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PREFACEL

—_——

WHEN towards the close of the year 1895 the last
copies of the fourth edition of my work on ‘The
Coal-fields of Great Britain’ 'were sold out, it be-
came a question whether another edition should be
issued ; but on conferring with my publisher on the
subject it was considered undesirable to take this
course, on the ground that the section of the public
who take an interest in the matters discussed in that
work had been sufficiently supplied. The demand
for the book was certainly not exhausted ; but it was
doubtful whether it would be sufficient to justify the
issue of a new edition. Had it been otherwise, 1
had intended to give greater prominence than had
previously been done to the new coal-fields that have
been discovered, and are being opened up, in our
Colonial Empire and other parts of the world, and
with this object in view I had been collecting the
necessary information.

Under these circumstances I have determined to
revert to the purpose for which ¢ The Coal-fields of
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Great Britain’ was originally written as far back as
1860; namely, the investigation of the question re-
garding the coal-resources of the British Islands.
At that time there was absolutely no reliable infor-
mation on the subject; and I have reason to believe
that the estimates I was able to lay before the public,
though necessarily imperfect, did something towards
allaying an apprehension, then very generally enter-
tained, that our coal-fields would not be able to
endure for a long time, without exhaustion, the ever
increasing drain to which they were being subjected.
Some years later, in 1866, a Royal Commission,
under the presidency of the Duke of Argyll, was
appointed for the purpose, amongst other matters,
of investigating ‘the probable quantity of coal con-
tained in the coal-fields of the United Kingdom, and
to report on the quantity of such coal which may be
reasonably expected to be available for use.” The
Commission, which was separated into five distinct
committees, each having a distinct subject of inves-
tigation on which to report, issued their joint Report
in 1871, containing an enormous mass of valuable
matter supplied by experts, and others qualified to
deal with the questions, besides the Commissioners
themselves. As regards the main point of the re-
maining quantity of coal at that period available for
future use, the results presented by the Commis-
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sioners somewhat largely exceeded those at which I
had arrived by my own unaided labours ; but this is
partly to be accounted for by the fact that the Com-
missioners included in their estimates seams below
two feet in thickness which I had excluded, and
which I still consider ought not to have been included
in the estimates of resources of coal “which might
reasonably be expected to be available for use.”
The question of the duration of our coal-supplies
has not, meanwhile, lost its interest or importance.
The annual output of coal which, when the Commis-
sioners first met together on their appointment, only
amounted to about one hundred millions of tons,
has now risen to nearly double that quantity, and by
the end of the nineteenth century will, in all proba-
bility, reach that quantity. The progress of ex-
haustion is still proceeding, nor can we say that the
annual quantity extracted has reached its highest
limit. Coal is an exhaustible product of the crust
of the globe, and the subterranean cellar when once
exhausted cannot, like those of our houses, be re-
plenished. An interval of over thirty years has
elapsed since the Commissioners entered upon their
investigations, and gave the result of these in-
vestigations as regards duration of the supplies.
However reassuring these may have been when
measured by the output of coal at that period, they
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OUR COAL RESOURCES.

CHAPTER I.

INTRODUCTORY,

Tue close of the Nineteenth Century seems a fitting
occasion for taking stock of the coal-resources of the
British Islands, upon which so much of the com-
mercial prosperity of the Empire depends. A re-
cent writer, when describing the powerful machinery
lately brought into operation for generating elec-
trical force by a small section of the Niagara Falls,
says, that the question determining the future of a
country, as regards its manufacturing resources, will
not be, whether it contains large stores of coal, but
whether it possesses water-power. Whatever amount
of truth there may be in this statement, there can be
no doubt that falling water is a more permanent
source of power than coal; the latter being ex-
haustible, the former, perennial and recuperative.
There is only one country, however, that possesses
its Falls of Niagara, and it is certain that it is not
B
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Great Britain. The numerous waterfalls and rapids
to be found amongst our hills and valleys are com-
paratively small, both as regards height and volume ;
and although much greater use might be made of
these for generating electrical energy than is the
case at present, the advantages from them can only
be trivial as compared with those derived from the
combustion of the stores of mineral fuel contained in
our coal-fields. For the present, and for centuries
to come, we must depend on our coal-resources ;
and it is, therefore, of first importance that we
should endeavour to ascertain, as far as the nature
of the enquiry permits, the extent and durability of
these resources.

The latter question was ably discussed by the late
Professor Jevons in his well-known work entitled,
‘The Coal Question,” published more than thirty
years ago,* in which he has shown that every im-
provement for the economising of labour has resulted
in an increased consumption of coal; and he con-
tends that coal being the great source of power, and
being required for every great extension of industry,
the consumption of it must keep pace with the pro-
gress of population, and the extension of manufac-
tures and industrial pursuits. Since the year in which
Professor Jevons’ work was published, an enormous
expansion has taken place in the output of coal in
Great Britain. At that period the output was a

* Published in 186s5.
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little over 98 million of tons*; it has now nearly
doubled this quantity, and there can be little doubt
that by the end of the century the quantity will fall
little, if at all, short of 200 millions of tons per annum.
When in the year 1859 I estimated, in my work
on ‘ The Coal-fields of Great Britain,’ the quantity
of available coal remaining in the British area, and
within a vertical limit of 4000 feet in depth, at about
79,843 millions of tons, the result was considered
reassuring, because at the then rate of production
this would have sufficed to last for nearly a thousand
years. This estimated quantity was exceeded by
that of the Royal Coal Commission, presided over
by the Duke of Argyll, published a few years after-
wards.f But notwithstanding the ability with which
the investigations of the Commissioners and their
assistants was ‘conducted, I have always held that
for practical purposes their estimates were largely
excessive ; chiefly on the ground of the inclusion of
seams of coal between one and two feet in thickness ;
seams which could never be worked at great depths
or at aremunerative cost.J Another point, however,
of much importance is the fact that within recent
years, owing to the progress of mining, we are now
better informed regarding the extent of our coal-
* According to ‘The Mineral Statistics of Great Britain,
98,150,587, including Ireland. t Report, 1871.

1 I have stated at some length elsewhere the cause of my
objections to their results, ¢ Coal-Fields of Great Britain,” 4th ed.,

P- 506. 2
182/
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fields than we were when the Coal Commission
reported, and these results have tended considerably
to modify our views concerning the possible exten-
sion of beds of coal under the newer formations by
which the visible coal-fields are surrounded ; this is
especially the case in regard ‘to the extension of the
midland Carboniferous strata, to which I shall have
occasion to refer in a future page.

Limit of Depth for Coal-Mines.—As regards the
limit of depth at which beds of .coal can be worked,
there is, of course, no definite certainty. I need
only here observe that the cost of working, the
expense of machinery and sinking of shafts, the
superincumbent pressure of the overlying strata,
and the degree of temperature—these are all in-
creasing factors which have to be taken into account
as we penetrate deeper and deeper into the solid
crust. Down to a depth of three thousand feet,
both temperature and pressure are capable of being
kept within limits of health and safety; but beyond
this depth they become very serious obstacles to
coal-mining. At this depth, the natural temperature
of the strata, where they are approximately hori-
zontal, is nearly 100° Fahr., but by means of venti-
lation this temperature may be reduced considerably.
The experiments carried out at Rose Bridge Colliery,
near Wigan, at a depth of 1800 feet from the
surface, show that by means of the air-current
necessary for ventilating the mine, the temperature



INTRODUCTORY. 5

is reduced by amounts varying from 15° to 20°
according to the temperature of the intake air at
the bottom of the shaft, and the distance through
which the current has travelled.®* The results de-
termined by the Royal Commission on this subject
are also reassuring,{ and, as a general result, justify
the expectation that seams of coal of good quality
and sufficient thickness will be workable at depths
down to 4oo0 feet below the surface.i But,
great as is this depth, it is certain, on geological
grounds, that there are seams of coal in South
Wales, Somersetshire, Cheshire, and other districts
in the north and centre of England which descend
to much greater depths, and which, under the
hypothesis of a gooo feet limit, are beyond the
reach of mining enterprise.

The practical limitation of depth being thus
agreed upon, and the quantity of coal remaining in
the British coal-fields down to this depth having
been approximately determined at the close of the

* ¢Coal-fields of Great Britain,” p. 497. All the temperatures
here given are according to Fahrenheit scale.

t Report, vol. i. p. 8z.

1 This limit of depth has been adopted by the Commissioners,
by Professor Jevons in his work ‘The Coal Question,’ and ori-
ginally by myself as far back as the year 1859. There is, there-
fore, practical unanimity on this important point.

§ From geological considerations we have reason to believe
that under the plain of Cheshire there are seams descending to

depths of 7000 or 8ooo feet, and the same statement holds true in
the case of the South Wales coal-basin.
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year 1879, I propose to bring the question of our
resources in this mineral down to the close of the
present century (1) by deducting the quantity which
has been exploited 'since my last estimates in 1879
down to the returns for 1895, and (2) by deducting
estimated quantities for the remaining four years
for all the coal-fields of importance. For this we
have the necessary data, owing to the systematic
manner in which the returns of worked minerals
are Icollected by the Secretary of State for the
Home Department, through the agency of the
Inspectors of Mines, and published in a tabulated
form after the close of each successive year.* 1
have dealt with the question of temperature in deep
mines further on.{

Causes conducive to Expansion in our Coal Pro-
duction.—Amongst the many causes conducive to
the expansion of our coal-production, the most impor-
tant may be ranged under the following heads :—

1. The increase of population.

2. The increase of steam power in our Navy
and mercantile marine.

3. The increase in our export of coal.

* The special department for collecting and publishing the
¢ Mineral Statistics’ was formerly entrusted to the late Mr. Robert
Hunt, F.R.S., Keeper of the Mining Records, but since his decease
is carried on by Mr. James B. Jordan, of the Home Office, to
whom I am indebted for much assistance in obtaining returns.

The returns for 1896, which have just been received, amount to
195,351,951 tons. t Vide p. 111.
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4. The increase in British manufactures and
railways, both at home and in foreign countries.

It would be out of place for me to attempt to
deal adequately with these important subjects; and
only a few remarks upon them must suffice, as
bearing upon the question of increase of our coal
consumption.

1. As regards the increase of population, it was
estimated by the late Mr. Robert Hunt that the
consumption of coal by each individual might be
taken at one ton per head per annum of the whole
population. By the census of 1891, it was ascer-
tained that the population of the United Kingdom,
including islands, amounted to 37,821,209 souls, and
if we allow for a decennial increase at the rate of
ten per cent, the population will reach the enormous
number of 41,603,329 at the beginning of the twen-
tieth century. During the decennial period between
1881 and 1891 the increase of the population was
for England and Wales at the rate of 1165 per
cent., for Scotland 7°76 per cent., but as regards
Ireland there was an actual diminution at the rate of
9'08 per cent. On the whole, the rate of increase
for the entire population of the United Kingdom
since the year 1811 appears to have been with slight
variation at a diminishing ratio; so that we are
tolerably safe in assuming the rate for the present
decennial period at 10 per cent., as above stated. If
then we take Mr. Hunt’s estimate as approxi-
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mately accurate, this will dispose of over 41 millions
of tons of coal for the domestic consumption of the
population at the end of this century; being about
one-fifth of the entire estimated output of coal at
that time.

2. Naval Steam Power.—Ever since the year
1812, in which the Comes first began to ply on
the Clyde between Glasgow and Greenock, a new
demand on our coal resources has arisen. Steam
power has completely replaced the sail in the Royal
Navy, and only to aless extent in our merchant
service. During the same period iron and steel
have been gradually replacing wood in naval con-
struction until the latter is only used for the building
of small craft, coasters, and fishing fleets, and from
this cause also an additional drain on our coal
supplies has sprung up, of ever increasing amount;
so that within the memory of many now living the
“ Wooden Walls of Old England” have been trans-
formed into walls of iron and steel. But this is a
subject which more properly comes under the 4th
head ; when we are dealing with the question of
naval construction, we shall have occasion to revert
to it again.

3. Export of Coal/.—For naval purposes no
country in the world produces better coal than that
derived from the mines of South Wales and the
north-east of England. This variety of coal, known
as “steam-coal,” is, therefore, in ever increasing
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demand for the furnaces of our ships, which are
supplied therewith not only at British ports but at
coaling stations scattered all over the globe. The
peculiar excellence of this class of coal for the gene-
ration of steam lies in the fact that the proportion of
carbon is very large and the proportion of gas small ;
it occupies in fact a position between bituminous
coal and anthracite.* Coaling stations supplied with
British coal, especially that shipped from South
Wales, are to be found in nearly all parts of the
world, extending even to China, Japan, Australia,
India, Ceylon, the Cape, Brazil, West Indian islands,
Peru, Chili, and the islands of the Atlantic and
Pacific. According to the returns prepared by order
of the House of Commons no léss than 31,756,368
tons were shipped from British ports for foreign
countries and British settlements in 1894, and in
the following year the quantity was nearly the
same ; I so that we export about one-sixth of our
entire output to foreign parts, largely for the use of
ships of the mercantile marine and of the Royal Navy.
Notwithstanding the development of the coal-fields

* In anthracite the proportion of carbon varies from go to g2
per cent., in steam coal from 8o to go, and in bituminous coal
from 70 to 8o. The heating power is proportionate to the amount
of carbon; but where the proportion of gaseous matter is ex-
ceedingly small, as in pure anthracite, there is difficulty in keeping
the fires alight, and the boiler tubes heated.

1 Return by Mr. R. W. Hanbury, dated 31st August, 1895.

1 ¢ Mineral Statistics’ for 18gs.
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of foreign countries, which has been considerable
during the last quarter of a century—especially
in America, Borneo, Japan, and Australia—DBritish
coal, owing to its superior quality, still holds its
own; and, notwithstanding the high price due to
freightage, competes successfully with that of many
countries possessing supplies of their own, for the
use of ocean steamers.

4. British Manufactures.—The condition of the
iron manufacturing industries has always exercised
a most important influence on the production of
coal ; so that a large demand for iron draws with it
a large demand for mineral fuel, both for smelting
the ores and for manipulating the metal. Between
the years 1860 and 1862 the production of iron
ore in Great Britain and Ireland increased from
about eight millions to eighteen millions of tons,
producing about one-third of pig-iron. After the
year 1882, however, there was a rapid decline,
partly due to a falling off in the demand for
railway-iron, and partly from the general substi-
tution of steel rails for those made of rolled iron.*
The general introduction of steel rails has been
of great advantage to the railway companies; for,
notwithstanding the additional cost of steel rails
over those of rolled iron (now not very great), the
former will last two or three times as long ; and there
is also the advantage that great expense in re-laying

* The falling off is also partly due to the vast growth of iron-
production in Belgium and Germany.
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the rails at short intervals, together with interrup-
tion in the traffic, is avoided.* England is enor-
mously rich in ores of iron, especially of the earthy, or
“basic,” varieties which occur amongst the Liassic
and Oolitic formations.t Notwithstanding this abun-
dance of ore, however, these earthy varieties have
to meet a heavy competition from foreign countries,
especially from Spain, and large quantities are an-
nually imported from that country for the furnaces
of South Wales, the Tees, and the Clyde. In 18gs,
the quantity of pig-iron smelted in British furnaces
amounted to 7,703,459 tons, for which 15,224,517
tons of coal or coke were used, which is approxi-
mately two tons of coal for every ton of iron.} It
will thus be seen that an increase, or falling off,
in the production of iron materially affects the de-
mand for coal; and if we assume that an additional
ton of coal is used for each ton of manufactured
iron or steel, then each ton of the latter represents
the consumption of three tons of coal.

* I am informed by C. J. Bowen Cooke, of the London and
North-Western Railway, that some of the steel rails laid down on
the main lines in 1876, just twenty years ago, are still so sound as
not to require replacing ; and that the average “life” of steel rails
is seventeen or eighteen years, about twice that of iron rails.

1 In the counties of Oxford, Northampton, Lincoln, and the
Cleveland district of Yorkshire.

1 ¢Mineral Statistics’ for 1895. Besides the basic varieties of
ore there are the rich hematites of Cumberland and North Lan-
cashire, the clay-band and black-band ores from the coal-measures,

and the aluminous hzematites of Co. Antrim in Ireland. For the
production of pig-iron in 1896, see Appendix IV.
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The vast expansion of the British Empire which
has been in progress during the latter part of the
century has necessarily exercised an important influ-
ence on our manufacturing industries. The demand
for railways and steamships cannot but continue,
and even increase, with the progress of civilisation
in those countries over which England stretches her
beneficent =gis. We may look forward with con-
fidence to the extension of railway communication
throughout Central and Southern Africa and the
Valley of the Nile. Let us hope that the Uganda
railroad is only a pioneer to many similar under-
takings for opening up Central Africa in the near
future ; and it is gratifying to know that the demand
for railway iron is already perceptibly felt.* It is
very remarkable that British iron, whether in the
form of “pig” or the manufactured article, is ex-
ported to all parts of the world, even including those
of our colonies, such as British North America,
which possess considerable supplies of their own.}
In the year 1895 we exported to foreign countries
866,568 tons of pig-iron, 457,552 tons of railway iron,
and 451,122 tons of various kinds of manufactured
iron—in all 1,775,242 tons ; and if we may be per-

* Speech by Mr. C. T. Ritchie, President of the Board of
Trade, at Croydon, 25th November, 1896.

T ¢ Mineral Statistics’ for 1895, p. 72. In the catalogue of
countries to which iron is exported are included Australasia,
Belgium, Brazil, British North America, British South Africa,

Chili, Germany, Holland, Italy, Russia, Sweden, United States of
America and other countries.
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mitted to forestall the future, we may, from the re-
turning signs of manufacturing activity, expect that
the exports for 1896 will have been still larger.

The great increase which has taken place in
the construction of ships in iron and steel within the
last twenty years has contributed to the increased
demand for iron, and, therefore, for coal. As late
as 1875 the number of ships built of wood was con-
siderable, amounting to 209, with a tonnage of
57,187 tons ; but in 1895 the number had fallen to
23, with a total of only 2415 tons. In the former
year also steel was not used for ship-building, but
it has now almost superseded iron; for out of a
total of 309 ships built of metal in 1895, only 27
were built of rolled iron plates, while the use of
wood had almost disappeared in our building yards,
or was only used for sailing ships and small craft.
During the same period the average size of vessels
built has also increased threefold ; and the proportion
of steam, to sailing, tonnage is twenty-five to one.
And not only does Great Britain retain the lead of
all countries in the building of ships, but she also
builds ships for nearly all countries. Thus in the
year 1894 out of a total of 614 ships launched, no
fewer than 97 passed into the hands of foreign
owners, while 517 remained with British owners.*

It is remarkable that the United States of
America, with their enormous resources both in coal
and iron, and numerous ports on the Atlantic sea-

* ¢ Lloyd’s Register of British and Foreign Shipping,” 1894.
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board, should still be far behind Great Britain in
reference to the possession of a mercantile marine
and in the construction of tonnage. But such is
apparently the result of the protectionist policy
adopted by the States, which has raised the prices
of the materials of construction and increased the
rate of wages to an extent which makes it impossible
for them to compete with this country on advan-
tageous terms in the construction of ships. As re-
gards tonnage, it is remarkable that, for a number of
years past, the total tonnage built within the United
States has.not exceeded 220,000 tons, or about one-
fifth part of the tonnage built in the United Kingdom.
This includes the tonnage built for the Great Lakes,
which exceeds that built on the seaboard, or on the
great rivers like the Delaware and Mississippi. At
the utmost, the total tonnage of the United States
does not exceed 4,703,880 tons at the present time ;
and of this no less than 3,600,000 tons, or more than
70 per cent. of the whole, is of timber, and driven by
the sail.* The general effect of this state of things
is to throw a large proportion of American shipping
trade into British hands; and of this the following
occurrence, which I have on reliable authority, will
offer a good illustration :—

An American mercantile firm, desiring to have
several large steamers built for trading purposes,
made enquiries through a London firm, with a view

* The Times, 26th December, 1896.
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of ascertaining the cost of construction. Tenders
were offered by a firm of British ship-builders at
20,000/. for each vessel, and were duly forwarded to
the American house. A reply was received that they
were astonished at the moderate price proposed, as
the cost of building the ships in America would be
equivalent to 50,000/. each ; but, that notwithstand-
ing, they were unable to give the order for building,
as they had found that American law prohibited
Americans from owning any ships but those built in
America itself, unless derelict on the United States
coast. Could anything be better devised for throw-
ing trade into British hands ?

Her command of supplies of coal and iron, to-
gether with the facilities afforded by her numerous
sea-ports, gives Great Britain advantages which few,
if any other countries possess for this branch of in-
dustry ; and so we find that all her principal centres
for ship-building, namely, Barrow, the Clyde, the
Mersey, the Tees, the Tyne, the Wear, and Belfast
Lough, are situated under these conditions, with the
honourable exception of Belfast, which in spite of the
fact that both the coal and iron have to be imported
from England or Scotland, takes a good position
as a ship-building centre both as regards the size
of the vessels and the quality of the work.* The

* In 1894 the Belfast yards turned out twenty-three steamers
and one sailing vessel, with a total tonnage of 96,800 tons. It is

satisfactory to see that the Thames is once again becoming a seat
of the ship-building trade.
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above figures do not include ships of war, many of
which are built at the Admiralty dockyards, of
which 31, with a displacement of 32,971 tons, were
launched in the year 1894 ; and of these 29 were
for the British Government. In 1896 provision was
made by Parliament for the construction of five
battle-ships of 12,500 tons each. Our ocean high-
ways are now traversed by steamships of huge
dimensions, yet such as science, combined with
experience in naval construction and the require-
ments of the period, shows to be best fitted for com-
bining safety with speed and large carrying capacity.
Several of the Atlantic liners plying between Liver-
pool and New York register nearly 10,000 tons,*
while the C/zna, the largest of the ships belonging
to the Peninsular and Oriental Company,f has a
capacity of 8000 tons, and three additional ships of
similar dimensions, and of 11,000 horse-power are
almost ready for active service.] But large as is
the tonnage of many of our passenger ships, it is
surpassed by that of the battle-ships of the Royal
Navy with a displacement ranging from 10 to
15,000 tons, such as the Mayestic, the Royal Sovereign,
and the MNVzle§

* The Cunard Liner Campania reaches a gross tonnage of
12,950 tons, the Majestic and Teutonic 9965 tons each, and the
Etruria 8100 tons, all of these being Atlantic liners.

t Generally known as the P. and O. Company.

t Fifty-sixth Annual Report, 1896,

§ ¢ United Service Mag.,” Dec. 1896.
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The returns issued at the commencement of 1897
through Lloyd’s Register of ship-building during the
previous year afford a timely confirmation of the
above statements, regarding the progress of this
branch of trade and manufacture. Exclusive of ships
of war, 696 vessels, of 1,159,751 tons gross, were
launched from ports in the United Kingdom. There
were also 55 ships of war launched at Government
and private yards, having a total displacement of
nearly 164,000 tons. The total was therefore rather
more than 1,323,000 tons, exceeding that of 1895 by
more than 208,000 tons. This increase is due mainly
to steam tonnage, which reached a higher figure than
in any previous year ; and of the whole number of
ships about 99 per cent. were built of steel ; wrought
iron having been almost entirely superseded.

I refer to these details in order to bring before
the mind of the reader the magnitude of the demand
which the building and fitting out of iron ships of all
classes must have on the supply of iron in the first
instance, and of coal for its reduction from the ore
and subsequent conversion into the manufactured
article, in the second.

Proportion of Coal consumed per Head of Popula-
tion.—In referring to the estimate of one ton per head
of the population, as suggested by Mr. Robert Hunt, it
was only understood as applicable to the personal, or
domestic, consumption. If we estimate the consump-
tion per head as including every kind of use, whether

c
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for fuel or for manufactures and motive-power, the
resulting proportion will be necessarily materially
increased. The subject has been placed before us in
a very clear manner in the tables published with the
‘ Mineral Statistics’ for 1895, which range from the
year 1873 downwards to the year of publication.*
From this table we gather that after deducting
the quantity of coal exported in each year, either in
the form of solid coal or patent fuel and coke, the
proportion of coal remaining per head of the popu-
lation amounted to 3°75 tons for the year 189s.
This proportion does not appear to have very
materially varied within the period of twenty-two
years comprehended by the table, except when ab-
normal causes tending to the disturbance of trade
and manufactures arose, as was the case in the year
1893, when there occurred the great strike and lock-
outin the Midland districts. In this year there was
a falling off in the rate of production of over 20
millions of tons, and a more than proportionate de-
crease in the quantity consumed per head of the
population.f It is to be fervently hoped that such
disastrous disputes between the mining population
and-their employers may for the future be averted

* ¢ Mineral Statistics’ for 1895, p. 28.

t Thus in 1892 the proportion per head amounted to 3°737;
in the following year (that of the strike) it fell to 3°300, but on
the resumption of mining in the Midlands in the following year it
rose to 3°754, while the total output of coal rose from 164,325,795
to 188,277,525 tons. During the strike the poorer classes of the
districts affected suffered great privations from the want of fuel.
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by some process of arrangement short of the arbi-
trament of a strike, in which both parties come off
losers. Such often only terminate after the miner
and his family have been reduced to penury, the
owners have suffered severe financial losses, trade
has been dislocated generally,-and many thousands
of workers, who have had no direct connection with
the disputants, have been obliged to undergo severe
privations through the stoppage of the factories and
workshops. Nor do the results end here; for it
often happens that trade is diverted from the district
in which the stoppage of mining takes place, never
to return, Meanwhile, coal-pits which have been
kept open by their owners without profit, or even at
a loss, in the hope of better times, are now closed
and never again reopened. It is greatly to be de-
sired that the system of the sliding scale adopted in
South Wales and Durham were extended over the
whole of the mining districts of Great Britain. By
this system the miner’s wage is regulated by the
average price of coal; rising and falling with the
price according to a graduated scale. This system
has been proved in South Wales to be of the great-
est benefit to both employers and employed, giving
a source of certainty regarding the rate of wages,
and doing away with any necessity for strikes or
lock-outs in order to determine what the scale of
wages is to be for a definite period.

The Low Price of Coal.—I1t doubtless appears to

C 2



20 OUR COAL RESOURCES.

many as a matter difficult of explanation that the
price of coal continues very low, sometimes scarcely
remunerative to the producers, notwithstanding the
great and annually increasing demand. The cause,
however, is not far to seek; and is, in fact, due to
over-production. If we go back a few years in the
history of coal-mining, we find a clear illustration of
the statement made above, regarding the dependence
of coal produce on the demand for iron. From the
commencement of the year 1880, or the middle of
1879, and extending into 1883, there occurred a
period of extraordinary prosperity in the iron trade;
such as it never attained before or since. The out-
put of British iron ore reached 18 millions of tons,
and for the smelting of this enormous quantity there
sprung up a corresponding demand for coal ; while
new furnaces arose all over the iron-producing dis-
tricts of the midland and northern counties. Capi-
talists began to think that this prosperity was to be
continuous for an indefinite period, and new collieries
were commenced in fresh districts, generally on a
large scale, as the coal had to be reached at ever
increasing depths.

Meanwhile the coal - production increased by
about 30 millions of tons between the middle of
1879 and that of 1883 ; and just as many of these
new collieries had come into operation, or, as also
happened, before some of them had even reached
the coal-seams to be worked, a collapse in the iron
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trade set in, and the demand steadily declined, till
the production of ore fell from its maximum of
18 millions of tons in 1882 to 13 millions in 1887 ; a
fall of 5 millions of tons in about 5 years.* Mean-
while the new collieries once commenced, or just
opening out, could not be closed without the loss of
interest on the capital employed in their construc-
tion, and inevitable deterioration in the plant and
machinery. There was nothing for it but to pro-
ceed in working the coal; and thus the output of
this mineral continued at the level reached in 1883,
while the originating cause of the increased demand
had to a large extent disappeared. The conse-
quence has been that, ever since this partial collapse
of theiron trade, the quantity of coal thrown annually
on the market has been in excess of the demand ;
prices have gone down to the extent that even the
increased demand of winter has only slightly raised
the value of house coal. With low prices for the
commodity there must necessarily be low wages
for the producers. It is gratifying, however, to
observe from the returns of the Board of Trade that
a revival has set in, both in the demand for iron and
for coal, and the outlook seems, for the present at
least, highly encouraging.f

* ¢ First General Report on the Mineral Industry, U.K., by
C. Le Neve Foster, Office of Home Department, 18¢5.

t ¢ Memorandum of the Labour Department of the Board of
Trade’ for Nov. 1896. See APPENDICES II. and IV,
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The Average Depth of Coal-Mining—There is
a question of interest with reference to our coal
resources which ought not to be omitted in a treatise
of this kind; namely, the average (or mean) depth
at which coal is worked in our mines at the present
time. In the early days of this industry the coal-
seams were worked either by adits driven into the
ground at the outcrop of the seams, or by shallow
shafts worked by pulleys coiled round a wooden
wheel called “a whimsey,” and driven by horses.
When the steam engine was introduced, and the
portions of the seam near the surface were worked
out, deeper shafts were sunk, and, instead of the
horizontal ““ whimsey,” the ropes were passed over a
drum worked by machinery. The hempen rope
gradually gave place to the chain for winding the
buckets, and the chain to the wire rope, which for
very deep shalfts is flat and tapering, and is the most
serviceable hitherto invented. Meanwhile, the pits
were being sunk deeper and deeper as the shallower
portions of the seams of coal became exhausted,
till at the present day coal is drawn from depths of
3000 feet in some of our collieries in the north of
England by means of very powerful machinery,
which, in order to raise the necessary quantity to
the surface within the period of working hours, has
to be driven at high speed.

Such being, in a few words, the history of the
progress of coal-mining from early times to the
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present day, it will be clear that in every coal-field,
or district producing the mineral, there will be a
certain zone of depth at which the greatest quantity
of coal is raised; and this zone will constantly
advance in the direction of the dip of the strata, as
mining progresses. Every coal-field contains shafts
of varying depth ; some are deeper than others, and
turn out greater or less quantities of coal. But
there must be, as the general result, a certain zone
of depth at which the maximum quantity is extracted
for the time being. Having a few years since taken
some pains to investigate this subject, I have come
to the conclusion that at the close of this century our
main supplies of coal will be drawn from depths
varying from 300 to 400 yards ; at least in our larger
and more important coal-fields, such as those of
Lancashire, Derbyshire, Staffordshire, Denbighshire
and South Wales. In the next century these depths
will be greatly exceeded ; shallower collieries will be
fewer in number ; and for the demands of commerce
and general purposes we shall have to rely on
the output of mines of great depth, worked by
powerful machinery and elaborate plant, and calling
forth all the ingenuity and skill of managers fully
instructed both in the theory and practice of mining.

Plan upon whick the Resources of the Coal-fields
have been determined.—Before proceeding to give
the estimates of the individual coal-fields of Great
Britain it will be necessary to state the course of
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procedure generally adopted and the bases upon
which the estimates are founded. In nearly all
cases the estimates arrived at by the Royal Coal
Commission in 1870 have been adopted, after making
deductions for quantities credited to seams of coal
under two feet in thickness, which I consider ought
to have been omitted from the calculations of the
Commissioners. This will materially alter the quan-
tities in some districts ; but I venture to think will
render the estimates of our coal-resources more
reliable. The same modification will necessarily
apply to the estimates of quantities outside the
visible coal-fields which are concealed beneath the
Permian and Triassic formations; and as consider-
able light has been thrown upon the question of the
presence or absence of coal in such positions, by
means of borings and sinkings made during the past
quarter of a century, advantage will be taken of this
knowledge from time to time. The next step has
been the reduction of the quantities determined by
the Commissioners by the amount of coal extracted
from each coal-field since 1870. This amount has
been obtained by adding together the yearly output
as given in the returns sent to Her Majesty’s Secre-
tary of State for the Home Department by the Mine
Inspectors of each district, and supplied to them by
the owners or managers of the mines. These returns,
published in ‘ The Mineral Statistics of the United
Kingdom,” come down to the year 1895 ; but in order
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to include the four remaining years of the century I
have added the estimated amount based on the most
recent returns of output from each district; this
estimate, given in round numbers, though not strictly
correct, will be a sufficiently close approximation
where large quantities are dealt with.* The sum
thus obtained being deducted from the quantity re-
maining in 1870 or, where the estimate has already
been made, will give approximately the available
quantity at the close of the century.

The coalfields of Ireland are included in the
estimates of resources; but the produce of these
districts is unfortunately too insignificant to have any
effect, and is only of local interest in such an enquiry ;
the quantity of coal raised from all the mines of that
country in 1895 only amounting to 125,586 tons.f

* The statistical Returns are made under the Coal Mines
Regulation Act, 1887, by which a Return has to be sent annually
from every mine, and from every quarry more than 2o feet deep,
to the inspector for the district, specifying the quantity of mineral
obtained. The statistics are prepared from these statutory returns.

1 ‘Mineral Statistics, p. 27. I have, however, repeatedly
pointed out that in Co. Tyrone there-is a tract extending to the
borders of Lough Neagh overspread by Triassic and Tertiary
strata, under which a valuable coal-field may be supposed to lie,
and capable of yielding a good supply of bituminous coal. The
reader is referred to my ¢ Physical Geology of Ireland,” z2nd edition,
1891, p. 61, and to the Geol. Survey Memoir ‘On the Tyrone
Coal-field, by E. T. Hardman, 1877.
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CHAPTER 1II.

CLASSIFICATION OF BRITISH COAL-
FIELDS.

THE British Coal-fields may be conveniently arranged
under the following divisions, based to some extent
on topographical grounds, as well as on others which
are of a physical and geological character.*

I. ENGLISH COAL-FIELDS.

Midland Group.—i. North Staffordshire; 2.
South Staffordshire; 3. Leicestershire; 4. War-
wickshire.

North Midland Group—1. Yorkshire, Derby-
shire and Nottinghamshire.

Great Northern Group—i. Durham and
Northumberland ; 2. Cumberland.

Northk Western Group.—i1. Lancashire and
East Cheshire; 2. Coalbrook Dale (or Shropshire) ;
3. Forest of Wyre.

* The Returns of the output of the coal-fields are arranged in
the ¢ Mineral Statistics’ according to county divisions; this has
rendered a re-arrangement according to the areas of the coal-fields
necessary, involving additional calculations.
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CHAPTER III

ENGLISH COAL-FIELDS.

MIDLAND GROUP.

Tais group of four distinct coal-fields occupies a
position in the heart of England, and is included in
the ‘counties of Stafford, Leicester, Warwick and
Worcester. The valleys of the Trent and Derwent
at Nottingham and Derby mark the boundary be-
tween the Midland and the North Midland groups
on the map, while it is quite certain that there
is no physical connection between them under-
neath the Triassic strata occupying the plain
of the Trent.* Recent borings have also tended
to show that, not only is this group of coal-
fields strictly limited towards the north by the
occurrence of much older formations, but that

* On reading a paper (Trans. Fed. Inst. M.E., vol. xi.
p. 9) at the meeting of the Confederated Institute of Mining
Engineers at Sheffield in 1896, on the “Eastern Limits of the
Midland Coal-fields,” I was taken to task for excluding the coal
districts of Yorkshire, Derbyshire and Notts from the Midland
group; I find, however, that a similar distinction is adopted by

Mr. C. Le Neve Foster in the ¢ First Annual General Report on
Minerals’ for 1894, p. 9.
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towards the south the coal-measures are termi-
nated by very old pre-Carboniferous formations,
overlain by Triassic strata, occupying the district
between Nuneaton and Ashby-de-la-Zouch; while
from various considerations it would also appear that
a ridge of old rocks, curving round from the Clent
Hills towards the east, probably protrudes north-
wards towards Barr Beacon under the New Red
Sandstone of Birmingham; thus partly separating
the productive coal-measures of Warwickshire from
those of South Staffordshire. All these considera-~
tions tend in the direction of restricting, to a greater
extent than was supposed some years ago, the

concealed extension of the coal-fields under the east
of England.*

1. Tue NorTH STAFFORDSHIRE COAL-FIELD.

This coal-field is one which ranks highest in the
Midland group, both for the large number of valu-
able seams of coal and ironstone which it contains,
as well as for their regular and uninterrupted range
over large tracts.

Along the northern and central portions of the

* «The Eastern Limits of the Midland Coal-field,” Trans.
Fed. Inst. M.E., vol. ii. p. 9, 1896. The spur of concealed Silurian
rocks inferred to pass northwards under the New Red Sandstone
of Birmingham probably terminates under (or near) Barr Beacon,
so that to the north of this point the coal-measures of Stafford-
shire and Warwickshire may be physically connected.
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coal-field the strata have been thrown into a double
fold along synclinal and anticlinal axes, which con-
verge towards an apex at Congleton Edge; while
in the opposite ‘directions they diverge till, at their
southern margin between Longton and Madeley,
they are several miles apart. All along their southern
margin from Audley, by Madeley, Keel, Newcastle-
under-Lyne, Stoke and Longton, the coal-measures
pass under Permian and Triassic strata, and conse-
quently there are large stores of mineral fuel remain-
ing undisturbed for future use;—though at great
depths. From the existence of large china and
earthenware factories near some of the towns above-
named, the district is sometimes known as “The
Potteries.” A deep bore-hole has recently been put
down at Hanford, on the estate of the Duke of
Sutherland, which has succeeded in reaching “the
Great Row” coal after passing through the thick
series of the Upper_Coal-measures.

Resources.

There are few coal-fields in the United King-
dom which, in proportion to their extent, are so
richly stored with beds of ironstone and coal, and
which, owing to the conditions stated above, give
promise of such high productiveness in the future;
but, notwithstanding these advantages, the output
of coal has not materially increased during the last
twenty years. In 1880 the yield of coal amounted
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to 4,074,800 tons, and in 1895 to 4,613,640 tons;
but in the years 1891—92 the production exceeded
5,000,000 tons from about 145 collieries.*

In the following estimate of resources, I adopt
that of the Commissioner, the late Sir George
Elliot, who was assisted by Mr. W. Cope and
Mr. W. Y. Craig, in preference to one by myself,
showing smaller results, but probably less reliable.

1. Area of coalfield (exclusive of the
Cheadle and Goldsitch basins) . 75 square miles.
2. Total thickness of strata with coals  5ooo feet.
3. Number of workable seams over
2 feet in thickness about 25, with
a total of available thickness of
coal amounting to . 3 140 feet.
4. Available quantity down to 1880
after deducting one-tenth for thin

seams 3 3,312,000,000 tons.
5. Quantity worked between 1880 and
1895 % y 77)316;000 ”

6. Estimated quantity to be worked
from 1895 to end of 1899 (in

round numbers) : . A 20,000,000
7. Available at end of century for future
use . : o . 5 . 3,214,684,000 |,

One remarkable feature in regard to this coal-
field is the circumstance that several beds of iron-
stone, varying from one to four feet in thickness,
occur as roofs to the coal-seams, so that both can

* Min. Stat. U.K,, p. 27. The estimates for ‘several small
outlying districts” are here omitted as being unimportant; these
are Cheadle, Wetley and Goldsitch.
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be worked together; this is the case with the “red
shag,” the ‘“red mine,” the “brassy mine,” and the
“billy mine” seams.*

2. THE SouTH STAFFORDSHIRE COAL-FIELD.

This coal-field was one of the earliest to be
opened out in the Midlands to any large extent,
owing to the occurrence therein of the thickest
seam of coal in England, known as the “ten yard”
or “thick seam,” which over a considerable area is
at a shallow depth, and crops out round Dudley
and Bilston. The coal-field stretches from Brereton
and Cannock Chase on the north to the Clent Hills
on the south; and on either side is bounded by
“ down-throw faults,” by which the Permian and
New Red Sandstone formations are brought into
juxtaposition with the coal-measures. It includes a
portion of East Worcestershire, and from its centre
rise the Silurian beds, forming the isolated hills of
Dudley Castle and Sedgley Beacon, 760 feet high.
Mining operations have within recent years been
carried outside the coal-field proper, at Cannock on
the west side, and at Hamstead and Sandwell Park
on the east. At this last-named colliery, which is
the nearest in situation to Birmingham, the *thick

* A description of this coal-field, with map and complete
section of the coal-series, will be found in ‘The Coalfields of
Great Britain,” 4th ed., p. 179.
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coal,” with a thickness of 8 yards, is worked at a
depth of 418 yards;* but, as stated by Mr. H. W.
Hughes, the coal shows a tendency to split up and
diminish in thickness in an easterly direction towards
Birmingham, owing probably to an approach to-
wards a ridge of old rocks, which may be ultimately
proved to pass under that town. The ridge of
ancient concealed rocks considered as protruding
to an unknown distance northwards, keeps to the
eastward of these collieries, and is referred to by
Mr. Hughes in a recent communication.

Resources.

In the estimates of the resources of this coal-
field, undertaken by Mr. John Hartley, assisted by
Mr. Daniel Jones, those of Coalbrook Dale, the
Clee Hills, and the Forest of Wyre in Shropshire,
are included, amounting together in 1870 to
1,906,119,768 tons. In this figure are also included
certain areas not easily defined, outside the limits
of the coal-fields themselves. Under these circum-

* For a description of this coal-field the reader is referred to
the memoir by the late Professor J. B. Jukes, Mem. Geol. Survey,
2nd ed. ; and to ‘ The Coal-fields of Great Britain, p. 165.

t See remarks by Mr. A. H. Stokes, H.M. Inspector of Mines,
in Trans. Fed. Inst. MLE,, vol. il. p. 19 (1896); also on ‘Search
for Coal over the Eastern Boundary Fault,’ by Mr. F. G. Meacham,
ibid., vol. viii.

1 ¢Mineral Resources of South Staffordshire;’ Journ. Iron and
Steel Inst., No. 2, vol. xlviii. (1895).

D
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stances, which would make any deduction as regards
the resources of the South Staffordshire district by
itself impossible, I think it better to bring down the
estimates to the close of the century on the lines I
have formerly adopted,* and which are as follows :—

1. Area of the coalfield . J . 93 square miles.
2. Average thickness of workable coal
above z feet in thickness . . 5o feet.

3. Estimated quantity of coal remain-
ing in 1870 north of the Bentley

fault : . 768 millions of tons.
4. Do. do. south of the Bentley fault 205 .
Total quantity in 1870 3 973 =

Gy

Deduct quantity worked out be—
tween 1870 and 1895 (about

221 millions), leaving (1895) . 752 >
7. Deduct estimated quantity from

1895 to end of century . - 36 a g
8. Leaving for future use in 1899t . 716 o

3. THE LEICESTERSHIRE COAL-FIELD.

This small, but valuable, coal-field occupies a
position to the south of the Valley of the Trent,
having in its centre the historically famous town of
Ashby-de-la-Zouch. Along the west and south it is
bounded by strata of Permian and Triassic age;
along the north, by Lower Carboniferous beds, older

* ¢Coal-fields of Great Britain,” p. 177.

t In dealing with large quantities in which some of the items
are only approximately accurate, only round numbers are con-
sidered necessary.
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than the coal; and along the east by the ancient
slates, porphyries and volcanic agglomerates of Charn-
wood Forest. The central portion consists of Lower
unproductive coal-measures which divide the pro-
ductive district of Moira from that of Coleorton;
and in both these districts the coal-measures pass
below the formations of Permian and Triassic age.
There are many points of great geological interest
connected with the Leicestershire coal-field which it
would be out of place to discuss here, as we are
only concerned with its resources in coal.* It may
be stated, however, as pretty well proved, both by
physical considerations and by experiments in boring,
that the Carboniferous strata of this part of England
were deposited along the borders of a land area
formed of Cambrian and Lower Silurian (or Ordo-
vician) rocks, which presented an irregular outline
towards the north, throwing out successive spurs
with intervening bays in which the coal-measures
were deposited as the whole region was subsiding.
The rocks of Charnwood Forest and Bardon Hiil
formed a portion of this ancient Carboniferous land,
though they have subsequently been relatively
elevated along great lines of *fault,” or disloca-
tion; and as the Carboniferous strata, wherever
they approached their original margin towards the

* For geological details the reader is referred to Mammat's
¢ Geological Facts,’ and ‘¢ The Geology of the Leicestershire Coal-
field, Mem. Geol. Survey (1860).

10} &
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south and east of the area of deposition, neces-
sarily became thinner, we are able to account for
the diminution in thickness of these strata in the
Leicestershire area as compared with that of their
representatives in Derbyshire and Yorkshire. The
occurrence of these spurs of pre-Carboniferous
rocks, and the general proximity of the land area
formed of them in this part of England, has con-
siderably diminished the extent of the coal-strata
underlying the Triassic districts to the south, west
and east of the visible coal-field ; so that it is im-
probable that there is much coal remaining intact
beyond that at present being worked under the
New Red beds of either the Moira or Coleorton
districts. This is a point of much importance in
our enquiry into the coal resources of Leicester-

shire.
Resources.

The estimate of the resources of the Leicester-
shire coal-field furnished by the Royal Coal Com-
mission were entrusted to the able hands of the late
Mr. J. T. Woodhouse, and are in excess of those
previously made by myself. This is partly owing to
the inclusion of seams under two feet in thickness,
according to the rule laid down by the Commis-
sioners themselves ; for this excess I have made the
necessary deductions.®

* Rep. Coal Commission, vol. i. p. 30. Some of the seams are
much injured, and to a certain extent destroyed, by the presence
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1. Area of productive coal-field and of

proved areas under the Permian

and Triassic : 20 square miles.
2. Number of workable coals from 2 feet

and upwards ten, with a total

thickness of (about) . - . 4o feet of coal.
3. Quantity of coal remaining for use

down to the year 1870 (in round

numbers) . : 339,575,000 tons.
4. Deduct quantity worked from 1870

to 1895 (in round numbers) . . 30,500,000 ,,
5. Deduct estimated quantity from 1895

to 1899 : 5 6,000,000 ,,
6. Leaving available for future use at

the end of the century . . . 303,075,000

4. THE WARWICKSHIRE COAL-FIELD.

This is the nearest of all the coal-fields to the
metropolis. It stretches in a southerly direction
from Polesworth to the east of Exhall for a distance of
15 miles, when it passes below the Triassic strata, and
has been followed as a concealed coal-field to Wyken
Colliery and for some distance southwards. The
strata dip towards the west, except at the northern
apex, where they form a trough with a reverse dip
towards the east; and they pass below an extensive
tract of Permian beds stretching from Baxterley
of sandstones replacing the coal, known as *rock-faults,” both in
the Moira and Coleorton districts. By some oversight the quan-
tity of coal available in 1880, as given in ‘ The Coal-fields of

Great Britain,’ is excessive, but may have been intended to include
large areas outside the visible coal-field referred to above.
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to Coventry and Warwick. This tract, which has an
area of 9o square miles, is underlain by coal-seams
at a depth probably not greater than 2500 feet in
any part. How much farther south than the present
workings of Wyken Colliery the coal-seams stretch
it is impossible to say; but the probabilities are that
they will be found to terminate against an irregular
bank of Silurian rocks somewhere under the valley
of the River Avon.*

The investigation into the resources of this dis-
trict was entrusted to Mr. ]J. T. Woodhouse, one of
the Commissioners, whose estimates I adopt, after
making a slight reduction for thin seams ; the depth
is under 3000 feet for the whole quantity.f}

Resources.

1. Area of the coal-field, both visible and
partly concealed beneath the Per-

mian beds . : : . 30 square miles.
2. Thickness of coal varies from : . 26 to 30 feet.
3. Net available tonnage (1870) . . 455,470,000.
4. 3 ” (1880) . +  440,000,000.
5. Deduct quantity worked out from 1870

to 1895. . ; 23,725,000.
6. Deduct estimated quantlty from 1895

to end of century . : 5 8,500,000.

7. Leaving for future use at end of century 407,775,000,

* TFor further details regarding the structure of this coal-field
the reader is referred to Mr. Howell’s memoir ¢ On the Geology of
the Warwickshire Coal-field,” Mem. Geol. Survey ; and ¢ The Coal-
fields of Great Britain,’ p. 232 (1881).

t ¢ Report Coal Commission,” vol. i. p. 31.
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The Warwickshire coal-field is only slowly pro-
gressive as regards its output, notwithstanding its
advantageous situation for the London market ; the
quantity raised in the year 1880 being 1,101,386
tons, and in 1895, 2,165,410 tons; but as the value
of coal rises, additional collieries may be expected
to be established over the area of the Permian
formation, resulting in a larger output.*

It was formerly generally believed that the coal-
seams of Warwickshire extended below the Per-
mian and New Red Sandstone of the Birmingham
district into the South Staffordshire coal-field, with
no interruption except such as is due to faults
of more recent date than those formations them-
selves. But evidence begins to accumulate that, in
a southerly direction at any rate, and in the Bir-
mingham district, concealed ridges of pre-Carbon-
iferous rocks protrude northwards through the coal-
measures from the great central barrier of such
rocks which crosses England from Salop and Wor-
cestershire into East Anglia. No fewer than three
such spurs have now been discovered by mining
operations west of Birmingham ; and it is, therefore,
not improbable that similar irregularities may exist
under the tract between that city and Coventry,
owing to which the beds of coal will be found to
terminate towards the south. Doubtless, there ex-

* Mr. F. A. Newdigate, M.P., is opening a new colliery near
Arley, which will command a large area of coal.
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CHAPTER 1IV.

ENGLISH COAL-FITELDS—continued.

NORTH MIDLAND GROUP.

1. THE YORKSHIRE,
DERBYSHIRE AND NOTTINGHAMSHIRE COAL-FIELD.

Tuis great tract of coal-producing strata, though
occupying portions of three counties, is physically
one coalfield. It is the largest coalfield in Eng-
land, having an area of 760 square miles between
the Millstone Grit on the one side, and the Mag-
nesian Limestone of the Permian formation on the
other; while its extension eastward below newer
formations is probably considerably greater. Its
absolute limit in the direction of the sea-coast has
not yet been proved, and is possibly beyond deter-
mination by boring experiment, owing to the great
and increasing thickness of the overlying Secondary
strata. But the recent successful boring at South
Carr, near the banks of the Trent, by which the
“ Barnsley Hard” coal, nearly five feet thick, was
penetrated at a depth of 3181 feet, proves that the
coal-measures stretch considerably eastward of this
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position.* There seems every probability on geo-
logical grounds that the North Midland coal-field is
but the visible portion of a great basin, the eastern
side of which is concealed by newer formations.
This question I have elsewhere discussed at some
length, and it is a view generally accepted by geolo-
gists.f Along the north and west the limits of the
coal-field are well determined by the uprising of the
Millstone Grit; but at its southern extremity near
Nottingham, the coal-field passes below the New
Red Sandstone and marl, along the valley of the
Trent, and sweeps round to the eastward, so that
there is no physical connection between it and the
coal-field of Leicestershire. All along the eastern
margin the escarpment of the Magnesian Limestone
forms the boundary of the visible coal-field ; but coal
is now worked below this formation in several
collieries. The first colliery to pierce this forma-
tion being that of Shire Oak, where the full thick-
ness of the Permian beds was found to be 207 feet.]

* Trans, Fed. Inst. M.E., vol. xii. (1896). Another deep
boring in advance of coal-mining was put down at Scarle, near
Lincoln, some years ago, when Carboniferous strata were pierced
at a depth of 19oo feet, but their actual position in the formation
was not satisfactorily determined. See ¢Coal-fields of Great
Britain,’ p. 260.

t ¢ Coal-fields of Great Britain,’ 4th ed., p. 259 ; Prof. Ramsay,
Rep. Coal Commission, vol. i. pp. 136-8; Prof. A. H. Green,
ibid., vol. ii. p. 504; Mr. W. S. Gresley, ‘On the Yorkshire and
Notts Coal-field, &c.,’ Trans. Fed. Inst. M.E., vol. ii. (1896) p. 134.

+ Messrs. Lancaster and Wright, Quart. Journ. Geol. Soc.,
vol. xvi. p. 137.
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As regards future mining operations, there can
be no doubt that there are great resources in
store, not only in the visible coal-field, but extend-
ing below the Triassic and Permian formations.
The progress of mining ever tends eastward, as the
shallower seams are being worked out along the
western parts of the coal-area ; and the sequestered
haunts of Robin Hood amidst the oaks of Sherwood
Forest are destined ere long to be invaded by the
miner’s shaft. The new “ East and West ” Railway,
opened on the 19th November, 1896, between Ches-
terfield and Lincoln, will also open out a large coal
district in Nottinghamshire, on the estates of the
Dukes of Portland and Newcastle, of which the sur-
face is overspread by New Red Sandstone and
conglomerate, and for which deep shafts and power-
ful machinery will be required, in order to win the
underlying seams of coal.

Resources.
VisiBLE COAL-FIELD.

1. Area of coalfield west of the es-

carpment of the Magnesian

Limestone . ! ; . 760 square miles.
2. Greatest thickness of productive

coal-measures, including the

lower series . § g . 4500 feet.
3. Average number of workable coal-

seams above 2 feet in thickness,

15; giving a total thickness of

coal of . . : ’ =W abifeet,
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4. Quantity of coal down to a depth

of 3000 feet available for use .  13,327,784,000 tons.
Quantity from 3000 to 4500 feet . 420,348,000 ,,
Total . A : 4 —1377;8 132, 000 o
CONCEALED.

5. Quantity of coal down to 3000 feet 4,374,830,000 ,,
Quantity from 3000 to 4500 feet . 283,835,000 ,,

Total . . 4,658,665,000
6. Total of quantity in visible and con-
cealed areas after deducting one-
tenth for thin seams, and excess
of depth over gooo0 feet, leaving

available in 1870 . : 16,566,118,000 ,,
7. Quantity approximately worked be-

tween 1870 and 1295 . N 769,416,000 ,,
8. Estimated quantity from 1895 to

end of 1899 . . g 3 176,000,000 ,,

Total quantity worked between the
years 1870 and 1889 : . 945,416,000 ,,
9. Quantity of available coal at end
of century for future use, esti-
mated at ] % J . 15,620,702,000 ,,
The produce of this great coal-field is increasing
“by leaps and bounds,” as will be seen by the
following figures. In 1859, the output amounted
to 12,497,100 tons; in 1869, ten years later, to
17,865,367; in 1880, to 29,810,033 tons; and in
1895, to 39,831,862 tons. This is largely due to
the excellent quality of the coal, which is partly
bituminous, and partly ‘“free burning,” or suitable
for steam purposes.®

* Woodhouse, Rep. Coal Commission, vol. i. p. 30. Some of
the harder seams have the “splint” structure.



DURHAM AND NORTHUMBERLAND. 45

CHAPTER V.

ENGLISH COAL-FIELDS—continued.

THE GREAT NORTHERN COAL-FIELDS.

1. DuraaM aAND NORTHUMBERLAND.

THis coal-field is sometimes known under the name
of “The Great Northern,” or “The Newecastle”
coal-field, this town having been the principal ship-
ping port for the coal-trade from the earliest times.
It extends from the mouth of the Coquet.on the
north, to Staindrop near the north bank of the Tees
on the south, a distance of about 50 miles. Its
greatest diameter is near the centre, along the course
of the Tyne; and, from the mouth of this river at
South Shields the coal-measures pass below the
escarpment of the Magnesian Limestone and Yellow
Sandstone of the Permian formation, which becomes
the eastern margin of the visible coal-field to the
banks of the Tees. Coal is now largely worked
by shafts sunk through the Permian formation all
over its area; while it is also followed under the
bed of the North Sea by a few collieries at Blyth
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in Northumberland and Monk Wearmouth and
Whitburn in Durham.* The Millstone Grit forms
the western and southern limit to the coal-measures ;
but beds of coal are worked throughout Northum-
berland in strata below the Millstone Grit, though
they are not sufficiently important to be included in
the general estimate of the coal-resources.}

In estimating the resources of this coalfield I
have been unable to separate those of the visible
from the concealed areas.

Resources.

1. Area of the visible coal-field . . 460 square miles.
2, Area of coal-measures concealed

below the Permian and New Red

Sandstone : ; ! 5 A i
3. Number of workable seams from

18 inches upwards, giving a

thickness of . 3 . . 46 feet of coal.

* From information kindly furnished by Mr. J. L. Hedley,
Inspector of Mines.

t For further information regarding the structure of this coal-
field the reader is referred to Mr. Dunn’s memoir ‘On’ the
Northern Coal-field, Trans. N. of Eng. Inst. M.E., vol. xii. ; also
¢ The Coal-fields of Great Britain,’ 4th ed., p. 269.

t The resources of the Durham coal-field were estimated for
the Coal Commission by Sir George Elliot, and those of Northum-
‘berland by Mr. Thomas E. Forster, Report, pp. 20-25. They
both included all seams of 12 inches and upwards. All the seams
are within a vertical depth less than 4oo0 feet. Coal was also
included under the sea for a distance of 3% miles from the coast,
but it seems very doubtful if much of it could be workable for
such a distance, inasmuch as there are grounds for believing that
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NORTHUMBERLAND,

4. Available coal on land after neces-
sary deductions for loss, &c.

(1870) . 3 2,744,896,000 tons.
5. Available under the sea for a dlS-
tance of 3% miles . = 3 403,200,000 ,,
DurnaaM.

6. Available coal on land, including
seams 12 inches in thickness

(1870) . . . 3,988853,000

7. Available under the sea for a dis-
tance of 3% miles . 3 . 2,234,500,000 ,,
Total in round numbers (1870) . 6,223,350,000 ,,

8. Deduct for thin seams under 2 feet
one-tenth, leaving available in

1870 o 5,601,015,000 ,,

9. Deduct quantity Worked from 1870
to 1895 . . 3 o 894,513,000 ,,

10. Deduct estimated quantity worked
to end of 1899 . o 5 s 38,000,000 ,,

11. Leaving available at end of century  4,668,502,000 ,,

The coal is of excellent quality, suitable for gas,
steam and iron smelting ; the output is progressive,
amounting, in 1880, to 34,913,508 tons, and in 1895
to 39,827,905 tons, of which Durham produces about
two-thirds. With an output of 40 millions of tons
per annum the coal-field would be exhausted in a
the seams of coal rise and crop out under the waters, in conse-
quence of which they would be unworkable where they reach
shallow depths below the sea-bed. The deduction of one-tenth is

intended to correct this inferred excess, as likewise that owing
to thin seams.



48 OUR COAL RESOURCES.

little over a century. This serious consideration
will occupy us further on; I content myself with
calling attention to it here.

2. CUMBERLAND.

This coal-field occupies the northern and western
slopes of the mountains of the Lake District, and is
bounded by the waters of the Solway Firth and the
Irish Sea, under which the coal-measures stretch
for unknown distances, while the coal extracted
from the land and below the sea is largely shipped
from the ports of Whitehaven, Silloth and Mary-
port. From Maryport to Bolton by Crosby and
Aspatria the coal-measures are overlain by Red
Sandstones of Permian age, under much of which
the coal is workable, and is probably connected with
the little coal-field of Canobie, in Scotland, below
the estuaries of the Esk and Eden. There are in
all about seven workable seams of a greater thick-
ness than 2 feet, giving an average thickness of
35 feet of coal.

Resources.
1. Area of the productive coal-mea-
sures . - 3 2 . 25 square miles.
2. Available quantity on land and for
2 miles out to sea in 1870* . 371 millions of tons.

* Estimate of Mr. Forster, Rep. Coal Commission, vol. i.
p. 21, after deducting estimate for quantity under 24 inches,
amounting to 33,982,433 tons.
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3. Deduct quantity worked from 1870

to 1880 (about) . . . 15 millions of tons.
4. Deduct quantity worked from 1880

to 1895 . S : 4 28,078,000 tons.
5. Deduct estimated quantity to end

of 1899 . 5 ¢ 3 R 7,400,000 ,,
6. Leaving for future use at end of

century . . . . . 320,522,000 ,,

The output from the Cumberland coal-field is
slightly progressive, the quantity raised in 1880
from 31 collieries being 1,680,840 tons, and in
1895, 1,883,590 tons; in 1859 it only amounted to
1,041,890 tons. Cumberland has become a great
centre for the manufacture of the highest class of
iron, since the discovery of the large deposits of
hematite in the underground caverns of the Car-
boniferous Limestone.
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CHAPTER VL

ENGLISH COAL-FIELDS—continued.

NORTH-WESTERN GROUP.

1. LaANcasHIRE AND East CHESHIRE.

THis important coal-field stretches from the neigh-
bourhood of Liverpool at Knowsley eastwards in a
semicircular form by Wigan, Bolton, Oldham and
Ashton-under-Lyne to Poynton near Stockport in
Cheshire, with Manchester near the centre. The
coal-seams have a general dip southwards in Lanca-
shire, and westwards in Cheshire; and pass below
the Permian and Triassic strata of the plain of
Cheshire where these latter attain an enormous
thickness.* The coal-field is bounded along the
north and east by the uprising of the Millstone Grit,
forming a range of hills merging in the Pennine
Chain of Yorkshire and Derbyshire; and lying to

* A boring put down in search of coal at Marston by the
Salt Union Company in 1891, did not succeed in passing through
the New Red Sandstone at a depth of 2610 feet; Mr. C. E.
De Rance, Trans. Fed. Inst. M.E., vol. x. p. 244.
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the north of the Bolton hills is the important coal
basin of Burnley, which owes its presence among the
Millstone Grit uplands to the existence of a large
“down-throw” fault. The whole coal-field is tra-
versed by numerous faults, some of great displace-
ment, and generally ranging in N.N.W. to S.S.E.
directions. The coal is generally of excellent quality,
suitable for household and gas-making purposes,
while the “ Mountain Mines ” are capable of yielding
strong coke.* The coal is not only used largely for
house and manufacturing purposes in the immediate
neighbourhood, but is largely exported from Liverpool
and other ports; no less than 1,197,216 tons having
been shipped from Liverpool to ports in the United
Kingdom, while 416,733 tons were exported to
foreign countries and British settlements in the year
1894.f In addition to the above, large quantities
are sent away by rail southward. Some of the
deepest collieries in the United Kingdom are to be
found in the neighbourhood of Wigan, Manchester
and Stockport, in which coal is worked at a depth of
about 3000 feet.

* For further account of the coalfield the reader is referred
to the Memoirs of the Wigan, Bolton, Manchester and Stockport
districts, published by the Geological Survey; to papers by
Mr. Binney, Trans. Geol. Soc., Manchester, vols. i. and ii.;
Mr. Dickinson’s ¢ Vertical Section of the Coal-Series’ (1858), and
¢ The Coal-fields of Great Britain,’ 4th edition, p. 19s.

t Return by order of the House of Commons, dated
23rd August, 1895.

E 2
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Resources.

1. Area of the coalfield, including the

Manchester and Burnley districts . 217 square miles.
2. Total thickness of strata with coal . 6000 feet.
3. Number of workable coals above

2 feet :—St. Helens, 13 ; Wigan, 17;

Manchester, 18 ; giving an average

thickness of . o : 62 feet of coal.
4. Quantity of available coal down to

4000 feet in depth, after deducting

1-1ooth for seams under 2 feet in

thickness (1870) * . : 5,490,540,000 tons.
5. Deduct quantity worked from 1870

g to 1880, amounting to 181,000,000

tons, leaving (1880) . 5,300,540,000 ,,
6. Deduct quantity worked from 1880 to

1895, amounting to 342,219,000

tons, leaving (1895) 3 . 4,967,321,000 ,,
7. Deduct estimated quantity to be worked

to end of 1899 (95,200,000 tons),

leaving at the end of the century an

available quantity of . . . 4,872,321,000

In the above estimate the quantity remaining at
the end of this century is to a large extent concealed
beneath the Permian and Triassic formations, but is
included within a depth of 4000 feet from the sur-
face. The quantity estimated by Mr. Dickinson as
lying between 4000 and 6000 feet is about go millions
of tons, some of which may be recoverable. The

* Mr. J. Dickinson, one of the Commissioners, whose esti-

mates I adopt, states that one per cent. may be deducted for seams
under 2 feet in thickness; letter, dated gth December, 1896.
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output of the Lancashire coal-fields is still increasing,
notwithstanding its large amount, and reached
19,802,300 tons in 1880, and 22,764,180 tons in
1895 ; if we assume the output at the beginning of
the next century to reach 25 millions of tons, the
quantity remaining to a depth of 4000 feet will last
for a little over 150 years.

2. CoALBROOK DALE.

The Coalbrook Dale coal-field in Shropshire is
one which geologically is of peculiar interest. It has
a general triangular form, with its base in the valley
of the Severn, and its northern apex at Newport.*
Along its western side it is bounded by a large
“down-throw ” fault which brings in the New Red
Sandstone, and partly by the Cambro-Silurian rocks
of the Wrekin. The general dip of the strata is
eastwards, and in that direction the coal-seams pass
below the Permian beds, under which they are
worked by the Lilleshall Company in the northern
part of the district; but from the observations of
Mr. Marcus W. T. Scott f and Mr. Daniel Jones

* For a description of the geological features the reader is
referred to the Memoir of Professor Sir J. Prestwich, Geol. Trans.,
2 ser. vol. v. (1840).

t Journ. Geol. Soc., vol. xvii. (1861).

1 Geol. Mag., vol. viii. p. 200 (1871); ¢ Coalfields of Great
Britain,’ 4th edition, p. 140. I have to acknowledge with thanks
information afforded by Mr. Noel T. Beech, manager of the
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there seems every probability that the coal-seams
rise and terminate eastward under the Permian for-
mation ; while it has been fully established by the
same observers that the upper measures have been
deposited over a denuded surface of the middle and
lower series. Over a large part of the southern and
central portions of the coal-field the beds of coal and
valuable ironstone have now been worked out ; and
owing to the easterly rise of the strata above referred
to it seems very doubtful if any coal will be found
under the New Red Sandstone of Shiffnal,

Resources.

1. Area of the coal-field. . . 28 square miles.
2. Number of coal-seams upwards of
two feet in thickness, 6; giving a

total thickness of , y 5 27 feet of coal.
3. Quantity available in 1880 in the

visible coal-field . 5 12,000,000 tons.
4. Quantity available under the Permlan

formation (estimated) . : . 15,000,000 ,,
5. Total quantity available (1880) . . 27,000,000
6. Deduct quantity worked from the year

1880 to 1895. . o 11,618,279 ,,
7. Deduct estimated quantity from 1895

toend of 1899 . : 2,800,000 ,,
8. Leaving for future use at end of

century . : 3 5 5 T T2 T 3TIO0O MRS

Lilleshall collieries, conveyed through Mr. W. N. Atkinson,
H.M. Inspector of Mines, regarding the workings under the
Permian,
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The output of this coal-field has been stationary
since 1889 ; but, regarded for a longer period, it has
been retrogressive. In the year 1880 it reached
905,000 tons, and, in 1895, 698,128 tons. There
can be no doubt that the coal-field has seen its
best days as regards the whole area.

3. THE Forest oF WyRE.

This coal-field is as large in area as that of
Coalbrook Dale, with which it is connected by a
narrow strip of coal-measures lying along the valley
of the Severn. As has been shown by Mr. Daniel
Jones,* the upper coal-series with sulphurous coals
are unconformable to the lower series with ‘ sweet ”
seams of considerable extent and thickness.f As
regards the resources of this tract, they are not very
considerable, and have been included by Mr. Hartley
in those of Salop and South Staffordshire, from
which it is impossible to eliminate them. Probably
we shall not greatly err in placing the unworked
quantity of coal at ten millions of tons.

* Supra cit., p. 53, also communication to the S. Staffordshire
Inst. M.E. (1894), in which he correlated the Harcott and Kinlet
Main coals with the “deep” and “ shallow” seams of Cannock.

+ More recently (1894) an interesting paper has been published
by Mr. T. C. Cantrill on the Forest of Wyre district, bearing on
several points of geological classification, Quart. Journ. Geol. Soc.,
vol. li. p. 528. Also, by the same author, ¢ Contribution to the
Geology of the Wyre Forest Coal-field’ (Kidderminster), 1895.
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CHAPTER VIL

ENGLISH COAL-FIELDS—continued.

WESTERN GROUP.
1. BristoL AND SOMERSETSHIRE COAL-BASIN.

Tuis coal-basin occupies portions of two counties,
that of Gloucestershire on the north and of Somer-
setshire on the south; Bristol, standing in the centre
of its western border, being the chief city in the
district, and giving its name to the whole. It is
remarkable for the extent by which it is concealed
by the overspread of the Secondary formations;
which, being themselves nearly horizontal in position,
rest on the upturned edges of the Carboniferous
strata. But, notwithstanding this partial conceal-
ment, it has been proved that the coal-formation is
disposed in the form of a complete basin; as the
Lower Carboniferous beds, whether visible or con-
cealed, surround the coal-measures both on the
north, south, east and west, as I have shown else-
where.* The extreme length of the coal-basin

* Plate ii,, ¢ Coalfields of Great Britain,” 4th edition, p. 112,
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from north to south is 26 miles; and its breadth,
including the detached basin of Nailsea, some-
what less; along the south, the uprising of the
Carboniferous limestone along the chain of the
Mendips marks conspicuously the southern margin
of the coal-formation.

Notwithstanding its great extent, the productive-
ness of this basin is greatly restricted, owing to the
seams of coal being so thin that they will be un-
workable at great depths; besides which, they are
much bent, contorted and faulted. Owing to the
fact that about half the seams have a thickness of
only two feet and under, it is necessary, in estimating
the future resources of this district, that large de-
ductions from the total quantity should be made.
The “Pennant” rock, which overspreads so large a
portion of the lower, or Bedminster and Holcombe,
series, and which has a mean thickness of about
2000 feet, will undoubtedly prove a serious obstacle
to the working of the deeper seams, owing to the
expense of sinking through it. None of these seams
are of a greater thickness than four feet, while most
of them are of a thickness varying from two to three
feet. The late Professor Prestwich—who, with the

where a fuller account of its geological structure will be found in
chap. ii. ; as also in Prestwich’s report, ¢ Coal Commission,” vol. i.
p- 33; and Etheridge’s ¢ Lecture on the Physical Structure of the
Northern Part of the Bristol Coal-field” Mr. Sanders has pro-
duced a map of the coal-field on a scale of 4 inches to the mile.
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assistance of Mr. Anstie, made an elaborate series
of estimates for each parish, giving a grand total of
nearly 7000 millions of tons—has rightly appreciated
the force of the special impediments to future mining
operations, and has made considerable deductions,
amounting to one-fifth of the whole, on the quantity
in the lower series.* Still, I regard this as insuffi-
cient, and venture to think that a deduction amount-
ing to one-half would be a more reliable quantity.
I therefore adopt here the estimates originally ar-
rived at by myself, at the same time putting the
reader in possession of those given by this distin-
guished Commissioner, drawn up in accordance with
the rules laid down ; according to which seams of
above one foot in thickness were to be included.

Resources as estimated by the Author.

1. Area of coal-basin, of which only
45 square miles are not concealed

by newer formations . : . I50 square miles.
2. Greatest thickness of measures with
coal . 5 . 5125 feet.

3. Number of coal-seams, from 2 feet
and upwards in -thickness, zo0;
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