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vi PREFACE TO FIRST EDITION.

that the best and indeed the only satisfactory preparation for
the efficient discharge of the duties of the Colliery Manager
is that which is to be gained in the laborious school of
experience ; but he knows also that the wise use of a carefully
prepared and comprehensive HANDBook—such as he ventures
to believe the volume now in the reader’s hand will be found to
be—would have been to him an incalculable boon in the earlier
years of his course, and hardly less so subsequently as a book
of reference and of practical guidance. No doubt excellent
handbooks already exist, dealing with various branches of
the subject; but the Author’s aim has been in the following
pages to prepare a work more complete in itself than any
of its predecessors, and one comprising the most recent

information as to the ever-progressing science and art of
Coal Mining.

In the use of the work by students, it is believed that the
questions and answers given on the various subjects will be
found specially helpful.

The Author gratefully acknowledges the assistance which
has been given him in preparing this work for the press by his
friends Mr. J. T. Robson, H. M.’s Inspector of Mines for
South Wales, and the Rev. J. E. Flower, M.A., of Wands-
worth ; and also the courtesy shown by the Council of the
Mining Institute of Scotland in granting him permission to
quote the result of their Commission of Mining Engineers, as
given in their Transactions (vol. iii., pp. 51 to 124). Besides
much valuable information which has been obtained from the
Transactions of the North of England and South Wales
Institutes of Mining Engineers, he has also received con-
siderable assistance from the columns of the Practical Engineer
and the Colliery Guardian, and from other sources, reference
to which will be found in various pages of the work.

The greatest care has been taken to ensure accuracy in
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every respect, but if any mistake has escaped notice the Author
will be thankful to have it pointed out to him.

The preparation of this HanDBook—which for several years
has occupied such time as the writer has been able to give to
it—has been to him a most congenial task; and he ventures,
in sending it forth, to express the hope that the work may be
found as useful to the student, and to those engaged in the
management of collieries, as the preparation of it has been
pleasant and profitable to himself.

PONTYPRIDD,
January, 1891.

PREFACE TO FOURTH EDITION.

———

A fresh edition having been called for, the Author has seized
the opportunity carefully to revise the whole work in order to
bring it in every respect up to date.

It will be found that an important addition, involving about
eighty pages, with thirty new illustrations, has now been made
to Chapter XII., owing to the special attention of the Author
having been recently directed to the subject of Mine Ventilation
and the use of Regulators in airways.

This further enlargement of the volume, without any addition
to the original price, will, it is believed, greatly enhance the
value of the work as a whole, both to the practical Colliery
Manager and to the student.

In spite of the utmost care in preparation, it can hardly be
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CHAPTER 1L
GEOLOGY.

Stratified and Unstratified Rocks—Dip—Rise—Outcrop—Strike —Diversified arrangement of
Rocks —Faults—Classification of the Rocks into Systems--Igneous Rocks—Description of
the different systems of Stratified Rocks.

THE Science of Geology in its widest sense comprises all that is known con-
cerning the constitution and history of our globe. It has been the life-study of
many eminent men, and as one of the youngest of the sciences has made amaz-
ing progress ; but our knowledge, gained by direct observation, is still limited to
within a mile or two of the surface, and there is consequently room for much
speculation as to the condition of the interior of the earth.

An examination of the rocks soon led to their being divided into stratified
and unstratified. The former have the appearance of having been deposited
in layers one above another, by aqueous action; whilst unsfratified rocks

Fig. 1.—STRATIFIED AND UNSTRATIFIED Rocks.
A A Stratified, and B Unstratified.

occur as amorphous masses and seem to have been more or less com-
pletely fused. Granite is a specimen of the latter group of rocks. It is now
generally held by geologists, physicists, and astronomers, that the earth must, at
one time, have been entirely in a state of fusion, and that the crust in cooling
became a hard unstratified mass. In process of time the waters began to destroy
this crust, and to deposit layer after layer of the derived material. This process
of disintegration by mechanical and chemical agencies, and deposition of the
resulting detritus, with intermittent eruption of heated matter from the earth’s
interior, has gone on through countless ages until the earth’s crust has obtained
its present condition. The sedimentary rocks were not always deposited on
horizontal surfaces, and the result of deposition on an inclined surface would be
to form a bed at nearly the same angle as the surface on which it was deposited.

<7 C.MLH. B



2 GEOLOGY.

As beds were deposited over extensive areas there may have been many variations
of surface causing the beds to be inclined at different angles and in different
directions, but in most cases where the strata are inclined, they were originally
deposited in a position more or less horizontal, and have been subsequently dis-
turbed by earth-movements. Inclined strata are shown at B in Fig. 2.

In almost the earliest of the aqueous rocks signs of vegetable and animal
life are found in the shape of fossils.  As the organisms died, the waters covered
them, depositing again other layers of sand, clay, &c. In course of time the
waters receded, or, more probably, the land was elevated, and fresh forms of life
appeared, to be themselves buried in their turn. The fossils represent either the

Fig. 2.—HORIZONTAL AND INCLINED STRATA, SHOWING UNCONFORMITY.

creatures which inhabited the waters in which sedimentation was proceeding, or
those which lived on the neighbouring land, and had their remains carried down
and entombed in the sediment.

The great fact to be remembered in regard to these stratified rocks is, that
they have been deposited in regular order, and that each has its characteristic
fossils. Not that every formation of rock was deposited all over the world, but
the order of their occurrence, if there, remains generally the same. Sometimes,

B A A a

Fig. 3.—CURVED STRATA.
A, Anticlinal. B, Synclinal

indeed, a formation is altogether wanting, or the order of their position
reversed, but these are exceptions and can usually be accounted for by
denudation or by volcanic agency, or by other earth-movements.

The angle at which a stratum inclines to the horizon is called its dip when
viewed in the direction of the fall, and the rise when viewed in the contrary
direction. When an inclined stratum comes to the surface its edge is called the
outcrop, and the line of outcrop along a horizontal surface is termed its sfrike.

The dip is always at right angles to the strike, so that if the dip be given, the
strike is also known ; but if the strike only be given, the dip cannot be known
from it, because the dip may incline to either side of the strike. When strata dip
in opposite directions from a ridge or axis of elevation they form an an/iciine or
saddleback as at A, Fig. 3, and when they dip towards a common line of depres-
sion as at B, they are said to be syncl/inal, and the depression so formed is spoken
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of as a frough or basin. These terms apply only to the folds of the strata and
not to the features of the surface of the ground. When strata are bent and
wisted they are termed conforfed. When strata lie upon each other in parallel
order, they are said to be conformable ; but when one set reclines upon another at
a different angle they are termed unconformable. Thus, in Fig. 2, the strata A
are conformable to each other, and so are the strata B, but there is a strong un-
conformity, or discordance of stratification, betwveen A and B. The strata are
said to be monoclinal when, though inclined, they all slope the same way; and
periclinal when dipping in every direction from a common centre. When strata
terminate abruptly ina bold bluff edge, they are said to form an escarpment.

The dislocations, fractures, and fissures produced in the rocky crust by subter-
ranean movements are known by such terms as faulls, slips, hitches, heaves,
leaps, throws, troubles, &'c.

Faults may be so thin as to be easily mistaken for the ordinary jointing of the
rocks they traverse. More often, however, there is a considerable space between
their “walls’" or “cheeks.” This space is sometimes filled up with débris from the
adjoining rocks, or with mineral matter deposited from solutions circulating within
them, such as iron pyrites, oxide of iron, and other metallic substances, together
with quartz, clay, &. When a fissure is filled with matter injected from the
earth’s interior, such as basalt, it forms a dyke,; when filled with mineral matter,
like quartz, it constitutes a vesn, and if a metallic mineral, or ore, be present, the
vein is often termed a Jode.

Fissures due to these disturbances may contain carbonaceous matters where
they traverse the coal measures, which may at times be accompanied by metallic
minerals. There is no essential difference between faults found in the coal-
measures and the mineral veins (‘“ fissure veins ) of a metalliferous district. For
instance, the great Minera lead lode is, throughout a part of its course, the chief
fault of the Denbighshire coal-field.

The displacement in faults is not necessarily caused at one time; there is
frequently clear evidence of repeated movement. They may occur in groups of
two or three, with parallel or nearly parallel bearings, sometimes all dipping in
the same direction, but usually two sets dip in opposite directions.  There is often
connected with these groups another series at right angles to them of a somewhat
later origin.

The IeNeOUs Rocks are now usually divided into a plutonic series, including
such rocks as granite, which seem to have solidified at a great depth under enormous
pressure ; and a volcanic series, including rocks like basalt, which have consoli-
dated at or near the surface.

The study of the igneous rocks is attended with much difficulty. Their
mineral composition is usually complex, and often two rocks having the same
composition present a totally different appearance, owing to the fact that they were
cooled under different circumstances. They have no order of superposition,
but have been erupted from below, and are found traversing the stratified rocks
in veins or dykes, sills, or intrusive sheets, and irregular bosses. Moreover they
contain no organic remains by which their relative ages can be satisfactorily
established. The igneous rocks contain many valuable minerals, building
stone, &c.

The MeramorpHic Rocks form an obscure group, often regarded as the
lowest of the stratified rocks. Natural agencies like subterranean heat, water, and
pressure, have so profoundly affected certain rocks that their original condition
cannot be determined : hence the origin of such rocks as gneiss and mica-schist
is still open to much discussion. Some metamorphic rocks are undoubtedly
altered sediments and others altered igneous rocks. Serpentine, for instance,
is believed 1o result from the chemical alteration of certain igneous rocks ; whilst

B 2



4 GEOLOGY.

clay slate, regarded by some as a metamorphic rock, evidently results from the
mechanical alteration of sedimentary matter of an argillaceous character. The
Metamorphic rocks are very productive in a mercantile point of view, yielding
marble, slate, serpentine, and quartz; whilst metallic veins containing copper,
lead and tin frequently traverse these rocks. Gold and silver and many precious
stones are among the valuables they contain. Plumbago or graphite, one of the
three forms of carbon, is also a product of the Metamorphic System.

Rocks which contain no fossils are sometimes termed agoic or Aypozoic ;
whilst those which yield traces of only the earliest forms, or what are supposed
to be such, have been designated eozoic.

The StraTiFiEp Rocks have been arranged in three large groups, named
according to their chronological succession Primary, Secondary, and Tertiary.
But these names are now often replaced by the respective terms Pal@ozoic,
Mesozoic,and Cainosoic (or better, Cenozoic),these terms having regard to the nature
of the organic remains in the rocks, and indicating respectively the “ ancient,”
* middle,” and “recent” types of fossils. The following table of strata shows
the sequence of the great groups, the oldest being placed at the bottom of the
scheme :—

Recent.
Pleistocene.

Pliocene.
Miocene.
Oligocene.
Eocene.
Cretaceous.
Oolitic.
Liassic.
Triassic.

Permian.
Carboniferous.
Devonian.
Silurian.
Ordovician.
Cambrian.

ARCHEAN . . . . Pre-Cambrian.

QUATERNARY

TrrTIARY OR CAINOZOIC

SEcoxDARY OR MEsozoic

PriMarY or PaLzozolc

— e ) | P A

Each of these groups will now be briefly described, commencing with the oldest
and proceeding thence in regular ascending order.

The ArcHZaN SysTEM includes an enormous thickness of rocks, principally
gneiss and crystalline schists, which are generally regarded as metamorphic
rocks. They are largely developed in the Scotch Highlands, in the outer
Hebrides, and in the North of Ireland. It has been shown, in recent years, that
the archzean rocks of the North-west Highlands have been subjected to stupendous
earth-movements, whereby huge masses of rock have been violently disturbed and
moved for miles along thrust-planes. The archan rocks of Canada, studied by
the late Sir W. Logan, consist of a lower group, about 30,000 feet thick, and an
upper group which in places may be 20,000 feet in thickness: the former has
been called the Laurentian and the latter the Huronian series, both names
having geographical significance. Certain bands of crystalline limestone in the
Laurentian series have yielded a curious structure, regarded by Sir W. Dawson as
a gigantic reef-forming foraminifer and termed £oz00n—the oldest known form
of life. Its organic nature is, however, extremely doubtful. It is notable that
the Canadian Laurentians contain much graphite, or plumbago, and apatite, or
phosphate of lime.
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In certain parts of Pembrokeshire, Carnarvonshire, Anglesey, Shropshire and
elsewhere are some very ancient rocks, consisting of altered stratified deposits and
contemporaneous igneous rocks, which are generally termed Pre-cambrian. They
have been extensively studied at St. David’s by Dr. Henry Hicks. The Torridon
sandstone of Scotland is also now regarded as Pre-cambrian.

THE CaMBRIAN SysTEM, named by Sedgwick, is largely developed in North
Wales, where it comprises (reckoning from below upwards) the Harlech and
Llanberis beds, forming a great thickness of slates, grits, and sandstones; the
Menevian beds, named by Hicks and Salter from the classical name of St.
David's; the Lingula flags, so called from a little fossil formerly known as
Lingula ; and the Tremadoc slafes, named by Sedgwick from a typical locality
in Carnarvonshire. Cambrian fossils, though not numerous, are of profound
interest, inasmuch as they represent the earliest known types of life. The most
interesting are the Crustaceans, called fr:/obdites, and a recent classification of the
Cambrians, now commonly adopted, is based on the occurrence of characteristic
trilobites. The Lower Cambrians form the Olenellus zone ; the middle Cam-
brians the Paradoxides zone ; and the Upper Cambrians the O/enus zone. Most
of the best slates occur in the Cambrian system ; those of Llanberis and Penrhyn
being worked in the Llanberis series. The gold of North Wales is found in
quartz veins, associated with the igneous rocks of the Cambrian system.

Tue OrpoviciaN System, named by Lapworth after the old tribe of the
Ordovices in North Wales, comprises the strata formerly termed Cambro-Silurian,
and equivalent to the ‘“ Lower Silurian”’ of the Geological Survey. The Ordo-
vicians include the Arenig series of slates and volcanic rocks, developed in the
Arenigs, the Arans and Cader Idris ; the Llandeilo group of shales and sand-
stones, so named from the locality in Carmarthenshire ; and the Bala or Caradoc
series, which includes the famous Bala limestone, rich in marine fossils. The
old igneous rocks of Snowdon are referable to the Bala period ; whilst those of
the Lake District of Cumberland belong to the Llandeilo, and probably in part
also to the Bala, age. The characteristic fossils in many of the Ordovician
shales are the little grapfolites, allied apparently to the modern sertularians.
Phosphatic nodules occur in the Bala beds of North Wales.

THE SiLuriaN SysTeM, named by Murchison from the ancient British Silures,
is typically developed in parts of South Wales, and in Monmouthshire, Gloucester-
shire, Herefordshire and Shropshire. It comprises the Llandovery series, known
also as the May Hill group, both being geographical names ; the Wenlock series,
with the well-known limestone, at one time largely quarried at Dudley; and the
Ludlow group, consisting of an upper and a lower member, separated by the
Aymestry limestone. Both limestones yield splendid fossils, especially corals,
crinoids, trilobites, brachiopods, and cephalopods. The veins of silver-lead ore,
formerly of great value in Cardiganshire, occur in the Lower Llandovery rocks.

Tue DEevoNiaN SysTEM received its name from Sedgwick and Murchison in
1836 in consequence of its development in Devonshire. It consists of a lower
group of conglomerates, shales and sandstones; a middle group of limestones;
and an upper group, principally of sandstone. The limestone, known as the
Great Devon Limestone, is rich in corals, and is quarried as a marble as well as
a building-stone. The Devonian slates of West Devon and Cornwall are dis-
turbed by huge bosses of granite, forming a series of heights stretching from
Dartmoor to the Land’s End. The slates known locally as 4:/l/as are, for the
most part, imperfectly cleaved, but good roofing slates are worked at Delabole and
Tintagel in North Comwall. Granite is extensively quarried. Near the junction
of the killas with the granite rich lodes of tin- and copper-ores occur ; and it is
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notable that while these veins usually course in a nearly E. and W. direction, the
lead-lodes run almost N. and S.

Tue Orp Rep SanDsTONE is probably the equivalent of the Devonian rocks,
but appears to have been deposited in lakes and not in the sea. In Scotland a
series of these ancient lakes has been mapped out by Sir A. Geikie. A large
area in Herefordshire, Monmouthshire, and part of S. Wales, is occupied by Old
Red rocks, consisting of marls, sandstones, pebble-beds, and impure nodular
limestones termed * cornstone.” The Caithness and Arbroath paving-flags belong
to this system. The Old Red Sandstone yields the remains of curious ganoid
and other fishes, and large extinct crustaceans. In the South of Ireland fresh-
water lacustrine beds occur of the age of the Upper Old Red. The upper and
the lower groups in Scotland are divided by a strong break. It is notable that
the upper old red passes conformably into the overlying carboniferous rocks, and
is sometimes regarded, locally, as representing the shore-deposits of the early
carboniferous sea.

No geological era has bequeathed to us a more valuable deposit than the
CarBoNIFEROUS PrrioDp, which succeeds the Old Red Sandstone. Interstratified
with the rocks we find those valuable seams of coul which are the greatest wealth
of a country.

The system is typically separable into four well-marked groups—viz., the
Lower Limestone Shales or Carboniferous Slates, the Mountain Limestone, the
Millstone Grit, and the Coal Measures.

The Carboniferous strata throughout are composed of frequent alternations of
sandstones, shales, limestones, coals and ironstones.

The Lower Limestone Shales form a series of beds between the Old Red Sand-
stone and the Carboniferous Limestone. The culm measures of Devonshire
may belong partly to this series. In Northumberland the Lower Carboniferous
strata have been called the Zuedian beds. The Lower Carboniferous beds are
very scantily developed in some districts and in others attain a great thickness,
so that it is difficult to state their average thickness, although frequently given
at 1,000 feet, the Mountain Limestone at from 500 to 3,000, the Millstone Grit
at 600, whilst the true Coal Measures vary from 3,000 to 12,000 feet thick.
The Calciferous Sandstone series, of Scotch geologists, includes the lower part of
the Mountain Limestone and the Lower Limestone shales.

The Carboniferous or Mountain Limestone is, perhaps, the most distinct and
unmistakable group in the whole crust of the earth. Its limestones and fossils
are so marked and peculiar as to form a guiding post to the miner and geologist.
By far the greater part of the workable coal seams of Scotland is included in the
Mountain Limestone group. The Mountain Limestone is absent from both the
Shrewsbury and South Staffordshire coal-fields, the true coal measures there resting
on the Cambrian and Silurian rocks; whilst in Worcestershire, the Forest of
Wyre Coal Measures rest on.a bed of Old Red Sandstone. In Shropshire the
Silurian rocks form the general foundation to the carboniferous formations.

Between the Mountain Limestone and the Millstone Grit in Yorkshire and
the North of England is a thick series of black shales with sandstones, lime-
stones, and even coal seams, called by the late Prof. Phillips, the Yoredale rocks.
They take their name from Yoredale, or Wensleydale, in Yorkshire; and are
otherwise known as the Upper Limestone Shales. The Bernicianbeds of North-
umberland were named by Prof. Lebour, and include representatives of the
Yoredale rocks as well as of the Carboniferous Limestone.

The Milistone Grit is composed of a series of hard and coarse sandstones and
shales, usually of a grey, white, or yellow colour, but occasionally red. Itis
sometimes absent and rarely attains a greater thickness than 1,000 feet, although
it is said to reach, in some places, a maximum of 5,000 feet. Occasionally it
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contains thin seams of coal, but is known to miners by the name of the Farewell
Rock, suggesting that, on a sinking reaching this rock, farewell has been said to
the coal seams of the true Coal Measures.

In Derbyshire the Mountain Limestone consists of an enormous mass of
calcareous rocks almost destitute of sedimentary matter and entirely so of coal.
Further north in Lancashire and Yorkshire workable coal seams are found at a
stage earlier than the true Coal Measures—in the Millstone Grit. Still further
north, in Northumberland, several beds of coal are found near the base of the
Mountain Limestone formation. The coals of the Mountain Limestone of
Scotland occupy a position similar to that of those in Northumberland, but in
Scotland the sedimentary strata are more largely developed.

The true Coal Measures furnish us with those valuable beds of coal which
contribute so much to our country’s prosperity and power. The series sometimes
occurs immediately above the Mountain Limestone, the Millstone Grit being then
wanting. One of the most notable features in its composition is the frequent
recurrence of seams of coal, or of bituminous shale, all speaking of an enormous
profusion of vegetable growth. The organic remains of the Coal Measures are
peculiarly well defined. The fishes are chiefly of large size, and in certain fields
there are evidences of terrestrial life in the skeletons of amphibians, fragments
of land shells, and remains of insects. The great feature of the period, how-
ever, is the abundant flora, which comprises forms which are now only distantly
represented in tropical swamps and jungles, and point possibly to a tropical
condition of climate. The coal-measure flora consists cgieﬂy of lycopods, or
club-mosses, some of gigantic size ; horse-tails, or equisefacee; ferns and conifers.
In some coals, and associated rocks, the resinoid spores of lycopods are well
preserved.

It must be borne in mind that the coal is composed of carbon, hydrogen, and
oxygen, elements which enter into the composition of vegetable organisms, so that
the coal seams are not the result of direct mechanical deposition of mineral matter,
like the associated sandstones and shales. The most reasonable theory as to the
origin of coal seems to be that it is the remains of vegetable matter which became
decomposed and mineralized on the spot where it grew, and where it is now
found. This vegetation might have grown on the borders of great lakes,
estuaries, and vast lagoons. In process of time these layers of vegetation, might,
by subsidence, be carried down beneath the sea-level, and the water consequently
flowed over them, depositing layers of sand, silt and mud, which we now find alter-
nating with our coal seams as beds of sandstone and shale. The downward
movement must have been irregular or intermittent, and in the long pauses the
sediment would fill up the lagoons, and fresh jungles would spring up, which,
when the downward movement set in afresh, would be in turn entombed
beneath the silt and mud of the sea waters. Each coal seam thus represents the
vegetation of an old land surface, and the alternations of sandstone, shale, fire-
clay, &c., represent the different sediments which were brought together by the
combined action of the sea and estuarine waters during the slow and irregular
subsidence of their beds. It will be noticed that nearly all coal-fields are basin-
shaped. The synclinal form is, however, usually due to earth-movements subse-
quent to the formation of the coal seams. Each coal seam has characteristics
peculiarly its own, often prevailing over very wide areas. Besides the distinctive
features in the formation of coal seams, the coal obtained from one differs from
that yielded by another, and frequently one coal seam gives different qualities of
coal. The differences arise chiefly from the difference of chemical composition,
as the hydrogen, oxygen and carbon are present in the coal in varying states
of combination.

The theory that coal has been formed in its present position, so strongly advo-
cated by Logan, after his observations on the underclays with their stigmarian
rootlets, has of late been warmly opposed by certain French geologists, who feel
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justified in reverting to the old view that most coal consists of altered vegetable
matter drifted into estuaries and lagoons, and therefore removed from its original
site of growth.

Different samples of coal give out amounts of heat during combustion which
are not always anticipated from their chemical composition, or expected from
analysis. For this reason the different coals used in boiler tests should be experi-
mented on, to ascertain the actual heat of combustion, as well as that estimated
from analysis, otherwise the results of the tests made may be quite misleading.

Commercially the Carboniferous is the most important and valuable system to
man. It yields building stone of the best quality, flagstones for paving, grits for
grindstones, limestones for many purposes, marbles, fire-clay, ironstone, ochre,
alum, copperas, and coal of various qualities. The Mountain Limestone yields
ores of lead, zinc, antimony, and sometimes silver and gold.

Succeeding the Coal Measures we have the PERMIAN SysTEM, so named from
its development in the ancient kingdom of Perm in Russia. The system consists
of red sandstones and marls, conglomerates and breccias, with limestones which are
usually magnesian, or dolomitic. In some places they contain 44 per cent. of
carbonate of magnesia associated with the carbonate of lime. The Permian
fauna represents that of the late palzozoic era. In Germany the Kupfer-
schiefer, represented in this country by the marl-slate of Durham, has been long
mined as an ore of copper.

The dolomite or magnesian limestone of the North of England is used as a
source of magnesian salts, and also as a building-stone. The Permians vary in
thickness, but may be as much as 3,500 feet in this country. '

The Trias or NEw REp SaNDSTONE, the latter name being given because
reddish hues prevail throughout its sandstones and shales in the British Isles,
consists of two members—a lower group of sandstones and conglomerates, called
the Bunter, in allusion to the variegated tints of the rocks; and an upper group,
consisting chiefly of red marls and sandstcnes, and known asthe Keuper. Where
typically developed, as in Germany, these two members are separated by the
Muschelkalk, or shell-limestone ; and the term Trias has reference to this three-
fold character. The limestone is wanting in England, and as the best fossils are
to be found in this rock we have not the local facilities for an extensive know-
ledge of the flora and fauna of the period. The plants of the Triassic strata
have a strong resemblance to the flora of the Lias and Oolite above, consisting
of ferns, cycads, and conifers. The industrial products yielded by the system
are sandstones of varying quality, gypsum, and rock-salt. All the salt of
Cheshire, whether mined as rock-salt or pumped as brine, is obtained from the
Keuper or New Red Marl: the Lower Keuper sandstones occasionally contain
copper-ores and other metallic minerals, as at Alderley Edge, in Cheshire. The
Trias is at least 4,000 feet thick in England.

The Lias, which follows the Trias, or is separated from it by a thin series of strata
known as the RAatic or Penarth beds, is composed of dark argillaceous limestones,
and bluish clays, forming the ZLower Lias, separated by the marlstone, or
Middle Lias, from the group of shales and limestones which constitute the Upper
Lias. The fauna of the period is diversified and interesting. Upwards of 120
species of ammonites have been discovered, and belemnites are also very
numerous. The most interesting feature in the life of the age is the appearance
of marine reptiles of extraordinary size and structure, such as the Ichthyosaurus
and Plesiosaurus. :

The well-known ironstone of Cleveland, in Yorkshire, which lies in thick beds,
is in the Middle Lias. Ironstones in other parts have also been found in the
Lias. The argil aceous limestones are largely quarried for mortar and hydraulic
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cement. Jet is obtained from the Upper Lias of Yorkshire, and alum-shales were
formerly worked to a large extent near Whitby.
The Lias is about 1,200 feet thick.

TaE OoLiTEs.—Above the Lias in the South and West of England are the
QOolites. These consist of alternations of oolitic limestones, calcareous grits,
shelly conglomerates, yellowish sands, and thick bedded, bluish grey clays more
or less calcareous. The Oolites and the Lias are now frequently united as one
large group, known as the Furassic system.

The flora of the oolitic era was extensive, as may be gathered from the fact
that at Brora, in Sutherlandshire, there is the thickest stratum of coal found
in any British Secondary rock. It has been worked intermittently for a long
period, the seam being 3} feet thick. In Yorkshire there is a group of coal-
bearing rocks of Lower Oolitic age, consisting of sandstones, shales, and iron-
stones, with seams of coal, some of which may reach a thickness of 18 inches.
These ‘ Moorland coals” rest on underclays, and are associated with many
vegetable fossils, especially the remains of cycads, ferns, and horse-tails. The
Oolites yield limestones like those of Bath, Portland, Ketton, and Ancaster,
excellent for building purposes. They also yield Fuller’s earth. Lignite or
wood-coal is likewise found, but is of no economic value. The Oolites are
about 1,800 to 2,000 feet thick.

Tue CrEtacrous SysteM.—The lowest member of the Cretaceous group
is the Wealden ; this deposit is of fresh-water origin, the bones of terrestrial
animals and the relics of land plants, testifying that the Wealden owes its
existence to some great river which brought down mud, sand, &c., from the con-
tinent it drained, depositing the detritus in a delta. The Cretaceous beds above
the Wealden are of marine origin. They include the Lower Greensand, Gault
clay, and Upper Greensand, followed by the Chalk, which is the most conspicuous
member of the system. Some geologists unite the Lower Greensand with the
Wealden beds, under the name of the Neocomian group. The Chalk is for the
most part a white earthy limestone, upwards of 1,000 feet thick, with bands of
flints in the upper portion. The organic remains are sponges, corals, star
fishes, molluscs, crustacea, fishes and reptiles. Fossil plants are comparatively
rare. Industrially, the chief products of the system in Great Britain are chalk
and flint. Several of the workable coal seams of Vancouver Island, and British
North America, belong to the Cretaceous epoch. The Cretaceous system is
over 4,000 feet thick.

The TErTIARY SYSTEM embraces a large series of clays, sands, pebble-beds
and other strata, overlying the Cretaceous rocks, and well developed in the two
areas known as the London and Hampshire basins, the latter extending into the
Isle of Wight. The Tertiaries have been arranged in a number of groups, of
which the principal are termed in ascending order, Eocene, Oligocene, Miocene,
and Pliocene—these names having reference to the proportion of recent and
extinct mollusca in their fossil fauna.

At the base of the Eocenes are the strata known as ‘“ The Lower London
Tertiaries,” comprising the Thanet sands, the Woolwich and Reading series, and
the Blackheath or Oldhaven beds. Then follows the London Clay—a stiff clay
of bluish or brown colour, reaching a maximum thickness of about 500 feet, and
containing zones of septaria, or nodules of argillaceous limestone. Iron pyrites
and selenite are also common in this clay. The Bagshot beds, above the London
clay, include the famous potters’ clays and pipe-clays of Poole, in Dorsetshire,
and Bovey Tracey in Devon. At the latter locality are beds of lignite, known as
“ Bovey Coal,” associated with numerous plant remains, but of little or no
industrial value. The Bovey Coal was formerly regarded as miocene, but most
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geologists now hold that although miocene strata are very largely developed in
parts of the Continent, they are not represented in Britain.

During the early Tertiary period volcanic action was energetic in the British
area, as attested by the thick sheets of basaltic rocks, or old lava-flows, in the
N.E. of Ireland and the West of Scotland. The celebrated columnar basalt
of the Giant’s Causeway belongs to this period.

The Oligocene strata are represented in this country by the fluvio-marine series
of the Isle of Wight. In the absence of Miocenes, we then pass to the Pliocene
beds, which are fairly developed in East Anglia, where they consist chiefly of the
shelly sands known as ‘“ Crags.” The total thickness of the British Tertiaries
may reach about 2,000 feet.

Most geologists regard the strata above the Tertiaries as forming a distinct
group known as the PosT-TERTIARY or QUATERNARY sYSTEM. This group
includes the Pleistocene deposits, which consist chiefly of clays, sands, and
gravels, in the formation of which ice is believed to have played a more or less
important part, and which are consequently referred to the Glacial epoch, or
Great Ice Age. This period of the earth’s history was marked by the prevalence
of arctic conditions over a large part of the northern hemisphere, but it is not
always easy to determine whether the  drift " has been accumulated by the action
of land-ice or of floating ice. Ice-borne boulders and erratics are common in
many parts of Britain, and the great Northern drift comes down as far south as
Finchley, on the north of London.

A remarkable instance of rock believed to have been deposited in glacial times,
is that at the Stevens Mine, in Mount M‘Clellan, California, its altitude being
2,500 feet. At a depth of from 60 to 200 feet, the vein, consisting of silica, calcite
and ore, and also the surrounding wall rocks, are a solid frozen mass. Many other
mines in the same vicinity have similar belts of frozen ground, and asthey are at
considerable depths from the surface, where there are no openings for air currents,
the theory is that the frozen mine is due to imbedded icebergs of the glacial
period. There has been no diminution in the frost in descending, and the
frozen material is so hard as to render the miner’s pick and drill of no use in
excavating it.

All the accumulations formed since the Glacial period are known as Recent
or Modern deposits. At its close the present distribution of sea and land
seems to have been established, and the earth to have then had its present flora
and fauna, with the exception of some local removals of certain plants and
animals and the general extinction of a few species. Theoretically the accu-
mulations of the present era are not only of high interest in themselves, but of
prime importance in furnishing a key to the complicated phenomena of former
epochs. Practically they present many important features to the farmer, engi-
neer, and navigator, and furnish us industrially with such products as brick clay,
sand, marl, and peat, and in other countries pumice, sulphur, brown coal, and
amber.
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Fig. 13 shows a group of improved boring tools, as manufactured by
Messrs. Thornewill & Warham, of Burton-on-Trent, and supplied by them
singly or in sets.
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Fig. 13.—MEssks. THORNEWILL AND WaARHAM’s IMPROVED Boring TooLs.

List of Boring Tools in Fig. 13.

1. Shoe-nose shell with valve for bringing up loose 10. Levers for turning rods.
stuff. . 11. Spring dart for drawing pipes in bore-holes.
2. Wrought-iron screwed well bore pipes. 12. Bell-box for bringing up broken bits.
3. Auger for clay and stiff soil. 13. Spiral worm for extracting broken rods.
and 5. V-nose chisels for hard ground. 14. Worm auger for | g stuff in bore-holes.
6. Shell-auger with valve for loose and wet soil. 15. Square-nose chisel.
7. Bell-shell with valve for loose gravel. 16. S-nose chisel for hard strata.
8. Lifting dog for raising rods. 17. ‘T-nose chisel for hard strata.

9. Puir of rod-wrenches for screwing and unscrewing 18. Rods with screw joints in s and 10-foot lengths.
S,
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but these prices would not apply to basalt, whin, or other excessively hard
rock.

The depth of a bore-hole is measured by the number of rods, and the kinds of
strata judged by the borings brought up by the tools used. Changes in the strati-
fication are noted by the charge-man, who is guided by the sound and sensation
through the hands when the rods fall, and he marks each change on the rods.

As the depth of a hole bored in this way increases the rate of progress
decreases, and when a great depth has been reached a considerable amount of
time is accupied by the necessary changes in the tools, and very little in actual
boring. In cutting hard rocks far beneath the surface this system is extremely
slow and expensive. A steam engine may be used, so as to give more power in
lifting the weight of rods, which becomes excessive as the bore-hole reaches a
great depth, but even then the process does not admit of rapid boring. The

Fig. 14.—ScHRAM’S D1AMOND PROSPECTING DRILL.
g- 14

vertical engine usually gives motion by means of belting to a shaft carrying a
cam roller, and this lifts a wooden beam or lever near that end from which the
boring rods are suspended. At every two or three revolutions of the small engine
the cam roller makes one, thus raising the beam and allowing it to fall. The
other end of the beam rests in a trestle, which acts as the fulcrum, and allows of
change by sliding the trestle nearer the rod-end of the lever. Between it and the
cam roller is placed a strong, upright column to receive the lever on its descent,
and this is protected on the top by a cushion of india-rubber to break the shock.

The ordinary method of hand boring is slow and costly, especially in hard rocks,
and there is a great disadvantage in the form of drill which cuts the rock into dust
or slime in the bore-hole, so that when samples are brought to the surface for
examination it is difficult, if not impossible, for even experienced borers to classify
the strata. The solid cores of the rock obtained by the Diamond drill afford a
much more satisfactory means of determination, as the samples withdrawn may
be judged by their appearance, their markings, fossils, thickness of bed, and
chemical tests of composition.

A hand-power prospecting diamond drill is arranged in the manner shown in
Fig. 14, which is suitable for boring holes at any angle to a depth not exceeding
300 feet and a diameter of 1} inches, yielding cores of I inch.

C.M.H. [+
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washed from under the crown as the boring proceeds. As shown in the
drawing, the crown is slightly larger than the other portions of the boring
tool, so as to reduce friction. The manner of procedure is as follows :—

The boring tool, with one length of rod attached, is lowered into the bore-hole
by means of the chain over the shear-legs pulley, and is then suspended by
clamps placed over the bore-hole until one or more lengths of rods (which
consist of ordinary tubes threaded at the ends) are raised by means of the chain,

Fig. 16.—THE Diamoxp Rock DriLi.

and attached by screwing to the rods held by the clamps. All is then lowered
together, and again suspended by clamps. This process is repeated again and
again until the crown reaches the bottom of the bore-hole. The machine is
then moved forward on the rails into its working position, the cross-head
lowered, and the hollow shaft screwed on to the boring rods.

The rods are then given a rapid rotary motion (from 200 to 300 revolutions
per minute), and the motion of the rods being transmitted to the crown an
annular channel is cut by the diamonds, and as the rods descend the core formed
inside the channel enters the core-trap, and afterwards the core-tubes. As the
rods are revolved the pump is set in motion, and water is forced down the hollow
rods, A, as shown by the arrow, at a pressure which must be sufficient to cool
the crown, and keep it clean by sweeping away the eroded material. After passing
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under the crown the water returns to the surface by the annular space formed
between the walls of the bore-hole and the boring rods, as shown by the
arrows.

Unless the ground is soft and friable the core formed is solid, and will not
break till the act of withdrawing the rods takes place, when it parts at the base
and is retained within the core-tube by the expanding ring. Upon reaching the
surface these cores are all accurately numbered and safely housed by the
attendant in charge, who also enters all notes as to stratifications between the
numbers of cores not extracted, and is responsible to his employer for the pre-
servation of an accurate account of the strata.

Fig. 16 shows Appleby and Beaumont’s patent diamond drill, which is capable
of boring holes up to 16 inches in diameter to depths of 2,000 feet, and of
bringing up solid cores 30 feet long weighing more than 3 tons.

The framework of the drill is built of steel girders, and consists of a strong
tripod mounted on horizontal girders, provided with all the appliances required
to rotate the drill, to counter-weight the rods, and give a uniform pressure on the
cutting-head.

The boring rods are made of drawn steel tubes with screwed flush joints, and
are caused to rotate by being clipped in a universal chuck to a revolving quill,
which has a stroke of 6 feet, and works in the vertical slides attached to the
upright side-frames of the machines. The pump is connected with the top of
the boring rods by means of a flexible tube. The weight of the rods is counter-
balanced so that an even pressure is maintained on the boring crown.

The crown is screwed on to the core tube, and this latter for hard rock has a
length of about zo feet. The core tube is of a slightly less exterior diameter than
that of the crown, and may be of much greater diameter than that of the boring
rods which are screwed into it. The boring rods are of course hollow, and, when
at work, a constant current of water is forced down them in order to keep the
crown cool and clear away the borings, which are carried up to the surface
as fine sand.

When a certain depth has been bored, varying according to the strata and the
length of the core tube, the core clip is used for detaching the solid portion left
standing within the annular groove cut by the crown, and the core is then raised
to the surface.

The following is a complete specification of the outfit necessary for a machine
ready for work, for a boring 2,000 feet deep :—

Boring machine, as shown in the illustration (about 3957.).
Portable engine of 10 horse power.

2 engine straps.

6 1}-inch flexible hoses.

3 pairs of unions.

2 water unions.

150 feet of $-inch chain.

1 18-inch top sheave, with spindle and bearings.

2,000 feet of steel boring rods and joints.

300 feet of 6-inch steel lining tubes, with steel joints.

400 1] 5 ”» ” ”» ”

600 ” 4 ” ” ” ”

Sw ” 3 " ” » ”

Special connectors—6-in. to 5-in., §-in. to 4-in., 4-in. to 3-in.
6-inch to 3-inch steel driving shoes.

2 15-foot core tubes.

2 special connectors of boring rods to core tubes.

2 » " of rods to 3-inch tubes.
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of the core-tube with a view to take the weight of water off the whole core, and
possibly some of the Boring Companies adopt this practice now.

The diamond used is in a different state from the gem, and is technically called
carbon, carbonate, or carbonado, but the substance is really carbon in an imperfect
state of crystallisation, and this rough diamond, while as hard as the ordinary
diamond, does not so easily break. It is black or dark grey in colour, and
granular in texture; it is supplied only from the mines of Brazil in the district
of Bahia, where it was discovered in 1842 ; and no diamonds of the same class
have been found elsewhere, except, it is said, in Borneo. Experiments have been
tried with other substances, such as bort, or rough splintery diamond, but none
compare with the carbonate in fitness to cut hard rocks. A piece of carbonate
the size of a large pea, will cut a hole in sandstone, half a mile deep or more,
without sensible abrasion to its surface, and although in harder rocks than
sandstone the abrasion is more, it is still very slight. The loss on the crown
from the act of drilling half a mile is very slight, but the diamonds get broken
from other causes. If a jar breaks one, it causes more jarring and leads to the
breakage of others, and as the diamonds are costly, the loss to the Boring
Company becomes serious.

A great advantage of the diamond-drill boring is that the hole is kept true
and vertical, and this cannot be assured in other systems. Then the cores
frequently contain whole and uninjured fossils characteristic of the strata,
which but for this evidence would remain uncertain of classification. Thus
the sub-committee of geologists connected with the Sub-Wealden bore-hole
near Hastings, state that the determination at which they arrived with refer-
ence to the position of the strata was “ due to the manner in which large cores
were brought to the surface by the Diamond Rock-Boring Machine, so that a
number of fossils were obtained entire, the species of which could be accurately
determined.”

The percentage of cores obtained by the diamond drill seems to vary from about
6o to 9o in bore-holes of small size. The boring rods are subject to accident,
occasioning delays, such as breakages and jams, but they are not more difficult
to deal with than are the breakages inseparable from other modes of boring.
When a trial of the diamond was first made to ascertain its suitability for the pur-
pose of boring, it was given a percussive motion, but experience soon showed it
to be better adapted for abrasion.

On the introduction of the system the holes drilled were under 2 inches in
diameter, and the cores produced were about § of an inch in diameter. Conse-
quently difficulty arose in securing cores in soft strata, although the result in hard
rocks was quite satisfactory. On this account and also to give room for lining
tubes, the bore-holes have been gradually increased in size. Where they have
been of large size, 100 per cent. of cores of the strata have been obtained even
with the softest of rocks. For instance at Caerphilly, in South Wales, in a hole
put down to a depth of 1,007} feet in 1874, the cores yielded showed a complete
section of the strata passed through, and the samples of coal were satisfactory.

Bore-holes of 26 inches in diameter yielding cores 234 inches in diameter have
been put down by the diamond drill.

A Diamond Rock Boring Co., prospecting for minerals, usually stipulates that
the employer must find water and engine power, or, instead of the latter, pay a
fixed sum per month, according to the size of the engine, but the company find
everything else that is necessary. Boring to any specified depth is not guaranteed,
but the company uses its best efforts to reach it. Unless a certain prescribed
depth be bored the employer must pay the cost of carriage to and from the boring
site or sites, and all damage caused in moving the machinery on and off the ground.

The schedule of prices is in arithmetical progression over certain zones of
depth, and only apply to strata of ordinary character.
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One of the deepest bore-holes known is that made at Schladebach, Leipzic, to a
depth of 5,736 feet. 1t was commenced 11 inches in diameter in the Trias, and
after passing through the Permian entered the Old Red Sandstone, the size of
the hole having been reduced to 1°22 inch at the bottom.

The following very interesting particulars of this borehole appear in the
Colliery Guardian of April 22nd, 1892.

““ At the closing séance in 1891 of the Société Industrielle de Mulhouse, M.
Charles Zundel gave some particulars, gathered from two reports sent to the
society by the German Mine Department, of the deepest borehole which has yet
been put down—viz., that at Schladebach, near Kétschau in Merseburg, Prussia.
which attained the great depth of 1,748 metres, or 956 fathoms.

“The boring was begun in August, 1880, by the Royal Division of Prussian
Mines, and finished in the autumn of 1886, having occupied 1,247 actual
working days, with a mean daily advance of 1°4 m. (4 feet 7 inches), and at a
total cost of 212,304 marks (£10,615), or say, £6 per yard of boring. A 25-horse
power portable engine sufficed for the motive power necessary to work the boring
rods and also the pumps, a tower 27 m. (8¢ feet) high, permitting of 20 metres
of tube lining being raised or lowered at a time.

*“ The initial diameter of the hole was 280 mm. (11 inches). After 20 m. of
sand, gravel, and marl, passed through by the system of Sckappenbdohrung, or
tube boring, the variegated sandstone was struck, which was attacked by the
Hohlfreifallinstrument, or free-fall apparatus, a cast-steel drill with end in the
form of a cross with guides, water flowing down outside the tubular rods and
rising up the inside. At the depth of 57 m. (31 fathoms), the lining could not
be got to descend further, so an attempt was made to go on without lining ; but
the dééris detached from the sides of the hole rendered it necessary to put in a
tube lining of 230 mm. (9 inches) diameter. At 164 m. (go fathoms), strata of
gypsum and anhydrite were encountered, and also water charged with sea salt.
At the depth of 175 m. (95 fathoms), the free-fall apparatus was abandoned for
rotary boring by means of a soft iron crown, of 210 mm. (8} inches) diameter,
set with borts or carbonate diamonds, producing cylindrical cores of 140 mm. or
nearly 6 inches diameter. In the dolomitic limestone, it was found impossible
to detach one of these cores; and the crown became fixed so fast that it became
necessary to draw up the rods and bore into the core with a small crown, in order
to detach it, a work that occupied three weeks.

‘ After several accidents and difficulties—such as the rods bending and having
to be cut and lifted, a crown sticking in the bottom of the hole and having to be
perforated and ground up by the free-fall apparatus, or a tool falling by accident
into the hole and necessitating the cutting of the rods at great depths—the depth
of 1,070 m. (585 fathoms) was reached, the diameter of the hole having been
reduced seven times. Between this depth and that of 1,724 m. (943 fathoms),
the hole was continued with a diameter of 48 mm. (2 inches), yielding cores of
23 mm. or less than 1 inch diameter. The Old Red Sandstone had been passed
through between 327 and 1,630 m., when the Devonian rocks were traversed,
without, however, encountering a seam of coal, which might have been met with
at that geological depth. A stratum of cuprose schist, struck at 326 m., was not
considered rich enough to warrant its being worked.

‘ Nevertheless, the hole was continued with a purely scientific object, and at
the beginning of 1886, a lighter tubing of 33 mm. (12 inches) diameter, was put
in, in which boring was carried on with a crown of 31 mm. (1} inches) giving
cores of 12- mm. (} inch bare) only. But finally, after successive accidents—such
as breakage of the rod and fall of the crown, and breakage of the screw of the
core-extracting apparatus—at the depth above mentioned it was found necessary
to stop the work, which could only have been continued at a great expenditure
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of time and money. The following are the rocks passed through, with their
depths and thicknesses :—

] ‘ i

Thickness Depth
Metres. Metres.
- o o
Vegetable earth . . . . . - 06 | o6
Sand . . . . . . . Lo 427 , 487
Clay . . . . . . . . 17°76 2263
Variegated sandstone . . . . .o 14189 164°52 ‘
Gypsum and anhydrite . . . . . 1603 180°55
Permian limestone (Zechstein) . . .. 4636 226°g1
Gypsum . . . . . . . . 10'41 | 237°32
Anhydrite . . . . . . .o 89'19 | 326°51
Cuprose schist . . . . . .- 09 L3
Old red sandstone . . . . .| 130259 ' 1,630
Devonian rocks . . . . . . 1184 ' 1,748°4
| 1,7484

“ Careful thermometric observations were made as the work proceeded, and
naturally delayed its progress considerably. From a depth of 1,200 m. they
were continued regularly every 30 m., and before the tube lining was put in, so
as to avoid any disturbing influence from conduction, while, to counteract that of
water-currents, the thermometer was immersed in a fixed column of water between
two clay plugs, and left there for sixteen hours. To prevent the glass from
being broken by the great pressure, it was enclosed in an iron case; and there
were always three superposed thermometers from which a mean of the readings
was taken. The observations of the first 1,200 metres were taken subsequently.
The observations went to show that the increase of temperature does not diminish
with depth, as had before been imagined, but follows a constant arithmetical
progression. The last reading taken, viz., at 1,716 m. (938 fathoms) was 45°3°
Réaumur, or 56-6° Cent. or 134° F., which shows an increase of 1° Réaumur for
every 46°09 m. equivalent to 1° Cent. for every 36:87 m. At this rate potassium,
the fusion point of which is 48° Réaumur = 60° Cent. = 140° F., would melt at a
depth of 1,845 m. (1,009 fathoms), and grey foundry pig (1.240° Réaumur =
1,550 Cent.) at 56,775 m., or about thirty-five miles, while the greatest temperature
of blast furnaces, which, according to Schérer is 2,230° Réaumur (4,037° Cent.)
would be attained at a depth of 104,708 m., or a little over fourteen geographical
miles.

“M. Zundel concluded his interesting communication by calling upon the
Société Industrielle to urge the putting down of a deep borehole in Alsace-
Lorraine, or the deepening of two Hasenrain and Dollfus holes in order to prove
the existence of coal or bituminous shales yielding petroleum, or even to demon-
strate practically, that a source of heat and power exists beneath our feet, that
shall maintain warmth in our bodies, and keep our mills and factories going,
when all the coal deposits shall be exhausted.”

The deepest boring is that made by the Prussian Government at Paruschowitz,
near Rybnik, in Upper Silesia, particulars of which were communicated to
the Société Industrielle de Mulhouse, by M. Charles Zundel. This borehole,
begun on January 26, 1892, was finished on May 17, 1893, after having
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attained a depth of 6,572'7 feet, or 2,003°34 metres. The surface level of this
boring being 4987 feet higher than that of Schladebach, it only penetrated
338 feet nearer the centre of the earth than the Schladebach boring. The
Paruschowitz borehole proved the existence of eighty-three coal-seams, many of
them being of considerable thickness, and giving a total thickness of 89's m., or
2936 feet. Begun with a diameter of 12 inches, and lined with a tube 13 inch
thick, the boring was put down to a depth of 230 feet, from which point to
351 feet the diameter was reduced to 10 inches. At this depth the blue marls
encountered became so compact as to necessitate the use of the diamond drill for
the further boring. Under the action of the water injected into the hole, the marl
swelled and subjected the lining tubes to such compression that it was found
necessary to gradually reduce their diameter. Shifting sand, met with at the
depth of about 656 feet, also caused great difficulty.

The greatest difficulty of all, however, was the great weight of the boring-rods
as the depth increased. Although a reduction in the weight of these was obtained
by substituting steel for iron, yet at the depth of 6,560 feet the total weight of the
tools was 13'7 tons. With such a weight and so great a length, ruptures of
the rods were frequent, and an accident of this nature finally stopped the work.
When the diameter was 223 inches, and that of the cores brought up 132 inches,
about 4,500 feet of rods fell to the bottom, and became jammed in an unlined
portion under the tubing, so that it was impossible to withdraw them. Conse-
quently the borehole was abandoned. During the 399 working days a daily
advance of a little over 16 feet was made. The total cost of the boring was
£3.761, 0r 34s. 4d. per yard. Temperature observations made showed 12°1° Cent.,
or 54° Fahr. at the surface, and at a depth of 6,572"7 feet the temperature reached
69°3° Cent. or 157° Fahr. This gives an average increase of 1° Cent. for 34°14 m.,
or 1° Fahr. for 63 feet, differing from that observed at Schladebach, where the
mean increase was 1° Cent. for a depth of 3545 m., or 1° Fahr. for every
64 feet 7 inches.

During thirteen years the Prussian Government have made 400 boreholes for
exploring purposes, of an aggregate depth of 8o miles, and at a cost of £650,000.

A bore-hole at Sperenberg, Berlin, was made by means of rigid rods to a depth
of 4,170 feet, and took 43 yearsto accomplish. A boring for salt near Lubtheon,
in Mecklenburg, was carried out by a diamond drill to nearly 4,000 feet, and was
completed within 6 months. The boring was not only wonderfully successful
in the speed with which it was accomplished, but was further - distinguished
by the hole yielding 100 per cent. of cores, one specimen of rock-salt being over
20 feet long.

No virgin property of a size to require any borings on it should have less
than three, and it may be wise to put down more ; but in a neighbourhood free
from faults and dykes, and proved by winnings all round, none will be necessary.
It is natural to let the first be nearest the rise. It must be remembered that the
depths as proved by boring through inclined strata do not give the true thicknesses
of such, as the bore-hole is perpendicular and the line of stratification does not
often form a right angle to it. The true thickness of a stratum is found by
multiplying the thickness as proved in the boring by the cosine of angle of dip.
Thus, if a stratum was proved to be 1 fathom thick in the boring where the dip
was at an angle of 30°, the true thickness would be ‘866025 of a fathom or 5719615
feet. Tables of incline measure may be obtained showing the comparative
lengths of the hypothenuse, horizontal, and vertical legs of a right-angled
triangle for every degree of the quadrant.

Supposing three bore-holes to be put down on a property at equal distances
apart, say 500 yards. No. 1 being nearest the rise and proving the coal at a
depth of 15 fathoms, No. 2 fully to the dip of No. 1, as well as can be ascer-
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No. 4 is S. 40 W. of No. 1, 250 yards distant from No. 1, and proves the coal at
6431 fathoms, all the bore-holes being at the same surface level. The direction
of full dip and its extent may be determined as follow.

By plotting as shown in Fig. 17, or by trigonometry, it will be found that the
distance between No. 2 and No. 3 would be 383'62 yards. The difference in
level between the seam at No. z and No. 3 bore-holes is 220 yards — 160

= 60 yards and 3%;%6—2 = 6'39, that is the seam dips from No. 2 towards

No. 3 at the rate of 1 in 6°39. Now, to find the level course of the seam, follow
along the course from No. 2 towards No. 3 until a point is reached 5 fathoms
or 10 yards below the seam at No. 2 bore-hole, because the difference in the depth
between No. 1 and No. z is 85 — 80 = 5 fathoms. To gain 10 yards of fall along
a course dipping 1 in 6°39 follow it for a distance of 6°39 X 10 = 639 yards.
Therefore a line drawn from No. 1 bore-hole to a point in the line connecting
No. 2 and No. 3, and 639 yards distant from No. 2, gives the level course of the
seam, and by means of plotting or from the computed value of the angles, it may
be seen that the bearing from Nos. 2 to 3 bore-holes is N. 36° 48’ 9” E,, and that
of the level course of the seam S. 4° 52" 29" E. from No. 1. The full dip would
be at right angles to this or N. 85° 7' 31" E. To get the amount of dip, draw
a line connecting No. 3 bore-hole with the level course of the seam and at right
angles to it. Such a line would measure 212°6 yards, and since the difference
of level in the seam between the two ends of it is 110 fathoms — 85 = 25
fathoms, or 50 yards, we have .230_6 = 4°25, so that the full dip would be 1 in
4°25 in a direction N. 85° 7' 31" E.

In the same way it can be shown that a line drawn from No. 4 bore-hole to
join the line representing the level course of the seam and at right angles to it
would measure 1764, and taking the dip at 1 in 4°25 as proved on the other side

of the level course 3475'4 = 41'5 yards or zo'75 fathoms, and 85 — 20'75 =

.

46°25 fathoms as the depth of No. 4 bore-hole to prove the seam, which is the
depth given, a reasonable conclusion from which would be that the coal on the
property was fairly free from faults. It is only right to say that these calculations
are often upset by faults running between the position of the bore-holes, and when
these are suspected to be on the property, more bore-holes should be put
down before the sinking is decided on.

In coalfields having carboniferous rocks exposed on the surface the outline of
the basin may be traced by following the course of outcrop of the upper edge of
millstone grit or other strata underlying the carboniferous, if conformable to
them. Any estate being within the coal measure or productive area as shown on
a geological map would usually be expected to comprise coal seams. If
situated to the rise of the lowest seam’s outcrop, no coal would be available,
although the rocks might belong to the lower members of the carboniferous
period.

Where a coalfield is known to exist over a certain extent of country by its
coal-bearing portion of the carboniferous rocks outcropping in some places and
disappearing in others under Permian or newer rocks, which lie unconformably
on them, there is much room for speculation as to the extent of the coalfield.
Under such circumstances the search for coal of course becomes far more
intricate.

As an instance of the difficulties of such a search may be cited that of the
South Staffordshire Coalfield under the “red rocks.”* A fault which exists
in the neighbourhood of West Bromwich appeared to cut off the coal measures

* See Collicry Guardian, May 14th, 1875.
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The red rocks at Bullock’s Farm and other West Bromwich sinkings were
proved by the Sandwell Park sinkings to be coal measures instead of Permian as
previously supposed. The Sandwell Pit is a mile to the eastward of Bullock’s
Farm. As fixing the position in the pit where the coal measures were
struck, fossil plants found at a depth of 110 yards in red measures were stated by
authorities on the subject, to be Permian. At a depth of 200 yards a thin seam
of coal 7 inches thick was proved. Above the coal was a black shale containing
fossil plants, some of which were identical with those found at 110 yards, whilst
beneath the coal was a bed of fire-clay containing Stigmaria. At 230 yards a
second coal seam 6 inches thick was struck, and a third of the same thickness at
a depth of z44 yards, while at 418 yards the thick coal, the object of this patient
and enterprising search, was attained. The shaft therefore entered the coal
measures ata depth of 110 yards or less, showing that there is a greater thickness
of coal measures over the thick coal at Sandwell Park Colliery than was proved
by the pits previously sunk through the Permian strata.

As another instance of a successful search for coal we may mention that
near Dover, in Kent. This discovery is full of interest to the geologist, and as
it is within a workable depth it may create a very important industry in the
South of England.

Previously, no true coal had been found in England to the south of a line
joining Bath and Stamford and continued to Great Yarmouth, though lignites
were known to exist in the Wealden strata of Kent, Surrey, and Sussex.
An examination of the formations (which are much newer than the car-
boniferous) prevailing over most of the area indicated would of itself not appear
hopeful, yet geologists have reasoned for many years that there was a possibility
of finding coal under these newer formations and within a reasonable distance
of the surface.

About the year 1855 Mr. Godwin-Austen started this theory, but Sir R.
Murchison disputed it. In 1871 the Royal Coal Commission published its
Report, including a very elaborate communication from Professor Joseph
Prestwich, who had accepted the theory suggested by Mr. Godwin-Austen.

The main feature which gave rise to the theory, is the fact that a great axis
of elevation extends from the South of Ireland to Westphalia, a distance of 850
miles. Its existence can be traced at one extremity from Ireland to Frome in
Somersetshire. Along the strike the lateral pressure elevated the fractured ends
of the strata into ranges of hills, of which there now remain two remnants, viz.,
the Mendips, in Somersetshire, and the Ardennes, in Belgium. The Ardennes
have many features in common with the Mendips. On the northern flanks of
both ranges the pal®ozoic strata are highly inclined as if tilted up from the
same disturbing cause, and both are overlaid by newer strata reposing horizon-
tally on them. From Westphalia to the North of France there is a series of
coalfields, the more important being those of the Ruhr, Aix-la-Chapelle, Liége
and that of Charleroi, Mons, and Valenciennes, whose longer axes succeed one
another along the same line of strike. In all these the coal measures are highly
inclined on the south against the Mountain Limestone, while on the north they
disappear under newer formations. Westward of Valenciennes no palzozoic
strata are exposed on the surface, but the coal measures have been proved
to pass beneath the chalk and tertiary strata to Enquin within 30 miles of Calais,
whilst further west the older rocks subtend the chalk. A boring at Calais,
however, proved carboniferous strata at a depth of 1,032 feet from the surface
after passing through the chalk.

Passing to a point near the other extremity of the same axis of elevation, a
striking resemblance in the geological features is seen. From Milford Haven
to Tenby are found old red sandstone and mountain limestone in a contorted
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condition, resting on which to the northwards is the Pembrokeshire coal-
field, considerably disturbed, though not to the same extent as the old red
sandstone and mountain limestone ; from which it may be inferred that the forces
disturbing the strata decreased in proportion to their distance from the line of
upheaval. Proceeding eastward along the axis of elevation to the Somersetshire
coal-field, the Mendip Hills give evidence of the same tilting and denudation of
the older rocks observable in those of the Ardennes range, and on their northern
flank are covered by mesozoic strata laid horizontally over the highly inclined
coal measures and mountain limestone.

The South Wales coal-field is not hidden by newer strata, but a very large
portion of the Somersetshire coal measures is covered by permian, lias, and
oolite, and proceeding eastwards these in turn are overlaid by the chalk. The
Pennant rock, yielding but few seams of coal, and the associated sandstones,
shales, and coal seams above, and also below, with the addition of ironstone,
form strong features of resemblance between the coal-field of South Wales and
that of Somersetshire.

The similarity in the structure of the rocks of the Mendips and Ardennes, and
in the direction of their strike, points to their being due to a common cause,
namely, an upheaval of irresistible might and affecting an enormous mass of the
earth’s crust. The upheaval was too powerful for any opposing force to interrupt,
and its continuity under the newer rocks which hide it from view in the South of
England, is almost a matter of certainty.

The mountain limestone is continuous throughout the line of elevation, and
wherever the older rocks come to the surface, the coal measures show signs of
having covered the mountain limestone at the time of disturbance and to have
accompanied the latter in its foldings and movements. This fact, taken in con-
junction with the unconformability of the permian, enables geologists to fix the
age of the axis of elevation, as being after the coal measures and before the
permian. The strata of the coal measures were altered from their originally
horizontal position by subterranean forces, causing the line of elevation. As the
latter proceeded in a slightly irregular, wave-like direction, mostly east and west.
the rocks were doubled up or folded into a number of anticlinal and synclinal
curves proceeding northwards from the main line of disturbance. The effect of
this would be to change what was once a gigantic coal-field into a number of
isolated basins separated by ridges of the older rocks, similar to those known to
exist. A proof of the series of existing coal-fields having once formed part of a
larger, lies in the fact that their edges contain beds of equal thickness with
the more central portions. Were they separate coal-fields there would be a
thinning out of beds near old lines of shore.

If this reasoning be accurate, then the amount of coal \Vthh will be found
underlying the newer formations in the South of England will depend entirely on
the amount of denudation the coal measures have been subjected to over that
area anterior to the deposit of the newer strata. The borings hitherto made
point to a southern slope of the surface of the palzozoic rocks in the south of
England ; the denuded surface can of course give no indication of the dip in the
rocks beneath.

Professor Hull shows in a section from Gloucestershire to Oxford that all the
newer rocks below the great oolite thin out rapidly to the S. E., the total thick-
ness of the overlying rocks diminishing from 1,880 feet in Gloucestershire to
about 600 feet at Oxford. At Burford, in Oxfordshire, coal-measures have been
reached at a depth of 1,184 feet.

In 1854-5, a boring at Kentish Town, on the north side of London, passed
through tertiary and secondary strata and proved red sandstones, believed by
some geologists to be of paleozoic age, at a depth of 1,114 feet. In 1854-7,2a
boring at Harwich proved lower carboniferous rocks at a depth of 1,026 feet,
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after passing through tertiary strata and the chalk and gault, the lower greensand,
the oolites and the lias being absent. These borings presented the same order of
superposition as that at Calais and in other places in the North of France and
Belgium.

The borings alluded to were made for water, but in 18725, to test the theory
of Mr. Godwin-Austen and Prof. Prestwich, a boring was made near Battle, in
Sussex, under the direction of the Sub-Wealden Exploration Committee. It
passed through 200 feet of Purbeck strata and 1,705 of oolite below, the bottom
of which was Oxford clay, and was then abandoned. It proved that the palxo-
zoic rocks did not lie within 1,905 feet of the surface at Battle. In 1886, Sir
Edward Watkin, chairman of the Channel Tunnel Company, acting on Professor
Boyd-Dawkins’ report, which recommended that a bore-hole be made in the
neighbourhood of Dover (at the Channel Tunnel works, under the Shakespeare
Cliff), gave orders to commence the boring. The site was about 30 miles west
of the boring near Calais, which had established the fact that coal measures
extended under the newer strata to the French coast line at a depth of 1,092 feet
from the surface. After penetrating soo feet of cretaceous rocks the boring
passed through 613 feet of oolitic rocks, when the coal measures were reached,
being therefore 1,113 feet below high-water mark and 1,157 feet from the surface.
The boring, after passing only 27 feet further, met witha good seam of coal on the
15th February, 18go. This result, whilst very encouraging to all concerned, has
by no means cleared up all the points connected with the hypothesis started by
Mr. Godwin-Austen in 1855, but it has clearly established the fact that at any rate
one coal-field exists in south-eastern England, where it is covered by the newer strata,
and that within a workable depth. This alone is no slight reward for the patient
toil and thought of the geologist. It will doubtless act as an incentive to other
trials along the most likely course of the line of elevation crossing the south of
England, between Kent and Somerset, in order to search for other coal-fields or
to discover the detached portions of what at one time was one immense coal-
field, and is believed now to exist in a more or less denuded state. Indeed, a
company was registered on March the 27th, 18go, with a capital of £2,000 in
41 shares, to search for coal and other minerals in Kent, Surrey, Sussex, and
elsewhere in Great Britain.

In this country, however, there is little encouragement offered to private enter-
prise in searches for coal of the importance attached to thesearch instituted at Dover.
If successful, it is the landowners in the immediate vicinity who derive the greatest
benefit, whether they promoted the search or contributed towards its cost or not.
They may make what use they like of the information obtained (without refer-
ence to the bold .spirits who pioneered the venture or those who carried it
through), whether by fixing a high royalty price, or by sinking shafts them-
selves to work the coal so found. In France, where the minerals belong to
the State, private enterprise meets with the encouragement which is due to it,
and many agricultural districts have through this means been converted into
busy mining centres.

When the law relating to royalties has been revised, searches of national
importance may be expected to proceed more rapidly in this country, but all
things considered, it is perhaps not surprising that so many years should elapse
between the expression of Mr. Godwin-Austen’s theory and the result to which it
has eventually led.

The boring for coal near Dover has been continued to a greater depth since
the above remarks were written. In a paper read before the Manchester
Geological Society on February 2, 1894, Prof. Boyd Dawkins gave details of the
Dover boring up to that date. It appears that twelve seams of coal, having an
aggregate thickness of 23ft. sins., have been proved. The first was a seam 3ft.
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6ins. thick, struck at a depth of 1,136ft. 6ins. below high-water mark, and
described as “ bright and bituminous, with sandstone parting,” yielding 2ft. 6ins.
of good house-coal. At a depth of 1,200 feet, the second seam occurred, but
this was only 6ins. thick. Then at 1,229 feet occurred a 2ft. seam, and another
of the same thickness at 1,279 feet, both described as ‘“blazing, with specks of
iron-pyrites.”” At 1,311ft. gins. the borer touched a seam of bituminous coal,
ift. 3ins. thick; at 1,433 another seam, 1ft. thick; and at 1,456ft. a 2ft. 6ins.
seam of ‘“ good house-coal.” The eighth seam, described as clean bright coking
coal, was touched at 1,570ft., and found to be 2ft, 3ins. thick; the ninth seam,
2ft. gins. thick, also clean bright coal, occurred at 1,763ft. gins. ; the tenth seam,
of “clean, bright coal,” 1ft. 8ins. thick, was struck at 1,83xft. ; the eleventh, a 1ft.
seam of hard coal; and, finally, at a depth of z,177ft. 6ins., a seam of ‘‘bitu-
minous coal "’ was discovered, having a thickness of 4ft.

Having regard to the opinion of Mr. McMurtrie, of Radstock, and of
M. Watteyne, a Belgian engineer, Prof. Boyd Dawkins concludes that ‘ the
horizon of the south-eastern coalfield is that of the valuable upper measures of
Somersetshire, and of the important middle coal-measures of Belgium and
Northern France.” At the same time he points out that the beds under Dover
have an exceptionally gentle dip. It is notable that in the course of the Dover
boring a bed of oolitic iron-stone, 12 feet thick, was discovered, and it is probable
that this ore, worked in connexion with the underlying coal, may become of great
industrial value. A shaft has been sunk 44 feet from the surface to high-water
mark, and the boring is continued from the bottom of the shaft.

It will be useful to compare with the results at Dover the number and
thickness of seams, and the thickness of coal measures in the French, Belglan,
and Westphalian coal-fields as given by Professor Joseph Prestwich in the
following table :—

WEST OF DOVER. EAST OF DOVER.

South Wales. Somerset. | Mons. Liege. | Westphalia.
!

Number of seams . 75 55 110 85 117
. FEET. FEET. FEET. FEET. FEET.
Toal ickness oL o | gn | o | me |
. FEET. FEET. FEET. FEET. FEET,
Mf::u ;,};fslfl':::s of } 11,000 8,400 9,400 7,600 7,218

The English coal measures appear to contain fewer seams than the Continental,
although they are of considerably greater thickness. This is partly due to the
Pennant rock m the Somerset and South Wales coal-fields, where it is from 2,000
to 3,000 feet thick and contains but little coal. In Belgium the Pennant rock is
replaced by productive measures. It frequently happens that there are marked
changes in the quality and thickness of the coal seams in the same coal-field, as
well as in the associated strata. In districts where these changes defy all attempts
at co-relation, the seams are often known by different names at different points
in the same coal-field.

C.M.H. b
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The difference shown in the particulars of the coal-fields in the above table,
does not therefore prevent our associating the Dover field with them, or exclude
the probability that it was at one time continuous with them. This probability,
indeed, is strengthened by the coal already proved in the boring, the thin seams
of which correspond with those of the North of France, Belgium, and Somerset-
shire, which belong to the true carboniferous series. Thicker seams will in all
probability be met with at greater depths as in the lower series of the Somersetshire
coal-field, and also in the department of the Nord. That the Dover field will
prove of great value there can be little doubt, even though the smallest number
of seams given in Professor Prestwich’s table may never be proved and the total
coal area may be very limited. The development of this field both in the east
and west is awaited with great interest.

The length of the coal-field of Northern France from east to west is about
94 miles. Its width is very irregular, varying from about 11 miles near Douchy
to about half a mile at Fléchinelle, Pas de Calais. This coal-field is everywhere
masked by tertiary or cretaceous strata. In 1890, it employed 29,000 persons,
and produced nearly 8,000,000 tons of coal.

The Somersetshire and Gloucestershire coal-field extends from the north side
of the Mendip Hills to Cromhall, near Wickwar, a distance of 26 miles. Its
greatest width, from Ashton near Bristol to Twerton near Bath, is 12 miles;
gradually diminishing toward the north until at Cromhall it is only 1 mile. Four-
fifths of the whole area are covered by the New Red Sandstone, Lias and Oolites.
The official returns for the year 189o for the production of this area, show a
total of 1,425,071 tons of coal, beside some fireclay, &c., and 7,982 persons
employed.

The greatest length of the South Wales coal-field is 89 miles, from Abersychan
on the east to St. Brides Bay on the west. Its width is irregular, but it nowhere
exceeds 21 miles, and the extent is taken approximately at 1,000 square miles,
846 of these being exposed, 153 lying beneath the sea, and one square
mile covered by newer formations. The quantity of coal worked in this
area during 1890, according to official returns, was 29,310,295 tons, beside
fireclay, ironstone, &c., and the number of persons employed above and below
ground, 109,404.

The importance of the discovery at Dover is emphasized by a consideration of
these facts. No doubt, a considerable area of the coal-field lies under the sea
between Dover and Calais, the minerals of which under the foreshore are the
property of the Crown. Interposed between the bed of the sea and the coal
measures are impervious strata, of sufficient thickness to protect any coal workings
which may be carried on. At Whitehaven, coal has been worked for two miles
under the sea with 300 yards of cover below the ocean bed. This distance
might be indefinitely extended but for the cost of haulage, and the still greater
difficulty of proper ventilation. As it is not practicable to sink shafts at sea,
computations relating to under-sea coal are usually limited to 3 miles from the
shore. But in the case of the Dover coal-field, unless thicker seams are met
with, the working of under-sea coal will be at a greater cost per ton than in most
of the other coal-fields in this country. This no doubt will be duly considered
in fixing terms which will create a precedent in the district. No insuperable
difficulties are likely to be met in sinking shafts for coal through the cretaceous
and oolitic strata overlying the coal measures, for chalk of a similar character
has been successfully pierced in the Belgian and French sinkings. In these
cases, considerable difficulties arose at times owing to large quantities of water
in the thick tertiary and cretaceous sands. Again, in Somersetshire, although
similar difficulties were encountered in the sinking of shafts through oolitic and
triassic strata, the coal measures were successfully reached and pierced to the
required depths. The lower greensands of the London basin are known to
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The Ecclesiastical Commissioners, representing a Department of the State, own
considerable areas of land, as do also, to a smaller extent, other public bodies
and corporations, such as universities and colleges; municipal corporations ;
charities and hospitals ; and the Board of Admiralty, who possess the forfeited
estates granted to Greenwich Hospital, the minerals under which are leased by
them on terms that are usual in the district, or that are within their power of
granting.

All gold and silver belong to the Crown, but copper, tin, lead, and the other
base metals are not mines Royal. In early times the Crown claimed all minerals.

Only one gold mine is now in active operation in the United Kingdom, viz. the
Gwynfynydd or Morgan Gold Mine, near Dolgelly in North Wales, belonging to
the Morgan Gold Mining Company.

The following are the royalties chargeable by the Crown in the British Isles :—

If lease granted toowner...........c..eeuinnnen. soth of gross produce.
» ” OtheIS....covviiiiiiiniinenns oth ’ v
. under Crown lands..........coovvvivinnennes Tsth ’ '

These rates have not been invariably the same, and may possibly undergo
further alterations.

The Crown does not, as a rule, give licenses to search for gold on private lands
unless a gold miner has first obtained a license from that owner to work the
baser metals which belong to him. There seems to be some doubt as to the
right of the Crown to enter upon the lands of private owners, without their
permission and to erect machinery thereon or divert the water courses, or if the
right exists it is never exercised. The gold found in Wales is associated with the
baser metals running in the same veins, so that it may be impracticable to work one
but not both. If a mine is worked exclusively or mainly for the gold or silver
obtained it is of course a mine Royal, and that even though copper or other base
metal may have been the original object. The gold and silver may be claimed
by the Crown by virtue of the right of pre-emption of the ore brought to the
surface. The lessee of the mine would exercise his previous right of mining ore
and bringing it to the surface, but as long as the base metals were present in
merchantable quantities, they would be paid for by the Crown at certain fixed
prices, and possession of the rest claimed. When not present in merchantable
quantities there can be no pretence that the mine is not worked primarily for gold or
silver, but it may sometimes be extremely difficult to decide whether the base metals
are sufficiently plentiful to constitute merchantable quantities, owing to fluctuations
in the market. If the Crown does not exercise its right of pre-emption, the precious
metals together with the baser ones are taken possession of by the lessee of the mine.
It is believed that the right of pre-emption has never been exercised.

The veins carrying metallic ores may continually change their character as to
quality and yield.

Owing to the dual ownership set up on private lands, the gold miner has practi-
cally two royalties to pay. In some of the Australian quartz no baser metal of any
market value is found, and the quartz is crushed for the sake of the gold only.

There are no mines which can be classed as silver mines working in this
country. It is true that silver is obtained, but the mines yielding it do not work
chiefly or solely for silver. It is contained in varying degrees of richness with lead
ore and obtained almost exclusively from this source. In Crown leases for lead
mines, the royalties charged are determined by the amount of silver in the lead,
but in other cases the yield of silver is so small that the Crown foregoes its claims.

Freehold properties may be inherited or acquired otherwise. The former are
either inheritances absolute, called fee simple, or inheritances limited which are
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either qualified or base fees, or fees conditional. Fee simple is the largest estate
or interest which is possible in landed property ; the owner is free to dispose of it
to whom he pleases in his lifetime by deed, or by will and if he dies intestate it
descends to his heirs.

A qualified or base fee has some qualification or limit annexed which may
determine the tenure of the estate.

A conditional fee restrains to some particular heirs exclusive of others. A
person who holds land which by deed or will has been tied up so as to be descend-
ible to the heirs of his body is called a tenant in fee tail and his estate a fee tail.

A freehold not of inheritance is an estate held by the owner for his own life
only, or during the life of some other person, or until the occurrence of some un-
certain event.

Copyhold tenure is a survival of the feudal ages, and originated from the king in
olden times granting large estates to his lords, who thereupon let out to tenants
parts of their lands in return for services rendered. In the course of time money
payments took the place of those services. At the present time the title to copy-
hold property is altogether constituted by custom. It is supposed in law, to be
held at the will of the lord of the manor ; the mines and minerals belong to him ;
without his d.cense the property cannot be let on lease for more than a year,
unless there is a special custom of the manor to the contrary.

Copyhold tenure has certain liabilities peculiar to itself in the shape of heriots
and fines ; it is also subject to quit-rents. A heriot is the render of the best
beast or other chattel (according to the custom) to the lord on the death of a
tenant. Fines may be due on the death of a tenant, and on the alienation of the
land: sometimes they are fixed by custom and are alluded to as * fine certain,”
sometimes arbitrary and alluded to as such. Where it is arbitrary the lord of the
manor is allowed to inflict what fine he thinks fit upon the descent or alienation of
the land, but in practice it has been decided that double the annual improved
value of the property, after deducting the quit rent, is a reasonable sum:and no
more is allowed to be taken unless under very exceptional circumstances. A fine
is the sum payable to the lord of the manor upon any sale, mortgage, or other
transfer of the property, or by the heir to whom the property descends on the death
of the owner without will. In negotiating these transfers, beside the fines,
stewards’ fees have to be paid, which in some manors are very extortionate.

Quit rent, in law, is a small rent payable by tenants of manors which leaves
them free of other charges.

In many copyhold manors there are special customs not generally known, and
applicable only to a particular manor.

The owner of the land in fee-simple who received the property intact, and who
has not disposed of any interest he has, claims everything lying under it in a
perpendicular direction from the surface to any depth.

A mining company with a large capital may acquire by purchase the whole of
the surface with the minerals they intend working, but the heavy outlay which this
necessitates, and the length of time which must elapse before a dividend can be
earned, preclude the general adoption of this course.

Minerals are in some instances worked by the hereditary or other owners for
their own profit, but usually they are leased from the owners (the lessors) to others
(the lessees) whose interest it is to produce them skilfully and economically, and
then dispose of them so as to yield a profitable return on the capital.

On an unproved estate, or where there is much room for speculation as to the
existence of minerals in paying quantities, a /ake-note, or license to search, is first
granted by the owner to an applicant. Usually take-notes are for a period of from
one to three years, and occasionally for five years. A nominal rent is payable
half-yearly, and a provision is inserted whereby the prospector, if successful, is
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increased royalty rent, which he may have been able to obtain in a more
flourishing state of trade than existed at the date of his lease.

The lease is subject to forfeiture if the lessee neglects to pay his rent within
40 or 60 days of its becoming due, or on any breach of covenant, or on his
becoming bankrupt when the lessor may re-enter, but this provision is frequently
modified by others.

A royalty or lordship on the tonnage is paid, ranging in Northumberland and
Durham from 21d. to 104., the average being about 5d. The difference in prices
fixed for royalties arises from the leases having been granted at times when trade
was depressed, prosperous, or unduly inflated ; or from greater difficulties pre-
sented in working some mines than others ; or from variety in the quality of the
coal-seams to be worked ; or from the difference in the depth at which they lie;
or from the geographical position of the property under which the seams are
to be worked. In an entirely undeveloped district, without railways or other
suitable means of transport for the coal, a lessee would probably succeed in
getting an unusually low royalty price fixed. If the coal to be worked is subject
to a wayleave rent, it influences the royalty fixed. At the same colliery the
rovalty rent may vary on the different seams worked, in order to meet the
increased difficulties and cost of working thin seams or those having other
disadvantages such as a bad roof and floor. Where, however, there are a number
of competitors for a property, the lessor of course obtains a high royalty rent.

Fireclay and ironstone where worked are subject to royalties in precisely the
same way as coal.

In some leases the royalty is paid on all coal raised, in others a certain per-
centage is allowed to be deducted for colliery consumption. In Monmouthshire,
if a lessee has power to gob any portion of the small coal, his tonnage royalties
are made proportionately higher. In Northumberland and Durham leases the
rent is ‘‘tentale” instead of on the tonnage, a ten sometimes consisting of
48'583 tons and sometimes of 50 tons. In these counties as the small coal is of
much less value than the round, it is subject to a separate tentale rent which
varies from a half to a quarter of the tentale rent on the large coal.

In order to act as an incentive to diligent and energetic working of the
minerals, a cerfain annual rent is fixed, which is termed dead-rent—so that in
periods of depressed trade, when the usual yearly sale is not reached, or the pro-
duction is reduced owing to unexpected difficulties, so that the royalty does not
amount to the certain rent, that rent is paid to the owner and there remains what
are termed * short workings.” These are the deficiencies for which the fixed rent
necessitates payment in advance, and may go on from year to year. On the other
hand, if the quantity of coal worked in any year exceeds the standard fixed to make
up the certain rent, the excess is called ** over workings.” Usually power is given
in the lease to make up * shorts ”’ during the whole term of the lease, that is, the
short workings of any year or years may be made up in any subsequent year or
years of the term, though in some instances the shorts may only be liquidated
during triennial, septennial or other fixed periods. If quantities in excess of the
dead-rent are worked in any one period into which the lease is divided, they are
not allowed for in the next, but a fresh start is made for each period. If there are
overpaid dead-rents at the expiration of the lease the lessor retains them.

The certain rent reserved in leases is determined by the number of acres in the
property or the probable output of the colliery, and is imposed as a guarantee
that the lessee will work the minerals under the lands leased and not keep them
locked up. The surface area to be leased and the probable thickness of the seam
over that area enable a calculation to be made as to the probable quantity of
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many years before any coal can be obtained from those areas furthest from the
shafts, the consequence of which is that immense sums of overpaid rents are paid
by the lessees, to their serious disadvantage if not actual loss. In some cases
these large sums of overpaid rents have accumulated through lessees taking a
large number of properties with no immediate intention of working, but rather to
prevent competition from others taking them. Consequently they lie dormant
for many years before they are worked, during which overpaid rents keep on
increasing.

When the coal in the original royalty on which the pits are sunk is nearly
exhausted, the lessee of a single property, who has erected valuable works and is
pressed hard by reason of a diminished coal area on which the dead-rent continues
payable, may seek to utilise his capital by taking adjoining properties. As a
result the lessor of the original royalty on his part tries to obtairt the best terms
he can exact for wayleave rent, if this item has been entirely omitted from his
lease.

The coal under the foreshore of the sea and under the foreshore of tidal
navigable rivers usually belongs to the Crown, and the under-sea coal can only be
brought to the surface by means of shafts situated on property adjoining or near
the foreshore, the foreshore being that portion of a river or ocean bed between
high and low tides.* From their favourable geographical position, the owners of
this property are able to demand a somewhat high wayleave rate on the under-sea
coal, as much as 1}d. per ton being paid in Northumberland and Durham, where
it is considered a matter of arrangement that the Crown takes §rds and the land-
owner 3rd of the gross rent of 5d. per ton paid by the lessee. Before taking ‘it,
however, the terms of the wayleave are well known by the lessee, and he urges this
as an argument for reducing the royalty payable on the under-sea, or similarly
unfavourably placed coal to as low a figure as possible so as to enable him to
work it.

Practically, the royalty owner who is unfavourably situated generally has to pay
the wayleaves demanded by the owner, who holds the key of the position. If the
circumstances of the lessees are such that they urgently require the coal, hoping
thereby to obtain a return on their capital outlay, and the owner of the unfavour-
ably placed royalty remains firm in his demand for a full royalty value, the whole
of the wayleave burden may have to be borne by the lessees, more especially if
the coal underlying the propertyis accessible to the workings of two or more
colliery companies who become competitors for any particular area.

Outstroke is the privilege of breaking the barrier and working and conveying
underground the coal from an adjoining royalty. A lessor granting a lease of
his property may insist on an unbroken barrier of coal being left next its
boundaries. Another whose lessee may be anxious for a larger taking than the
lessor owns, grants this outstroke privilege, which gives facilities for the lessee to
work the adjoining coal and bring it through to that on which the shafts are sunk.
For this privilege a rent in addition to the wayleave rent is sometimes paid.

Instroke rent is a charge in addition to the ordinary royalty rent made by the
owner for the privilege granted to the lessee of going underground into his work-
ings from an adjoining property, and is made on all coal extracted therefrom and
raised at a shaft on other property. This rent is not usually charged by lessors

* Ancient grants from the Crown in some instances conferred privileges of an extensive
description on the lord of a manor upon the seashore, such as the exclusive right to take sand,
stone, and seaweed, besides wreck of the sea and fishery rights. The seashore, therefore, may
be claimed as a portion of a conterminous manor. Where the claim cannot be proved by
adducing an actual grant, or by evidence of acts of ownership, the seashore and the minerals

thereunder belong to the Crown.
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of small properties, nor always by owners of large ones. Where it is charged, it
is upon the plea that the lessee is not put to any expense in sinking shafts on a
property of considerable extent.

A shaft rent is paid for the privilege of raising coals at a shaft which have been
obtained from an adjoining or outlying property, or is charged by a lessor to his
lessee for the use of shafts sunk before his lease was granted.

This rent is not invariably demanded where these privileges are given.

Aircourse and watercourse rents are paid for the privileges of conveying air or
water to or from an adjoining property and inwards or outwards through another
property along roads which may have to be carefully preserved, thus deferring the
working of a certain portion of coal next them.

Aircourse and watercourse easements on the various properties of one lessee
may be very useful, but should always be kept distinct from each other. Many
owners object to watercourse facilities through their properties on account of the
danger of flooding. Each colliery usually deals with its own water as a whole,
and for this reason barriers of coal are left by the lessee next the boundaries of
his takings. If this were not done there would be no protection from water to
coal workings in a property lying to the dip of another, so that although the lessor
of the colliery property situated to the rise may not consider barriers next
boundaries to be necessary, the owner of the coal situated to the dip would
natarally expect and insist on having barriers left, so as to prevent the water from
flowing to his coal. In South Staffordshire the difficulties of each colliery pump-
ing its own water have led to a scheme being carried out by the South Stafford-
shire Mines Drainage Board under an Act of Parliament for dealing with the
district as a whole and pumping the water at common pumping stations, for which
purpose the barriers between collieries are cut through.

In fiery districts, the ventilation of each colliery is much better kept separate
from that of others, and clauses have been inserted in leases in order to ensure
this. By this means the damage resulting from an explosion is confined to the
colliery in which it occurs.

Usually, in England and Wales all buildings necessary for the working of a
colliery are erected by the lessee. A clause is usually inserted in the lease which
enables the lessee to take possession of lands for building or other colliery
purposes, such as a spoil bank for tipping rubbish on, by paying double the
agricultural rent for the surface damage. At the end of the lease he must restore
the soil or pay its value. The buildings, such as engine and boiler houses, coke
ovens, offices, workshops, stables, store rooms, &c., are for the most part placed
close to the pit's mouth, and being constructed of brick or stone, revert uncon-
ditionally to the royalty owner at the termination of the lease, as do also the shafts
and permanent underground works for keeping the mines open. If the minerals
are all worked out, these buildings, &c., may be of no value whatever to the lessor
on his obtaining possession of them.

The lessor allows the lessee to take the clay, stone, and sand necessary for the
building from the land without payment. The lessee endeavours to erect such
structures as will last the term of lease. At its expiration the machinery still
belongs to the lessee, but the lessor has the right to purchase, and if no agreement
is come to between the two interested parties as to the value, it is settled by
arbitration. Engine-beds are usually removable by the lessee. The buildings
are often not kept in an efficient state of repair towards the end of the lease, and
at its termination may be further dilapidated by the removal of the lessee’s
machinery, so that they are then not worth much.

In Northumberland and Durham each married workman is allowed a house,
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rent free, and has an allowance of free coal, paying 6d. per fortnight for the
leading only, but these privileges are considered part of his wages. In order that
these houses may be near the work, they have in many cases been built on the
property leased, and then form part of the surface buildings which revert to the
lessor.

If, however, other land can be obtained for the purpose near at hand, it is of
course usually preferred. This land may belong to the same or another owner,
who grants a building lease for a much longer term of years than the colliery
lease, from which it is quite distinct, and thus the cottages remain the property of
the lessees subject to the payment of ground rent after the pit buildings have re-
verted to the royalty owners. In some districts the workmen’s houses are erected
upon land bought for the purpose by the lessees. Occasionally cottages are
built by the lessors, the lessees paying an annual rent for them for a term of
years concurrent with the mining lease. Excepting in Northumberland and
Durham, it is customary for the workmen to pay rent for the houses they occupy.

In Scotland it is usual, though by no means general, for the lessees to have
power to remove all buildings at the end of the term unless the owner chooses to
take them at a valuation, and in some rare cases this is so in England ; the
lessees, however, in that case are not allowed to get the clay, stone and sand for
the buildings free of charge, and very possibly the landlord when negotiating the
lease fixes a higher rent to meet this arrangement.

In cases where the surface and mines ownership are severed, the buildings
would not revert to the lessor at the expiration of the term, unless some special
arrangement were made to that effect.

Where a property is leased on which the shafts are already sunk and all the
machinery belongs to the lessor, a higher royalty is sometimes charged in
accordance with their value. In districts where coal mining has been carried on
for many years, perhaps centuries, as is the case in Northumberland and Durham,
nearly all the original leases have expired, and the royalties paid under existing
leases include the value of shafts and buildings in the lessor’s possession.

There is generally a clause in the lease by which the lessee is obliged to work
the coal in an approved and economical manner and in accordance with the
views of a mining engineer appointed by the landlord, who inspects the mine
periodically.

An arbitration clause provides for the settlement of disputes which may arise
between the parties respecting the covenants or agreements contained in the lease.
Each party has power to appoint an arbitrator, but if either fails to do so after a
stipulated number of days the other party’s arbitrator acts alone, and his award is
binding. If each party appoints an arbitrator, then the two arbitrators before
proceeding to the matter in dispute appoint a third. If the third arbitrator is not
appointed within a stated number of days by the others, he is appointed by a
Judge of any of the Superior Courts of Law or Equity, and the award of the sole
arbitrator or of the two arbitrators to be first appointed without the co-operation
or interference of the third or of any two of the three arbitrators is final and bind-
ing on all the parties. For the thorough investigation of the matter in dispute,
witnesses are examined upon oath by the arbitrators, and documents in their
custody bearing upon the subject may be demanded.

In Yorkshire, and also in some other districts, a large farm is sometimes taken
in connection with the colliery leased, and where the land is good this may be of
benefit; but in districts where the land is poor and it is thrust on the lessees
to cultivate it may be a considerable burden. The taking of the farm should be
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optional, and distinct from the mining lease, although running concurrently
with it.

If toward the termination of a lease the coal is not all worked out, the lessee, if
desirous of continuing to work the colliery, approaches the lessor for a renewal
of the lease. The lessor, although not obliged to renew, generally meets him in
a reasonable spirit, so that the lease is renewed on terms satisfactory to both.
No doubt hardships have been inflicted on lessees under such circumstances, but
these cases are by no means common. When conducting the negotiations over-
paid certain or dead-rents are sometimes taken into consideration, and carried
forward into the new lease, at others they are absolutely forfeited. It would not
be usual to carry shorts forward in case minimum rents had been charged in the
expired lease. On the renewal of a lease, a rent is sometimes charged for the
shafts and surface works which have now become the property of the lessor, so
that the lessee pays for improvements which he has himself carried out during
his previous lease.

A lessee may have property of his own on which he sinks his shafts and erects
all his machinery, although most of his coal may be obtained from the properties
of other owners. Where this is so, it may assist him in obtaining better terms
for the renewal of his lease, than he otherwise would get.

The life of a colliery is sometimes prolonged by a lessee not renewing his
lease, but by his leasing coal seams below that exhausted, and within the same
property, so that the same shafts and plant are used for raising the coal.

In times of extreme trade depression, appeals have been made by lessees to
the royalty owners for a reduction of rent, which in some cases have been granted.
In some districts there has been difficulty in obtaining relief owing to the fact of
estates being vested in trustees whose legal obligations deter them from giving
relief in cases where the lessor acting for himself would probably have acceded
to the request. ’

Difficulties in working the coal may arise from joint-ownership of the minerals.
For instance, a lease may be held of the coal under common land which has
been enclosed and belongs jointly to two or three owners as lord of the manor
in well-known proportions which are not partitioned off. In case mining
difficulties should prevent the coal from being worked out during the term of
lease, and render its renewal desirable, the joint-owners may not be unanimous
in their opinion as to carrying the shorts forward or on other items submitted for
their consideration. Again, they may take different views respecting concessions
which are asked for during times of great trade depression.

In West Yorkshire the terms of leases vary from 21 to 40 years. The rent is
paid at a price ranging from £50 to 300 per acre per annum, or at a fixed
sum per foot thick and varying from £20 to £40 per acre per annum, a fixed
minimum rent being stipulated for, and no allowance being made for free coal
for colliery use. There is usually power within the period of the lease to make
up short workings. An acreage rent is payable to the lessor on whose land the
pits are sunk for coal worked from adjoining properties and raised at the pits
referred to. This shaft-rent includes underground wayleave which is not
separated from it. Surface wayleaves are paid generally by the acre, but some-
times by the ton.

In South Yorkshire the terms of leases vary from 30 to 60 years. The rent is
paid on the acreage worked, according to quality and thickness. The rent for
the Barnsley Bed varies from f120 to £375 per acre, for the Silkstone seam it
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to the conditions of the lease. There is usually no wayleave on the surface
where one underground, this one being considered sufficient. Unless the lessee
breaks the conditions of the lease, or fails to pay his rent within a specified time,
the lessor has no power to anticipate the natural termination of the lease, but the
lessee can abandon his lease at any time on proving that the minerals are
unworkable to profit, and there is a clause in the lease which enables him to
abandon it on giving proper notice at the third, fifth, or other year without
assigning a cause.

In the South Wales coalfield, leases are usually granted for a term of 60 years,
some of the earlier ones having been granted for g9 years. In the old leases
there is power to surrender upon the exhaustion or unprofitableness of the coal.
In modern leases, the lessees have power to surrender on giving twelve months’
notice at the end of certain fixed periods such as the third, sixth, ninth year,
and so on throughout the term of the lease. There is power of assignment
subject to the lessor’s assent, which is not to be unreasonably withheld. The
dead-rent is fixed at from (1 to £2 per acre and up to £5 in exceptional
instances.

The royalty rent is paid on the tonnage, the ton consisting either of 21 cwts. of
120 Ibs. = 2,520 lbs., or the imperial ton of 2,240 lbs. The average royalty paid
on the steam coals is about 8. per ton for large, which forms about 85 per cent.
of the yield, and 4d. per ton for small, the remaining 15 per cent. The royalty
on house coal is higher than on the steam coal, being as much as 1s. 64. per ton
in exceptional cases for all coal obtained, large and small mixed. Where a
sliding scale has been adopted it is usually from {5th to {;th of the selling price
of the coal at the pit’s mouth, a minimum royalty of 6. per ton being usually
reserved.

In many of the early leases granted when the coalfield was undeveloped, a
light dead-rent was provided for and no royalty. A portion of these properties
has since been sublet on terms which pay the dead-rent, and the remainder is in
the hands of lessees, practically royalty rent free.

In some cases short workings may be made up throughout the whole term of
the lease, in some they may be made up for any year or years within three to five
vears of any year in which the certain rent has exceeded the amount of royalties,
in others a provision in the lease divides the term into fixed periods of three to
five years, within which period only the recovery of over-paid rents is possible.

No shaft rents are charged, but surface and underground wayleaves are, the
former usually being light owing to the proximity of a railway to the shafts. The
latter, including waterleave, airleave, and shaftage, are charged only on coal and
ironstone, and not upon rubbish or materials.

Coal for colliery consumption is free from royalty, sometimes the exact
quantity used being allowed, in others the practice is to limit the quantity to from
5 to 10 per cent. of the output.

The whole of the colliery consumption is apportioned to the several properties
under lease, according to the quantities worked.

In the Somersetshire coalfield, leases are granted for terms varying from 30 to
so years. The usual fixed rental is from £1 to £2 10s. od. per acre. In some
instances the royalties are charged by the ton, being from 5d. to ¢d. per ton, the
average being about 64. In some cases the royalties are paid on the selling price of
the coal at the pit's mouth, varying from {;th to 5%5th and averaging about {th.
Short workings may be made up in some instances within periods of 3 years, in
others of 6 years, and in some cases every year throughout the whole period of
the term. The lease may be surrendered on the exhaustion of the coal, or when
it becomes unworkable to profit, or by notices varying from one to two years.
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jury of free-miners, and documents over 200 years old are now in existence,
containing a record of their deliberations. The powers of the free-miners’ jury
were insufficient to prevent confusion and disputes arising from trespasses on one
another’s coal. Consequently in 1838 a Commission was appointed, by whom
three separate awards were made, one for coal, one for ironstone, and a third for
quarries. The award was signed in 1841, and its provisions have been in force
ever since.

By an old custom “every free-miner, duly qualified, claims the right to
demand of the King’s gaveller a gale—that is, a spot of ground chosen by himself
for sinking a mine—and then, provided it does not interfere with the working of
any other mine, the gaveller considers himself obliged to go, receiving a fee of
5s.. and inserts the name of the free-miner in the gale book.”

This custom still continues in force, subject to modifications introduced by Act
1 & 2 Vict. c. 43, entitled *“ An Act for regulating the opening and working of
mines and quarries in the Forest of Dean and Hundred of St. Briavels, in the
county of Gloucester.”

The free-miner lodges his application for a gale on a printed form at the
gaveller’s office. If the gale applied for is not already granted, or in charge,—
that is, does not belong to any party other than the Crown—the application is
entered into the book kept for the purpose at the gaveller's office; if the gale
should be in charge or owned, the application is not entered but filed. If the
free-miner thinks his application is the first one on the book for the gale he
applied for, he sends its number to the gaveller, begging that it may be granted
to him. 1f he proves to be the first applicant and no objection arises, instructions
are sent from the Office of Woods and Forests to the gaveller's oftice to prepare
the approbation paper, which contains the terms upon which the gale will be
granted. Theseterms, in the case of coal mines, allow two years in which to open
the mine, during which no royalty and no dead-rent are payable, and afterwards
no royalty is payable on coal consumed by colliery engines or for other necessary
colliery purposes. In the case of iron mines, a period of four years is allowed
for opening the mine, during which no royalty or dead-rent is payable.

The terms vary, but usually include payment of a certain annual dead-rent of
about £ 20 to the Crown, for which 1,600 tons may be worked free of any other
rent, being at the rate of 34. per ton ; and for any quantity beyond 1,600 tons or
“overs” 3d.a ton. It is provided also that the gale shall be opened according to
the rules and regulations then in force or be forfeited. The approbation paper,
together with the draft grant, is returned to the Office of Woods and Forests for
approval. When approved, the grant is advertised for two consecutive weeks in
three local papers.

After the second week’s advertisements, a clear week must elapse after which the
gale is granted to the grantee, galee, or free-miner, a fee of 35s. being payable for
the parchment. Thus, from the time of aptplication to the receipt of the grant, five
or six weeks must elapse. In the case of a quarry free-miner, nearly the same
routine is gone through, excepting that he is not entitled to apply for coal or iron

ales.
8 No free-miner can have more than three galesgranted to him. If one or more
allotted be forfeited, the number may be made up again to three, if the miner is
otherwise entitled to it.

A gale of coal and a gale of iron are not granted to the same man, but are
kept distinct from each other. Also the upper series of coal seams are kept
distinct from the lower, separate gales being granted for each.

The area of the gale is at the discretion of the gaveller and deputy-gaveller,
and depends upon the depth at which the minerals lie, the probable capital
required in sinking and for plant, &c. The intention is, that the smallest gale
shall be large enough to justify the expenditure of capital for the purposes
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named. One of the deepest gales granted is about 2,000 acres in extent, whilst
some of the shallow ones are only about 100 acres.

As to royalties, the maximum is the right of the Crown to put in a fifth man
to work the coal for the Crown’s profit after the mine has been opened ; that is,
assuming the gale to be a partnership property, the Crown would have the right
to put in one partner to four, but would bear no part of the expenditure incurred
in winning the mines. There is then this peculiarity in the partnership that the
Crown pays no share of winning, but is entitled to receive one-fifth of the profits
after the minerals are won.

The value of this fifth share is reduced to cash by the gaveller or his deputy,
and if the dead-rent and royalty are fixed by them at what the free-miner thinks
excessive figures, he can go to arbitration with the Crown, and both are bound
to accept the decision of the arbitrator.

The royalty is only fixed for 21 years for each gale from any assessment, and
at the expiration of that time it is open to the gaveller on the one hand, or the
free-miner, or the person who has succeeded to his interest on the other, to object
or express a desire to alter the rent; if the interested parties cannot agree, the
matter is reterred to arbitration.

In an arbitration case of an unopened mine, it would devolve on the Crown
to prove to the arbitrator what, in its judgment, it will cost to sink the pits, to
erect the machinery, &c.; what afterwards will be the probable quantity worked,
and the probable profit realised in order to ascertain the probable value of the
Crown’s fifth proportion.

The licence once granted to the free-miner, unless forfeited, is granted in
perpetuity, and is in the nature of a freehold ; it is transmissible by will or by
sale to one who is not a free-miner.

A capitalist may therefore buy a gale or as many of them as he likes. A free-
miner, who seldom has much capital, may be able to work a crop gale success-
fully, but to win the coal in the deep gales requires a considerable outlay, and if
the coal is 500 or 600 yards from the surface, the miner has to part with most of
his interest in order to induce any capitalist to find the money for sinking the
pits. In many instances, the free-miners merely sell the grant they have obtained
to some speculator, who retains it in the hope of finding some one else to whom
he may sell his interest at an enhanced price.

The following advertisement appeared in the Dean Forest Mercury of Feb.
sth, 1892, and explains the way in which a gale becomes subject to forfeiture :—

“V. R.—DEaN Forest MINES.— Nolice to Free-miners.—Whereas, the Persons
entitled to or in possession of the Gale of Coal called Nac’s HEap CoLLiERY have
desisted from working the same for a space exceeding Five Years at one time
after the vein of Coal has been gained, contrary to the rules and regulations
contained in the Second Schedule to the Dean Forest Mining Commissioners’
Report of Coal Mines, dated the eighth day of March, one thousand eight hundred
and forty one, whereby the said Gale has become liable to Forfeiture, I Hereby
Give Nortice, that unless the working of the said Gale is dond fide resumed on
or before WEDNESDAY, the tenth day of FEBruary, 1892, it is my intention, soon
after Five o’clock on that day, to declare the Gale ForreITED to Her Majesty.

“1 FurtHER Give NoTICE, that in the event of the Forfeiture of the said Gale,
applications for a grant of a Gale of a Licence to get the Coal in the said Gale
will be received at the Gaveller’s Office, at Coleford, at and after Ten o’clock a.m.,
on THURsDAY, the Eleventh day of FEBRUARY next.

“ Geo. CuLLEY, Gaveller of Dean Forest.
¢ Office of Woods, &c., 2z2nd January, 1892."”
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The deputy-gaveller’s surveyor makes all the surveys, and keeps up all the
plans of every one of the collieries and iron mines in the Forest of Dean.

In two districts of Derbyshire, very curious ancient mining customs have
existed from time immemorial, and are now confirmed by Act of Parliament.
The districts are Wirksworth and High Peak, in both of which lead is mined.
The lead in them belongs to the Crown through the Duchy of Lancaster.

Some of these mines are believed to have been worked since the time of the
Romans, whose inscriptions have been found on pigs of lead in several places at
Matlock and Cromford.

In the wapentake or hundred of Wirksworth, by an Act of Parliament passed
in 1852, an equal right is given to every one, strangers and inhabitants alike, to
search for lead ore upon nearly all lands, whether cultivated or moorland, without the
permission of the owner or tenant, and without paying compensation for damages.
The same Act contains clauses enabling the miners to obtain grants of mines on
easy terms from the barmaster, and subject to the tenure of workmanship they
maintain a complete title to them. The appointment of barmaster is made direct
from the Crown. His duties are to superintend the measuring of the ore (in
measures peculiar to the neighbourhood), to choose the grand jurymen and small
jurymen, to summon them when required, and to perform other business, such as
setting out, giving away, and regulating the working of the mines.

The Wirksworth district is leased by the Duchy of Lancaster, but it is merely
on nominal terms, the lessee receiving no pecuniary benefit from it at all, for
the dues payable go direct to the Duchy of Lancaster. The dues are called
“lot” and * cope.” In the Statute the lot is defined as consisting of a thirteenth
part, but as a matter of fact a twenty-fifth only has been taken for a long period.
The ‘“ cope " payable is 6d. per load. These dues are received from the miners
upon the gross produce when it is washed, cleaned, dressed, made merchantable
and fit to sell for smelting. Under the Act fees are payable by the miner to the
barmaster.

If on a search being made ore is found, the searcher applies to the barmaster,
who can then set out a mine. The proportion of surface set out by the barmaster
is in his discretion, and that of the two grand jurymen he selects for the purpose.
The grand jurymen are practical miners, who consider each case on its merits,
and set out the area they think reasonable for the commencement of operations.
A large area would not be set out in advance, but sufficient to meet the probable
requirements for two or three years, after which, if the necessity arise, a further
allotment may be marked out. The miner has a right to the water or to the
highway, and the surface allotted gives him sufficient room for buddling the ore
and making all other surface arrangements. This has reference to the surface
only. There is no restriction underground within the wapentake, and the miner
can follow the lode as far as he likes. Besides setting out the mine, the grand
jurymen inspect it in case of dispute, their practical knowledge of the veins
worked being valuable. In case of a dispute on a point of law, of title, of
trespass, &c., the small jury, consisting of mine owners who are a more highly
educated class, act as arbitrators. A steward is appointed as judge, and the
jurymen give their opinion on certain points laid before them. The judge decides
and gives sentence in accordance with the opinion of the jury. The two juries
and the court are recognised by law, and are established by Act of Parliament.
The law for the most part merely confirmed ancient customs, it being thought
that a special Court so established would be more suitable to deal with mining
customs than any ordinary one. The Act does not enforce the keeping of plans
of the workings, so that, unfortunately, there is no record of old workings,
consequently much money is wasted in driving long exploring places.

If within a reasonable time after allotment, a person does not work his mine,
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through another’s concession, or on the surface over someone else’s land, which
power is similar to that exercised in the case of the occupation of the land. If an
amicable arrangement cannot be made with the neighbouring mine owners, or
surface owners, the concessionaire can ask for a decree of public utility. If the
public utility of the passage for his mineral through another man’s mine is greater
than that of the mine through which it would pass, the right of passage is
obtained, valuers are again appointed, and compensation given.

The workings cannot legally be carried within a distance of 40 metres of a
building, but most of the concessions are on common land.

A miner is obliged by law to allow another miner to drain or ventilate through
his mine, the principle of the law being to encourage the development of the
mining industry, by giving every facility for the working of the mines when a
concession has once been given.

In the case of injury to the surface through subsidence, the concessionaire must
buy the land or give compensation. If a friendly settlement cannot be arrived at,
he has power to purchase the land, by a certain process of the law.

As a concessionaire can so readily transfer his property to others, a large number
of the mines are not worked by the concessionaires themselves. When leases are
granted the terms are usually from 10 to 15 years and provision is made for the
payment of an annual royalty of so much per ton, an annual minimum dead-rent,
power to surrender the mineon its becoming exhausted ; the exhaustion tobe proved
bya technical committee composed of mining engineers of the province who have
todeclare that the mineral remaining is not workable at a profit. Some leases have
no terms granted for making up shorts, but usually from one to five years are given.
Any form the lease may take is purely a matter of bargaining between the lessor
and lessee, and the Government has no part whatever in such negotiations.

The State levies a special tax of two per cent. on the value of iron ore at the
quarry or mine mouth, which is paid by the lessee, and is not recoverable from
the concessionaire.

In France all the minerals except a small quantity reached from the surface by
opencast, or which are of an alluvial character, belong to or are at the disposition
of the State. Only the surface owner may search for them on his own land
unless another searches with the owner’s consent or with authorization from the
Government. The search is generally limited to two years, and is prohibited
within a certain distance of buildings and enclosed spaces. A surface owner
must give notice to the prefect of the department before commencing open
workings. In the case of a mine, however, neither he, nor any other, can work
without first obtaining a concession, which is given to the discoverer or another
applicant at the discretion of the Government. Geological and other con-
siderations influence the Government in deciding the limits of the concession,
which may be bounded by imaginary lines crossing several surface properties.
Concessions vary in area from 8 to 17,442 hectares. A concession is indivisible
and is granted in perpetuity for the mineral specified. It may be forfeited under
certain circumstances. Two or more concessions may be amalgamated by
consent of the State. Land outside the concession is obtained for a railway, &c.,
on the plea of public utility ; within by paying compensation. No underground
wayleave questions arise. The rents paid by the concessionaire are a fixed and
proportional royalty to the surface owner, which are heavy in the St. Etienne
coal-field, and a fixed and proportional royalty to the State. The State fixed
royalty is "10 franc per hectare, payable annually whether the concession is
worked or not, and the proportional royalty, including an extra tax for special
purposes, is 5°5 per cent. on what is practically the profits of the mine.

In Belgium and Germany the mineral law is for the most part the same as that
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of France, but in Belgium the owner or combined owners of the surface, has a
preferential right, subject to satisfying the claims of the discoverer, to a con-
cession. In Germany the concession is granted to the discoverer of the minerals.
Here the royalties paid to the Government are 2 per cent. on the annual profits
obtained from the coal sold.

In the United States of America a broad distinction exists between public lands
which belong to the Republic and are under the care of the Central Government,
and private lands held by individual owners. If this distinction is not kept clearly
in view, confusion and misunderstanding will arise. Lands which were private
property when the Federal Government acquired its general rights are subject not
to that Government, but to the laws of the State in which they are situated.

The United States Government possesses all public lands, some being in the
States and some in Territories which have not yet been formed into States.
Concessions have been made to the older States, by liberal grants of land some-
times comprising all the public lands within their area. But this course has not
been adopted with the newer and less thickly populated States, where the Federal
Government retains possession of most of the public lands.

No sovereignty is claimed by the central Government in the minerals. Before
the Declaration of Independence (July 4, 1776) the thirteen original States were
mostly colonies of Great Britain, and had received by royal grant, in one form or
another, a delegated sovereignty in the minerals. The rights conceded by the
English Crown in the original grants to the colonies were subject to certain
royalties payable to the Crown. The colonies were virtually sub-lessees under
the sovereignty grant. When their independence was declared and recognised by
treaty Sept. 13, 1783, the colonies succeeded to all the rights of sovereignty which
Great Britain previously enjoyed. Any rights not afterwards ceded by the original
States to the Federal Government were reserved to the States, and as the right of
sovereignty in the minerals was not so ceded, it has been claimed since that time
by the original States, and although the laws authorising it are mostly dead letters
the right has to some extent been exercised. Great acquisitions of territory have
taken place since 1783. Large portions of this territory, in which the original
thirteen States had conflicting claims, were presented by them absolutely to the
central Government, including of course all sovereignty in the minerals. These
lands were at the time occupied by Indians and their forests infested with wild
beasts. After incorporation with the United States, Congress authorised the
Secretary of the Treasury to lease lead and copper mines, and for forty years the
experiment was tried, the copper mines being situated in what is now the State of
Michigan. These experiments proved unsuccessful, and in the year 1847 an Act
was passed by Congress, abandoning this practice and authorizing the sale of
mineral land, the surface and all beneath being sold together.

Further extensions of territory followed at the end of the war with Mexico by
purchase under the treaty then made. California, Arizona, and New Mexico were
added. The Mexican law was the old Spanish law under which the Government
never alienated the ownership of any of the precious metals. Any grants made
previously by Mexico to private persons were simply for agricultural purposes.
These grants were of large extent and defined by natural boundaries. The
discovery of gold in California followed closely on the Mexican war, and the
* gold fever " spread rapidly, bringing a large influx of population from all parts of
the world. Previously mining had not been carried on in California, so that the
Mexican mining laws had obtained no footing there, and the comparatively
insignificant original population of California had little influence in framing the
laws and customs. A great deal of trouble followed through the grants having
been defined by natural boundaries and notactual survey; this gave rise to fraud,
as the natural boundaries could be so regarded as to exclude or include certain
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gold lands and gulches. The Government had the grants tested, the boundaries
properly fixed by survey, under the authority of Congress, after which regular
patents were granted for those areas constituting them private property. These
patents were deeds of fee simple, and although they contained no clause as to
reservations, it became a question whether they were subject to the reservation
contained in the original grant from Mexico. In cases which were brought before
the High Court of California, and afterwards carried to the Supreme Court of the
United States, it was decided that every grant of land from the United States
Government includes all that is on and under the soil, unless otherwise specified.

Since the unsuccessful experiment of leasing lead and copper mines in the
Mississippi valley, the Federal Government has simply fixed the terms of sale
for its mineral lands. and legalised certain peculiar methods of mineral searches
and working on public lands without purchase. This legislation arose from the
peculiar circumstances following the discovery of gold and silver in 1847 in
California. The country was over-run by large numbers of adventurers, and
was without any court, or resident Government officers, and without means of
communication with the central authority by railroad or telegraph. Mass
meetings of the miners were held and laws agreed upon and in this way order
was maintained. This, however, did not alter the fact that they were all
trespassers on the public lunds of the United States Government, a state of things
in which the Government itself acquiesced, so that its rights were in abeyance.
This continued from 1847 to 1866. In 1847 possessory titles in the public
domain of the United States sprang into existence. A statute was then passed
embodying the peculiar principle that so long as the Government rights remained
in abeyance, all subordinate rights should be dealt with as if there were no
Government right. Any mining operations on public land were regulated by
local custom or law, and until 1866 it was held in cases of disputed trespass both
by Local and Superior Courts, that until the United States superior title was
asserted the occupier who conformed to local law had all the remedies of a fee-
simple owner.

The Federal Mining Act was passed in 1866, legalising all operations on
public lands according to local customs, and also providing for the sale of the
mines with a patent.

The advantage of purchase from the Government over a possessory title is
obvious, and is accentuated in the case of mines becoming very valuable or requiring
large capital for development. In this case a capitalist might well hesitate to
invest his money in land held only on a possessory title, because this was entirely
dependent on local law which might be passed one day and repealed the next:
whereas a Government title would afford absolute security.

Otner circumstances tended to the same conclusion. Occasionally the raids
of Indians would necessitate a stampede of the miners, who, in the hope of a safe
return, passed a stay-law, which prevented the appropriation of their property by
others. Under this law districts have been locked up for a considerable time,
and when re-opened conflicting claims have arisen, owing to the fact that some
owners have not returned with the rest, and their mines have been claimed by
others.

In 1872 an Act was passed by which it became still more advantageous to take
title by patent. That Act provides for a permanent and accessible official record
of the boundaries of properties, an immense advantage to the owners and others.
The same Act makes the sale of mineral lands as simple as in the case of
agricultural land, with one important exception. The grant of a mineral location
which is made upon the edge of a lode or vein differs from the absolute title of
the fee simple, inasmuch as the grantee has an extra lateral right. The two end
lines of his claim must be parallel, and he has no right to follow the vein
beyond vertical planes drawn through those two lines, but with regard to the
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lateral boundaries, the grantee has a right to follow outside these to any depth
whatever vein may be outcropping within that surface. He is unable, however,
to trespass upon his neighbour’s surface, and is liable in damages if he injures
it. Every grantee is of course subject to the exercise of the same lateral rights
on the part of his neighbour. These lateral rights are referred to as lode
claims.

A placer mining location or a tract located for alluvial mining, and granted
by the Government, has its boundaries defined on all sides by vertical lines
drawn through the boundaries of the surface. The land is sold as mineral land
out-and-out in the case of placer claims, or with the peculiarity in the class
known as lode claims of having the lateral right of the grantee or patentee
added to his fee simple, and the lateral right of his possible neighbour sub-
tracted therefrom.

Coal lands on the public domain are sold by the Government by the acre,
surface and mineral going together; the price if situated within 15 miles of
a railway is 20 dollars per acre, if beyond that distance 10 dollars per acre.
The Government will sell the land on the completion of its surveys, but a man
may enter upon possession beforehand, with preferential right of purchase. It
claims no seigniorage or royalty.

The Act of 1872 to a great extent extinguished the vagaries of local customs
by laying down regulations to be observed by local Governments. One clause
insists on the performance of a certain amount of work annually on every mine
held by a possessory title. The discoverer of a vein on the public land locates
it, and if no one else has a prior claim he marks out the area of the land he
wishes to hold. By doing a certain amount of work every year upon that claim,
he for an indefinite period may retain possession of it without purchasing. The
amount of work must not be less than that prescribed by the Government;
more may be required if the local customs happen to be onerous.

The Government having once sold mineral land does not afterwards hamper
its working. No law regulates the method of working or the payment of taxes,
or interferes with the freedom of the owner of the property to use his surface or
underground right as he may think fit. He is in the same position as the owner
of land under English law. One very important provision, however, has been
made by the Government with respect to wayleaves on public lands. First, there
is absolute freedom of way across the public land for mining ditches in which
water is conveyed, and also for mining roads, tunnels, or anything necessary to
mining operations. Secondly, there is a right-of-way easement, which does not
include the freehold. In this case compensation for the land is determined as
in other cases where private property is acquired by the State for public use. If
A. is carrying on mining operations and can only get out by crossing the
claim of an adjoining neighbour B., he may do so whether B. is willing or not.
1f, however, the crossing is done so as to injure B.'s mining operations, a jury
assesses the damages, or the courts take charge of the case. The Government
makes mining claims and lands subject to all rights of way already existing over
the public land, and also subject to rights of way, easement, or drainage enacted
by the local Legislature ; these are invariable reservations from the grant. If an
easement is obtained by legal process compensation will be accorded in propor-
tion to the damage sustained and not in proportion to the benefit accruing to
the party seeking the right of way.

All questions affecting the safety of miners and other local regulations are left
to the individual States.

On a mine being developed and proving valuable the high price which it will com-
mand in the market is equivalent to a capitalised royalty. Of this Government
of course receives no portion There are cases on the public lands where a
regular tonnage or per centage royalty is paid. This may arise from the first
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adventurers having lost money ; the mine may have proved poor, even if rich
for a time. The owners not being able or willing to find sufficient funds to
carry it on, let it on lease at a royalty rent.

In the Eastern States there are no laws to govern wayleaves or easements
between neighbouring owners ; questions relating to these are settled by common
law, on the basis of freedom of contract. In these States two classes of iron and
coal mines exist, viz., those worked by proprietors who pay no royalty, and those
worked upon a system of mining leases under royalty, the grantor being the
owner of both the surface and the minerals, who does not wish to be burdened
with the management both of the land and the coal working. The system of
leases is very similar to the English. The leases in the case of iron mines are for
terms of 20 years or upwards, and in coal mines usually from 25 to 50 years and
occasionally 99. They are subject to dead or certain rent with power to make up
short workings for any year throughout the term. The powers of renewal at the
expiration of the term, wayleave rights, and right of sale or of re-letting are
matters of arrangement between the parties. The royalties are sometimes paid
according to a sliding scale which is regulated by the selling price of the coal.

It is not customary for the proprietors to provide houses for their workmen rent
freh': though a lower rent is usual to their workmen than would be the case to
others.

The coal mines of the country are divided into three classes, viz., the anthra-
cite, the bituminous coking coal, and a third class consisting of all other coals.
The anthracite and the bituminous coals are subject to royalties which vary in
proportion to the value of the coal yielded, and the facilities for working it. The
lignites are found for the most part in the Rocky Mountains, and are not subject
to royalty rents. They are worked by adventurers who take up the land, which is
sold cheaply by the Government.

In some States under the general railway laws a right of way across intervening
lands may be obtained by proceedings in condemnation if amicable arrangements
fail. In this case damages are assessed on the basis of injury done, and not of
benefit accruing to the promoters. The roads authorised by condemnation are
always assumed to be public carriers ; they must carry the freights brought to
them. Private wayleaves are obtained by negotiation and in almost all cases by
the payment of a lump sum.

The Government reserves all public lands officially reported to contain minerals.
Other land is sold to agricultural applicants at from $1} to $2§ per acre.
Mineral lands are sold at $z} to $5. Coal lands are sold at $20 per acre if
within 15 miles of a railway, and $10 per acre otherwise. No agricultural
claim can be made on mineral land, but if a tract should be purchased as agri-
cultural land and mineral be afterwards unexpectedly found on it, the agricultural
claimant is entitled to the mineral interest. He becomes absolute owner and may
work the mineral himself, lease it to others, or keep it locked up. No agricul-
tural land is sold by the United States Government as a rule, until the surveys are
completed, but in the case of mineral land that survey is not made until an appli-
cation is received from a purchaser, who is charged by the Government officials
with the cost of the official survey. This forms the principal expense in acquiring
the land, the price per acre being so small. In addition to this the Government
requires proof of an expenditure of 500 dollars under the possessory title before it
will complete the sale, as an indication of the discovery of a lode. The maximum
size of a mining claim is about 2o acres, 2 roods, and 26 perches, being 1,500
feet by 600. Placer locations are more extensive, running up to 120 acres. A
small capital, therefore, is sufficient to purchase a mining claim.

In the colony of Newfoundland, the minerals belong to the Crown. Any
person may search without licence, and for a fee of $50 may obtain a temporary
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lease, which gives the exclusive right of further search for a year over one
square mile. If the search proves successful within that year a further lease
is granted for a period of g years, the only condition being that a specified sum
per annum shall be expended in dond fide prospecting or operating the mine.
The aggregate amount is $6,000, being $80oo during each of the first four years,
and $2,800 in the fifth year. Failing this, the lease is forfeited and the land
reverts to the Crown. These conditions being fulfilled, a grant is made in fee of
the minerals (excepting gold which is reserved to the Crown) contained within
the one square mile, and also a freehold grant of 50 acres within the same area,
the Crown reserving all surface rights over the remainder. When the property is
granted in fee to an individual, it remains his whether he works the minerals or
not, and he has the same right as a freeholder in this country. The Government
reservation of the greater portion of the surface does not take effect until the
purchaser has had ample time to complete his search and verify his discoveries.
The greater portion of the island is not yet colonized, and all the minerals known
are in unoccupied land.

When a grant is made the minerals vest absolutely in the grantee, who has the
power to sell or let. Copper is the chief mineral worked, though lead and silver
are also mined. Coal has been found, but is not worked owing to difficulties in
that locality respecting the French treaty rights, which make the title doubtful.

No local or imperial taxes are levied on the mines, the principle of the legisla-
tion being to encourage the investment of capital in the mineral wealth of the
colony.

In British Columbia, which now includes Vancouver’s Island, there is a royalty
charged on Crown lands of five cents (about 2id.) per ton upon coal raised.
The coal belongs to the surface owner, subject to this royalty. Minerals other
than coal are searched for by free miners who take up claims. The largest claim
measures 1,500 feet by 60o. Within his claim-limits all veins and lodes belong
to the miner holding the licence. He may obtain a Crown grant to include all
minerals within the boundaries of his concession, and have power to run drains
through unoccupied mining lands subject to paying compensation.

In the colony of New South Wales, the Government possesses all unlet
minerals, but a great many of those which have been worked belong to private
owners. The grants made before 1861, under Orders in Council, contained
various reservations, and were not of a uniform character; some contained a
reservation of timber for bridges, some of roads, and some of all minerals.
About 1854 the Governor issued a proclamation cancelling the reservation of
minerals. A large company called the A. A. Company, having a grant of a
million acres, thus became possessed of very valuable coal seams and other
minerals which existed under a considerable portion, though not the whole of
their grant. This property forms a part of the Newcastle coalfield, the most
valuable in the colony. In a l.and Act passed in 1861, two conditions were laid
down for granting lands, (1) required the payment of £1 per acre and residence
for a specified term of years, but conveyed no interest in the minerals; (2) the
other, under the Mineral Conditional Purchase Clause, provided that on payment
of £z per acre, and expenditure of £2 per acre in working minerals other than
gold, the land should be granted without reservation of the minerals. This clause
did not long remain in force, as it was prejudicial to the public interest. Under
its operation a number of private people obtained possession of mineral lands.

In 1884 the Crown Lands Act was passed, by which all grants of land for
settlement contain a reservation of the minerals to the Crown, the interest of
grantees being restricted entirely to the surface. By it the Crown also reserves all
rights to give authority to work the minerals. * Minerals” according to the Act,
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“ include coal, kerosene, shale, and any of the following metals or any ore contain-
ing them, viz., gold, silver, copper, tin, iron, antimony, cinnabar, galena, nickel,
cobalt, platinum, bismuth, and manganese, and any other substance which may
from time to time be declared a mineral within the meaning of this Act by
proclamation of the Governor published in the Gazette.”

Owners of the soil, including the minerals, are much in the position of a
private owner in England, having power to sell or lease the coal. Companies
bave been formed to take advantage of such powers. Where the coal is leased, a
tonnage royalty is paid, and a minimum annual dead-rent. The properties are
usually large, and seldom give rise to questions of wayleave. The law of
subsidence of the surface is the same as in England, and as some of the seams
are very thick their working in some places causes injury to buildings, &c., more
especially as the pits are generally shallow. The local taxes are paid by the
lessees. On the coal becoming exhausted or unworkable to profit there is power
to surrender the lease, the question of its being unworkable to profit being deter-
mined by arbitration. The lessor has usually power at the termination of the
lease to purchase the fixed machinery and rolling stock at a valuation.

The Crown Lands Act of 1884 divides the surface and the minerals into twe
departments, one the Crown Lands Department, dealing with the surface settle-
ment, the other, the Mines Department, with the mining. It provides that “ The
Governor shall, notwithstanding the provisions of the Mining Act of 1874,
impose a royalty of not less than 64. per ton on coal raised from land which may
be hereafter leased ; and such royalty shall be in addition to or in substitution of
any rent payable by such lessee under the said Act, but shall not affect or
prejudice any other condition of the lease.”

It is in the discretion of the Minister for Mines whether in addition to this
royalty the rent of the land shall be paid or not. The object of this discretionary
power to charge royalty and rent is to prevent the taking up of large tracts of
land for trading purposes. If a lessee does not work the minerals the Govern-
ment can insist on payment of the yearly rental. If the land is of a rough
description, and the lessee undertakes to spend money for its improvement,
the royalty alone is required. The rent is £1 per acre per annum for gold-bear-
ing lands, and for other minerals, 5s. per acre. The Crown does not work the
minerals, but gives the right to private persons under certain rules and
regulations. A man may by paying £1 obtain a miner's right, and for another
£1, a mineral licence. Provided with these, he can enter upon any Crown lands
in the colony to prospect. If successful, he can make application for a lease,
stating what minerals he wishes to work. He is permitted to continue operations
during the official survey, and in three, six, or nine months, he receives his lease,
and as long as he complies with its conditions, retains absolute possession of the
minerals. If there are two or more applications, the Mines Minister deals with
them as he thinks right. In the case of a gold lease, the area is from 1 to 25
acres for reefing gold, but much smaller areas for alluvial gold. In the case
of any other mineral the largest grant is for 640 acres. More than one block is
seldom granted to the same person, the desire being to prevent the taking of
land for speculative purposes. Any number of persons may apply collectively
and have a corresponding acreage allotted them; thus six may have 3,840
acres.

The lease is for a term of 15 years, with the right of renewal for 15 years, the
intention being to extend the lease indefinitely so long as its conditions are
fulfilled. No compensation is allowed to the lessee for his expenditure of capital
at the termination of the lease. A lessee has the right to sell his interests, subject,
of course, to the payment of royalty due to the Crown.

No royalty is charged except on gold and coal ; for other minerals a fixed rent
is charged.

C.M.H. ¥
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At the expiration of the term of 15 years, the royalty of 64. remains the same
on renewal, but the rent of 5s. per acre on coal may be increased.

A Mines Regulation Act, passed in 1874, is in force throughout the colony,
which applies equally to mines held under the Crown, and to those under private
individuals. Government inspectors are appointed to enforce the operation of
the Act.

The Crown reserves in its leases all easement rights which it grants in case of
need, to the lessees of adjoining mines. Thus a lessee may obtain shaftage, way-
leave, ventilation, or watercourse privileges, if the Mines Minister is satisfied with
the urgency of the need. No lessee can dispose of his interest, or mortgage it,
without the approval of the Crown,

The Crown retains the power at any time to take from the lessee land which is
necessary for a public purpose.

In Crown leases of coal under sea or tidal water, the lessee is compelled to
carry on his working by pillar and stall method in order to leave support for the
surface.

Forfeiture of the lease may result from breach of covenant, arrears of rent, or
using the land for purposes other than those specified in the lease.

If an outlet is required from a mine to a port or railway station, a private bill
which provides for payment of all proper claims, is passed by Parliament on the
plea of public utility.

Crown lands conceded with full mineral rights, may be resumed by the Crown
on certain conditions somewhat similar to those below mentioned, prevailing in
South Australia and New Zealand.

In Queensland, the Government has power to mark off mining districts, within
which licences are granted for working all minerals other than gold. The licences
are for 21 years, at a rent of 10s. an acre. Under the Coal Mining Law of 1886,
a licence is granted for one year, allotting land up to 640 acres at 6d. per acre,
within which a search may be made for coal. This is renewable on the same
terms for another year. If the licensee discovers coal, he may obtain a lease for
320 acres at a rent of 6d. per acre, and a royalty of 3d. per ton of coal raised
during the first ten years, and then 64. per ton on the output for the remainder
of the lease. A law of 1881 regulates labour, ventilation, shaftage, fencing,
machinery, inspection, and safety-lamps.

In South Australia, leases for minerals, other than gold, are granted by the
Crown over an area of 8o acres (formerly 640 acres) for a term of 99 years at
1s. per acre, and 2} per cent. royalty on the net profits. Licences to search are
also granted preparatory to a lease as in Queensland. In the Northern Territory
a different law prevails to suit local conditions. There, by a law of 1888, private
lands may be resumed for mining purposes by the Government provisionally for
six months ; after that period the resumption ceases, unless it is previously made
absolute. If absolute, the owner receives payment of the purchase money and
compensation for the loss of his land, but the price paid does not include any-
thing for the minerals. Royalties received by the Crown from the workers of
those mines are paid over to those who, but for the resumption, would be exercising
the mining rights, less a commission of 2} per cent. retained by the Government.

In Victoria, there is a Mining Act of 18go. Here, as in Queensland and South
Australia, a licence to search upon Crown lands for minerals other than gold is
granted. For the purposes of cutting races, making dams and reservoirs, and
diverting waters, licences are also given on Crown lands and on lands leased to
private persons, compensation being paid. Mineral leases on Crown lands are
granted for 30 years to the extent of 640 acres with a right to cut races and make
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ton of marketable coal. No royalty to be charged for the first two years of the
term. Proper books showing the output must be kept by the concessionaire and
produced for inspection. The grant is for either 20 or 30 years, and is subject to
withdrawal after two years, if a specified output is not reached, or at any sub-
sequent time if it is not maintained. The concessionaire is bound to comply with
the Government’s requiremcnts as to plans and method of working. Provision
may be made to prevent any claim by the concessionaire for damages resulting
from any subsequent alteration in thc mining laws. There is no specified power
of renewal, but in the event of non-renewal the concessionaire is allowed a given
time in which to sell or otherwise dispose of his plant. There is no power of sub-
letting or transferring the concession without the consent of the Government; such
consent is, however, usually given in case the transferee is a British subject having
means to carry on the mine. Where the surface is waste land and in the hands of
the Government, complete power is given to the concessionaire over the surface,
but where it is occupied or subject to easements, the concessionaire must pay all
damages resulting from his works to the surface occupier or owner. In order to
convey the produce of his mine over land belonging to some one else, the con-
cessionaire may arrange the terms of compensation amicably by private negotiation
with the surface owner. Failing this, the Government may, if necessary, take
action under the expropriation law which would throw the full compensation
awarded under the law upon the concessionaire. Ordinary cesses or rates are
levied on coal mines for local purposes ; neither of the two cesses at present levied
in Bengal may exceed one-half anna in the rupee, or about 3 per cent. of the net
annual profits of the mine.

The Government are considering the passing of a law for the regulation and
inspection of mines.

There is no fixed rule as to terms of concessions or as to the rights given to a
concessionaire, so that intending applicants are at a disadvantage as compared
with those in European countries, where full information is given in regard to
these matters.
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to one shaft by boring a hole downward from the bottom of the second shaft, and
connecting it by means of a drift with the leading shaft at different points as the
sinking proceeds.

The lower strata of a deep colliery are mostly dry, and it is frequently found
that after the shafts are tubbed through the water-bearing strata no further
pumping is required. If tubbing is not resorted to, in consequence of seams too
near the water-bearing strata having to be worked, the pumping may be more
advantageously met by a third or pumping shaft sunk only through the water-
bearing strata, and used solely for raising water.

Shafts must be fairly large where a daily output of 1,0c0 tons is to be landed,
and if much more than this is aimed at, and the winding is from a great depth,
possibly more than two shafts may have to be sunk on the property. If the sales
are assured, a large output is more profitable than a small one: an output below
a certain point results in the colliery working at a loss instead of at a profit.
Very large outputs from a single shaft are only possible when there are the
natural advantages of thick seams which can be easily worked, and then the
shaft must be of large area, and, if deep, must be well equipped for rapid winding
with cages constructed to take large trams. If a mechanical ventilator be
employed both the downcast and the upcast shafts may with advantage be used
for winding from a different seam of coal. Either of the shafts may be used for
pumping water, but if only one shaft is used to wind, the pumps should be placed
in the other, so that accidents to winding or to pumping appliances may interfere
as little as possible with the operations in the other shaft.

Very large takings are pierced at different points by such shafts as are thought
necessary by the engineer in charge, who allots to each pair of shafts the area that
can be most economically dealt with, having regard to the exhaustion of the coal
within the period of the lease, the commercial value, and possibly the divisions
made by large faults or by old workings.

In South Wales, where favourable conditions prevail, a daily output of 1,000 tons
is in many instances obtained, and in rare ones even 1,500 tons have been raised
up a single shaft. Here the thickness of the seams allows of the use of large
trams, having a carrying capacity of from 30 cwt. to 2 tons. Single-decked cages
are for the most part used so as to facilitate the changing of the trams inthem. In
order to receive two trams ranged one behind the other the cage must be of great
length. This of course necessitates large shafts, which are frequently from 18 to
20 feet in diameter in the clear. These large shafts also admit of the workings
being well ventilated, which is a matter of great importance in the working of fiery
seams, and requires to be kept in view as much as the question of output.

Where thin seams such as those at Radstock are worked, it is found impossible
to raise large quantities of coal. In that case faults add to the difficulties of
working these seams, and shafts rarely if ever exceed 10 feet in diameter. Such
shafts under the prevailing circumstances meet all the demands made on them,
whether for winding, pumping, or ventilation.

Deep shafts frequently take years to sink, but larger shafts, although more
expensive, are not usually longer in sinking, because of the larger number of men
and machinery that can be employed. It may safely be assumed that shafts
varying from 10 to zo feet in diameter will meet all the requirements of the
different districts in this country.

In all new winnings two shafts are required by law, and their site is a matter
requiring much thought. Other things being equal, that site which gives the
largest amount of the field to be worked to the rise is preferable. The
underground conveyance is thus rendered easier, and water in the workings
will naturally gravitate to the shafts. If the seams of coal to be worked are
lying in a horizontal or nearly horizontal position, there is an advantage in
placing the main shaft in the centre of a property of moderate size so as to
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necessary for the discharge of the contents which takes place whilst the kibble
remains suspended. The kibble is made of wrought-iron, and the catch prevents
it from tilting during the winding.

A kibble not intended to have its contents discharged in this way, but for
transport to a rubbish tip after reaching the surface, is made as shown in
Fig. 19 (c), but without the valve, and sometimes with chain attachment to the sides,
as in Fig. 19 (a). Care must be taken in loading the kibbles only to place the
broken material to within a few inches of the top. This is a matter of supreme im-
portance to the sinkers in the pit bottom, to whom the falling of an ounce or two
of stone or other substance may mean serious injury or instant death. Tipping
kibbles were formerly used for winding water, and were made with a smaller bow
fixed to the sides as well as with the larger one. The contents were discharged
on the surface by the banksman who released the catch and pulled the kibble
over by means of the smaller bow. This kind of kibble is unsuitable for winding
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Fig. 1g.—A, KissLE Fok WINDING. B, Tipring KiBBLE OR Bowk. C, BARREL ForR WINDING WATER.
WITH VALVE AT BotToMm.

a large quantity of water, because it does not fill easily, the water having to flow
into it over the top. It is sometimes used, however, when there is only a small
ameunt of water in the shaft bottom. The water is then baled into the tipping
kibble and wound to the surface. But baling is a tedious process, and therefore
costly. Sometimes these tipping kibbles are made with an ordinary chain link
placed so as to slide over one link of the bow and long enough to reach toa short
vertical pin riveted to the inside of the kibble. Over this pin the link is placed to
hold the kibble firmly in place. When the link is lifted the kibble turns over and
empties itself. Tipping kibbles, whatever their form, need only to be discon-
nected from the rope at the bottom of the shaft. The other form of kibble must
be taken from the rope and replaced by another at the surface as well as at the
bottom of the shaft. The water-barrel is much the same as the kibble, but it
has a valve in the bottom, and is used for sending the water to the surface, where
the banksman pulls a handle communicating with the valve which allows the
water to run out; or in another form of water-kibble the valve-spindle projects
below the level of the kibble, so that when the engineman lowers it on to the
runner the valve is opened by the action, and the water runs out.

Fig. 19 (c) shows a water-barrel which is made of wrought-iron with a water-tight
valve in the bottom moved by a central spindle extending beneath to allow the
water to run out. The barrel is lowered into the water in the shaft, and if this
is of sufficient depth the barrel fills through the valve, which is lifted by the
pressure of the water. When the barrel is full, the valve drops into its place and
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Tipping waggons are constructed in various forms to suit various purposes,
such as the single end tip, the double side tip, and the all-round tip waggon ;
the general construction is the same, but they are so arranged that the contents
may be discharged as described.

The body of the double side-tipping waggon shown in Fig. 21 is made of
steel, and is carried upon four pairs of trunnions. A large tipping angle is thus
obtained, and a free discharge of the material ensured. The sides and bottoms
are formed with one plate, which is bent to further assist in the discharge. The
trunnions are firmly riveted through the end plate of the body, which is
srengthened by an additional inside and outside trunnion plate. Each end of
the body is made with one plate, which is flanged by hydraulic machinery, and
is riveted firmly to the sides. A strong half-round welded ring is riveted round
the top, and holds it rigidly together. The body as thus constructed is very
strong and durable. The under-frame is of channel steel, with steel bowed buffer
ends, and steel angle stays across the underframe ; the trunnion supports are of
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Fig. 0.—SprinG Hook. Fig. 21.—DouBLE SIDE-TipPING MINING WAGGON.

angle steel; the draw-bar passes throughout the length of the under-frame,
forming a central stay; the axles are of steel and the wheels of chilled iron or
cast steel. Waggons with round buffer ends are far superior for light railway
work to those built with corner buffers, as the liability to derailment on curves
i greatly lessened. This may be of no importance in tip waggons for a sinking
Pit, and other buffers, if preferred, can be substituted. The trunnions are placed
&t such a distance apart as to ensure steady running, thus dispensing with safety
chains whilst still maintaining an easy tip.

The usual capacities of these waggons are 10 and 16 cubic feet on gauges of
18 inches to z4.

After the first 6 feet of sinking has been done, which will most likely be through
%il or clay, curbs or cribs must be put in. These are’ segments of wood (see
Fig. 22) cut out to the circle of the pit, and are generally 6 inches square and
made of oak or elm, the former being preferable. The joints must radiate
traly from the centre of the shaft, and cleats, as shown in the sketches, secured to
them at the surface in order that the joints may be brought into proper contact
when the curb is fixed in the pit. Sometimes a scarfed joint is made between



78 SHAFT-SINKING.

anything but pleasant to those riding in a sinking shaft, and may possibly cause
an accident through giddiness.

If the shaft be fitted with wooden or iron conductors as the sinking proceeds,
these may be used to guide a slide carrier or rider. It consists of a horizontal
cross-bar, the ends of which fit the guides. This is carried by inclined struts to
a circular piece fitting loosely over the winding rope. A buffer-catch is secured

to the rope at its lower extremity, which fits into the circular

WALLING portion of the slide carrier, and raises it in its ascent.
- —~ The guides at their lower ends have stoppers, so as to
~ - arrest the carrier in its descent, and hold it there whilst the

buffer-catch becomes disengaged from the rider, and the
kibble is free to descend without guides to the bottom of
the shaft. Similarly it ascends unguided again until it
reaches the carrier, which is afterwards lifted up with it.

Where wooden or iron guides are not available, wire
ropes may be used as guides for the carrier. The guide
ropes may be secured in the shaft to a balk stretched across
the shaft ; the balk also serves to arrest the further descent
of the carrier.

) r"l i

w
:—_‘, The guide ropes are wound on the drums of steam or
o hand crabs on the surface, and pass over pulleys at the
2“ i shaft there, so as to admit of their being easily lowered ;
e S ———— they are long enough to reach the expected depth of the
WALLING sinking.
Fig. 23.—RinG Crin. The objection to this system is that the balk in the

shaft requires frequent change. Mr. W. Galloway has
patented a great improvement of this system, in which the ends of the
guide ropes are secured to the cradle, beyond which the kibble descends
unguided through a door in the cradle. In some instances a single
guide rope has been used in deepening shafts already at work, where
the circumstances were such as to make it undesirable or impossible for
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Fig. 24.—CoMBINED WEDGING AND RING Cris.

sinking and walling to proceed simultaneously while coal was being drawn
from a higher level. The guide rope is wound on the drum of the capstan
engine at the surface, and uncoiled to lengthen it as the sinking proceeds.
During the walling it is used to raise and lower the cradle. While sinking is in
progress the cradle is removed and a heavy weight attached to the lower end of
the rope, which is lowered almost to the pit bottom. The rope thus forms a guide
for the kibble all the way. One end of a horizontal bar is made with an eye to
run freely up and down the guide rope, while the other is connected to a bar
below the winding rope, so that the kibble in its ascent and descent is continually
kept an equal distance from the guide rope. This very largely prevents oscillation
of the kibble, which, however, cannot be run in the shaft so steadily with a single
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as with a double-rope guide. There are objections, too, to weights suspended in
sinking shafts, as they must occasionally be raised above the sinkers working in
the bottom.

A ring-crib (Fig. 23) is frequently used in wet pits. It consists of a crib
hollowed out in the shape of a gutter, and is built into the shaft, the first two or
three courses of brickwork upon it being inset or shorn back, so as to leave
a portion of the crib in which the channel is cut exposed as shown in the
sketch. The water which trickles down the sides of the shaft runs into this
ring-crib, and from thence it is conveyed down the shaft by means of a “ waste
pipe,” one end of which is let obliquely through a hole in the crib to the
bottom of the channel, and the other is placed over the cistern, from which
the pump takes its water. Sometimes a wedging crib is used as a “ ring-crib ”’
(see Fig. 24).

Frequently large quantities of water are found in the hard rocks, and if
circumstances admit, these should be tubbed back with cast-iron tubbing. If,
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Fig. 25.—SEGMENT oF METAL TuBBING.

however, the bed of rock on which we are able to place the bottom part of
this tubbing is near a seam of coal, or even if it is some distance away, but in
communication with it by fissures, or the rocks between are not impervious to the
passage of water, there will be no advantage derived from the tubbing, because the
water will find its way down to the seam, and remain as much a burden to the
colliery as if the tubbing had not been put in. Assuming an impervious bed of
rock to be available, and that there is a large quantity of water below the walling,
the sinking would be continued from the last wedging crib at the reduced diameter
of 15 feet for a few feet, so as to leave a support under the wedging crib, and
then gradually enlarged to a size suitable to take the tubbing, and on approaching
the impervious rock alluded to, the shaft should be again reduced to a diameter
of 15 feet, and the sinking carried a few feet, say 6, into it, to serve as a sump,
and allow of the water kibbles being used whilst efforts are directed to the tubbing
operations. Explosives should be avoided in sinking past the point where the
wedging curb will be fixed.

A bed should be carefully prepared at the commencement of the impervious
rock for the wedging crib, or cribs (for often two are laid), which is somewhat
similar to the walling curb, but of cast iron about 6 inches deep, and 13 inches
in the bed. The pit is shorn back so as to admit of the wedging crib being
placed, and also leave a small annular space round it ; the bed for the reception of
the wedging curb must be dressed with hacks perfectly smooth and level. The
curb is then laid and securely wedged, the space behind having been filled with
fir sheathing, and behind that again moss or oakum. Sometimes both the single
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and double cribs are provided with escape valves to release the air as it escapes
from the back of the tubbing. The segments of mefal tubbing (see Fig. 25),
having first of all been tested by sounding them all over with a hammer and
punch on the surface, are next to be proceeded with. These segments are cast
with a smooth inner surface, and are flanged so as to fit into each other, a hole
being left in the centre of each to allow the water to run out whilst building them
up, and also for convenience in sending down the pit. Pitch-pine sheathing is
first laid on the wedging crib, and then the segments are fitted round it, 10 or
12 forming the circle, and they are usually 2 or 3 feet high. The ground is
shorn back near the crib where required as the tubbing is built up. The
thickness of metal in the tubbing will depend upon the height the tubbing has
to be carried, and varies from { of an inch to 1} inches. Mr. Greenwell gives
the following formula for estimating the thickness of metal tubbing, the height of
the segment being 2z feet :—

Let a = the required thickness in feet.

P = the pressure or vertical depth in feet.

D = the diameter of the pit, also in feet.
. Px D
Then x = 03 + 50,000 °
so that if we had 6o fathoms of water-bearing strata to tub through in a 15-foot
pit, we have

360 x 15

‘03 + 50,000 = ‘138 of a foot = 1'656 inch.

In practice the thickness of tubbing is generally reduced every few feet upwards.
Sometimes it is necessary to cover the tubbing with tar or wood lining, to help
preserve it; if the shaft is afterwards to become an upcast, ventilated by a
furnace, a brick lining over the tubbing will be necessary. But this would not be
placed until the building of the tubbing in the shaft was quite completed. A
second course of segments is now proceeded with, a sheathing of pitch pine
having been laid all round on the top of the first, to allow of wedging when all
is built up, and care must be taken in the building to break the joints of the
tubbing. This method is continued until approaching the rock left to support
the wedging crib above, a part of which must be shorn back to allow of the
tubbing fitting in truly under the wedging crib. All the vertical joints in going
upwards should have strips of wood laid behind them an inch thick, and about
6 inches broad, and a wedge-shaped piece driven behind, to force the segments
well together at the joints, and the space behind the tubbing should be filled
up with concrete. When all the tubbing has been thus placed in position, the
important operation of wedging the joints is commenced, from the bottom up-
wards, leaving the centre holes till last. The plugging of these is upwards
also, and requires skill and care if much water is coming through them.

Sometimes the tubbing, when carried above the water-bearing strata, is left
open-topped, but this does not allow of such good wedging as the close-topped
tubbing. Sometimes it is necessary with close-topped tubbing to put<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>