingly referred to the Council.
Mr. T. E. Forster then proposed a vote of thanks to the President, for his conduct in the chair, and
during the year.
Mr. Boyd seconded the motion, which was warmly responded to.
The President said, it was extremely gratifying to him to know that his conduct met with their
approbation. He need not say, at the end of ten years, it had been his hope to bring the Institute to a
practical result. He thought he could take the volumes of the society under his arm into any institute

in the kingdom, or any other kingdom, and, certainly, with every confidence, that no similar
institute, or almost no other institute could show such a result. It was extremely gratifying that they
had been able, by exertion and attention, to produce such volumes. He hoped that as they had done
him the honour of electing him President again, he might, at the end of another year, meet their
approbation. He was sure it should not be for want of zeal on his part. He did everything he could to
raise the Institute, and he thought the profession generally assumed a very different attitude from
what it did previously to the formation of the Institute.
Mr. Berkley said, the Treasurer had a great deal of trouble in making up the accounts. He had an
assistant employed, and it had been mentioned whether it would not be well if the Institute were to
present that young man with a copy of the proceedings. He begged to make a motion to that effect.
Mr. Reid seconded the motion, which was agreed to. The meeting then adjourned, and the members
afterwards dined together at the Queen's Head.
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OBSERVATIONS ON THE MINERAL SECTION OF THE INTERNATIONAL EXHIBITION OF 1862.
Gentlemen,—Having had an opportunity, as a Juror in Class I. (viz., Mining, Quarrying, Metallurgy,
and Mineral Products), of examining the minerals exhibited in the International Exhibition,
particularly the Coals and Mining Machinery, I think it might be acceptable to the Institute if I made
a few observations on this important class, by which your attention might, with more facility, be
directed to that part of the section comprising the different varieties of coal, and the various
descriptions of machinery connected with the working, ventilating, and safety of coal mining.
I shall, therefore, give you a short epitome of the different specimens of coal exhibited from the
different countries represented at the Exhibition, referring you to the numbers in the Catalogue in
which such specimens are described, and to their position in the building; and the same with the
machinery. It must, however, be understood, that my intention is to rather produce a condensed

catalogue than to give any detailed account of the different specimens. More time, and a more
minute inspection and investigation, may enable me, at a future period, to give a more full and
detailed statement of the results of this great Exhibition, in illustrating a most important branch of
science and commerce.
I may, first of all, state the great pleasure felt by all with whom I have conversed, by the marked
improvement in all classes of objects of the Exhibition of 1862, over that of 1851, and of the
importance, in a statistical and scientific point of view, and of the vast utility of such exhibitions at
successive and not too distant periods of time. The contrast between 1851 and 1862 cannot fail to
produce most important results.
(4)
I think it likewise my duty, in making these observations, to do justice to our Foreign Contributors in
their efforts to illustrate this important class. The very great care and expense which have been
bestowed upon the collection of specimens, the manner in which they are classified, and the
beautiful illustrative maps, plans, and sections, do them infinite credit; and I feel the mining interests
of Great Britain in particular, and of other nations generally, are deeply obliged to them for the
efforts—I may say successful efforts—they have made, illustrative of Class I. I, of course, pass over
the other classes, not because they are not equally interesting, but because they do not come within
the scope of my observations.
BRITISH COLLECTION.
Commencing, therefore, with the British part of the Exhibition; as regards this class, as might be
expected, the specimens of coal are more bulky than those exhibited by the foreigners, on account
of the relative distances they have had to be conveyed. The British specimens are, in several cases,
the entire thickness of the coal beds; whilst the specimens of foreigners are smaller specimens,
certainly, in several cases, beautifully arranged. But I must not omit to state that the largest
specimen of coal exhibited is from a very distant part of the British dominions, viz., the entire
thickness of a bed of coal, of thirty-four feet, from Nova Scotia. This is placed upright, as in nature,
and is certainly a most surprising column of coal; and there are likewise in the Zollverein collection
some specimens of coal of the entire thickness of each bed.
As I have previously stated, I have abstracted from the general catalogue, lists of the different
descriptions of coal and other articles, which I have drawn up in a tabular form, for more easy
reference. I have, as regards coal, commenced with peat, followed by lignite, brown coal, cannel
coal, common coal, and anthracite; then patent fuel or coal bricks, and coke; and then the
machinery. Retaining this classification, it will be seen in the British collection that few specimens of
peat are exhibited, though there are some specimens of compressed peat which are interesting. Of
lignite there is not, I believe, one specimen; neither is there any specimen of brown coal. Of the best
household coal there are few specimens indeed, especially from the far-famed Wallsend coals of
Northumberland and Durham. There are two or three specimens of gas and coking coal from that
coal-field; but of the important class of steam coal, there is only one specimen of the regular seam,
which certainly is not of the entire thickness of the bed of coal. There are
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numerous specimens of the various beds of coal found in the counties of Nottingham, Derby, York,
Lancashire, Somerset, and in the Forest of Dean, and Scotland. The South Wales steam coal is
extensively illustrated in specimens, several large blocks, the thickness of the beds; and there are
some interesting specimens of cannel coal, especially one from Leeswood Colliery, recently
discovered, of a very rich description; and there is one specimen of Irish coal. Of patent fuel there
are several specimens; and of coke there are three or four specimens only. All these coals and
mineral products are placed in the South Court, Eastern Annex, and will be found under the numbers
given in the annexed table. I may add, that it is not my intention to attempt any description of the
various minerals accompanying the coal measures, but I may mention that there are some beautiful
specimens of hematite and other iron ores, and some elaborate maps and sections illustrative of
these ores. There are likewise some collections of specimens showing the entire strata met with in
sinking some of the coal pits. In lead, the specimens of ore, spar, and other products, with maps and
sections, of the Beaumont lead mines, are very conspicuous.
In the same, and in other parts of the building, we have nine different descriptions of safety-cages,
four of safety-fusees, several different descriptions of safety-lamps, interesting especially from the
different attempts made to extinguish the flame if the top of the lamp is surreptitiously removed, a
description of an improved furnace, a model of the recent fittings up of an apparatus for drawing
coals, a jointed cast iron prop, canvas brattice, model showing the mode of conveyance of coals
underground, and of a pump for pumping water at great distances from the shaft connected
therewith, together with the model of the steam engine employed. There are also some models of
mine ventilators, and also of the mode of ventilating mines. Altogether, the whole collection is well
worth the inspection and study of the mining engineer.
BRITISH POSSESSIONS.
Of the British Possessions we have a most interesting collection of specimens of coal from the
different coal-fields of India, arranged and illustrated by Professor T. Oldham, with statistical
accounts and analyses of the various coals. Also coals from Assam, Cuttack, Chota Nagpore,
Chittagong, and other localities; and also petroleum from Assam and naphtha from Burmah and
Akyab. Professor Oldham likewise furnishes geological specimens from Assam and other rock
formations, and a
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complete series of fossil specimens. This collection is, as a whole, extremely interesting.
From New Brunswick is a specimen of coal called albertite coal, more resembling bitumen than
ordinary coal, which is worth inspection. From New South Wales we have a large collection of
specimens from eleven seams of coal, specimens of super and sub-carboniferous rocks, a geological
map and a sheet of sections by Mr. Keene, Inspector of Coal-fields, and also specimens of coal from
several individual collieries, and what is most important is, that the Commissioners of that colony
have had printed a most valuable catalogue, a statement illustrative of the various woods of that
important colony, and of the mineral products, described most scientifically and minutely, including
statistics and details of the several beds of coal and other products. I need scarcely add, that all this
almost demands from the mining engineer a minute inspection and study; and I may also mention,
that if he is disposed to embark in the gold diggings, the maps and sections, and most beautifully

arranged collection of specimens of the strata passed through in the diggings for gold, may be of
great service to him.
From New Zealand there are a few specimens of coal from different localities.
From Nova Scotia we have coal from the Sidney mines, the Glass Bay mines, and the Joggins, and oil
coal from Fraser's mines. But the specimen is the column of coal, thirty-four feet in height, the entire
thickness of the bed of coal at the Albion mines, by Mr. James Scott, formerly viewer at Black Boy
Colliery. This bed of coal, like all thick beds, is divided by thin layers of band at different places, but
not materially diminishing the entire thickness. This, of course, will be visited.
From Tasmania, there are numerous boxes containing specimens of various coals, sent by different
parties, but owing to some misadventure in the transmission the several boxes cannot be at present
identified; no doubt this will be rectified. But as the several coals are described in the general
catalogue under the different numbers I have abstracted, their inspection is worth a visit. There
being both bituminous and anthracite coal—and the beds being both numerous and of considerable
thickness— the thickest is twelve-and-a-half feet.
FOREIGN COAL AND MINERALS.
The first, alphabetically, is the Belgian Coal, and from this country
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a splendid set of specimens has been sent both of minerals and of strata illustrative of the geological
position of the coal and other measures, as well as maps and sections illustrative thereof, and of the
various beds of coal with all the contortions of the beds peculiar to that coal-field, as well as of that
of Prussia, and some parts of France. The specimens of coal are mostly common coal, but their
inspection, as well as that of the rocks with which they are associated, will well repay either the
mining engineer or the geologist the trouble of a most minute investigation. As regards the maps
and sections and the contortions of the various beds, these will, I doubt not, puzzle the most
ingenious investigator of nature's freaks and results. The arrangement of the specimens deserve
special commendation.
In addition to the specimens of coal, strata, and minerals, there are plans, section and elevation of
the above ground machinery of an extensive colliery, exhibiting in a very beautiful manner the entire
above ground machinery, no doubt of the latest improvement, with all the shaft apparatus, pumping
machinery, &c. There are also, a plan of the mode of working the Belgian mines,—models of a
ventilating machine, with plans illustrative thereof,—and of a sinking apparatus for sinking through
quicksands, a soft wet strata. There are, likewise, models of three descriptions of safety-cages in the
North-Eastern Annex, which are worth inspection—and also a mode of lining shafts. Altogether the
Belgian exhibition is first-rate, and will repay inspection, the minerals particularly.
Of the productions of the Brazils there are only two specimens of coal exhibited, a specimen of coal
from Laguna in the Province of Santa Catharina,—and lignite from Ouro Preto Minas Geraes. The
lignite should be examined. There are specimens of asphalte from Denmark.

We now come to France, which is most elaborately represented in every respect, and as regards
class I. most interestingly. It would, of course, extend my observations to too great an extent to go
into details. It is only, therefore, necessary to state, that in specimens of lignite, coal of different
varieties, coke, and patent fuel, these minerals are beautifully illustrated. The Committee of Coal
Proprietors of the Department of the Loire, and the Mining Company of Montcel St. Etienne, have
sent collections extremely interesting and instructive. The collection of specimens of coal and patent
fuel, with sections, &c, of the La Grand Combe Mines in the department Gard, working 800,000 tons
of coal, and producing about 61,000 tons of coke and 67,000 tons of patent fuel annually, is
exceedingly good. The maps of the Valenciennes coal-fields, the
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the details of workings, the beautiful illustrative sections of the contortions of the coal beds, and
other detailed maps, are splendidly illustrative and ingenious; and the maps, sections of strata, and
specimens of the prolongation of that coal-field into the terminal field of Calais, are deeply
interesting and instructive. The lignite of Aix, near Marseilles, when 130,000 tons annually are
worked, requires from the mining engineers of England, where no lignite almost is produced, special
examination and study, some specimens of lignite being quite as compact as the regular coal. The
products paraffin, and the beautiful Magenta dye, exhibited in this court, are exceedingly
interesting. The French, likewise, exhibit models of safety-lamps, two models of ventilating
machines, and a plan of timber tubbing for shafts. A plan of carbonization of coal or patent fuel is
well worth looking at, and also a plan of washing minerals.
The next great collection is that from Austria, and it is indeed a most interesting collection. We have
in this collection all the descriptions of fuel which we in the north of England are least of all
conversant with, and which, then, demands our special study and attention. We have specimens of
peat of which a million of tons is consumed annually as fuel and for refining iron. We have lignite
from Upper Austria, Lombardy, Venetia, Lower Austria, Styria, Moravia, and Hungary; brown coal in
abundance from Bohemia and elsewhere, and common coal from various places, and patent fuel.
These are illustrated under the supervision of the Geological Institution, I. R., Vienna, by, I believe,
about 240 boxes of specimens, by ten special geological maps, and several volumes of
"Transactions." It is scarcely necessary to say, that this is a field of instruction, study, and interest for
several days, and for which we owe a deep debt of gratitude to the gentlemen connected with that
institution. We have, likewise, individual specimens, from coal proprietors and companies, of
mineral productions, and I may add, that the specimens do not consist alone of coal, but of the rocks
associated therewith, and of mineral ores and strata generally.
From Bavaria we have specimens of brown coal, and from Hanover some jet coal and anthracite.
The next great collection is that of Prussia, or the Zollverein, and, like Austria, the different varieties
of mineral fuel are diffusively illustrated. In the article of peat there are several specimens, in lignite
a few specimens, in brown coal about twelve specimens, and in common coal about forty-eight
specimens, in anthracite one specimen, in patent fuel four specimens, and coke nine specimens, all,
of course, from different
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localities. The study of the brown coal will be found to be very interesting. There is likewise exhibited
a large collection of maps, illustrative of the peculiar formation of the Prussian beds of coal, which,
like the north of France and Belgium, are exceedingly contorted, and which are, I believe, beyond
the power of man to unravel. These maps will be extremely well worth the study of the young and
even some of the old and practised engineers; and it is only due to the Prussians to state, that the
iron ores, and other minerals connected therewith, and with the coal strata, are most extensively
and beautifully illustrated by substantial and most numerous specimens. Great part of the coal is
from the coal-field of the Ruhr, but there are specimens from, I believe, all the coal producing
districts of Prussia.
In the remaining countries producing coal, being on a much more limited scale, the specimens are
not so numerous. There are, however, a few specimens of peat, lignite, and coal from Italy; lignite,
common coal, and anthracite from Portugal; peat and coal from Russia; lignite, coal, and coke from
Spain; and two or three specimens of coal from Uruguay.
Having thus made a few hasty observations on the different varieties of coal and other productions
of fuel, and some of the machinery connected therewith, if these observations are the means of
directing your attention to those objects which are within the peculiar province of a mining
engineer, I shall be most glad. I, however, beg to add, that it will be my duty, if I am spared to do so,
to bring the subject of the different varieties of coal, their specific geological position, and all their
peculiarities, before the Institute at the close of the Exhibition. I hope to be able to secure some of
the specimens illustrative of the different varieties of coal, for the Institute; and I trust that the
members, and especially the young members, will be well up on the subject when the time for such
discussion arrives.
(10 and 11)
[ see in original text Index of coal, minerals, &c, in the International Exhibition of 1862.]
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