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PREFACE.

Nor many years since, the details of a Mine would scarcely have
attracted the attention of one reader in twenty of those who are now dis-
posed to examine them: some, out of curiosity; others, from a desire to
attain knowledge of a subject so much discussed in society; and, some

few, from interested motives.

Mining of all descriptions, iz a slow operation, and men seldom live to
see much change in the methods of working; neither do they generally
consider the importance of attending to information derived from other
localities, although applicable to their own. In deep mines, the Shafts are
not numerous. This is owing, on the one hand, to the heavy expenses of
sinking them; and, on the other, to improvements in the mode of raising
coal and other minerals to the surface. The process of coal-mining re-
quiring observation, therefore becomes almost wholly confined to one bed,
its floor and roof. It i only in situations where great irregularity in the
measures prevails, that the energies of those having property at stake, are
called forth to prevent ruin to that property; and, by this circumstance,

they are led to contrive remedies for surmounting difficulties.
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When coal and other minerals were raised from beds near the surface,
shafts were frequently sunk; but, as the same measures were passed
through, nothing new was elicited ; whereas, in deep mines, the shafls are
so placed as to endure for twenty or even fifty years. Hence it is obvious,
from the depth of mines, and from other reasons combined with the slow
progress of changes in such operations, that a long period must pass away
before details can be collected. Owners and workers of mines might
mutually aid each other, if they would publish exact records of all the mi-
nutiz appertaining to the strata; and, by the same means, the sciences of
Mining and Geology would be rendered more clear and useful as well as
entertaining, by a right application of the satisfactory results which would

thus be obtained.

The Facts relating to that part of the Ashby Coal-Field, which is de-
scribed in the present volume, were originally collected for private use,
and without any view to their future publication. But, on considering
that scarcely any Work, hitherto published, contains details of manage-
ment, or adverts to the causes of irregularities, or suggests means of re-
moving difficulties, the present writer was induced to believe that if the
series of observations made on this Coal-Field, during a long period, were
thrown together, they might confer some practical benefit on those who
conduct the processes of mining in the immediate district; and, at the
same time, assist the praise-worthy exertions of those philosophers who

are now labouring to promote geological inquiry.



PREFACE. vii

After the promulgation of the important doctrine originated by Mr.
William Smith, that every stratum has its own peculiar fossil, much research
was made in the Ashby Coal-Field, whenever a shaft was sunk or adit
driven, otherwise than in the coal seams. This led to an endeavour to
identify strata, by preserving drawings of fossils found in any new situ-
ation ; and the accuracy with which it was necessary to delineate these,
led to an examination of their peculiarities of character, so little agreeing
with those of the vegetable forms now in existence in this climate. The
drawings for this Work were made by an Artist on the spot, who had
access to the Fossils immediately on their being raised to the surface ; but,
though they are most faithfully delineated, their use is yet incomplete
without a botanical arrangement. The only aid afforded in the annexed
Lists, consists in a reference to some analogous descriptions and figures of

vegetable fossil remains, in recent publications.

To the Geologist, the facts here described, may furnish a step to the
acquirement of more accurate notions regarding the stratification of this
country ; and, as the vicinity of Ashby abounds with a remarkable variety
of strata bordering on Charnwood Forest, the same account may contribute
to a development of that apparent anomaly in the configuration of this

district, with which so many inquirers have been puzzled.

The Author has long been aware of the absolute necessity of accumul-

ating Facts, and of noting Phenomena in different and distant localities,
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before engaging in any attempt to found a general Theory as to the
arrangement and formation of the crust of the Earth. The confounding of
effects with causes, and the visionary notions unsupported by inductive
truths, entertained by more than one writer, have done but little to forward
the improvement of Geology. Indeed, it is becoming more evident every
day, that much time must yet elapse, and much information must be
obtained, before a correct System of this most important science can be
established. Many of the details recorded in this Volume were collected
thirty years since, and may tend to shew the difficulty of reconciling spec-
ulative hypotheses with the discoveries of scientific investigation. With a
view to promote this, the Author bequeaths his Collection of Facts and

Ohservations for the use of the practical geological inquirer.
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A

COLLECTION OF FACTS

RELATING TO THE

ASHBY COAL-FIELD.

INTRODUCTORY OBSERVATIONS.

I'r is remarkable, in the history of Geological Theory, that so few writers
have given details of the observations upon which their conclusions are
founded. This is one reason why few works of the kind have practically
benefited the Miner. Whilst some jumble together the strata of a distriét ;
others, rambling through kingdoms, extend their theories all over the Globe.
It is no wonder, then, that such theories should succeed each other rapidly,
since every district affords the grounds of speculation for new ones; and
these, in their turn, are upset by the facts ascertained in the actual disco-
veries of the working observer. Hitherto, so great has been the inutility
of many valued writings on the subject, that they are seldom read by prae-
tical miners; who, knowing that the chief inferences were drawn from
wrong premises, are disinclined from paying attention even to such facts as
have been partially collected. The manner too, in which these facts were
stated, and mixed up with deductions to support a theory, prevented a
confirmation of them separately. A further hindrance to the developement
of a true state of the facts, arose from the too frequent incapability of
miners to shew, in the language of science, the fallacy of such inferences,

B



2 INTRODUCTORY OBSERVATIONS.

and from the difficulty of employing terms used locally, so as to be under-
stood by general readers. Thus, the labours of the seientific inquirer were
rendered worse than useless, and the knowledge gained by the practical
miner was lost to the former, and almost to society; as, in many cases, it
perished with him.

Until science lent its aid to the miner, in draining lower than the valleys
admitted, by the Steam-Engine and other powers, the process of raising
any mineral was confined to a few plain workmen, whose only object was
to trace the mineral through its various ramifications in the earth, at the
cheapest possible rate ; without being able, in many cases, to give reasons
for the adoption of measures calculated to produce effects which the chemist
and mechanic alone could explain. This peculiar tact, in anticipating or
remedying obstacles was often lost ; because the person exercising it, being
interested in the mode adopted, and jealous of competitors, too often con-
cealed his practice. Another circumstance operated very powerfully, and
still continues, although in a less degree; namely, the caution used in
almost all mines of not recording the situation of the mineral, as to thick-
ness, dip, breaks, and other collateral information, with a view to prevent a
neighbouring miner from taking advantage of it, as a rival. The conse-
quences of this procedure have frequently recoiled upon the party making
the omission, even during a lease; and have caused an immense expense
afterwards, in proving what might have been recorded.

Usually the Lessor of a mine binds the Lessee to pay a sum of money
annually, or otherwise, with a few restrictions as to the mode of working,
and of quitting at the termination of the lease ; but he seldom obliges him to
register proceedings as to water, rocks, faults in the strata, quality, or any
other fact regarding the state of the mine: now, all this would be of the
highest importance to the Lessor, or his successor, and ought to be included
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in every similar engagement. No section of a Shaft, deseriptive of the
strata and their appendages of hardness, thickness and dip, is required for
the purpose of being a guide afterwards in other situations; and, indeed
this precaution is sometimes so totally neglected by the Lessee or his bailiff,
that, upon a future perforation, the appearances are almost forgotten, and
evils recur which might have been guarded against. Neither is a plan of
the workings, nor a section to shew dislocations in the strata and their
hadings, required to be made and preserved as a guide in working another
seam ; but which seam is probably not granted to the Lessee who, conse-
quently, has little or no interest in it. At the termination of the lease,
therefore, or at a cessation of the winning, the future mode of operation is
a speculation, which, although not capable of being reduced to any certain
rule, might yet have been rendered more practicable by inferences drawn
from former proceedings, if these had been recorded.

One of the greatest evils, as well to the immediate worker as to his sue-
cessor, is, that of allowing the water to pursue its course to the deepest part
of the mine. This evil ought to be prevented by collecting the water from
the several strata whence it issues, and then raising it from reservoirs by a
regulated power. By such a process, much inconvenience, labour and
expense, in lifting it from the bottom of the mine, would be avoided. All
these considerations, so important to the owner of the mine, if correctly
detailed, would add greatly to the stock of geological knowledge. In
such records, also, would be perceived phenomena irreconcilable to many
theories, and inexplicable by any hitherto promulgated. Details of this
kind would aid in arriving at more correct views of the structure of the
crust of the globe; but, they must be collected for successive generations,
in a diversity of situations, and in various strata, before any decisive
conclusions should be attempted to be drawn from them, as premises.
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Under-ground sections earefully made, with indications of all the changes
of substance, form and quality, and also the most minute and accurate
descriptions of the strata and their accompaniments; as, for example, where
any extraneous body occurs, and particularly the delineation of the Fossils
in every plate or laming of each stratum : these, accurately and repeatedly
taken, can alone lead to the attainment of exact principles.

Geological inferences, unconnected with the art of Mining, seldom interest
the practical miner; he is therefore averse to collecting facts, as before
observed, both by inclination and by reason of the expense. Societies,
however, might well devote a portion of their funds to the encouragement
of such researches, and these should be made by persons of their own se-
lection. Information now is more courteously given than formerly : owners
and lessees would, in general, be glad to furnish it, not only from civility
and as friends to science, but as it might lead to results favourable to their
own interests. The London Geological Society possesses much valuable
information of this nature, and has published many instructive papers and
geological sections accompanied with descriptions. It is most important,
that such publications should be continued. Mineralogy and Geology are
so nearly allied, that the one must owe much to the other; and, although a
mineralogical detail might be considered as appertaining to the former
science alone, it wounld nevertheless lead to geological deductions which
could not be otherwise obtained. Mineralogy, therefore, should always be
studied by the Geologist.

The Ashby-de-la-Zouch Coal-Field and its borders, have been touched
upon, by various writers. Some have ventured assertions respecting its
formation ; others have more wisely considered it as not easily explained,
and have admitted the necessity of gaining further information. Upon a
reference to the Map in this Work, it may be of some use to any person
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deputed by a Society, or other inquirer, to be informed of the peculiar
central position in which Ashby is placed, for the point whence to examine
both the Coal-Field and the surrounding borders. In a radius of five to
ten miles from Ashby, he would be enabled to examine groups of strata
assembled in the most extraordinary manner, such as few places in the
Kingdom could furnish. For instance, in whatever direction he set out,
he would pass over a few miles of coal measures requiring his utmost
attention to discover the change of stratification, produced by the numerous
and extensive faults. After passing such measures, he would enter upon
a totally different formation : but, to shew a part of that diversity which a
Geologist would be interested in, let his first route be north-westwardly.
After passing the coal measures, he would find the abrupt ground and
capped hills of sand and marl bordering the east bank of the Trent; and,
in the next route, a little to the north, he would explore Bradby and part of
Hartshorn. In the former, he would find sand-knolls and conglomerate ;
and, in the latter, short round hills flanking and parallel to the sandstone and
marl, east of Trent, abounding in quartz, gravel, and flints : these last are
so abundant as to have formerly been selected for glass-making and pottery.
Tleirdly, He would pass a high ridge of coal measures, and almost suddenly
find large masses of metalliferous mountain limestone, abounding with great
variety of encrinites, producte of enormous size, and other organic remains,
indicative of the character of this rock in Derbyshire. This limestone is
nearly horizontal, disposed in beds with calcareous earth intervening, af-
fording lead and the usual metallic accompaniments of that rock. Fourthiy,
In a line very little east of north from Ashby, and about the same distance
as the mountain limestone, that is, about five miles, he would be astonished
at a new feature immediately bordering the coal-measures, viz. the magne-
sian limestone of Breedon and Cloud-Hill, surrounded by red marl. These
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strata incline at a very small angle from the perpendicular, and are of very
peculiar construction. The stone itself is full of druses, and the most
compact is full of small holes of all shapes similar to those in bread.
Madrepores of various kinds abound, as m. ananas, m. musica, &e., all
which are quite foreign to their neighbours in the blue limestone on the
west. The whole of these rocks are stratified, but have very much the
semblance of hot matter suddenly cooled in water. Fifthly, Farther to the
east, and at nearly the same distance, he would examine the continuation of
the group of magnesian limestone at Barrow-Hill, Gracedien, and Osga-
thorpe, arranged nearly in horizontal layers. Sixihly, To the east, he would
suddenly, after passing the coal measures, find a short border of red marl,
backed by the vertical strata of sienite of Charnwood Forest. Should he
prolong his route in this line, about ten miles after passing the Charnwood
Hills, he would come upon the lias flanking the east bank of the Soar,
the range of which stratum across the kingdom, Charnwood Forest seems
not to have disturbed.  Seventhily, Upon taking a southerly course, he would
soon pass the outcrop of the coal strata and enter upon a marl district ex-
tending from Bagworth by Bosworth, Congerstone, Twycross, and Appleby.
Eighthly, By turning in a westwardly course, he would find conglomerate
rock and sandstone at Measham and Oakthorpe. And Jastly, to the north-
west, quickly passing the coal outcrop, he would arrive at the horizontal
sandbeds and grit bordering the east bank of the Trent, capped with many
conical mounds and extensive tracts of marl and red earth.

In order to shew the difficulty of adopting any System to be applied
practically, the following details of such facts and phenomena as appear to
deserve the consideration of the Geologist, have been observed and collected
at one of the principal workings in the Ashby Coal-Field, for the purpose
of bringing them under his attention so as to enable him to endeavour to
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reconcile them with some theory already advanced, or to induce him to
defer his decision until a reference to more facts shall have given plausibility
to a new one.

Before dcstrihillg the proposed details, it may be well to gi\'c an outline
of the supposed extent of the Coal-Field and its borders ; but the reader is
not to rely upon the conjectural part of this outline, because the sequel will
shew that no reliance can be placed on conjecture, and that experiment
alone can prove the actual state of the Formation. The immediate portion
of the Coal-Field, in the particular description hereafter given, lies in the
parishes of Measham, Oakthorpe, Donisthorpe and Willesley, and on
Ashby-Woulds : the greater outline however may be traced; it has been
partially proved. Its boundary is nearly as follows.

The high land on the east side of the river Trent, forms the western
border of the Coal-Field, which commences at Bradby and runs eastwardly
through Hartshorn, near Ticknall, Calke, Staunton Harold, Lount, Cole-
-::rlc;n, Newbold, Thringstone, Swanington, and Whitwick. On the north
of Bradby and Hartshorn, its borders are alluvial sand-knolls and gritstone :
at Ticknall, Calke, and Staunton Harold, the blue mountain limestone : at
Lount and Coleorton, the magnesian limestone of Breedon and Cloud-Hill :
at Newbold and Thringstone, the limestone of Barrow-Hill and Gracedieu :
and, at Whitwick, it is bordered by the sienite of Charnwood Forest. To
return to Bradby, the Coal-Field thence stretches southwardly by Brizlin-
cote, Newhall, and Stanton, and is bordered by sandstone and marl : it then
bends south-west by Castle-Gresley, Linton, and Over-Seal, limited by high
ground of sand and gravel, diluvial ; wherewith portions of the coal strata are
frequently capped: thence, it continues south of Donisthorpe and Oakthorpe,
and by the high ground upon which Measham stands, where sand-hills and
hard conglomerate rock form the boundary : in this direction, it proceeds
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south-eastwardly, skirting the north side of Snarestone, where sandstone
abounds : thence, it passes north-eastwardly, through Swepstone and Hea-
ther to Ibstock, re-approaching Charnwood Forest: from Ibstock, it again
turns to the south by Nailstone and Newbold Verdon; edging, at some
distance, the primitive rocks of Charnwood Forest until it is lost in the
gypsum or marl strata west of Leicester.

The area within the space now described, is very considerable : it includes
not less than thirty-five to forty thousand square acres. The surface of
this area is exceedingly diversified in hill and valley, although seldom in
conformity to the line of stratification : no limestone appears within it, nor
any remarkable rocks, except those which usually accompany coal, chiefly
sand-grit, but not free. It contains no stone hard enough for roads, and
little which stands well in buildings, without great care in laying it in the
same position it had in its original bed. Gravel, abounding in hematites,
is found in isolated patches upon the coal strata, sometimes capping ex-
tensive portions at the outerop.

The quantity of Coal contained in this area cannot easily be estimated
with accuracy : it is not difficult, however, to caleulate the immense quan-
tity that might be depended upon for supplying fuel. If all the known beds
or seams of Coal, exceeding twelve inclies in thickness, were caleulated
upon, as capable of being raised by the application of labour and machinery
now in use, the area described, after allowance for faults, would yield
one hundred and fifty thousand tons per annum (the present estimated
consumption)} for ten thousand years. The great waste in this Coal-Field,
by leaving all the Slack and much Small Coal in the gobbing, may be
obviated, if the article increases in value, and the present fashion of burn-
ing lump coal only, should be changed. The small coal might be used in

furnaces, retorls for gas, stoves, and all places where an open fire iz not
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necessary. The quantity of this coal which is wasted, often amounts to a
fourth of the whole bed: the cheap, although soft, good coal, is only em-
ployed for burning lime, and might be raised to a great extent.

The outcrop of the Coal in the parishes adjoining Ashby, has been
worked at early periods. In Measham, where the bed was not more than
forty or fifty feet from the surface, indications of ancient workings were
found, in stone hammer-heads, and large wedges of flint with hazel withes
round them ; also wheels of solid wood about eighteen inches in diameter.
In the north-west corner of Ashby parish, in South Wood, and at Heath-End,
very extensive remains of iron furnaces appear: the surface is exceedingly
broken, and scoriw® fill a valley of considerable size.*

The Drainage shews, that nearly the whole area of the Coal-District is an
appendage to Charnwood Forest: this fact will more clearly appear, by
tracing the following lines on the Map.

The West side of the Coal-District is thus drained. A ridge, commencing
at the abrupt eastern bank of the Trent, near Newton Solney and Bradby,
pursues a winding course forming part of the border of the Coal-Field,
through Midway-Houses, in the line of the road from Burton-upon-Trent
to Ashby ; thence, by Butt-House, deviating to Several-Wood and Smisby ;
and thence, over Ashby Old Parks to Coleorton, where the ridge again
diverges much to the south, rising gradually from the Trent to a height of

# There is no date for this, or tradition. The vieinity was probably occopied by the Romans, as
various pots of Roman Coins have been discovered in it. 'With respect to the Woulds, however, there
does not seem 1o have been much ground broken for mining, A singular pathway, or causeway,
called “Leicestor Headland,” runs across the Woulds in a direction nearly east and west, about ten
feet wide, and raised throughout with a red clear gravel which must bave been brought from some
distance, as no such gravel is found in the neighbourhood. Tradition states that this is part of a road
which 1:|rjg1'm|.'ll_v,r stretehed from Leicester to Stapenhill ; at which latter |J-1J.|:m, it is alzo stated that
one of the earliest Christian churches was built, and that burials took place there from Leicester.
It may, however, have been a passage from the Abbey at Leicester to that at Borton-upon-Trent.

C
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four or five hundred feet, The water, on the north side of this ridge, has a
rapid descent into the Trent, of about five to eight miles in length ; whilst
that, on the south, takes a south-west direction, giving rise to small brooks
and rivers, of which the Mease is one: this, after joining the Tame, falls
into the channel of the Trent at Wichnor, having a course of thirty miles.
The continued line of ridge to the east, leaning towards, and terminating
upon, Charnwood Forest near Bardon, discharges its waters, on the south
side, by several branches into the river Anker, which unites with the Tame
at Tamwortih.

Another ridge commences near Bardon Hill, passing by, and probably
bounding, the Eastern verge of the Coal-formation, where it is deeply
seated under the marl of Bagworth ; thence it proceeds to Barleston,
Bosworth Park, Sutton Cheney, Stapleton, Barwell and Burbage near
Hinckley, almost in a sontherly direction. The drainage of this ridge, on
the west, is conveyed by numerous brooks, into the Anker; and, on the east
side, into the river Soar near Mountsorrel, joining the Trent near Sawley.
The first part of the eastern drainage, by Bagworth and its viecinity, has
an exceedingly circular route into the Soar, round the base of the primitive
Jormation of Charnwood Forest by Thornton, Desford, Glenfield, Thureas-
ton, to Mountsorrel.

Notwithstanding the various mines which are worked within the area of
this Coal-Field, its internal formation is but little known or understood :
and indeed, to investigate this thoroughly, would require much labour and
perseverance. The Sections hereafter introduced, will give some notion of
the great derangement which part of the Field has undergone: but, the
immense extent of the dislocations can only be ascertained by examination
below the surface ; for, they are not indicated upon it, except occasionally
by a slight change in the soil,
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Tt is a fact deserving particular notice, that, when the deranged state of
the strata is considered thronghout even a moderate extent of the Coal-Field,
the surface should not partake of the same derangement. A comparison
of the present state of the surface with that of the interior, affords a com-
plete proof of the denudation which must have taken place, affer the strata
were consolidated and subsequently disrupted. It has been observed, that
the drainage is wholly to the Trent; but the scooping out of many valleys
in the Coal-Districts could have been effected, neither by the streams now
passing through them, nor by casual storms occasioning local inundations.
Some of the valleys in the Clay strata or clunch, are smooth and length-
ened out: others are rather precipitous: and, in many instances, they
take their direction through the outcropping of the strata, by which the
alternations of the seams of Coal, Ironstone mh_'.l Sandstone, are exposed on
each side of the valley, at the proper corresponding levels. Here is another
proof, that, in these instances, denudations did take place after the strata
had acquired their present position and declination. The supposition of a
small power, acting for an indefinite period, is favoured by the circuitous
and uniform fall of the water in the valleys, through the Coal-District : but,
such a power is totally inadequate to smooth down the asperities caused by
the dislocations of the strata; these asperities, therefore, must have been
removed by a tidal current, deep and long continued. If the existing
inequalities of surface had been owing to the quiet, yet constantly acting,
streams which now run over them, immense alluyial tracts must have
occurred more or less in every valley : whereas, for many square miles of
easy undulating surface, with hills and valleys, varying from fifty to four
hundred feet in level, few alluvial deposits are found, and those of small
dimensions. The seams, traced to one thousand feet deep, are defined on the
surface, whether in the bottom of the valley or on the summit of the hill :
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consequently, the power of denudation must have been immense, and its
pressure uniformly exerted. Assuming that the present high ground of the
country, was the highest in relation to the ocean, prior to the cause by
which it was denuded, a tide acting over it would, by the pressure of the
fluid according to its velocity, give an uniform declivity from points which
opposed the greatest resistance to the greatest depth of the valleys where
the least resistence was opposed. Their circuitous direction favours this
idea, as the currents in the ocean now produce, in depths and velocities, all
the phenomena of hills and valleys.

The inequalities upon the surface of the earth, whether easy and smooth,
abrupt or precipitous, are no guide to the miner, and often mislead him.
A line of fault, one foot or one thonsand feet of fall or rise in the strata, is
not perceived upon the surface, in some districts: and the most broken
surface is often found, where the greatest regularity and uniformity prevails
below. This leads to the conclusion, that water has flowed violently over
the surface subsequently to the formation of slips: and, in respect to
valleys, that many of an extraordinary form on a large scale, are to be
attributed to the same causes which produced similar results on a small
01,

In mountainous countries, where deep valleys abound with lakes, earth-
quakes are usually regarded as their cause; but whether or no they were
scooped out when nearer the centre of the earth, or in the position they
now occupy, they were most undoubtedly produced in general by water,
and by water alone. Neither were the areas of the lakes a necessary
consequence of earthquakes, or subsidencies, or elevations of adjoining
parts; but they were oceasioned by the particular action of water, and
by the nature of the substances acted upon, according to the position in
which they lay, in the course of the stream.
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In the mining districts of Derbyshire, dnd in several other rocky mining
districts, it is ascertained that the surface, however apparently convulsed, in
that it exhibits deep gullies, chasms, and precipitous facades, has little
reference to the interior. The stratification of the rocks proceeds as uni-
formly beneath the highest pinnacle, as under the deepest valley. One
instance may be adduced at Matlock High-Tor, where the Derwent runs
at the base, in the line of a supposed slip, or chasm, down which the river
has easily worn its passage. Now this is not the fact, for it lows over a
solid bed.*

Let the section of any brook or river be examined through a considerable
extent of its course, and the cascades and lakes therein, whether the fall is
uniform or otherwise, will be found most abundant and surprising. In the
Trent, these cascades and deep lakes are very numerous. 1In that portion
of it which divides Derbyshire from Leicestershire, there are several places
where the river is from sixty to eighty feet wide, whilst its depth is not
more than one foot, on the average. Here, the stream flows at the rate of
five or six miles per hour over a bed of gravel which stretches across its
channel. In afew yards, the bed of the river suddenly deepens so as to form
a cascade of fifteen or twenty feet, or more, with a sandy or muddy bottom,
and this depth is continued for one hundred yards, more or less. Through
this distance, the stream here fﬂrming a lake, moves at a very slow rate,
until its velocity is again accelerated on reaching another bed of gravel, of
the same description as the former. Whether the mild streams of the
summer rain flow, or the more violent currents of winter floods when the
volume of water is greatly augmented, and its depth over the gravelly

shallows as well as deep places considerably increased, these deep places,

# Bee Farev's Derbyshire, Vol. I. page 120, plate 5,
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or pools, in the channel of the river remain unchanged. Although it is
notorious, that the gravel is carried away from their upper sides, through
them, and hurried forward ; yet are these pon]a never filled up, but retain,
year after year, an equal permanent depth. Now, all this seems to prove,
that even the slow progress of the stream, in deep water, is fully adequate
to carry on the gravel, by reason of the altitudinal pressure.

The gravel of the Trent is carried onward in an extraordinary manner over
impediments : thus, at King's Mills near Castle Donington, each winter's
flood deposits many thousands of tons of it, at the foot of a weir. For a mile
or more, this gravel is rolled along the bottom of the mill-pond, which is in
many places twenty or thirty feet deep; and, immediately before passing
the weir, it ascends the bed of the river, forming the inner side of the weir,
at a rise of one in three or four, although the gravel itself may ascend
diagonally at a less angle. The accumulations at the foot of the weir, are
carried forward by heavy floods: in some seasons, these accumulations are
immense for some months, until removed by succeeding floods.

Another phenomenon contributes to remove the gravel-beds and banks of
rivers, down their course. In the Trent, and other streams having such
beds, a curious transport of the gravel therein is effected ; and, at times, this
is carried on to an enormous extent, by means of what is usually called
“ ground-ice.”

The formation of this singular phenomenon is thus explained. When the
temperature of the air is much below 32° Farenheit, and the wind blows
hard from the north or north-east, it meets the current of the river, and
produces spray ; this is canght by the wind, and becomes icicles: again,
the water is, by the current, thrown into small whirls, the edges of which
being elevated, are also caught by the wind and converted into icicles,
which are thus formed in deep waters as well as in shallows. These slender
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icicles unite at all points and angles, and float downwards, until they pass
over gravelly shallows, the uneven bottom of which causes the water so to
roll over as effectually to mix that portion containing the icicles, with the
rest which flowed underneath. The small icicles rest in the several eddies
behind the gravel stones and uneven portions of the bottom ; and, uniting
together, they adhere to the stones and to the bottom, until a mass of ice
has so accumulated that its buoyancy overcomes the weight of the loose
aravel or stones to which it is attached. When this takes place, the whole
rises in the water and swims along. Where the gravel is cemented, or
adheres to the bottom, icicles continue to accumulate until large masses are
raised and float off. These masses are carried rapidly down the stream:
and, being driven against each other, a perpetual change in their volume
succeeds. If gravel is thus separated, then the ice with its decreased burden
rises higher above the surface: again, when ice is detached in part, the
residue, losing its buoyancy, sinks beneath the surface: soon, however,
this portion regains more icicles, re-ascends and resumes its journey. The
quantity of gravel and ice thus moving down the stream is truly astonishing ;
it seems to fill the river, and will impede a boat. Thus, large masses are
moved through deep water, and distributed for miles lower down the stream
than where they were taken up.

The opinion has been maintained, that the formation of ground-ice takes
place at the bottom of rivers; but, an attentive observer will soon discover
that this process goes on at the surface only. For, in some gentle eddies in
very deep water, the icicles may be seen in an accumulating and adhering
mass, without a single particle of any earthy or other matter in it. This
mass reaches from the surface nearly to the bottom, and appears like a
beautiful light body of snow in the stream. These icicles are never formed

on a muddy bottom, nor is mud alone ever attached to the floating masses.
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The icy spicule produced upon the rufled surface of the deep water of
the pond in the Trent at King’s Mills, on arriving at the weir, where the
velocity of the current is much inecreased, are, by the commotion thereby
occasioned, whirled to the bottom of the stream and upon the surface of the
stone-work of the weir. This is not only full of interstices, in which the
water forms very small counter-eddies, but a water-plant, called Ret, attaches
itself to the stone-work, rendering it still more unequal. The small spiculze
insinuate themselves first into these interstices, where they soon adhere
and accumulate ; and, as the bulk of aggregated ice thus rises, it becomes
an impediment which constantly increases, by fresh accretions, until it
forms a wall or dam on the weir-top. This wall presents the most singular,
beautiful, and fantastic shapes; it is often ten or fifteen inches in thickness,
and half a yard or more in height ; and it adheres so firmly to, and is fixed
in, the interstices of the stone-work, as to resist the force of repeated strokes
with an ordinary Trent boat-pole. Although the weir is nearly two hun-
dred yards in length, not a space will be free from ice, which surmounts it
so completely as to cause the water in the pond to rise and overflow the
adjacent lands to an alarming extent: and this can only be remedied by
breaking down forcibly a portion of the icy barrier.

By similar modes of operation, although upon a grander scale, the
lakes of mountainous countries may have been scooped out, in conse-
quence of their being situated in a peculiar line of eurrent, or because of
the measures there acted upon, being less dense than others in the course of
the stream. The fact of lakes now filling up by the depositions of sediment
quietly passing into them, has no reference to the origin of such lakes, or
to the original situation of the valleys, where they were excavated.

If it were proved in any case, that faults crossed the head or foot of a
lake, so that subsidence or elevation could be shewn, there would be some
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reason for calling in an earthquake, or some other powerful cause, as the
istrument of their formation. This however is not the case: the proof, as
far as it goes, tends to establish the regular continuity of the strata under
lakes or valleys, with few exceptions.

Strong adhesive Clay, such as constitutes a great part of Coal-formations,
seems to resist the action of water better than many rocks. Some of the
highest parts of the Coal-measures in Yorkshire, as well as many places of
England besides, consist of Clay, and are not acted upon by water, even in
narrow gullies, so much as rock. The tops of some of the highest hills in
Yorkshire, Derbyshire, Scotland, and in other districts, are getting higher
every year by the growth of vegetable matter upon them. The waste from
these hills is inconsiderable and takes place only in the exact track of the
cullies or narrow discharges of the water, the colouring matter of which is
derived entirely from the peat and other vegetables, and flows as an infusion
merely, with little mud or debris.

In rocky valleys, frost and lightning reduce the precipices until a slope
of debris is formed, the surface of which is still further reduced by frosts ;
lichens then accumulate, and give rise to a thin black ecoat which becomes
a pabulum for stronger plants: these, in time, are succeeded by shrubs;
and, ultimately, the whole is covered with vegetation, and inereases in bulk
almost imperceptibly, through all after-ages.

Bare rocks, which are not equally compact throughout their substance,
and situated in gorges or deep valleys in a mountainous district, undergo a
remarkable diminution of surface, by the action of the wind. This produces
an honeycomb-appearance, occasioned by a perpetual whirling of small
" particles in any inequalities of the rock. From time to time, the triturated
portion is forced out by rain, and adds to the debris abraded upon a larger
scale. These effects of the wind’s action are seen in church-porches, and

1y
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at the angles of high sandstone buildings, where its velocity is necessarily
increased. The same kind of erosion takes place in the vicinity of roads
or dusty plains. Even the balustrades of Westminster Bridge are consi-
derably worn, and will in time become too thin to be safe; but, this is
effected by the rush of wind across the bridge, carrying dust and sandy
particles with great force through the interstices, and striking the pillars,
as it passes. The fossil-shells in the Portland stone being harder than the
matrix, shew the extent to which this abrasion has already gone, the
balustrades having been worked smooth when erected.

From a view of the present surface of the Ashby Coal-Field, and of the
surface which it must have exhibited aforetime, it is impossible to conceive
the height which the latter might have reached, above the existing sea-level:
and, whilst it would not be difficult to shew that several hundred feet have
been washed off, there is probability in the conclusion that many thousand
feet were so removed.

In describing the drainage of the Coal-Field and adjoining distriets, it
appears that the valleys can all be traced to Charnwood Forest, and that
the fall from thence is in every direction. There is much reason to doubt
whether the mass whereof these hills are composed, was formed prior or
subsequent to the origin of the secondary strata by which it is accom-
panied : for, if prior, then it may be conceived that all the Coal strata
bordering thereon, with many others, once existed to a great thickness
upon them, and that the present rocks of Charnwood Forest were exposed
by a denudation which may have lowered the whole surface of the country,
by sweeping away, not only the superincumbent strata, but an immense
quantity of this primitive mass, leaving it abraded and jagged. Had it
been a subsequent formation, the result of volcanic agency, then the force
by which it was fused and its contents protruded through the overlaying
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strata, might have converted part of such strata into rock, and thrown the
remainder at a little distance into the inclinations in which they are now
deposited around it, leaving its own top and the shattered portions of these
strata to be torn away and worn by attrition into gravel, sand, marl, and
clay, by the undoubted denudation it has undergone, whether suddenly, in
a year, or gradually since the creation.

Having attentively examined the profiles and sections, let us ask the
questions : When did these dislocations happen? At one time, or at
successive periods? How awful the appearance! What magnificent deso-
lation! What power softened the asperities of the surface, and so perfectly
abraded the frightful overhanging preeipices, so completely filled up all the
horribly gaping chasms of inconceivable depths, as that not one of them
now remains to tell they ever existed!? What but the tumultuous action of
a deluge, could have carried away the tottering tops of the shriven and
fissured peaks that were either left upon a tilted base, or forced up by an
internal acting power: what but the gradual retirement of a deluge,
forming an easy declination to the ocean, could have substituted a smooth,
undulating and accessible surface, abounding in =oils of various qualities
moulded from the intermingled ruins, and each adapted to the production
and sustenance of an infinite diversity of vegetables and animals.

Let successzive world-makers exercise their invention in fabricating ideal
systems, it will be a long time before they produce a better view of the
earth’s existing constructure than that given by the first Geologist, when
he assures us, that on * the seventeenth day of the month, the same day,

were all the fountains of the great deep broken up;” that  the waters pre-

»

vailed upon the earth one hundred and fifty days;” that “ the waters
returned from off the earth continually, and after the end of the one

hundred and fifty days, the waters were abated;” and that * the waters
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decreased continually until the tenth month.” Has any one system,
hitherto published, given a more probable account of these extraordinary
operations than the outline sketched in these passages?! DBefore rejecting,
without evidence, the descriptive facts enumerated by the above-quoted
writer, it would well become his opponents to prm-e,-that he was an unedu-
cated person: but, if he was an educated person, then either to shew, that
the modern Europeans are wiser than were the Egyptians of old ; that they
know better how to cut out blocks of stone in the solid, and to move them ;
to raise obelisks, and build pyramids ; to cut canals, and turn the courses
of rivers; to erect walls, towers, and temples; to make inimitable dyes,
and to arrest the decomposition of the dead: or to shew, what people were
employed for these purposes by the Egyptians, whilst they themselves
knew little of Astronomy, or of any other science or art. Can it be shewn
that this historian obtained all his knowledge from the Israelites by tra-
dition, or when he was at school under the care and direction of his
princely patroness?

The following Facts and Observations relate principally to the Moira
Colliery upon Ashby Woulds. The detail of them may be uninteresting
except to those who are attracted by the novelty of the subject, or who have
a desire to acquire local information, as a means of promoting the objects

of geological science.



CHAPTER 1.

ON THE PRINCIPLE, THAT EVERY STRATUM HAS ITs
OWN PECULIAR FGOSSIL.

Tue three Sections of the Shafts relate to a small portion only of the
Ashby Coal-field, in the parishes of Donisthorpe and Ashby-de-la-Zouch ;
and, being upon the same scale, they shew the variations in the thickness
of each stratum. The shafts are about a mile asunder, and marked in the
Map. Throughout the extent proved, the strata vary little in appearance,
colour, hardness, or extraneous substances: they differ chiefly in the
fossils they contain. Heretofore, the miner had no guide, save his own
long-practised and often dearly-purchased experience, in deciding where
he should sink a shaft, or how he should proceed to recover the Coal where
a fault or slip intervened : but he was unable to impart the knowledge thus
acquired, because appearances and descriptive terms could not be expressed
to a stranger, so as to assist him in deciding in the same manner. This
faculty of practical observation in Mining, resembles some others which
are difficult of comprehension. The celebrated land-drainer, Elkington,
scarcely ever missed effecting drainage; but, to others he could not
communicate his ideas of the requisite means ; and, undoubtedly, part of
this difficulty arose from the various situations, to be acted upon, differ-
ing so much that the mind was obliged, in each case, to employ different
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reasonings to which extensive practice gave confidence. So, in a greal
degree, it is with mining; although certainly, this purpose would be
effected better by a careful scientific study.

When it is considered, how few shafts are sunk in deep mines and how
small a portion in each stratum is passed through, as each foot or even
inch, in sinking, may perforate a new plate or stratum whereof the cha-
acter requires a study ; and, when it is also considered, that this portion
is broken up by a glimmering light and almost always in water; that it is
discoloured with the blasts of gunpowder constantly used (for the clay is
so compressed at these depths as not to be got without gunpowder); that
it is cut into small pieces, in extracting a space only seven or eight feet
in dinmeter ; and that, when raised to the surface, it is immediately poured
down a sloping bank of debris, covered by a succeeding quantity and mixed
with the superficial mass, it is no wonder that records of facts are not pre-
served.  Another cause of not registering observations, is this: it may
happen that several feet shall be loosened in the day, and sent up during
the night, including peculiarities of fossils, or extraneous substances, which
no ordinary workman would think worthy of attention. In such cases,
vears might elapse before an opportunity again oceurred of recording the
like appearances. Mr. William Smith originally suggested the fact, that
each layer or stratum has its own peculiar fossil. The knowledge of this
fact has been of the greatest practical use in the Ashby Coal-Field ; and,
although the generality of its application, as a principle, has been doubted, '
if not denied ; yet, since it holds good for some miles, it must be of extreme
importance to the miner.

Upon the most careful comparisons made at several shafts, some general
appearances conduce to identify each stratum, although the fossil appear-
ances, and the colour and accompaniments of ironstone may have varied.
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It is quite probable that, of several shafts sunk through the same stratum
abounding with fossils, each shaft may produce a dissimilar species of them,
in that particular space; whereas, if a greater extent of surface, in the
direction of the laminm, were examined, the whole would be discovered ;
sometimes separated, sometimes mixed.

It is not clearly ascertained whether or no some of the fossils, vegetable
or animal, are repeated ; the similitude between them however is great; but
the species of each may be found to vary upon minute examination. The
alternations of the seams of indurated clay, sandstone, coal, and ironstone,
might lead to the inference, that fossils of a similar kind would be repeated;
but this does not appear to be the case, as fresh species and families com-
monly occur.

By comparing the number of a particular stratum in the Section of the
Coal Shaft, No. 3, with the corresponding number of the fossil delineated
in the Plates, it will be per{:civetl,, that however similar the particular stra-
tum may be, in colour, density, or quality, to another stratum alternating
in another part of the Section; yet, the fossils generally differ. It may,
and doubtless does happen, that several strata, perforated by a shaft, do
not yield a single specimen of their fossils in the diameter of that shaft ;
when, probably, at a few feet horizontally in the same measures, a variety
of such remains would be exposed. Again, any stratum yielding a parti-
cular fossil only, in the space excavated, might, upon further search,
contain others agreeing with those found in the same kind of seams. This
shews how hasty conclusions, drawn from isolated facts, may lead to error.



CHAPTER IIL

ON THE EVOLUTION OF CARBURETTED HYDROGEN GAS,
AND ITS MANAGEMENT.

I+ is not exactly ascertained in what state this gas is evolved, in the
Ashby mines. Whether it exists in large or in small quantities, however,
it is scarcely perceptible to the smell, and its odour is rather agreeable
than nauseous. It accelerates respiration a little ; canses a tingling in the
nosze; and affects the eyes; although this iz not always the case. It is
most abundant upon first opening a work, and in driving the adits for
air or horseways. Whenever it is necessary to drive an adit up-hill, the
areatest care and labour are required to prevent accidents, by impelling
atmospheric air, either with forcing-pumps and pipes, or with fans (pro-
vincially, Blow-Georges) and side-cuttings, called Ricketings, to the
extremity of the adit.

Experience has proved that, whether in driving adits or in getting the
Coal, it is safest to work down-hill. By this method, accidents rarely
happen, and inflammable air seldom acecumulates ; a cireulation being kept
up so long as the horses and men with burning candles are there. Even
when in a quiet state, or independent of any artificial means, the gas from
its levity will escape, in the upper part of the adits, over the common air,
if the ricketing is good. This cannot always be depended upon ; for, at
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some seasons of the year, the siate of the weather is such as to cause a
stagnation of air throughout the work. A Davy-lamp is directed to be
always used, upon entering any adit or work which has not had horses,
workmen, or burning candles in it, for the preceding hour. In the adits, if
left only for some minutes, the accumulations of gas are occasionally so
rapid as to be dangerous.

During the working or getting of the Coal, notwithstanding the quantity
of gas which is then liberated, few accidents occur ; because the circulation,
kept up by the consumption of atmospheric air for a great number of
horses, and men with their candles, prevents stagnation. The candles are
directed to be constantly placed at some distance from the roof; for, if this
is at all broken down, although the rush of good air is great, the bell-form
inequalities in it generally contain inflammable air; and, where these ine-
qualities are not large, the boys in passing frequently fire them for sport.
The workmen, upon any occasion of the gas being ignited, fall immediately
flat upon their faces, and thus often escape injury, although the fire rolls
over them.

The adits vary from five to six feet in height, and the coal-work is about
six feet. The greatest danger arises from the ignition of gas in the
workings. This sometimes happens, at an extremity, in particular wea-
ther; for then, an explosion takes place in consequence of the general
diffusion of inflammable air throughout them, so as to leave no space for
common air alone to rest in. The workmen eannot avoid an incidental
explosion of this kind ; and, as they work naked to the waist, their burns
are very severe, although seldom fatal.

Where it is fired in the adits and gangways, the inflammable air is gene-
rally in a mixed state : it occupies the upper part of the area only ; and, for
this reason, a lighted candle may be carried along the floor in safety : but,

E
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when the flame is inadvertently communicated to the under surface of the
gas, volumes of fire roll off in succession until the whole is consumed.
These are carried to the general discharge current, from the inereased
circulation then induced by rarefaction and expansion.

Another method of expelling the inflammable air, is this: in short dis-
tances from the main current, upon entering an adit, a workman crawls
upon all-fours without a light, keeping his head low to prevent breathing
the gas, or a mixture of it, and fastens a hook with a string through
it, in the roof at the extremity of the opening. He then returns in the
same manner to its entrance, with the two ends of the string in his
hand: to one of these ends, he fastens a lighted candle fixed in clay on a
board ; with the other, he draws the candle to the extremity in good air,
and thus raises it to the hook in the roof, when its flame ignites the gas at
that point. This ignition immediately occasions a rush of atmospheric
air along the floor to the same point, and the whole of the gas, fired or
not, is driven out, the workmen keeping to the windward side of the en-
trance of the adit, in the line of the main current. Sometimes, from the
quantity of gas, this rush is so very great as to cause a sort of shock,
forcing open the doors for regulating the air, and producing a blast
through the avenues so strong as to blow out all the candles. This
method has very seldom been resorted to since the Davy-lamp came into
use; for, upon that indicating the presence of gas, other means are
employed for expelling it, and preventing its noxious effects. This is
accomplished either by impelling common air to the end of the adit,
or by mixing the gas with so. much respirable air, as to render it in-
NOCUOUS.

Mixing the airs was successfully practised before the Davy-lamp came
into use. The method was this: upon a workman coming to the adit, and
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suspecting the presence of inflammable air, he stripped off’ his flannel shirt;
and, without a candle, buffetted and mixed the air, top and bottom,
throughout the extent of the adit, continuing the process until, by his
sensations, he supposed a light could be introduced. It will be easily
imagined that young or careless workmen frequently failed in this, and
suffered in consequence. When the gas is thus accidentally ignited, the
heat is intense; and, although it be a mere flash, it inflicts a deep and
painful burn. A flannel jacket or shirt, however, is often sufficient to save
the skin, whilst exposed parts may be extensively injured.

Where the evolution of this gas was abundant in an adit; and, where the
circulation proved slow, yet with atmospheric air enough for the purpose of
supporting life well ; light was thrown upon the works by the introduction
of a wheel armed with large flints, at its outer circumference. This wheel
upon being brought in contact with steel rods, and briskly turned round,
caused a flow of brilliant sparks which was sufficient for giving light to the
workmen, but would not ignite gas.

The Davy-lamp has extreme merit; yet, notwithstanding the best pre-
cautions, accidents will happen. That person, therefore, would also be
entitled to very great praise who could discover the means of remedying
or alleviating the sad torture of being flayed, and of preventing the conse-
quences of such a suppuration as takes place in the cure. Goulard’s
extract is kept at the works, but this cannot be applied quickly on every
occasion. The application of carded cotton, in close compacted pads; and,
latterly, flour dredged over the whole space burnt, with the dredging con-
tinued as long as moisture appeared, have been recommended, until a cure
is effected. If the exclusion of air from the scorched parts is important,
the latter expedient seems likely to answer; and flour, for the purpose, can
always be kept in every work, so as to be ready for instant use,
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It has already been observed, that, in this mine, the carburetted hydrogen
gns is not very perceptible to the senses. Often, indeed, the workmen
cannot perceive it even when in the midst of the danger it may create.
Notwithstanding the constant use of the Davy-lamp, accidents do occur;
it would, therefore, be a very useful discovery, if any substance could be
found which, on being placed in the works, might generate a strong scent
by attracting the gas. The ammoniacal odour of artificial gas is perceived
before it is sufficiently mixed with common air to make it explode ; and, if
the atmosphere of this mine could be tainted with any particular smell, this
would be a notice of the state of the air in the passages.

Most of the accidents happen in a morning, when the men first enter on
their li'n:IiI'I-L These accidents result from the circulation having been slow,
or perhaps suspended, during the night. Wherefore, if the men, upon
quitting their work in the evening, could leave in the different parts of the
mine any composition which, in the morning would indicate whether or
not the gas prevailed, that would be a warning: but, if there could be
found a substance, cheap and plentiful, and capable of absorbing, neutralis-
ing, or decomposing the hydrogen as it issued, the remedy would then be
complete.

A few of the rocky strata yield inflammable air, but not in abundance.
In one of these, at a fissure in the shaft, it was fired in passing and burned
until buffeted out. Upon the coal being got near the shaft this effect
ceased ; in consequence, probably, of some dislocations which eut off the
feeders. Some of the seams of coal do not vield inflammable air; or, if
they do, it is in such small quantities as not to be perceived.

Hitherto, it has not been ascertained by actual experiment, whether this
air exists in the Main Coal, under a pure gaseous, or a liquid, or condensed

form. When an adit is newly driven, small portions of water exude for
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a while, and then subside. At the same time, air is evolved from numerous
pores or fissures, with or without water, and its issue is attended with a
considerable noise on every side, like the hissing of snakes, as the workmen
say, or the sound from a tea-kettle on the fire. After some months, this
noise ceases, except in a few instances. These fissures are narrow and of
very little extent: they are technically called pin-cracks. The coal is
impermeable to water in all directions, and can resist its pressure at any
altitude, in a few yards of thickness.

How far it might be practicable to render this gas useful in mines, was
perhaps never thought of : to get rid of it, has hitherto been the only object
of care; but the time may arrive when it will be made applicable to the
general purposes of mining. In the mean while, the safest way of using
it in mines would probably be, to erect a gasometer on the coal-pit bank
where the refuse coal could be used, and to conduet the gas by proper
pipes, down the shafts and along the gang-roads and levels under ground,
and even in the workings.

In the Ashby mines, an instance lately occurred where this gas might
have been made useful, with a suitable apparatus. A passage was driven
to some distance in the solid coal, for the purpose of ventilating a portion
of the workings ; and it afterwards became necessary to stop this opening
closely at both ends, with clay dams kept wet, according to the usual mode of
preventing the circulation. After a while, the inflammable gas accumulated
to such an extent as, by its pressure, to force the dam. Luckily, however,
this happened at a time when there was no light in the avenues of discharge,
and the air passed ofl’ without oceasioning any injury. This adit again
became partially filled with inflammable gas; and, to prevent cireulation or
further access of this gas, the dam was carefully renewed, and the following

contrivance adopted. Through its structure and at the floor, a pipe was
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laid with its outer end immersed in a small pool or basin of water
about ten inches deep, in the shape of an inverted cone; and, as the
gas collected, it expelled the common air through the pipe in bubbles, at
the surface of the water. In a short time, all the atmospheric air was
discharged, leaving the inflammable gas alone in the adit; for, as this gas,
by its specific gravity, occupied the upper part of the passage, it forced
out all the lower stratum of air. This was proved, by the bubbles at length
taking fire upon the application of a lighted candle. As soon as the
pressure within increased, a discharge of the gas took place, through the
water, in considerable quantities, at intervals ; and, men being at work near
the discharge, it took fire in passing their lights, and alarmed them. To
obviate this firing, a pipe was inserted in the upper part of the clay dam,
by which the gas escaped as it formed; and, constantly mixing with the
passing current of air, it was rendered innocuous. A stop-cock, fixed in
this pipe, might have allowed these gaseous accumulations to be drawn
off, for the use of the mine.

The dreadful accidents which occur in the northern, and other mining
districts of England, afford a perpetual warning to all miners, wherever this
gas abounds. To guard against the evil effects of its rapid accumulation
at the Moira Colliery, the adits for horseways and air are driven out a
long time before the coal is worked, and sometimes for a mile in length.
By this method, the mass is freed from sudden issuings of the gas when
the coal is wrought out. Indriving these passages, the fresh air is copiously
supplied, and must traverse the space where the workmen are, and thus
its circulation carries out with it the inflammable gas very much diluted.
Holes are bored in the roof and sides, where this is supposed to abound ;
and, out of these, a quantity issues for indefinite periods, sometimes for a
few days or weeks, and sometimes for years.
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Some persons are of opinion, that this liberation of gas deteriorates the
quality of the coal in the mine; but this opinion can be conjectural only,
because the quality varies in a few yards, by compactness, tenderness, or
some slight difference to be observed only by those who are working the
mineral, or are in the habit of closely examining it. But this deterioration
in mines is not to be compared with that which takes place upon the coal,
when brought to the surface and exposed to the changes of weather, as
wind, rain, sunshine, and sudden alternations of temperature by evapora-
tion. Hence, in some seams, the decomposition or disunion of structure
proceeds so actively as to reduce a well stacked body of coal to a mere heap
of rubbish in a year or two.

It is a fact, however, that previous tapping or boring of the masses, does
lessen the danger to the men, when getting the coal, as less gas is then
found in the workings. The best protection :‘lg‘-{lillﬁt the accumulations of
this deleterions gas, and also against the direful consequences of its being
fired, is, the precaution of having the ascending column of air by a shaf,
the bottom of which is the highest part of the mine; and of carrying the
supplies, by proper means, to its ﬂcc[]est part, from the down-blowing
shaft.

Still the difficulty remains, of proving whether this gas exists in the
coal in a solid, liquid, or aériform state, and is liberated by removing the
immense pressure; or, whether the introduction of common air and its
accompanying moisture, produces chemical changes on the surfuce and in
the small crevices of the mineral. By the force with which it is sometimes
evolved from chinks and fissures, the former might be inferred : by the slow
issues from others, and by the surface of the coal in the adits or elsewhere,
when exposed to the atmosphere, being partly decomposed and losing some
of its adhesive bituminous qualities, the latter may be inferred.
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Where water lies and some muddy matter is collected in the levels, upon
a man walking in it and disturbing the bottom, bubbles arise in abun-
dance, and are often fired, as they float on the surface, by the workmen.
No peculiar smell is then perceptible.

However long these level adits may continue to be used as passages,
both of air and water, no change takes place so as to render the water
impure, or to produce other than the carburetted hydrogen gas. For the
purpose of providing for an early repair of their defects from decay or

injury, the state of these adits is occassionally examined.



CHAPTER III.

ON THE COMMON AND SALINE WATERS, IN THE MINES,

Tue Moira Mines do not pour out large volumes of water. This circum-
stance arises chiefly from the extraordinary number of faults which
intersect the strata in various directions, are accompanied by slips, and
thus become barriers to the springs. From the depth of the Shafts, which
varies from seven to eleven hundred feet, it is particularly desirable to
have as few of them as possible ; not only to save the expense of sinking
them, but likewise to avoid the chance of promoting the descent of water
by the perforations.

The principal part of the fresh water is found within three hundred feet
of the surface, and that in no great abundance. Itis kept down by a pump,
the working-barrel of which is nine inches diameter, with a six-feet stroke,
operating four or five hours in a day. Below this depth, very little, if any,

Sresh water exudes.*

® The water is raised from the mine by a large pumping Engine which consists of a eylinder
fifty-three inches diameter, two outer beams, the one twenty-four fiset long and connected with the
pumping apparatus in the deep pit; the other, twenty-three-and-a-half feet long, connected with
the upper shaft. ©One shaft is two hundred and fifty-two-and-a-half vards deep, and contains four
lifts of pumps; all the working barrels of which are seven-and-a-half inches dinmeter, and the
pipes ten inches. The lowermost of these four lifls is twenty-two yards; the second, forty-nine
}ru.rda; the third, forty-seven yards; and the fourth, or nppermost, is forty-one yards in length.
This fourth lift delivers the water into a cistern, connected with a pipe which conducts it under
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In working the Main Coal, a little salt water cozes out; and, although
it bleeds as the work advances, this bleeding generally soon ceases. In
some few places it continues to issue in small dribblings ; and these, col-
lectively throughout the extent of the Moira coal-mines, do not, in the
twenty-four hours, exceed fifty hogsheads which are conducted to the
COImon 'I'I_‘.ﬁE['\'l,'lil'+

As far as common observation goes, this Mineral Water is the same in
every part of the Ashby Coal-Field hitherto worked ; but, with a view to
ascertain its precise nature and elements, a sufficient quantity of it was
submitted to Dr. Ure, for chemical examination. The doctor has long
maintained the highest reputation, as an erudite and practical expounder
of the Chemical and Geological sciences; for this reason, his detail of the
processes by which he determined the constituent principles of the Ashby
Mineral Water, as it is evolved in the mine, Secrion III., must be as

the Engine-house to the basset shaft, where it is emptied into o cistern fixed on a frame.  This
water is altogether salt ; and, when these pumps are at work, a elack is shut in the cistern, at the
bottom of the basset shaft, to prevent the fresh water from feeding the upper lifts. The basset
shaft is ninety-six yards deep, and contains three lifts of pumps, the working-barrels of which are
geven-and-a-hall inches in diameter, and the pipes en inches.  The lower lift is forty-nine yards;
the second is thirty-eight ; and the thind, or nppermest, is a foree-pamp of ten yards. The cisten
at the bottom of the basset shaft, is six feet deep, and connected with o reservoir, eut in coal, and
made to hold four or five days’ water. When this water is lifted, the rods in the deep shaft are
disjointed ot ten feet below the surface, and the weight is balanced by two beams with arch-heads,
placed in the side of the shaft. A drain to the brook takes off about ten yards of full.

The average quantity of Fresh water oceupies the Engine with the lifts in the basset shaft, only
about nine hours in a week. The average quantity of Salt water alone, employs the Engine about
one-and-one-third of an hour per day, or about ten hoars per week. The topmost lift delivers the
water into a cistern about ten yards down the shaft; which, when fresh, runs over at the top of
the cistern and down the drain to the brook ; but, when sell, it is forced into the Bath Reservoir
by a forcing-pump connected with the lower part of the cistern, which is supplied I,:y the Engine
liﬁing salt water alons, The fresh water is pomped up, at about seven strokes per minute ; the salt,
at five-and-a-hall strokes per minute : 2o that the fresh yvields ninety-one gallons per minute, and
the salt seventy-one gallons per minute whilst working, or about ninety hogsheads per day.
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interesting as it is conclusive. It is given in the subjoined Letter;® and
the important results of his elaborate Analysis appear in the following
Table.

One imperial gallon contains

GRAINS.
Bromides of Potassium and Magnesium 8.0
Chloride of Calcium . .......cv0evuenn 851.2
Chloride of Magnesium .............. 16.0
Chloride of Potassium .............. 0

Iron, as a Protochloride . ...... i trace
Chloride of Sodivm . ........00+2:... 37005

Girnins 4575.7

The above 8 grains of Bromides are equivalent to 6 grains of Bromine.

# London, 13, Charlotie Strect, Bedford Square,
16ik Ay, 1834,
Epwarp Masuatr, Esa.
Bin,

I have devoted many days, in conjunction with my Son (who
has lately returned from the French and German Universities), to the analysis of the Suline Water
you sent me some time ago, and have the pleasure of transmitting you an account of the results.

Taste of the water, simply and strongly saline. Tt is pellucid and colonrless,  Specific gravity
at 60° F. 1.04647, distilled water being 1.00000. Tt is without any remarkable impregnation of
a gaseous kind, and containg no sulphates, affording no trace of sulphuric acid by nitrate of
barytes. 1000 grains of it evaporated to dryness, yield of gently jgnited saline matter 62§ grains,
being 61 per cent.

During the ignition, the odour of Bromine iz perceived. When a concentrated state of the
water, of specific gravity 1.205, is mixed with starch and a few drops of sulphuric acid, and
boiled into o paste ; agqueons chloring poured over this paste in a wine-glass, produces very soon
a beautiful golden-coloured ring round the top of the paste, indicating the presence of Bromine,

One gallon imperial and two-thirds, of the water being evaporated to one-filth of its bulk, began
to dclmit. erystals. Tt was cooled and exposed to a currént of chloring gas till its colonr assnmed
the maximum yellow tint of which it was susceptible. This liquid was agitated with a pint of
Ether, which seized the Bromine and rose with it to the surface in a deep yellow stratum.

This ethercous solution of brome being carefully separatid and tested by my pew method of
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Bromine was detected in the Ashby Mineral Water, in 1829, by Dr.
Daubeny, Professor of Chemistry in the University of Oxford, by an ex-
perimental process instituted for that purpose: an account of his investi-

gations was communicated to the Royal Society, and afterwards published
in the Philosophical Transactions.

As the origin and composition of the Ashby Mineral Water may give
rise to speculative remarks, it is necessary to detail all the facts apper-
taining to its presence and qualities. Generally, it makes its appearance
in any adit in the coal, as soon as driving commences. In some places, it
is more abundant than in others; and, in a few, none of it appears. The
coal is said to bleed; because, for the most part, the water soon ceases to
flow. This never spirts, nor comes out with any force, upon the pressure
being removed ; but, it rather oozes, and is invariably accompanied with a

analysis, indicated 10.3 grains of brome; a result verified by evaporating the neutral compound
of it and potash, to dryness, and igniting the bromide of potassium. Hence, a gallon of the water
containg 6 grains of brome, in the state of bromide of sodium, besides a very little bromide of
magnesium. I took every method to detect the presence of iodine, bot could find none. ¥

One gallon of the water contains four-and-a-hall cubic inches of air similar to the atmospheric,
with n slight exeess of nzote: G grains of magnesin, pur1.|}' in the state of ||}'lir1.r'|1-mu::|.li.'., hut chiefly
in that of & muriate: 851.2 grains of chloride of ealeivm: and altogether of saline matter, chiefly
chloride of sodium, 45753.7 grains=0,6537 of a pound avoirdupois.

It is a valuable peeuliarity of your Water, the being entirely free from sulphurie salis which, in
my opinion, constitate the principle of crudity in mineral waters, and often counteract the deob-
struent virtues of the other ingredients.

By the test of muriate of platina, carefully applied to the mother waters of your Saline Springﬂ,
no polesh salt is indicated ; and, therefore, I have placed a cypher opposite to muriate of potagh
{elloride of polassinm}, 1o denote its absence.

The Iron being in the state of proforide, acts more kindly on the human frame than in that of
peroxide ; and therefore, though the quantity be small, it may prove tonie rom its ready absorb-
ability by the lymphatics or lacteals,

I am, Sir,
Your obedient Servant,
ANDREW URE.
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gentle hissing noise, as if air was escaping at the same time. It issues
chiefly from small crevices (pin-cracks), and seems to be charged with
inflammable air, which escapes as the water trickles down the coal.
Sometimes the gas is in such abundance, that it may be fired ; and, when
ignited, it resembles a stream of burning alcohol. In driving an adit in
the solid coal to any distance, not so much as a drachm of water is found
at any one point, and very little ocozes from the roof or floor of the opening ;
but what is very remarkable, on a lump of coal being detached, water soon
afterwards begins to be extilled from the crevices of the seam.

Immediately over the coal-measures from which the Mineral Water ex-
udes, is a stratum of exceedingly fine fire-clay, called Tow, about eighteen
inches thick. This is not permeable to water. Immediately under the coal,
lies a stratum of soft clay, eight inches thick ; and, directly below this, is
another layer of fire-clay, compact, and several feet in thickness. This
last measure also is impermeable to water.

The bed of Coal, although it contains pin-cracks which seldom extend
many inches, has also the partings called slines, and those called cleavings,
in the direction of the bed; yet, the coal-measure itself is so little perme-
able to water laterally, that a few yards of it are sufficient to confine the
water of old workings.

Now, out of these facts, which are absolute, the inquiry necessarily
arises : How and whence, is this water derived? Did it pre-exist originally
as a saline fluid in the stratum; or, is it a recent composition, resulting
from a new chemical combination of its elements? If this water was pent
up in these crevices when the coal originally was formed, or even subse-
quently, it would very soon be drained off and exhausted. If the oxygen
of the atmosphere furnishes one of the ingredients of water, the other
abounds in the coal ; but, whence come the saline and other substances so



35 FRESH AND SALT WATER.

regularly and uniformly combined with it? Were these substances ever in
solution before? Were they deprived of their oxygen, during the myste-
rious process by which the coal was formed? Are they now re-produced,
by the accession of oxygen from the common air? Some persons contend
that this salt water comes into the line of the faults from beneath, and
diffuses itself in the coal. Although the coal near the faults, at particular
spots, yields water; nevertheless, this comes not from above, nor from
beneath ; it neither drops downwards, nor boils upwards; but, it issues in
minute oozings, at the sides. When a fault has been perforated, water is
seldom or ever found therein, so long as the confusion of strata, occasioned
by the break, remains. On the other hand, when the parallel strata set in,
the coal vields this saline water at almost every part. The fault might be
a rent to an immense depth, but the line of slip is filled up, and glazed by
the pressure : hence, in the greater number of instances, where salt water is
found and continues to run, the source or formation of this fluid cannot be
traced to the faults; for, although near some of these, the water is abundant;
yet, for the most part, the borders of the faults, and the faults themselves,
are altogether without water, and constitute actual barriers to it in every
direction.

That the coal contains or acquires Soda, is practically proved by the fact,
that Potters are unable to use it in burning their ware, in consequence of
its putting on the salt glaze, or vitreous coating of soda. It also abounds
with pyrites, which is dispersed through the cleavage or bed, in small
pieces called figs, from their resemblance to that fruit in a compressed
state.

Salt water is found in one or more of the sandy rocks in the superincum-
bent strata, but to no great extent, and it contains much less muriate of
soda than that which issues from the coal.
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The contiguity of the Worcestershire and Cheshire Salt Works prevents
the Salt made at Ashby Woulds from being profitable; for, although the
fuel is cheap for evaporation, the extraneous matters, in this water, require
an expensive process to purify it, in order to render the muriate of soda fit
for culinary purposes. It is used in Baths, both at Moira and at Ashby-
de-la-Zouch, and these have proved remarkably beneficial in numerous
cases, particularly in rhenmatie, paralytie, and scorbutic complaints. Its
internal use, in small repeated doses, accelerates the discussion of scrofulous
swellings, and that sort of tumour on the neck, called bronchocele; and
this effect has been attributed to the powerful agency of bromine on the
animal economy.

During several hundred years, this seam of Coal was worked from the
basset, or outcrops, to the depth of one hundred yards, where it neither
abounded in inflammable air, nor in salt water. The former rarely existed
in the adits, and still less frequently in the workings; the latter did not
appear at all, and has been found only in the mine since the workings
were conducted at an increased distance from the surface, and where great
faults or slips intervened to cut off’ the supply of water. At a change of
temperature of the air in the mine, to a lower degree, the roof of the coal
sweats salt water. This appearance is not altogether without its use; for,
it is an indication to the workmen to adjust their openings for the better
circulation of air, not only for their own safety, but to allow the candles to
burn freely. In some sudden alterations, the doors for regulating the ad-
mission of air require to be set wide open, so that the passage may be as
clear as possible.



CHAPTER 1V.

ON THE POLARITY OF STRATA, AND THE GENERAL LAW OF
THEIR ARBANGEMENT.

PovariTy of the Strata, is a subject which hitherto has not been much
considered. The extraordinary uniformity in the direction of the slines
and of the partings of the rocky strata, seems to have been determined by
the operation of some law not yet understood. The partings of the coal
may be first considered, as they have been proved to a great extent in
different parts of the Coal-Field.

These partings or slines are smooth-sided, and run parallel to each other.
Sometimes they are clear, sometimes have a little smutty or sooty substance
in their interstices. They are nearly vertical ; or, if the coal-seam inclines,
they form a square with its inclination. They are numerous in some parts
of the Field ; and, in this case, the coal is got with more ease, and in forms
more square than where they do not abound. In other parts, they are very
seldom found ; and then, the coal having no natural divisions, is torn from
the mass by force of wedges, and comes out of the work in uncouth
conchoidal pieces.

Wherever these slines appear, their direction is 23° west of north by the
compass, whatever way the stratum may incline. The coal between them
has an arrangement of lines all parallel to the slines, by which it may be
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divided. This is called the end of the coal. At right angles with these,
another arrangement of lines prevails. These, with the lines of cleavage,
commonly called the bed, give a cubical or parallelopipedal arrangement
to the coal.

The thick compact masses of compressed clay, known by the names of
Clunch, Bind, Stony-Bind, and Ball-Ironstone layers, which are imper-
meable to water, but repeatedly alternate with coal, sandstone, or any other
open measures, have no such slines or divisions. On the contrary, the
seams of the coal, sandstone, and beds of ironstone, with which the alter-
nates are made, have the same partings in the same directions. The sand-
stones which are full of eracks and divisions, have their partings running
in the same direction upon the end, or northwardly and southwardly :
whereas those which run eastwardly and westwardly observe no parallelism,
although they ramify into the other. This arrangement holds the same,
whether the strata in which it exists are at one foot or one thousand feet,
from the surface.

Wherever the direction of slines varies, this variation may be owing to a
tilt in the strata, subsequently to their primary formation. These slines
have had their origin after, and not during the deposition of the strata.
This is proved by the fact, that, whether in the coal, the shale, or the
sandstone seams, no fossil vegetable has been discovered within the parting,
or impressed upon the sides, whilst those seams themselves abound with
vegetable impressions in the bed or horizontal cleavings. The direction
of partings or slines varies at different Coal-Fields, but they preserve
parallelism. They may have had their origin at periods very different ;
evidently, however, they were all formed under the same law. The right-
angled direction to these partings is called the face of the coal, or quarry,
because the workmen must face them as the easiest way of working.

&
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Many of the Derbyshire and Nottinghamshire coal-measures, have their
slines in the same arrangement as the strata in the mines upon Ashby
Woulds, and this is also preserved in those of Coleorton, about five miles to
the westward.

Wherever the strata, abounding with these slines, reach the surface, they
give out much water; but, if they are surrounded by, or intermixed with
faults, they produce inconvenience only in first passing through them, by
causing great delay and expense in pumping until the reservoirs are
exhausted. Afier this they yield very little, because their connection with
the surface, or with an unbroken bed, is cut off.



CHAPTER V.

ON THE INDURATION OF THE STRATA, AND THE QUESTION, WHETHER
THEIR CONSOLIDATION BE THE RESULT OF PRESSURE OR OF CHE-
MICAL ACTION; WITH REMARKS ON THERMAL SPRINGS.

Ixpuration of the Strata appears to have taken place, and it is equally
plain that the process was completed, under different circumstances. This
induction is founded on the fact, that some of them possessing nearly the
same ¢uality, have not become indurated in the same degree The great
beds of Clunch, or compressed clay, as well as the more pure beds of Fire-
Clay, have not undergone any perceptible change since their first depo-
sition, except compression from the weight of superincumbent measures.
Besides, they are all impermeable to water.

Some of the beds of coal, particularly the thin ones, are close and have
scarcely an open sline in them, although they all exhibit the same arrange-
ment of slines, cross partings, and the cleavage of the lamine of the bed.
Others, and indeed most of the thick beds, contain greater open spaces in
the polar or erystalline distributions of their parts, and they have additional
small vertical cracks which are probably the results of induration. Where
these strata reach the surface, they yield an immense quantity of water,
which necessarily descends into the mine. The sandstone rocks, whether
thin or thick, are generally full of vertical crevices, besides the more regular
partings or slines described in the polar arrangement. These crevices

preserve their width, generally from top to bottom. Now, the proof that
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these cavities were formed after the deposition of the sand-rock itself, is
this: they are clear, although covered by a clay which must have been
washed into them, if these openings had been in existence whilst the sand-
rock stratum was the surface. The superincumbent clay cannot be forced
into the cavities on account of its tenacity and denseness; neither can it
conform itself to the lessened surface of the rock, becaunse this would oe-
casion corresponding eracks in the clay. It is generally observed, however,
that the upper and lower surfaces of all the strata so indurated and creviced,
have a smooth polished parting, called a shed, at top and bottom. The sheds
may be accounted for, by the concentration and actual sliding sideways,
of the indurated parts. The manner in which this induration produces cre-
vices, may be seen in almost any sand-rock alternating with earthy strata,
or in limestone beds, alternating with compact beds of marl; the latter
being waterproof, and the former full of crevices.

Induration, proceeding from arrangement of the parts of strata themselves,
is different from that eaused by compression. The several clunches, bind,
fire-clay, and other measures allied thereto by a mixture of sand and clay,
are so hardened in deep mines as to assume all the qualities of stone. They
require to be loosened by gunpowder, preparatory to their being worked by
the maundril ; nevertheless, an exposure on the surface, to the atmosphere,
for a few weeks, sometimes for a few days only, will moulder them to pow-
der or convert them into puddle.

Besides the erystalline or polar arrangement, several important results
may be attributed to the desiceation of the newly formed mass. Many of
our hardest marbles, particularly the Devonshire, owe their beauty, when
polished, to the ramifications of veins intersecting the stone. These veins
differ in magnitude, in some degree proportioned to their number. Whe-
ther occasioned by convulsive shakings, or by induration, separations of
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the mass have taken place: and, on water percolating these divisions, it
would fill them up by the deposition of caleareous matter freed from grosser
substances, and thus render the whole mass compact and solid, as it i8 now
found. Where this veiny marble oceurs, it is subject, notwithstanding its
veins, to have partings or slines running parallel to each other, and these
are often filled up with earthy matter from the surface, or with calcareous
spar, so as to close the openings completely. In the metalliferous moun-
tain limestone of Derbyshire, the sparry deposit is frequently of great
thickness, not only in the several beds, which are often separated by a
layer of earth, but also in the great fractures, which contain lead ore.

That all the strata of the earth, no matter what their nature or description,
have been soft, or flexible, or comminuted, or fluid, or gaseous, is a propo-
gition which eannot be doubted. But much controversy has been occasioned
by the inquiry, whether they were indurated by cooling; or, by merely
losing their water and gaseous matter; or, by parting with their ealorie
of fluidity. Hereafter, perhaps, it may be discovered, that the combined
agency of fire and water was employed chiefly in accomplishing the pro-
cesses of induration.

If the interior of the earth has been partially melted by heat, these
vacancies may have been produced, sufficient to account for the immense
dislocations which the strata have undergone, whilst the mass was cooling.
On the other hand, those strata which either now lie in an horizontal
position, or at any angle with the horizon, although parallel to each other,
and which cannot be referred to any other origin than a quiet deposition in
water, may owe their partings and other separations to the gradual conso-
lidation and induration of the mass. The effects, on the different strata, of
either of these two causes might be caleulated, according to their suscepti-
bility of compression. The spaces produced by the contraction, in drying,
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of matter which has been deposited by water, will account for the lateral
partings, and the immense vacuities in the interior, as well as for the greatest
dislocations observed in mining. In many instances in Derbyshire, the
caverns are occasioned by the separation of parallel beds; in others, by
ruptures in the strata, having above, below, and on their sides, bell-like
forms, owing doubtless to the action of water.

That partings of the solid strata, near the surface, oceur every where ;
that fractures accompanied by slips or faults are found every where ; and,
that large caverns abound in many places, are facts generally known ; but,
to what {Icpth these divisions may reach, is not known. If the cause of the
dislocations exist far beneath the surface, and far below where the operations
of man have penetrated, it may be inferred that the vacuities are extensive
as well as deep-seated. Wherefore, it may be inquired, whether water has
contributed to fill up these recesses, or to increase them, according to their
situation and cireumstances, or probably to both?

The cause of Thermal Springs has occupied the attention of many
persons; but their researches have not led to any satisfactory conclusion.
Their origin, however, is generally ascribed to volcanie agency, or a regular
central heat. That some springs are thrown to the surface by faults, where
different strata come in contact, is a well known fact. Few waters issue
as uniform springs, which are not more or less impregnated with earthy
matter, held in solution. Some of this, for instance the tufas, ochres, and
many other coneretions, is deposited as soon as it arrives at the surface ;
and this deposition may be owing, in part, to alteration of temperature or
diminished pressure. Baut, should a body of water, holding in solution one
substance abstracted from a stratum through which it has percolated, flow
over another of a different nature also soluble by such water, new affinities

may take place and precipitations occur, so as to fill up openings with
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apparently extraneous matter. If, in the process, erystals are formed, and
water is partly taken up, heat might be liberated in quantity sufficient to
impart to uniform streams an uniform heat, as indicated at their issue upon
the surface.

The probability of thermal springs being occasioned by the escape of
the caloric of fluidity of water, during the crystallisation of substances in
traversing different strata, is strengthened by the fact, that, with us, most of
such springs occur at or near faults or dislocations. In rocky districts,
springs very opposite in their nature, are frequently brought in contact;
and thus, consequently, water may perform an important part, by bringing
together substances whose affinities will operate in producing new combi-
nations. In these instances, no matter at what depth, the caloric of fluidity
of water escapes, and must necessarily elevate the temperature of the sur-
rounding medium. When the immense masses of tufa, stalactite, and other
sparry concretions found in crevices and breaks; when the quantities of
matter removed by running water from the crevices of one stratum and
deposited in another; and, when the impossibility of all this being accom-
plished without loss of caloric from the water, are considered, it will be
easy to account for the origin of warm springs. The quantity of some
springs is so little affected in dry or in wet seasons, as to afford reasons
for inferring that a considerable proportion of the rain which falls and
percolates the earth, is consolidated in forming matter, the result of its
combination with different substances decomposing the constituent parts of
the water.

Melted matter, basalt, or other known volcanic products, appear to have
burst through the strata, forming immense dykes for a great extent. The
vacuity occasioned by contraction after cooling in the interior, may have
been the cause of great dislocations in the superior strata, as the melted
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matter abated in heat. Some openings, even of large size, as well as many
small fissures, were filled up by water, carrying in the debris of the adjacent
strata, as is found in the coal-measures ; or, they now remain the passages
of volumes of water effecting important consequences : for, if passages do
exist, it is.probable that water would not be quiescent in them ; and that,
in some places, they may be enlarging the openings by their action, and in
others, filling them up.

The consequences upon the density of the strata, arising from compres-
sion referrible to the superincumbent mass, are not uniform ; for, if thick
beds of sand or other rock harden and contriet, they may form an immense
series of arches, and thus produce waving lines in the strata below, by
causing much pressure upon abutments, and little on the arches. 1In such
cases, according to the thickness of these beds of stone, the arches will be
of great extent. Thus, after an accumulation of strata upon hardened
rocks, sach partial pressure may take place upon the strata below, as to
throw them into little faults and slips. As a proof of this, it is often
observed that, where the coal has been excavated, leaving a space of five or
six feet, at a depth of five or six hundred feet from the surface, such surface
continued undisturbed, 1In this case, the coal was got, for one hundred
vards in breadth, and few props were used for five or six weeks, until a
space had been excavated of nearly one hundred yards square: when, on a
sudden, the roof indicated pressure by portions thereof being detached with
great force and noise: this disturbance will continue for an hour or two,
during which time the men retire from the face of the work. Afterwards,
there is little pressure, until an equal space has been excavated, when
similar indications are repeated. The roof closes a little almost daily ; but,
at these periods of greater pressure, it almost wholly closes, and yet not
regularly through the space excavated.
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Several rocks exist between the coal and the surface, each from four to
fifteen yards thick, as well as distinct beds of clunch or clay, still thicker.
As this closing of the roof does not lower the surface (although there are
exceptions named hereafter), it may be inferred that the superincumbent
rocks and the accompanying strata, form successive inverted arches of one
hundred yards span, near the coual, decreasing towards the surface which
the smallest arch does not reach. It is evident, therefore, that an immense
additional pressure must be thrown upon the abutments on each side of the
workings so excavated : and, that it is so, is further proved by the following
facts. Upon each side of these workings, a horseway with a rail road and
an air adit, in the solid coal, are formed. To protect these, no care is
required, upon first driving, because the pressure is equal; but, as the
workings proceed, a rib of coal, several yards in thickness, is left between
them and this adit. Notwithstanding this, when the periodical pressure
takes place, the adits are often disturbed, pieces of coal detached, and the
roof is crushed and splintered. After a time, when the pressure subsides,
or rather when the slip, or break, ceases to move, these defects are repaired
with wood, sometimes with brick ; and, upon workings taking place on the
opposite side of the adit, by which another weight is thrown upon the coal
contiguous, the necessity for repairs is increased.

When the coal has been worked out on both sides of these ribs, an
attempt is sometimes made to get out the ribs themselves, but it seldom
rewards the miner; for, the coal 13 found shattered and dislocated. The
extraction of these ribs causes no depression of the surface, as the two sides
of the arches find a bearing upon each other, by a short sliding near the
coal ; and, of course, a conformity by short dislocations in the rocks above.
In the same Coal-Field, where the seam is worked at a depth of more than
seven hundred feet, the surface occasionally sinks. This oceurs where the
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coal is freest from faults or slips; and, being got out almost uniformly, the
whole superincumbent strata subside, yet there is not more than six
inches or a foot of subsidence apparent upon the surface ; so that rests take
place on the margin of the excavated part.

The word convulsion is frequently used, both by theorists and practical
men, in speaking of these faults. It certainly is, in most cases, misapplied ;
for, the term implies all manner of violent disorder, in which no rule or
guide could be observed. There is method, however, in all these slips. It
has been stated, that the strata preserve their parallelism ; that the slips or
faults are often parallel to each other, whether the leaps be up or down ;
that they often proceed in regular slips; and that, after short distances,
they resume their regular course, leaving some spaces elevated into a
tabular mass, and others depressed. These masses are often too narrow to
be wrought, and sometimes continue for a great distance. May not con-
traction or induration of deep strata have caused vacuities affecting, on a
large scale, the upper strata which have thus slipped, rather than been
convulsed? Cavities in rocks and in other strata, may have been produced
by pent up air, or by the developement of air upon a change of the density
or alteration of their component parts. An instance occurred at Wednes-
bury, where, by the sudden irruption of water into a mine, a number of men
were shut up in an ascending drift, and lived for several days until the
water was pumped out, when they were extricated unhurt. The altitudinal
pressure of the water had concentrated the air, but could not force it off
through the dense strata. A similar instance occurred at Oakthorpe, in
the Ashby Coal-Field, where a body of water suddenly filled a shaft and
the workings; but a length of drift, or adit, there retained its air; and
this, after several weeks reduction of the water by pumping, regained its
equilibrium with the atmosphere, preserving dry and uninjured all the tools
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and clothes of the workmen. Another instance of the same kind is reported
in the Gloucester Journal of May, 1833. It is that of five boys being pent
up at Ledghill near Stapleton, in a part of the mine elevated above the bot-
tom of the shaft for ascending, which was occupied by a sudden irruption of
water ; these boys, after remaining six days and nights without food, were
liberated in health, to their astonished friends.

Some of the strata, having all the characters and solidity of rock, are
used oceasionally for roads or buildings ; but such strata often deceive the
workmen ; because, in a few years, sometimes in a few months only, their
cohesion is deranged. Even in the very best beds, the stone, indurated as
described, is seldom to be trusted from any Coal-Field ; and, whenever used
in buildings, it should be most earefully laid in the same position it oceu-
pied in its original bed. Freestone, properly so called, is seldom found in
coal districts; there is generally a cleavage in it, as well as variety of
compactness in the texture of the laminee of the bed. The borders of Coal-
Fields, however, often abound in freestone.

If it can be assumed that all strata when formed, were at the surface and
subject to the present atmospheric pressure only, some scale of reduction of
their volume by desiccation, or hardening, may be attained. If that of clay
be taken, such as the clays of the English Coal-Fields, by whatever name
they are called, whether Bind, Clunch, Tow, Metals, Shale, or Blaes, it is
shewn by Wedgwood's scale, that its compression or shrinking will amount
to one-fourth of the original bulk : and, even then, that this will be of less
specific gravity, or less compactness, than many rocks. Hence, taking any
Coal-Field of ten miles long, five broad, and one mile deep, extensive
cavities must necessarily have been produced so as to occasion slips,
breaks or faults, with tilts of beds, until the maximum of density was

attained. Strata may have dried in succession, notwithstanding faults run
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through many of them in a continued line; for, the first break would
continue to widen, and thus tend to derange an upper layer at the same
line. In this way, the consolidation of lower strata, in shrinking, may have
caused rents through all the superincumbent beds, independent of the
smaller slips or cavities in these same beds. Besides, so long as water
continued to flow over and denude the surface, at an enormous pressure,
the lateral shrinking might not be completed.

Modern Geologists seem to have satisfied themselves that there exists, or
has existed, some law of superposition or arrangement of strata, which is
never inverted. As none of the systems promulgated at present, are suffi-
cient to account for all appearances, it would seem that, if more local facts
could be collected, these might tend to a better elucidation of the subject,
and would be much better than calling in fire, water, variable temperature,
volcanoes and earthquakes, for forming valleys and ranges of strata for
miles in the line of bearing.



CHAPTER VI.

ON THE DIP, OR INCLINATION OF THE STRATA.

As far as has been proved by workings, the whole strata of the Ashby
Coal-Field generally preserve their parallelism. Like many others, this
Field will probably be found to constitute a basin, or trough. So far as is
already known, it represents the shape of a spoon, the tip of which stretches
nearly south, and is lengthened out into the parishes of Swepstone and
Snarestone, as exhibited in the Map. In this direction, the rise of the
measures is about one in ten. On the west, the rise is more abrupt: this
is shewn by the main-coal basseting in a line from the north end of
Measham village through that of Oakthorpe. On the east, the rise is still
more abrupt: this is shewn by the main-coal basseting from the highest
part of Thing-Hill in the north-eastern boundary of Measham parish,
along the south limit of Willesley, where the trace is lost, from high sand
rocks projecting and apparently tilting the measures to an angle of about
forty degrees. On the western side, the coal is thrown down by faults ; and,
consequently, its extent is prolonged considerably, instead of basseting in
the original direction ; and, although it has various swamps and elevations,
yet on the whole it preserves its parallelism. On the north, the strata dip
at a small angle, so as to lie almost flat; and the north basset has not been
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yet ascertained. This may probably have its termination in the face of, or
a little under, the long and high range of gravel and sand hills which
extends, in the line of the road from Burton to Ashby, from Winshill by
Bradby, through Hartshorn to Tadsor-Field.

The Sections of the Shafts shew that the strata preserve nearly their
respective distances and thickness, as well in the regular dip, as in their
occasional elevations and depressions. It is difficult to ascertain whether
these waving lines were so formed originally, or whether they did not result
from distant or contiguous dislocations of the strata, when the masses would
conform to their new bearings by an almost imperceptible series of slips.
This latter supposition is supported by the circumstance of the coal being
found tender, sooty, or dusty, and with short shining slips in its masses at
intervals : and, this supposition is still further supported by the occasional
conformity of the waving lines of the coal to the waving lines upon the
surface of the land. For, as the measures are entire from the surface
downwards, this conformity proves that the waving strata were owing to
faults or slips which caused a new bearing ; and, it proves also, that subse-
quently to this new bearing, the strata in the greater part of the Coal-Field
were carried off in laminge completely by a denudation of the surface, which
left no debris or trace behind it.

Notwithstanding this general uniformity of the dip, it is often disturbed
by the faults which intersect the Field in all directions. In some places,
the coal is found a little thinner or a little thicker, without its dip being
altered : in other places, and frequently, the dip is altered considerably
when near a fault, and the miner is thus taught one rule by which he
ascertains whether the coal has taken a higher or lower position. In con-
siderable dislocations on either side, whilst the great mass remains parallel,

the portions nearest the fault, and those within it, will sometimes be
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contorted or drawn out, and the strata thinned and bent downwards or
upwards, with scarcely slips and breakings enough in it to produce a
digjunction. The whole space of such faults, however, will be quite filled
up with various portions of the strata, so erushed and ground as to alter
the very nature of the substances.

On the borders of the coal-strata, the diluvial deposits do not seem to
derange the ordinary dip of those strata: but, the diluvial matter itself,
consisting of sandy or conglomerate measures, has generally a contrary
dip ; for, although in many cases, the gravel-beds and sand-deposits present
the appearance of a mere confused mass, nevertheless a close examination
shews the direction in which these beds and deposits had been formed, and
thus proves that the edges of the coal-strata were abraded, and that the
mixed pebbles and debris were lodged against them in layers, by which
the surface was rendered uniform.



CHAPTER VII

ON THE FACTS WHICH PROVE THAT FAULTS ARE THE RESULT OF
A GENERAL LAW, RATHER THAN OF EARTHQUAKES.

Favers in the Strata of the Ashby Coal-Field are very numerous ; more
so, perhaps, than in any other district. Some of these are extensive
openings and dislocations, called leaps ; others, are mere slips or bends:
their depth varies from a few inches to one hundred yards perpendicular,
or more. Some of the breaks run parallel to each other, to a great distance;
others take a transverse direction, seemingly without order. Ior the most
part, the faults do not alter the parallelism of the strata, even upon the
largest scale.  Sometimes the slips resemble steps, each of which may be a
few feet only, or a few yards in extent; the strata still keeping parallel
between the slips.  Moreover, some of the faults range for miles: others
branch out of the larger faults, and terminate in a point. Some slips cross
each other in their course, and then produce what is technically called a
shift. Some of the openings are mere gashes, or simple separations, on
cither side of which the Coal remains level : these are filled up with sooty
conl and elay. The two sides of the Fault are generally so crushed in
slipping, as to resemble a mirror ; and, for the most part, the space between
the sides, consists of coal, stone and clay, ground to powder. But, when a
fissure is wide, then the lumps of coal, stone and clay, are less comminuted,
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and distingnishable separately. The matter between the sides comes
principally from superior strata; the inferior, however, sometimes seem
to have been forced upwards, in a slight degree, into the fault, by an
enormous downward pressure. In such instances, no cavities ocecur.

The nature of a slip is shewn by its inclination. If, upon the first
appearance of the fault, the slip goes aslant downwards, then the coal is
gone down ; if upwards, the contrary is indicated ; and, by this rule, the
seam is discovered again. In many cases, the large faults have branches
which vary in thickness, in breadth and in extent, so as to throw the coal
up or down, for a little way, until the branch fault thins itself out to a
thread, where the coal remains unbroken. Occasionally, as was before
observed, the waving line of the strata corresponds to that of the surface,
rising and dipping in the same manner, and nearly in the same degree ;
but, although this is the case in a few places on the Woulds, the same
observation does not apply to the other parts of the same seam. If this
correspondence were found correct to a moderately uniform extent, it would
tend to prove that the superficial variations were made at the same period
as the internal undulations. Excepting this instance, the surface has little
conformity to the dip of the measures.

The slips do not appear to hold any metal worth pursuing, although lead
i# occasionally found both in them and the measures. In working a seam
of coal in Measham, at about eighty vards deep from the surface, and
twenty-seven yards below the main coal, a considerable quantity of lead ore
was found in fissures of the coal, and in slips passing through it. A sparry
substance accompanied the lead ore, in general, although the ore was some-
times intermixed with the coal only, adhering to it. The coal adjoining this
ore, was not at all altered in quality. The fissures where this ore appeared,
were thin and wrought for some distance in the superior strata, but without

1
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profit. In another situation, also in Measham, towards the outerop of the
main coal, and where the cap of gravel was about twenty yards thick, much
lead, connected with sparry concretions, was found in sinking a shaft
through the conglomerate deposit ; and, where water had been poured over
the bank-earth or debris of the shaft, the lead ore was washed clean, and
shovelled up in quantities.

Ironstone is not found in the Faults ; but it abounds, in all its various
forms, through the whole stratification.—The origin of Faults has given
rise to much controversy ; but, until they have been far traced, and more
accurately investigated ; and, until facts are noted in numerous situations,
an unohjectionable theory of their production cannot be formed.

From varied observations of Faults in Coal-Fields, there is much reason
to conclude, that they are not the effect of volecanic convulsions or earth-
quakes; but the result of a quiet, uniform, natural law of operation ;
namely, that of Induration.

Faults in Coal-Fields, which so perplex the miner in coal-getting, seem
to be exactly of the same nature as the slips or faults in strata abounding
in mineral veins, which veins themselves constitute the slips. But, whether
the mineral be copper, lead, or tin, the ore is found principally in the faults.
Whether these ores, with their accompanying earths and crystals, entered
the faults from above, or from below, has been doubted. In some of the
metalliferous limestones of Derbyshire, lead veins called rake-veins, pass
in slips through several beds, between which a considerable thickness of
amygdaloid (tufa) occurs. This is supposed to have been injected while
in a melted state, between the laming of the beds of limestone ; but, it is
quite as probable, and as consistent with many other phenomena of the
like kind, that the amygdaloid has been compressed when pliable, and that
the lateral contractions were made by such compression. This is exactly
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similar in effect to what occurs in the earthy, and marly beds of the lias, in
many limestone beds, and especially in sandstone beds alternating with
marl, as already described.

If it should be found that the slips, or faults, in coal-strata, in limestone
rocks, in sandstone, in slate, and in almost all rocks, are universally of the
same nature ; and, if proper allowance be made for the composition of the
substance, for its declination as to the bed, and for its other local relations,
must not the origin of faults be referred to some general law of nature!
Cannot induration alone account for it? Volcances and Earthquakes are
not proved to be so uniform in their action as to produce the effect. If the
process of desiceation, compression, and induration be strictly investigated
in its natural bearings, its results will explain the phenomena of slips in all
their modifications throughout the Ashby Coal-Field. They extend to a
depth altogether beyond our reach : the deepest mines in the earth prove
their continuation downwards; and, on the surface, they are traced for
miles. In like manner also, the same process may account, not only for
the small slips and dislocations, but for all tilts and declinations of strata.
It will even account for the vertical position of entire masses, for the
position of masses reversed for short distances, and for the sudden de-
pressions of surface, both in mountainous districts, and on the sea shores,
where the depths of the sea are generally proportioned to the height of the
strata lying with their beds nearly vertical.



CHAPTER VIIL

ON THE COAL SEAMS., AND THE UNIFORMITY OF THEIR DISTANCES
FROM EACH OTHER.

Coar Seams preserve their thickness, quality, indicative characters, and
relative distances, to a surprising extent, in this Iield. In proving uncer-
tain ground, a knowledge of the position of a deep coal is gained, when a
seam 18 found which corresponds to a seam proved in another part of the
Field, although very distant. This information might probably be attained
by observing the composition and nature of other parts of the strata, the
peculiarities of which seldom interest the miner so much as coal. It may
be useful to a geological inquiry, to describe minutely the precize character
of any one or more coal-seams, as this is sustained throngh an extensive
district. Towards the basset or outcrop of these, their quality and texture
often vary ; frequently also, they are different near to, and in, a fault. Such
dissimilarities, however, are not so great as to prevent those accustomed
to see them, from being able to idnntif_v every portion of the seam. The
alteration consists in parts of the measures being crushed, much broken,
dull, and thinner or thicker than the rest, in putting on a sooty appearance,
and in being often largely mixed with pyrites and sparry matter, sometimes
with thin beds of bat or stone, for very short spaces.

Two seams are here selected for a detailed description, because they may
be at once recognised in any part of the Field hitherto proved. These are,
the seam called the Main Coal; and that called the Five-feet Coal, lying
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seventy yards above the former. As far as fact has been proved by the
workings, extending over eight or ten square miles, the Main Coal, from its
southern, eastern, and western bassetings, to the depth of one thousand feet
on its northern side, has the characters described in the following Table.

No. Local Name Quality. Ft. In.
1 Roof Coal......... Spires, a dark slaty structure ............ 0 11
2 Stone Coal ........ Spire and dice-coal, mixed ........ A LR
3 Dicey ............Dice, breaks into cubes or parallelopipeds.. 0 5
gtivinley. .o Dice, small cubes with pyrites............ 0 5
S EETITER: oL L A L e e A e e 0 11
g o BT e R A i, £ e B T B AP O W ] T
7 Hard Seam ....... As No. 1, but more compact . ............ 0 1%
AT S s A LT e R e e s i (A
RT3 | S T e S B P 0 1

L1 b e As No. 3, but not so compact ............ 1 0

11 Scalps............Dice, with two seams of spire ............ 0 B

12 Grounds . ..... .« . Dice and spire mixed, very stout ......... 0 11

13 Under grounds .., . AsNo.1 ............ S e .. 0 4

FeBaaf Coalsvo v o iDiee e o v S TR R T 0 9

15 Hard Seam..... SR T e (AT TR R R - awe i tute )

16 Soft Seam ........ LT e R e T SRR i)

17 Hard Brown ......Spire,compact . .......ccociivuiniannnss 1

T8 Hard: morxed 0 Ll iSnire; cOMPASE ..o s s 0 6

L T o B T oE o o et Rl o 1 b T

L e e e e S 1 T e E o S e R e e

14 &
The last seven Nos. include what i1s called the Nether Coal ; but this, in
consequence of its being a little inferior to the upper in quality, is not got
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for sale at the Woulds. The terms used in the preceding Table are quite
arbitrary, although perfectly well understood by all persons employed in
the working of conl. Were the same measure accurately represented in
a drawing, even this would not be easily comprehended ; because, dulness
and brightness of appearance alone cause shades of difference, and these
would not shew quality correctly.

The Five-feet Coal-seam, having a strong bind for its roof, over which is
a grey stone with clunch clay for its floor, has the subjoined characters.

Na. Name and Quality. Ft. In.
1 Dicey coal, with a seam of spire of oneinch ................. 1 8
3 e B pIre C0ml E  T ke e et L)
3 Dicey coal, soft ............ R e R L EEE R e T
4 S0 I Iy vt s in e Ve drr e AN R L N o W) Eh
5 Soft Diceycoal ............... SR AR b e o e e T T

4 9

Although the characters of this seam are such as can be distingunished
by the workmen, throughout this and the neighbouring Coal-Fields, yet is
the measure not so uniform as that of the Main Coal. The stratum of fire-
clay, five inches in thickness, is often wanting and its space wholly filled
with coal.

The arrangement of the beds of these two seams, particularly that of the
Main Coal, is so uniform, as to shew it to be the result of some fixed law
operating during a guiescent state of the original mass. Those parts of the
bed called spire, are supposed to contain a little more earthy matter than
the dicey portion. They are also more concentrated, and their specific
gravity is different.

In the present state of the coal trade, and in the use of this coal, two
important advantages arise from this alternated structure : viz. the bands of
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spire hold the mass together ; and, although easily divided, it is sold in as
large lumps as human strength can move ; in pieces weighing from half a
hundred pounds’ weight to half a ton. When stacked for sale, the weather
has little effect upon it; whereas the dicey parts, if not protected by the
spirey, would be crumbled to pieces by the atmosphere. For this reason,
its quality is little deteriorated by a year's exposure. Many coals, which
burn well upon first coming out of the mine, become little better than peat
after twelve months’ exposure to the air. It is another quality of the bands
of spires, that, when the coal is consuming, the spire retains its form, or
nearly so, not only while the hydrogen is passing off in smoke or flame,
but also whilst it is in the state of red coke. It thus furnishes a steady
luminous heat for a long time, and prevents the dicey part from being con-
sumed too rapidly. The latter, from its easy divisibility into cubes, admits
the air, and consumes quickly; and, by expanding and protruding its
crozzled coke, it gives out a short but intense heat.

Besides these valuable qualities, another may be considered, which is of
no small importance as it regards durability, and consequently economy.
Thus, whenever it is desirable to suspend the consumption of fuel, if a
piece of the spire seam is laid horizontally in the grate, this piece will
retain the fire for a whole day, and only requires breaking up, to put the
lump in an active state of combustion.



CHAPTER IX.

ON THE FOSEILS, AND THEIR USE AS A GUIDE IN MINING,

Fossits in this Coal-Field may be regarded, with very few exceptions, as
appertaining to the vegetable world : but, whether they can all be consi-
dered as the production of land, or fresh-water plants, remains to be
proved. Two shafts are each more than one thousand feet deep, and
abound throughout almost every stratum, with vegetable Fossils. A few
beds only contain small shells (mye ovalis), and these are confined to a
layer of about two inches thick. In general, the shells are filled with
the bituminous shale, in which they are imbedded ; occasionally, they are
broken, or crushed together; but, for the most part, they seem to have been
filled under slight pressure, and thus consolidated. The study of these
Fossils is as interesting in a geological view, as it is important for practical
mining purposes.

The Fossils, depicted in the accompanying Plates, appear to belong to
vegetable classes produced in a climate much hotter than that of England ;
and, in character, they greatly resemble Plants now found within the
tropics. Two self-evident inferences result from observation of their
structure and abundance. First, that their period of existence must have
been very remote, and vast denudations have since taken place, by which
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the overlying masses, known to be formations over the Coal (the abraded
and broken edges of which being the remains and proofs of such denud-
ations), now border the coal district. Secondly, that the present theories,
so laboriously constructed, are totally inadequate to explain the origin of
these formations ; and, that further diligent research, astronomically and
otherwise, will bring to view more rational conclusions as to the causes of

these phenomena.*®

# The eollection of Facts stated in this volume, will prove how deficient the information is, from
which the Geologist ean form just notions of the constitution of the earth ; and, that the inquiry
must be pursned with diligence and acearate delineations in all countries, until 2 mass of evidence
be bronght together that shall establish a theory less liable to objection than any yet published.
The theory last promulgated, that the present state of the earth is owing to causes mow in
aperation, is as liable to be upset as any of those by which it was preceded. The form of the
erust of the Globe may be owing to causes mow in operafion, and probably is so; but certainly
not to those Intely stated in the “ Principles of Guulug'\',” which have been so mpml.lmi!f refuted.
Conjecture never can establish o theory, like Faets; and, until the former can be wholly laid
aside, doubts and counter-theories will continue to arise in frequent succession, until facts shall put
the question at rest, on the sure fonndations of pure an positive induetion.

Some phenomena of the earth seem (o be agreed upon, as—

"I. That the axis of the Earth bas not been subjected to any change.

IT. That its surface, as for as the same has been examined, is composed of the remains of a
former state of the globe,

ITI. That over the whole surface hitherto explored, there are undoubted and abundant marks
of water having fowed.

IV. That some parts have undergone an overflow of sea, and others of fresh water.

V. That the Climate has been much hotter than ot present, as evinced by the charncter of
vegetable Fossils found in the coal-formation,

VL. A central heat is supposed to be established by the researches made in Franee, and in mines
on the Continent ; and, that this heat feeds the voleanic distriets, oceagions thermal springs, and is
the canse of that uniform state of the earth’s temperature, in which, at stated depths, it is found.

VII. That the position of yast and extensive ranges of strata, the order of which is never
inverted, appears to have been regulated by some quiet law of operation now in action.

Before attempting to comment upon the preceding Positions, it may be well to repeat the obser-

vation, that the Geologist has not obtained information on some general points, sufficient to
enable him to arrive at any rational or unexceptionable conclusion regarding them.  as it

oceurred to him to ascertain ?
K
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In the year 1802, a portion of the Ashby Coal-Field was wrought below
the level which drained the mine to the pumps of the engine, and continued
to be so wrought for twenty years. This was a new mode, in that distriet ;
and, by it, an immense quantity of coal was raised from below the level of

First. Whether the surfoce of different parts of the ocean, is ot the same distance from the
centre of the Earth ?

Second. Whether the Mountains, in different parts of the globe, have their respective summits as
much farther removed from the centre, and above the avernge sarface of the seas in their vicinity,
as o survey of their height would indicate ?

Third. I[the mean density of the Earth exceeds that of water, as five to one; and, il the quantity
of surfuce of the northern hemisphere in land, exceeds that of the southern as 420 to 130; what
effect is this likely to produce upon the dinrnal or annoal motion of the earth P

Fourth, Currents exist in most parts of the globe, and some of them are of extraordinary length
and foree, Their causes are not satisfactorily defined.  Among these, the earth's rotatory motion,
winds, tides, and others, have been reckoned ; but, hitherto, has any one thought of examining
whether many of these currents are not produced by o change of level ? Take the Gulfl Stream for
an instance. The course of this is supposed to extend about 4000 miles, and its velocity is
estimated at an average of three miles per hour. Now, this rate could only be mairtained by a
full of 1000 feet in the specified distance.

Fifth. M. Dela Place seems to have satisfied himsell, that no astronomical deviation or change
will ever be discovered to canse changes in the earth, or to alter its axis. ‘This notion, however,
exposes him to be charged with inconsistency, after he had detected some errors and made some
discoveries in the philosophy of the enrth’s orbit.  Is there then, no other eanse now in operation
but these with which he is nequainted® Nome, which shews that the Earth stands fost, subject
merely to have its surface and cireumference alone disturbed 7

It may be observed, with reference to the foregoing propositions—

I. That although M. De la Place has satisfied himsell that no change lias taken, or ever can, take
place in the earth’s axis, as regards the equator; yet, he must admit that the Earth's surface
is operated upon in different ways, by the rotatory motion upon its axis, especinlly il that
ghould be found to oscillate and vary much.

II. ‘The similarity of strata over the surfoce, affords a proof of a gradual law of operation now in
action; because, it is consistent with some portion of the present surface as to vegetable
forms as well as animal, referrible to climate.

I Every part of the carth’s surface exhibits decided marks of having been overflowed by
streams copious and deep, and necessarily powerful, and moving at rates of velocity by the
force of which the whole has been modelled. This mighty overflow of water has formed the
most extensive and uniform valleys ; abraded the rough and rocky strata, and converted their
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the pumps of the Engine Shaft, fifty vards perpendicular, and to more

than a mile in horizontal extent. The mine in general was very dry, the

only water found in it, being salt and in small quantities. During the

workings, great difficulty was experienced in passing faults, in finding the

IV,

V.

YL

debris into planes and fine nccessible alnpuﬂ; fitting it for the sustenance of 1.'|!-l'ﬁru~.1uhlu ol
animal life, and consequently for the nse of man. It has denuded vast portions of previously-
formed solid masses, and exposed o variely of surfices adapted to different purposes ; and, it
has done all this, to an extent and depth that are at present but lightly estimated @ yet, that
such resulis are certain, is proved by the fact of spaces extending over many miles having
been swept away between the regular heds and their ontliers,

It may be remarked, that the existing state of the carth’s sarface may be owing, in some
parts, to the sea having retired last; in others, to marshes and low land having prevailed lor
ages, and covered, to considerable depths, whot the sen had left as a surface ; or, to o denwda-
tion having removed all that the sea hoad deposited at its previous periodical overflowing.
The state of vegetable fossils does not indicate o higher degree of heat as to climate, than is
now found between the tropics; and, it is the best inference, that the sites of these fossil
vegetables have been in the same situation as the tropics now are, and that by causes wow in
operation, although these ave not seen by the admirers and advocates of the theories of Hutton
and some others,

There is no probability in the idea of a general internal heat, which has lately found some
strong advocates, and seems confirmed, as they suppose, by certain experiments and obser-
vations of M. Cordier, in France. Besides, in all the copions extracts of the author of the
“ Principles of Geology,” and in his laborious investigations into the extent, effects, and proofs
of voleanic influences, his researches shew that depression has equalled elevation, and that, in
one instance only, is there anything like evidence of an wpraising, on a large scale. This
upraising is stated to exist on the coast of Chili, but the account of it is so scantily vouched,
as to render its extent doubtful. Moreover, this may be owing to o change in the level of the
seq adjoining that const, by an alteration in the foree of the currenl upon its borders, attribog-
able to a shorter passage for the stream, by removal of banks or other obstacles, at the bottom
of the sea at some distance. The incrense of heat, at increase of depth, ought to be found in
deep seas either in the water it=elf, or in the bed of the sen, o poriion of which adheres to the
weight at the end of the sounding line. 'This, however, is not the case; and, in the trinls
made, the increase of the heat of the earth is attributed to other causes® than to imaginary
internal fires.—Az to Thermal 8prings, [l.].lhﬂ-ltgll they may abound in districts with voleanoes
now in action, or having lately been so, yet are there springs found in many other places,
and are referrible rather to the course of woater in the earth from one straotum o another.4

® Sge the Chapter on Temperature, in this Volume, { 2oe tlse Clhapier on Induration,
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coal again, and in driving adits the shortest way to it. Here it was, that
the very important doctrine of Mr. William Smith, came to be of the
ereatest practical use. Then, as at present, that scientific and indefatigable
Gentleman's acquaintance was happily enjoyed by the manager of the
Colliery ; and, by observing the particular fossil plants in the several strata,
he was enabled to trace the height or depth to which the dislocated beds
had passed. By this method, not only an immense expense was saved,
but the operations were rendered almost certain.

Many of the alternating seams were so nearly alike in structure, colour
and density, as to be scarcely distinguishable; but the fossil plants or
impressions, wherever they could be seen and examined carefully, indicated
the particular stratum ; so that, upon finding a slip, although the hading
might shew whether the coal was gone up or down, the distance could not
be known. By driving an adit in a right line thrmlghTﬂle breach or slip,
the regular measures were arrived at ; and, upon proceeding a little way in

VII. The uniformity which prevails in the strata, over & vast extent of country, sometimes un-
broken, and if broken, having its line of bearing continued, furnishes an argument against the
theory of voleanic causes; and, the regular overlying tends to prove the existence of a long
anmd quict period or pericds, during which, the earth was passing through a change that
perpetunlly goes on, has periodical returns, and is, in fact, a eawse wowr in operation,

It is quite evident, therefore, that the causes to which the form of the earth’s present surface
has been attributed, are totally inadequate to effect it, and that others must be sought for. A
pericdical return of waters over the surfiee, and a change in the position of the axis of the earth,
however cansed, by which probably all parts of the surfuce are brought into situations which would
alter the climates, seems o probable theory ; and, how far that of Sir John Byerley will be found
applicable, time and a thorough research will shew.

As the contents of this Book are designed to shew [ucts, the Notes are only intended to
explain or give examples by way of elucidation or corroboration ; but the inguiry into the pheno-
mena of the Ashby Coal-Field, and particulurly of its borders, may be an excuse for stating con-
jectures drawn from facts which, u.'thnugh not mpu'l}lc of |3m|:pl' al present, may ultimately lead
to useful investigntions. If queries, put in this way without reasoning upon them, produce one
favourable result, the inguirer's purpose is fulfilled ; os every step, however small, is important.
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them, it was soon ascertained to what height or depth the seam of coal had
slipped ; either, by the decided character of the stratum itself, in which the
adit was driven ; or, more certainly, by the peculiar fossil impressions it
contained.

As a Record for the information of those carrying on the Moira Coal-
Works, drawings were made of the impressions in particular strata, accom-
panied with a sketch of the colour and composition of the substance in
which they were found. For the most part, these drawings were made
within a day or two of the Fossil being extracted, during the sinking a shaft,
by an artist employed for the purpose. Some of them are delineated in
the Plates at the end of the volume : and, the number annexed to each
specimen or figure, refers to a corresponding number in the Section of Shaft
No. I11. shewing in which stratum each Fossil is found.

The writer of these remarks, not being skilled in Botany, has not at-
tempted to describe the classes to which fossil plants belong: he can only
vouch for their being faithfully drawn, and leaves to others, conversant in
that science, the task of giving them names and places. The only aids
he offers to the botanist, consist in an attempt, in the short description
accompanying the Plates, to compare some of the figures with those so well
delineated and scientifically described by Martin, Parkinson, Brongniart,
Sternberg, Lindley and others.

The alternating beds which are liable to quick decomposition, do not
retain their impressions many days, particularly the delicate ones, unless
covered with varnish and protected from the atmosphere, or water. In the
sandstone beds, the impressions continue longer. The larger kinds of fossil
plants are much better preserved, as their interior is generally of the same
substance as the matrix in which they are imbedded ; and they are not so
flattened as the same description of plants in the bind. Whether in the
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stone, however, or in the bind, or in any stratum whatever, the bark with
all its minute tubereles, or forms, is preserved entire ; and this bark, whether
its thickness be one inch or one-thousandth part of an inch, is coal.

In some of the black shale, the quantity of vegetable forms makes up
nearly the whole mass. There does not appear earthy matter sutlicient to
make them adhere together, and the several plants, although so fragile as
not to bear their own weight for two inches in a piece, may be separated in
their flattened filaments, or in lamine of great breadth and length. This
sort of shaly substance is seldom thicker than six or eight inches.

In the sandy measures, alternating frequently with bind, very thin laminse
of coaly matter are found. This is so much comminuted, that few impres-
sions or figures are defined upon it; nevertheless, it is a distinet layer or
lamina, by which the stone may be divided. The intermediate spaces in
the sandstone are free from coaly impressions, whether such spaces be each
a quarter of an inch or several feet, in thickness.

The vegetable and other impressions are found well defined, and are
longer preserved, in ironstone. Most of the balls of ironstone have a vege-
table impression at the nucleus ; and the flattened ironstones, called pot-fids,
frequently contain them ; but they are seldom seen in the beds or layers of
ironstone where these occur. Iron ore, or ironstone, never appears in the
faults, except as part of the debris or heterogeneous mixture which had
been washed into the chasm occasioned by the slip.  In some of the thick
sand rocks, the layers of vegetable fossils are mixed with soft friable earthy
matter. In this, which varies in thickness from a few lines to six or eight
inches, the fossils lie over and athwart each other, in all directions, as in
the black shale: and, although these sand rocks are full of crevices, the
result of induration, yet the vegetable forms are never found in such cre-
vices as pass entirely through the stone bed.



CHAPTER X.

ON IRONSTONE, AND ITS EXISTENCE IN ALMOST EVERY STRATUM
OF THIS FIELD; AND ON FIRE-CLAY, WITH ITS USES.

Izoxsroxe abounds more or less in the several alternating beds of clay,
clunch, bind, and stony-bind, but rarely in the gritstone, or sandstone.
Occasionally, it is found in a regular course for some miles square in par-
ticular strata, about two inches thick ; in others, it is divided into rounded
portions, from six to twelve inches in breadth, and one inch to an inch
and a half in thickness, with a space of some inches between them.
These rounded portions are provincially termed pot-lids; and, as well as
the thinner layers or seams of ironstone, are in general solid, and shew but
few vegetable impressions. In other portions of the measures, the ironstone
is conglomerated, and consists of small nodules of all possible shapes, not
larger than walnuts. But where the ironstone is richest and most abundant,
it consists of large nodules of the size of potatoes ; and these often contain
some vegetable impressions, particularly at the nucleus. Others, having a
smooth compact exterior, are full of eracks within ; and these are wide at
the centre of a nodule, but elose before they reach its outside. Such eracks
are sometimes empty, sometimes filled with lime, or erystal of lime, and
occasionally with water which is very salt. They have all the appearance
of having been cracked interiorly, by induration.
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It must be obhserved also, that these ironstone balls or nodules, although
tolerably round, shew no marks of attrition. They have indentations all
over them, and these resemble the eyes of potatoes. They do not lie
promiscuously, but in horizontal rows regularly arranged, in the stratum
which contains them; and their distribution is very similar to that of the
chert or flint balls and nodules which are found in chalk strata. Most of
the balls and pot-lids have concentric layers, and a nucleus of some organic
substance.

Where the ironstone beds are continuous for a considerable space, they
preserve a remarkable uniformity in thickness, and this seldom exceeds two
inches. These seams almost universally have a smooth shed or parting
at top and bottom, occasioned no doubt by the lateral sliding of the
ironstone during the progress of contraction, which leaves small vertical

crevices in them.

Fire-Cray is so called, from the intense heat it will bear before fusion.
Seams of it abound in the Ashby Coal-Field ; and, there are very few coal-
measures which do not rest upon it, as the Sections will shew. Some of
these seams are a few inches thick, and others several feet. In several, this
clay is very pure; and, for the most part, it contains many impressions of
aquatic plants.

The immense quantities of yellow pottery-ware, made at Ashby Woulds
from one stratum only, shew the great importance of these seams of Fire-
Clay. This stratum is about four feet in thickness, and it lies immediately
under a bed of coal three feet six inches thick : it contains a very small
quantity of iron. This is shewn by the colour of the ware, after having
been subjected to a heat of 6500° F., or 40° Wedgwood. The present
manufactures, at all the different works upon this seam of Fire-Clay, yield
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about ten thousand dozens of Pots per week. These are sent to all parts

of Great Britain, America, and to other countries, in nearly the following

proportions.

DOEENS.
To London and the South 6f England .......... e 3000
To Hawkers, at the Works, sold in the Midland Counties 1500
To other parts of England .............. R 4000
To America and the West Indies .......c.c00vinivnennne 1000
1 it b T gl Rt e e i O e 300
'].*u\‘rnlm llllll # B ¥ 4 8 ¥ F B F % A& @ &8 8 FRE Rk § AR AR R AR ® ® & & @ EUI:I

And of black and fancy ware, to various places.......... 300

Total, weekly 10,300

Near the seams of {‘;:)il]., the Fire-Clay is generally full of leafy impres-
sions. It is very yielding in texture, where the thickness does not exceed
twenty or thirty inches ; but, when thicker, it is more compact. The clay,
taken from thin beds, becomes quite soft in the open air, in a few days;
but, it is the ordinary custom to spread the highly indurated clay taken
from the thick beds, in an open space exposed to the atmosphere for two
years, or to grind it in a mill. Fire-Bricks and Plates are made on the
Ashby Woulds in great quantities for iron forge-mills; and the coarser
clay serves for saggers, in which the finer ware is baked.

From the circumstance, that so many cases occeur where a tolerably pure
Fire-Clay lies immediately under, and in contact with, a bed of coal, it may
be inferred that such clay stratum could not have been the soil where grew
the vegetable matter which produced the coal, unless this vegetable matter
was a moss, a peat, or some small aquatic plant; because, in the clay,
there is no appearance of roots, or trunks, or other vegetable impressions
beyond slender leaves, as of a long grass.

L
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The fact, that particular strata accompany the Main Coal for many
square miles, would support the idea that an immense flat was originally
covered with the substance of this Fire-Clay many feet thick ; and that,
upon this flat, there took place an uniform growth of a distinct single vege-
tation which must have occupied the position for a long period, and thus
furnished the substance which composes the Main Coal. The alternations
of Fire-Clay and Coal-seams would favour the notion, that their materials
were originally mixed together in a fluid ; and that those of the former, by
their gravity, would first subside ; whilst the vegetable matter, or those of
the latter, would undergo a more gradual and quiet deposition. Hence, by
a repetition of the process, the alternations of the strata would be produced.
Besides, it may be supposed that, if the strata of coal had derived their
origin from the growth and destruction of a forest, some portions of them
would have been thicker than others and altered in quality, or have retained
at least some trace of forest trees: whereas, on the contrary, the most
extraordinary uniformity in quality, compactness, and thickness of the

seams, prevails to a great extent.



CHAPTER XI.

ON THE TEMPERATURE OF THE MINES.

It is now generally supposed, that heat increases as depth is attained ;
or rather, that the Earth itself increases in heat, in some ratio, from the
surface ; but, the difficulty of establishing this supposition is almost insur-
mountable. In sinking shafts, through strata vielding water, at Donis-
thorpe, and in the Ashby Woulds Coal-Field, to a depth varying from five
hundred to eight hundred feet, the thermometer, upon remaining in the
streams, has pretty uniformly indicated 46° . at all depths, and under all
states of the atmosphere. But, when tried in the working partz of the
mine, and in the adits leading thereto, a great diversity of temperature is uni-
formly observed: it then partakes of the heat in the mine, by its exposure
to the rarified air. The water is also affected by quantities of pyrites:
and, sometimes, it attains a heat so great as to emit steam. Where reser-
voirs for water are constructed, either for the purpose of its being pumped
out, or for accumulations in the levels and old workings, the temperature
of the water varies much ; whether it be subject to the entrance or discharge
of air into or out of the mine, whether it traverses a short course or a cir-

cuitous one, and whether it passes through the debris of the workings or
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not. When the state of the air at one thousand feet deep, is compared with
that upon the surface, and allowance made for the quantity of heat in a
cubic foot, compressed into less compass at that depth, the degree indicated
by the thermometer may be accounted for, to a certain extent: but, if to
this, the various circumstances contributing to produce an alteration of
temperature, are considered, the difficulty of solving the question will
become apparent.

Upon consideration of the various circumstances under which the tempe-
rature of a mine is taken, whether in the solid earth, in crevices clozed up,
in a stream of issuing water, or in the atmosphere of the mine itself, there
are no data upon which any increase of heat can be assumed to be a conse-
quence of increase of depth. From the fact that 44° to 46° F. indicates the
ordinary heat of water in these mines, it may be inferred that this is the
true temperature of the earth, at similar depths. It is never found lower
than 44° I¥.; and, in all the variations above this, it 13 not difficult to trace
their cause.

Water on the surface has its maximum of density at 42° F., whilst the
barometer stands at thirty inches ; nevertheless, the indication of heat may,
at the same time, be 46° F. or more upon water at one thousand feet deep.
But, so long as water exists in the crevices and chasms of rocks, and in
different strata, it must contain so much caloric as to keep it liquid : hence,
the inference is, that the whole mass, however great, must be kept moving
perpetually by accessions from the surface in one direction, to its egress in
another, at a lower level. If a portion of the flow contains a single degree
of heat above or below 42° F. or the maximum of density, this portion must
change its place ; if it is above 42° I. the excess will be communicated to
a portion at the maximum, and this, no longer remaining so, must conge-

quently ascend to give place to that at the maximum. On the other hand,
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if a portion of the flow ig below 42° F. the heat will pass from the portion
at 42° I to that below it; and the specific gravity of this, being thereby
made lighter than that at the maximum of density, although colder, it must
also ascend to make room for that which is at the maximum.

If this is a correct view of the subject, there is no need to eall up fires
from the interior to produce degrees of cold towards the surface. Neither
can cold prevail at the bottom of deep seas, to convert the whole into ice,
which has been asserted ; nor can the temperature of the interior of the
earth be otherwise than accordant with the exact uniform maximum of
density of water at any depth, when altitudinal atmospheric pressure and
other circumstances are considered. If springs flow colder than 42° F. it
15 because their issue is replaced by denser water nearer the maximum,
although warmer; and this coldness may be caused by the conversion of
solid into liquid by water acting on a large scale as a solvent which would
absorb heat : but these causes are rarely observed.

The first series of the following records was made at two Shafts eighty
vards asunder, north and south; the one airing the other by means of adits
driven at different depths between the shafts whilst sinking. According to
the state of the wind and depth of each shaft, the air sometimes entered
by one and sometimes by the other. Three men with two candles were in
each shaft, and the circulation was so regulated, as to be merely sufficient
for supplying the men and their lights, and for expelling the smoke when
cunpowder had been used.

The latter records were made at three working Coal Pit Shafts; and,
at each of these, the experiments were made about mid-day. In these
shafis, the air seldom alters its direction: the Engine shaft is the blowing
one to the Bath Pit; and the Marquis Pit, the blowing shaft to the Raw-

don Pit. In all these works, the air traverses some miles under ground.
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Temperature of the Hastings and Grey Shafts on Ashby Woulds, taken
on the 31st October, 1831 :

Narth Shafl. South Shaft.
At the sarface. oot itin o et cris 1 ket TR e
At 104 yarda deep .........c...... 54 SR T |
At 208 yards deep ...... e 59 . o8

The next record, is at the same shafts, on the 8th of March, 1832.

North Shaft. Soulh Shaft.
At the surface .......... APPSR bk D gt ks T
At 50 yards deep ................. 45 coin 49
At 280 yarde deep .......c00c00ns- 54 Py b

Whilst a part of the temperature, in its increase from the surface, may
be accounted for by the altitudinal pressure, that in the south shaft may
acquire its additional heat by being the discharge shaft.

A third record, at the same shafts also, was made on the 20th August,

1832,  Four men with four burning candles were in the works.

Baromeler. North Shaft. South Skaft.
At the surface .......... 20 inches. 60° F. .. 69°F.
At 175 yarde deep ...... 2b6...... 69 (... 68
At 350 yards deep ...... A0t eVl B )
At 360 yards deep,in an adit out of the current ... 63

Immersed in water collected at the bottom of the shaft 59

July 24th, 1833. At the North Shaft only :

Barowmeler,
Atthesurface .......ovnvvvvenaverss 29.5 inches. 65° F.
At 175 yards deep ..........c.cuuuns S 11 TR R

At:irjﬂ}-“.‘dsdml}‘Fii!1r+l‘lrlll!li-+ :-l!'l e @ ﬁﬂ
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July 29th, 1833. At the North Shaft only :

Barawmeter.
N L1 b T B R R 30.2 inches. 75° F.
At 175 yards deep .....ccccninninnns e .... 69
At 350 yards deep .................. 5 R -

September 10th, 1833. At the North Shaft only, and in an adit driven
200 yards from the bottom, containing four men and lads, one horse, and
four candles.

Barometer.

A LAMB B ECE - L 20.5 inches. 56° F.
At 175 yards deep ..... R e i S L e
At 350 yarda deep .o . covnvnnnisnnns ;B A A S g1

In an adit 200 yards from the shaft... 31 S g2

Temperature at a work called The Bath Pit.

1826. 1631. 1833. 1833. 1833, 1633, 1833 Barem,
Ang. ik Novod, Asg.l. Bepo Sop 0. Sepomn Qe 4. Oetobei.

FAH. FAH. FiH. FAH. Fal. FaH. Fal. Inches.

7 P T S B 76° 44° 66° 55° 56° 55° 55° 20.5
At 100 yards deep ................ 76 60 65 63 62 62 65 30
At 230 yurtls R e S e e "6 66 67 67 65 65 66 3l
Horse road between shaft and work . 75 A1 S S A |
In workings 1200 yds. from the shaft 70 69 70 69 70 71
In the floor or gobbing ............ 64 69 68 66 67
In salt water in the air-way ........ G4 63 63 63

Mo Mo, Ma, Na. Na, Ko.
Men and Lads in the pit .......... 50 79 80 80 B0 &2
15 Ty s g e e N - e £ e 30 23 23 .22 24 323

Candles, lighted .........o0000000 90 110 110 100 100 100
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These observations were made between one o'clock and five o'clock in

the day. This is an air-drawing shaft. The workings are from twelve

hundred to fifteen hundred yards distant from the shaft bottom.

Temperature at a work called The Marquis Pit.
1826, 1833 1833

Ang 98 Aug 8. Bep s,

Fam.  mam. Fam.

Atthe surface ... :cremesressos 79°  B82° BY°
At 120 yards deep .............. 7 60 55
At 248 yardsdeep .............. 68 50 55
Horze road between shaft and work GO 60
1T W g ey 73 G 67
In the gobbing or floor .......... 67 68
Salt water in the air-way ........ 63 Gl
In the ingress air-adit . ........... G
In the egress air-adit. ............ 64 G3
N Na,
Men and Lads in the pit.......... 81 81
e, o A, oy 21 2]
Candles, lighted ................ 100 06

1833,

Sep 0B,

FAM-
50°

al

Mo,

80
21
100

1533,
Ot 5, Daromsiter.

Fam.  Inches.
55° 30
o 30.5
58 31.2
GO
69
65
GO
G
68
No.
80
22

100

These observations were made between one and five o’clock in the day.

This is an air-blowing shaft. The workings are from eight hundred to

twelve hundred yards distant from the shaft bottom.

Temperature at a work called The Rawdon Pit.

1832, 1833,
Aug.7.  BepT.
Full. FATL.

At-the surface Cos v i S s R 64°  56°

AL 120 yards deBp i e i e 64 68

At 240 yardsdeep ..i 00l fa o 73 73

1833,

Hap. 20

FARE.
50°
66
73

1633, Baremdler.
et 1 Dicteksr.

FhH- Inchos.
54° 30

67 30.5
73 31.2
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1833, 1833. 1833. 1853

Ang. T, Sep, T. K—rp. 2. Dhei. 3.

FAH- FiH. FAIR. FAN.
Horse road between shaft and work...... i T - R s
o the workimer N, . o e aen ér 7l 68 68
In e gobBmg L L s e e e i1H] G5 G5 Ga
In salt waterinthe way................ G2 GO G0 G0
In the air-way to the work.............. 68 G7 G7 G6
In an adit after passing the work ........ GI 72 72 72

: . Ko, Ma, M, M,

Men and Lads inthe pit . .............. 70 70 70 70
T T e N 11 11 12 12
Erndlea-lighted o oo on, 0oL 93 100 100 100

The above observations were made between one and five o'clock in the
day. This is an air-drawing shaft from the Marquis Pit. The workings
are from six hundred to twelve hundred yards from the shaft bottom.

By the preceding records, it will be perceived how difficult it is to form
any scale of temperature. The water appears to vary very little in the
mine, whatever the air may be at the surface : and, in the workings, the air
is so regulated as to render the temperature very nearly the same, both in
winter and in summer. The radiation of the brick-work of the shaft fre-
quently warms the cold air in passing; and, on the contrary, it absorbs extra
heat in the discharge. Whenever the quicksilver in the barometer is low,
at twenty-eight inches and a half, the circulation requires much manage-
ment ; and, like the presage of a storm at sea, such a state of the barometer
is reported to the bailiffs underground, that they may be on their guard
either against the accumulation of inflammable gas, or carbonic acid gas.

M



CHAPTER XII.

MODE OF WORKING THE SEAM OF MAIN COAL.

Tue Moira coal iz got in long work ; or, as it is termed, in ends or banks.
A railway is generally formed in the solid Coal upon the end, or sline
:iircn:'tixlm, of the bed; and, the works proceed on either side of it, in lines
perpendicular thereto, if practicable, The length of a work extends from
eighty to one hundred and twenty yards. This is divided into two parts;
and the length of each part varies according to the inclination of the bed ;
the basset, or rizing side or bank, being the longest. In this division, a
railway is carried between the banks for the purpose of bringing the coals
to the main railway in the solid coal. This side railway is continued only
=0 far as may be thought proper to extend the work upon the face of the
bed ; and it is protected on either side by brettices of wood, on the back
of which and next the gobbing, is a wall of well-tempered clay, lengthened
daily as the work is advanced. The use of this clay wall is, to prevent the
air from eirculating through the cavity of the work, or the gobbing, which
consists of the Slack or small coal left behind, and roof coal mixed with
T'ow that had fallen in. In a few weeks, without this precaution, the gob-
bing would spontaneously take fire. The tow, when mixed with the slack,
is probably a principal cause of this combustion.
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The air for the supply of the workmen is transmitted, at each end of the
work or bank, in an adit purposely made in that portion of the solid coal
which is not wrought for sale. When the work has proceeded to the desired
extent, the side railway is taken up, together with as much of the brettice
wood as can be removed with safety ; and the workmen then proceed to get
another line, parallel to that cleared out. Horses are used in the work, as
well as in the side railways and main road to the shaft. The line of the
work is kept nearly straight, and is then technically =aid to be of a thread ;
but, if the coal is tender, and the roof crannied, then the work is earried on
in set-offs, called buttocks, by which the roof is better supported, although
the coal 158 more broken in getting. Three rows of props, called puncheons,
are set to protect the men, in the face of the coal wall. The first row is
about four feet from the wall, and the other two rows are immediately
behind it, at a foot or two asunder.,

The part of the seam wrought for sale, is six feet thick ; and, about the
centre of this, is a soft dicey bed of eight inches. This is holed or excavated
as far as a man can, with effect, use a maundril or pick, about thirty-six
inches. 'When a considerable length of the seam is thus holed, wedges are
inserted in a line at the roof, a foot or ten inches from the {ow over the coal.
These wedges arve long and thin, and are driven up by hammers with long
shanks; and, it frequently happens that they may be driven a foot into the
coal, at intervals of a foot, before the coal will break off; sometimes ob-
liquely, at other times perpendicularly, with the point holed to. The mass
thus detached is cleared away first; then, the wedges are set in at the floor
and the lower part of the coal wall is forced upwards by the same process,
and with the same results. This also is always cleared away before the
men leave their work. In their absence, and at night, men are appointed
to throw back the small coal or slack into the waste or gobbing, to bring
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forward the puncheons, to make the brettices and their accompanying clay
walls, and to lay the railway as far as the work has proceeded. These men
likewise clear all the railways from small coal, and put all things in repair,
and ready for the next day ; the horses being in the care of men especially
appointed.

The regulation of the air, as it regards clearing the mine of carbonic acid
gas or inflammable air, as well as to guard against spontaneous firing of the
gob, requires more than ordinary attention. These complicated and ex-
pensive processes render it impossible to furnish the Main Coal at a cheap
rate, as the consumer will only take lumps ; and, for this reason, small coal
is left in the work and on the bank, equal to one third or fourth part of the
whole seam. The lower part of the seam, called Nether Coal, about six
feet thick, is altogether left: this is an excellent coal and very little of it
has been gotten ; but it will afford a supply for many centuries to come.

Notwithstanding the uniformity which prevailz in the stratum called the
Main Coal, throughout its extent, from its southern, eastern, and western
bassets to the Woulds, the intervention of Faults has been regarded as the
cause of some variations ; inasmuch as the same seam at Swadlincote and
Gresley varies in quality and appendages, by having a stony bed or layer
introduced between the Main Coal and Nether Coal, dividing the seam and
differing in its thickness from six inches to six feet. Another remarkable
variation is, that, at the two last-named Collieries, the lower part of the seam,
called Nether Coal, is of better quality than the upper; and accordingly it
is gotten, whilst the chief part of the upper seam is left. The Coleorton
seam of Main Coal is probably the same bed, and is divided about the
middle of the seam by a sandstone or shale, of variable thickness. In one
part it is nine inches, but it gradually increases in thickness, in a wedge-like

form, for a mile, until the two seams of coal are separated sixty feet.
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The workmen employed in and about the Moira Colliery, do not
appear to suffer from any particular disorder calculated to shorten life.
Those underground, at the coal wall, are generally in a temperature vary-
ing from 65° F. to 75° F. and work naked to the waist, for the most part
free from wet. The horses also underground are sleek and healthy, never
being subject to wet, nor to any considerable change of temperature. The
smoke of Engines and large fires upon the pit banks, is considered health-

ful by the men themselves, rather than otherwise.

Inhalation of the smoke of pit coal is not yet proved to be detrimental to
longevity, although so much fuss is made about it. Indeed, since coal has
been used in London, it is notorious how little the dense masses of people,
confined within this overgrown metropolis, have suffered by any pestilence.
It may be that the quantity of sulphur and carbon inhaled may contribute
to keep the body in a better state of health. The more likely cause how-
ever, is, the immense rush of fresh air required constantly, and especially
in a morning, through every house, and often through every room in every
house, to supply the fires ; the construction of the fire-places being such as
to pass five times the quantity of air necessary to keep up combustion.

When the air is apparently stagnant in the valley of the Thames and
surrounding country, a strong current is found to set in on every side of
London, along the streets leading from the country, in a morning. This
current is, no doubt, occasioned by the rarefaction in the high chimneys
over so many thousand fires just kindled, and must be a cause of the intro-
duction of fresh air to an immense extent which would not otherwise flow.
This rarefaction also produces in London other phenomena ; amongst which,
when the atmosphere is in a light state, and clouds are passing over at
a height which does not allow them to condense and fall in rain; these
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accumulate in passing over London and either remain as a dense fog, or
drop in small rain all day long, scarcely clearing once, the country at a
little distance having very little rain. The rise and fall of the tide un-
doubtedly aid the circulation and change of air; but their influence is

scarcely equal to one-four-hundredth part of that effected by the chimneys.*

The subjects stated in the preceding Chapters might, for the most part,
have been considerably lengthened out; but any further detail of them
would nevertheless have proved uninteresting to general readers; and, as
no particular system is intended to be enforced by reference to the Facts
here enumerated, the reader is left at liberty to draw his own conclusions.

As matter of information, there may be propriety in stating that the
strata have very lately been bored to the extent of three hundred feet below
the Main Coal, in the shaft, Section No. I11.; but no opportunity has yet
occurred of discriminating the Fossils which these strata contain. Five
seams of coal, however, are found to exist in the depth thus proved. Three

of these seams exceed three feet in thickness; and therefore, under the

* Let it be supposed that the Thames removes o column of air filty miles long, three hundred
yards broad, and six feet deep, twice in a day and night, and that the whole of this column is
applicd to London, it would then amount to 5,702,400,000 cabic feet.

Mibes. P ina mile, Feet. Bread. Deep. Tides.
S0 SR = DH4,000 % MM % 6 x 4=8,702 400,000,

Eulnpmc also, that the Honses in London and the valley of the Thames, amount to 400,000,
that each house has ten chimneys, that these average each forty feet in height, and contains two
cubie feet in each fool of height; then, as soon as the morning fires are lighted, the vemtilation
begins and o change of the whole volume takes place every ten seconds; so that, in one hour,
there would pass and be o complete change of twenty times as much air as the tides displace in
tweniy-four hoors.

Henper.  Chim. Heat, Cab, e,
400,000 % 10 3¢ 40 3 2=320,000,000.
Cabic feet, Times per min. 1 Hoar, Per day.
320,000,000 3 6 x G0 = 115,200,000,000 »x H0=2,304, 000,000,000,
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present system, they might be raised to the surface for sale. But, their
quality seems likely to remain the cause of their being left ungot, until
some generations shall have passed away.

In point of thickness, and of distance from the Main Coal and from each
other, these seams may appertain to, or be a continuation of, the stratifica-
tion of Coleorton, Swanington, Whitwick, Snibston, and the neighbouring
mines ; and, if the Fossils in these were duly compared, some rational
conclusion respecting their identity, might be drawn.

To prove ground, so as to determine its belonging to a formation at some
distance, can only be done correctly by sinking a shaft. Any endeavour
to attain this end by boring, must necessarily prove unsatisfactory and
inconclusive, and ought never to be relied upon. Besides, it is often
fraught with as much expense as sinking, if the depth is considerable.

Every year produces some changes in a coal mine, which are worth
recording ; but, if passed unnoticed at the time, they are soon forgotten,

and new management too often annihilates all traditional records.



EXPLANATION OF THE MAP, PROFILES AND SECTIONS,
AND SECTIONS OF THREE COAL PIT SHAFTS.

EXPLANATION OF THE MAI

Tue Map exhibits the supposed extent of the Coal-Field, generally
denominated the Ashby Coal-Field, with its borders. It is impracticable
to delineate precise limits, even where the measures have been proved ;
hecause, in some places, the coal-measures are suddenly cut oftf’ by great
fanlts. In others, the outcrops do not appear, by reason of large portions
of conglomerate, or marl, overlying the bassets. In others again, diluvial
matter, of sandstone and gravel, seems to be deposited upon the denuded
portion of the coal-measures; and, in a few instances, alluvial matter caps
the coal bassets, for short distances.

The Map also shews, in the Coal-Field and surrounding districts, the
course of drainage. This affords a proof that the coal-measures had been
denuded simultaneously with the other regular strata. It further shews
that, during the process of drainage, deposits were formed in some few
places upon the coal-measures themselves, but especially on their borders,
by extensive masses of sand and gravel. This drainage is wholly to the
Trent, and the highest land upon the borders of the Coal-Field is on
Charnwood Forest, which rises about eight hundred feet above the lower
Trent level.
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EXPLANATION OF THE PROFILES.

TuEe =situation of the Strata, delineated in the Plates of Profiles is
marked on the Map by the letters A to K, and refers chiefly to the bed
of Main Coal.

The Profiles are intended to shew, in various lines as marked on the
Map, the surface of the ground and dislocations of the strata where these
are proved ; and, as near as may be, the nature of the faults in those lines.
A few beds of coal only are delineated, and these beds have a number
corresponding with the same number of the same bed, in the Section of
Shaft No. I1I.

The first line, marked on the Map from A to B, commences at the
extreme gouthern basset of the main bed of coal at the river Mease, where
it divides Swepstone from Measham, and terminates at the Tamworth road,
about three hundred yards from the north end of Measham village, at the
cottages called “ Little Measham,” or “ Pot-Kiln Houses.”

The next line begins at B on the Map, runs through part of Measham
and Oakthorpe liberties, and ends at the Bramborough brook, which divides
Oakthorpe from Donisthorpe at C.

The third line commences at C and passes over a part of Donisthorpe,
enters Ashby Woulds, and terminates at the Turnpike Gate at the east
end of the Reservoir of the Ashby Canal marked I} on the Map. These
three lines are nearly continuous, and extend, in the whole, about five
miles upon the direct dip of the coal measures, nearly north, and conse-
quently, upon the end of the coal. The faults shewn in these are not at
right angles with the lines, but chiefly eross them diagonally.

The fourth line begins at Thinghill in the parish of Measham at E,
which is the eastern basset of the main coal; and, passing the cottage

N
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at B, ends west of Measham Church at F, which is the western basset of
the coal seams. This line crosses the first line from A to B nearly at a
right angle, and shews the spoon-shaped form of the measures.

The fifth line commences at a high ridge of land east of the head of
the Lake in Willesley Park at G, which is a continuation of the eastern
basset of the main coal, and terminates at Oakthorpe at H, near a Public
House, the sign of the Gate, the cellar of which house is hollowed out of
the same seam of coal, in a prolongation of its western basset.

The sixth line begins at the new Work about to be opened on Ashby
Woulds at a spot on the Map marked I, and passes near Barrett Mill in
the parish of Over-Seal, to a spot marked K on the Map, where broken
strata and gravel are substituted for coal measures.

In order to shew the very extraordinary changes which have taken
place, both in the strata themselves and on the surface, the strata in the
last Profile are restored to the position they occupied previously to the
period when the slips and faults took place, which slips and faults must
have occurred before the surface was denuded and made uniform and easy
of access, as the same Profile now shews.

To give Profiles and Sections of other parts of the Ashby Coal-Field
with any accuracy, there must be recorded details of facts ascertained in
their local situations ; but, if such are ever described, they will go far to
remove the difficulties of proving the formation of the whole Coal-Field,
which has heretofore been represented as almost insurmountable, by the
most eminent Geologists who have visited the district.
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EXPLANATION OF THE THREE SECTIONS.

Tue situation of the three Shafts, the Sections of which are given, is
marked on the Map by the letters L No. 1, M No. 2, and N No. 3, the
latter of which has been taken with great accuracy.

The numbers in the Section No. III. correspond with the numbers
marked at the several fossils, in the Plates of Fossils; by which it will be
at once ascertained where any fossil has been found, and what is its depth
from the surface.

If the Strata in shafts, in other parts of the Ashby Coal-Field, were to
be as accurately delineated as this has been, much important information
would be obtained, for the owner, the worker, and the geological inquirer;
heavy expenses of trials might be avoided; and the risk of uncertain
results considerably lessened.






REFERENCES OF THE FOSSILS.

LIST, N* 1.

This List contains the Fossils found in the Shaft, Section III. They
are depicted in the accompanying Plates No. 1 to No. 70 inclusive, and
the numbers marked at the several figures of the Fossils correspond with
the numbers of the Strata in the same section.

The subsequent References are not intended to shew, with accuracy, the
class to which the Fossils individually belong, but merely to direct the
attention of Botanists to a comparison of these with the figures of Plants
which are given in various modern Works,® in different countries. The
Author is aware of his incapacity to perfect a Fossil botanical arrange-
ment; but takes this mode of easing the path to such an undertaking, for
those who may be desirous of pursuing it; and, towards this, he trusts the
following Lists will not be unworthy of attention.

# The following are the Works referred to:—Organie Remains of o Former World; by James
Parkinson. Three vols. 4to: London, 1804.—Petrificata Derbiensia; or, Figures and Descriptions
of the Petrifactions of Derbyshire; by William Martin, F.L.8. Quarto: Wigan, 1500, —Essai
d'un Expm& Géﬂguusticﬂ-ﬁutn.niqun de la Flore do Monde Primitif; par le Comte {:‘M]mnl
Sternberg : traduit par le Comte de Bray. Folio : Ratishonne, 1820-3-4.6.—Histoire des Vigé-
taux; ou Recherches Botaniques et Géologiques sur les Vépétanx renfermés dans les diverses
Couches du Globe; par Adolphe Brongniart, M.I). CQuarto: Paris, 1828.—The Fossil Flora of
Great Britain ; or, Figures and Descriptions of the Vegetable Remaing found in a Fossil State in
this Country ; by John Lindley, F.R.8, L.8. & G.5,, and William Hutton, F.G.8, Octavo
London, 1831, Published in Parts.
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Phude. .?::a:?{

1 14 Fig. 6, pl. 96 of Brongniart; and No. 1, pl. 26 of Sternberg.

3 16 PL 18 of Lindley, the Asterophyllites Longifolin; also fig. 3, tab. 35 of Stern-
berg ; it is described by him as a fresh-water plant, and ranged amongst the
_M:rrln!ihyu'il&!,

4 250 Pls. 32 to 36 of Lindley, the Stigmaria Ficoides ; also figs. 1 and 2, tab. 12 of
Sternberg ; and tab. 11, 12, & 12* of Martin.

5 31 Fig. 2, pl. 19 of Martin.
6 37 Pl 70 of Lindley, the Sigillaria Organum.
¥ 88 See No.25b, and No. 53 of this volume.
11 55 Pls. 32 to 36 of Lindley, the Stigmaria Ficoides; figs. 1 & 2, tab. 12, and page

23 of Sternberg, the Variolaria Ficoides ; and tab. 11, 12, & 12* of Martin,
the Phytolithus Plantites. Lindley considers the species as bearing an
analogy to the Euphorbiacewm or Cactew of the present day.
G0  Fig. 1, pl. 14 of Brongniart, the Calamites Decoratus.

12 61 Exhibits the same characters as No, 55 of this volume.

14 74 PL 59 of Lindley, whose fizure iz the Sigillaria Oculata; and alze fig. 2, tab. 12
of Sternberg.

17 101 Is nearly the same as No. 16 of this volume.

18 112 'This is a specimen of the Neuropteris Gigantea. Pl 52 of Lindley, and pl. 69
of Brongniart.

19 118 Another specimen of Sigillaria Organum. PL 70 of Lindley.

21 79 Represented by Lindley, pl. 59, as the Sigillaria Oculata.

135 Figs. 1 & 2, pl. 4, Vol. I. of Parkinson; also fig. 2, tab. 53, and page 48 of
Sternberg; its construction indicates a Pteris. Sternberg regards this species
of Fern as an Aleutopleris Vulgaliur.

22 144 Fig. 2, tab. 16, and page 29 of Sternberg; he considers it as a Lepidodendron

Dichotomnm.

24 256G DPls. 32 to 36 of Lindley; figs. 1 & 2, tab. 12 of Sternberg; tab. 11, 12, & 12%
of Martin ; and fig. 1, pl. 3 of Parkinson.
25 249a Pl 52 of Lindley, which is the Neuropteris Gigantea; tab. 22, and page 32 of

Sternberg, the Osmunda Gigantea; and pl. 69 of Brongniart, the Neuro-
pteris Gigantea.

€ 338 PL 75 of Lindley, the Favularia Tessellata; and fig. 8, pl. 5 of Parkinson.

357a The same as pl. 87 of Lindley: with him, afterwards, it is the Pecopteris

Adiantoides.

28 358 Fig. 2a, pl. 54, and page 197 of Brongniart, the Sphenopteris Gracilis; also
fig. 5, pl. 4 of Parkinson.

20  357¢ Pl 94 of Lindley, the Pecopteris Nervosa; also fig. G, pl. 5 of Parkinson.
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357d Figs. 1 & 2, pl. 4, Vol. I. of Parkinson; and fig. 2, tab. 53, and page 48 of
Sternberg; also fig. 7, pl. 84, and page 275 of Brongniart, the Pecopteris
Lonchitica.

120 Fig. 1, tab. 10, and p. 22 of Sternberg, the Lepidodendron Rimosum; likewise,
fig. 6, pl. 1, Vol. I. of Parkinson.

370a Pl 1B of ]:.imllls:r. the glsturnphyllitmi Iﬂng‘ifnliu; also fig. 3, tab. 85 of Stern-
berg, a fresh water plant, ranged amongst the Myriophyllites.

330a Figs. 1 & 2, pl. 14 of Lindley, the Asterophyllites Tuberculata; and figs. 3a,
3b, tab. 48, and page 46 of Sternberg, a genus intermediate between the
Equiseta and Grasses; the Volkmannia Distachia.

43056 Pl. 18 of Lindley, the Asterophyllites Longifolia; and fig. 3, tab. 35 of Stern-
berg, o fresh-water plant, ranged amongst the Myriophyllites.

192 Figs. 1 & 2, pl. 4, Vol. 1. of Parkinson; fig. 2, tab. 53 of Sternberg; amdl
also fig. ¥, pl. 84 of Brongniart. See Nos. 135 & 3574 of this volume,
25f Tab. 19 of Martin, a Phytolithus {Osmunda Regalis).

193a Tabs. 1 & 2, and page 10 of Sternberg.

1935 Tab. G, and page 21 of Sternberg, the Lepidodendron Obovatum.

L30a Fig. 1, pl. 14 of Brongniart, the Calamites Decoratus.

408 Pl 52 of Lindley, the Neuropteris Gigantea ; tab. 22 of Sternberg; and pl. G
of Brongniart. See No. 249 of this volume,

147 Seems to be of the same class with the preceding.

256 TFigs. 1 & 2, pl. 4, Vol. L. of Parkinson; fig. 2, tab. 53 of Sternberg; and
fig. 7, pl. 84 of Brongniart. See Nos. 135 and 357d of this volume.

A236 A portion of the Lepidodendron Selagincides; pl. 113 of Lindley; also fig. 1,

46

47

48

tab. 17 of Sternberg.

157 A portion of the Calamites Canneeformis. Fig. 1, pl. 21 of Brongniart.

164 Pl 52 of Lindley; tab. 22 of Sternberg; and pl. 69 of Brongniart.

254 Fig. 3, pl. 53 of Brongniart, the Sphenopteris Trifoliata.

222 Is of the same family as the next.

223 Pls. 32 to 36 of Lindley ; figs. 1 & 2, tab. 12 of Sternberg; and tab. 11, 12, &
12* of Martin; also fig. 1, pl. 3, Vol. I. of Parkinsen.

257 Fig. 7, pl. 4, Vol. 1. of Parkinson.

262 Figs. 1 & 2, pl. 14 of Lindley; and figs. 3a & 3D, tab. 48 of Sternberg. See
No. 330a of this volume,

306 Fig. 2, tab. 53 of Sternberg; also figs. 1 & 2, pl. 4, Vol. L. of Parkinson, and

& 811  likewise, fig. 7, pl. B4 of Brongniart.

232 Pls. 32 to 36 of Lindley; figs. 1 & 2, tabh. 12 of Sternberg; and also tabs. 11,
12, & 12% of Martin. See No. 55 of this volume.
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Fig. 2, tab. 11, and page 23 of Sternberg, the Lepidodendron Trigonum.

Pl 18 of Lindley, and fig. 3, tab. 85 of Sternberyg.

Pls. 32 to 36 of Lindley; figs. 1 & 2, tab. 12 of Sternberg; and likewise, tabs.
11, 12, & 12* of Martin.

Fig. 1, tal. 26, and page 33 of Sternberg, a species of Polypodinm,

In Stony Bind. The upper left-hand impression correspends with figs. 1 & 2,
pl- 14 of Lindley, the Asterophyllites Tuberculata; and figs. 3a & 35, tab.
48, and page 46 of Sternberg, a genus intermediate between the Equiseta and
Grasses; the Volkmannia Distachin, The middle impression with leaves
agrees with pl. 69, and page 240, of Brongniart, the Nenropteris Gigantea,
The central long impression corresponds with pl. 18 of Lindley, the Astero-
phyllites Longifolia; and with fig. 3, tab, 35 of Sternberg, a fresh-water
plant, ranged amongst the M_f,'riuph:,r][ites.

Fig. 6, pl. 1 of Brongniart, a species of the genns Confervee.

Fir. 1, pl. 19 of Lindley, the Bechera Grandis; and fig. 1, tab. 49 of Stern-
berg, who also, at page 46, names it the Bechera Grandis.

Fig. 2, tab. 53, and page 48 of Sternberg, who places this species of Fern under
the name Aleutopteris Vulgatior; its construction indicates a Pteris Figs.
1 & 2, pl. 4, Vol. I. of Parkinson; and fig. 7, pl. 84 of Brongniart; he
describes this, at page 275, as the Pecopteris Lonchitica.

Figs. 1 & 2, tab. 6, and page 21 of Sternberg; the Lepidodendron Chovatum;
alsa pl. 19 of Lindley.

Fig. 1, pl. 14, and page 128 of Brongniart, the Calamites Decoratus.

Pl. 52 of Lindley; tab. 22 of Sternberg; and pl. 69 of Bronguniart. See No.
U of this velume.

A portion of the Lepidodendron Selaginoides. FI. 113 of Lindley, and fig. 1,
tab. 17 of Sternberg.

Fig. 1, pl. 19 of Lindley; and fig. 1, tab. 49 of Sternberg.

Pl. 52 of Lindley; tab. 22 of Sternberg ; and pl. 69 of Brongniart.

Tabs. 1 & 2 of Sternberg, the Lepidodendron Dichotomum.

Fig. 4, pl. 18 of Brongniart, described by him, at page 1335, as the Calamites
Steinhaueri.

A portion of the Calamites Cannmformis. Fig. 1, pl. 21 of Brongniart.

Fig. 3, pl. 57 of Brongniart, the Sphenopteris Latifolia.

The centre impression agrees with tabs. 1 & 2 of Sternberg; and with pl. 112,
of Lindley, the Lepidodendron Sternbergii. The lower impression seems to
be a Sphenophyllum, and agrees with pl. 13, part 2 of Lindley, the Spheno-
phyllum Erosum.
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Plate. Fawil.

64  145a Pl 69 of Brongniart, the Neuropteris Gigantea,
G5 Gla Branches of the Neuropteris Gigantea.
109a A decorticated specimen of the Sigillaria Reniformis. Pls. 57 & 71 of Lindley.
66 235 Specimens of different species of Calamites. Pls. 14 to 27 of Brongniart.
67 1&2 Fig. 4, pl. 18 of Brongniart; the Calamites Steinhaueri.
68 4 Figs. 80 & 81 of Lindley; the Bothredendron Punctatum.
3 Pl. 77 of Lindley; and figs. 7 & 8, pl. 15 of Brongmiart, the Calamites
Approximatus.
60 G Pl. 19, and page 128 of Brongniart, the Calamites Cruciatus.
70 8,9, Portions of the Calamites Canneformis, and Calamites Slcinhm,u:ri; also pls.
&10 18 and 21 of Brongniart,

EESE S N1

This List includes the Fossils found in a Stone-pit on Ashby Woulds,
and figured in Plates No. 71 to 87 inclusive. This Stone-pit does not
appear to be a regular bed: it is part of an extensive deposit, and lies

about two hundred yards above the Main Coal Seam.

Na. af
Plate, Foswil.
71 1 PL 70 of Lindley, the Sigillaria Organum ; also figs. 1 & 2, tab. 13, and page

23 of Sternberg, the S}Tiugtull}lulmn ﬂrg:mllm.

72 3 Fig. 1, pl. 26, and page 122 of Brongniart, the Calamites Radiatus.
73 4 Tab. 28, and page 39 of Sternberg, the Lepidodendron Appendiculatum.
5 Fig. G, pl. 2, and page 401, Vol. L. of Parkinson, a specimen of the petrified

Larch Tree, Laricites.
74 6 A specimen of the Lepidodendron, which resembles the figs. in tab. 2 of

Sternberg.

7 PL 59 of Lindley, the Sigillaria Oenlata.

Th 8 Tab, 50 of Martin, the Phytolithus Imbricatus, (see his tab. 14); also fig. 2,
pl. 7 of Lindley, the Lepidodendron Dilatatum; and the upper lefi-hand
fig. pl. 2 of Sternberg.

77 10 Bears the same character as No. 8 above,

78 13 Pl 55 of Lindley, the Sigillaria Pachyderma.

79 14 Figs. 4 & 5, tab. 14 of Martin, the Phytolithus Imbricatus; see also his tab. 50.

0
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N
Flatr, Foesil,
80 17 Fig. 8, pl. 5, Vol. L. of Parkinson; and pl. ¥5 of Lindley, the Favularia

Tessellata.

82 23 A Lepidodendron. Tab. 50 of Martin; and fig. 2, pl. 7 of Lindley; also the
upper left-hand figure of pl. 2 of Stern'l:n:-rg.

83 24 A specimen of the Sigillaria Organum. See No. 1 of this volume.

84 25&20 Tab. 50 of Martin; fig. 2, i}l. 7 of Lilldlﬂj; anil |1||. 2 of Sternherg.

=3 9 Pl 70 of L"lmlll:y; and ﬁgﬁ. 1 & 2, tah. 13 of Eturuh{!rg,

86 30 Fig. 1, tab. 6, and page 21 of Sternberg, the Lepidodendron Obovatum.

87 31 Pls. 32 to 36 of Lindley, the Stigmaria Ficoides; also fig. 2, tab. 12, and page
23 of Sternberg, the Variolaria Ficoides; and tabs, 11 & 12% of Martin, the
Phytolithus Plantites (verrucosus].

The following Plates, No. A 1 to A 15 inclusive, are descriptive of Fossils

taken from the Stone-pit at Ashby-de-la-Zouch.

Na, of
Plate.

A1 PL70of Lindley, the Sigillaria Organum ; also tab. 13, page 23 of Sternberg, the
Syringodendron Organum.

A9 The upper ilnpn:'u&hu 12 a LI‘.pidDdEm]mn, AN ﬁg. ", pi. 75 of the preceding List,
The lower resembles tab. 27 of Sternberg, a Lepidolepis.

A3 Tabs 1 & 2, and page 20 of Sternberg, the Lepidodendron Dichotomum.

A G The lower right-hand impression agrees with fig. 3, tab. 17, and page 30 of Stern-
herg, as a species of plant approaching the Lithoxila of Velkmann.

A7 Tab. 50 of Martin; fig. 2, plate 7 of Lindley; and pl. 2, of Sternberyg.

A8 PL 70 of Lindley; and figs. 1 & 2, tab. 13 of Sternberg.

A 9 PL 4 of Lindley, also fig. ¢, pl. 112, the Lepidodendron Sternbergii; and pls. 1 & 2
of Sternberg, the Lepidodendron Dichotomum.

A 10 The left-hand impression corresponds with tab. 27 of Sternberg: a portion of a large
Tree, differing from the Lepidodendron, and called Lepidolepis by this author.

A 13 The right-hand impression agrees with ﬁgﬂ, 1 & 2, tab, 6, and page 21 of ﬂternbﬂrE,
the Lepidedendron Obovatum; also pl. 19 of Lindley. The left-hand impression
corresponds with fig. 1, pl. 14, and page 123 of Brongniart, the Calamites
Decoratus.



GLOSSARY

Of Terms used in the Coal-Mines of Measham, Oakthorpe, Donisthorpe,
and Ashby Woulds, in the Ashby Coal-Field.

Abattis—Walls or ranges of branch or rough wood, placed crossways to keep passages
open for roads or air.

Adit—An opening, drain, or gangway, driven in coal or other strata, for conducting water,
air, or workmen,

Air-Gates—See Adits.

Basset—The onterop or point where any bed reaches the surface,

Basin—Depressed portions of the strata.

Beds—Seams of the strata, thin or thick.

Bind—Clay indurated.

Blow-George—A. fan used underground, turned by a boy, to force air in a particular
direction.

Brettices—The same as Abattis.

Byard—A strong broad piece of leather, crossing the breast and extending down the back
of the men or lads drawing the dans in low works underground.

Cuank-Stone—A species of whinstone, often containing silex and iron.

Clunnel- Cocl—A light biluminons eoal.

Chert—A siliceous mineral, approaching to flint, petrosilex.

Chisel—An instrument used in boring, at the end of boring rods, as a drill.

Choke- Damp—Carbonic acid gas.

Clay, Fire or Potfers—An earth of various qualities; a pure white clay, free from mineral
tints, bears a strong heat without fusing.

Cleats—Wood wedges four or five inches square, tapered at one edge.

Cleavings— Horizontal divisions of the seams, or in the direction of the lamine.

Clot—Indurated clay, not flaky, or disposed to separate in layers.

Clunch—Clay, much compressed.
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Cobbles—Lumps of coal, from the size of an egg to that of a foot-ball.

Crozzling—This takes place when small coal aggregates in burning.

Cutiers—Natural divisions of the strata, c]liﬂﬂ},‘ I.'III'II'Iil'!E' at :right ang]l:s. with slines,

Dans—Small trunks or sledges used in the works only, and drawn by men or lads from the
coal-wall to the gangroads.

Dice Coal—A soft easily-divided coal, arranged nearly as dice.

Dip—The point of the compass to which the bed inclines from an horizontal line.

Dog-Belts—A strong broad piece of leather round the waist, to which a chain is attached
passing between the legs of the men or lads drawing dans in low works.

Duns—The same as Tow.

End—The directions in which slines or partings run.

Face—Board, or bank ; the direction in which the coal is wrought, being at right angles
with the slines.

Faults—A dislocation in the strata, whether a break, or slip, or the introduction of some
exiraneons mass.

Fire- Clay—Clay not fusible at a very intense heat.

Garland—A circular trough in the shaft to convey water into a pipe or in a particular
direction.

Geodes— Large nodules of ironstone, hollow at the centre.

Gobbing—The slack, roof-measures, and other refuse, thrown back into the excavations
made in gelling out the coal.

Hading—The direction of a slip or fault.

Helver—The handle, or that part of any tool, as a hammer, pick, or hatchet, by which it is
hield in the linnd.

];foﬁug—_'\n 11nd{!‘III]iIIiIIg of the bed of coal.

Horn-Coal—A line at any angle between ead and fece.

Jacks—Wood wedges 6 inches by 4, tapered at one broad edge, so that when driven up
they cannot start again.

Mawundril—A pil::k with two shanks and pnints, used in getting coal.

;'lfensm'es—ﬂ:,:uunjmuus with beds, seams, |:|_','|_ers, and strata.

,'Ifinge.{:rml'—“rlmm ﬁpire and diee coal alternate.

Musecle- Band—Black bituminous shale in which musele shells are imbedded,

Mushy- Coal—W here a sooty substance pervades coal, or where it is crushed.

Nodules—Rounded, irregular shaped lumps.

Nooper—A tool with a hammer-head at one shank, and a curved pick at the other, used by
repairers underground.

Outerop—Exposure of a stratum at the surface.

Partings—Similar to slines, but the term is applied to any direction.
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Puncheons—Wood or iron props used to support the roof.

Ramilly Clot—Indurated clay with sand intermixed.

Ricketing—A side gutter in an adit, cased up in front, by which air is carried.

Ringer—A crow-bar of iron.

Rulible—Small stone, broken or disjointed stone.

Sagger—Coarse fire-clay, used in making open pots, in which the pottery ware is baked or
fired in a kiln,

Sewd—A very thin layer of soft matter, whether of carbon, clay, or other comminuted
substance,

Septaria—Balls of stone, the interior cellularly constructed.

Shed—A thin smooth parting, where both sides are polished.

Skips—Iron or wood frames, on which coals are raised up the shafis

Slack—Small coal, under the size of an egg.

Slines—Tarlings or divisions in solid strata, having a parallel direction.

Slips—DMaszses of strata separated vertically or aslant.

Sloam—A clay or earth to hole in, often under coal.

Spire-Coal—A strong, slaty, compact coal.

Smm.uiug Meawndrid—A heavier maundril than the common anie, used at first whilst the men

can Iit!l,'!]l Iu'.ur[}' |I1|right until the lm|illg 18 far wr-nt[gllt in, when a common maundril
is resorted to.

Stint—A measure of work used underground, two yards long and one broad, which each
holer clears before he moves to another place, and which is proved by a boy appointed
among the men for that purpose.  This boy is uul]miuinlly called * The Judge.”

Stone-Rind—Indurated GIEI}' and sand mixed.

Stony Clunch—Compressed clay with sand layers interspersed.

Sump—A concave space at shaft bottom, for water or rubbish.

Thurls—Short adits between air-adits and gangways or works, or between two adits that
ventilate each other.

Toic—Duns, a soft fine fire-clay, with a soapy feel, supposed to be the cause of spontaneous
firing in the gobbing of main coal.

Wastes—See gobbing ; wastes therein apply to furrows or divisions in the rubbish,

Winning—Sinking shafts, and opening the coal-work.
















































N*™ 1.

SECTION OF THE

IN A SHAFT ON THE EAST SIDE OF THE VILLAGE OF DONISTHORPE,

En ihe Counip of Derbp.

TAKEN 1M 1784,

STRATA

BOARTE—L of an Tnch to | Fool.

Mirrral Nawses of the Strafe. |

Soll. ....
Brick-Earth cccoiaaanranes

REEEEEsEESEEEm G

Easth, with moch Corbon ..

Clay, with mugh Carbon ...

Sandatome, with muchCarban

Indurated Clay «oovveeane

Tnlurated Clay with Carbon

Sapd-Rock .......

Clay, unmized .. ..

Zand-Rock, with thin saft }i

[T T A

Meek, indurated Clay and 3
Sandstone and Clay ... §

Band-Rock oovvavisicananna

Carried forward . .

- |
Feuew

Ne. |

Thickmess |
uf ench |
Arrafum. |
vr. | . [

G| of§

Celowrs of the Sirata.

L]
=

FLocal Names of the Sirafa,

" | Bagk raised of nsined Esrth,

: L | Sail, eatlor stifl.
[ A i § Clay, whito and wicy.

Black Shale, in thin tendor lamine, jointy and
yielding water.

Bluck Hind, not jointy, yir'ldiug ng waler, orumls-
ling ir the air.

Black Stone, hard and jointy, burns to o whitc bai,
resdats the air for some Years,

| Blue Bind, full of ﬂgemhh impressions inter-

apersod with thin lamin® of Ironstone.
Black Bisd.

White Stone very hard with open clefis, yielling
wader, thin seams of Coal interspersed.

FEM-E'I:’.
Rammel snd Stone, yields waler, many vegotabla

impressions.

Rammel, Stono and Clot alternating.

Hard Stone, apen fissures, !.'isrld.l waler, resisis
teols, stamds the wenther.

EERE

1| &
6 0
|

1

3!:3
(8
-III.I-
I

!

g, 0
I

2| o
nin
al o
a0
6| o
12| o
ol G







SECTION No. I. CONTINUED.

- -ﬁ:| n vach 5 ; B
Miweral Nawmea af the Strala, :F-'- %@g Calonrs of the Sirata. Ll ﬁum_sf_l“ e Nireia.
FT. | 1N, r -
Brought forward,.|-.-.| 69 | 6
B
* |
! .'-', . & s . | Bloe Bind, with livde Ironstone, full of vegetable
Indarated Clay « cosvecrsas 15| 0 o CEw 5 improssions, o few thin seams of Sandstone § inch
! M 431 & i (e thick, yiehls oo water.
! ‘:r. i & ._:._"_'T-_‘,
Inflammable Earth ........ 1| & Hard Black Bat, jointy, burns with much flame.
D N o e e e 271 % | & Caoal, tender, jointy, moch water,
ol DMWY ocsaeiisaenrisnsasy L] a Sewd of Fire-Clay.
Bandsbon .o avemearrarrsrrmmaned 1 LI Baiid « slelding water.
Tadumted EJI}I’ e ] 4 Blie Bind.
Sandatons and Clay .. .o o0ae & Ramilly Clat,
|
Bandetone o - ouvsssensanaa) G Hard Stome, yields water.
i
Bandstone with tender seams | 4 Ramilly Stone,
Indorated Clay « covvvverns 4 Blue Bind with BMack sheds and Ironatone.
Blue Bind, with sheds of Coal § inch thick, full of
Indurated Ch'r S R LR & 'I'ls!!ﬂl:lll’." :impuuin'u.l and lromstone.
Snndstone and Clay ........ ] Ramilly Clot.
Tron mized with Zandstone. . 1 | Cank Stone.
Indurated Clay « vnvevenen i Clat.
Imdurnted Clay ond Sand ... 4 Stony Clot.
Shale and Coal mixed ...... 1 Black Bat and Coal l'|l.rmul.'i|:|p
Clay and Sand .ooooavenins 1 Ramilly Clot full of blnck shods.
Indamated Clay ooovoienen s [ Clot with noduales of [ronstone.
Clay and Sandstone ........ G | Ramilly Clot, Coal sheds, jointy, no water.
Tndurated Clay «vausunanss 3 Claot,
Whin $1on8 secescaccsanas 1 Cank Stone.
Sandstoni « cvavannnnwanes 3 Hasid Stoae.
Indurnted Clay o coveinenss 2 Clet.
Sandstone and Clay ........ 4 Bamilly Clot.
A A 2 Bluck Bat fine gruined, full of Iropstene.
Iodanted CI8Y + < v vnoeanss 3 Clot with Tronstone.
Indurated Clay . ...ocounns | 8 Elue Bind with Coal sheds and Irenstone.
Carried forward..|....1177| 8 |







==

Mineral Names af the Strata. | of |

| P | B
Brought forwand. .. oo.| 177

Bleminoas Earth ... ...cacead]
Infgmnsable Shale ...000.
Bivambnous Earih .coeevennsnans]
Inflammable & labe

Rl e e B o i |

Indomted Clay ooveersinis

Coal and Elsck Shale ......

Whin Smus..............i

Indurated Clay cccoveaiass

Indarated Clay «ovvcaannns
Corl, Shale, ned Jsndstone., .

Conl, Shnle, and Sandstone. .|
Sandatone ..o vnriannnnnas
Inflammable Shale o ccvuunas

Indurated Cloy @ ccvsvnnnns
Inflammguble Shale ........

Indurated Clay ... peceeca.

Indurated Clay « ceavanwand

Indurated Clay and Sead . ..

Sand-Reek ooavavianias

Indumated Clay .« -c..caii.]

VVhin SEETS «vcisssssasss
Indurated Clay o ccvanaaas

Btk CMY - coivcoviviniat

Indurated Clay « .ovounn..

s“d-Mr‘r‘-Pr‘-"-riii'-

[ﬂmtdcllyir‘-ril1lr"-

Carricd foraard. ). . .

435

SECTION No. [. CONTINUED. iii

b SRR —
el el Calawrs qf the Strafe, Loval Names of the Sivata.
aili el : D i
T —z -z =
0| -
B } Black Bind,
] L] Han.
] ] Bla<k Hiad
6| & Hat,
21 0 Coal,
16 | o Ramilly Clot with Ironstono.
4| 0 Coal and Bat mixed.
iy o “umill:.' Clot.
ol 7 s Cank Stone.
4| 0 Clat.
al o Coal mixed with Bat and seams of Stane.
] fl '\'i-;llliuj; wator and Eas.
M 0 Hard Grey Stone.
3| O Strong Black Bat,
4 0 Clot with Ironstone.
0| & Black Dat.
80 Ramilly Clot with Ironstame.
4 B Clot.
4| & Clet and Ramilly Seane.
4 o Famistone, open, viclling watas,
@ Ramilly Stene.
a1 o Lirey Stone.
P ) Ramilly Clet with Irenstome, mach woter,
L] a Cank Stone.
2| o Broad Clot.
*eal, {Thiz poinf de Ireel with the high safer mark
& Lo ” ai lf.-‘qﬂq!mv;h.?l“
0 Black Nind,
4 & Ramilly Clet.
Lo Ramilly Stene with Tronstone.
4| B Clot with Coal sheds.
85 8







SECTION Mo I. CONTINUEL. iv

M ! Nowmes o the Strata “;: o mach

Colones af the Srrahi Local Names gf the Strata.

AL

Brought fovward. .|....|285] &
Bt alene,  ox s s inn e nnas 8| 6f | Ramilly Stone.
Sand-Rotk v vvvesressrsnss 1| o [EESeaese S Hart Gray Stene
Sanutons 2 s v vnavannnanas 10 ] Raomilly Stons,
Sand-Tloek o oionivansessns 0 7 Groy Stone.
Sandtong « v rrnannrnn 0] 4 Ramilly Stone with [ronstone and Coal sheds.
Band-Rogk « vovovvansnvansa 0 Gwsmﬂ-
Coall -l sk D 3 Coal, Cannel lies close to the Stonn.
Purt Clay - wesnsnnssnnnss | 3 Fire-Clay.
Sanidstone and Clay .. ...... 6| 0| Ramilly Clot with Iroastone.
Indurated Clay . c.cvucun.s 5| 4 Browd Clot.
Indurnted Clay o+« cosinsasy G| 0 Clot with Ironstone.
]nﬂmdc‘h"l.pnulpln & a Broad Clot.

Clot with Ironstone, small sheds of Coal amd Sand-

Tiduruted Clay »ovenoonans ) 2 stong aliernating.
Grey Sand-Rock vozvvernas B0 Hard Stoue, yielding no water.

Carrisd forward. .l .. 13887 10






SECTION No. I. CONTINUED.

No.
Mimeral Nowers of fhe Siradc. | i

an;;u-: Jorward.. .
Tndurated Clay «vvvensn.o]
Sund-Rok ... -
Bandstone . svissnasss

Indurated Clay o coxvannass

Whin Stone

Indarated Clay «.covavsnss

LE e A e L P TR o

Finé Fire=Clay . .ocvnnnas

TR TR T

Coal ...

| o

| Sfrodeam,

FT.

M.

ash| 10

Colowrs af the Sreala.

Local Nossrs gf the Nirata.

= —— ——— —— - _ =

Clot with Ironstons.

Hurd Stone.

Ramilly Stone.

Clot.

Bluee Bind interspersed with
dules of Iroustone.

Ryder Coal.

Tow.

Main Coals

Nether Coal.

The lower side of the Coal, No. 596, is 201 feet below high water mark at Gainaborough,

Coal sheds, sad mo-

8 ,* The * Nos, of Seams' inserted here ore intended to show the carresponding Strata with the same aumbers in Section 111.

Dip to the Narth 4 inches in o yard.






N* 11

SECTION OF THE STRATA

FOUND IN SINKING THE RAWDON SHAFT AT MOIRA COLLIERY,
ON ASHBY WOULDS, NEAR BOOTHORPE,

En ihe Pavish of Ashbp-bela=-Zouch.

lmH of an Ineh to 1 P,

Thisknean |

Mineval Nawmes gf the Sfrata, J ql" f:Fl | Celawrs of (he Strala Lacal Nawmer of the Sieato.
ratww, |
- " —— o

Soil and Clay vovensersann 4| 3 Soil aad Clay.
ool O W] [+ I Shock Chwir.

Coal ...:: PEsREiEsEnRmEE 1] 3 St of Coal
Indurated Clay « cococaaae o Tender Blue Bind.
TrOnSTEnS cuveeevansssnnas ol 3 Iremstone Seam,
Tndurated Clay o aovnscuaes 6| 2 Tomder Bilue Bind.

INOmElaTs . .oucesisnsssnnn Ironstome Soenm.
Indarmted CIlJ' o Ll o S arare Teader Blus Bind.

a1
2] 0

T o o R O 2| 2 Coal.
al o e

Clay ceasascssnranmannnns Soft White Clagch.

Clay, slightly indurated .... 4 2 Tender Bue Bind, not very compact,

________ 2 0 Eitsck Bat mixed with sheds of bright and dicey Coal
ELI;U:&.'M& F:r:h A ] 0| G Soft White Clunch,
Tndumied Clay . | 45 Clunch.
BanABLOTE & o sisoessssns 3| 9 Light-coloured Sandatone.

5| 4 Strong Dlue Bind.

4| 0 Grey Sund-Tock

1l 8 Stony Bind.

i o sy Hock,

1 0 Tendar Fles Rind

(] 2 Tronsiomse Seam

@ 0 Teisler Blae !il.lﬂ

& 1 Lronstese Sesm.

2|7 Tender Blue Bind.

i ¥ Lisnstone Benm. —Tender Bher Biod, -

- MI-BI“ Bln&. —

6| & Tonder Blue Bind.
Ironstone . e o| 2 Ironstone.
Indummted l:h 2| 6 Tender Blue Bind, with layers of balls of Ironstone.
lafamemalile srisnEns o) 6 DBlack Dai.

Carvied forward..[....| 68 {11} |






SECTION No. I1. CONTINUED. vii

Na. | Thicknes | -
Mineral Nowe of the Fivata, | af lfmﬂ Colowrs of dhe Sirote, Loval Nowes of the Srata,
Ty —— T — 1
Brewght furwand..f.... Ga |11}
Clay avouvasnansnsnnnnnas i| 6 || Zoft Clunch.
AT s i i £ o 4] 0 Rlue Bind interspersed with layers of Ironstome.
le PR A L : E- .
o S e s I Freeg
Indurated Cloy & .ocovneees 11 3§ Stony Clunch,
Indurated Clay s coccsssnns 6| 0 Stomy Bind.
CIay cenrnnsransanannnnns 1| 7 Tender Blue Bind.
Grey Rook v cavnnmnannn, | 0 Grey Sandstone.
Indurated Clay «-oicsvssas 18| 6 Strong Blue Bind.
Inflammoble Earth oococuan 1| 0 I [Mack Dat.
Indurated Clay « covecace- 3| G Stony Blue Bind.
1| @ l flack Dat.
1 1 Cesll.
1| 0 I Saft Clugch.
CIT cvcnssuranasinssnnns al 4 Tendar Bind.
Inflammable Barth ....... v Mlsek Bat
o T T ¢l 1 P T T
Indurated Clay and Ironstons G| & | Steny Clunch with layers of bulls of Ironatono.
Indurated Clay «.c.cvunen- il &
Indursted Clag . ooccennnes al o Strong Blue Bind.
Iromsiome ... P al| 2 -
OY ivana £ @ Stremg Blne Bind,
Tronstone - L] (1 lromstemr,
e e e 6| Strong Bind with ball of Cask.
Indurated CI&F cveveunsans 4 Streng Blee Bind.
Ironatone .. ..oivanino,nn. 1] Ironstone.
Indurated Clay . ....vvun.s 2 Strong Blue Bind.
TrOnNONN - . - - aeeane s (1] Ironstone.
&1 ) e P 5| B Strong Blae Bind.
Inflammable Earth ..uvueas 2110 Black Bat.
Lt R o] 5 Coal.
e T e 1| a :
i e e 2|10 Sr,n;m-nnh.
mw ulruu......“uu.u.. i t L] St_r““_llllu‘:.g.'l‘?l. L bcinl s
|l---_-r---rll-r LELE LR ; t l.l“ﬂ“-l-
Carrieel forgard. . [....|176] 10







BECTION No. IL CONTINUED. viii
y N, | Thicknes =TT —
Mineval Names of the Ftrata, -n.r_| wach Colours of the Srrafa, Loval Nomey of the Strata,
R Siva e ~ -
FT. | AR e
Brought forward. ... ..[176] 10
TPORMMEEE s xwrnnun s s e a s B lrnastone.
1| » Herong Blwe Bisd,
o 1 Temsone.
3| 3 Strong Blue Bind.
H | 13 ohe.
Iuﬂ;’:i‘ﬂﬂ:‘:ammg. z i. Harong Bias Bind.
= ot LI
o e It
Strong Blus Hind,
$l 1 m:x fiine Bind. ~ Iromstens.
e 1 lrun.lltmq.
Indurated Clay . couvanaass 6] 0 Strong DBlos Bind,
Inflammablo Earth ..oouaas ol G IHack Bat.
Coml covssrrsrrrninnsnnn 3 0 Coal.
Clay covvrnnianssaansnss 0| BE | Boft White Clusch.
Clay and Tronstone o oaves s 5| 0 Stomy Clunch with layers of balls of Tronstons.
Indurated Clay «voveuern s el [ 11 | Strong Blus Bind,
Indursted Clay «ousavennns 8| 6 Strong dark Blue Bind.
Whin Stane with Ironstone . 1| « e s | Gk Stont.
[ 1y it e E R b | || Strong Bloe Dind.
TromslOnG oo inansnsasenn (1] 1 lronstana,
B T N 4| B | Stremg Blue Bind,
Tronstone .o.co0- - peranans 1] 1 = Iromstone.
Clay «cvnvcrvansisnnanns 1 T | Strong Dlue Hind.
Iremsione .uioeniscssssnss 1 Tromutnme. i
Ay Tronstome o ...o0 E i B ey Blee Bind,
Clay coisnrssscsansnncaas 3|l & | Dhark Blas Bind.
IPOBSINE wuamnania s nraniaasnn o 1 o Irommone.
MY s s ssssnnssannrasnaansansy 1 L] of Temler Tlne Thisd.
Black Shale < ...cunieinsian 1] 7 Black Hat.
(e A e P e 1| 6 S Tendor Mae Bind.
Goﬂ .................... 1| 9 Coal.
N e e e 1] 0 e e 1 Saft Clunch.
Indurated Clay and Tronstone, G| 6 | Hard Clunch with layers of balls of Ironstone.
H s
Band and Clay covvivvenres 1| & ] | Stony Clunch.
Indurated Clay +.covnnanes 10| 10 Streng Dluo Bisd.
Clay svencssnsiinsvnnninas 3| 4 Tender Blue Bind.
LroRBIOmg cuueasnsnnnnsns ol 1 Promuitie:

Clay woneeiniinnrancnes 5| 8 Tender dark Blue Bind.

e e T ol 2 Coal.

Bandaton® . ceuiaserransns w| e i Sondstone, containing & variety of Vegotable Fossils.

ww‘l- veva| 2EG 1






SECTION No. II. CONTINUED. i

N, | Thickmess T == T
Mingral Nemer of the Stralfe. | o | & sach ] Utowrs af the Strala, Fogal Namiz qf the Strafa,
SR \Seupen| Srafum. S e A e —
L M. R s i IR
Brought forward. Joua. 85| 1
Black Shabo o v isaissssanas 2 k! ] Bilack Bat.
Oy L ovmsenden, ot ey 0| 8 e — 0 ] 0C])
l:ll.‘r und Sand...... PP 1 G . _-_ == | Stony Clunch.
Indurated Clay and Sand ... 4| 2 Stany Cluncls.
Trdorated CY + vevereenss 3| o | stony Dind.
Whin S1088 s ssssseisssans 4| 8 Cank Stone.
Tndarsted Clay «.vovnnnsis 0] 7 Streng Dlue Diad.
Indursted Clay ... 1| &
Iremmene ... 1] 1
Black Shale 1| a3
P e e e e | &
Tronstone .v.oueesansnsnns ol 2 | Ironstone.
cl-l! GismssEsaEsdeE e b EE @+ a3 | Bind.
Tronbono ..couessassnnins ol 1 o [romatane.
Cly cooiiiaiaiacaninans 2| 5 Bind.
T ol &« s s smemenanam 0 @ Iromatone.
Indarsted Clay « - ccovunan ol 7 Strong Bind.
L e e e e 3| 8 Coal.
Clay sisnsssnansnnnsnians al 8 2ot Clanch.
Trdarated Clay o oovvnennas 3| 8 Steny Clunch.

Grey Sand-Rock oo cvvvanns | 6| & Girey Sandstone.

Indarated Cluy « vovvvenns- 16| o Strong Blus Bind.

C M d Bind.
Bind, with thin beds of Ironstons, interspersed with

Indurated Clay « couvvianns 7| 8 vegetable impressions.
Indarated Clay . covvveee.. gii_ﬂ Sirong Blue Dind.
L A e R a3 0
Cly coivinsisnssosnssnss B e - d Saft Clunoh.
Tadurated Clay «ovvvesnn.s 7| o g " Stony Clunch.
Sand-Rotk covsssnnnannnss 4| 6} % Gnysw.

Carried forward. ... .(390] & | |






SECTION No. II. CONTINUED. %

M I X'w he 'H'rj 1:;?1?::!' l- % L -i.‘ _____ =3 _.F -_4_:'_‘-- _.r‘-iﬁ :'i‘;r i"-.- o
Mimrral mrq_l" Es ﬂ-.. ._w"atn:m Talours of the Siraia, orad  Namen Siralo,
P e x ' ey e
Hmuxltfwmni..l.... _I| B
Indurated Clay +ocuiansass 80 Btrong Dlus Dind.
Toduruted Clay «oveeseress al o | Bind, with balls of Tronstone.
InBammable Shale ..u..vs. il Black Bat,
0 4 .l ronstons.
2| 2 (B lack Dat.
ol 2 o= R T
1 In T-em'lcl Biue ind,
(] 'I‘ - M [ranatone.
q ] | trong Blae Bind.
1 4 Black Bat
(] I [runstone, Tender Bind.
: : :él;';l Bat.
e ol o Soft Clanch.
Tndurstod Clay « ccoovvannn 3| 0 Stony Clunch.
Indurated Clay «ocvevvases 11 1 Streng Dlue Bind.
Bk Bhale convasninnnnnnnanns 1 ] Biwek Hat.
e R ey a ] Coal.
Bleck Shads . ..oucunnsnins 5 1 Black Dat.
1| 3 [ ot S0l Clunch.
| o | nt
HE ol
B Boft Clumch.
gl o Stony Clunch.
Tnduretod (‘l,l'_r e e e o 10 5 3 : itmnE Bloa Bind.
Grey Sand-Rock coveunnnes mj 4 Grey Sandstona.
Indurated Clay and Sand. . .. 3| 0 Stony Bind.
. " | Bind, contaiming balls of Irenstone and vegetable
Cluy, with bulls of Tronstone E] *31 f sty )
Toflammable Shale . o.oaues | 1| 8 Black Bat.
Grey Rack .ovvvvnnennnas o0 Grey Sandatone.
Indurnbed Clay «.voevsrnns 1] 6 | e |Siany Yind.
Grey Rock . .oceuvanniann. 3l 7 Girey Sandstonn.
Carvied forward..|....|466| 8]







SECTION No. II. CONTINUED, %1
T i Aw, ﬁﬁ!\lﬁﬂr - ———— " o o -
Mineral Names af the Strata, | ar ‘#::.u Culswrs of thi Fivals. | Lodal Names of the Strata,
um, _
- "r__;‘:‘"‘-l:-"' = S P N Tl S o L L Py e e T+ e T T
Broughd forward..|.... | 488
Indurated Clay and Sand. .. . 15| 4 Stony Dind.
Tronslone ....... Y 0| 2 Tronstone
Clay, with balls of [ronstone | 10 {11 | Blue tender Bind, with balls of Iranstone.
IMIUHM.”.HH--H---J a 1 Ironstene.
Black Shale 2] @ Black Dat.
Tronstone . of 1 B Ironstone.
]nﬂunhﬂ.ml" ol ] 4 o S“IZDII}' Bind.
JronSEONE axsnssssansnuannanen [ | 1 | Lronseodie,
[ L B o Tenaer Blwe Bind.
Band-Rock cvvvneerernsnns 2| o 'Eiujﬁtl.me.
Indorated CHY o corsnrenes ! 10 ] Bind, mized with scams of Sandstone.
:
Indurated Clay « vooevensnl 1] 10 .
Trousteme ..-... o ] Iremsione.
Clay wavs 2| 6 Bind.
JrOBSiONe veeinnnnenrnnamna s | .. 1 Troasone.
[ | T ) Fimsl.,
Le e e e I . IR T Conl.
1
Clay . | 1 o Boft Clunch
. | & a4 Coal
Indurated Clag « cooreseees| Gl 0 iard Clunch.
Clay cocvvininncannennnaal 117 i ind.
Cla¥ wevsncevacaaavsnaaas 4| 4 Tender Blue Bind.
||ﬂ-lb(-:f‘ . | ‘I‘ JIi )
G X ! Temder Bind,
ke H B Binck Bai, — 0%k
Indurated Clay 3| 4 Stony Bind
Sand ek 1o 2| o [N ] vy stoer
Indurstod Clay 2nd Sand , .. g @ Stony Bind, with impressions of rushes.
Band-Rook < scvovicionains g1 8 ‘:;‘E'_-"- .?""-r‘ Grey Sandstone.
Wiﬁ'mdi-l.-&. wal GO ﬂj:







AECTION No. I1. CONTINUED. xii

T'ﬁl 1 T T A |- E— —_— = el
A | chrersy :
Mineral Nowsea of the Krada, | I | l Coleurs of fhe Firara. | Local Nawis &f the Sirata.
o n"ffml-lu | sl et R | R e
R e ——_r% *r I T | S I
Bm;ﬁtfmrd’.. A _E-_“"l' LY |

Indurated Clay and Sand ...

[ e T |

Elﬂ-}' rErEEtmdEm T EEEEE e

Indurated Cll:r' ssemnasamnn

Indursted Clay - covavooens

Band-Roek oo vovvravssnas

Tndurated Clay . cooiinaens

Clay, alternating with beds |
of 1ronstonte e es o s

Indurated ﬂlu}' essassssaas| AR

Clg.t'llmuing with beds
Ironstome «..ooeaces

Stony Bind.

Cannel Coal.

Black Soft Cluneh.

Hwony Clunch.

A Clunch, with balls of Ironstong.

Grey Sandatone.

23 1 Slmn; Blua Bind.

3 Tronstone.

7

2 Tromatine,

3 Bind.

7 Irenstone.

B

E : BN, o Timed
ne.

6 md.

1 Irosstone,

: —! Mind and [ronstme,

i Strong Blee Bind.
prarlat__ Bind,
Iremetome,

-

B e S S S ol O R CET e T RD e

11
0 Lavmrtoae,
4
; lack Hat.
B e,
i Daik Bive Biml.
4 T i

Dark Blae Bind.

Ireasone.
-
Iqm 2

Dark Blue Bind, alternating with heds nﬂmnlmm.

4 interspersed with vegotable impressions.

.0 Ironstane.







. .-.-‘n.-. Thickicsn
Minsral Namcs of dhe Stvata. | af | of mach
Keamm| STradem,

| | rre ] .
ﬂs‘l.l;ﬁl I_I'-l.l\.l'l'm"rli..I.. 7000 1
Indumated Clay ...........[3800 3| O

o1 15| 4
Todurated {‘ll}'!lLiIﬂL witle & | : !'

sl alternating  with, <
beils of Ironstone ... ..

b

Firsi Ryder Coal .........[302| 3| 1
Inflammable Shnla .,,,.,..! 2( 0
Lecond :H.:.'uic:r Coad . .o.c. /38481 1 2}
L e P e | 1| &

Main Conl .....cco0vae---|306] 14

44| 7

SECTION No. II. CONTINUED.

Celours qff the Sirara.

o

Loral Names gf rhe Sirafa.

Blue Bind,

Bind, mized with balls and thin beds of Ironstone.

Dark Blee Bind.
First Byder Coal.

Blnck Bat.
Zecend Hyder Coal.

:".l:lilq Coal.






N II1.

SECTION OF THE STRATA

IN THE HASTINGS AND GRAY COAL PIT SHAFTS, ON THE WOULDS,

En (e Pavish of NabboTeala:-Touch.

1832,

.ﬂﬂL‘.’:’..‘I—l" of am lech io 1 Pool.

Miasval Nesmer of e Sirata.

Local Namey of the Srrafe.

——

Calanrs of the Srrala,

FYa | 1N
Taised Earth o oo ovcaueins- G| 0 il it fop, rised.
Ball.deiuiiaiivisiidaog 1| 00p 8 Hail,
o 2

Brick Bamily .- .. ol .ot { i 3111 Yallow f.'ln.:r, mized with Rubble.
tﬂl Siassesnaa s siaamanaal O (1] 4 Coal Smut.
L+ D e e fLH [ Fire-Cluy.
Clay .ouciiiiane, ol T 2 1 Yellow Bind, with Ironstone.
(e e e e e Fire-Clay, with soams of Smut.
Coal vissivnansasnnsanaaf 8 Coal Smut,
21! § SFEAE e 11 I A 1) | Dark Fire-Clay.
Bandatons ..ovovseennsnao) 1| 3| O e Prawm Saudsione.
Indarated Clay ....c..c0.. 12 9| 3 Blue Bisd.
Indurated Clay «..ovcvnnas 13| 3| o Bind, with seams of Ceal Smuat.
Clay cawiswannainsnsnnad 4] 1| 6= | Fire Clay.
i ol e ds) o] 4 — s Ak
[ 7 e e i [ E] [ R | e Fire-Clay.
IR v o i S m s e 17| 6| © Fire-Clay, with balls of Cank and Ironstene.
(o | i e v ] L (e (B Diark Fire.Clay,
CBY cisssnccinrnarnnnssnansnnns L1 oy alodred Fire Clx
et e e 11 (B s
Indorsted Clay . .oovaveen | 21| 3| 8 Clunch.
Sy prwiom el g | B & i — Bind, wiih Pyrites,
Clay covverannanuvinnansd 26 3| 4 Bind, with balls of Iroastone and Cank.

LTt E : :i ronstome, oo

FORMOAE o2 - ' Ironstone,
m"'l--ll--i-lri-il-l--l-ll-l--lnl'-i“'“ - r i [Ir:. Kine Bind,

Carvied forward..1....| 67 | &)






AECTION Noo II1. CONTINUED. Xy

Alineral Names of ihe Sirald. | af

No.| Thickness| -
- | af each | Colowrs ¢f the Sirala. Laval Noses of the Strada,
!.‘I.'rnn_.n'i:r‘:'u_lm. TS = (A TS
— —_— . = - e e e

LT

'] |

| {

Ly | R ) S B | E Fize-Clay, light saloased.
S | |
Bandstone, with Iron ...... ) 1| 0 CEiE | Brown Stone.
| |
Indurnfed f_'ln;-' P i .| 33 | ] ] Clunch, with balle of Cank and Tronstone.
1 |
|| |
Sundstone ... .. s w{m LB sl ‘ M| 2|0 Sandstone with Lead Cre.
| | : A _ -
Iwdunited L‘I:y aod Sund .. 25 | 11 | o | Sirong Bind and Bandsione nsized, with nodales of
| Ironstone.
e [ | -
| | I | |
o |
Indarated Clay . covonnwaaaf 36| 3| 3 | Strong Blue Bind.
Il R e e e B Coal.
Indurated Clay +.vonaseeaa] 38 3 Black Clanch.
e e Ve = e o ||| B Coal.
[
Clay ceessannsnianereanes 40| 1 Fire-Clay, dark eoloared.
Oy oeaeiiaiiine. seenees| 4L | H] G0 Fire-Clay, light ooloured.
e e e i Fire-Cloy, dork and light coloured.
fE]IH' R e a S e B e MRS 43 1 L] | Fire=Clay, dark.
Coal wooveeneinnn a1 o I, .
Clay sonivmnrannneiananaa] 46 | 24 2 Fire-Cluy, light.
: | b
LR Far e e o B o e 1 9 Coxl.
Indurated Clay and Sand ...[ 47 | 2| 0 | | Stomy Clunch,
Indumted Clay ...........[48 | 2| & | I“lmng Blue Bind.
| l
Indurnted Cloy . ..occnu..[ 40 11 | 6 Strong Bind.
I ' .
Ironalone co.wesueanneass] SO 2 I'In:mmcn-e.
Indurated Clay and Sand....| 51| 4| 4 i Stomy Bind.
|
L] (] Clay, dark colesred.
L FCoal.
Clay vovrneveennannnnanaa 65| 3| @ | Fire-Clay.
L] L] . o
1 - IJ:F:I.LK Bi.
L 3 I]I-IML Had.
3 4 Fire-Clay, with snall balls of Ironstone.
|
Iodarated L‘ra_l, and Sand . ..| 60 | 16 T4 Siony Dée Bind, with balls of Cank and Ironstone,
|
Indurated Clay and Sand . ..[ 61 | 4| 0 Stony Dind,
| | |_-
Carvied forward..|....[178] © | =






SECTION No. ITI. CONTINUED. %vi
T e Ao, | Thicinem "- == === AT s
Mimeral Neme of fhe Svata. | &f | of cack Colours of ihe Sivata. | Local Nowes qf the Strata,
R Sindfum, —_ [ 3 . e
—— e i e — T —— .
Brewght forward. . |.... _ITEI _0 . |
[ Bt e e e [T 1 R B _[’uﬂ. mixed with seams of Bigd.
i St | 63| 2| 10 Fire-Clay, dark coloured.
Tndurated Clay . voveonas .-I G4l 2| 0 Seeny Clanch.
ey .| B8] 1] 6y Fire-Clay.
liaiistane .. we| EEE L] T Trommone.
. 0 ; i e .
(1 SSRC—— T |0 Fize-Clay, dark coloured,
‘. :'!1'-.?5: ?
Coal .o..cicoisainassnnna] G0 2| O Coals
Trduratod Clay o coonaeanad| 70| 1| & Chunchy Fire-Clay.
ol canrsarsasss 5 sunf T I L] eal -
Blal vousniuns i ararssasssana asf TE ] (] BHilpck Hax.
Induorated Clay .o.cuesa- i 73 4] 0 Cluneh, with balls of Tronstone.
Shale ...- | 4 i 3 Black Han.
i el | H — Ceal,
Bake .o =4 o i lack Bt
Bhals '.'Ih_‘l' i J;i 3 i fe  Plack Bal,
[ e FESESEEFEEE e L'} 4
Indurated Clay and Sand . ..[ 80 6] 1 Stony Clanch, interspersed with bells of Ironstone,
Indurated Clay . ....... woi| BL| G| 2 Swrong Blue Dind.
BMA o uescinnssisnannninniaesis | & ] Black Bat
LY s i ma i &3 1 T Bbae Tilaed.
Camlk, or Whin Srome | @ i | aml Sieas.
Clay acraasanrarinannansannnnnas *? 1 a Blar Biod.  peonaone, Dine Bind
Clay, slternating with Iron- o (] T - = D2 Dronsioee.
stona il £l 51 B"m'--— - lremelone,
T rre st il ur | ' I=II_‘“l—— Ir:'"FI""TI
C!uy T T I | Bind, with nodules of Ironstone.
Clay Ironsbome +ovvemsnnannnans B ] Tromstome.  pe poq
Cliy cosevanrrcnionnannes OG) 3| 0 Blae Bind, with balls of Ironstone,
|
Indurated Clay  ..oceausel 971 8] 0 Smrong Mae Bind.
l'an-ﬂ and Bhale v.venrnrannanneas| @ '} @ “oal asd Black Ban
R e e | g T Coal,
Indurated Clay o coavweea | 106] 9| 8§ lamch.
(%]
- I
Inlurated Clag «avoecnseaa(Q0l| &) O Strong Clunch.
|
1
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Clay ciancarniesiansnaasf10&] 3] 6 Fire-Clay, with Ironstone.
CMY ioencasmnnanansonses 1T 4] 2 X Fire-Clay, with balls of Cank.
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(o] [T ST i - I I Dlue Dind, with balls of Ironstope.
TEORBLOBE < suvonsnnnnsness|T6H| O Iremstone,
R e awa el e w2 | 2 Black Dat.
o IR i f Coal,
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way W 1 lremstame, 1
Ty, sltemating with Tron- | [(284] 1] & s :
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3 g F .n._..- -t X :.
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0| 1| 9 _ Fira-Clay, with balls of Ironstome.
311 1 5 Elack Bat.
Cliy, sMemating with | |13 2] o 1;::“??1. with smell balls of Ironstome and Cank
weams of Shale, Coal, <
- e e
318l 1 | o — 5 Eind.
e @ Hilsck Hat.
AR 1 I Coal
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