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"The progressive state is in reality the cheerful and the hearty state to all the different
orders of the society; the stationary is dull; the declining melancholy."

ADAM SMITH.
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PREFACE.

I AM desirous of prefixing to the second edition of the following work a few
explanations which may tend to prevent misapprehension of its purpose and
conclusions.

The expression "exhaustion of our coal mines," states the subject in the briefest form,
but is sure to convey erroneous notions to those who do not reflect upon the long
series of changes in our industrial condition which must result from the gradual
deepening of our coal mines and the increased price of fuel. Many persons perhaps
entertain a vague notion that some day our coal seams will be found emptied to the
bottom, and swept clean like a coal-cellar. Our fires and furnaces, they think, will then
be suddenly extinguished, and cold and darkness will be left to reign over a
depopulated country. It is almost needless to say, however, that our mines are literally
inexhaustible. We cannot get to the bottom of them; and though we may some day
have to pay dear for fuel, it will never be positively wanting.

I have occasionally spoken in the following pages of "the end," of the "instability of
our position," and so forth. When considered in connexion with the context, or with
expressions and qualifications in other parts of the volume, it will be obvious that I
mean not the end or overturn of the nation, but the end of the present progressive
condition of the kingdom. If there be a few expressions which go beyond this, I
should regard them as speculative only, and should not maintain them as an essential
part of the conclusions.

Renewed reflection has convinced me that my main position is only too strong and
true. It is simply that we cannot long progress as we are now doing. I give the usual
scientific reasons for supposing that coal must confer mighty influence and
advantages upon its rich possessor, and I show that we now use much more of this
invaluable aid than all other countries put together. But it is impossible we should
long maintain so singular a position; not only must we meet some limit within our
own country, but we must witness the coal produce of other countries approximating
to our own, and ultimately passing it.

At a future time, then, we shall have influences acting against us which are now
acting strongly with us. We may even then retain no inconsiderable share of the
world's trade, but it is impossible that we should go on expanding as we are now
doing. Our motion must be reduced to rest, and it is to this change my attention is
directed. How long we may exist in a stationary condition I, for one, should never
attempt to conjecture. The question here treated regards the length of time that we
may go on rising, and the height of prosperity and wealth to which we may attain.
Few will doubt, I think, after examining the subject, that we cannot long rise as we are
now doing.

Even when the question is thus narrowed I know there will be no want of opponents.
Some rather hasty thinkers will at once cut the ground from under me, and say that
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they never supposed we should long progress as we are doing, nor do they desire it. |
would make two remarks in answer.

Firstly, have they taken time to think what is involved in bringing a great and growing
nation to a stand? It is easy to set a boulder rolling on the mountain-side; it is perilous
to try to stop it. It is just such an adverse change in the rate of progress of a nation
which is galling and perilous. Since we began to develop the general use of coal,
about a century ago, we have become accustomed to an almost yearly expansion of
trade and employment. Within the last twenty years everything has tended to intensify
our prosperity, and the results are seen in the extraordinary facts concerning the
prevalence of marriage, which I have explained in pp. 197-200, and to which I should
wish to draw special attention. It is not difficult to see, then, that we must either
maintain the expansion of our trade and employment, or else witness a sore pressure
of population and a great exodus of our people.

The fact is, that many of my opponents simply concede the point I am endeavouring
to prove without foreseeing the results, and without, again, giving any reasons in
support of their position.

Secondly, I do not know why this nation should not go on rising to a pitch of
greatness as inconceivable now as our present position would have been
inconceivable a century ago. I believe that our industrial and political genius and
energy, used with honesty, are equal to anything. It is only our gross material
resources which are limited. Here is a definite cause why we cannot always advance.

Other opponents bring a more subtle objection. They say that the coal we use affords
no measure of our industry. At a future time, instead of exporting coal, or crude iron,
we may produce elaborate and artistic commodities depending less on the use of coal
than the skill and taste of the workman. This change is one which I anticipated (see p.
347). It would constitute a radical change in our industry. We have no peculiar
monopoly in art, and skill, and science as we now have in coal. That by art and
handicraft manufactures we might maintain a moderate trade is not to be denied, but
all notions of manufacturing and maritime supremacy must then be relinquished.
Those persons very much mistake the power of coal, and steam, and iron, who think
that it is now fully felt and exhibited; it will be almost indefinitely greater in future
years than it now is. Science points to this conclusion, and common observation
confirms it. These opponents, then, likewise concede what I am trying to show,
without feeling how much they concede. They do not seem to know which is the
sharp edge of the argument.

A further class of opponents feel the growing power of coal, but repose upon the
notion that economy in its use will rescue us. If coal become twice as dear as it is, but
our engines are made to produce twice as much result with the same coal, the cost of
steam-power will remain as before. These opponents, however, overlook two prime
points of the subject. They forget that economy of fuel leads to a great increase of
consumption, as shown in the chapter on the subject; and, secondly, they forget that
other nations can use improved engines as well as ourselves, so that our comparative
position will not be much improved.
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It is true that where fuel is cheap it is wasted, and where it is dear it is economised.
The finest engines are those in Cornwall, or in steam-vessels plying in distant parts of
the ocean. It is credibly stated, too, that a manfacturer often spends no more in fuel
where it is dear than where it is cheap. But persons will commit a great oversight here
if they overlook the cost of an improved and complicated engine, which both in its
first cost, and its maintenance, is higher than that of a simple one. The question is one
of capital against current expenditure. It is well known that nothing so presses upon
trade as the necessity for a large capital expenditure; it is so much more risked, so
much more to pay interest on, and so much more abstracted from the trading capital.
The fact is, that a wasteful engine pays better where coals are cheap than a more
perfect but costly engine. Bourne, in his "Treatise on the Steam Engine," expressly
recommends a simple and wasteful engine where coals are cheap.

The state of the matter 1s as follows:—Where coal is dear, but there are other reasons
for requiring motive power, elaborate engines may be profitably used, and may partly
reduce the cost of the power.

But if coal be dear in one place and cheap in another, motive power will necessarily
be cheaper where coal is cheap, because there the option of using either simple or
perfect engines is enjoyed. It is needless to say that any improvement of the engine
which does not make it more costly will readily be adopted, especially by an
enterprising and ingenious people like the Americans.

I take it, therefore, that if there be any strong cause exclusive of the possession of coal
which will tend to keep manufactures here, economy of fuel and a large employment
of capital may neutralise in some degree the increased cost of motive power. But so
far as cheap fuel and power is the exciting cause of manufactures, these must pass to
where fuel is cheapest, especially when it is in the hands of persons as energetic and
ingenious as ourselves.

Finally, I may mention the argument of Mr. Vivian, that the art of coal mining will
advance so that coal may be drawn from great depths without any material increase of
cost. The very moderate rise of price as yet experienced, apparently supports this
view, and for my own part I entertain no doubt that a mine might, if necessary, be
driven to the depth of 5,000 feet. The cost at which it must be done, however, is quite
another matter. The expenditure on the shaft increases in a far higher ratio than its
depth; the influence of this expenditure is more than can be readily estimated, because
it is risked in the first instance, and in not a few cases is wholly lost; and not only
must the capital itself be repaid, but considerable amounts of compound and simple
interest must be met, in order that the undertaking shall be profitable. Were the depth
of mines so slight an inconvenience as Mr. Vivian would make it appear, I think we
should have more deep mines. It is now forty years since the Monkwearmouth Pit was
commenced, and I believe that only one deeper pit has since been undertaken, that at
Dukinfield, seventeen years ago. We cannot wonder that there are so few deep pits,
when we consider that it required twenty years' labour to complete the
Monkwearmouth pit, in consequence of the serious obstacles encountered (see p. 83).
The Dukinfield Deep Pit, begun in June, 1849, was more fortunate, and reached the
expected coal at a depth of 2,150 feet in March, 1859.
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Having now candidly mentioned and discussed the strongest objections brought
against the views stated in the following work, I may fairly ask the reader that he will
treat these views with candour, not separating any statement from its qualifications
and conditions. I have some reason to complain that this has not been done hitherto. A
correspondent of the Times and Mining Journal has represented it as a consequence of
my suppositions that there would, in 1961, be a population of 576 millions of people
in this country, a statement wholly without foundation in the following pages.

One journal, the (London) Examiner,]1 has so far misrepresented me, that the editorial
writer, after expressly stating that he has read the book with care, says:—"Professor
Jevons shrinks from endorsing the 4,000 feet theory, and stops short at 2,500; but why
there precisely, rather than anywhere else, he does not tell us. All we can gather from
him on the subject is, that when we get to that depth a complete supply of foreign
coals will come in from Pennsylvania and elsewhere." If the above be compared with
what I have really said on the subjects on p. 57, and in chapter xiii., it will be seen that
my statements are represented as the direct opposite of what they are. The whole
article is full of almost equal misrepresentations.

I have been surprised to find how far the views expressed in some of the following
chapters are merely an explicit statement of those long entertained by men of great
eminence. The manner in which Mr. Mill mentioned this work in his remarkable
speech on the National Debt,2 was in the highest degree gratifying. | have found
indeed, that most of what I said concerning the National Debt was unconsciously
derived from Mr. Mill's own works. I have repeated it unchanged in this edition, with
the exception of adding references. The fact is that no writer can approach the subject
of Political Economy without falling into the deepest obligations to Mr. Mill, and it is
as impossible as it is needless always to specify what we owe to a writer of such great
eminence, and such wide-spread influence.

Sir John Herschel has most kindly expressed a general concurrence in my views, and
has even said that this work contained "a mass of considerations, that as I read them
seemed an echo of what I have long thought and felt about our present commercial
progress."

As regards the supremacy of coal as a source of heat and power, and the impossibility
of finding a substitute, I have again only interpreted the opinions of Professor
Tyndall. He has kindly allowed me to extract the following from a recent letter with
which he favoured me:—

"I see no prospect of any substitute being found for coal, as a source of motive power.
We have, it is true, our winds and streams and tides; and we have the beams of the
sun. But these are common to all the world. We cannot make head against a nation
which, in addition to those sources of power, possesses the power of coal. We may
enjoy a multiple of their physical and intellectual energy, and still be unable to hold
our own against a people which possesses abundance of coal; and we should have, in
my opinion, no chance whatever in a race with a nation which, in addition to abundant
coal, has energy and intelligence approximately equal to our own.
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"It 1s no new thing for me to affirm in my public lectures that the destiny of this
nation is not in the hands of its statesmen but in those of its coal-owners; and that
while the orators of St. Stephen's are unconscious of the fact, the very lifeblood of this
country is flowing away."

And in the following passage Professor Tyndall has lately summed up the sources of
power:—

"Wherever two atoms capable of uniting together by their mutual attractions exist
separately, they form a store of potential energy. Thus our woods, forests, and coal-
fields on the one hand, and our atmospheric oxygen on the other, constitute a vast
store of energy of this kind—vast, but far from infinite. We have, besides our coal-
fields, bodies in the metallic condition more or less sparsely distributed in the earth's
crust. These bodies can be oxydised, and hence are, so far as they go, stores of
potential energy. But the attractions of the great mass of the earth's crust are already
satisfied, and from them no further energy can possibly be obtained. Ages ago the
elementary constituents of our rocks clashed together and produced the motion of
heat, which was taken up by the ether and carried away through stellar space. It is lost
for ever as far as we are concerned. In those ages the hot conflict of carbon, oxygen,
and calcium produced the chalk and limestone hills which are now cold; and from this
carbon, oxygen, and calcium no further energy can be derived. And so it is with
almost all the other constituents of the earth's crust. They took their present form in
obedience to molecular force; they turned their potential energy into dynamic, and
gave it to the universe ages before man appeared upon this planet. For him a residue
of power is left, vast truly in relation to the life and wants of an individual, but
exceedingly minute in comparison with the earth's primitive store."3

I learn from Mr. Hunt that his forthcoming report will show the production of coal in
the United Kingdom in 1865 to be about ninety-five millions of tons, giving a
considerable increase over the great total of 1864.

I would direct the attention of those who think the failure of coal so absurd a notion,
and who, perhaps, would add that petroleum can take the place of coal when
necessary, to the results of an inquiry lately undertaken by Mr. Hunt concerning an
increase of supply of cannel coal. He finds, after a minute personal and local inquiry,
that the present yearly production of 1,418,176 tons might be raised to 3,172,000 tons
should the gas companies demand it and offer a sufficient price. But it appears to be
clear that such a supply could not be maintained for many years. The Wigan cannel is
estimated to last twenty years at the longest. Ten years of the assumed production
would exhaust the North Wales cannel, and two authorities, Mr. Binney and Mr. J. J.
Landale, agree that the Boghead oil-making coal will not last many years.

It is evident, in short, that the sudden demand for the manufacture of petroleum,
added to the steady and rising demand of the gas works, will use up the peculiar and

finest beds of oil and gas-making coals in a very brief period.

I have to thank Mr. Robert Hunt not only for his kindness in supplying me with a
copy of the unpublished report containing these facts, but also for his readiness in
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furnishing the latest available information from the Mining Record Office. The
operations of this most useful institution are still crippled, in spite of Mr. Hunt's
constant exertions, by the want of proper power. It was established at the suggestion
of the British Association, moved by Mr. Thomas Sopwith, to preserve the plans of
abandoned mines in order that the future recovery of coal or minerals now left
unworked might be facilitated, and the danger from irruptions of water and foul air
from forgotten workings be averted. Colliery owners are, indeed, obliged to possess
plans of their workings, and to exhibit them to the Government Inspectors of Mines,
but they are not obliged to deposit copies in the Mining Record Office, on the ground
of noninterference with vested interests. The deposit of plans then being voluntary,
very few are received, and almost all are lost or destroyed soon after the closing of the
colliery. Such plans, however, are of national importance, like registers of births,
deaths, and marriages, or wills and other records. It is obvious that their destruction
should be rendered illegal and penal, and that after the closing of a colliery, when the
interference with private interests becomes imaginary, they should be compulsorily
deposited in the Mining Record Office. It is more than twenty years since Mr.
Sopwith urged these views in his remarkable pamphlet on "The National Importance
of preserving Mining Records."4 Yet our legislation remains as it was in truly English
fashion. This subject, I hope, will now receive proper attention from the Royal
Commission which is about to be appointed to inquire into the subject of our coal

supply.
My great obligations to Mr. Hull will be clearly seen in several parts of the work.

I am inclined to think that a careful consideration of my arguments will show them to
be less speculative and more practical than appears at first sight. I have carefully
avoided anything like mere romance and speculation. It would be romance to picture
the New Zealander moralizing over the ruins of London Bridge, or to imagine the
time when England will be a mere name in history. Some day Britain may be known
as a second Crete, a sea-born island crowned by ninety cities. Like the Cretans, we are
ruled by laws more divine than human; we teach the use of metals, and clear the seas
of robbers, and exert a mild governance over the coasts and islands. We too like Crete
may form in remote history but a brief and half-forgotten link in the transmission of
the arts from the East towards the West—transmission not without improvement.

But the subject of the following chapters, rightly regarded, seems to me to have an
immediate and practical importance. It brings us face to face with duties of the most
difficult and weighty character—duties which we have too long deferred and ignored.
So long as future generations seemed likely for an indefinite period to be more
numerous and comparatively richer than ourselves, there was some excuse for trusting
to time for the amelioration of our people. But the moment we begin to see a limit to
the increase of our wealth and numbers, we must feel a new responsibility. We must
begin to allow that we can do to-day what we cannot so well do to-morrow. It is
surely in the moment when prosperity is greatest; when the revenue is expanding most
rapidly and spontaneously; when employment is abundant for all, and wages rising,
and wealth accumulating so that individuals hardly know how to expend it—then it is
that an effort can best be made, and perhaps only be made, to raise the character of the
people appreciably.
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It is a melancholy fact which no Englishman dare deny or attempt to palliate, that the
whole structure of our wealth and refined civilization is built upon a basis of
ignorance and pauperism and vice, into the particulars of which we hardly care to
inquire. We are not entirely responsible for this. It is the consequence of tendencies
which have operated for centuries past. But we are now under a fearful responsibility
that, in the full fruition of the wealth and power which free trade and the lavish use of
our resources are conferring upon us, we should not omit any practicable remedy. If
we allow this period to pass without far more extensive and systematic exertions than
we are now making, we shall suffer just retribution.

It is not hard to point out what kind of measures are here referred to. The ignorance,
improvidence, and brutish drunkenness of our lower working classes must be
dispelled by a general system of education, which may effect for a future generation
what is hopeless for the present generation. One preparatory and indispensable
measure, however, is a far more general restriction on the employment of children in
manufacture. At present it may almost be said to be profitable to breed little slaves
and put them to labour early, so as to get earnings out of them before they have a will
of their own. A worse premium upon improvidence and future wretchedness could not
be imagined.

Mr. Baker, the Inspector of Factories in South Staffordshire, has given a deplorable
account of the way in which women and children are employed in the brick-yards;
and in the South Wales ironworks I have myself seen similar scenes, which would be
incredible if described. Dr. Morgan holds that our manufacturing population is
becoming degenerate; and it must be so unless, as our manufacturing system grows,
corresponding restrictions are placed upon the employment of infant labour.

It will be said that we cannot deprive parents of their children's earnings. If we cannot
do it now, we can never do it; and wretched, indeed, must be a kingdom which
depends for subsistence upon infant labour. But we can do it to the ultimate advantage
of all, and we are bound to do it from regard to the children themselves: and anything
which we may lose or spend now in education and loss of labour will be repaid many
times over by the increased efficiency of labour in the next generation.

Reflection will show that we ought not to think of interfering with the free use of the
material wealth which Providence has placed at our disposal, but that our duties
wholly consist in the earnest and wise application of it. We may spend it on the one
hand in increased luxury and ostentation and corruption, and we shall be blamed. We
may spend it on the other hand in raising the social and moral condition of the people,
and in reducing the burdens of future generations. Even if our successors be less
happily placed than ourselves they will not then blame us.

To some it might seem that no good can come from contemplating the weakness of
our national position. Discouragement and loss of prestige could alone apparently
result. But this is a very superficial view, and the truth, I trust, is far otherwise. Even
the habitual contemplation of death injures no man of any strength of mind. It rather
nerves him to think and act justly while it is yet day. As a nation we have too much
put off for the hour what we ought to have done at once. We are now in the full
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morning of our national prosperity, and are approaching noon. Yet we have hardly
begun to pay the moral and the social debts to millions of our countrymen which we
must pay before the evening.
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Chapter I

INTRODUCTION AND OUTLINE.

DAY by day it becomes more evident that the Coal we happily possess in excellent
quality and abundance is the mainspring of modern material civilization. As the
source of fire, it is the source at once of mechanical motion and of chemical change.
Accordingly it is the chief agent in almost every improvement or discovery in the arts
which the present age brings forth. It is to us indispensable for domestic purposes, and
it has of late years been found to yield a series of organic substances, which puzzle us
by their complexity, please us by their beautiful colours, and serve us by their various
utility.

And as the source especially of steam and iron, coal is all powerful. This age has been
called the Iron Age, and it is true that iron is the material of most great novelties. By
its strength, endurance, and wide range of qualities, this metal is fitted to be the
fulcrum and lever of great works, while steam is the motive power. But coal alone can
command in sufficient abundance either the iron or the steam; and coal, therefore,
commands this age—the Age of Coal.

Coal in truth stands not beside but entirely above all other commodities. It is the
material energy of the country—the universal aid—the factor in everything we do.
With coal almost any feat is possible or easy; without it we are thrown back into the
laborious poverty of early times.

With such facts familiarly before us, it can be no matter of surprise that year by year
we make larger draughts upon a material of such myriad qualities—of such
miraculous powers. But it is at the same time impossible that men of foresight should
not turn to compare with some anxiety the masses yearly drawn with the quantities
known or supposed to lie within these islands.

Geologists of eminence, acquainted with the contents of our strata, and accustomed,
in the study of their great science, to look over long periods of time with judgment
and enlightenment, were long ago painfully struck by the essentially limited nature of
our main wealth. And though others have been found to reassure the public, roundly
asserting that all anticipations of exhaustion are groundless and absurd, and "may be
deferred for an indefinite period," yet misgivings have constantly recurred to those
really examining the question. Not long since the subject acquired new weight when
prominently brought forward by Sir W. Armstrong in his Address to the British
Association, at Newcastle, the very birthplace of the coal trade.

This question concerning the duration of our present cheap supplies of coal cannot but
excite deep interest and anxiety wherever or whenever it is mentioned: for a little
reflection will show that coal is almost the sole necessary basis of our material power,
and is that, consequently, which gives efficiency to our moral and intellectual
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capabilities. England's manufacturing and commercial greatness, at least, is at stake in
this question, nor can we be sure that material decay may not involve us in moral and
intellectual retrogression. And as there is no part of the civilized world where the life
of our true and beneficent Commonwealth can be a matter of indifference, so, above
all, to an Englishman who knows the grand and steadfast course his country has
pursued to its present point, its future must be a matter of almost personal solicitude
and affection.

The thoughtless and selfish, indeed, who fear any interference with the enjoyment of
the present, will be apt to stigmatise all reasoning about the future as absurd and
chimerical. But the opinions of such are closely guided by their wishes. It is true that
at the best we see dimly into the future, but those who acknowledge their duty to
posterity will feel impelled to use their foresight upon what facts and guiding
principles we do possess. Though many data are at present wanting or doubtful, our
conclusions may be rendered so far probable as to lead to further inquiries upon a
subject of such overwhelming importance. And we ought not at least to delay
dispersing a set of plausible fallacies about the economy of fuel, and the discovery of
substitutes for coal, which at present obscure the critical nature of the question, and
are eagerly passed about among those who like to believe that we have an indefinite
period of prosperity before us.

The writers who have hitherto discussed this question, being chiefly geologists, have
of necessity treated it casually, and in a one-sided manner. There are several reasons
why it should now receive fuller consideration. In the first place, the accomplishment
of a Free Trade policy, the repeal of many laws that tended to restrain our industrial
progress, and the very unusual clause in the French Treaty which secures a free export
of coals for some years to come, are all events tending to an indefinite increase of the
consumption of coal. On the other hand, two most useful systems of Government
inquiry have lately furnished us with new and accurate information bearing upon the
question; the Geological Survey now gives some degree of certainty to our estimates
of the coal existing within our reach, while the returns of mineral statistics inform us
very exactly of the amount of coal consumed.

Taking advantage of such information, I venture to try and shape out a first rough
approximation to the probable progress of our industry and consumption of coal in a
system of free industry. We of course deal only with what is probable. It is the duty of
a careful writer not to reject facts or circumstances because they are only probable,
but to state everything with its due weight of probability. It will be my foremost desire
to discriminate certainty and doubt, knowledge and ignorance—to state those data we
want, as well as those we have. But I must also draw attention to principles governing
this subject, which have rather the certainty of natural laws than the fickleness of
statistical numbers.

It will be apparent that the first seven of the following chapters are mainly devoted to
the physical data of this question, and are of an introductory character. The remaining
chapters, which treat of the social and commercial aspects of the subject, constitute

the more essential part of the present inquiry. It is this part of the subject which seems
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to me to have been too much overlooked by those who have expressed opinions
concerning the duration of our coal supplies.

I have endeavoured to present a pretty complete outline of the available information
in union with the arguments which the facts suggest. But such is the extent and
complexity of the subject that it is impossible to notice all the bearings of fact upon
fact. The chapters, therefore, have rather the character of essays treating of the more
important aspects of the question; and I may here suitably devote a few words to
pointing out the particular purpose of each chapter, and the bearings of one upon the
other.

I commence by citing the opinions of earlier writers, who have more or less shadowed
forth my conclusions; and I also quote Mr. Hull's estimate of the coal existing in
England, and adopt it as the geological datum of my arguments.

In considering the geological aspects of the question, I endeavour to give some notion
of the way in which an estimate of the existing coal is made, and of the degree of
certainty attaching to it, deferring to the chapter upon Coal Mining the question of the
depth to which we can follow seams of coal. It is shown that in all probability there is
no precise physical limit of deep mining, but that the growing difficulties of
management and extraction of coal in a very deep mine must greatly enhance its
price. It is by this rise of price that gradual exhaustion will be manifested, and its
deplorable effects occasioned.

I naturally pass to consider whether there are yet in the cost of coal any present signs
of exhaustion; it appears that there has been no recent rise of importance, but that, at
the same time, the high price demanded for coals drawn from some of the deepest pits
indicates the high price that must in time be demanded for even ordinary coals.

A distinct division of the inquiry, comprising chapters vi. vii. and viii., treats of
inventions in regard to the use of coal. It is shown that we owe almost all our arts to
continental nations, except those great arts which have been called into use here by
the cheapness and excellence of our coal. It is shown that the constant tendency of
discovery is to render coal a more and more efficient agent, while there is no
probability that when our coal is used up any more powerful substitute will be
forthcoming. Nor will the economical use of coal reduce its consumption. On the
contrary, economy renders the employment of coal more profitable, and thus the
present demand for coal is increased, and the advantage is more strongly thrown upon
the side of those who will in the future have the cheapest supplies. As itis in a
subsequent chapter on the Export and Import of Coal conclusively shown that we
cannot make up for a future want of coal by importation from other countries, it will
appear that there is no reasonable prospect of any relief from a future want of the
main agent of industry. We must lose that which constitutes our peculiar energy. And
considering how greatly our manufactures and navigation depend upon coal, and how
vast is our consumption of it compared with that of other nations, it cannot be
supposed we shall do without coal more than a fraction of what we do with it.
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I then turn to a totally different aspect of the question, leading to some estimate of the
duration of our prosperity.

I first explain the natural principle of population, that a nation tends to multiply itself
at a constant rate, so as to receive not equal additions in equal times, but additions
rapidly growing greater and greater. In the chapter on Population it is incidentally
pointed out that the nation, as a whole, has rapidly grown more numerous from the
time when the steam-engine and other inventions involving the consumption of coal
came into use. Until about 1820 the agricultural and manufacturing populations
increased about equally. But the former then became excessive, occasioning great
pauperism, while it is only our towns and coal and iron districts which have afforded
any scope for a rapid and continuous increase.

The more nearly, too, we approach industry concerned directly with coal, the more
rapid and constant is the rate of growth. The progress indeed of almost every part of
our population has clearly been checked by emigration, but that this emigration is not
due to pressure at home is plain from the greatly increased frequency of marriages in
the last ten or fifteen years. And though this emigration temporarily checks our
growth in mere numbers, it greatly promotes our welfare, and tends to induce greater
future growths of population.

Attention is then drawn to the rapid and constant rate of multiplication displayed by
the iron, cotton, shipping, and other great branches of our industry, the progress of
which is in general quite unchecked up to the present time. The consumption of coal,
there is every reason to suppose, has similarly been multiplying itself at a growing
rate. The present rate of increase of our coal consumption is then ascertained, and it is
shown that, should the consumption multiply for rather more than a century at the
same rate, the average depth of our coal-mines would be 4,000 feet, and the average
price of coal much higher than the highest price now paid for the finest kinds of coal.

It is thence simply inferred that we cannot long continue our present rate of progress.
The first check to our growing prosperity, however, must render our population
excessive. Emigration may relieve it, and by exciting increased trade tend to keep up
our progress; but after a time we must either sink down into poverty, adopting wholly
new habits, or else witness a constant annual exodus of the youth of the country. It is
further pointed out that the ultimate results will be to render labour so abundant in the
United States that our iron manufactures will be underbid by the unrivalled iron and
coal resources of Pennsylvania; and in a separate chapter it is shown that the crude
iron manufacture will, in all probability, be our first loss, while it is impossible to say
how much of our manufactures may not follow it.

Suggestions for checking the waste and use of coal are briefly discussed, but the
general conviction must force itself upon the mind, that restrictive legislation may
mar but cannot mend the natural course of industrial development. Such is a general
outline of my arguments and conclusions.

When I commenced studying this question, I had little thought of some of the results,
and I might well hesitate at asserting things so little accordant with the unbounded
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confidence of the present day. But as serious misgivings do already exist, some
discussion is necessary to set them at rest, or to confirm them, and perhaps to modify
our views. And in entering on such a discussion, an unreserved, and even an
overdrawn, statement of the adverse circumstances, is better than weak reticence. If
my conclusions are at all true, they cannot too soon be recognised and kept in mind; if
mistaken, I shall be among the first to rejoice at a vindication of our country's
resources from all misgivings.

For my own part, I am convinced that this question must before long force itself upon
our attention with painful urgency. It cannot long be shirked and shelved. It must rise
by degrees into the position of a great national and perhaps a party question,
antithetical to that of Free Trade. There will be a Conservative Party, desirous, at all
cost, to secure the continued and exclusive prosperity of this country as a main
bulwark of the general good. On the other hand, there will be the Liberal Party, less
cautious, more trustful in abstract principles and the unfettered tendencies of nature.

Bulwer, in one of his Caxtonian Essays, has described, with all his usual felicity of
thought and language, the confliction of these two great parties. They have fought
many battles upon this soil already, and the result as yet is that wonderful union of
stability and change, of the good old and the good new, which makes the English
Constitution.

But if it shall seem that this is not to last indefinitely—that some of our latest
determinations of policy lead directly to the exhaustion of our main wealth—the
letting down of our mainspring—I know not how to express the difficulty of the moral
and political questions which will arise. Some will wish to hold to our adopted
principles, and leave commerce and the consumption of coal unchecked even to the
last; while others, subordinating commerce to purposes of a higher nature, will tend to
the prohibition of coal exports, the restriction of trade, and the adoption of every
means of sparing the fuel which makes our welfare and supports our influence upon
the nations of the world.

This is a question of that almost religious importance which needs the separate study
and determination of every intelligent person. And if we find that we must yield
before the disposition of material wealth, which is the work of a higher Providence,
we need not give way to weak discouragement concerning the future, but should
rather learn to take an elevated view of our undoubted duties and opportunities in the
present.
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Chapter I1

OPINIONS OF PREVIOUS WRITERS.

ONE of the earliest writers who conceived it was possible to exhaust our coal mines
was John Williams, a mineral surveyor. In his "Natural History of the Mineral
Kingdom," first published in 1789, he gave a chapter to the consideration of "The
Limited Quantity of Coal of Britain.” His remarks are highly intelligent, and prove
him to be one of the first to appreciate the value of coal, and to foresee the
consequences which must some time result from its failure. This event he rather
prematurely apprehended; but in those days, when no statistics had been collected,
and a geological map was unthought of, accurate notions were not to be expected.
Still, his views on this subject may be read with profit, even at the present day.

Sir John Sinclair, in his great Statistical Account of Scotland,5 took a most
enlightened view of the importance of coal; and, in noticing the Fifeshire coal-field,
expressed considerable fears as to a future exhaustion of our mines. He correctly
contrasted the fixed extent of a coalfield with the ever-growing nature of the
consumption of coal.

In 1812 Robert Bald, another Scotch writer, in his very intelligent "General View of
the Coal Trade of Scotland," showed most clearly how surely and rapidly a
consumption, growing in a "quick, increasing series,"6 must overcome a fixed store,
however large. Even if the Grampian mountains, he said,7 were composed of coal, we
would ultimately bring down their summits, and make them level with the vales.

In later years, the esteemed geologist, Dr. Buckland, most prominently and earnestly
brought this subject before the public, both in his evidence before the Parliamentary
Committees of 1830 and 1835, and in his celebrated "Bridgewater Treatise."8 On
every suitable occasion he implored the country to allow no waste of an article so
invaluable as coal.

Many geologists, and other writers, without fully comprehending the subject, have
made socalled estimates of the duration of the Newcastle coal-field. Half a century
ago, this field was so much the most important and well known, that it took the whole
attention of English writers. The great fields of South Wales and Scotland, in fact,
were scarcely opened. But those who did not dream of the whole coal-fields of Great
Britain being capable of exhaustion, were early struck by the progressive failure of the
celebrated Newcastle seams. Those concerned in the coal trade know for how many
years each colliery is considered good; and perhaps, like George Stephenson in early
youth, have had their homes more than once moved and broken up by the working out
of a colliery.9 It is not possible for such men to shut their eyes altogether to the facts.

I give, on the following page, a tabular summary of the chief estimates of the duration
of the Newcastle field.
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Estimates of the Duration of the Northumberland and Durham Coal-Field.

Supposed Area of Coal
Author of  Date of Measures unworked.
Estimate. Estimate.
Square Miles.
10
Mac Nab_ 1792 300
Bailey!! ... 1801 —
12
Thomson_~ 1314 o
BakewellE - -
I;;}i}érm 1830 732
15
Buckland ™~ 1830 -
y
Greenwell 1846 -
17
T.Y.Hall_’ 1854 750

10. [10] Treatise on the Coal Trade, quoted in
Appendix to J. Williams' History of the Mineral
Kingdom: Edinburgh, 1810, vol. ii. p. 267.

i [11] Edinburgh Review, vol. cxi. p. 84, note.

This estimate, however, seems to refer to Durham
only, and to a later year than 1801. See John Bailey,
"General View of the Agriculture of the County of

Durham," 1810, p. 28.

E [12] Annals of Philosophy, December, 1814.
13 [13] Introduction to Geology, p. 192.

4 114] Report on Coal Trade, 1830, p. 77.
Edinburgh Review, vol. li. p. 190. M'Culloch's
Dictionary, art. Coal.

E [15] Report on Coal Trade, 1830.

E [16] T. Y. Hall. Transactions of the North of
England Institute of Mining Engineers, 1854.

Fordyce, History of Coal, Coke, and Coal-Fields:

Newcastle, 1860, p. 32.

z [17] T. Y. Hall. Transactions of the North of
England Institute of Mining. Engineers, 1854.

Fordyce, History of Coal, Coke, and Coal-Fields:

Newcastle, 1860, p. 32.
'8.118] The Coal-Fields of Great Britain, by
Edward Hull, B.A. 2d Ed. p. 161. (Stanford.)
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Estimated Assumed

Amount Annual Duration
of Coal. Consumption Supol
of Coal. PPl
Millions Year
of Tons. Tons. cars.
— — 360
— 1,866,200 200
5,575 3,700,000 1000
— — 350
6,046 3,500,000 1727
— — 400
— 10,000,000 331
5,122 14,000,000 365
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Estimates of the Duration of the Northumberland and Durham Coal-Field.

Estimated Assumed Duration
Supposed Area of Coal Amount  Annual
Author of  Date of Measures unworked. of Coal. Consumption

Estimate. Estimate. of Coal. Supply.
Square Miles. Millions Years
of Tons. Tons. '

E. Hullf 1864 685 7,226 16,001,125 450

2 [10] Treatise on the Coal Trade, quoted in
Appendix to J. Williams' History of the Mineral
Kingdom: Edinburgh, 1810, vol. ii. p. 267.

l [11] Edinburgh Review, vol. cxi. p. 84, note.
This estimate, however, seems to refer to Durham
only, and to a later year than 1801. See John Bailey,
"General View of the Agriculture of the County of
Durham," 1810, p. 28.

12 [12] Annals of Philosophy, December, 1814.
3. [13] Introduction to Geology, p. 192.

4 114] Report on Coal Trade, 1830, p. 77.
Edinburgh Review, vol. li. p. 190. M'Culloch's
Dictionary, art. Coal.

15-115] Report on Coal Trade, 1830.

E [16] T. Y. Hall. Transactions of the North of
England Institute of Mining Engineers, 1854.
Fordyce, History of Coal, Coke, and Coal-Fields:
Newcastle, 1860, p. 32.

z [17] T. Y. Hall. Transactions of the North of
England Institute of Mining. Engineers, 1854.
Fordyce, History of Coal, Coke, and Coal-Fields:
Newcastle, 1860, p. 32.

E [18] The Coal-Fields of Great Britain, by
Edward Hull, B.A. 2d Ed. p. 161. (Stanford.)

Suffice it to remark, concerning these estimates, that the amounts of coal supposed to
exist in the Newcastle field are much more accordant than the conclusions as to the
probable duration of the supply. The reason of course is that the annual consumption
is a rapidly-growing quantity, and it is a most shortsighted proceeding to argue as if it
were constant. These so-called estimates of duration are no such thing, but only
compendious statements how many times the coal existing in the earth exceeds the
quantity then annually drawn.

The apparent accordance of these writers often arises, too, from the compensation of
errors. Some of them assumed, most wrongly, that the known seams extended
continuously over the whole area of the field; they did not allow for the less extension
of the higher seams, a point we shall have to consider; and then again, even Dr.
Buckland, in accordance with the prevalent opinion of those times, did not suppose
that any coal existed under the magnesian limestone strata at the southern angle of the
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Newecastle field. In Mr. Hull's estimate, however, allowance is made for hidden coal
likely to exist. He takes 460 square miles as the area of the open coal measures, and
225 square miles as the available area covered by newer geological formations.

Some writers, without going into numerical detail, have explained very clearly the
bearings of this question. John Holland, for instance, the author of an excellent
anonymous work on coal, has made very sound remarks upon the probable duration of
our coal. "While," he says,19 "it is manifestly inconclusive to estimate according to
present demand the consumption of coals for centuries to come; and still more so to
assign any specific condition of society to such a remote period; we are warranted, in
the first place, in assuming that the demand for this species of fuel will not diminish,
but increase, with every imaginable condition of the progress of society; and,
secondly, we have before us the undoubted fact, that our mines are not inexhaustible.
In addition to this, there is the most direct evidence to show how far some of the most
valuable beds in the northern coalfields have been worked out already; at the same
time, that tolerably satisfactory calculations have been made as to the quantity
remaining unwrought."

Mr. T. Sopwith, in 1844, in an essay on "The National Importance of Preserving
Mining Records" (p. 50), made the following very excellent remarks:—"The opinion
that our stores of coal are all but inexhaustible rests wholly on assumed data, and not
upon any accurate and detailed statistical accounts such as alone could warrant a
confident opinion. This question will, ere long, become a subject of serious concern,
unless some measures are taken to found our calculations on a solid basis. It is an easy
matter to assume that a considerable thickness of available coal extends over hundreds
of square miles; but the different opinions formed by men of the highest respectability
and talent, strongly prove how meagre and unsatisfactory are the only data on which
these estimates are founded. It is not, however, the mere quantity of coal that is to be
considered. Especial regard must be had to its quality, depth, thickness, extent, and
position. Many of the inferior seams can only be worked in conjunction with those
which, by their superior quality, repay the expense of working them at depths varying
from 300 to 600 yards; and it may readily be conceived, that inferior coal only could
not be profitably raised from pits equal in depth to three or four times the height of St.
Paul's Cathedral, unless the price of such inferior coal was raised to more than the
present price of the best coal. It is the additional expense and consequent additional
difficulty of competing with other countries, that is the vital question to be

considered. It is not the exhaustion of mines, but the period at which they can be
profitably worked, that merits earnest and immediate attention."

Among statistical writers the late Mr. M'Culloch characterised the notions of the
exhaustibility of our coal mines as utterly futile, both in the article on Coal, in his
"Dictionary of Commerce," and in his "Account of the British Empire."20 For his
views, however, the reader may be referred to works so well known and accessible.

Mr. Waterston, in his "Cyclopadia of Commerce,"21 treated the question with more

caution, but erroneously supposed that modes of economising coal would compensate
the evil of the increasing cost.
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The progress of the Geological Survey, and the establishment of a Mining Record
Office,22 have placed this question upon a new footing: and when, in 1860, public
attention was drawn to the subject by the warm debates on the French Treaty, Mr.
Edward Hull, of the Geological Survey, was induced to prepare a concise description
of our coal-fields with an estimate of their total contents. The latest views of the same
geologist have been given in an excellent paper on the coal-fields, forming the first
article of the Journal of Science for January 1864.

Referring the reader for all geological details to Mr. Hull's very useful works, and
leaving over for discussion some points of his calculations, I will now state his
general results. The following table gives Mr. Hull's estimate of the probable contents
of each of our chief coal-fields:23 —

Area of open Coal Area covered by newer Total Coal to depth of

Coal-field. Measures. formations. 4,000 feet
Square Miles. Square Miles. Millions of Tons.

Anglesea... 9 — 24
Somerser. 45 105 2488
Coalbrookdale... 28 — 28
Cumberland... 25 — 97
Denbighshire... 47 20 902
Derby and
Yoﬂz‘ 760 400 16,800
Newecastle... 460 225 7,270
Flintshire... 35 (?) 20
Forest of 34 o 561
Dean...
Forest of 24
Wyre... o - —
Lancashire... 217 25 4,510
Leicestershire... 15 30 450
North Stafford... 75 20 2,237
South Stafford... 93 — 973
Shrewsbury... — — %
South Wales... 906 — 16,000
Warwickshire... 30 107 2,184
Scotland... 1,720 — 25,323

Totals... 4,499 932 79,843

ﬁ [24] Inconsiderable amounts.
ﬁ [24] Inconsiderable amounts.
ﬁ [24] Inconsiderable amounts.

In his later publication,25 Mr. Hull gives his estimate in the following form:—
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General Statement of the Condition of our Coal-Fields.

Coal )
Contents Produce in
Area in Square ' 1861. Number of
Coal Group. . .
Miles. o Collieries, 1861.
Millions of
Tons.
Tons
Scotch... 1,920 25,300 11,081,000 424
Newcastle... 1,845 24,000 34,635,884 848
Lancashire,
Staffordshire, &e... 535 7,594 25,643,000 1,158
South Wales... 1,094 26,560 13,201,796 516
Cumberland... 25 90 1,255,644 28
Totals... 5,419 83,544 85,817,324 2,974

It will be seen that his estimate, in 1864, of the total contents of our coal-fields,
exceeds by only an inconsiderable quantity his estimates in 1860 and 1861. I shall
accept this quantity of 83,544,000,000 tons of available coal as a convenient basis for
discussion, subject to whatever may be said later on, as to some of Mr. Hull's
assumptions. As Mr. Hull possesses the most intimate practical acquaintance with the
Lancashire and some of the Midland coal-fields, acquired in carrying out the
Geological Survey, and has at his command all the published results of the survey, the
experience of his coadjutors, and the writings of previous geologists, his estimate
must certainly be accepted for the present.

But whether this estimate be accurate or not, it will appear that the exact quantity of
coal existing is a less important point in this question than the rate at which our
consumption increases, and the natural laws which govern that consumption. The
question is mainly one of statistical science, and it is only as such that I venture to
have anything to do with it.

Mr. Hull, indeed, has not confined himself to the geological side of the question, and
his remarks upon the statistical bearings of his estimate must not be passed over,
though they are far from having the same weight as his geological statements.
Throughout his work, he compares the contents of each coal-field with the present
annual quantity of coal drawn from it, and his remarks on the condition of the several
fields are interesting and significant. The present generation, he thinks, may see the
end of the Flintshire coalfield, which was largely worked in the days of shallow pits,
and contains little more than twenty millions of tons for future supply.26 The
Coalbrookdale coal-field, where the present mode of iron manufacture was first
established, is even further advanced towards exhaustion, and can hardly last more
than twenty years. The South Staffordshire field has passed the meridian of its career,
and is on the verge of old age. "Its extraordinary richness has been the principal cause
of its early decline, and the treasures easily acquired have been often recklessly
squandered."27

It is true that the great South Wales and Scotch coal basins contain some thousands of
times their present annual yield of coal. But it is obvious they will have, in future
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years, to compensate the falling off in all the smaller and older fields, as well as to
bear their own increased local demand. Coal will be got where it can most cheaply
and easily be got, and the exhaustion of one field will only throw a new demand upon
fresher fields. This is a process already extensively going on.

"The supply of coal in the South Staffordshire district," says Mr. William Mathews,28
"has seriously fallen off of late years, and has become quite inadequate to meet the
demand occasioned by the development of its other manufacturing resources. We are,
therefore, obliged to lean somewhat on the aids which the produce of the northern
coal-fields opens up to us; and if, by any chance, the resources we now enjoy, from
that and other districts in England, should be withheld, we should feel the
inconvenience of being deprived of such resources very sensibly indeed."

The same process is taking place, by aid of railways, in many shallow coal districts,
and it may proceed until the whole country is mainly dependent on one or two of the
greatest coal basins. We ought, therefore, to compare the total supply within the
kingdom with the total probable demand, paying little or no regard to local
circumstances.

Mr. Hull has made such a comparison. He compared the 79,843 millions of tons of his
first estimate29 with the 72 million tons of coal consumed in 1859, and deduced that,
at the same rate of consumption, the supply would last 1100 years.

"Yet we have no right," he very truly remarked, "to assume that such will be the
actual duration; for the history of coal mining during the last half century has been
one of rapid advance." Our consumption, in short, had about doubled itself since
1840; and, supposing it to continue doubling every twenty years, our "total available
supply would be exhausted before the lapse of the year 2034."30

"If we had reason," he continues,31 "to expect that the increase of future years was to
progress in the same ratio, we might well tremble for the result; for that would be
nothing less than the utter exhaustion of our coal-fields, with its concomitant
influence upon our population, our commerce, and national prosperity, in the short
period of 172 years!"

No sooner has Mr. Hull reached this truly alarming result than he recoils from it. "But
are we," he says, "really to expect so rapid a drain in future years? I think not."
Economy will reduce our consumption; the burning waste-heaps of coal will be
stopped; America will relieve us from the world-wide demand for our coal, and will
eventually furnish even this country with as much as we want. Such are some of the
fallacious notions with which Mr. Hull, in common with many others, seeks to avoid
an unwelcome conclusion. More lately, he has said:32 "Notwithstanding these facts,
however, it would be rash to assume that the experience of the past is to be a criterion
of the future. We neither wish for, nor expect, an increase during the remainder of the
second half of this century, at all proportionate to that of the earlier half; and this view
is borne out by some of the later returns. Some of our coal-fields, as has been shown,
have passed their meridian, and, having expended their strength, are verging to decay.
Others have attained their maximum, or nearly so; this, indeed, is the case with the
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majority. The younger coal-fields will have much of their strength absorbed in
compensating for the falling off of the older; so that, in a few years, the whole of our
coal-producing districts will reach a stage of activity beyond which they cannot
advance, but around which they may oscillate. Entertaining these views, I am inclined
to place the possible maximum of production at 100 millions of tons a year; and yet it
has been shown that, even with this enormous 'output,' there is enough coal to last for
eight centuries."

The reader will easily see, in the course of our inquiry, how mistaken is Mr. Hull, in
supposing our production of coal to be limited to 100 millions. It has already
exceeded 92 millions without counting the waste of slack coal, and is yet advancing
by great strides. And the public seems unaware that a sudden check to the expansion
of our supply would be the very manifestation of exhaustion we dread. 1t would at
once bring on us the rising price, the transference of industry, and the general reverse
of prosperity, which we may hope not to witness in our days. And the eight centuries
of stationary existence he promises us would be little set off against a nearer prospect
so critical and alarming.

Facts, however, prove the hastiness of these views. The number of collieries is rapidly
increasing up to the very last accounts (1864); and new collieries being mostly larger
works than the old ones laid in, we may conclude that coal owners are confident of
pushing the production for many years to come.

The remarks of Sir W. Armstrong on this subject, in his Address to the British
Association at Newcastle, in 1863, are so excellent that I quote them at length:—"The
phase of the earth's existence, suitable for the extensive formation of coal, appears to
have passed away for ever; but the quantity of that invaluable mineral which has been
stored up throughout the globe for our benefit is sufficient (if used discreetly) to serve
the purposes of the human race for many thousands of years. In fact, the entire
quantity of coal may be considered as practically inexhaustible.

"Turning, however, to our own particular country, and contemplating the rate at which
we are expending those seams of coal which yield the best quality of fuel and can be
worked at the least expense, we shall find much cause for anxiety. The greatness of
England much depends upon the superiority of her coal, in cheapness and quality,
over that of other nations; but we have already drawn, from our choicest mines, a far
larger quantity of coal than has been raised in all other parts of the world put together;
and the time is not remote when we shall have to encounter the disadvantages of
increased cost of working and diminished value of produce.

"Estimates have been made at various periods of the time which would be required to
produce complete exhaustion of all the accessible coal in the British Islands. The
estimates are certainly discordant; but the discrepancies arise, not from any important
disagreement as to the available quantity of coal, but from the enormous difference in
the rate of consumption at the various dates when the estimates were made, and also
from the different views which have been entertained as to the probable increase of
consumption in future years. The quantity of coal yearly worked from British mines
has been almost trebled during the last twenty years, and has probably increased
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tenfold since the commencement of the present century; but as this increase has taken
place pending the introduction of steam navigation and railway transit, and under
exceptional conditions of manufacturing development, it would be too much to
assume that it will continue to advance with equal rapidity.

"The statistics collected by Mr. Hunt, of the Mining Record Office, show that, at the
end of 1861, the quantity of coal raised in the United Kingdom had reached the
enormous total of 86 millions of tons, and that the average annual increase in the
eight preceding years amounted to 2% millions of tons.

"Let us inquire, then, what will be the duration of our coal-fields if this more
moderate rate of increase be maintained. By combining the known thickness of the
various workable seams of coal, and computing the area of the surface under which
they lie, it is easy to arrive at an estimate of the total quantity comprised in our coal-
bearing strata. Assuming 4,000 feet as the greatest depth at which it will ever be
possible to carry on mining operations, and rejecting all seams of less than two feet in
thickness, the entire quantity of available coal existing in these islands has been
calculated to amount to about 80,000 millions of tons, which, at the present rate of
comsumption, would be exhausted in 930 years; but with a continued yearly increase
of 2% millions of tons would only last 212 years.

"It 1s clear that, long before complete exhaustion takes place, England will have
ceased to be a coal-producing country on an extensive scale. Other nations, and
especially the United States of America, which possess coal-fields thirty-seven times
more extensive than ours, will then be working more accessible beds at a smaller cost,
and will be able to displace the English coal from every market. The question is, not
how long our coal will endure before absolute exhaustion is effected, but how long
will those particular coal-seams last which yield coal of a quality and at a price to
enable this country to maintain her present supremacy in manufacturing industry. So
far as this particular district is concerned, it is generally admitted that 200 years will
be sufficient to exhaust the principal seams, even at the present rate of working. If the
production should continue to increase as it is now doing, the duration of those seams
will not reach half that period. How the case may stand in other coal mining districts,
I have not the means of ascertaining; but, as the best and most accessible coal will
always be worked in preference to any other, I fear the same rapid exhaustion of our
most valuable seams is everywhere taking place."

With almost every part of this statement I can concur, except the calculation by a
fixed annual increase of consumption, which I shall show to be contrary to the
principles of the subject, and not to reach the whole truth.

Dr. Percy, the eminent metallurgist of the School of Mines, is one whose opinions
will bear great weight on this subject; and in several passages of his new treatises on
Metallurgy, he has expressed his misgivings. Our coal, he says, "is not only being
consumed at a prodigious rate at home, but is being largely exported; and the question
as to the probable duration of our coal-fields has, of late, been discussed with
reasonable anxiety. In 1862 we raised 84,000,000 tons of coal, and the demand
continually increases. Hitherto, owing to the abundance of our mineral fuel, we have

PLL v6.0 (generated September, 2011) 27 http://oll.libertyfund.org/title/317



Online Library of Liberty: The Coal Question; An Inquiry concerning the Progress of the Nation, and
the Probable Exhaustion of our Coal-mines

been, and we still are, comparatively regardless of economy in its consumption. The
time has now arrived when necessity will compel us to act differently, both in our
manufactories and in our households."

I conclude this chapter with the following passage from the work of two eminent
geologists, who wrote, however, when the question was not so urgent as at present:—

"The manufacturing industry of this island, colossal as is the fabric which it has
raised, rests principally on no other base than our fortunate position with regard to the
rocks of this series. Should our coal-mines ever be exhausted it would melt away at
once, and it need not be said that the effect produced on private and domestic comfort
would be equally fatal with the diminution of public wealth; we should lose many of
the advantages of our high civilization, and much of our cultivated grounds must be
again shaded with forests to afford fuel to a remnant of our present population. That
there is a progressive tendency to approach this limit is certain; but ages may yet pass
before it is felt very sensibly, and, when it does approach, the increasing difficulty and
expense of working the mines of coal will operate, by successive and gradual checks
against its consumption, through a long period, so that the transition may not be very
violent: our manufacturers would first feel the shock; the excess of population
supported by them would cease to be called into existence, as the demand for their
labour ceased; the cultivation of poor lands would become less profitable, and their
conversion into forests more so."33
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Chapter I11

GEOLOGICAL ASPECTS OF THE QUESTION.

I CANNOT pretend to do more, as regards the geological aspects of this question,
than to give some brief account of the way in which geologists argue concerning it. At
the most I must only try to point out what is clear and easy, and what is yet involved
in doubt.

In the first place, when we know the extent and thickness of a coal seam, we easily
calculate its contents by weight. Coal varies in specific gravity, from about 1.25 to
1.33, or is from one and a quarter to one and a third times as heavy as an equal bulk of
water. A cubic yard of solid coal therefore weighs from 2,103 1bs. to 2,243 Ibs. And
since 2,240 Ibs. make one ton, it is quite exact enough to say that a cubic yard is a ton
in weight.

Supposing a seam, then, to be exactly a yard thick, an acre of it will contain 4,840
tons of coal, and a square mile 3,097,600 tons. We may say in round numbers that a
coal seam gives a million tons of coal per foot thick per square mile.

Our task is now reduced to that of defining the area and thickness of the coal seams of
any district. The manner, however, in which the seams have been formed and
disposed in the crust of the earth gives rise to several difficulties.

1. The seams are of very different thickness and quality, some workable and
others unworkable; we are not certain how many we may count upon.

2. The area of the seams in a district is not uniform, some having been much
more denuded or swept away by aqueous agency than others.

3. Coal seams are more or less broken up by faults and hitches, and a greater
or less quantity of coal must be sacrificed to the necessities of mining.

4. Coal seams on one side often sink to unexplored depths, and we are
uncertain how far we can follow them. There are reasons, too, for supposing
that coal measures may exist where they have never yet been reached.

The first question, of the thickness of workable seams, will be more fitly discussed in
the next chapter. The fact is sufficient here, that, under the present prices of coal,
seams of less than eighteen or twenty-four inches do not repay the cost of working.

We have next to consider the superficial extent of coal seams. It is obvious that so far
as seams lie one above the other co-extensively, we may lump them together in our
estimate. Thus, in the Newcastle field, there are ten seams of more than two feet
thickness, and in workable condition. Of these the High main and Low main coal
seams are each six feet thick, and the intermediate Bensham seam is nearly three feet.
Adding in the seven other less valuable seams, we have a total thickness of coal of
thirty-six feet. As the area of the field, according to Mr. Hull, is 460 square miles, we
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might be inclined to reckon the total contents according to the rule at 460 x 36
millions of tons, or 16,560 millions. But we should here commit a considerable error,
because the seams are not co-extensive. The quantity assumed by Mr. Hull, "corrected
for denudation," is only 8,548 millions of tons.

The origin of the difference is very easily explained, though overlooked by many
early and some late estimators. It arises from the very large portions of the upper
seams that have been swept away or denuded during geological ages. The coal
measures consist of many alternated beds of sand, mud, coal, and ironstone, deposited
during a long interval of time in estuaries, great swamps, fresh-water lakes, deltas, or
flat shores, which gradually sank as the beds were added. As first deposited, the strata
must have been nearly level, but they are seldom so now. They lie at every angle from
the horizontal to the vertical. Nowhere have we such good opportunities as in our coal
mines of observing the upraisals, the downfalls, the dislocations, contortions, and
denudations which rocks have suffered. The Scotch coal-fields must, at one time,
have formed a nearly continuous and level sheet, but are now broken up into many
separate irregular basins, and the seams are sometimes, as in the Mid-Lothian mines,
turned up quite vertically on their edge. In the French fields the beds are sometimes
folded in and out in a highly complicated and troublesome manner.

In general the coal measures have only been tilted up on one side in sloping plains, or
bent into gentle curves and basin-like depressions. These movements could not take
place without destroying the continuity of the strata; for though rocks seem to us solid
and immovable, they are in comparison with volcanic forces but as thin and
incoherent crusts. Accordingly, the beds are transversed in every direction by cracks,
fissures, faults, where the whole mass of strata many thousand feet thick has been
cloven through, one side comparatively to the other being thrown up. The great ninety
fathom dyke, for instance, which crosses the Newcastle field, in a somewhat curved
line to the north of the River Tyne, has caused the downthrow of the strata on the
north side to the depth of 540 feet, and has had curious influences upon the progress
of the English coal trade. On the whole, the Newcastle field is one of the least
disturbed, and presents few great difficulties to the miner.

The Lancashire field is more troubled. The new map of the Geological Survey,
prepared by Mr. Hull, a complete copy of which may be seen in the Museum of
Practical Geology, represents it as scored and broken by a number of cracks, small
and great, interlacing in a very complex manner. In short, a sheet of coal measures, to
use Dr. Buckland's expression, is like a sheet of ice broken into numerous irregular
pieces, but soldered together again without any bit being wholly lost.

Now, when all these disturbances took place, the surface of the ground must have
been affected as well as the underground strata. We might expect to find on the south
side of the ninety fathom dyke at Newcastle, a perpendicular rocky cliff of
corresponding height. But no such thing is known on any of the coal-fields. The
surface of our English coal-fields is either quite flat, or only swelling in one direction
into round topped hills, showing no conformity to the underground disturbances. We
cannot mistake the reason. While earthquakes and intrusions of lava were breaking up
the strata, winds and rains and streams, or perhaps the tides of a shallow estuary, were
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wearing away all prominences, and carrying off great masses of rock. It has been
shown, for instance, by Professor Ramsay, that the whole body of the coal measures
between the South Wales field and that of the Forest of Dean, has been swept away;
and the missing portion, far larger than mountains in mass, is conjecturally restored in
the plates to one of the earlier memoirs of the Geological Survey.

During this process the upper beds of course would be soonest carried off. And when
the beds are thrown up on one side into an inclined plane, we find the seams of coal
more and more cut away as they are nearer the surface. Thus the coal measures, as
they usually appear to us, successively crop up to the surface, like the layers of a piece
of wood that has been planed off obliquely to its grain.

Thus it happens that the High main seam of coal at Newcastle is quite near the
surface, and of comparatively limited extent; while the lower seams crop up to the
surface at successively greater distances from the centre of the field, and the lowest
crow coals not included in the true measures appear far away.

It is obvious, therefore, that in estimating the contents of a coal-field as we find it, we
ought to lay down on a map the line of out-crop of each seam, that line at which it is
cut by the surface of the ground. Then we should measure separately the area of each
seam, and multiply each area by the thickness of the seam. On many of the maps of
the Geological Survey the out-crop of the seams is beautifully shown in series of
devious curves, sharply dislocated here and there by the faults. But I am not aware
that any person has yet estimated the seams separately. The subject has hardly
required so much nicety as yet, and Mr. Hull arrives at a corresponding result by what
he calls a "correction for denudation," or an allowance for the large part of the upper
beds worn away in the Newcastle field. How he estimates this "correction," almost
amounting to half, I do not know.

But the amount of coal ascertained by multiplying the area into the thickness of a
seam must not be taken as the amount available. Some part of a seam is always
broken up, burnt, or spoiled by the faults and dykes which traverse it. Another
considerable part is always lost in mining. Up to the end of last century it was not
usual to extract more than four-tenths of the coal in a seam, when working at a greater
depth than 100 fathoms; the rest was left in the form of thick pillars to keep the roof
from falling in. The free use of timber to support the roof, and the introduction of
long-wall, and panel working, has allowed the extraction of nearly all the coal in
favourable positions. Still, in unfavourable circumstances, the highest mining skill
will probably be unable to get the whole coal; and besides this it is always necessary
to leave thick barriers of coal around the limits of the property in order to shut out the
water, or the foul air of neighbouring works. A clause to this effect is always
introduced into a mining lease, and if not observed, the mine may easily become
unworkable. If to these barriers and the wasted pillars of coal, we add the small coal
burnt at the pit mouth, or consumed in the ventilating furnaces and engines, we cannot
estimate the coal available for commerce at more than two-thirds of that which the
continuous seams would contain. Accordingly, Mr. Hull allows one-third for waste.
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The contents of a coal-field may then be estimated with some certainty, provided that
the boundaries of the seams on every side be known. This is the case in a perfect coal
basin like that of the Forest of Dean. In the case of fields abutting on the sea, like
those of Newcastle and Whitehaven, we have only the uncertainty concerning the
distance to which coal can be worked under the sea. From one to three miles is the
greatest distance we can conceive possible, except under a rise of price, which would
constitute the scarcity of coal to be apprehended.

It is only when coal seams sink down beyond our knowledge on one side, as in the
Yorkshire field, that we are in thorough uncertainty as to the quantity of available
coal. The question here becomes a two-fold one. Firstly, how far may the coal
measures be supposed to dip and extend under more modern formations? Secondly,
how far can we follow them with profit, considering the growing costs and difficulty
of deep mining?

Leaving the second question for discussion in the next chapter, there is but little that
can be said concerning the first.

If the science of geology had no other claims upon our attention, it would repay all the
labour spent upon it, many times over, by showing where coal may reasonably be
looked for. By fixing the geological date of each rock, it points out in what interval
the coal measures must appear, if they appear at all. One-third of the whole kingdom,
it is said, is excluded from the search by being formed of rocks older than the coal-
bearing age. On the other hand, there are large areas of country under which coal may
reasonably be expected to occur, although there are no signs of it at the surface: and
geology may enable us even to fathom the thickness of overlying rocks and tell with
some certainty the depth at which coal will probably occur, if at all.34

Mr. Hull includes in his estimate 932 square miles of such country. Of these 225
square miles occur at the south-east corner of the Durham field, where the coal
measures dip under the Magnesian Limestone and the New Red Sandstone. Another
400 square miles occur similarly on the eastward dip of the great Yorkshire and
Derbyshire field. Wirral and other parts of the Cheshire New Red Sandstone are
probably underlain by bands or sheets of coal measures, connecting the Flintshire and
Denbighshire fields with the great Lancashire field. The North and South Stafford,
Warwick, Coal-brookdale, and Forest of Wyre fields are more or less completely
connected. On the other sides the fields are definitely terminated by the appearance of
the carboniferous or mountain limestone, that great basement rock which in nearly
every part of the kingdom bears the coal measures.

As these sunken coal-fields are continuous with those now worked, there can be little
or no doubt as to their existence. But while they can hardly contain better seams than
those already known, the seams may very possibly thin out if followed far. And in
many cases the overlying Permian and New Red Sandstone rocks may contain so
much water and swell to such a thickness as to be quite impenetrable.

A band of coal seams connecting the Durham and Y orkshire fields is of a more
conjectural character. In the country between these two fields the Magnesian
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Limestone, which is above the coal, lies directly upon the millstone grit and
carboniferous limestone below the coal. As there is no sign of coal measures at the
junction, coal cannot now exist at the point. If it ever existed in the interval, it must
have been swept away before the era of the Permian or Magnesian Limestone.

Noticing, then, the rectangular direction in which the northerly edge of the Yorkshire
coal, and the southerly edge of the Durham coal run under Permian beds, it seems to
be wholly a matter of uncertainty how far the denudation, or absence of the coal
measures, may extend.

Another possible position of coal measures is beneath the cretaceous and Wealden
beds of Wilts, Berks, Surrey, and Kent. In 1855, Mr. Godwin-Austen published a
remarkable argument, showing that a range of rocks, an underground ridge of
mountains, as it were, probably stretched from the Mendip Hills to the Ardennes in
Belgium; and "we have strong a priori reasons for supposing that the course of a band
of coal measures coincides with, and may some day be reached, along the line of the
valley of the Thames, whilst some of the deeper-seated coal, as well as certain
overlying and limited basins, may occur along and beneath some of the longitudinal
folds of the Wealden denudation." His deductions were partially verified immediately
after publication by the actual discovery of old rocks in the boring of wells at Kentish
Town and Harwich. But Mr. Whitaker, to whose able memoir35 and kind aid I am
indebted, remarks on the uncertainty of such deductions concerning coal. "It must not
be supposed that because there is almost a certainty of there being a ridge of old rocks
at some depth below the surface along part of the valley of the Thames, and a
likelihood of some of those old rocks belonging to the coal measures, therefore coal
will be found at a workable depth in parts of the London District; for the alternations
of sandstone, shale, &c., that so generally contain workable beds of coal, and are
therefore known as the 'coal measures,' are sometimes almost without that mineral."

In short, all that is shown is a bare possibility of finding coal. But as it is uncertain
whether the coal measures are there at all—whether, if there, they contain good
coal—and if so, whether they are within workable depth and circumstances, it must
still be held very unlikely that coal will ever be got in this tract.

And on the principle that "a bird in the hand is worth two in the bush," we should
avoid putting too much reliance on possible coal-fields. Their existence is
doubtful—they cannot well contain better coal than that we now enjoy, and may
contain much worse, and they are very probably at depths, and in conditions, where
they are commercially out of the question, as regards competition with foreign coals.
There is plenty of coal known to exist out of our reach without resorting to coal that
may or may not exist, but is in any case perhaps out of reach.

Here I may notice the differences of opinion that have arisen concerning the amount
of accessible coal in the Great South Wales coal tract. For a long time it was
considered an inexhaustible store, to which we might have final recourse some
centuries hence.
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Mr. H. H. Vivian, a great land and coal owner of that district, Member of Parliament
for Glamorganshire, yet insists upon its being regarded in this light. During the
discussions on the French Treaty of Commerce in 1860, some opposition having been
raised to the 11th clause, on the ground that free exportation of coals must accelerate
the exhaustion of our mines, Mr. Vivian roundly asserted that the South Wales field
alone would serve the whole consumption of England for 500 years, and it would
sustain its own present consumption for 5,000 years. "It was perfectly absurd," he
said, "to talk of the exhaustion of coal in this country."

Now, when Mr. Hull came to estimate the amount of available coal in this field, he
found it to be only 2,000 times its present yield, or two-fifths as much as Mr. Vivian's
estimate.

Having the accuracy of his statement then called in question, Mr. Vivian published a
small pamphlet containing, in addition to a reprint of his speech, and of a lecture on
coal, a brief critique on Mr. Hull's calculations. "Mr. Hull," he says, "takes the total
thickness of strata at 10,000 feet, containing 84 feet of valuable coal; he then deducts
for denudation 48,000 millions of tons; he next deducts one half the remainder, or
24,000 millions of tons, for those seams which lie below 4,000 feet; he further
deducts one third for waste, and the quantity already extracted, leaving a balance of
16,000 millions of tons out of his original quantity, which he does not state, but which
I calculate from his data at 78,000 millions of tons, as the quantity likely to be
available for man's use, equal to the present rate of the consumption of South Wales
for 2,000 years, my estimate having been 5,000 years." Mr. Vivian then objects to the
first of these deductions, that it is wholly arbitrary, and beyond the power of any
person, however intimate his local knowledge, to estimate. The second deduction he
considers opposed to fact.

But when Mr. Vivian defends and explains his own estimate, what has he to urge? "I
took the thickness of coal," he says, "after the most careful consideration, at 60 feet. I
had mainly in view the 'Great Lower Veins,' varying from 50 feet on the northern to
100 feet on the southern upcrop, and upwards of 70 feet on the central upheave. |
looked at the area over which now, and ages hence, those beds might probably be
won. | considered the comparatively limited area under which they would lie too
deep, but where the 'Upper Vein,' to some extent, supplied their place, and I
concluded that I might fairly take 60 feet as an average workable thickness over the
entire area. I then took the produce at 40 per cent. less than the actual contents, that is
to say, I calculated the cubic yard at 1,500 tons instead of 1,613 tons, or 6.66 per cent.
(less), and I allowed one-third, equal to 33.33 per cent. for waste, faults, quantity
already worked, &c., together 40 per cent.; and upon these data I arrived at the
conclusion that South Wales could supply all England for 500 years, and her own
consumption for 5,000; to that I adhere in spite of the calculations which Mr. Hull has
adduced."

Now this sort of argument may be very satisfactory to Mr. Vivian's own mind, and, in
a Parliamentary debate, a confident assertion by a man of local knowledge and

influence has a good deal of weight, and rightly so. But will Mr. Vivian's views bear a
moment's criticism? Would Mr. Vivian accept such an estimate from a witness before
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him on a Parliamentary Committee? Would he be satisfied with taking the thickness
of coal, "after the most careful consideration, at 60 feet?" Why, what are the facts?
Geologists of the highest standing—Sir T. De La Beche and Sir W. E. Logan, after a
long geological survey, most admirably conducted, proved that the coal measures of
South Wales are 10,000 or 12,000 feet thick, and contain altogether 84 feet of coal in
seams of workable thickness, the most of which lie near the base. Mr. Vivian
assumes, apparently, by nothing more than conjecture, that 60 out of the 84 feet on an
average may be taken as available over the whole area!

Mr. Hull may have deducted too much for denudation, and possibly too much for
depth; but Mr. Hull's is an estimate—Mr. Vivian's is no more than a guess. And, of
course, when Mr. Vivian asserts that South Wales can supply all England for 500
years, he means at the present rate of consumption, which is quite beside the question.
The question is, how long will South Wales supply us at the present price with the
present growing demand?
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Chapter IV

OF THE COST OF COAL MINING.

THE difficulty and cost of winning and working coal-mines form an aspect of the
question that obviously contains the solution of the whole.

In a free industrial system, such as we are developing and assisting to spread,
everything is a question of cost. We have heard of moral and physical impossibilities,
but we ought to be aware that there are also commercial impossibilities. We must ask,
in undertaking a work, not whether it can be done, or is physically possible, but
whether it will pay to do it—whether it is commercially possible. The works of the
two Brunels were, in a mechanical point of view, at least as successful and wonderful
as those of the Stephensons; but, commercially speaking, they were disastrous
failures, which no one would have undertaken had the consequences been seen.
Commerce and industry cannot be carried on but by gain—by a return exceeding the
outlay.

Now, in coal-mining, we must discriminate the physical and commercial possibility.
The second presupposes the first, but does not follow from it. The question is a
twofold one:—Firstly, is it physically possible to drive our coal-mines to the depth of
4,000, 5,000, or 6,000 feet? and, secondly, is it commercially possible when in other
parts of the world coal is yet being worked in the light of day? The very existence of
Britain, as a great nation, is bound up in these questions.

Now I apprehend that there is not the least danger of our reaching any fixed limit of
deep mining, where physical impossibility begins. In mines already 2,000 or 2,500
feet deep, there is no special difficulty felt in going deeper. But we must consider the
matter a little, because the Quarterly Review has confidently asserted that 2,500 feet is
the limit,36 and Mr. Hull, after an express inquiry into the matter, thinks that 4,000
may be taken as the limit.37 It has often been suggested that the increase of
temperature of the earth's crust as we descend into it will prove an insuperable
obstacle, and Mr. Hull and others have been inclined to hold, that beyond a depth of
4,000 or 5,000 feet the temperature will entirely prevent further sinking.

The increase of temperature varies in different mines from one degree in 35 to one
degree in 88 feet. The increase in the deep Monkwearmouth Pit was one degree for 60
feet; but the observations of Mr. Astley in the sinking of the Dukinfield Deep Pit
showed an average increase of one degree in 83 feet, nearly the lowest rate known. If
with Mr. Hull we take one degree in 70 feet as a safe average rate of increase, we
easily form the following table, starting from the depth of 50 feet from the surface, at
which depth in this country an uniform temperature of about 50° Fahr. is found to
exist.
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Increase of

Depth in Actual temperature
temperature
feet. of rock.
of rock.

50 0° 50°

1,000 14° 64°
2,000 28° 78°
3,000 42° 92°
4,000 56° 106°
5,000 71° 121°

The air in mines, independently of the rock, is also warmer than at the surface, owing
to its greater density; for just as in ascending a mountain the barometer falls and the
air grows rare and cold, so in descending a mine the barometer rises and the air grows
warmer. The barometer, roughly speaking, varies about an inch for every 1,000 feet of
elevation, and the temperature about one degree for every 300 feet. On these data, the
following table is roughly calculated:—

Increase of

Depth in Height of temperature of

Actual temperature

feet. Barometer. of air.
air.

0 300 0° 50°
1,000 31-0 3° 53°
2,000 320 7° 57°
3,000 330 10° 60°
4,000 340 13° 63°
5,000  35-0 17° 67°

If air, then, of the temperature of 50° at the surface descend 5,000 feet, it will acquire
the temperature of 67°. The rocks at that depth will have the temperature of 121°, and
will therefore warm the air as it circulates through the mine up to their own
temperature. But Mr. Hull has fallen into a very evident mistake in adding together
the increments of temperature of the air and rocks. He makes the temperature, for
instance, at a depth of 4,000 feet, to be 120°-08 as follows:—

Invariable temperature of surface... 50°-5

Increase due to depth... 56°-42
Increase due to density of air... 13°-16
Resulting temperature (sum)... 120°-08

On the contrary, even at 5,000 feet deep, the temperature will not exceed 121°, the
temperature of the rock, and at 4,000 feet it will not exceed 106°. It may be reduced,
too, by plentiful ventilation, or by letting out in the mine air compressed and cooled at
the surface, as is done in the new coal-cutting machines. Now, as men can work at
temperatures exceeding 100°, we are not likely to encounter the physical limit of
sinking on this account.
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But the cost of sinking and working deep pits is quite another matter. The growing
temperature will enervate, if it does not stop the labourers. Thus it is stated38 that in
one Cornish mine men work in an atmosphere varying from 110° to 120° Fahr. But
then they work only for twenty minutes at a time, with nearly naked bodies, and cold
water frequently thrown over them. They sometimes lose eight or ten pounds in
weight during a day's work. Much increased ventilation will be a matter of expense
and difficulty; the hardening of the coal and rocks will render hewing more costly;
creeps and subsidences of the strata will be unavoidable, and will crush a large
portion of the coal or render it inaccessible; while explosions, fires, floods, and the
hundred unforeseen accidents and disappointments to which mining is always subject,
will lie as a burden on the whole enterprise, a risk which no assurance company will
venture upon. In addition to these special difficulties, the whole capital and current
expenditure of the mine naturally grows in a higher proportion than the depth. The
sinking of the shaft becomes a long and costly matter; both the capital thus sunk has
to be redeemed and interest upon it paid. The engine powers for raising water, coals,
miners, &c., increase, and, beyond all, the careful ventilation and management of the
mine render a large staff of mechanics, viewers, and attendants indispensable.

Much may be done by working larger areas from the same shaft; by forming
consolidated companies for economical drainage; by perfecting machinery, and
organizing labour to contend with the growing cost. But increased areas and distances
of working, though comparatively diminishing the capital expense of the shafts and
works above ground, will increase the current expenses of drainage, ventilation, and
general maintenance.

A full analysis of the detailed accounts of a number of collieries of various depths
would throw great light on this question, and might go far to solve the question of
England's future career. But private commercial accounts are shrouded in such
impenetrable closeness, that no individual inquirers can hope to gain the use of them.
Even the several Parliamentary Committees, in their prolonged inquiries into the coal
trade some thirty years ago, were continually frustrated by Mr. Buddle and other
mining engineers, who declined to communicate information known to them
professionally and confidentially. The investigation of such a subject might perhaps
be best undertaken by a Committee of the British Association, or some other learned
Society.

An account of the South Hetton Colliery establishment, a recent and well-arranged
mine, throws light on this subject. It is published in a little work of the Traveller's
Library,39 remarkable for the amount of information it contains on the subject of
coal.

Of 529 men employed in or about the colliery, 140 only are hewers of coal,

representing the productive power of the establishment. We may divide the staff as
follows:—
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Hewers of coal... 140
Putters, screeners, &c... 227
Employed in administration and maintenance of mine... 123
Boys, variously employed... 39

The "putters," "screeners," and others, to the number of 227, are occupied in pushing
the coal along the tramways from the hewer to the shaft; in raising it to the surface;
screening it, and removing the stones, and, finally, loading it into the railway waggon
or ship's hold. They represent, as it were, the trading part of the community, while the
administration represents the government; consisting of a manager, viewers,
engineers, clerks, and a surgeon; with a great number of joiners, sawyers,
enginewrights, smiths, masons, carters, waggon-wrights, and common labourers, as
well as ventilators, shifters, foremen, and others of responsible duties underground; all
occupied in keeping the mine, the ventilation, machinery, engines, and the works
generally, in repair.

Now, if coal were quarried at the surface, and wheeled straight away, each hewer
would scarcely require more than one subsidiary labourer. In a deep mine we find that
nearly three subsidiary labourers are required, so that four only accomplish what two
would do at the surface, to say nothing of the timber and other materials consumed,
and the great capital sunk in the shaft, engines, and works of the deep mine.

As mines become deeper and more extended, the system of management necessary to
facilitate the working and diminish the risk of accidents, must become more and more
complicated. The work is not of a nature to be made self-acting, and capable of
execution by machinery. Even in the West Ardsley Colliery, belonging to the
patentees of the coal-cutting machine, who naturally carry out its use to the utmost
possible extent, this machine is found40 to diminish the staff only zen per cent. The
labour saved is only that of twenty-seven hewers, while other branches of the staff
must be rather increased than diminished. So different, too, are the conditions of coal-
mining, that in many collieries the use of coal-cutting machines is perhaps
impracticable.

The deeper a mine the more fiery it in general becomes. Carburetted gas, distilled
from the coal in the course of geological ages, lies pent up in the fissures at these
profound depths, and is ever liable to blow off and endanger the lives of hundreds of
persons. It was supposed that George Stephenson and Sir H. Davy had discovered a
true safety lamp. But, in truth, this very ingenious invention is like the compass that
Sir Thomas More describes in his Utopia as given to a distant people. It gave them
such confidence in navigation that they were "farther from care than danger."

No lamp has been made, or, perhaps, can be made, that will prevent accidents when a
feeder of gas is tapped, or a careless miner opens his lamp, or a drop of water cracks a
heated glass, or a boy stumbles and breaks his lamp. The miner's lamp, in fact, is
never a safety lamp, except when carefully used in a perfectly ventilated mine. Long
experience shows that perfect ventilation is the only sure safeguard against explosion.
But it is no easy matter to ventilate near a hundred miles of levels, inclines, stalls, and
goaves in a fiery mine.
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The amount of drainage required in deepening our mines is another point of the
greatest importance. The coal-measures themselves, containing many beds of clay and
shale, are dry enough in general, except where interrupted by faults which allow th