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INTRODUCTION.

Tae very flattering reception accorded to the *Playbook of Science”
has encouraged the author to endeavour to complete the popular
sketches not only of the great and imponderable powers of Nature
called Gravitation, Cohesion, Chemical Affinity, Heat, Light, Elec-
tricity, and Magnetism, but likewise to grapple with that very wide
field of inquiry comprehended in the subject of * Mines, Minerals,
and Metals.” This theme involves the consideration of the jffty
metallic elements, which were wholly omitted in the former work;
the thirteen nom-melallic elements—viz., Oxygen, Hydrogen, Nitro-
gen, Chlorine, Iodine, Bromine, Fluorine, Carbon, Boron, Silicon,
Selenium, Sulphur, and Phosphorus—being alone treated of in that
portion of the work devoted to the subject of Chemical Affinity; and
as the author has had the pleasure of visiting several Coal, Copper,
Lead, and Tin Mines, the personal narratives of those visits may be
of service to the youthful reader, who may be stimulated to go over
the same ground, and thus become practically acquainted, by personal
observation, with facts that are not likely to be easily forgotten after-
wards. A tour through the mining districts certainly impresses the mind
with the vast commercial results that can be obtained by persevering
industry and determination, coupled with scientific knowledge, and an
inspection of the engineering details shows what apparently insur-
mountable difficulties have been overcome. Such an example as the
great Dukinfield Coal Mine, in Cheshire, which is more than two
thousand feet deep, and occupied the proprietor twelve years in boring
and digging it, at a cost of 100,000Z, is only one amongst other and
similar brilliant industrial triumphs won at the almost inaccessible
depths of the rock-formed crust of the earth; whilst the fact of the
B



2 INTRODUCTION.

value of the raw mineral products of Great Britain and Ireland being
estimated at about thirty millions sterling per annum, offers a further
inducement to the youthful reader to inquire how this mineral portion
of the dust of the earth is transmuted into such heaps of the precious
metal gold. Even if we disregard the strictly scientific portion of the
subject of the metals, the contemplation of the numerons useful purposes .
to which they are applied is exceedingly amusing and instructive; thus .
our houses contain all kinds of iron ware, stoves, grates, fire-irons, -
locks, tin-plate ware, brass furniture, lead pipes, coppers, bells, wires,
lamps, Britannia metal, silver plate, electro-plated articles, jewellery,
pins, needles, cutlery, gold, silver, and copper coins, and silvered looking-
glasses.

The same metallic articles are all more or less contained in the huge
floating arks propelled by steam power, with the addition of great chain
cables, anchors, copper sheathing, compasses ; or, when used for warlike
purposes, guns, swords, pistols, cannon, rifles, shot, shell, and bullets.

Again, in the more peaceful arts, there are the plough, husbandry im-
plements, machines, horse-shoes, tools, nails, screws, wire-work, type,
telescopes, microscopes, and other instruments, clocks, watches, trinkets.
In the fine arts, coinage, copper and steel engraved plates, zinc plates,
bronze and other metallic statues. And, to conclude a list which seems
endless, all the most stupendous forms of machinery, the steam-engines,
railways, suspension bridges, tubular bridges, and last, but not least, the
steam-horse, the locomotive, composed of 5416 pieces all fixed together,
and working as delicately as the finest bit of clockwork. These appli-
cations represent the mechanical value of the metals, but do not include
the almost equally important chemical metallic compounds indispensable
in the noble science of Medicine, in Chemistry, and in the useful arts of
dyeing, calico-printing, the colouring of glass, china, pottery, and the
thousand other requirements of this civilized but luxurious age.

The author desires here to express his obligations to Professor Ten-
nant, Mr. Evan Hopkins, and Professor Ansted, for much valuable
information, and recommends his readers to consult the more advanced
works on (eology, Mineralogy, Metallurgy, and Chemistry of Lyell,
Richardson, Phillips, Nicol, Sooffern, Clay, Oxland, Ure, Abel, Bloxam,
and Muspratt.



Fig. L. Wellingtonia Gigantes in the Crystal Palace,

CHAPTER 1.
COAL AND COAL MINES.

Tae chief intention of this second “ Playbook of Science” is to intro-

duce the important class of elements alfed the metals to our youthful

readers, and as nearly the whole of them, in their natural and mineral

state, are, as it were, invisible, by re;aon of their combination with other
B



4 OOAL AND COAL MINES.

elements, which mask and’ conceal their metallic prorerties, it behoves
us to inquire what are the usual means resorted to for the purpose of
releasing the metals from their union with oxygen or sulphur, or other
common elements, and mt::il:ﬁto them with their liberty the important
qualities of brilliancy, malleability, duotility, and tenacity. The answer
to the previous query might be made at considerable length, if the
processes of the solution of the minerals by acids, as performed in
our laboratories, were fully described. We shall not, however, anticipate
these chemical (ietails, which are better explained with each metal, but
will confine ourselves at present to that potent talisman “Coal,” at
whose bidding, and whilst in a state of combustion, the minerals are
decomposed and liquefied, and their gritty, brittle, stony qualities
changed to those of tractility and extensibility. Coal is the commer-
cial substance specially required to obtain the useful metals. Coal, as
Vischers remarks, is now the indispensable aliment of industry; it is a
primary material, engendering force, giving a power superior to that
which natural agents, such as water, air, &c., procure. It is to industry
what oxygen is to the lungs, water to the plant, nourishment to the
animal. It is to coal we owe Sleam and Gas ; it reﬁlaces, in the work-
shops and the domestic hearths, the charcoal which had become too
costly. Under the last head, in our northern latitudes, it is destined
always to acquire increasing and more general use. The employment of
coal will henceforward be no other than a question of cheapness; as, in
th:esresent age, the first interest of industry is, above all, to see amelio-
rated the ways of communication—to lower the tolls upon the routes
and the canals. If exsfom-house officers still oppose shackles on manufactured
products, they lower their barsiers for the ggnaye of the raiw malerial.

It is the lovers of antiquities, the laborious and painstaking anti-
quaries, who search out, recover, and rebuild in imagination the giant
castles, the abbeys, the nunneries, that once reared their proud pinnacles,
towers, and battlements in our land, and were peopled with men and
women who, although differing in dress, manners, and learning with
ourselves, possessed the same feelings of love and hatred, dfiety and pro-
fanity, simplicity and vanity, which abound in the well-dressed and
educated society of the nineteenth century. How many little things
dug out of the earth, such as hatchet and spear-heads, knives, pottery,
and coins, sufpply the learned antiquary with the light which discloses
the doings of our forefathers. Even the fair sex of ancient times are
re-embodied and dressed before the mind’s eye, and bedecked with rude
ornaments ; for are not their cists, or boxes, containing torques, .mlet:i
and rings, dug out occasionally P and even in localities now represen
by miles of peat-bog, there are discovered not only ancient British
ornaments, but even paddles or oars which are of the same form as
those used bmhe Welsh at the present day for their “coracles,” or
little wicker boats covered with hides. But what has all this to do with
coal? Why, if brass ornaments, spear-heads, coins, &c., betray the .
ancient haunts of man, the numerous remains of plants and stems of
trees, found in the coal and coal measures, surely betray the vegetable
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arfg'n of coal, and tell us in the plainest language that this mineral fuel
is the remains of vast forests, and other large growths of innumerable
plants, which have lived, died, and have been entombed by the all-mer-
ciful hand of Providence thousands of years ago, and are now being
exhumed for our benefit, to give us health, in the shape of cheap
warmth, and wecalth more abundant than the imaginary contents of
Aladdin’s cave.

Fig. 3. Tropical Scene in Borneo.

The above illustration of a tropical scene in Borneo, the late home
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of the illustrious Sir James Brooke, Rajah of Sarawak, will afford
some idea of the exuberance of foliage prevailing commonly at the pre-
sent time ; and it is presented in order to indicate what the coal such as
we have in England was not obtained from, and that we are not to sup-
pose, as it was formerly imagined, that the plants and forest trees grew
only in tropical climates, and were then transported by water-carriage
to the more temperate parts of the globe; but rather that a
condition of the atmosphere excited and maintained the wonderful life
and activity in the vegetable kingdom which prevailed at the period of
the formation of the coal measures, and that the forests grew at about
or near the localities where the coal is derosited at the present day. - -
The once familiar “ Drift” theory which accounted for the production
of our British coal, supposed that vast forests were swept from the land
into the arms of the mighty ocean or into vast lakes, by continual in-
undations or powerful streams, just as the trunks and branches of trees
are swept from the banks of the river Jordan, and are carried into and

Fig. 8. Th» Dead Sea, from a Photograph by Negretti,

thrown up on the surf: e of the Dead Ses, to be“ﬁain degosited, like
gaunt skeletons, on ity shores; or on a grander scale, as by the over-
whelming volume of thy vast rivers of the Mississippi or St. Lawrence,
m North America, where thousands of trees float annually down the
stream to the Atlantie, and are there deposited, with soil, sand, and clay,
in process of time, in the bed of the ocean.



GEOLOGICAL THEORIES, 7

“The Drift Theory ” receives a further elucidation in the next simple
disgram of Professor Phillips. *Thus, at the point A in the next
diagram, a series of limestone, sandstone, shales, coal, ironstone, occur,
these being the common names of the rocks which are associated with
coal. The limestone may be supposed to have been brought by dif-
fusion in the ocean from an area situated to the south-east, the shale
transported from the west, and the sandstone, plants, &o., drifted from the
north. We may imagine two rivers, one flowing from the west, and

ouvpspurgp

WEST EAST

SOUTH
Fig. 4 Illustration of Drift Theory.

bringing across the reinons where now are Ireland, Lancashire, Derby-
shire, and South Yorkshire, a vast body of argillaceous (clayey) sedyi-
ments, slightly cha.ried with sand, and but little varied by floating trees
and plants; the other rushing from the north, loaded with sandy
matter, and bearing abundance of trees of different kinds, éu¢ mof many
serns or delicate herbaceous plants. Alternately, or contemporaneously,
these rivers might fill the sea with deposits such as we behold, and In
the manner that we see them united with the proper calcareous deposit
of the ocean.” " In appreciating the “drift theory,” it must be remem
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bered that the “ancient ocean” is supposed to bave been very different
from the present one, and the arrangement of land and water quite dis-
similar to the present order of these ancient elements. The Northern
Ocean, at the commencement of the coal period, was, it is supposed,
divided into basins, varied by islands, bounded by shores, supF ied by
inundations from extended land. One of the most interesting localities
presenting an analogy to the dense island forests of the ancient coal
period is one of a group of islands called the Great Andaman Islands,
situated in the Bay of enq;.l, and about one hundred and forty miles
long "and twenty broad. The extreme thickness of the tree jungles

Fig. 6. The Earth before the Separation (Snider's Diag

which cover nine-enths of this island, renders it almost impenetrable,
they being composed of trees as straight as arrows, of from thirty to
forty feet%n'gh, though their roots cannot expand much beyond one foot,
and are found twisted together like so many coils of rope. The foliage



its creation.
At this period (Fig. 5) M. Snider su the earth to have been one
continnous block or mass rising out of the ocean, and the space marked
the Atlantide (the Atlantic) to bave been formerly dry land, but now
to the bed of the mighty Atlantic Ocean. Sir Charles L
says, “It can be shown that the earth’s surface has been remodelled
agnmn;t}l:sam, mountain chains have been raised or sunk; valleys
formed, up, and then re-excavated; sea and land have changed places;
yet, throughout all these revolutions, and the consequent alterations
of local and general climate, animal and vegetable life has been sus-

tained.

“This hgebeen accomplished b;ithﬁn; vﬁ:{:ﬁon of the l;ws na
governing organic creation, by which limits are assigned to
variability of es. The succession of living beings appears to have
been continued, not by the transmutation of species, but by the intro-
duction into the earth from time to time of new plants and animals, and
each assemblage of new species must have been admirably fitted for the
new states of tl::flobe as they arose, or they would not have increased
and multiplied and endured for indefinite periods.”

The eminent naturalist, Mr. Charles in, in his work “On the
Origin of Species by means of Natural Selection, or the Preservation
of Fav Races in the Struggle of Life,” is opposed to the theory
of the introduction of new species and new plants, and insists on the
natural provocation to variety, and he says, “ The more living beings
can be supported on a given area, the more they diverge in structure,
habits, and coustitution ; therefore, the more diversified the descendants
of any one species become, the better will be their chance of succeedi
in the battle of life. It is a truly wonderful fact—the wonder of whi
we are apt to overlook from familiarity—that all animals and all plants,
m all time and space, should be related to each other, in group
subordi to group in the manner which we everywhere behold—
pamely, varieties of the same species most closely related together;
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species of the same genus less closely and unequally related together,
forming sections and sub-genera; species of distinct genera much less
closely related; and genera related in different degrees, forming sub-
families, families, orders, sub-classes, and classes. The usual subordinate

ups in any class cannot be ranked in a single file, but seem rather to
E:’clustered round points, and then round other points, and so on in
almost endless cycles. On the view that each smles has been inde-
pendently created, I can see no explanation of this great fact in the

Fig. 6. Arrangement of the Land after the Separation (Snider’s Diagram).

classification of all organic beings; but, to the best of my judfment, it
is_explained through inheritance and the complex action of natural
selection, entailing extinction and divergence of character. . . . Asall
living forms of life are the lineal descendants of those which lived long
before the Silurian epoch, we may feel certain that the ordinary succes-
sion by generation has never even been broken, and that no cataclysm
{deluge] has desolated the whole world.”
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The second diagram (Fig. 6) represents the same terrestrial globe after
the division of its parts at the surface, with the formation of the North and
South Atlantic Ocean. The uniformity of the fossil plants of the
coal measures of Europe and North America is a convincing proof of the
former existence of a continent or chain of islands where the Atlantic
now rolls it waves. Four-fifths of the fossil coal plants collected in
Nova Scotia have been identified with European species; and there are
also other ge::t:sical proofs of the existence of an ancient land situated
to the east of the present Atlantic coast of North America.
§00 ».c. Herodotus mentions fossil fishes as occurring in the rocks of
Egypt, and states thisas a ﬁ:iof of that country having been formerly
an arm of the sea, like the Sea. Without advocating the truth of
the first diagram, enough has been said to indicate some of the points of
the *drift theory,” by which it is attempted to explain the origin of coal.
; Ths.grponents of the “drift th A ,”fih must b; admitted, bri

ormidable arguments against it ; and the following o ’ectiom,nmn;:E
in & condensed form under seven heads, by ti:e Jhte Mr. G. F.
Richardson, may not be uninteresting.

1. The purity of coal, and its freedom from extraneous substances.
Had it been dnifted, it must have acquired some portion of foreign sub-
stances in its transit, such as pebbles, gravel, &c.; but since we find
extensive seams of coals unmixed with any other matters, its freedom
from these is considered to be incompatible with the idea of its having
been drifted from a distance.

3. The generally uniform thickness of each coal seam is considered to
offer another dxﬂicnli{r The lower main seam of the northern coal

field, according to Bowman, extends over at least two hundred
square miles, while a thin seam isll:ointed out as reaching in a straight
line from Whaley Bridge to Blackburn, a space of thirty-five miles.

the coal been washed away by floods or torrents, such currents, either
from the different :‘peci.ﬁc gravity of portions of the same mass—of the
roots and stems, for example, as contrasted with the branches and
fol. from the mechanical destructions occurring in such a transit,
would have deposited them in an unequal manner; whereas no such
effects are discernible in the coal seams, which are invariably free from
inequalities of this kind. . .
3. The exceeding minuteness of many of the coal seams, which thin
out into mere filaments, and extend in this condition over extensive
areas of solid rock, militates against the idea of any deposit of so at-
tennated & nature having been spread over spaces so large by the act of

4. gn the otber hand, the size of many of the coal seams considered with
reference to the immense compression which they have unquestionablyun-
dergone, is considered to furnish another objection of insurmountable cha-
racter. The enormous extent to which the bulk of substances may be re-
duced by pressure, can scarcely beimagined, except by a reference to exact
computation. It was ascertained by Mr. Burr, that a mass of rubbish
which was left in a worn-out vein of ironstone, during a period of ten



12 COAL AND COAL MINES.

years, mhin that interigx:‘lh redneeld from se;en t(i two f.i'ﬁ't 1;: thlm
owing to the pressure of the overlying weight. It was er

into so hard apsnbstmoe as to forn{u:gmus %)f rock which could only be
penetrated by the operation of blasting. When we consider the Tz
compressibility of vegetable matter, and reflect that beds of coal have
been subject to the pressure of masses of rock many thousand feet in
thickness, during a period of countless ages, and when we recollect that
matter so compressed has formed beds of great relative thickness, it is
evident that, for the formation of such deposits, supplies on the most
enormous scale would be required, and that it would be utterly impossible
to trmsrort masses of vegetable substances so immense as would be re-
quisite for the formation of the coal deposit alone.

The effect of great pressure produced by Bramah’s hydrostatic press is
well illustrated m the compression of the bales of Manchester cotton goods,
and of all kinds of paper, gunpowder in the stage of press cake, compressed
trusses of hay, candle-making, seed-crushing and presstug, whilst the con-
stant downward pressure of the superincumbent strata will be explained
more fully afterwards in what are called “ Creeps,” when the earth, or
floor, or metal of the excavated galleries in a coal pit gradually rises
and fills the spaces left between the pillars of coal that support the roof.

6. The high state of preservation mn which many of the plants occur,
the perfect condition of the leaves and parts of fructification of many of
the ferns, the sharp angles of numerous stems which are pronounced to
have been of a soft a?tfsuccnlent nature, with the surfaces of Sigillarie
marked with lines, streaks, and flutings so delicate that the mere
drifting of a day would have inevitably destroyed them. These, with
other facts of a like nature, convince us that these plants have never been
subjected to drift, bus were buried on the spols where they lived and died.

6. An additional objection to the drift theory is founded on chemical
ﬁa:ot;’ ; it ll:” been urgeg, :hzt if ve&latable mat:ler were swept away bt’xl 3

such an cy, i e us elements to escape, wo
be inadequate :ogen roducyé the‘ril;sned results, and that coal neg:,r could
be formed by such a process.

7. The multiplied instances of trees found erect, establish the fact
of the coal plants having chiefly grown on the spot where they are now
entombed.

Midway between the “drift” and ‘“submergence™ theories, it will
be perhaps instructive to pause in order to mention a theory which has
been urged with great power and ingenuity by Mr. Evan Hopkins, C.E.
—viz., the actual movement of the crust or outer crystalline shell of the
earth as it were in a spiral direction from the South to the North Pole;
so that any given country like Great Britain shall, in process of time (to
be numbered by thousands of years), have its position moved from a
warm toa colder latitude by the mechanically-destructive and chemically-
solvent power of water, aided by electro-chemical currents and a;yhg-
tallization, just as a Elate of eodpper may be gradually dissolved at the
positive pole of the battery, and again deposited at the negative pole
to form an electrotype. Mr. Hopkins is entirely opposed to the Plutonio



EVAY HOPKIXS'S THEORY. 13

theory, and warns his hearers not to look at the strata of the earth
*“red spectacles,” but to admit a little more “soda water™
(having a cooler and queterlgencym this globe than fire) into their

speculations as to the formation of rocks. The arguments most forcibl
used in favour of the idea of a movement of the euth’:mrfwefmn’i
south to north by the electro-magnetic currents are: 1. The of

:-;th?t.b'ehmefhhtudo.ﬂvm.chngedd::& o s et
o of laty is., i noe it is
that formerly England was differently placed, and enjoyedaﬂopm
panded into those o t.lntpmodh:feod bet.hepecnhe:;’
into igantic proportions which seem to speciality
the flora of the Could elephants live in Siberia at the
Mhi&&mﬁmd&mm&hﬁqtﬁmﬂsmfoﬂ
Wines were formerly made of the grapes grown in the
ogmﬁeldscfEnglnd;anditisstatedtha&whenCuumndedBﬁmn
1915 years ago, the site of the city of London was in latitude 40° 80,
and therefore in a climate corresponding to that of Portugal, which
ives us our much-loved “Port;” whereas now we know that the
itade of Greenwich is 51° 28’ 38".
The second theory that accounts for the production of coal may

be called “the Submergence,” in contradistinction to the other
already diseussed, the Dnft Theory.
It is assumed that there was a period in the hi of our globe

when a damp and steamy heat, with incessant rains a
highly charged with carbonic-acid gas, prevailed on the surface of the
earth. Then repeated storms, lightnings, and the fearful thunder broke
upon the solemn silence that prevailed; for, as Hugh Miller sa;
human bemqlud yet left an imprint of his foot on the soil where
plants grew.”
This damp and steamy heat our artist has endeavoured to p“:‘ni
the next picture, where we see the sun vainly struggling to
his rays through the atmosphere highly utuntetf with vapour. Such
an atmosphere may be partly realized by a visit to any gardener’s
forcing-house, and would of course be the means of mcreum$ enor-
mously the rank growth of the underwood and trees of the coal forests,
whilst l';lle e%nt.inuous rains would wash down t&d di”{’:';'} ot‘l:: olfan the
atmosphere the carbonic-acid gas, carrying it to the roo plants
in that liquid state best ted for its assimilation. If we could
imagine a plant taking a ast, dinner, and tea, carbonic-acid gas,
like our “daily bread,” would always form a part of each meal. Then,
aguin, the re; storms and excess of demonstrative electricity, the
continual of lightninmo doubt l&roduoed soluble nitrogenous
matter, such as nitric acid, which was in like manner supplied to thoss
that required it for their sustenance.

Of the presence of the carbon (of the carbonic-acid gas) and the

nitrogen (derived possibly from the nitric acid) in coal we have abun-

* Ui astronomically by the called the * Precession of the
mn;cpldmd y by phenomenca

gk
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dant evidence; and of the rain that undoubtedly fell at that period in
such unusual quantities, there are the stony records in the rocks asso-
ciated with coal. The sandstone and green shale, especially in those
specimens collected by Mr. Brown from Cape Breton, Nova Sootia,
bear upon their surfaces indubitable marks of rain-drops.

Fig. 7. The humid Atmosphere and rank Vegetation of the Coal Period.

The damp heat, the constant supplies of nutritive matter, brought
about a gigantic condition of the plants and trees which reminds us of
the huge root displays of modern horticultural shows, with their giant
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beetroots, colossal turnips, carrots, &. The effect of this stimulating
action was to make the most humble plants spring up into forest trees;
thus there were trees in the coal flora allied to the club-moss tribe,
nnthing but a tender bit of moss, and yet these plants shot up into

of.ndm.mml. [ li’@bprlnt.nada.luﬁ?nthﬂmmmt
mud of the olhndygmudbyﬂr letrlxndllmmodhtel after the

was made, showing how such records (as the -prlnt-)maygohnotrm
WWMMMMMMMMTMQIO. trand.
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and that different currents of air varied then as now in temperature, so
as to give rise, by their mixture, to the condensation of aqueous vapour.
—Lyell’s “Geology.”

It might, however, be supposed that all statements with respect to
the origin of coal must be imaiimry, and partake only of the fascinating
nature of §ction. No; the skeleton remains of plants which enable
the botanist to revivify the dead forests of the carboniferous period are
continually coming to light as the coal is dug from its rocky bed.
In Fig. 10 we have ferns—calamites, bamboo-jointed—reed-like plants,
Lepidodendra—and, more curious than all others, here are the sigillarie,
which scarcely present any analogy with existing forms, and must have
imparted, as Miller says, “a strange and wondrous character to the
flora of the coal measures.”

The ferns appear to have been the most abundant, at least if our
judgment in this respect is to be formed from the fossil specimens
already obtained, There seems, however, very good reason to believe
that we cannot make a just estimate of the exact proportion of one kind
of plant, or of its superabundance as compared with others, because
it would' naturally happen that there might be a great difference in
the capabilities of certain plants of resisting the action of water longer
than others, and therefore our ideas of the precise state of the flora at
the time of the growth of the great coal-producing vegetation of the
forests must be somewhat obscure.

In order to assist the student of palaontology, or study of fossil
plants and animals, it is advisable to keep the following table constantly
:31 vtiieev‘vi, as it demonstrates the names of the groups of plants so often

uded to—

o BRONGNIART. LixpLey.
1. Cryptogamous Amphigens, or

go cellular Cryptogamia ... ... Thallogens

§ 2. Cryptogamous Acrogens... ... Acrogens ...
( 3. Dicotyledonous Gymnosperms ... Gymnogens

s

g

g

¢ { 4. Dicotyledonous Angiosperms... { Exogens ...

L
\5. Monocotyledons ... ... ... {Endogens...

The term eryptogamic is of course derived from the Greek xpumros
and yapos, concealed fructification, and is applied to a class of plants
whose stamens and pistils are not distinctly visible.

The thallogens, or flowerless plants, which have no proper stem or
leaves, such as lichens, seaweeds, and fungi, are remarkable for certain
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characteristics Eeunhn to all; they are entirely formed of cellular
tissues, or rather of interlacing tubular filaments, without vessels
properly so called; they never present true leaves, and their organs of

teproduction consist only of very fine seedlings, which appear to de-

11. a, Pecopteris. 3. dodendron. e, d. Calamites. e¢. Lepidodendron.
ul.ﬂldllnh. Aﬂdnmol mmmm'rmv.'é'oﬁnum

velope themselves without fecundation, and are immediately enclosed
membranous conceptacles analogou: to the filaments of that tissue
3}
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which composes the whole of the plant. The only fossil plants of this
known are some conferve with several alge, or seaweeds.
_ The second class comprises cellular cryptogamis, or mosses, which
present in their general form and structure features similar to those of
the most perfect vegetables; in this class are also grouped the Equise-
taces, Ferns, Lycopodium, i;egidodendrons, which possess more varied
tissues, and incl’ﬁde perfectly distinct vessels, and very frequently spiral
vessels, or imperfect spiral vessels, while the leaves are in general very
ly developed and furnished with cortical pores. The stems, often
and arborescent (Figs. 10 and 11), have some analoqy with those of
Monocotyledons, or plants having one seed-lobe. M. Adolphe Brongniart
has called the period of the formation of the coal measures tke age of
Acrogess, in consequence of the vast irepondennee of ferns, and Lepido-
de:za, and the apparent absence of Exogens, or ordinary Dicotyledons,
or rlmts having two seed-lobes; nevertheless, Lyell supposes a forest
of that period may have borne a considerable resemblance to those woody
regions of New Zealand, in which flourished ferns, arborescent and herba-
ceous, and lycopodiums, with many coniferz, or pine-trees, probably similar
to the W&llinglonia gigantea, depicted at page 3, the bark of which is
deposited and built up in the north transept of the C]rg:tal Palace,
Sydenham. With reference to this gigantic specimen, Lord Richard
rosvenor, in a letter dated November 3rd, 1859, and addressed from
Francisco, California, says :—

“T have just been on a trip into the interior of this State to see the
“ big trees,’ and they are worth coming here to see. Imagine a tree 116
feet in circumference, and 450 feet high! There are several groves of
them, all on the western slope of the Sierra Nevada, and all about the
altitude of 4000 feet above the level of the sea. I have been to sce two
of them: one in Calaveras county, and the other grove in Mari
both about 200 miles from here, and the latter in a south-westerly direc-
tion. They are beautiful trees, but I do not think the branches are
]ngo enou%h in proportion to the trunk; they are, in fact, very small,
and hang down in a nearly perpendicular fashion, sometimes ndinﬁ
down in a semicircular arch, so as to touch the trunk again, whic
makes them rather look like very tall masts. The trunk is beautifully

roportioned, and tapers off to a fine point, so you do not appreciate the
Kr_ight till you find you have sprained your neck in trying to see the
top. The bark is a pretty yellowish cinnamon colour, of a very fine
texture, often twenty-two inches thick; but that you have seen at the
Crystal Palace. The tree from which that bark sas taken is still standing,
wilh the scaffolding round st which was used on the occasion.”

The Phanerogamic group includes those plants which have visible
flowers containing stamens and pistils.

The most remarkable plants or trees belonging to the coal period were
undoubtedly the Sigillarie, with their vast roots called stigmarie, of
which about thirty-five species are known; and such was their indivi-
dual abundance, that there are great seams of coal almost entirely com-
vosed of them. These “trees were interesting,” as Miller says, “on
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mmm oftothnru; _beautifal tured st.ems.ﬂ various in their

eir ies.” were fluted vertically, som like

enlummoftheGmmeorm.' lm’lm::hﬂul:eorclmmelmny bad its line of

Fig. 12 A Grecisn Doric Column, for Comparison with s Sigillaria Stem (p. 17)

sculpture running adown its centre, as we may notice in Fig. ¢, p. 17.
e.e.%In valh;iamo?st the ruins of this ancient flora, lﬁ'ne n-
tologist almost feels as if he had got among the broken fragments of
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Italian palaces erected long ages ago, when the architecture of Rome
was most ornate, and every moulding was roughened with ornament ;
and in attempting to call up in fancy the old carboniferous forests, he
has to dwell on this peculiar feature as one of the most prominent, and
to see, in the multitude of trunks darkened above by clouds of folinge,
that rise upon him in the prospect, the slim columns of an elder
Alhambra roughened with arabesque tracery and exquisite filigree work.”

Having thus briefly attemgted to give some idea of the flora of the
dark and tangled forests of the coal period, our thoughts must be again
directed to the process by which these tall tree-ferns, huge pines, reed-
like calamites, sculptured sigillarie, and hairy lepidodendrons were sxé-
'm{d’ decomposed, condensed, and hidden for ages beneath the surface
of the earth.

It is a subject of everyday observation to those who delight in
country walks amid field and common, copse and wood, that wherever
due d is not paid to the all-important first princliH‘lLof agriculture,
viz., drainage—wherever water is allowed to accum , the soil, by
beinghoonstantly saturated with moisture, is no longer able to admit the
Eealth-giving atmosphere, and in proceas of time the useful vegetation
dies away, sinks down into and is decomposed in the morass, being suc-
ceeded by a rank and sour crop, which even the much-despised donke
will not condescend to touch. In a somewhat similar manner, thoug!
ﬁgantio in degree, it has been assumed that water gradually invaded
the vast forests, and saturating the earth, filled up all the pores and
excluded the air, and from the circumstance of carbonate of iron being
a constant companion of the coal seams, it may be imagined that the
falling leaves and the wexﬁled underwood, rotting in the watery bed, con-
A\ the peroxide or red oxide of iron in the soil (which is a valuable
ingredient of the earth that supplies the healthry ]ilants with food)
into poisonous protoxide or green oxide, and directly this mineral poison
began to act upon the forest trees the; ually died, and were sub-
m by the reception at intervals of deposits of silt and mud, the
detritus of neighbouring and higher land.®

‘When the forest grew on the banks of broad and shallow lagoons or
vast lakes the water would teem with vegetation, and might gradually
snlﬂzly materials for beds of peat. These ns, covering, perl‘ilms,
miles of country, by repeated sinkings may have subsided gradually
beneath the level of the sea, and bave rendered the basin the receptacle

® We are indebted to Kremer for careful analyses of the ashes of coal, of which we
ve an example, the per-centage of ash in the coal being 199, and its composition as

ws r—
8Silica we e e s s e 1548
Alumina ... . o o oen e 528
Peroxide of irom ... .. .. e .. 7403
Potash e eee see e e e 063

Sulphateci lime .. 1 . o T s17

10000
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of alternating deposits of sand and clay, and may thus have produced
the strata of sandstone and limestone which occur between the seams
of coal. Such ideas respecting the inroads of the sea are supported by
facts that arc apparent at the present day—as, for instance, the remark-
able rising of the tide in the Bay of Fundy, which is a large inlet of
:ll:e %.tlantic Ocean, a:d aitnntedth on tllx.e gut coast n(I,: Nl?l;]h Amggm;

e bay, separating the south part of the peninsula of Nova Scotia
from New ?r:nswick, extending about 100 miles, with an average
breﬁith ?!f ab(mltx 3%:11]:3. t] hy height of 60 fi t,

e tides in this bay frequently rise to the t height o ee
and are, as may be suppor?ed, vzry datmctivgl;a;hey sweep away the
whole face of the cliffs, and thus a new crop of erect trees springs up
about every three or four years. Rogers imagines that the areas now
tovered with the coal formation have sed a physical geography,
of which the principal feature was the existence of extensive flats

ering a continent, and forming the shores of an ocean, or some vast
bay, and that this low coast was fringed by great marshy tracts or peat
bogs, on which along the landward margin grew the conifere, tree-ferns,
lycopodiacee, and other arborescent plants. If the fossils discovered in
the coal measures were all of freshwater origin, the supposed effects of
the sea would be purely imaginary ; but there is abundant evidence of
the mixed nature of the fossil remains, and of the association of fresh
or brackish water with marine strata, not only in American, but also in
the Enﬂiseb coal fields. In the lower coal seams of Colebrookdale, in
Shropshire (celebrated as the locality where railroads formed of wood
were first used in the year 1620 and 1650, and about 100 years after-
wards plated with iron), Mr. Prestwich s ts that the intermixture
of beds containing freshwater shells, with others full of marine remains,
and the alternation of coarse sandstones and conglomerate with beds
of fire-clay, or shale, containing the remains of plants, may be explained
b{ supposing the deposit of Colebrookdale to have originated in a bay
of the sea or estuary, into which flowed a considerable river subject to
occasional “ freshes,” or the mingling of fresh with salt water.

In the Edinburgh, Shropshire, and Staffordshire coal fields, also in
those of South Wales and Somersetshire, the marine deposits are more
or less associated with those of freshwater origin. Some geologists,
and especially E. de Beaumont, have assumed, i order to account for
the frequent alternation of coal seams and sedimentary rocks with marine
products, a continuous sinking of islands, so that each coal seam was
covered with sediment up to the level of the sea, and a new flora after-
wards grew there, which was in its turn sunk below the water, and
s0 on.

With respect to the production of the poisonous protoxide of iron,
and its effect upon the forests of the coal period, it is interesting to
know that Professor Hunt, of the Museum of Practical Geology, has
instituted a series of experiments, to illustrate the production of :‘l:{
ironstonq bends and nodules of which are so common in the
measures; and he bas found that decomposing vegetable matter (such as
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would be distributed through all the coal seams) prevents the further
oxidation of the proto-salts of iron, and converts the peroxide into
E'rl:t,oxide, by taking a portion of its oxygen to form carbonic acid gas.

is gas coming in contact with the protoxide of iron in solution,
would unite with it and form a carbonate of the protoxide of iron, and
mingling with the excess of fine mud, might form beds or nodules
of .f us or clay ironstone. When pure, carbonate of iron is com-

o

Protoxideof iromn . . . . . . . 0187
Carbonicacid . . . . . . . . . 3868
100°00
The carbonate of iron ore occurs in flattened nodules in connexion
with the coal at 8t. Etienne, a locality we shall again allude to, and is
composed of
Carbonicacid . . . . . . . . . 384
Protoxide of iron . P ) | g
” ” n‘mgmse . 4
Lime . . . .. . ... ... 38
Siloa . . . . L 1e
Alumina . e e e e e .. 8

-3
3
3

1003

Speaking again of the inroads of water, there is a very interestin
example of the effects of such natural causes in the marsh lands whic
once formed an estuary or arm of the Bristol Channel, and the formation
of extensive peat bogs on what are provincially termed the Twréaries.
The levels are about two hundred square miles in extent, and at the
present time a great part of those flats are below the level of the spring
tides, but barriers formed by nature and improved by art keep the
sea. In ancient times the low lands became a morass or lake of fresh
water, and in such situations commenced the formation of peat. The
changes are interesting, and afford a good notion of the probable
formation of many coal seams; and they are thus described by an eye-
witness, who writes sv pleasingly in “ Chambers’ Journal.” He says :—

“First, the reeds spring up, because they can raise themselves out of
the water; then other aiuatxc plants help themselves up by the stalks
of the reeds, till at lengt the conferva thicken the mass so much that
the surface becomes suitable to the sphagnum tribe, to which succeed
lichens, rushes, and grasses. This spongy mass of vegetation con-
solidates, sinks below the surface, falls to the bottom, and there decays,
receiving year by year a fresh accumulation. This decom matter
becomes a semi-fluid and dark-coloured substance, which unde
fermentation, hence the bituminous and inflammable properties of peat,
into which this homogeneous mass is now converted. In this process
nature requires that the water should be quiescent, for should any
current disturb the stagnant morass, it would carry off the astringent
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juice, which is the chemical agent for turning the decomposed vegetable
mass into peat. The ‘-o::gl:ater,’ as it is called, is highly mtfsecptic,
and of so astringent a nature, that an attempt was made some years ago
to apply it to tanmery pu . The thickness of this congeries of

ts is from fifteen to eighteen feet; it is kept buoyant b water
in the basin, and assisted, no doubt, by the chngmi bubbles of gas
derived from its partial decomposition. In winter, the peat rises so
much above the level of the surrounding land, that people who live on
the borders of the turbaries cannot see objects which are clearly
discernible in summer.”

The State of Mclugan, in America, is remarkable for the abundance
and value of its peat deposits. In this locality the peat beds are more
condensed and compact, being comparatively shallow, and seldom
exoeeding four feet 1n thickness. It most commonly overlies beds of
calcareous marl, which has accumulated in the innumerable low meadows,
beaver swamps, and wet prairies of the country. Michigan has been
aptly designated by the Indians as “The Land of Lakes;” and a pro-
fessional geologist has reported on the existence of not less than #
thonsand within the limits of the peninsula. The condition of a
vast territory, like that of the new States of America, thinly peogled,
and with its swampy lakes undrained, supplies a good illustration of the
probable condition of thousands of miles of the surface of the earth
when the flora of the coal measures attained their gigantic proportions.
It is stated that peat taken from land which has been many years
drained, when dried, sz mrlﬁhaa Aeav{a:a oak wood, and bears ¢ the
same price in the market of Rhode Island, where peat abounds,

In the more ancient periods, after the peat was formed in the moist
state, accidental drainage, from alteration of the levels, miﬁ!)t occur,
with its gradual submergence and condensation; and so, in the course
of hundreds of years, coal would be produced. The analysis of New
Hampshire peat by Messrs. Whitney and Williams is as follows : —

Locality. Vegetable  Silica, alumina,

matter. iron, and lime.
Meredith . . . . . . . 9490 ... 510
Canterbury. . . . . . . 9380 ... 6-20
Franconia . . . . . . . 7370 ... 2603

Baron Liebig considers that wood, or brown coal and mineral coal
are the remains of vegetables of a former world, and that they are
the results of decompositions termed decay and pufrefaction. Woody
fibre and linen both contain a proximate principle termed Zigxis, so that
there is a great connexion between the two, so far as their chemical
composition is concerned. When heaps of rags are moistened with
water they become warm, carbonic-acid gas is evolved, and their weight
diminishes from eighteen to twenty-five per cent., and the nvvm
converted into a soft, friable mass, which has lost its coherence. hen
sawdust is moistened with water, it also evolves considerable heat
which in the presence of other combustible matter has even increased
until flames have burst forth from {he mass. The author recollects a



26 COAL AND COAL MINES.

case of this kind, where the contents of an underground dustbin,
which had been nearly filled with sawdust, took fire spontaneously, and
where the whole mass of sawdust was found to be blackened, and caked
together into a porous coal-like mass. Pressure and temperature have
greatly affected the decomposition of the ancient submerged vegetation.
A piece of wood, which had been placed in the boiler of a high-pressure
steam engine, and subje