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PREFACE.

-0

T1s little work is not intended to be a purely geological
treatise on granite, but is especially designed for the assis-
tance of thosewho, being commercially or professionally
interested in the granite industry, desire to look at the rock
from a geological point of view.

At the same time, it will be generally acknowledged
that the results of practice often subserve scientific pur-
poses, so that the book may not altogether be without
interest to the geologist. He must, however, remember
that in describing various kinds of granite used in the
trade, salient features only are mnoticed, whilst in only a
few cases have I described accessory minerals. The
portion bearing on the origin of granite, too, might
have been considerably extended. The views brought
forward appear to me to best accord with established facts,
and controversial matters which do not affect main points
have not been alluded to.

It should be mentioned that the greater part of the
work, more particularly those chapters dealing with the
quarries, has previously appeared in the Builder; and 1
am much indebted to the courtesy of the proprietors of
that journal for permission to re-publish the same. Much
matter, however, has since been added and the whole
revised.

I must express my obligations to all those quarry
owners and granite merchants who have assisted me with
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information. I am especially indebted to Messrs. W. G.,
J. A., and B. A. Freeman, of the firm of John Freeman
& Sons, of Penryn, for facilitating my inquiries at their
quarries in Cornwall ; to Messrs. John F yte, A. & F.
Manuelle, and A. Macdonald, Field & Co. for their assist-
ance when I was in the Aberdeen district; and to Mr. Thos
Blake, of St. Helier’s, on the occasion of my visit to the
Channel Islands.

To my friend Mr. Henry Fleck I must also tender
thanks for aid given in examining proofs whilst the work
was passing through the press.
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CHAPTER 1.
THE COLASSIFICATION OF ROCKS.

I~ order to understand the position of granite with refe-
rence to other rocks composing the earth’s crust it will be
necessary for us to consider briefly the classification of
rocks in general. .

They may be divided into three great classes, according
to their modes of-origin. The first of these is termed
igneous, and comprises rocks which have once been mn a
molten condition, or in a state of fusion. The second 1is
known as aqueous,—those that have been laid down or
formed in water. The third, metamorphic, includes those
portions of either of the foregoing divisions which have
been subjected to sufficient heat and pressure to cause
them to substantially change their form, but not quite
enough to melt them up.

The igneous rocks fall into two groups:—1, the erystal-
line, composed wholly of crystals, such as granites, syenites,
and gabbros; 2, the non-crystalline, those made of a sub-
stance resembling glass, such as obsidian and tachylite, or

" which have crystals scattered about in a glassy matrix, as

exemplified by most lavas.
B




2 THE CLASSIFICATION OF ROCKS,

The different aqueous rocks might be placed into three
groups :

1. Sandstones, being made of grains of mineral matter
(mostly quartz) cemented together by materials which have,
in_the majority of cases, been introduced into the rocks
subsequent to their deposition. They are more or less
compact, according to the nature of the cementing
material, extreme types being loose sand or concretionary
matter, too soft for building purposes ; and hard siliceous
stone, breaking with a splintery fracture.

2. Limestones, being made wholly of calcareous organic
remains in a more or less perfect state, or having been
deposited chemically in the shape of little spherules, the
nuclei of which are generally fragments of mineral matter
or pieces of broken shells. - We shall treat of dolomites
under this heading, as they are magnesian limestones, hav-
ing sometimes been formed in water, though occasionally
by metamorphic action properly so-called.

S. Clays, composed mostly of silicate of alumina, which,
although primarily derived from the decomposition of
felspar eventually becomes 1mpure, in a greater or less
degree, by the addition of other mineral matter both at
the time of deposition and subsequently.

- Metamorphic rocks may be separated 1into four
groups :—

1. Gneiss and Crystalline Schists. — The crystalline
materials of which these are formed have arranged them-
selves in layers which may be composed of one or more
minerals. These layersare not necessarily parallel to each
other, but are frequently much twisted or contorted, espe-
cially in the schists.

2. Quartzites, which are sands or sandstones much
altered in being greatly pressed into an exceedingly hard
mass.

S. Crystalline Limestones (or marbles, properly so-called)
are ordinary limestone rocks stmilarly subjected to great
pressure, so that their original structure is obliterated, the
calclum carbonate having entirely re-crystallised in situ.

4. Slates, which are clays also very highly pressed, so
much so, that the major axes of the particles of which

. hey are compos S
. iig}{t angles to the direction of the
characteristic fissile structure.

DIVISIONS OF AQUEOUS ROCKS. 3

ed have been made to assume a position at
pressure, hence their

The aqueous rocks are also divided into the following

groups, according to their relative age :—

Pliocene . e
TERTIARY . . {Miocene (absent in Great Britain).

Eocene.
Cretaceous.
Oolitic.
SECONDARY. . I inssio.
Triassic.

[ Permian.

Carboniferous.

Devonian (Old Red Sandstone).
Silurian.

Cambrian.

Archeean.

PriMARY . 1

is list the oldest rocks are placed at the bottom,
a,ncIlIi;}:gl 11?6\?1;:;13 1;1,17 the top. This age is not rquonejgl by
rs, but by means of the order of superposition of one
y?)iti(,)n with another, and also by the remains of organisms
(or fossils) which they so often contain. In other %VOI;G%S,
it is proved by the lithological character, as Wel'ldafl y the
organisms contained in them, that they were lai ovslrn n
water, just as thick deposits of sand, clay, and gravel are
now being laid down with shells,_ &e., 1n.the ;?‘eahon (I)llur
coast margins and in the estuaries of rivers; t fe only
difference being that the aqueous rocks presented for (})1111'
examination have been raised by gradual upheaval, together
with the floors upon which they were deposited. i
Traversing the country we find that these roc sdare
tilted at various angles with the horizon, and their edges
have been attacked and worn away by rain, frost, Wave?i
&ec., at different times. Suppose we start from Essexj an
tra\,rel—sa,y, into North Wales—we shall find that, gene-
rally, we shall pass over many different kinds of sa,nd_stoneii
clays, and limestones, W]i}lli(}h, in succession, were observe
er each other. :

. l?ggv(f Ivlvrc)a iﬁ?ﬂd easily demonstljate the fact that, inas-
much as the rocks were seen to lie upon one another that




4 THE CLASSIFICATION OF ROCKS.

the uppermost one of any two, having been laid down
on top of the other, must necessarily be of younger age.
Therefore, we come to the conclusion that, in such a case
as the one before us, the youngest rock, or formation as it
18 called, is situated in Essex ; and that the rocks progres-
sively get older as we go north-westwards, until, on arriv-
ing in North Wales we are brought face to face with the
oldest.

If further proofs were wanting to establish this point
they may be furnished by the shells, &c. (fossils), contained
in the formations. We should find that the beds at the sur.
tace in East Essex contain a very large proportion of fossils,
which are absolutely identical with the genera and species
now living in our seas; but as we examined the older
beds going north-westwards we should discover that this
proportion became progressively less, and we should not
have to go so very far before we came to formations which
do not contain a single species similar to those now living.
These are called extinct species, and those fossils found 1in
the oldest rocks are least like organisms at present in exist-
ence. Itis clear, therefore, that certain fossils characterise
certain formations; and the practical value of this fact 18
immense, when we reflect on the facility with which, in
many instances, the proximity or otherwise of coal, or any
other similar and useful commodity, may be predicted.

In the foregoing observations we have not touched upon
some superficial deposits, as they do not immediately con-
cern us. It will be understood also that since the beds
were laid down they have been more or less dislocated, or
faulted as it is termed. This effect is most marked on the
oldest rocks, which, having been longest in existence, have
naturally suffered greatest. Locally, therefore, the order
of sequence may occasionally be somewhat disarranged.

We may remark that our observations extend only to
the tract of ground under consideration ; the rule that the
older the aqueous rocks are the more unlike living things
will their fossil contents be, holds good all over the world,
but it is sometimes difficult to prove their age by super-
position alone, because in many mountainous distyicts (as
the Alps, &c.), whole masses of strata have been turned

T ——
- ¥

CONTORTION AND DISLOCATION. 5

side down and crumpled and folded just as

ere only sheets of paper. In these contortions
Elﬁgur%)];lgiix been 5srqueez.ed so much that clay ha&gﬁi
turned into slate, soft rocks into hard ; and Iila,dny 1:;;8 .
ranges are formed outt(])::f coinparj;,;:lflaielijlr1 rc:lzﬁﬁl CZE(;)S i
may easily conceive, there ore,b e
the more recent rocks may be as : s

i oldest ones. In parts of norther

%ilils(;gztzgmaes oﬁhfhe oldest rocks in existence, 1n spiteozﬁ
their high antiquity, are very little altered, gemg a Tm]:]_IS .
as soft as when they were originally laid down. !

however, is quite an exception.

completely up



CHAPTER 1II.

THE STRUCTURE OF GRANITE.

I.—MACROSCOPIC EXAMINATION.

Ir we examine a piece of granite, we fin 1t 1
hard rock, thoroughly erystallin,e in stguzlzif’eltgs ax:vh' h
we mean that it does not possess any matrix or ,CGI}Irl t'lc
material whatever between the crystals of which th?an Hil)g
ita,nce as a whole is made. The rock is rendered comSI:J, ;:
y the adhesion of the minerals to one another 131 g
close examination shows that in typical ranite aﬁn .
different kinds of minerals are present. Theg first gf th1 "
15 called quartz, and may be recognised by its clear ol e
:gf)?éan;? It cannot be scratched with a knife o ?1‘81:833
, Jelspar, may exist in a vari :
grey, yellow, white or light green.etyItOfca(;Ol?)zriii ?d’
guished from the quartz by not being transparent W]S:l _1111£
1t can be scratched with a knife. The third. i e
be elth'er white, black, brown, or light yellové anc(cizj 1IiI?l g
S‘?i?]ir:hlél ﬁa.lrge entzlugh crystals can be split up nto ﬂakelg
e IIII]]i Iférz?g. S0 may easily be recognised from the
Now, these three forms are termed t Wt '
of granite, by which it must be undeI'Islt(:a()(e)ff(l9 e::al?acfirl?lan il‘als
granite they must all be present in fair proportions I‘lﬁ%
any other minerals exist, as they very frequently do th
are termed accessory. Sometimes these latter axye in ei‘:lr
abundance as to, In a great measure, help to formsazﬁ
rock, in which case the material is no loncer a t :
granite, but receives either a compound nameg indi tI:u:e
of the nature of the addition, or a new name altoglvg?hlgfe

very
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CLOSELY RELATED ROCKS. -

One of these other minerals, very commonly found, is
called hornblende, being either white, grey, black, brown,

light, or dark green. Perhaps the last-mentioned colour -

is the most characteristic. It is more like mica than the
other two essential minerals, but may be distinguished
from it by not flaking off when urged with the point of
the knife. It has comparatively a rather dull appearance
also. The only other accessory mineral we need mention is
schorl, generally very black and lustrous, existing either in
small patches, 1solated or radiating, needle-shaped crystals.
When the former mineral is present with quartz, fel-
spar, and mica, the rock is termed hornblendic-granite ;
or, if the latter exists in an appreciable quantity with
these three minerals, it is known as schorlaceous-granite.
It will be observed, however, that certain rocks find
their way into the market which will not answer to the
description we have given of granite, and yet they bear
that name. We shall point these out in the proper place,
o that it will be sufficient now to consider briefly the
more prominent of them. Perchance we come across one
which contains no mica, or in which that mineral 1s
present in such minute quantities that it may not appre-
ciably help to form the rock, and may thus be regarded
as an accessory mineral only. Determining the minerals
in it, we find that they are quartz, felspar, and horn-
blende. The name of this rock is Syenite, although we
may mention that a rock bearing this name may some-
times be met with on the Continent in which quartz is not
necessarily essential. Many British geologists would also
admit the term to apply to those rocks which contain only
felspar and hornblende, the former mineral being of the
particular variety known as orthoclase felspar.

Sometimes a material made only of quartz and felspar
is found in a granulated condition, when it 1s called
granulite. Now and then the quartz is so developed that
a section of the rock would exhibit Hebrew-like markings,
when it is known as graphic gramite.

Other stones occur in the market, also known as
granite, but which really only resemble that rock in
being crystalline, the nature of the crystals in many

A o iy _—h;ﬂ'gxntw



8 THE STRUCTURE OF GRANITE.

instances in no wise approaching those of granite. Tt
will be understood that our observations do not apply to
such stones unless it is expressly so stated.

To return to typical granite. A very close examination
will show us that the crystals composing it do rather
more than adhere to one another, in the ordinary sense ;
they are found to interlock each other. For example, we
may find that the felspar is perfect, and regular in form,
the mica being rather irregular, but the quartz seems to
mterlace and fill up all the cracks, as it were. In such a
case we must irresistibly come to the conclusion that the
quartz was the last essential mineral formed in the rock.
This, insignificant as it may appear, has a practical bear-
ing, considerably influencing both the durability and
surtability of the material for constructional purposes, as
we shall see farther on (see p. 123).

Furthermore, it will be observed that some stones con-
taining quartz, felspar, and mica, are very different in
appearance ifrom others containing precisely similar
minerals. The best known are those in which these
minerals plainly occur in more or less regular layers;
such a rock is known as gneiss, but is not often found in
the London market. We frequently see granites, how-
ever, the minerals of which have an indistinct tendency
to occur in layers, especially the black mica. The struc-
ture 1s not clearly enough pronounced to cause the stone
to be called gneiss, and so it is known as foliated granite.

The minerals vary very much in size in the different
kinds of granite, and according as they are minute, small,
or large, so we shall designate the stone fine, medium, or
coarse-grained, respectively. 'We commonly find that the
ground-mass, or base, of the rock is fine-grained, but
large felspar crystals, sometimes as much as six inches in
length, are distributed throughout it in a conspicuous
manner : such a rock is known as porphyritic granite. Tt
1s often necessary to see large pieces of this rock to
establish its true porphyritic nature. When seen in the
quarry these long crystals frequently appear to have a
general direction, but this fact is, perhaps, more clearly
established by observing and questioning masons on the

3
Ik
=
5, ;
=
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VARIATIONS FROM THE TYPE. o3

spot as to the method in which the stone will most readily
cleave or split. Looking at a perpendicular face, say one
hundred feet high, one sees that these crystals occur m
wavy undulations, but that many will not conform to the
general directions. . | :

Taking into consideration these various kinds, we come
to the conclusion that true granite, 'namely, a rock in
which quartz, felspar, and mica are fairly and homogene-
ously displayed in a thoroughly crystaline manmer, 1s
not a common rock in the market; so that if we confined
our attention to this alone our task would be a very small
one. We prefer, therefore, to regard the matter m a
generic sense, taking true granite as the type, and the other
kinds as species or variations of that type. We shall not
demonstrate the intimate relations of each 'species to the
others, for we should then overstep the limits of this little
work, but it may be stated that the rule so general in the
organic world applies equally to the inorganic, namely,
that nature will not allow any hard and fast lines to be
drawn between the species; they merge imperceptibly
into each other, and, if we chose to designate any .kmd of
rock by a particular name, and thus make dstinctions for
our own convenience, it would be purely an artificial
arrangement, which does not really exist mn nature.

As may already have been conjectured, it is exceedingly
difficult, if not impossible, to state in what proportion
the minerals should exist to form true granite. Secience
endeavours to fix it, and theoretically does so very well,
but as a matter of practice it cannot be carried out. For
example, one kind of rock may show quartz, felspar, and
mica, with a very small proportion of hornblgnde ; another
may exhibit the hornblende in fair proportions as a rock-
former, and every gradation may be observed between
the two kinds of rock. The former would be called
granite, the latter hornblendic-granite (or syenitic-
granite) ; but who could name the rocks of the intermediate
stages?  Our classification demands a name for them
which must be either the former or the latter, but it wﬂl
be seen that individual opinion must operate very promi-
nently in the determination. Exactly the same thing



10 THE STRUCTURE OF GRANITE.

occurs in regard to the gradations between hornblendic-
granite and syenite by the gradual disappearance of the
mica ; or, in fact, between almost any two closely related

kinds of rock.

IT.—MICROSCOPIC EXAMINATION.

We have hitherto spoken of the common granite-forming
minerals as though they were always of the same kind,
and did not admit of any variation. = As a matter of fact
there are many kinds of felspars, micas, &e., crystallising

in different systems and possessing divergent chemical com-
positions. The more common of these minerals are Impor-

tant enough, as influencing the texture and durability of

the stones, for us to describe. It is not altogether easy to
distinguish some of these without the aid of magnifying
instruments, and so the microscope has been called ‘into
use. We shall not pretend to give even a complete out-
line of this branch of research, but the following observa-
tions may be useful in guiding those who may desire to
study the subject. There can be no question of the value
of a close and searching investigation into the minute
parts of a rock, for these are almost always the first to
decay, and if, therefore, we can properly understand them,
we shall strike at the very root of its weakness.

The rock to be examined is ground down to trans-
parency. The method of preparing these exceedingly
thin slices of rock for the microscope is well explained b
Dr. A. Geikie (Outlines of Field Geology, 1882, pPp- 202—
211 ; Text Book of Geology, 1882, pp. 182—187), and Mr.
¥. Rutley (The Study of Rocks, 1884, pp- 59—74).

The microscope required need not be of a Very expensive
character. A complete enough examination may be car-
ried out with one capable of magnitying 100 diameters,
whilst it is often found more convenient to use g much
lower power—60 diameters.

The stages of the more expensive microscopes used in
examining rocks are usually made to revolve, as there are
many advantages derived; and they have also rackwork
for moving the object under examination to and fro, or up
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THE POLARISCOPE, II

' i ively bringing
down. A special contrivance for successively bri
iy e
1 serew and unscrew : §
lv}vagi'll?%oioﬁne adjustment, have f’been mventgg;el;ug 11;}(;1({)13 gq}f
olutely necessary for our pur 5
ﬂ} etslie;rZraébsobtaingd, SO mujéh the better, as they save
tm'}[?hzmllngggsilc?pe, however, must have a polariscope a,t(i
tached. The polarising apparatus commoply eTﬁ)onZ .
consists of two Nicol’s prisms—one placed fa,boveh. t}%l eyts
piece of the instrument, or above the objective, whic : a‘;che
as the analyser ; the other, fitted under the stage 0h e
microscope, being the polariser. The polariser s 3 5
always be placed so that it revolves freely when turned by
theT]]::llinﬁ icol’s prism is constructed out of 2 .I'ho;nbghed(if
of Iceland spar, about 1in. in height and §in. m re}? ik
This is bisected in the plane which passes throug g ne
obtuse angles. The two halves are then again ;]ouile L in
the same order by means of Canada balsam. It pol ar}seg
light completely, and transmits only one biam of polarise
light, the other being entirely suppressed. g
The field of the microscope appears clear and well illu-
minated when the shorter diagonals of the two prl.SIEi
coincide in direction, but when they are placed at rllight
angles to one another the field appears quite dark, .t_g
being totally extinguished. The intermediate posi IOItlS
exhibit different shades, eith]ir dfﬁ'k or light according to
he relation of one prism to the other. :
th(jl‘he use of the pglariscope is briefly this. If the rock
under examination contains any portions that are amor-
phous (that is, those in which no crystalline structure 1s
developed), or crystals belonging to the cubic system,
with, perhaps, two exceptions, they will be seen to become
light and dark as the polariser is revolved. Thls 18 owing
to their being singly-refracting, or wotropic substances.
If, however, the stone contains crystals belonging to any
of the other crystallographic systems it will modify the

* The polarisation of light is well explained in Ganot’s ¢ Physics,”
1883, pp. 584-606.

'?
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12 THE STRUCTURE OF GRANITE.

polarised beam of light. All such minerals or crystals are
sald to polarise ; in other words, they exhibit double-refrac-
tion, and are called anisotropic.

The direction in which the sections of the crystals are
cut must be taken into consideration, because, under certain
circumstances, as we shall presently see, they do not affect
polarised light. In cutting rock sections for our pur-
poses of examination it would be quite an accident were
many of these peculiar conditions to present themselves, as,
generally speaking, the stone would be chipped at random,
without any attention being paid to the direction of the
blow.

Another test with the polarising apparatus, very useful
in determining the mineral constituents of rocks, is in find-
ing whether any pleochroic or dichroic mineral is present.
To do this the upper Nicol prism is removed, leaving only
the lower. If, as we rotate the latter, no change in tint 1s
observed, there is no pleochroic mineral present, or at least
none which shows pleochroism at the angle at which it has
been bisected ; but very often the hue of certain crystals is
changed, and they present many different colours. This
is pleochroism. When, during the rotation of the prism,
only two colours have been observed, the minerals pre-
senting that appearance are said to be dichroic, or to
exhibit dichroism.

Dichroism, or pleochroism, practically never occurs in
crystals belonging to the cubic system. = It is exceedingly
useful in the determination of some common rock-forming
minerals, enabling us, in most cases, at a glance to distin-
guish crystals in many other respects resembling each
other.

A useful accessory to the microscope is a bull’s eye con-
denser, which is used to examine rock sections by reflected
light. This is done by throwing the mirror, under the
stage of the microscope, out of gear, and by means of the
condenser, directing a strong light on the surface of the
section. The advantage of this method is more particu-
larly noticeable in the case of minerals, which, when

examined by transmitted light, are seen as black objects
—opaque.

DESCRIPTION OF QUARITZ. 13

Reflected light often enables us to discover the character

aque minerals. ; :
"f’ﬁ%ié% (EE’?IZ’; o g%od light may also be obtained speci-

ally for microscopic purposes.

When the microscope and its few accessi)?;a]i a,rf 3;1;
chased, the principal expense 1s at an end. : erso élk o
does not care to grind down his own pleces 0 sl
examination, there are several lapidaries, an dmoufor e
microscopical objects, who would be ghd to Olsolides =
at 1s. 6d. per slide, and more cheaply 1t severa ds it
required. But we would strongly recomment o
first he should grind and mf)gnt h}s oW1 speclmens,h =
he then becomes more famihar with the stones, Wt .
practice teaches him the peculiar features consequent o
ba(%ﬁrlgovligglggw describe a few of the principal varieties of
the common granite-forming minerals, and t]iilr genir]'f,e
appearance under the microscope ; but we wou - urg; iy
student to purchase a special work on this portion o
bubé?aizg:tz may exist in a variety of forms, being either an
original constituent of the rock, or subsequently fog’r}cleé.l%
when it is called secondary quartz. In the latterbs ate 1
is often found filling cracks and cavities. 1t may be cr%r]i-
talline or non-crystalline, thqugh we rarely m(.aet.lt n 1;'8
last-mentioned state in granite. When pure 1t 1s pact ‘E_
cally unaffected by the acids in the atmosphere ; } 8
chemical composition is silica, the oxide of silicon. tn

thin transparent sections under the microscope qlua,r Z
appears clear, and polarises in strong, brﬂll.ant co ouﬁs.
Minute enclosures of foreign substances, little specks,
and thousands of minute cavities are frequently seen
dotted over the crystals. Its appearance is so charac-
teristic that it cannot easily be mistaken for any other

ineral. i
mullf%;spwr may also exist in many ways, and 1s important
enough for us to describe in some detail. ’

The following table shows the p*rmmpal felspars, an
their average chemical composition :™—

* Dr. A. Geikie, ¢“ Text Book of Geology,”” 1882, pp. 70-72.
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Orthoclase often contains

Proportions of lime, iron,
magnesia, and soda. Its colour ;

pink. Tt crystallises in the monoclinic system. The other
tour felspars crystallise in the triclin;

Felspar, as previously mentioned, is
constituents of granite, and on the power of its resistance
to weathering the durability of that stone mainly depends,
We are sometimes apt to consider granite as g good
weathering stone, withoyt Inquiring into any particulars
concerning it, and although as a rule it 18 exceedingly
durable, as a matter of fact, un

bad limestone or sandstone. Fop instance, much of the
granite used in the buﬂding . ;

which may be repre-
te of aluming combined with silicates of

r lime ig removed in
silica, and there remains ags

a hydrated sﬂicatfe of alu-

a fels.par, albite, or thoge which, like

- nd soda. Both Mitscherlich
and Bischof have remark '

clase are associated, the former may be found decomposed
and friable, whilst the

change of felspar is fa
multiplies the surfac

ed that where albite and ortho-

latter is still unaltered. "This
voured by mechanica] division, which

€S exposed, so that when g felspathic

Name of Felspar. Silica. |Alumina, Potash. Soda. Lime,
Orthoclase.... ..., . 64:60 18:50 16-90: . | -, . .
¢ TSR 6862 19-56 Wl il 1182 S kg
Oligoclase.,,, ., .. 63-70 23:95 1:20 3-11 2-05
Labradorite, , ., .. ' 5290 3030 | ., . 4:50 12-30
Anorthite , .., . 4308 36°82 e - ik 20-10
SR e e o LB e

| A. 15
EXAMINATION OF FELSPAR AND MIC.

1 ilica and
is triturated with water, small portmﬂs g—i c(s)ﬁposmg
i 1.3r11r1 taken into solution. If the i
o EIL{lkaS;iZi;ge like many graniffs, ]E-o(fih v};ﬁ’iasi) e 5
fakes , ing first attacked, will e
P tha 1at<taf11113,ua]?ﬁ;nl?educed to the condltlé)pt(_)fl ci?gied
e aJnhev icroscope orthoclase can be &S 1t. %;urbid-
kil ?onits characteristic cleavage, and dir ;;Te ol
ot it a?;ance. It often presents a V?ans v?hich
IOOkmgl" appfirm and commonly occurs 1n.thw1 o Pt
Org'sxgzllﬂilgrepolariée in different colours on either
ordi .

] L :

: e Carlsbad type. ;

OnngiiijnliSO 1}2&;;3 Sﬂf};olarise% lightjG Esuaaliz i];i)fgda é{iﬁfﬁ
= » ' 2 as they a )

ol baqdisoz(ffggs%amﬁie student?fwiﬂ ﬁndfe§0fﬂzlig
Jrotmls ot varlothe microscopic detel."m’matmp OM_ e SPm_
e e d Michel Lévy, “ Minéralogie | 1§r0gﬂw
i quez%g—fzw ; Rutley, Quarterly (if Ourfmﬁg{ks 4
%}Z%;?ca})%ociew (1876), p. 479; and “Study o ]

: B0-—L 0k f mica are termed muscovite
pPTh(? b 00%1}1113 (f);lﬁiefosl?:t(;ﬂises in the rhomb1_(13. systelf)l%
- b}Otﬁe' biaxial, and consists principally of si 13& ester
ede yd 121:&51; Oxide of iron, soda, fluorine, an d?a .
e (ﬁn Presenf: in variable quantities. Its or bri:c]{
il }i 4 white, but occasionally dark brown Ord the
e 1st}5§: I;1}:Tlineral,;may be seen. Muscovite sf%an Sd -
irf):;'gisel? very well, and little 19115"“17'9S (;%gcggyb;ethzu;lction

: - un
e e o SR
el 'cr(;scope muscovite exhibits clt?ar co 031‘8
Undgzr e H;,lrent A’s in the case of most mmerq,ls ; s;
an_d i grani}i)niscuc;usly throughout a rock, th_e Se(}tmn,t i
tributed pr examination being cut in any 'dlI‘e-CtIOIl% 1t .
mmroscoglc ive all the rules for the determmai;mn (()1 s
= eaSyUO dger ordinary circumstances the sections ({);not
ofton in]tide with the cleavage of the mlnerql,hbu (;Iés
often 1co es of cleavage at different .angles, Wthlc . cau
E}hlfn I;):II';HGI lines to appear in two different directions.

* See ““ Geol. of Canada ”’ (1863), p. 570.
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16 THE STRUCIURE OF GRANITE.

When, by design or accident, the section is cut parallel
to the basal cleavage a tolerably strong chromatic polari-
sation is shown, thus differing from biotite, which, under
the same conditions, appears dark between crossed Nicols.

Dichroism is faintly exhibited.

Biotite is also called the magnesian mica, and crystallises
in the hexagonal system. Its chemical composition is
silicate of alumina and magnesia, with a little potash and
iron. Its colour may be either black or dark green. It
is not so durable as muscovite, assuming a white, soft crust
under the action of the weather. Ordinary sections of the
crystal are strongly dichroic. .

Hornblende crystallises in the monoclinic system. Its
chemical composition is ““silicate of protoxide of iron,
magnesia, alumina, lime, and protoxide of manganese,
with frequently a little hydrofluoric acid and water.” ™

There are two principal varieties of hornblende; one
has a considerable proportion of alumina, and the other
contains very little, sometimes none.

The former is generally of a dark green, black, or
brown ; the latter of a pale green, white, or grey colour.

The non-aluminous hornblendes do not often occur in
stones largely used for building, but the aluminous kinds
are found in syenite and granite, where, 1n weathering,
the silica, lime, magnesia, and a portion of the alkalies are
removed, with conversion of part of the earths and the
iron into carbonates. The further oxidation of the ferrous
carbonate is shown by the yellow and brown crust, so
commonly to be seen on the surface, or penetrating cracks
in the hornblende. The change proceeds until a mere
internal kernel of unaltered mineral remains, or until the
whole has been converted into a ferruginous clay.t

Under the microscope, hornblende is strongly dichroie,
and this is its principal feature. It is often longitudinally
striated, in addition to which the cleavage planes form a
sort of lattice work. The mineral is so irregular in form
that very little reliance can be placed in its determination
from that point of view. It polarises in rich colours
when in thin sections.

* Rutley’s ¢ Mineralogy ’’ (1876), p. 121. + See Geikie, op. cit., p. 75.
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CHAPTER III
THE ORIGIN OF GRANITE.

PossiBLY no geologist could be more anxious to account
for the origin of granite than are many of the quarrymen
and masons who blast and work the material. They
always listen with the greatest attention to anything that
may be said on the subject, and most of them have their
own ideas respecting it. Several of them are quite pre-
pared to believe that granite is of igneous origin (as we
have stated), but the majority do not clearly understand
the facts from which such a conclusion is drawn. A
certain section believes that the long felspar crystals
(p. 14) are the remains of fossils; whilst another is of
opinion that granites are as regularly stratified as the
aqueous deposits are. All of them know of the existence
of other rocks than granite, perhaps, in their immediate
vicinity ; but the relations subsisting between the granite
and those rocks very few seem to recognise. It was
the knowledge of this fact which caused us to write a
rather longer account of the aqueous rocks than might,
Egrgaps, have been considered necessary in a work of this
ind.
~ We will now endeavour to give some idea of what the
1gneous rocks are like, confining our attention especially to
granite. In doing so, we will firstly examine certain
sections showing the junction of that rock with others
surrounding it, and our illustrations will, as much as
possible, be drawn from sections actually seen by us in
and near the various quarries in Aberdeen and Cornwall.
The quarrymen in the respective localities will then be
C
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18 THE ORIGIN OF GRANITE.

able very easily to go and examine the evidence for them-
selves. |

The first exposure to which we would direct attention
will be found on the beach at Torry, on the opposite side
of the river Dee from Aberdeen, going towards the
lighthouse at the extremity of the breakwater forming
the entrance to the harbour. Starting from the village
and proceeding eastwards, we find that one of the first

rocks met with on the beach is a schist—a, metamorphic

rock, i.e., one the original form of which has been con-
siderably altered by heat and pressure. This schist may
be easily recognised by the manner in which it is foliated,
presenting a series of lines of different thickness, and
bemng very much twisted about or contorted in places.
As this is followed up a pink granite is seen penetrating
the schist. This granite vein is only five yards in thick-
ness. It is very fine-grained, and at its junction on both
sides with the metamorphic rock, the appearance of the
latter 1s very much altered. Small veins of granite
branch off from the main vein, and the general result is
that innumerable pieces of schist have been broken off
from the body of that rock, and are included in the
granite. (See Fig. 1.)

The interpretation of the phenomena presented is com-
paratively easy. The granite was clearly in a molten
condition when it took up the position in which we now
see 1t. From other indications in the vicinity, it would
appear that the main body of the granite is not very
deeply seated nor far off; and no doubt the schist is a
thin bed lying on it. As the igneous mass burst its way
through the schist it broke off portions of the latter, and
endeavoured to melt them up.

If we may judge from the thin lines and minute frag-
ments of the schistose matter running parallel with the
general direction of the main vein, and so closely incor-
porated with the granite at, and within a foot of, the
junction of the two rocks, we should certainly assert that
the granite had, to some extent, been successtul in doing
so. Many large pieces of the schist would not submit to
the melting process. Some of these refractory substances

ITS RELATION 70 SCHIST. 19

are quite angular, and, with the exception of a slight
alteration of both rocks at their junction for about one inch,
they look as fresh as does the main mass of schist. Not
s0, however, with others that seem to be the kerqels of
pieces, the edges of which have been melted up in the
granite, portions of which are seen mixed up with 1t m
such a manner as to make it exceedingly difficult, if not
impossible, to define the limits of either.

We have by no means exhausted the interest attach-

F1a. 1.—PLAN oF PART oF Torry BracH.

Area about 170 square yards.

a, A crystalline schist, contorted in places. b, Fine-grained pink granite. Pieces of
a are caught up in it, especially near the junction of the two rocks. ¢, A vein of
giant granite, penetrating both ¢ and .

ing to this most instructive exposure, for we find that
another kind of granite has penetrated the fine-grained
variety, in the shape of a vein about 4 feet across. This

- newer rock, in spite of its small breadth, is colossal in

grain, and does not, at first sight, look like a granite. But

the fact is apparent that it is composed of quartz, felspar;”

and mica, so there cannot be any doubt about it. The
ordinary quartz crystals in this vein range in size from
6 . to 10 in. in length; the pink orthoclase felspar

- Irom 4 in. to 18 in., and the silvery brown mica from 4 in.

— ol e e
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20 THE ORIGIN OF GRANITE.

to 8 1n., being 1 in. or more thick. The contrast between
this American-looking vein and the fine-grained rock in
which it is found, is complete. At some points the former
granite 1s also in contact with the schist.

Proceeding towards Girdle Ness, we find that a con-
siderable portion of the beach between this vein and the
point at which the long breakwater runs out into the sea
1s composed of schist. On nearing the breakwater, we
find granite veins running through the schist in all direc-
tions (see Fig. 2), and rugged portions of them rise above
the surface of the water, forming conspicuous objects.
Here may be seen dozens of huge masses of schist, highly
contorted, entirely surrounded by granite, presentin g pre-
cisely the same phenomena at the junction of the two
rocks as we have described. Just past the breakwater,
the main mass of granite, of a dark grey colour, shows
itself, and this is the fundamental rock of the district.

To show that these phenomena are not peculiar to this
district alone, but prevail almost everywhere in granite
areas whenever good sections are visible, we may mention
that Dr. James Geikie, in a paper on the metamorphic origin
of granite, states that in the grey granite of the southern
uplands of Scotland he finds “nests” of altered rock,
consisting of dark fine-grained or semi-crystalline rock,
often showing traces of lamination. Sometimes there is a
sharp line between the granite and the included fragments ;
at other times the passage is gradual. They may be
remnants of thin bands or beds of shale interleaved in the
original strata, from which the granite has been derived
by metamorphic action; for, if they were fragments
broken off, they should be more abundant near the junction,
which they are not. He concludes that these granites
have resulted from the alteration i situ of certain bedded
deposits.*®

The miners of Cornwall are all aware that granite veins
very frequently are seen cutting the clay slates in small
tortuous veins. The character of these veins is the same
as the granite from which they were derived. ¢ The veins

are usually of no great length; but since at Porthleven
* Geol. Mag., vol. iii. (1866), p. 529.

I7S RELATION 70 SCHIST.

Area about 80 square yards.

¢, Schist,
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b, Granite and schist mixed.

¢, Schist,

Fi16. 8.—a, Granite,

Size of specimen, 1 foot by 7 inches.

GRANITE VEINS. 23

Cove and other places they may be seen less than an inch
thick, though of considerable length, the eruptive matter
must have possessed a considerable amount of fluidity.
From the numerous fragments torn from the slate and
isolated in the veins, the force of the eruption must have
been immense.”* Granite veins are also numerous in the
Lizard district. |

Some of the men at Dyce quarry may remember split-
ting up a large block of granite for us September, 1886,
which contained a lenticular pateh of schist in it nearly
6 £t. by 4 ft. by 9 in. (in broadest part).

At Dancing Cairns quarry an enormous block, showing
junction of granite with schist, was also split asunder, and
the diagram (Fig. 3) represents a piece of it kindly trans-
ported by Mr. W. B. Wight, the manager, to the railway
station, and which we brought away. As will be seen, the
schist is completely cut up by granite, and the action has
faulted pieces of the former.

At Lamorna quarries, near Penzance, in company with
Mr. B. A. Freeman, we saw many small pieces of meta-
morphic rock enveloped in the porphyritic granite.

We might easily give other examples of the association
of granite with surrounding rock. Our text-books teem
with them ; in fact, it is, as Dr. A. Geikiet says, “ Most
large masses of granite send veins into the surrounding
rocks, and often in such abundance as to form a compli-

_ cated network.”

A very beautiful example of granite veins penetrating
pre-existing granitoid rock exists in the Corrennie quarry,
near Tillyfourie Station, Aberdeenshire, if it has not been
blasted away in the development of the quarry. The
diagram (Fig. 4) represents what we saw there in Septem-
ber, 1886.

The red granitoid rock « (for description see p. 76)
has been penetrated by the blue granite 6, and it is
easily seen that large masses of the latter throw out veins
in many directions. At many places the junction of
the two rocks is extremely well defined, and the pink

* Brenton Symons, F.C.S., ¢“ Geol. of Cornwall ’’ (1884 33.
+ «Text-book of Geology” (1882), p. 552. HEhy
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Length about 100 yards,
¢, Bluish-red granite, throwing out veins into g.

Fra. 4. —SErcrion or TR FACE OF A QUARRY AT CoRRENNIE HILL
b, Blue granite, throwing out veins into a,

a, Red granitoid rock.

orthoclase felspar in a has
apparently re-crystallised, as
much larger crystals of it
exist along the line of junc-
tion than are normally found
in the main mass. In other
places the felspar in & does
not seem to be so affected,
but assumes a sickly yellow
appearance, which gradually
disappears as the rock recedes
from the veins. The mass
ma.rk.(zd cdis a bluish-red
granite, and is probably onl
b with the ad£tion of? pini
orthoclase felspar. It ap-
pears to shade almost imper-
ceptibly into @, and many
pleces of the latter are seen
included in it. It is curious
that whenever pieces of « are
caught up in 4 (as in Fig. 5)
they lose the pink hue and
become light yellow, and we
fancy we saw garnets in them
when in this state. More-
over, such included pieces
were frequently bordered by
a thin band of black mica.
The base of the hill is made
of t ha coalrser grey granite,
with a large quantit
black mica i]% it.q i
The elvans in Cornwall
are often seen running
through the quarries, and
the rock for some distance
on either side of them is so
much altered that the granite
1s of no commercial value.

PRESSURE METAMORPHISHM. 25

mention, in this connection, that although
se the term “elvan’ as a band
through the quarry, a large
rained elvans, when

weathered, “sand courses.” The latter term seems to
vein is thin; when it is of

1 incipally where the
T e call it either a thick sand

respectable proportions they her
course or a “barr.” When the granite 1s very much

jointed or rotten, it is called a “horse ” by Cornishmen. 1t
is interesting to note that these terms are not constant even
‘1 the same district, except the “barr.” The Seottish

quarrymen round Aberdeen use the
term ¢ barr’’ or “burr,” for any
seam of rotten or bad granite which
interferes with the ordinary run of
the blocks. The elvansare observed .“I.\'\
to get less granitic in structure as }})l !
they recede from the main mass of l
the granite and penetrate the sur-
rounding metamorphosed rocks.
When the various points we have
raised are carefully considered, we Fic. 5.
think that there cannot be the o Fragment g =
slightest doubt that the evidence 18 bordered by black mica and

We may .
many quarrymen recogni
of dirty rock running
number of them call the finer-g

b

O
il
s{‘l i

I

. . . caught up in 5.
overwhelming in favour of the view ;, Blue granite.

that the greater part of our granites
were once in a molten condition. Taking that afforded

by the veins, it is quite clear that the granitic matter must
in the majority of cases have existed in a highly plastic
condition. From the thoroughly crystalline state of the
material and from the fact that when examined by the
microscope many of the crystals contain fluids which could
not have been formed unless under the influence of great
pressure, we are led to the conclusion that all such highly
crystalline rocks have been formed at a considerable
depth from the surface of the earth, that being the only
place where such enormous pressure could have been
exerted. Now, everybody knows that moving pressure®

* Sensitive instruments show that hardly any part of the earth’s crust is
ever quite still, even when no earthquake movements are visibly manifested.
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causes heat, and the enormous pressure exerted by the
overlying rocks, side-stresses and thrusts in mountain
regions, would therefore result in tremendous heat at no
very great depth within certain parts of the earth’s crust.
This heat would be sufficient to melt any known rock, and
that it actually does melt is proved by the gradual altera-
tion by heat exemplified in many of the rocks, the upper
portions of which have been denuded or worn away (as
will be referred to later on), and which are thus bared and
raised to the surface for our examination. These rocks,
as we have before stated, are known as metamorphic, and
1t has been demonstrated that there is a very gradual
passage from certain of them through gneiss to granite ;
and we must therefore conclude that granite, in the vast
majority of cases, is the result of extreme metamorphism
by heat, and that it has therefore been, once at least, in a
molten condition.

We will pause for a moment to consider the meaning of
the words ¢ molten condition.” Although we have stated
that at certain depths within the crust of the earth the heat
resulting from moving pressure exerted by superincumbent
rocks would be sufficient to melt any known rock, we should

‘have added, if this rock existed at the surface of the earth.

Now, we have shown that the metamorphism and ulti-
mate fusion of rocks was dependent upon the condition
that they existed not at the surface of the earth, but at
some distance within the earth’s crust. Therefore we
have no right to assume that rocks would actually melt
when not situated at the surface. But the only thing
which prevents them from becoming liquid is the
weight of the superincumbent mass of rocks; in other
words, the principal thing which caused them, in most
cases, to become highly heated is the very same agent

which deters them from becoming liquid. “We therefore

are led to see that rocks can exist in a highly heated con-

dition in a solid form, and even when they, under the ordi-

nary conditions prevailing at the earth’s surface, would melt.

Such rocks are described by Professor Judd, F.R.S.*

who clearly explains this point, as being in a potentially
* ¢ Volcanoes” (1883), p. 350.

ITS CONNECTION WITH ACID LAVAS. 27

ligwid condition. If, by 1eason of earth%uakedgg’g{m r(:
otherwise, this superincumbent pressureﬂ et Slghe a,ct:-}lrl oty
St i potegtiallyléi(%ud En ?ﬁiioglﬂdthg r(;cks immedi-
liquid form, and would burs gh t w95 2
it, sending veins branching 1n every (irt
%gizhzg?;esﬁnsee ot t}:?ese veins, bursting alon% the Itlﬁle:, I(ﬁ
least resistance, would reach the surface of t etea(l)‘bséwer
we should then g(itl; a @glccc;zo.stra'ﬁgg :ﬁgie taﬁ;l Zcid i
1 as demon at t
ﬁﬁﬁgﬁ?cﬂgi a large proportion of silicain theﬁl)&v;?:nﬁ
traced downwards, will be found to have proceei (feration
ranite and granitic rocks. The lavas under con.st_ s
: very frequently of identical chemical composi 1‘5(])1 .
?}Iﬁ: grgnites, and the only difference betweeil mszrgon
their respective minerals and states of cryéG ]i)rou ]ﬂ);
The granites, as we have before mentioned, ar::. . ma,tgria,l
crystalline ; there 1s no glassy-looking c(—*i‘men mﬁ o'
binding the crystals togiethzr,Pglé; Oi}éfonavgf, ?;his i
' very lar ylass
Ezggiltfogfﬁi}%r: not, Xehere%ore, thoroughly crystalline 1
Str%?ﬂ'ﬁfér Professor Judd and other geologists have shg:;*lré
that the amount of glassy .materlal present 1tn a{g 11561; popee
rock is in inverse proportion to the airnolu]fl.fOit I; g
under which it consolidated. For examp e,dl Bt
dated at the surface of the ?arth (and so hun ewoula e
ressure) it would cool quickly, and there Saggisl:
preater proportion of glassy matter between tl s € )E{ s
%han if it consolidated more slowly someél d{;s a?i(]}f v
the throat of the volcano, and there Wou}ll 2 e ?[‘ s i
the material as the granite was approache e
round-mass would gradually assume a C?Tliaﬁ g1
%ure and would pass from eryptoclxl'gfj a ine SR
micx,'ocrysta,]l'me to thoroughly crystalline, g

isation. AT :
Sta%?fg ig?ésga(}vl@:'sasﬁown that a rock which is indubitably

Ak =
in a molten condition, inasmuch as 1t 18 f;oun(%1 3§$§rdg
that state from a modern voleano, can be trace b b
to oranite. What greater prooi of the once 1&1 g by
tiog of the granite 1s needed 7 Surely the evide
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whelming enough to convince the greatest sceptic on the

pomt? Of course ncbody has actually descended the neck

of a volcano to ascertain these things. Tt isall worked out
by observation on denuded volcanoes, which have long since
ceased to emit lavas, being now extinet ; on the phenomena
exhibited by the veins of granite, and on the invariable
alteration of the rocks surrounding the granite. Denuda-
tion, or the action of the atmosphere, &c., in weatherin
or wearing down rocks, has been the greatest assistant in
enabling us to solve the problem. There is no rock in
existence which successfully resists the denuding agents
for any very great length of time. Our building stones
are weathered, no matter how well they may be selected.
Even granite itself, hard though it may be, is worn
away in time ; and nobody would pretend to dispute this
fact who has seen the many feet in depth of rotten
granite which exists at the surface in many granite
districts.

Qur rivers are annually discharging thousands of tons
of material into the sea, all of which has either chemically
or mechanically been worn off from the rocks forming the
river basin. If denudation was allowed to have its own
way the land would eventually be planed down to a dead
level, but fortunately the very accumulation of the sedi-
ment alluded to, first, by its weight, causes subsidence,
thus heating its lower portions; the heat, together with
the imprisoned water (high above the boiling-point), causes
expansion, and the whole mass of sediment, together with
1ts contained organic remains thus may perhaps be once
more raised above the surface of the water and again
attacked by the atmosphere. So the process goes on, the
upheaving forces in some place or other compensating for
the subsiding.

We would desire to be clear in connecting acid lavas
with granites. Having seen that in time al] rocks may be
disintegrated, we can trace by means of a volecano, dis-
sected in this way by the weather, the rocks from the
crater downwards. We may find in one region the lava
of the crater and a small portion of the neck of the ancient
volcano leading down from it. We caretully collect speci-
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I levels
ck from the crater and the different
$e$60§e§11;8 aI*:rgd if the section ble suﬁcllent%gr i;rfﬁevgae g}];ai
’ k at the lower leve ;
OP'S‘EITEG glgﬁe t(]?r(;rsﬁ;(;(ljline in character than the lava in t{l)e
f)l? cray,;:er Then we go on to anotheg section, 1 ;na_zfoc 1.2
I - distri t, and succeed In discovering
;I;aiﬁ(;lill?f{e&isﬁglcmore crystallilr}e fqrm tfﬁ'%mmt(}j{e di()) ::21_-
I ic neck. Tracing thi :
pOl“téOIl (;f ﬁtrli?l Iﬁﬁaglsc \irle get to its Tower part 1t gets
?V%?:f Sztwbl more and more crystalline. Another sectloi
iy arhgj s, present us with the more crystalhneh1‘1(;)0.t
ﬂes?,f ,a]i)leudeé) ‘,co, and on following this up vﬁe ﬁxllda IES aa,nld
lende ws o gonniie Y, BN e e
e main mass o te.
Stﬁeo?as*z E}Vlith the granite would thus be proved. W
We see, therefore, that although there 1s Pexis t};d ;
nite now at the surface of .the earth, it once sanee
i%::; thousand feet below, anﬁd ét .]taa,s bae;n g);o&?e We(;ﬁng
ition 1 ich ¥ nd 1t par
pOSlthIE Ee\z}z)lc(i?s iii(?]:?vzvere a,bovpe it, and partly bylthe
?»W&Yt? o nature of the material itself when in the ?10 ten
1rru(£it¥)n Such operations would take thousands o tyzaﬁ's
’(égncarry into effect, but then geologic time ?t l}:ra; :feou};
infinite. Reverting to the order of sequenc]i.o 1;6131 : thOle
ks (p. 3), we may mention that, taking o
it l?:l Pz;ceed,ingly few granites are of Te;‘tlary fag;}e‘, ok
z}:?;n ,t-]gese are confined to tl:lE()a izarhel"c )nggd(s)roA ]:c}igea,n,
s imarv (or Paleozol :
I'_[[‘lﬁli;) r?s;y %fsi Ois I;l:]lslﬁ;‘gld{ be, for of course ;alhe 01601%}%:1'
the rockslhave been in existence the greatezi C zlr}e being-
have had of being largely denuded. Gra}r)u tesit ¢ e
formed below us at the present time, . ];1 15 W
in the exceedingly remote (figgl;e $$§01£% ey ewill e o
; ; a4 ;
o lf‘ll (zf)ntljzlllliglﬁi ;)v;ofllﬂay. Grranite would not be fo:ﬁneii
bE'OSECh oreat depths from the surface of ézlhe eiz?.r it
- inc oions as in the less corrugated portio
mountainous region

| al pressure exerted in the
fos gt o7 ¢ enOrmOU:ISI lizfgespwoﬂd raise the tem-

I f the mountal :
izziatf;ggu?ﬁciently to melt rocks comparatively nearer the
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30 . THE ORIGIN OF GRANITE.

surface. This is how it is that granites so trequently occur
along the lines of very much denuded ancient mountain
chains. A good example of such a case would be the Devon
and Cornwall district. - |

It was not so very long ago that geologists universally
believed that all granites were older than any of the aqueous
rocks, but 1t is now proved, as we have stated, that they
may be of any age, except the most recent geologic periods.
At the same time the granites of several areas are unques-
tionably amongst the oldest rocks in existence. and in
many such cases it is exceedingly doubtful whether they
are the products of extreme metamorphism caused in the
way we have attempted to explain, or simply the cooling,
at great depths, of portions of the original molten crust of
the earth.

In order to simplify matters, we have spoken of granites
as though they were all of igneous origin, and if we con-
fined our attention to true granites (see p. 6) alone we
should not have oceasion to make any exceptions to the
rule. But as we are including not only the type but the
varieties in our descriptions, we would observe that there
are some granites—especially those which are foliated
(p- 8)—which in all probability have never actually
been molten, but just one stage removed from it, and
these are intermediate between true granites and gneiss.
Such intermediate rocks are conveniently termed meta-
morphic granites. We are aware that those true granites
which are known to have been formed by the action of
extreme metamorphism are alluded to as being of meta-
morphic origin by some authors. As will have been ob-
served, however, we have not made this distinction, for
we do not see any necessity for so doing. So long as
extreme metamorphism has actually melted the rock we
are content to call it an igneous granite, but if it has not
quite done so, and the rock exhibits foliation, we should term
1t a metamorphic granite, in allusion to the fact that it has
not yet quite undergone the complete metamorphosis. This
1s assuming that the foliation is the result of metamorphism
of any other rock than an igneous one. An exception
would be created, for instance, if a truly igneous granite,
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after having consolidated, were subj ected to n;etamozp?g
action. and by molecular rearrangement of its particle
were to become foliated, in just the same manner as a;?z
other kind of rock might be. This would be a me
d granite. :
mofrli};?g?arc% to foliated granite Wel magf (ﬁJservef t&at ;1];9
1ati ily the lines ot the ori-

1 f foliation are not necessarily :
{glilfsl Ostratiﬁcat-ion. Many gra{_;i_ltetworkers ?oh?;h};g]zet%it
inion on the subject appear
f}fgssz(ie i (%I\)fe are not now alluding to joints, of couif{ei:)l
Thgy were simply the lines of least resmta,nfce along (;VW;(; »

1 to form, an
£ the minerals had a tendency ,
Sgocf\%:r;l}ed by the direction and amfunt ﬁ pre}sls%re :z{c}ixl';zd
hing else. such lime -
on them more than by anything b it b
' ioinal planes of stratification 1t wou
spond with the original p! ok
n accident, and 1 any case w
gzrell}irréict proof either way, for the whole rock has bier;
S0 }(r)rystallised and altered that its original structure ha
letely obliterated.
be%gohlgge hitjlzerto apparently as}s;1naedt that t(}lle Eg(fél(iuiﬁss
' c
ck melted by metamorphic action an S
ﬁwi?r}sr ;anite, but this is not so. It isonly Wh}fn suit
able materials have been melted ghathsuch 13 1(71 :V ;;Sieﬁ
1S i ised by the guarde :
This might have been surmised D Ao
' have traced the connection o @ .
ng?ti?erocks. There would have been no qccasmi tg
gualify the word lavas if all lavas led to granites. .sar
?natter of fact, other rocks have been formed 1n a mmsllof
manner to granites; these are known by the n?;;:}[lletha,t
enite, gabbro, &e. Their origm 1s identical wi A
?fz ranite ; they all agree in being thoroughly crysta 11113%
bug inasmuch as they differ in the kind of mlﬁe; f o
which they are respectively formed and 1they st
chemical composition, their respective lavas
' t from each other.
dlﬁf[fea?ddition to the sources of heat alluded to, vi{r;e ]j:fla;:;z
that of the interior of the globe itself, a remnant ol Fore
past molten condition ; but as to h](:)lw fa{' Eh1§ "hascii&?t .
in tion of granite and other plutonic rocxs,
gﬁ%ﬁéogn :ajlf. Thg oldest granites were probably much
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affected by it. The earth is said to be now giving off

this heat, and, in thus cooling, is contracting. If the.

mountain chains and corrugations of the earth’s crust
were induced to form along lines of weakness produced
by this contraction, pressure metamorphism would un-
questionably there result; but it matters not whether the
heat generated in crushing is partially due to this or any
other cause, the effect in the formation of thoroughly
crystalline plutonic rocks would be practically the same,
provided the igneous mass resulting from it cooled slowly
under sufficient pressure. |

We have now said sufficient to give an outline of the
origin of granite ; but this is not a text-book, and we have
not therefore quoted even the principal works, nor given
the opinions of many different writers on portions of the
subject. Of the main point—that granites have been
formed by the slow cooling of suitable matter once in a
more or less molten condition and under great pressure
in the earth’s crust—mnearly all seem to agree, but the
complicated nature of the subject has necessarily caused
differences of opinion on minor points, and for further
information we would refer to the various works of
Professors Judd, Bonney, and Lapworth; Drs. Calloway,
Haughton, and Hicks ; Messrs. Rutley, Bauerman, Hudle-
ston, Teall, &c., &c.; in addition to the excellent text-

books of Dr. A. Geikie, Professors Prestwich and Seeley
(Phillips), &e. &e.

CHAPTER 1IV.

ENGLISH (Devon AnND CorNwALL) GRANITE QUARRIES.

uld be impossible to state, with any pretensions to
izclz'(;,cy, the datI;)e when granite first began to be quarried.
We know that the ancient Egyptians quarried the horn-
blendic granite of Syene as far back, at least, as the reign
of Zestus, king of Thebes, 1,300 years before the Chmstril.ln
era. These qua,rrief can even now be traced along the
illsides near that place. _LY b
hﬂ%%%ii granite v%r)a,s first used as a building material 1n
the British Islands the loose blocks strewn about the
surface of the ground were utilised for the purpose, a,lztldi
granite quarrying, as now understood, was not begun t1
about the middle of last century, but 1t was a long time
before the methods of working it were such as to promise
supply of stone.
y %‘Oﬁg grg:it};s of Aberdeenshire appear to have been the
first to attract the attention of engineers and surveyors,
for we learn that in 1764 it was resolved to have the
streets of London paved with Aberdeen gramte.t Frtl)lm
that date the export trade of Aberdeen graduz y
increased, especially after a lapse of a few years, wk eli
the stone at first obtained, having undergone practica
tests, was shown to be of good quality. Great quarries
were then opened, and the important branch of industry
which to-day characterises that city was begun, n Aia,]rlnlesi,:;
It appears from a reference in ‘““ Kennedy’s ads
that the contractors for paving the streets of London
began quarrying operations among the rocks on the sea-

* ¢“ Ancient Egypt’’ (1863), p. 10.
T r%;?;rx?ffer, ¢¢ Industries of Scotland,’’ p. 405.
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coast of the lands of Torrii, and transported the stones
roughly dressed to London. This mode of procedure was
at length found to be too expensive, and the masons
of Aberdeen were employed to work the stones to proper
shape, according to contract, a system which in the main
has survived to the present day, and will, no doubt, be
likely to do so for a long time to come.

Machinery was first used in quarrying these granites
about the year 1795, when stones of large dimensions
were ordered by the Admiralty for the docks at Ports-
mouth, at that time in course of construction. This
machinery, however, was very crude, and several years
elapsed before much progress was made, either in keeping
the quarries in good working order or in improving the
mstruments of labour. When a step was made in that
direction steam-power was introduced, with the result that
the output of stone was considerably augmented, and,
worked-up material being produced at a cheaper rate,

Aberdeen and other granites came to be more generally
used.

DEeEvoNn AND CoRNWALL (FRANITES.

The principal granite quarries of England are situated
i Cornwall and Devon, including the Scilly and Lundy
Islands.

Granite has been used in Cornwall from time imme-
morial for building and monumental purposes, but the
process of raising it from quarries is of recent origin.
Until within the last sixty years the only granite used
was obtained from boulders upon the surface of the ground ;
but for all export purposes at least, quarrying has entirely
superseded this primitive method, and is now a prominent
mdustry in the county. The quarries produce very large
blocks, whilst the fact that both fine and coarse-grained
granites are obtained is sufficient to render it capable of
being used for either architectural or engineering work.

We may remark, however, that the vast majority of the
granites of Devon and Cornwall are coarse-grained, with
-large felspar crystals scattered throughout, and that fine-

GRANITE DISTRICTS OF CORNWALL AND DEVON.
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" Fic. 6.—THE GrAniTE Districrs oF CORNWALL AND DEVON.

After Sir H. de la Beche.
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grained varieties are not so common as in some of the
other districts to be described. Haughton has shown that
some of the white mica of the Cornish granites is lepido-
lite (lithia mica), whilst the black mica in the same rocks
18 often lepidomelane (iron-potash mica).*

Sir H. de la Beche has shown that the granites of Devon
and Cornwall are of an age intermediate between the
Triassic and lower Carboniferous periods. Many tracts of
granite in this area rise through Devonian and Carbonifer-
ous strata, the evidence being very clear.

The principal granitic bosses range from the Secilly
Islands to Dartmoor. That the various slates, sandstones,
calcareous and trappean rocks, which at present bound
these granite bosses, and smaller patches, existed prior to
the intrusion of the granite, is shown by the displacement
of these rocks by the latter, by the mode in which minor
groups of them are sometimes cut off by it on the line of
strike, and by the granitic matter which has been driven
from the bodies of it into cracks and fissures formed in
these adjoining rocks.t The strata in the vicinity of the
bosses are always metamorphosed.

The granite areas of Cornwall and Devon may be con-
veniently divided into five districts, and a glance at the
map will show their position, and the names we propose
to call them.

Several patches of granite which are detached from
these main masses need not here be taken into account,
and any quarries in them will be referred to the nearest
main mass.

The principal granite quarry-owners in the districts
under consideration are Messrs. John Freeman & Sons, of
Penryn. This firm alone has upwards of sixty quarries in
Cornwall, situated principally in the large district near
Penryn, embracing the parishes of Mabe, Stithians, Con-
stantine, and Wendron; also in Penzance, Luxullian,
and in the district north of Liskeard. There are shipping-
places at Penzance, Penryn, Port Navas on the Helford
river, Par Harbour, and Looe.

* ‘“Proceedings Royal Society,” vol. xvii., p. 209.
T ‘““Report on Geol. of Cornwall, &c.”’ (1839), p. 165.
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In these quarries rocks weighing from 100 to 2,000
tons, in solid masses, are frequently detached from their
native position. The process of quarrying has gradually
developed from the most primitive methods, until now when

steam cranes, rock-drills, and other-labour saving appliances

are 1n use.

Other quarry-owners and granite workers are the West
of England Granite Company, The Kit Hill Granite
Company, Messrs. Shearer & Co., Hosking, J. Easton &

Sons, Pethick Bros. & Duke, of Plymouth, Edward Story,
and H.M. Government.

I.—DARTMOOR DISTRICT.

The great mass of granite in this district is coarse-
grained, having quartz, felspar, and mica, the last rpinera,l
being sometimes white, at others black, and occasionally
they are found together. The stone is very frequently
porphyritic, and here and there schorlaceous, but the latter
character 1s chiefly confined to the outskirts, where the
granite adjoins the metamorphic rocks. Schorlaceous
granite, however, is occasionally found in the interior of
the mass, and there i1s a very gradual passage between
schorl rock (schorl and quartz) and ordinary granite, in
some parts. As a rule, the mica disappears as the schorl
becomes abundant. Rarely, the rocks are composed of
quartz, felspar, mica, and schorl in about equal proportions.
After the mica has disappeared, the felspar generally goes.
The mass is much more variable in composition at its out-
skirts than anywhere else. :

The following are some of the granite workings of the
district. : \

Trowlesworthy Quarry.—This quarry is situated in the
western part of Dartmoor, and is worked by Messrs. John
Freeman & Sons. The stone 1s of a red colour, and in this
respect is quite an exception to the ordinary tint of
granites in the West of England. The rather inaccessible
position of the quarry, and the irregularity of the structure
of the rock, render its introduction into the market on a
large scale impracticable, but it is a handsome stone.

ik
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38 ENGLISH GRANITE QUARRIES.

| Haytor Quarries.—These are situated about fourteen
miles south-west from Exeter, and are worked by Messrs.

J. Kaston & Son, of that city.

The earliest quarrying operations in Dartmoor “ Forest”’
on a large scale were at Haytor, and very large quantities
were sent to London by the Haytor Granite Company.
The company, after several years, abandoned these work-
ings and removed to Foggintor, near Princetown, where
1t carried on extensive works and raised large qu:‘a,ntities
of granite, but eventually wound up some twenty years
ago. Nince then, however, the quarries have been re-
opened, as we have seen.

The stone at Haytor appears to have a fine-grained
base, of a light greenish grey colour; the felspar is of two
tints, white and light green, being distributed evenly over
the stone. ~Mica is very plentiful, the prevailing colour
being black, but it approaches brown in places. The
quartz 1s of the ordinary clear crystalline character.
Much of the rock quarried at Haytor is wholly com-
ppsed as above, but a considerable proportion has, in addi-
tion, some fine large orthoclase felspars distributed por-
phyritically. These spars are frequently 2 in. or 3 in
in length, are white, usually exhibit twinning, and seem to
lie in some cases approximately in the same direction.
Very large stones may be obtained, and some time since
a piece about 45 ft. by 12 ft. by 12 ft. was shifted. It is
worked principally for monumental purposes, but may also

be utilised for steps, kerbs, &c., being taken to Bove
station, about fpur miles, and sent by rail to Exeter. d
A large portion of London Bridge was built of it, and
in those days the granite was shipped at Teignmé)uth
being carried thither on a granite tramway for five miles
to a small canal, whence barges conveyed it to the ships.

We may call attention to the fact that at least two or three
gutl;ors state that the Haytor quarries have ceased work-
ng,” and although the stone is not worked so extensively
as formerly, it is incorrect to state that they are closed.

* T
See ““Guide to Mus. Prac. Geol.,” p. 26, quoted in Hull’s ‘‘ Building

and O ; g ; ivi A i
el rir;llasfnp. Slté).nes, p- 39 ; and Rivington’s ‘‘ Build. Const.,”’ part iii.,
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Blackenstone Quarry.— This quarry is near Moreton
Hampstead, about eleven miles west of Exeter, and has
been worked by Messrs. J. Easton & Son for forty years.
The stone has a fine base, composed of felspar of two
colours, light pink and light green. The proportion of
quartz does not appear to be very large; black mica 18
fairly abundant, being scattered about rather evenly.
But the character of the stone is chiefly marked by the
large porphyritic orthoclase felspars, of a light pik colour.
In some cases these felspars do not appear to be so well
defined as in the Haytor stone, occurring rather as patches
of a broken-up appearance than clean crystals. )

The stone splits easily with wedges, and is worked mto
copings, kerbs, steps, gate-posts, and rollers.

Foggintor, Great and Little King Tor, Sweil Tor, Crip
Tor, and Inga Tor, are quarries situated on Dartmoor,
near Princetown, and worked by Messrs. Pethick Bros., of
Plymouth. They are about fourteen miles from Plymouth,
the port of shipment, and are connected with the Princetown
railway, which runs by a siding direct into the quarries.

The granite from the Swell Tor quarry is of two colours,
grey and blue ; the blue appears to be a good, hard, com-

act stone, and is largely used for street work, kerbs, &e.

The breakwater, fort, and defences around Plymouth
are built of Dartmoor granite.

Between the Dartmoor mass and that of St. Breward
are some small patches of granite rising high above the
level of the surrounding country. Omne of the most
noticeable of these 15—

Kit Hill, on which are situated quarries belonging to a
company, of which Mr. W. J. Chalk is the manager.
The grain of the rock is fine, and it occurs in large masses
some hundreds of tons in weight.

Gunnislake Quarry is situated in the village of that
name, on the banks of the Tamar, on the road from
Tavistock to Callington. The scenery all round is mag-
nificent. The quarry was opened in 1808, and the depth
of granite worked in the main opening is 150 feet. It
belongs to Mr. Edward Story, who has built houses to
accommodate the machinery for working and polishing 1t

on the spot.
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The stone is grey in colour and differs from the general
run of Dartmoor granite in that, normally, felspar crys-
tals are not porphyritically developed. Masses of white
orthoclase occur, some being quite an inch in length, but
they do not exhibit the twinning characteristically, and
are seen to be much broken up when closely examined.
Quartz, transparent and clear, exists in little blebs. Both
black and light brown micas occur, and schorl is present
in exceedingly minute quantities. The general appear-
ance of the stone is intermediate between that of the
Dartmoor and St. Breward districts, which also closely
corresponds with its geographical position.

It is noteworthy that blue, pink, and cream colours are
also found in the quarry. A copper lode runs through a
remote part of the working. Although the grey granite
may be seen running directly against this lode, it gradu-
ally assumes a pink or cream colour as it nears it, whilst
the stone is much harder than ordinarily. The alteration
mn colour is due to the orthoclase crystals being turned
pink, perhaps by incipient decomposition. The structure
of the granite near the lode is also slightly altered and
the orthoclase crystals are much better defined and larger
than in the main mass.

The grey granite is a nice-looking stone, and we were
informed that it can be cut in any direction, there being
no particular cleaving way. The master joints run N. by
10° E.; oblique W.S'W. and ENN.E. It was tested by
Mr. Kirkaldy, and showed a crushing strain of 1,049-6
tons per square foot, or 16,321 Ibs. per square inch, on
three-inch cubes. Its capacity is 138 cubic feet per ton.
According to the analysis of Mr. Pattinson it is made up,
chemically, as follows :—

Silica Y ; : . . . 70-95
Alumina . . . . - . Lf64
Peroxide of Iron ! . g . 1:36
Lime : E : . : . 078
Magnesia . ; : : : . 011
Potash . . . A : . 4.36
Soda 8 ! . . " S L)
Carbonic acid . 1| g ; . none
Water . : : . . . 067

99-64

GUNNISLAKE—CHEESEWRING. 4t

The manager informed us that in blasting, triangular
holes were always made 2}-inch sides; that whenever

ossible the blast holes were let down on the joints, and
when the lines of least resistance are uncertain a small
preliminary blast of about 1 1b. of powder is used to find
them.

The material is easily transported by means of the
Tamar to Plymouth, and it has been used amongst other
places in Saltash Bridge; James St_reet Sta_tlon, Liver-
pool ; in several docks; the Rossetti m.emorla,l, Chelsea ;
large fountain at Hampstead Heath Station, &e.

II.—ST. BREWARD DISTRICT.

The mineralogical composition of this mass 1s very
similar to that of Dartmoor, being principally made of
quartz, felspar, and two micas. It is frequently porphy-
ritic, not particularly schorlaceous, though small crystals
of schorl are sometimes found, chiefly towards the south.
Near St. Clear all four minerals are present. :

The Cheesewring Quarries comprise the Cheesewring
quarries proper, and Kilmar and Bearah Tor. They are
all worked by Messrs. J. Freeman & Sons, on the pro-
perty of the Duchy of Cornwall, being s%tuated al_)out SIX
miles north of Liskeard. The produce is sent direct to
the shipping-port of Looe over the Liskeard and Caradon
Railway, which is connected with the quarries. :

An extensive view is obtained from the top of the hill
on which the Cheesewring Quarry 1is sat:uated, and a 1z}rge
tin mine is at the base on one side of it. The workings
of the quarry have been carried almost to the edge of the
famous Cheesewring, and as they are not permitted to go
farther in that direction, the quarrymen have had to

deepen the working at a large expense. : :
’Il‘jhe stone is coarsely crystalline, each mineral bemng

easily distinguished, and although the orthoclase felspar
in places is rather large, the rock cannot be said to be
very porphyritic. This mineral is quite white, and some
of the more regular crystals exhibit twinning. The micas
are black, white, and brown. Of these the first is most
abundant. Quartz is clear and transparent.
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~ The compact manner in which the minerals composing
this stone are arranged, together with the fact that such
large blocks can be obtained, renders it unquestionably
one of the best granites for large engineering purposes.

Messrs. Freeman’s manager for this district—Mr.
Edward Jago—was kind enough to have an experiment
carried out for us to test the facility of splitting up large
blocks of the stone.

The diagram (Fig. 7) represents the different ways in
which the stone is cut. @, is termed the cleaving-way ;
b, the tough-way; ¢, the quartering-way, which is the
easiest direction in which the stone will split. The
tough-way will take double as many holes to cleave as the

quartering-way. In
b the experiment four
men were placed on a
block 5 feet 6 inches
:' in length, 2 feet 6
inches in breadth, and
~~~~~ 4 feet in height. They
] ¢ jumped ” (p. 117)
widsty 12 fifteen holesthreeinches
e bl e ' deep, in a line along
B the length of the stone,
F16. 7.—A Brock or GraNre Lvive ox Ta rrat. and with the wusual
: wedges split it up in

the quartering-way in fifteen minutes.

De Lank or Eddystone Quarries.—These are situated
gee(ljr Bodmin, and are worked by Messrs. H. Shearer

0.

The constituents of the rock are two species of felspar,
one orthoclase, the other a triclinic felspar, which exhibit
In some cases a somewhat granulated structure. There
are two species of mica—biotite (black), and muscovite
(silvery white). A large proportion of quartz is present,
and here and there a very few exceedingly minute crystals
of apatite. The quartzose portions consist of small Ccrys-
talline grains, and there appears to be little or mo
hornblende, no pyrites; and magnetite, if present, is only
represented by a few exceedingly minute specks.

S (=
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The following is the approximate mineral constitution
of the De Lank granite, by Mr. Frank Rutley, F.G.S,,
of the Geological Survey, Jermyn Street, S.W., arrived at
by an adaptation of Delesse’s method :

Orthoclase felspar : : . v a8
Triclinic do. : : . PR
Magnesian mica (biotite) . ; o« g
Potash mica (muscovite) ‘ ; .t Ad
Quartz . : ; . : ¥ . =48

100

Its colour is of a uniform light grey, and there is little
or no tendency of the stone to become porphyritic, as far
as we can see.

Large blocks are obtained, and the joints are so regular
that they require but little blasting to shift them out of
their natural position. The resources of the quarries are
practically unlimited, and the facility with which the
stone can be supplied may be judged by the remarks of
Sir James Douglass, Engineer-in-Chief to the Trinity
House, in the discussion which took place on the “ New
Eddystone Lighthouse” (built of De Lank granite) at the
Institute of Civil Engineers on the 27th November, 1883,
when he pointed out that the granite contractors had com-
pleted their work six months within the specified time—
three years.

This granite has also been used for the Smalls Rock
Lighthouse, and in works at Portland, Devonport, Black-
friars Bridge, &c. It is shipped at Wadebridge, on the
river Camel, within Padstow Harbour.

III.—LUXULLIAN DISTRICT.

The granite in this mass is far more variable in com-
position, and contains much more schorl than either of the
other districts described. Sir H. de la Beche, however,
says that the granite in the eastern part somewhat resem-
bles that obtained from them, the mineral composition
being about the same. Mica is scarce or altogether absent
on the west side of the mass, being replaced by a steatitic
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or talcose mineral and schorl. Dr. Boase says that,
although schorl is rare in parts, it is never quite absent,
and veins of that mineral are abundant, especially in the
western and central portions.

In some parts of the district immense boulders strew
the surface of the ground, and rest upon one another in
the most picturesque positions. The late Duke of Wel-
lington’s sarcophagus was made of one of these, the stone
being called Luxullianite, and composed of schorl, flesh-
coloured orthoclase, and quartz. It has never been met
with i situ.

The Cornwall Minerals Railway, from Par Station to
New Quay, runs through this district, and gives great
facilities for the development of the quarries. The chief
one of these is the—

Colcerrow Quarry, which is not far from St. Austell, and
1s worked by Messrs. John Freeman & Sons.

The principal characteristics of the stone are the enor-
mous size of the masses in which it is found, and the
regularity of the beds, which, contrary to the usual lie of
the rock, are very mnearly horizontal. The beds drop
occasionally though, and now and then the quarrymen are
troubled by the minor joints running “ tight.” The
masses of stone are rarely less than 1,000 tons, and
frequently 3,000 to 4,000 tons in their cubic quantity.
We measured a solid block which was in situ—48 ft. by
36 ft. by 6 ft. 6 ins.

It 1s distinctly a coarse-grained granite, and the struc-
ture of the stone renders it singularly appropriate for
polishing where monolith or moulded work is required.
The felspar is of two colours, white and light green, the
latter being far less abundant than the former. The
white felspar is very irregular in appearance; large
patches of it are seen here and there, but the peculiar
manner in which it fills up little cracks, and envelopes
and isolates the other crystals, especially the quartz, is
very marked. The latter mineral occurs in rounded
grains, and in some places has a tendency to become
ovoid, several little grains being joined together, making
rough lines of quartz running short distances. Both
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Pblack and white micas are present, the former being the

more abundant. Schorl is also found in minute quan-
tities. : .
Cavities of some magnitude are occasionally found i
this quarry, and they are seen to be lined Wlt.h a large
number of different kinds of crystals and minerals, a
collection of which was kindly presented to us by the
chief quarryman, Mr. F. Nicholls. These cavities often
contain water which the men use for drinking purposes.
The rock is very easily blasted, as the following experi-
ment will show : 30 1bs. of rough-grained rock powder was
placed in a hole 16 ft. 4 ins. deep, all the joints being free,
and the bed tolerably even but rising slightly, and the result
was that over 2,000 tons were moved out one foot away
from the perpendicular face of the parent rock. It
must be noted that everything was favourable in this
t. .
bla']S?he following experiment shows the facility with which
the Colcerrow granite may be split. Three men were put
to work on a block 4 ft. by 4 ft. 6 ins. by 2 ft. deep.
They made fifteen holes 3% inches deep with jumpers, and

split the block along the freest way with tearers and |

feathers in thirteen minutes. . .
This granite has been used in the construction of the

Plymouth breakwater and lighthouse and in docks 1n the
south of England and at Pembroke, &c.

Tregarden Quarry.—This 1s situated close .to Colcerrow,
being worked by the same lal.‘ge ﬁrn} of grax}lte merchal_lts.
The stone is grey, and there is nothing particularly notice-
able about it, except that the white orthoclase felspar is
very regularly crystallised, and we saw -at\least a dozen
specimens in which skeletons (in black mica) of the felspar
were traced in regular outline, one skeleton being mside
another, so that the development of the crystal at various
stages could easily be traced. Such examples afford
fruitful ground in working out hypotheses 1n connection
with crystallisation. i ; ;

The ‘weathering of granite into tors is well seen in
this quarry, the summit of which looks quite like an old

castle.
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. Cottage Quarry.—This is in the Luxullian valley, and
1s worked by Messrs. John Freeman & Sons. The stone
1s porphyritic and resembles the others in the immediate
neighbourhood. We saw a block in sitx measuring 18 £t.
by 14 ft. by 18 ft.

The following diagram is inserted to show the way in
which the stone splits, from which it will be observed that
no rule can be laid down in a granite district in regard to the
direction in which the stone can be most readily worked.
Even when stones are somewhat similar in texture and
structure they may differ in this respect in different quar-
ries. @ 1s the cleaving-way running parallel to the bedding
joints (as in Fig. 7); 0, the quartering-way, and ¢ the

tough way.  The

A stone splits easiest

in the cleaving-way,
| - and large orthoclase
' crystals, which ap-
R ST — 2wl pear to run in a
b general direction

. ™a parallel to the bed-
. : ding joints, deter-
! mine the cleavage.

c F T e An  experiment
b made for us to show
Fre. 8. the facility with

which the material
could be cut, gave the following result. Two men were

placed on top of a block 5 ft. by 6 ft. by 2 ft. 6 ins
deep, and “ jumped” fifteen holes, 3 inches in deptl"i
perpendicularly ; whilst one man made five holes, 5 ins
deep horizontally in approximately the same plane’ at the
side. The block was then cut across the tough way b
wedges, the whole operation taking half an hour. !
Carn Grey Quarry.—This is near Luxullian and north
of St. Austell, being worked by the same firm. The stone
1s rather fine-grained for Cornish granite, extremely hard
but of jointy structure and varying colour. It is used
principally for pitching and kerb. A splendidly coloured
red elvan runsthrough the quarry. It would make a mag-
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nificent stone polished. The granite on either side of it
is disordered, and the stone is not extensively raised.

The granite in this distriet in the course of ages has
undergone great decomposition, and the resulting silicate
of alumina of the felspars has provided great thicknesses
of kaolin or china-clay, which is one of the most valvable
natural products in the county. It islargely raised round
Carclaze, being used in the manufacture of china and porce-
lain. That the granite has decomposed in sifu is certain,
for the outlines of the felspars can be easily traced in the
kaolinised material. Much of it, however, has been,
removed by rain, &c., and has collected as pure clay at
lower levels. It is noteworthy that the decomposition 1s
constantly associated with parallel groups of quartzose or
schorlaceous veins, which include also tin oxide; indeed
many of the kaolin deposits continue in the direction of
veins for as much as a mile in length, while their breadth

may be but a few feet.”

TV.—PENRYN DISTRICT.

The granite of this district is more largely quarried
than any other in Devon or Cornwall. The rock found
here, in some places, is more like that of the Dartmoor
and St. Breward districts, in mineralogical constitution,
than that of the Luxullian, schorl not being abundant,
whilst large felspar crystals render the stone porphyritic.
These, however, are occasionally absent. Schorl some-
times occurs in veins, on the confines of the mass. There
is a great uniformity in the grain of the granite in this
district. With the exception of the Carnsew quarries
and a few isolated and unimportant patches, it is a medium
between coarse and fine grain. It is comparatively easily
quarried, lies in large masses, though not so large as those
in the Luxullian district, and the workings are carried on
all the year round, as the climate 1is favourable. The

* Qonsult J. H. Collins, F.G.S., ¢ On the Hensbarrow Granite
District ; > David Cock, ‘* A Treatise, Technical and Practical, on the
Nature, Production, and Uses of China Clay *’ (1881) ; and Brenton
Symons, F.C.S., ¢ Geology of Cornwall " (1884).
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quarries lie from a mile and a half to five miles distant
from the port of shipment, and are mostly worked at piece-
work by gangs of men whose knowledge of the nature of
the rock and skill in its manipulation are remarkable.
There are many quarries worked round Penryn which we
do not think it necessary to speak of in detail. Messrs. John
Freeman & Sons, whose headquarters are in Penryn, carry
on an extensive trade in this district, and work a large
majority of the quarries. In the vicinity the quarries of
the West of England Granite Co., and Mr. Hosking, are
also situated, and although Penryn cannot be called the
“ granite city,” a large number of skilled masons and
workers in granite find active employment as the hands of
the three firms mentioned. The characteristic “ ring ” of
the granite as it 1s struck by the chisels, and the “ peal ”’
of the jumpers of a gang of men at work on the refrac-
tory material, are the first sounds one hears on entering
the place from the Falmouth road. Gantrees, cranes,

- engine-houses, and chimney-shafts soon come within sight.

Vessels are being loaded with large blocks, for Cornish
graniteis principallyused forengineering purposes, and now
and then a traction-engine dragging its heavy burden from
the quarry to the small shipping quays, may also be seen.

Carnsew Quarries—These quarries, which are situated
a little over a mile from the shipping quay at Penryn,
have been very largely developed by Messrs. John Freeman
& Sons.

The fineness of the grain, combined with the large size
of the masses raised, are of great advantage to them ; con-
sequently the rock is employed for the more important
parts of engineering works, and also largely for monu-
mental purposes.

The colour of the stone is bluish-grey. It more closely
resembles the De Lank granite, already described, than
any other Cornish granite we have seen. It is even in
texture, and is not porphyritic. The felspar is white, the
crystalline boundaries not being at all well defined. Both
black and white micas occur, the former being more
abundant than the latter. Quartz is tolerably plentiful in
small grains.
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An experiment to test the facility with which holes
can be bored in the stone will be found later on (p. 117).

To show the effect of a blast in these quarries, we may
mention that a hole 8 ft. 6 ins. in depth, and 4 ins.
diameter was bored, and twenty pounds of rock powder
used to turn out a mass weighing 360 tons (not one block),
which was lifted against the bed and cracked in several
directions.

A very large portion of the arch-stones of Putney
Bridge was supplied from these quarries.

Penryn Quarries—The colour of the granite 1s grey, and
differs from the Carnsew in being much coarser. The
orthoclase felspar is white, some of it being irregular, but
well-defined twinned crystals, about one inch in length,
are seen close together, making the stone porphyritic.
White and black micas are both present, the former being
much more abundant than in the Carnsew ; large silvery
white flakes occur. The black mica is occasionally con-
gregated together in small patches. Clear quartz is
present in little grains, the average size being about 4 or
5 mm.

This stone is also used very extensively for engineering
purposes.

Quarries have been opened in Carnmath Hill, near
Redruth, and from the few samples of the stone we saw,
it appears to be a good material. It is known as “ Red-
ruth ” granite, and is much used locally.

V.—PENZANCE DISTRICT.

Generally speaking, the granite of this district has a
considerable amount of schorl in addition to the three
essential minerals. It is often porphyritic. The outskirts
of the mass to the west of Penzance contain good exam-
ples of schorlaceous granite and schorl rock (schorl and
quartz). Near Trevalgan, St. Ives, large felspar crystals
are present with schorl and quartz, the mica being absent.
At Tregender, near Ludgvan, the granite is composed of
all four minerals, mica being especially abundant.

Lamorna Quarries.—These are situated on either side of

E
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Lamorna Cove, about five miles from Penzance Harbour,
those on the north-east being worked by Messrs. John
Freeman & Sons. At present, however, the great diffi-
culty in loading vessels with the stone prevents its more
extensive use. Such 1s the nature of the coast round
Lamorna Cove that ships have had to put out to sea two
or three times whilst loading, or run the risk of being
wrecked. This, of course, adds considerably to the
expense of the material. '

The general colour of the rock is light greenish-grey.
Felspars are light green and white, those helping to form
the base being scattered about irregularly. The dirty
white felspars which cause the stone to become porphyritic
are unusually large, some being 24 inches to 3 inches in
length. Both black and brown micas occur as very small
flakes, and large black crystals of schorl are exceedingly
plentiful. The transparent quartz is in little grains, being
fairly distributed, but not too abundant.

The large crystals generally, in this quarry, do not
occur with the longer axes approximately in one direction.
Consequently it is often difficult to split the rock up.
Although this renders the quarrying of the stone some-
what troublesome, 1t 1s an advantage rather than otherwise
as far as the strength of the material is concerned. The
crystals interlock with one another, and the stone has
therefore no tendency to cleave along the planes which
coincide with the clinopinakoids.* Black mica occurs in
small quantities, whilst although the quartz is not over-
abundant, here and there it is, for Cornish granite, in
rather large crystals. Small pieces of black schorl are
common.

The joints in these quarries frequently go * tight.” It
is not uncommon to find small pieces of schist caught up
in the granite from the quarry on the southern side of
the cove.

Sheffield Quarry.—This quarry takes its name from the
village of Sheffield close by. It is about two miles and a
half from the westernmost point of Penzance, being also
worked by Messrs. Freeman.

* The planes of composition.
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The boss of granite whereon this quarry is situated is
rather peculiar. When it was first opened a point of
granite was exposed above the surface, and working from
that central point, the declination of the surface of the
rocl_( was about the same on all sides. The ecrust of
ordinary earth varied in depth from two to eight feet,
under which the granite appeared to be kaolinised for
about a foot before the ordinary granite was reached.

The stone has a rather fine base composed of small
crystals of light green felspar, which occurs in little
granules; dirty white felspar exists in small pieces
enclosing minute grains of quartz. Like Lamorna, the
large white orthoclase felspars, which make the stone
porphyritic, are very large, being frequently twinned on

- the Carlsbad type. Sometimes these large felspars are

crystallised in a peculiar manner, presenting the appear-
ance of a cross with boundaries well defined. The felspars
lie parallel with the bedding joints, and unlike those at
Lamorna, determine the cleaving-way of the stone.

We saw a blast in this quarry. The hole was 8 feet
deep and 4 inches in diameter; the charge of nine pounds
medium-grained rock powder threw 500 cubic feet of
granite out from a tough joint up an inclined surface:
400 feet were removed 6 feet from the parent rock and
100 feet in four blocks were hurled 20 feet away.

The stone is principally used for dock-work, in blocks
varying from one to ten tons, and also for dressed fronts
of buildings, rough walling, pavings, and kerbings. It is
carried by waggons for shipment to various ports, both at
home and abroad. At present the material is being
supplied for Her Majesty’s dock at Malta.

New Mill or Cranken Quarry.—This quarry is situated
about four miles north of Penzance, and is worked by
Messrs. John Freeman & Sons.

About eight feet of earth crust and six inches of kaolin-
ised granite were dug out before solid stone was reached. It
1s different in appearance from either Lamorna or Sheffield,
the prevailing felspar being of a light yellow colour, and
rarely light green. The porphyritic crystals are not so
well defined, and the felspar and quartz are more equally
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divided. In places this granite contains little patches of
dark matter, having a very fine microscopic base, in which
black needle-like crystals are distinctly prominent, whilst
the large orthoclase spars that occur in the base are
usually much clearer and with more definite boundaries
than in the other parts of the rock. Little schorl crystals
are very abundant at the expense of the mica, which is
black, or more rarely dark brown. The quartz occurs in
small granules, making the rock look compact. Very
large blocks have been raised.

The two quarries, Sheffield and New Mill, now represent
nearly the whole working of granite near Penzance.

To give names of buildings, embankments, docks, &c.,
in which Cornish granite has been used, would be simply
making a list of nearly all the great undertakings in this
country carried out during the last thirty years in which
large blocks of granite, consistent with economy, have
been special requirements.

We may, however, mention the following: Keyham,
Chatham, Portsmouth, Devonport (No. 3), and Bombay
dockyards ; Dover and Alderney breakwaters; Hanois,
Ceylon, Wolf, and Bishop Rock lighthouses ; Putney and
Blackfriars bridges; fortifications at Plymouth, Ports-
mouth, Portland, Sheerness, Harwich, the Scutari and
Wellington monuments. -

e

CHAPTER V.

ENGLISH HORNBLENDIC GRANITE QUARRIES,
SYENITE, dc.

A.—HORNBLENDIC GRANITES.

 Tue principal districts in which hornblendic granites

occur in England are at Shap Fell, in Westmoreland,
and in the igneous mass of Leicestershire.

The Shap Quarries, worked by Mr. Jas. Fenning, are
situated at a considerable elevation above the works where
the granite is polished, &e., and the two are connected by
a railway, the gradients of which are about one in twenty-
five.

In recent geologic times, glacial action has been at

work in the district, and blocks of stone from this mass

of rock have been carried away great distances from 1it.
As might be expected, the adjacent moors are strewn with
them, but chiefly to the east and south-east. Blocks of
Shap granite have been found at irregular intervals, all
the way between the quarries and the east coast, some
sixty miles distant at the nearest point. In a south-
easterly direction they have been carried farther still, and
there is one, about 14 feet by 12 feet, half embedded in the
ground at Seaham Station, two miles from Scarborough,
—_a distance of more than ninety miles from the quarries.

The stone itself may be described as a porphyritic
hornblendic granite. It varies in colour from light grey,
dark grey, golden grey, pink, full red, and deep purple,
but for the purposes of commerce there are only two
varieties, known as dark and light Shap. The base of the
rock is fine, the dark kind having small granules of
quartz, clear and transparent; the felspars are mostly



5¢ ZENGLISH HORNBLENDIC GRANITE QUARRIES.

deep red, but pink and almost white crystals are seen here

and there.

Mica occurs in minute black flakes, whilst the compara-
tively speaking little hornblende present is just sufficient
to cause the rock to be removed from the ordinar
granites. Iron pyrites is also present in small quantities.
The ground mass of the light kind is slightly coarser than
that of the dark, yet it may still be called fine-grained,
and 1t owes its light colour to the fact that the felspars,
instead of being dark red, are a light yellowish green,
sometimes almost white, and occasionally light pink.
Otherwise the two rocks are very similar in appearance.

The large orthoclase felspars that cause the rock to
become porphyritic are salmon-coloured, and, as compared
with those in Cornish granites, are remarkably uniform in
size, being usually from 1 to 11 inch in length. They
are twinned, and do not appear to lie in any particular posi-
tion, except for short distances, so that the planes of the
crystals, if produced, would intersect one another at various
angles. The stone is capable of taking a high polish.

The face of the principal quarry is upwards of 130 feet
in_height, and detached blocks, weighing from 1,500 to
2,000 tons, have been blasted ; but for practical purposes,
blocks of more than 20 tons are seldom required.

Bhap granite has been used in various parts of the
country, and nearly all architects are well acquainted
with its artistic appearance. The student will find good
examples of the stone in the posts round St. Paul’s

Cathedral and the Temple Bar Memorial.

Attention will now be directed to the hornblendic
granite of Leicestershire. There are many different kinds
of stone quarried in this district, which bear but one name—
granite—in the market.

The hornblendic granite of Mountsorrel, where there are
large quarries (worked by the Mountsorrel Granite Co.,
Limited) is intrusive through a metamorphic schist; but
its exact geologic age cannot be defined further than that
1t 1s of pre-carboniferous date. The neighbouring syenites
of Groby and Markfield are shown by Mr. Hill and
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Prof. Bonney to have been distinctly intrusive mDSﬂurJ.Lan
slates, probably about the commencement of the e;r)ozlnzn
period ; whilst the greenstones of the Fores‘t ma% belong
to the period between the Carboniferous and the Trias. .
The stone obtained from the Mountsorrel quarnegig 0
two colours, a pink and a greyish Y.?Vhlt?, due to the differ-
ence in the tint of the felspar, this mineral qce:xrru:ig u%
very small crystals. The mica is black (l?1ot1te ), an tI];_O
too abundant, whilst, although the quartz is usually rather
small, here and there it is in crystals of medium size, some
being at least 14 mm. across. Hornblende occurstai
minute almost black specks as well as thin elonga,ﬂ(—:)l
needle-shaped crystals. Microscopic sections shovir " e
presence of magnetite and apatite; and the brazsy };1811 1;:
of iron pyrites is apparent in places. Little roumf pa ﬁa,rd
of exeeeaingly fine- grall}ed mineral .matter, ok a e
nature, may also be occasionally seen in the rock, Wi >
taken as a whole, might be described as a fine-grained,
' hornblendic granite. '
oo%ﬁicgiacomposition (?f the surface stone by the ag:adsl 1nt
has been exposed to the weather extends down to I;flo'r(?b 1 ?
twenty feet, the stone to that depth being quite Iria e.1
The working face of the Mountsorrel.quarrlei is ??ar y
half a mile in length, and forms a conspicuous o Jez t'rom
the Midland main line between Sileby and Barrowi a 103138.
To obtain the stone, large chambers are excavate 021. "
top of the hill, in which charges of gunpowder—-i‘slczm% 11mks
as much as half a ton—are placed and fired. 4 eh a}c;d
brought down on the floor of the quarry are t eg S Omite,
i.e., split up by small charges of powder orh yna s
Masses of the rock are sometimes hurled by these agd e
to surprising distances; and instances are ]10nf regoxé 4
small pieces having fallen in the village at the tOO Oevent
cliff. “Great precautions are taken, however, to pr
accidents.
’ Large quantities are ‘tiroken up f(z; ﬁagﬁgaénu,ml‘);)izg al;};
: hinery. In some pa : aTe
gtai]llldtglii ;2:1(; a fevz of the old-fashioned “ ring-breakers,

2., vol. iv., p. 199 (1878).
fr %M} ; ﬁ:;iggl.]?o& ,Svo“ éxeﬁ. ofPLeicestershlre, &e.,”’ 1877, p. 10.
. Dy , B,
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or men making macadam by hand. These break
small short-handled hammer, and hold an ;f(?n ei:?nlgeis
their left hand. "With this ring they rake down the lumps

of stone on to the block upon which they are br

‘ . oken, and

%‘lﬁo ht(;)ld thelpliece§ together to prevent gileir flying gbgllit
e stone 18 likewise used for kerbi Ing- .

fol paths, concreting, &ec. 57 s o

railway line has been constructed from th

t . ; _ “the works

S(:) ;ﬁe Midland Railway, and there is canal carriage by the
The student will find further information concernin

these quarries in the Builder of
December 10th and 24¢h, 1870, o Lo

B.—SYENITES.

_ In concluding our remarks on the quarri |
In which granite is raised, we must nglt omiie:) Stgfsa];]rns%;lla;f
thing concerning the workings in an equally crystalline
rock, of very similar if not identical origin, namely syenite
(see p. 7). Patches of syenite exist scattered over our
1slands, notably in the Malvern Hills, Mountsorrel district
and in four or five places in North Wales. They are
quirrled prm(_:;pally for road-metal, curbing, steps &};
arge syenite quarries have been in Mark;
Knoll, near Leicester, by Messrs. Ellisoge%iirﬁdﬂwkﬁeﬂ
~ The colour of the stone is dark green, freckled ipink It
1s composed of pink orthoclase felspar in minute cr stals ;
hornblende, which is dark green, and very abundan%f' and
a lttle quartz. The minerals are not very well defined
as they closely interlock each other, and the rock is so
much altered, that the accessory minerals which mioht be
present are now unrecognisable. It is very close-g%ained
and compact, breaking with a splintery fracture. A vein
of calcite of a pinkish-grey tint and a well developed
;’Shombmdal structure, crosses the face of the workings. PIt
pui; 0]:;;6 that it has been proposed to use it for economic

Markfi ‘ .
- fé‘ad-?xlitg?ne 18 largely used for kerbs, paving-setts,
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Groby Quarries.—These are situated near Glenfield, and
about five miles north-west of Leicester. The ¢ Patent
Victoria Stone Co.,” have quarries here.

The stone is very similar to that of Markfield, perhaps,
if anything, of a little darker hue. Tt is composed of pink
orthoclase felspar, hornblende, and a little quartz. There
is also some opaque mineral, evidently in a greatly altered
state, perhaps originally pyrites or magnetic oxide of 1ron.
The felspar is in distinct crystals, but has often caught up
much hornblende ; the quartz fills up the spaces between
the other minerals, or is curiously crystallised with the
felspar, so as to form a microscopic “ graphic granite’” or
““ hebraic felspar ”” ; and it is especially important to bear
in mind that the quartz contains very many ““fluid cavi-
ties,” nearly filled with water, which indicate that the
rock was consolidated under very great pressure. These
fluid cavities also show the spontaneous movement of the
bubbles contained in them very well indeed (Sorby).

The stone is used for paving-setts and road-metal.
Crushed granite from quarries at Groby is used in making
the Victoria stone.™

Stoney Stanton Quarries—These are situated about nine
miles south-west of Leicester, on a patch of igneous rock
isolated from the main mass. They are worked by the
Mountsorrel Granite Co., Limited. The stone is a syenite,
composed of quartz, felspar, hornblende, and some mag-
netite; it is easily worked, and is used for kerbs, road-
metal, &c.

There are quarries also at Cliff’ Hill, near Markfield.

Charnwood Quarries.—These are sometimes known as
« Sheepshed Quarries,” and are near Loughborough, being
worked by the “Charnwood Granite Co.” The stone 18
a syenite, as 1t contains felspar, hornblende, and a hittle
quartz, but has undergone such an enormous amount of
alteration, subsequent to its original formation, that 1t has
a somewhat dull appearance.

When breathed upon, it emits the earthy smell cha-
racteristic of rocks containing a considerable amount of

* For a (iescript.ion of this, see The Builder, vol. 1., p. 939.
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silicate of alumina. The felspar is of two colours, one
being light green, almost white; the other pink. The
former frequently occurs in crystals 4 or 5 mm. across,
the latter not being one-fourth of this size. The tinge of
green seen in the felspar has been, most probably, pro-
duced by the decomposition of hornblende. The latter is
dark green, and the high specific gravity of the rock is,
no doubt, due to its abundance.

The rock has been called by some a “syenitic green-
stone.”” The term ¢ greenstone,” however, includes so
many rocks of different chemical and mineralogical con-
stitution that it is somewhat ambiguous, and is thus likely
to be misunderstood. If the rock were not so much altered
and the felspar in it clearly capable of being referred to a
triclinic species, we should have no hesitation in calling 1t
a quartz-diorite, which it very much resembles.

It bears considerable mineralogical similarity and might
be more strictly compared with the quartz-diorite of
Quenast, in Belgium, than with any other rock used in
the trade. The Quenast rock is quarried for paving-setts
and macadam, being largely used in North-Western
Europe, and is not unknown in the London market. The
stone, however, is porphyritic, the crystals being small
but prominent, and contains distinet accessory minerals.
It has been the subject of a searching investigation by
MM. De la Vallée Poussin and Renard.™

We have described the Charnwood rock at some length,
because its high specific gravity and crushing weight have
long been a puzzle to engineers and surveyors, it being
known in the market as “ Granite.”

The quarries have been opened about twenty years, and
are close to a branch of the L. & N. W. Railway.

Syenite is also found in the Malvern Hills, W orcester-
shire, where it consists of reddish felspar, quartz, horn-
blende, and sometimes epidote.

C.—OTHER IGNEOUS ROCKS.

Bardon Hill Quarries.—These are situated about eleven

* See ¢“Mém. cour. et des sav. étrang. de I’Acad. Roy. Belgique,”
xl. (1876), p. 265. |
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miles north-west of Leicester, on the highest ground in
the county.

The stone, which is worked by Messrs. Ellis & Everard,
is not a * granite,” although known by that name in the
market. Prof. Bonney says it has orthoclase and much
quartz in it. He thinks that the Bardon Hill mass is the
stump or plug of a cone, for there is a great deal of agglo-
merate on the side of the hill.

There can be no doubt that the rock belongs to the
acidic series, and the term ““felstone ” in all probability is
the one most applicable to it. It is less distinctly crystal-
line than the syenites of Groby or the hornblendic granite
of Mountsorrel. The prevailing green colour is, no doubt,
due to the decomposition of small quantities of hornblende,
or other lime magnesia silicate, the resulting green hy-
drous silicate being more or less diffused throughout the
whole rock. - ,

The above description does not apply to the entire mass.
Some varieties in the vicinity of quartzy veins present
mineralogical features of much interest. The quarries are
worked on two floors. The mass of the rock has a pecu-
liar apple-green tint, and is very close in texture.

1t is much used as a road metal in the midland counties,
for which purpose it is exclusively quarried. It does not
break into cubes, as do the syenites, and is mostly broken
by machinery. -

Penmaenmawr Stone Quarries—These are situated i
North Wales, and are well known throughout the country
for paving-setts and the like. ;

The stone is very easily split by cutting a fine line with
an axe in the direction required, and then giving the stone
a few smart taps with the hammer (Seddon).

Rowley Rag is a basalt found in Staffordshire and used

for paving-setts. -

* W. H. Hudleston, M.A.., F.R.S,, in ‘‘ Proc. Geol. Assoc.,”” vol. iv.—
Excursion to Charnwood Forest.



CHAPTER VI.
THE CHANNEL ISLANDS QUARRIES.

NEeARLY all the quarries of Jersey and Guernsey are in

hornblendic and syenitic rocks, but dykes and veins of
other 1gneous rocks are not uncommon.

A.—JERSEY.

Most of the stone now raised in this island is used for
local purposes, although until recently it was sent in
large quantities to England. One is forcibly reminded
of this in some of the quarries where gantrees and steam-
engines are lying idle. It is mot because the quality of
the stone in these quarries is inferior that they have been
so neglected of late; on the contrary, we can state with
much confidence that the syenites and hornblendic granites
of Jersey are generally of excellent quality. One has only
to examine the old stone walls scattered throughout the
1sland to be cognisant of the fact. We occasionally meet
with books which inform us that the rocks of the Channel
Islands are not more extensively used because the stone
does not occur in blocks of sufficient size.

Now, however much this may be true of the other
islands, it is certainly incorrect to apply the remark to
Jersey. The quarries in the south-west part of this
island have been worked a long way into the sides of the
hills, and entire blocks may now be seen, both detached
and % situ, which no machinery could conveniently shift.
The upper parts of the quarries, as usual, contain but
comparatively small blocks, and people are apt to run away
with the idea that these represent the largest size obtain-
able when the workings are not on an extensive scale.
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As a rule the blocks become larger as the rock is worked
into. _

We suspect that the reason why these large quarries
have been almost abandoned is a purely commercial one.
Although so near the sea, the nature of the coast forbids
the approach of ships in which the stone could be loaded,
except in the calmest of weather; and unless a harbour
could be constructed close by—a very expensive operation
—it is clear that the whole of it intended for shipment
must be sent to St. Aubyn’s or St. Helier’s, a process
which materially adds to 1ts cost. ;

Notwithstanding the quantity of stone raised, we are
informed that there are no polishing works in the island.
We are quite prepared to believe this, as many of the
polished slabs and columns in St. Helier’s appear to be
made of Peterhead granite and not of local stone. The
absence of steam drills and other machinery of a like
nature is very conspicuous, but the demand would have to
be much greater than at present to enable such to be
profitably used. We notice, too, that even some of the
buildings at present being erected in that town are partly
made of granite brought from France. This is a case
somewhat analogous to taking coals to Newcastle.

We were rather surprised to find in some parts of the
island that the granitic bosses had weathered so deeply,
and this in close proximity to quarries containing good
stone. It is usual to find some earth and decomposed
rock in all districts where the stone is sheltered and con-
tains very much felspar, but here the reddish earth, with
loose quartz crystals sticking out from it, may sometimes
be seen to a depth of from 30 feet to 35 feet, a little way
inland ; and if this is taken to indicate—as 1t 1s In some
districts—that the rock is easily decomposable, a wrong
impression would certainly be created. It seems a good
indication that the island has not been raised out of the
sea in recent times.

Splendid examples of the tremendous power of the
waves may be seen in the abandoned breakwater at St.
Helier’s, and in the large wall at Greve de Lecq, both of
which have been breached ; and in the former case the huge
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blocks of pieces of granite concreted together have been
hurled some distance and piled upon each other in an
extraordinary manner.

Close to Greve de Lecq there is a quarry in hornblendic
granite. The stone somewhat varies in texture from very
fine to medium grain, and is of dark and light grey
colours, slightly tinted pink in places. Quartz occurs in
small crystals, but in the coarser varieties it is sometimes
distributed in such a manmer as to show prominently.
The mica is black, the hornblende — present only in
minute quantities—dark green, and the felspars are also
very small, being erther white or light pink, according to
the tint of the rock. The junction between the fine and
medium-grained granite is well seen in the quarry.

At Grosnez, the extreme north-west point of the island,
the hornblendic granite is rather coarse-grained, this
being principally occasioned by the large size of the
orthoclase felspars, many of which are twinned. Some of
these are pink—the general colour of the stone—whilst
the smaller crystals are almost white, or light red. The
very little mica present is black, the hornblende dark
green, and the small quartz grains appear smoky.

Mont Mado Quarries.—These are in full working order,
are situated in the north of the island, and worked under
the management of Mr. Joseph Le Seelleur. A steam
crane lifts the detached blocks from the bottom of one of
the quarries to the level of the workmen’s shops. The
stone is a granulite. Mica 1s present, but not discernible
until after a protracted search, and occurs in such minute
quantities that it does not affect the main structure of the
rock, so we prefer to describe it as an accessory mineral.
The stone is of two colours, pink and dirty white, due, as
usual, to the prevailing tint of the felspar. This mineral,
although plentiful, occurs in small crystals. The quartz
18 in small rounded grains, and their shape gives the rock
a peculiar granulated appearance. This is more particu-
larly the case with the lighter-coloured stone. Horn-
blende, schorl, and magnetite are also present.

Large blocks are raised from the Mont Mado Quarries,
and the very even grain can be well seen in them. The
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rock is comparatively easily worked, and is largely used
in Jersey for all kinds of building purposes, kerbs, &e. .

La Perruque Quarries.—Although quite close to Mont
Mado, the svenite from these quarries is coarse-grained,
due principally to the orthoclase felspar being large and
porphyritic. Mica is in very small quantities as an acces-
sory mineral, hornblende being very abundant, and the
quartz transparent and in little grains. It 1s now mostly
used for local purposes.

La Moye Quarries.—These very extensive quarries, in
the south-western part of theisland, are not so much used
now as formerly, but we hear that a company 1is about to
carry them on, 1f it has not already commenced operations.
When we were there in 1886 the remains of past industry
were seen in the shape of enormous spaces of “ opened
up ”’ rock, a gantree, and some steam-boilers and engines.
The stone is a coarse-grained syenite, presenting all the
appearances of ordinary granite, but the remark made
respecting the mica in the Mont Mado stone applies
equally to this. All the minerals are large, and the com-
plicated manner in which they are interlocked causes the
material to look very compact. The colours are of various
tints of pink and grey. The felspar ranges from vermilion
to smoky white, these different tints being often seen in
one piece of stone. In those parts of the quarries where
the general colour of the mineral is pink or yellow, horn-
blende occurs in minute quantities. In the lighter kinds
it is very abundant, being dark green and frequently
occurring in mneedle-shaped crystals; schorl also appears
to be present, though not very distinetly.

A vein of fine-grained syenite of a dark green colour,
and very much resembling the ordinary Guernsey road-
metal, runs through part of these quarries, but is not
sufficiently large to cause it to be worked more than is
necessary for clearing up the face of the stone.

La Moye stone may be seen in buildings in all parts of
the island, and it has been used in the construction of
Chatham Dockyard and other large engineering works in

England. S
Portlet Bay Quarries—These are on the south side of
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the island, close to Noirmont Point. This syenite is
similar in appearance to that of Lla Moye, the crystals not
being at all well defined, and are so much mixed up that
the rock looks compact. Here and there the orthoclase is
twinned on the Carlsbad type.

Southill Quarry is close to St. Helier’s, and is principally
worked for road-metal by the St. Helier’s Harbour Com-
mittee, Mr. Thos. Blake, manager. The syenite is very
fine gra,med and of a pmk colour, due to the tint of the
felspar. I1f mica were present, it would ook exactly like
the hornblendic granite of Mountsorrel. Hornblende is
abundant. A vein of dark-coloured syenite, similar to
the Guernsey stone before referred to, runs through the
rocks on the shore up to this quarry, and if it could be easily
got at, and were a little wider, the quarrying of it would
form a profitable undertaking. A lava dyke (mica-trap)
also occurs not far from the head of the present workings.

There are, in addition to those mentioned, quarries in
the central and eastern parts of the island.

Much information on the different kinds of rock
obtained, and many important details, will be found in
“ (éclogie de Jersey,” par Le P. Ch. Noury, S. J., recently
published, with map.

B.—GUERNSEY.

Thequarries here were first extensively worked about fifty
yearsago. Nearly all of them are situated in the northern
half of the island. The stone obtained is deseribed by some

merchants as being all granite, and by others as all syenite.
As a matter of fact, although syenite is quarried, yet
by far the greater quantity of stone raised is hornblendic
granite. It is, however, of quite different appearance
from the ordinary hornblendic granites of Jersey or
Leicestershire, being either a dark green or grey colour.

In examining a large collection of Guernsey stones, one
is often met with the difficulty of dlscrlmmatmg the
difference between the syenites and the hornblendic
oranites, owing to the variable occurrence of the mica.
Sometimes it 1s a very distinctive feature in the rocks,
and at others is so rare as to rank only as an accessory

GUERNSEY. €5

mineral. From this it will be seen that the quality of
the stone 1s also variable, a fact that should be borne in
mind by those who habltually regard Guernsey “ granite ”’
as of one quality only. There can be no doubt that the
road-metal and kerbstones obtained from this island are,
generally speaking, first-rate; but uniform quality must
not be expected, even from such a limited area as that
now under consideration.

Then, again, the grain of the rock differs considerably,
in some cases even in that obtained from the same quarry.
The hornblende ranges in size from mere microscopic
specks up to crystals half an inch or more in length, and
often so predominates as to cause the stone to be made
almost wholly of that mineral, which has a high specific
gravity. We notice that several veins of hornblendie
rock occur in the island, and in one large quarry, crystals
of hornblende were distributed in the ground mass, in a
very conspicuous manner. Quartz never occurs here in
large crystals, and the mica 1s generally represented by
very little flakes. The felspar appears to be mostly tric-
Iinic, of white or light green, and exceedingly minute ;
orthoclase is found in the rocks from the western side of
the island. Iron pyrites is often seen in the coarser
varieties, and in the veins just alluded to, it occurs in
lumps an inch or two in diameter.

The finer-grained rocks all agree in being very tough
and compact, especially when mica is rare or absent, and
this is why they are so eminently suitable for road-metal.
The ¢ crushing- -weight ”” of Guernsey granite is occasion-
ally quoted on this side of the water as though all the
stone were obtained from one quarry, of umform structure,
and capable of bearing exactly the same stress, neither
more nor less. As the student will see, this is a great
mistake, and the sooner it is acknowledged the better.
The resistance to crushing, in rocks of such variable strue-
ture, must vary considerably, and many more experiments
will have to be made before anything like satisfactory
conclusions can be drawn in regard to their strength.
Until that time arrives, those engineers and surveyors
who have not made up their minds that the number of

=
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recorded experiments is wholly inadequate to express the

practical utility of much of the stone, may safely do so

Pr{;ba,})ly, thai.: time will never come, and, as regards the
ma,derla,l obtained from quarries exclusively worked for
road-metal, we do not think that such experiments are

needed (see p. 131).

““ Granite” is the chief export of ' I
Isnagéntude a’nd Importance rlza,y be ts],leeenlSI(?IIlldé';?é 11?03
SE. Palj’ﬁnps%n s Harbour, a place about two miles north of
. eter Port. Here is a magnificent harbour, in which
ships are being filled with granite, stupendous, stacks of
pitching and kerb-stones, and huge heaps of broken stuff
being in readiness for shipment. We are informed, on
good authority, that the total amount of stone annuall

exported from the island is not 1
In the year 1885 it was as follo(;vs :(“:‘_.S_S v

Tons.

From St. Sampson’s Harb
From St. Peter Port . ou.r . . ' 1?;’333
214,782

Of this, Guernsey vessels alone took 120,000 t 1
ol A ;000 tons. Tt is
Eliglggﬁlzlfgl% ;1(; S.London and to towns in the south of
n describing granite areas, we have hi '
names of the quarries and the particula,rthkeilggsg;;egt(fﬁe
obtained therefrom, but if this were attempted to be don(ee
?Vlt]l Guernsey, we should merely present the student with
a long list of French names, whilst considerable tautology
would be inevitable in the description of the rocks T%?e
“q&mrgles are principally worked by Messrs. John H.amley
T\IOW 8?11 & Co., Gillingham, Le Maitre, and A. and o
L anuelle. To get an idea of the great number of quarries;
e(xi'e, one has only to look round on all sides at the multi-
tude of windmills so close together. These windmills as a
rule mark the existence of quarries, for they are used to
puﬂg ;];e water up frolz:ln the bottom of the workings
quarries, such as the Juas a iony,
worked by Messrs. Mowlem and Co., h:ge ]Sggv};%ﬂly’st}éﬁ
cranes at work, which are used to lift carts from the road
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at the top of the quarry to the floor of the workings,
where they are filled and then lifted up again to places
where horses are in waiting to take them away. This saves
o considerable amount of Iabour. It is a curious sight to -
see the carts hitched on, swung round, and suspended in
mid-air over a deep precipice, down which the men at
work look like dwarfs. There is an incessant din created
by the noise of the hammers, chisels, and crowbars of the
workmen, reverberating against the solid walls of the
wide gulf. |

Both powder and dynamite are used in blasting the
stone, but we saw 1o rock-drills at work, and were
informed that they are not used in the island. Surely

they might be advantageously employed.

¢.—HERM AND SARK.

Hornblendic granite has been quarried in Herm for
many years past, having been principally used for pav-
ing.” The Rev. E. Hill, M.A., F.G.S., who has con-
tributed very largely to our knowledge of the geology
of the Channel Islands, says in a recent communication to
the Geological Society,* that the granite of Herm 1s a
highly crystalline rock, consisting of white felspar, both
orthoclase and plagioclase, hornblende, quartz, and biotite,
with a little apatite; that occasionally mica encloses a
hornblende crystal; the felspar often shows plagioclase
striping even to the naked eye. The hornblende is n
well-formed crystals, often lathe-shaped. Mica is the
least abundant essential constituent.

The rock of Jethou is much the same as that of Herm.

The granite of Sark is hornblendic also, but it would
appear T that both the quartz and mica are variable in
their occurrence. Much of the quartz present is secondary
in origin. The structure and jointing are massive and
irregular ; there 1s no general appearance of bedding, nor
any uniformity of divisional planes. It, however, pos-
sesses a rude cleavage or tendency to foliation 1n some
parts of the island. Gmeiss occurs at Creux Harbour.

* Quart. Jour. Geol. Soc., vol. xliil. (1887), p. 333.
+ Id. p. 328.



CHAPTER VII.
SCOTCH GRANITE QUARRIES.

THE granites of Scotland are chi '

! . re chiefl d 1 -
fi?ensdhlre, Kirkcudbrightshire, Aryg}illggﬁf;g léln(f bt?ﬁe
1slands of Arran and Mull. In a lesser degre,e 1t is also

obtained from parts of - :
e i e Syl

A.——ABERDEENSHIRE GRANITES.

The granite quarries in thi

: this part of Scotl s
uUnq-uestmI}ably amongst the most important a?nd 1?]:112

nited Kingdom, and stone from some of them has b
SBIX l;nt(cl) the market for the last century i
erdeen granite is known, not only i ital
. ! VI, y in Great B

%at In many foreign countries, even as far as the a.nti;?(i);gg;,

. eg(}zigles arl'le‘pﬁlngilﬁaﬂyf situated on two distinct masses
e, whic er from each other 1 -
manner. Those on small and isolat bl
ed patch

refer, as usual, to the nearest main mass Iv;rit(])n v?:hizrﬁ i}ﬁzll
gppea,r to be related. The two principal masses we shall
dgs;gnate (1) the Aberdeen district, and (2) the Peterhead
fés rlct.d. Dr. Haughton thinks that the granite of the
th;rrxfilil aés(t;?(;flal 1s,1 %Enerall)é speaking, much more ancient
- oI the latter'd Generally speaking, th y
%ein %ramte. 1s of a grey or light blue colgl,xr znél&bfﬁ;

eterhead pink or red. There are exceptions,, however

to these rules (see Cairngall, p. 83, and Corrennie p. 76)

* Proceedings Royal Society, vol. xviii, (1870).

MINERAL CONSTITUTION. 6g

The rocks of the former district in some places show a
rough tendency to foliate, and they may be looked upon
in a great measure as the products of extreme pressure—
metamorphism.

The mineral constitution of the granites of this.county
varies greatly. Speaking broadly, it consists of a mixture
of quartz, felspar, and mica, frequently with the addition
of some hornblende. This last mineral, however, is almost
without exception in very minute quantities, and may
thus be regarded as merely accessory; but true horn-
blendic granite is not unknown in the county. Occasion-
ally the mica occurs in very small quantities; sometimes
it is nearly or altogether absent, and many considerable
masses of rock occur, known as granite, composed princi-
pally of quartz and felspar, with very little of anything
else.

The difference in colour is owing primarily to the
nature of the felspar, this mineral varying in tint from
red to white. The redness is, no doubt, owing to the
presence of peroxide of iron disseminated throughout the
mineral.

Besides the Peterhead district, reddish granite 1s very
common in many of the mountains in the interior of the
county, more especially mnear Braemar. The celebrated
mountain known as Lochnagar, mot far from Her
Majesty’s Highland residence at Balmoral, is wholly
composed of granite, much of which is of a reddish colour
Ben-Muick-Dhui, Ben Avon, and Cairngorm, which are
amongst the highest hills n Scotland, are likewise all
formed of granite.

With such an abundance of material in the county, and
much of it being near the sea, 1t is not wonderful that,
after engineers and others gave an impetus to the quarry-
ing of it, granite work became one of the most important
industries, not only of the cow vy, but of Scotland. We
loarn that even in 1817, the quantity of stone exported
trom Aberdeen to London was 22,167 tons; in 1821, the
total export was 34,687 tons; and in 1868, about 50,000

tons. The amount fluctuated considerably in different
years of the above periods. In 1860, for example, it only
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reached 24,666 tons. This, of course, represents nothing
like the total amount raised from the quarries during the
respective years, and it is calculated that over a million
tons are now quarried in Aberdeenshire every year.

We are informed that years ago the trade with America
was once much more considerable than it now is, which is
largely owing to the import duty being so great and to the
opening up of quarries in Rhode Island and elsewhere.
Many of these latter are in the hands of well-known

Scotch granite merchants. The following statistics have
been supplied to us to show the value of granite sent from

Aberdeen to America from the year 1880 to 1884 inclu-
sive, which prove, however, that the trade is increasing :—

£ s. d.
1880 . . 5 ; ’ ] . 12,348 186 10
1881 . : : : . ‘ . 14,344 3 8
1882 . . 5 ; 3 . . 16,7456 15 5
1883 . . : . ‘ . . 18,807 T ¥
1884 3 g . 3 J . 25,930 17 1

We will now describe the principal quarries that have
come under our notice.

I.—ABERDEEN DISTRICT.

Rubislaw Quarrics—These are situated about two miles
from the centre of Aberdeen, are six to seven acres in
extent, and have been worked for a great number of
years. Messrs. John Gibb & Son work one part of it,
and Messrs. A. Macdonald Field & Co. another. The
granite is of a greyish-blue colour, and very fine-grained.
The three minerals are equally mixed, quartz being trans-
parent white, felspar white and generally minute, but
occasionally crystals up to 7 mm. in diameter are seen ;
the mica is black. A vein of giant granite runs through
a part of the quarry.

The rock lies in irregular masses, with numerous seams
in all directions, and the blocks are usually found standing
on the flat. One portion of the quarries has been worked
in benches of from 50 feet to 70 feet in depth, and the
present section of rock shown will last a number of years,

i

s —
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the present rate of output, without compelling the
ﬁmx to sigk any deeper. Every time the qularry- }];a-s
been deepened the stone has assumed a slight ylr-m f-er
greyish-blue colour, which renders 1t valuable O'f;
monumental and polished work, for which purposes 1
is very largely used. It is one of the best grax;g,es 13
Great Britain. The blocks are roughly dress S ind
squared with hammers, and those intended to be po ds e
are sent to the various granite works in Aberf esﬁl,
whence it is not only carried to various parts o t,he ‘
United Kingdom, but to America, Australia, and to e
Eaﬂo%s I(l)?fl“a{ilg paving-stones made, come into the Londog
market, and the rest of the produce of the quarries 1s use

I building purposes. et
fOI‘F(;.I(')(?Jllni»;%5 to ISQgO?SOEchis stone was supplied 1 Ia.rg(;
blocks for dressed work, and used in the constructij).nh(t);
Portsmouth and Sheerness Dockyards, Bell ROCk'd 1g& ~
house, balustrade of Waterloo Bridge, London Bri gel,) e.

Dancing Cairns Quarries.—These quarries ha.v?Cl eeﬁ

worked for more than a hundred years, but tf euo .
workings have mnow been aban(;loned, and are tu X ](5)‘
water. The others are now quarried by Messrs. J? a,1(11 i
Manuelle. It was in these old quarries that we foun 4 2
piece of granite with sc(}i:list, figured p. 22. They are abou

iles from Aberdeen.
thl;l%}eleﬂgtlsze is of a bright light blue or grey collour, améil
is composed of clear quartz, two felspars (orthoclase a,l_lt
oligoclase), and black mifa.h A thin vein of glant granite
I I m of the quarry. :
y ]:-I(‘)llllél (}:‘1;)103188’}) chft § granite—%he masses of granite that
stand separate from each other by dries or nzi,tura.l
divisions—as a rule, are irregular, and not vgry argei
although occasionally, as the workings proceed, seveﬁi
large blocks are found together, when they are usually
sent to Aberdeen to be polished. The q}lla,rnesd ar;
largely worked for paving-setts, and many ¢t 011118&11 St od
tons of rubble for building purposes are annually ca}ﬁi eh
into Aberdeen. From the indiscriminate mannerin erl cf
stones from different quarries are built into the walls o
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some of the buildings in that city, it is not easy to
discover what buildings are wholly made of Dancing
Cairns stone ; but we might mention two good examples
of it, one in the portico of the Music Hall Buildings, and
the other, the monolith of the statue of the Duke of
Gordon, which weighed over fourteen tons.

A “blondin ’ (see p. 74), fetches the rubble and smaller
stones up from the bottom of the chief quarry, which is
very deep. -

Sclattie Quarry.—This is about a mile farther from
Aberdeen than the last-mentioned quarries, being worked
by Messrs. A. and F. Manuelle.. The stone is fine-
grained, not unlike the Rubislaw, except that it is
a little lighter in colour, owing, perhaps, to mica not
being quite so abundant. It has a decided and tolerably
regular grain, being used largely by masons, though it 1s
not very extensively polished. The beds of rock are
heavier and more upright in this quarry than in Dancing
Cairns. The workings are 130 feet deep. Two steam
cranes are at work, fed by one boiler.

To use up the smaller stones and the cuttings from the
larger ones, a number of ¢ causeymen ’ and curb masons
are employed. This quarry also supplies large quantities
of building rubble, facings, &e.

- Dyce Quarry.—This is situated about eight miles from
Aberdeen and about two miles from Dyce Railway Station
on the Great North of Scotland Railway. It is also
worked by Messrs. Manuelle. It can be seen for many
miles round, being situated on top of a high hill, and
the tipped rubble is especially conspicuous. The rock is
of a greyish-blue colour and fine- grammed. In the quarry
it is seen to be plainly foliated, and the lines of folig.
tion run nearly vertical, being quite independent of the
joints.  The rock in one part of the quarry is so soft
and full of joints as to be of no commercial value, and
is known to the workmen as a “ barr (see p. 25). When
polished on planes not coincident with the planes of
foliation, the stone has a peculiar striped appearance, as
might be imagined. This, of course, is of much assist.
ance to the mason in chiselling it, and makes a useful
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kind of ornamentation. We may remark that .th.e dfoﬁl:da
are not so conspicuous as to make sharp lines; 11111 e Y
the minerals are quite as much interlocked wit e_aacd
other as in many of the other excellent fine- grai]nlet
granites of the county, the only difference ’beullgt ]i:
there is a general disposition of the three minerals to 1_rel
in definite planes, which is much more conspicuous 1(1)5
large polished surfaces than on small hand specime >
The mica is black and brown, the other two ml.lfljera.
being white with a slight tinge oft.l;.lue. Iron pyrites 1s
in very minute quantities.
als%h%rzig?lz lies 1n ¢ beds”” sloping to the north-east, 'ailld
large blocks are raised and polished, being especia g
adapted to monumentald and architectural purposes, use
and abroad.
bo{jllil’eaﬁsnh;z;mcgmrries.—These are situated about sevel}jte}in
miles north-west of Aberdeep, apd are wor]:{ed by Mrl. ‘0 11
Fyfe. The principal opening is, we believe, the largest
granite quarry in the kingdom, and the machinery in
connection with it is without parallel. The enterprising
proprietor has evidently spared neither money nor pains
it perfect.
“ '}i‘nﬁé{ egll'al;?ite is quite different in appearance frIom any
of that of the Aberdeen quarries yet described. In (l*;qm-
parison with them it is coarse-grained, though, spea m(gi'
of granites as a whole, it might be more properly terme
me?lium—grained. Its general colour is a silvery grey,
speckled light brown. The quartzis Whlt? and 1n ]‘c: grta,nu-
lated condition, forming a great proportion of t (;31 stone.
The felspar is also white, being minute in the grgl.u; . {)nisii
but in distinct and larger twinned crystals is ribute
throughout it. These crystals do not appear t(()i 1et1n a{;]i?;
definite direction, and this considerably adds fo :
strength of the rock. The mica forms the peculiar tea urf-
of the stone, both black and white varieties being ]g)Iw:-aselil !
but not very abundantly. The black mica 1s rathe]]; small,
the crystals being some distance apart. The white, or
silvery brown, mica occurs both as small and large 01:'yséL
tals, and some of the latter are quite 7. mm. across, ?;nl
correspondingly thick. Moreover, the he of the crystals
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appears to be tolerably regular, and they are of much use
in aiding the mason to determine the direction in which
the stone will most easily split. This is somewhat curi-

- ous, as they supply the want created by the felspar in this
respect.

The largest quarry is 300 feet in depth, and a gigantic

crane 1s at work over it (see Fig. 9). Other cranes are
distributed on the floor about two-thirds up the quarry,
where the principal work is done, and on the top. A
machine called a ““blondin ”” runs right across the chasm
to this floor. The “blondin ” is made of two wheels, one
above the other, and a tray for carrying the granite is
fastened to the lower
one. The whole
machine runs down
an inclined  steel
wire-rope stretched
across the quarry,
and the enginemen
can so regulate it as
to cause it to stop at
any part of its course,
and then the lower
wheel and tray are
let down the quarry.
When the trayis filled
it is hauled up again
and the machine is pulled up the wire-rope and its burden
landed on top of the quarry. There is a very large steam
granite-cutter for plane surfaces here, but we did not see
1t at work. This machine is almost unique, the only other
one of the kind that we have seen being at Mr. F yie’s
works in Aberdeen.

The quarries are connected with a branch of the Great
North of Scotland Railway by a siding. Railway trucks
are drawn up an inclined plane to the banks from the
siding, by steel chains wound round a drum. The work-
ings are in direct communication with Mr. F yie’s office in
Aberdeen by means of the telephone.

A noticeable feature in the chief quarry 1s a dyke of

KEMNAY—TOM’S FOREST. 25

igneous rock, which looks like basalt, running in an almost
horizontal position in a great portion of the upper part
of the workings. It throws out veins, as seen in the
diagram (Fig. 10). ;
rJ{.‘;o givg af idea) of the magnitude of the dyke and veins,
we may mention that the diagram was drawn several
hundred yards away from it, across the gulf of the quarry.
In specimens of it which we brought away, several angu-
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Fia. 10.
_a, Grey granite. b, Dyke and veins penetrating a.
ieces of the granite are seen to be caught up along
iiiz 2;3(;2. We were informed that that part of the rock
through which the veins run is comparatively soit, and no
commercial purposes. . :
uS?F;fl%r granite 1s lar%elg raised for building and engineer-
ing purposes, having been used in the comstruction of
docks at Hull, Newcastle, Shiglds, Sunderland, a,n(.i Leith,
and is being utilised for the piers of the Forth Bridge.
Tom’s Forest Quarries.— These are about half-way
between Kintore and Kemnay, being also worked by Mr.
John Fyfe. The stoneis very similar in appearance to that
from the latter place, except that 1t 1s a little darker in
colour ; the crystals are not quite so large. The mica 1?
black and not very abundant. Hereand there this minera
occurs as conspicuous black flakes, but it is more often seen
bordering the other minerals, especially the felspar. The
quartz is not so granulated, and is much more easily dis-
tinguished by its transparent glassy lustre, than that m

the Kemnay stone. ;
The rock}; as a whole, is compact, and is, no doubt, a
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:fé';r];(:(ala:ble material, capable of being comparatively easily
Tyrebagger Quarry 1s well known, being near Aberdeen.
The stone, which is of a grey colour, is composed of
quartz, two felspars (orthoclase and oligoclase), and mica.
Large quantities of kerb and paving-setts are annuall
raised. s
Corrennie Quarries.—These quarries have on
opened within the last few ygars, but are extglsi]‘:\)r?j?
Kigllfeﬁ'ﬁy Mr}.(hJ ohn fﬁrfe.d T?ey are situated on top of a
i1l on the south side ' I I
simeiles e et of Tillyfourie Station, about
he stone is quite different from the ordinary Aberd
or Peterhead, both in mineralogical constigutioz aezg
appearance. It is of a beautiful salmon colour, and might
be described as a crystalline mixture of quartz and felspar
much resembling to the naked eye some of the “granitoid’ :
archeean rocks of North Wales (e.g., Twt Hill, Carnarvon).
When a large polished block of the stone is looked at, little
black specks are seen here and there. These are either black
mica or hornblende, as the case may be. The quartz is
mostly pure white, smoky crystals being the exception.
Although at least half the stone is quartz, this mineral
never occurs in very large crystals; several small and
smashed-up pieces are often found close together, as though
the rock had been crushed. These sometimes enclose one
of the accessory minerals alluded to. The felspar is of a
salmon-coloured tmt. It is not porphyritic, though occa-
sionally orthoclase crystals are seen, nearly an inch in
diameter, especially where it joins the blue and bluish-red
granite as explained, p. 24. The felspar i1s generally in
small and jagged pieces, and closely follows the quartz
filling up little cracks and spaces. Magnetite appears o
oceur.

We have already alluded to the granite veins found in
this quarry (see p. 24). The grey granite at the base of
the hill contains much mica and hornblende, whilst the
felspar, being light pink and white, gives the stone a very
characteristic appearance. Iron pyritesis found, but being

of the cubical variety does not detract much from the
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value of the stone. Large blocks are found; we saw one
20 ft. by 10 ft. by 6 1it. |

Steam rock-drills and boring machines are used in
quarrying. There are four steam cranes. Perhaps the
most noticeable feature about the machinery is the gear-
ing for hauling trucks from the bottom to the top of the
hill. There are two lines of rail, and whilst a loaded
truck goes down an empty one is hauled up, both being
worked by steel wire-ropes.

A large quantity of the Corrennie stone is being used
in the erection of the new Glasgow municipal buildings
and in the Tay Bridge. It is also extensively used for
making millstones for paper and paint grinding.

Tillyfourie  Quarries. —_These quarries are about SIX
miles south-east of Alford, and quite close to the rallway
station, being worked by Messrs. Mowlem & Co. The old
workings near the line are now practically abandoned, the
greatest energy at the present time being exhibited in
those up the side of the hill, where they are partially
hidden by the forest which surrounds them. These new
workings were only opened about two years ago, but have
been quarried to such a great extent that they have
already assumed gigantic proportions, three large steam
cranes being constantly at work. A fence has been erected,
showing the intended size of the excavations, which, if
carried out, will make this one of the largest quarries 1n
Aberdeenshire.

A fact worth mentioning is the manner in which the
surface of the ground has been searched in attempting to
fathom the existence of dykes or veins—important items
in opening up new ground. These are known locally as
“harrs.”  As usual, a considerable amount of decomposed

ranite —an earthy substance—has been removed, and
the blocks in situ, which resisted that action, have been
carefully examined and turned over. The examination
has apparently been satistactory, and there are good indi-
cations that the stone will run in large blocks. There
can be no doubt that, with plenty of capital, this is a good
method of arriving at the value of the quarry. Steam

rock-drills are not used. Steam is conveyed to the cranes
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in pipes, from boilers at a distance. Two lines of rails go
down the precipitous sides of the hill from the quarry to
the railway, steel ropes moving over rollers letting down
trucks filled with the granite, and at the same time pulling

up empty ones—precisely the same method as adopted at
Corrennie.

The stone is of a bluish-grey colour, and the grain is
strongly marked ; that is to say, the minerals have a rough
tendency to lie in lines. The felspar, like that in other
granites in the vicinity, is variable in size and very irregu-
larly crystallised. Inaddition to the white felspar, a pink
variety occurs, as elongated crystals, up to an inch in
length, and with their major axes lying in approximately
parallel planes. This pinkish felspar 1s the chief charac-
teristic of the stone. The quartz is white and clear,
whilst the considerable proportion of mica present is quite
black.

The rock is principally used for kerb and paving-setts,
the greater part of which is sent to London.

Sylavethie Quarry. — This is worked by Messrs. J.
Wright & Son. The stone obtained is a very dark grey,
much deeper than the average Aberdeen granite tint. It
is composed of irregular crystals of white felspar, from an
almost microscopic size to 12 or 14 mm. across. The
quartz 1s very minute, the large quantity of mica present
being black. Schorl may occasionally, perhaps, also be
detected, though, as far as we can see, 1t does not occur in
large crystals.

It is no doubt a pretty polishing stone, and is worked
into various monumental and ornamental purposes by the
quarriers, who bring it up the Alford Branch of the Great
North of Scotland Railway to Aberdeen.

HKintore Quarries.—These, which are worked by Messrs.
Bower & Florence, are situated close to the village of
the same mname, and produce a bluish-grey stone, not
unlike the granite nearer Aberdeen. When the stone is
cut at right angles to the foliation, roughly exhibited, the
minute black specks of mica cause it to look strong in the
grain. The felspar is white, and some parts of the rock,
when polished, present an appearance very much like that
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of the granite obtained from Cairngall. The quartz is
small and granular, and appears rather smoky. ‘
Birsemore Quarries.—The stone found at these quarries—
which are close to Aboyne, and are worked by Messrs. Bur-
gess & Son—is a very peculiar one, and the only granite we
can compare with it, as far as appearance 1s concerned, 1s
that from Shap, in Westmorela,nd,. for which, indeed, it is
often mistaken. The principal difference between them
is that the large porphyritic crystals of orthoclase felspar
are not so well defined as in the latter stone. In other
words, the large salmon-coloured spars are much more
ragged in outline. These crystals occur up to an inch or
more in length. There is a considerable proportion of the
milky-white felspar in the base of the rock, which, When
predominating more than usual, causes polished slabs to
look rather cold. A similar appearance 1s presented by
some of the light kinds of Peterhead rock. The quartz is
in rather large pieces, transparent, but of a dark hue.
Biotite mica is fairly abundant, hornblende l?elng SO
rarely found that it ranks only as an accessory mineral.
This rock will no doubt become better known in the
market. The darker kinds, when polished, are very
hmﬁsr(?}zz Quarries—These are close to the railway station
at Buxburn, across the river. The general tint of the
stone is a light grey. It differs from that of other qlila,rI;
ries in the vicinity in containing white as well as blac
mica. The quartz is very minute, looking lLke t;*anﬁ-
parent beads. White felspar forms a large part of the
rock, which imparts to it a light tint. it
The stone is quarried principally for dressed bloc lf’ u
we have also seen polished examples, which look well.
Cairnery Quarry is also extensively worked by §tqfi,m
machinery. The stone is of a dark grey tint, and similar
to other rocks of that nature already described. i
Kingswells, near Aberdeen—Some authors state t ]?
granite is quarried here, but we are informed bﬁbt 2
owner of the land that no such quarries exist. i 0]1;
thirty years ago the land was cleared of many large bloe 3
of granite in order to bring it into a cultivated state, an
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some of these were worked up, being blasted on the spot.
Specimens were also prepared and exhibited in London ;
this was the way in which the mistake probably arose.

The stone was originally selected for Prince Albert’s
mausoleum, for which purpose, however, it was not used,
as the supply was found to be irregular.

II.—PETERHEAD DISTRICT.

The outcrop of granite in this area is not very large,
but the extensive and systematic manner in which the
stone is raised has rendered it famous in the market,
where it is known as ¢ Peterhead ”’ granite. In the
greater number of the quarries there is a considerable
““ bearing ”’ over the rock, varying in depth from 3 feet to
20 feet. The first operation in removing the stone is to
bore holes of varied depths, according to circumstances, up
to 30 feet, having a diameter of 2 inches to 3 inches.
These are charged with powder for the purpose of dis-
lodgment. The blocks removed are cut with wedges, in
a manner hereafter to be described (see p. 117).

The rock differs widely in chemical and mineral con-
stitution, according to the part of the mass from which it
is obtained. As the greater part of the stone is polished its
durability is thereby rendered very much greater than if
it was left in the rough. Rain does not have an oppor-
tunity of accumulating in little dents and holes, thus
giving the acids no time to act; directly rain beats against
the polished surface it glances off again. We see, there-
fore, that not only does polishing greatly add to the
beauty of granite, but it assists in preserving it from
decay. The quarries are worked by various firms, such as
Messrs. A. Macdonald Field & Co., Great North of Scot-
land Granite Company, Bower & Florence, J. Wright &
Sons, and D. H. and J. Newall.

Longhaven Quarries.— The granite quarries on the
Longhaven estate are about five miles from Peterhead,
and close to the sea. A range of granitic rocks faces the
North Sea from Port Erroll to Boddam, a space of about
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four miles, and some of the most important quarries in
Aberdeenshire are situated within these limits. The oldest
quarry in the district is at Stirlinghill, which is on the
Boddam estate. Eight quarries are generally in full
operation on the Longhaven property, with an average
of twenty men at work in each; sometimes this aver-
age is considerably raised, according to the state of
trade. Some of the quarries have been worked for
about forty years, but the majority have only been
opened within the last twenty years. They are quarried

principally (almost exclusively) for blocks suitable for
polishing.

A brisk trade is, however, done by some of the quarries
in providing principal stones for buildings in the neigh-
bourhood, but a large amount of excellent building mate-
rial is thrown into the sea, which affords a cheap and easy
mode of disposing of superfluous stone. It is a pity this
cannot be utilised in buildings in the cities of the south,
where soft limestones and the like so soon decay. Surely
it would pay for carriage.

The stone itself is of a red colour, and slightly differs
in grain in some of the quarries. The quartz is very
peculiar, and is a marked feature in the rock. It occurs
as rounded crystals, some having a smoky appearance,
others being white and transparent. Irregularly dis-
posed dark patches are seen on the stone, which might
easily be mistaken for some other mineral. A close
examination, however, soon reveals the fact that they are
quartz. The felspar is of a flesh-red colour and mostly
orthoclase. In some of the coarser stone this mineral
is in oval crystals of a milky white tint, and rarely
yellowish green, not unlike the light green felspar in
some of the Cornish gramites. It is very evenly distri-
buted, and forms a large percentage of the rock. It has
no tendency to become porphyritic, and as no twinning 1s
perceptible, is not regular, and the crystals are much
interlocked ; the stone cracks with a splintery iracture,
the felspar looking much broken up. This mineral is
very hard, and is so completely crystallised as to render
the stone more durable than it would otherwise be
G
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even in spite of the presence of so much peroxide of
iron. ; .

The quantity of mica present is very variable. Large
blocks from quarries in the southern part of Longhaven
occur, in which not a particle of this mineral 1s seen, and
the rock then usually contains much hornblende, being,
in fact, a syenite; and there is every gradation, from a
syenite through hornblendic granite to granite properly
so called. The mica, when present, is black. Hornblende
oceurs in very minute crystals, congregated together so
as to form dark green patches. Itis a curious fact that
when hornblende replaces mica in the Peterhead stone, the
general appearance of the rock 1s not altered to an appre-
ciable extent, so that, although the weathering of 1t must
vary accordingly, the cause of the difference 1n durability
would not, on a superficial examination, be Sl}spected. .

Notwithstanding the small area of granite on which
these quarries are situated, the Eaxtgnt 9f ugbrokenu ground
suitable for quarrying in the district is still considerable.
This is testified by the large and perfect blocks that come
to light when a clearing is made. . .

The stone from Longhaven is used very extensively in
London, whilst large quantities of it have been sent to
America and other parts of the world.

Stirlinghill Quarries.—These quarries are on the Bod-
dam estate, about four miles south of Peterhead, and close
to the sea. They have been extensively worked for a long
period, and produce stone very much like that from the
Longhaven estate; so much so, that what has }oeen said of
the one will equally apply to the other. 1t 1is the usual
Peterhead granite so common in the better class of London
and provincial edifices. ¢ . :

When large slabs and columns of it are examined, spots
and dark patches are rarely found, and the tint 1s toler-
ably uniform. This cannot be said of many granites, horn-
blendic or otherwise. It retains its polish for a long time.

We saw a monument, which was erected 1in Aberdeen
twenty years ago, and made of Peterhead granite. The
weather had attacked the hornblenfle, and caused .those
parts of the stone containing a considerable proportion of
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that mineral to look rather dull, but, speaking of the
monument generally, the polish is still quite fresh.

Cairngall Quarries.—The granite quarries of Cairngall,
worked by Mrs. Hutchison, are situated about five miles
due west from Peterhead, in a rising piece of ground.
They have been opened for a great number of years. The
principal quarry was not worked systematically until
1808, in which year the foundations of the Bell Rock
Lighthouse were laid, this stone being selected by Mr.
Stevenson for use in that construction.

Although so near Peterhead, the colour of the stone is
not red, but a bluish grey, and in this respect it resembles
the granites near Aberdeen. It is readily distinguished
from them, by reason of the white felspars—many of which
are ¢ mm. across—being distributed conspicuously in the
exceedingly fine-grained ground mass. This gives the
stone a somewhat porphyritic appearance, which would be
much better defined if the crystals alluded to, had clearer
outlines. As it is, they occur as white spots, the edges of
which merge almost imperceptibly into the more minute
felspars, forming, with the clear transparent quartz, the
greater part of the base of the rock. The mica is black,
and in very small flakes.

The joints in the quarries are, as a rule, perpendicular,
and vary in thickness from 6 inches to 8 feet. These
joints run from east to west, and are crossed by several
slides from south to north at an angle of 45°. Blocks

‘have been obtained above 20 feet square and 8 feet thick,

an example being the sarcophagus in which the late
Prince Consort is entombed, which 1s more than thirty tons
in weight.

Other examples of the Cairngall granite may be seen at
St. George’s Hall, Liverpool, where eight pillars are
erected, the shafts being 18 feet in height, and each made
of one polished block; the lintel over the door of the
Duke of York’s Monument; round the fountains at
Charing Cross ; and the pedestal of the Duke of Welling-
ton’s statue at the Royal Exchange, Glasgow.

Other granites are found near E/lon, where the stone is
exceedingly dark, and, in fact, the small workings opened



84 SCOTCH GRANITE QUARRIES.

are far too numerous to mention. 'We have confined our
observations on Aberdeenshire granites to the quarries
where steam machinery is used, or in which the rock
presents features of general interest.

The student who visits the yards of the Aberdeen
polished granite merchants will find in some of them
stones of quite different characters from those we have
described. ~That city is the principal emporium of the
polished granites, and it is not surprising that we find
there, stone from certain parts of Argyleshire and other
parts of Scotland, which have been sent to be polished.
Again, a rich green rock from .Warberg, i Sweden, al}d
a light grey fine-grained granite from near Breslau, in
Silesia, may be found in some of the yards. The stone
from the latter place is worked exclusively by manual
labour, sent to and shipped at Stettin, and then carried to
Aberdeen. After being made intQ monuments, &c., a
great part of it is exported to America. :

Many of the large firms in tha.?; city, howev:er, pol_lsh
Scotch granite exclusively, and will not permit foreign
stone to enter their premises. .

In concluding the observations on Aberdeenshire
granites, we may draw attention to the fact that all
granites, more or less, vary in tint even on the same
stones. Those under consideration conform to this law,
and we find that polished slabs and monuments of the
ordinary grey and blue stones are not always uniform in
colour and texture, the darker stones being frequently
covered here and there with lighter streaks, and thp
lighter ones with dark spots. Of course, great care 1s
tatiien to avoild these, as much as possﬂol(?, and we could
point to stones where the tint is quite uniform, but these
may generally be regarded as of exceptional quality. | As
far as durability is concerned, these local differences in
composition are not detrimental in most cases to their
preservation, and unless such spots or vemns contain more
perishable minerals than does the normal rock, they do
not detract from their valuein this respect. 31

There are exceedingly few granites used in the polishing
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trade which permanently retain their tints. A granite
column, or slab, always looks better when it is just
finished, and immediately turned out of the polisher’s
yard, than when it has been made a year or two. This
means that the quarry water, or moisture introduced
during manipulation, has dried out, and in some cases,
that the stone has commenced to decay. If it has been
caused by the former action, it is astonishing to find that
after its original colour has been toned down it will
often remain permanent for many years, unless time
discovers that magnetite or some other discolouration
mineral is present, when unsightly brown marks are
caused—too well-known to the architect to need much
description. The best method of detecting these minerals
is by the aid of the microscope in the manner previously
described. They are rarely seen on a fresh surface of
stone, by the naked eye. If the student elects to examine
granite from examples seen in buildings that have been
erected for a few years, we must caution him to be very
careful in identitying each of the stones. Even the
experienced eye cannot always be sure of the quarry
from which certain stones have been obtained, as man

of the grey and blue granites are almost exactly alike in
general appearance, though the differences existing, as far
as quality is concerned, are often very considerable. The
rocks are no sooner investigated closely, from a scientific

point of view, than these diversities become at once
apparent.

B.—KINCARDINE GRANITES,

The granite quarries in this county are all situated in
the northern parts of it. ‘

When the enterprising merchants who caused the loose
stones to be worked on the surface of the high ground of
Torry, on the southern side of the river Dee, began
sending the fruits of their labour to the London market,
they little thought that their energies would be the

precursor of a gigantic trade, the seat of which was to be
transferred across the river to Aberdeen.
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A preliminary survey of the district, of the respective
merits of the granites of the two areas, and the facilities
of carriage, soon convince us, however, of the raison d’étre.
The rock at Torry is not worked to an appreciable extent
at the present day, and no quarries have been opened

there, to our knowledge. The student who starts from .

Aberdeen, crosses the river into Kincardine, and makes his
way to the quarries at Cove, will do well, however, to
direct his attention to'the exposures of the rocks on the
beach at Torry en route, as we have before remarked (p. 18).
Tt will give an idea of the kind of stone that was formerly
sent to the market, whilst the observant student will learn
a great deal about the relation of the granite to surround-
ing rocks, and the manner in which the atmosphere and
water have attacked the granite, which information might
be directly applied to his studies with regard to the
granites of a similar nature which are now being used in
the neighbourhood or elsewhere.

Cove Quarries—These are situated about four miles
south of Torry, close to the sea, being worked by Mr. John
Fyfe. The stone is very hard, and, owing to the presence
of a great quantity of black mica, which occurs in minute
flakes, the stone is of a dark hue, much more so than the
ordinary granites of the district. It is medium-grained,
and foliation is roughly marked. The white felspar is in
very small crystals, is most probably orthoclase, and forms
a comparatively small portion of the rock. The clear
white quartz, on the contrary, occurs in rather larger
crystals, not well defined, but tolerably abundant.

The rock is used principally for kerb, paving, &e. The
few polished examples we have seen show that 1t 1s
capable of taking a fine polished surface.

Nigg is a village about two miles to the north of Cove.
The granite obtained is fine-grained and of a dark colour.
The three minerals are about equally abundant, and so
much interlocked with each other that the rock 1s very
compact ; in fact, they are so intimately mixed that 1t 1s
quite impossible to make out the boundaries of the crystals
with the naked eye. The milky-white felspar is barely
distinguishable from the quartz, and black biotite, which
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on weathered surfaces is copper-coloured, occurs in such
minute flakes that, although it appreciably alters the tint
of the stone, it cannot be distinctly seen without the aid of
the microscope. This mica is also found in every inter-
mediate size up to two or three mm. in breadth.

The stone is not extensively employed, the loose blocks
being principally used for making dykes, and for other
agricultural purposes.

Hill of Fare Quarries.—These are situated a little to the
north of Banchory, a considerable distance inland. The

stone is of a dark red colour, fine-grained, and is chiefly -

composed of quartz and felspar, both mica and hornblende
being, however, present. The former is scarce, and might

be said to be only accessory, whilst the greater abundance

of the latter entitles the rock to be called a syenite rather
than a granite. The quartz is the most striking feature
in it. This mineral is found as little distinct crystals,
many of which show in section the six sides, due to the
fact that it crystallises in the hexagonal system. Although
the boundaries of each of these crystals are so clearly
defined, they are, as usual, not all regular. Twenty or
thirty of them appear to have congregated together,
squeezing up one another in their efforts to crystallise out,
and some appear to have been much more successful in
arriving at their proper form than others. The quartz
causes the stone to have a dark speckled appearance,

though, when closely examined, it is seen to be quite -

transparent.

Both orthoclase and triclinic felspars are present. The
triclinic felspars are readily distinguished in microscopic
sections by the parallel lamellee which they exhibit. The
stone is mnot porphyritic, notwithstanding that perfect
grysta,ls are often twinned, and of common occurrence
in the rock. In other words, as these small red fel-
spars help to form such a great proportion of the mass of
the rock, and as there is no distinet ground mass, the
perfect crystals alluded to are not conspicuous, and are
thus absorbed in the general appearance of the whole.

The little hornblende is dark green, and the mica, when

present, 1s black.
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The stone is used in a great measure for tombs, monu-
ments, and high-class polished ornaments. It may be
found in most of the granite-workers’ yards in Aberdeen,
and, when finished, looks very handsome.

This red Kincardine rock is often spoken of (by quarriers)
as though it had some connection with the Birsemore,
Corrennie, and Peterhead rocks. It appears to agree
with them, in being of a red tint, but we cannot admit
more ; they are dissimilar from, and bear no relation
whatever to, each other. It is finer-grained than any of
them, and the only one it at all agrees with, in general
structure, is the Peterhead stone. The latter rock, how-
ever, so frequently has hornblende, in little minute
specks congregated together, with the felspar of a lighter
tint, that it is impossible to make a mistake in their
identification.

It has sometimes been suggested to us that a bank of
red rock runs from Banchory to Peterhead, via Corrennie,
and that, at a little depth from the surface, red rock 1s
found in the intermediate spaces. From this, the opening
of the ground to obtain the red stone between these
places has been advocated. We think, however, that
before doing so the ground should be thoroughly ex-
amined, because we are quite certain that this red rock
is mnot persistent—at least, not the whole of the way.
For instance, if it is persistent a short way from the
Kincardine quarries, it talls short of the Corrennie. The
fundamental rock at the latter place, and, indeed, in the
whole district, as far as we can make out, 1s a grey stone.
The red stone at Corrennie occurs at the top of the hill,
but is apparently cut off on the north by the grey stone,
which rises to a great height at Tillyfourie.

Besides, we do not think that the Corrennie stone 18 &
northward extension of that of Kincardine, the structure
of the two rocks being so dissimilar, and having most
likely originated under different conditions. The red
rock, which is said to occur a little to the north of Tilly-
fourie, can also be shown to have no connection with that
of Peterhead,—at least, not within quarrying bounds, as
a considerable breadth of metamorphic rocks is found to

s

BLOCKS—BOULDERS. &9

intervene. The best method of speculating on the nature
of the rock underneath the surface of a granite area is,
no doubt, to examine the blocks above ground, or in the
decomposed rubbish, as is generally done, and quarriers
who have not gained considerable knowledge in geology
must not depart from this rule, unless, indeed, they have
plenty of money to play with. They must always keep
before them the fact that igneous, unlike many aqueous,
rocks are not at all persistent in their occurrence. It is
true that the outerop of a large granite area can be com-
paratively easily traced, but it 1s exceedingly difficult to
be sure that rock of a certain colour or texture is per-
sistent in that area, as is suggested by the remarks we
have alluded to. If the rock under consideration was a
sandstone there might be some foundation for the sug-
gestion, because rocks laid down in water, as we have
previously observed, generally speaking, are tolerably
persistent for short distances. But an igneous rock
might burst up anywhere, and in a very irregular manner;
therefore, its persistence is just as uncertain, and nothing
short of a close study of the geology of a granite area can
enable the quarrier to gain even a rough idea of the
extent of outcrop of any particular kind of rock within
that area.

Those who, by experience, have acquired considerable
knowledge in opening up new granite areas will not find
any difficulty in understanding the foregoing remarks.
They know that the boulders and blocks of rock at the
surface are the most practical guides in assisting them.
The less-advanced student must learn that, without
careful observation, even these blocks might lead him
astray.

In a very recent period of geological history the part of
Scotland of which we are writing, together with almost
the whole of the British Islands, was under the surface of
the sea. Icebergs—the broken-off ends of glaciers which
had reached the sea—floated over it, laden with boulders
and pieces of rock. These icebergs, with their freight,
came from Norway and other parts, and when they
melted up, dropped the boulders, &. Subsequently this



90 SCOTCH GRANITE QUARRIES.

sea-bottom was raised into dry land, and the boulders and
blocks of rock came with 1it. The quarry-owner who
may be opening up mew ground, will thus occasionally
meet with blocks of foreign stone, or stone mnot n situ,
together with the normal rock of the district, the boulders

of the latter stone being kernels of the underlying rock’
which have resisted the decomposition that has taken place

all around them ; he must, therefore, be guided by those
blocks that are most prevalent, and few, if any, mistakes
can then arise.

The Cornish quarriers consider that when the over-
burden is brownish and loamy, or clay, it is a good sign
that fine rock is underneath. When 1t is sandy it is a

bad sign.
C.—KIRKCUDBRIGHTSHIRE GRANITES.

There is plenty of granite in this county. The three
principal districts where it is found are, that in the
north-west, extending from Loch Dee to Lioch Doon ; the
second, stretching from Loch Ken to Palnure Water ;
and the third, from Criffel to Craignair.

These granites occur in the lower Silurian tracts. The
strata in some cases do not dip away from them on all
sides, but, with trifling exceptions, maintain their normal
north-east and south-west strike up to the granite on one
side, and resume it again on the other. The granite,
indeed, has not merely pushed aside the strata so as to
make its way past, but actually occupies the place of so
much Silurian rock, which has disappeared as if it had
been blown out or melted up into the granite. There is
usually a metamorphosed belt of about a mile in width,
in which, as they approach the granite, the stratified
rocks assume a schistose or gneissoid character. Numerous
small, dark, often angular patches or fragments of mica-
schist may be observed in the marginal parts of the
granite. Occasionally granite veins protrude from the
main masses, but in the metamorphosed zone which sur-
rounds the Criffel granite area in Kirkcudbright, hundreds
of dykes and veins of various igneous rocks occur.*

* Dr. A. Geikie, ‘‘ Text Book of Geology ’” (1882), p. 543.

L
v s o 3
R

e

1’1
w?

DALBEATIIE, 91

Tt is a noteworthy fact that, although its existence was
known a long time ago, the principal houses and gentle-
men’s residences were, in the early part of the present
century, almost exclusively built of Old Red Sandstone from
Dumfriesshire. And Mr. David Bremner, in his “ Indus-
tries of Scotland,” informs us that when the bridge over
the Dee at Tongland was built, in the years 1804-5-6,
after a plan by Mr. Telford, the celebrated engineer, at a
cost of nearly £7,000, it appears never to have entered
the mind of any one concerned in the matter, to utilise
the granite boulders close by, so that the stones used In
the structure were transported, at great expense, from the
island of Arran, and they were subject to heavy duty,
which greatly added to the cost.

Granite was, however, used at Dalbeattie for some years
previously, but it was not until 1825 that anything like
extensive operations in the working of granite were com-
menced in the district. In that year, the Liverpool Dock
Trustees leased a portion of Craignair Hill, near Dal-
beattie, for the purpose of obtaining material for the
construction of the docks. This was attended with great
success ; so much so, that other enterprising spirits took
the matter up after the dock authorities had finished their
work. Several quarries were opened in addition, and 2
brisk trade was carried on for a long time, not only with
the United Kingdom, but with Russia, several Mediterra-
nean ports, and South America.

We may mention that in some of the quarries in the
parish of Kirkmabreck the stone was worked without
blasting. :

Several of the quarries opened have, for various reasons,
been closed, but the excellent material which is found
near Dalbeattie is still worked and polished on an exten-
sive scale in that town by Messrs. D. H. & J. Newall.
All the granite, so far as we are aware, is of a grey
colour.

Dalbeattie Quarries—The light grey stone obtained
from these quarries is fine-grained, some kinds approach-
ing medium. The quartz is white, clear, and transparent.
The felspar is mostly white also, but here and there assumes
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a light brown tint. None of the crystals are well defined,
and they are much interlocked with the quartz. There is
a fair proportion of black mica present, and another black
mineral, which occurs in long needle-like crystals, denotes
the presence, perhaps, of schorl. This last mineral is not
abundant.

The stone appears to be very hard, compact, and takes
a beautiful polish, being highly suitable for ornamental
decorations and the like. Besides being used in Liver-
pool, it may be found in the Newport, Birkenhead, and
Swansea docks, and several public buildings in Manchester
and other large towns in the north-west of England.

Creetown Quarries—These are near Newton Stewart,
and are sometimes known as the “ Globe ” quarries. The
stone 1s very similar to that lastly described, and bears
a great resemblance to certain kinds of Newry granite.
It does mnot, however, contain much of the light brown
felspar.

It was extensively used in the Liverpool docks, but is
not much worked at the present time.

The stone obtained from the Rockeliffe Quarry is much
darker than either of the other Kirkcudbright granites
described. This is principally owing to the greater
abundance of the black mica. It is fine-grained, and the

white felspar and quartz are with difficulty separated from
each other.

D.—ARGYLESHIRE GRANITES.

The granite industry in this county is largely—almost
exclusively—confined to quarrying only, the stone being
sent elsewhere to be polished or elaborately worked into
monuments, &c. Quarries are scattered about in various
places, such as at Inveraray, Oban, Strontian, Loch Awe,
and the Ross of Mull. We first deal with the—

Ross of Mull Quarries.—The Isle of Mull contains a
considerable quantity of granite. Some of it is found in
the centre of the island, where it is cut up by great
masses of an equally crystalline rock—gabbro, which has
formed subsequently to the granite. It would appear
from the researches, principally of Professor Judd, F.R.S.,
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that these highly crystalline rocks are the stump of an
ancient volcano, and the greater part of the island is
described as the basal wreck of a volcano. The lavas,
which surround these central masses, bear a close relation-
ship to the granites and gabbros alluded to, and, like
them, they can be shown to have formed in at least two
different periods. This voleano was in eruption in very
early Tertiary times, as has recently been shown by Mr. J.
Starkie Gardner, F.G.S., from a critical study of the
fossil plants found imbedded in rocks between the sheets
of basalt, the most recent lava erupted.”

It appears that the granites, &ec., in the interior of the
island are not used to any extent for commerecial purposes,
but that quarrying operations are chiefly confined to the
extremity of the south-western part of it, known as the
Ross of Mull.

The granite at this place has no connection with the
central masses; neither has it anything to do with the
voleano. It is simply a part of the groundwork upon
which the volcano was built, and 1s thus of much more
ancient formation.

The rock has been extensively quarried from time to
time, by some of our greatest granite merchants; but it
does not seem to have been worked in a steady systematic
manner for any long consecutive periods, such as have the
majority of the other rocks deseribed. The principal
works there now are conducted by Mr. Vass. People
seem to have procured the stone oniy when large con-
tracts required it. Why this should be the case is difficult
to understand, for the rock, when polished, is exceedingly
handsome, much more so than many of those that find
their way in large quantities into the market. The
opinion we thus express regarding the Ross of Mull
oranite is shared by all architects who know the stone, by
whom it is much sought after. = One would imagine that
the supply had fallen short of the demand, if it could not
be easily shown that this is not the case. Very large
blocks are obtainable, and the supply is almost inexhausti-

* See Quart. Jour. Geol. Soc., vol. xliii. (1887), p. 270, ef seq.
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ble. We are informed by one of the quarriers that the
principal cause of the trade being so disproportionate to
the beauty of the stone is a lack of the ‘“sinews of war,”
and quite recently he has had to decline some large orders
solely on this account. The fact that Mull 1s a rather
out-of-the-way place has, however, no doubt a great deal
to do with it."

On the contrary, a good trade is done, we are informed,
by the chief of the Shap quarries, Westmoreland, in
bringing the Mull granite by sea and rail to that place
to be worked and polished; and, as we have previously
pointed out, the tremendous columns at Blackfriars Bridge
were turned by a lathe which is now at Shap. DBut we
should like to see the Mull quarries more fully developed,
and more machinery would then be erected for treating the
material economically on the spot than is now the case.

Speaking of the stone itself, it is of a warm red colour,
brought about principally by the presence of a large pro-
portion of red orthoclase felspar, which, although occur-
ring as masses of crystals congregated together, have no
definite outline, their edges presenting a ragged appear-
ance and dovetailing into the other minerals in such a
manner as to cause the stone to have no marked grain,
other than that always more or less exhibited in this
class of rock, and found out only by the manipulators.
White felspar is also exhibited. The quartz is clear and
transparent, and occurs 1n tolerably regular ecrystals,
whilst the black biotite mica is not very abundant.
Two or three accessory minerals are present, but do not
affect the general structure of the stone, which is coarse-
grained.

Examples-of the Ross of Mull granite may be seen at
Westminster and Blackfriars bridges, Holborn Viaduct,
&c., in London ; in the docks at Liverpool ; several public
buildings in Manchester, where the polished work is now
being used; and in some docks and lighthouses in the
north-west of England and south of Scotland.

Loch Awe Quarries.—These quarries are situated at the
head of Loch Awe, in the base of Ben Cruachan, and
about three miles from Loch Awe station, being connected
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with the Callander and Oban Railway by a branch line
belonging to the Ben Cruachan Granite Company, Limited
(Mr. John Petrie, manager), who are the quarry-owners.
At present there are two workings opened, one being
300 feet above the other. The branch line comes into the
lower quarry, being about a mile and three-quarters in
length, with a gradient of from one in fifteen to one in
thirty. The upper quarry is connected with this by
a drum tramway. :

There are two different kinds of stone, one being grey
and the other a dark grey, speckled black. The former
is found in the lower quarry, and when it is properly
opened up a great quantity of large stones for monu-
mental and other purposes will be raised. The dark stone
is obtained from the upper quarry, where there is a very
large face of granite, capable of being opened up to the
extent of about 800 yards. It is suitable for either
monumental or dock work; at the present time some
large blocks are being cut up for the former purposes,
and the polished stone is becoming a marked feature in
the vards of the Aberdeen granite-workers, where it is
finished.

Mineralogically, the stone is composed of quartz, fel-
spar, mica, and a little hornblende. All the minerals are
thoroughly interlocked with one another, and none of
them have had space enough to crystallise regularly.
This shows that they crystallised out almost simultane-
ously, and gives a very characteristic appearance to the
stone. The quartz is white and crystalline, being much
broken up ; the felspars are of three tints, milky white,
light green, and light pink. The other minerals are black.
It is fine-grained.

Arran granite does not appear to be worked on a very
extensive scale. There are many large boulders, from
half a ton to a ton in weight, in the vicinity of Sannox,
which are split and used in mills. Goat Fell, with an
elevation of 2,875 feet, is composed principally of granite
of two varieties, the coarse-grained and the fine-grained,
formed probably at successive periods. In composition,
however, they are similar, being formed of white ortho-
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clase, a triclinic felspar, probably oligoclase, quartz, and a
little black mica ; the quartz is very abundant.* :
Strontian granite 1s medium-grained, of a grey tint,
consisting of quartz, oligoclase white felspar, and black
mica in abundance.t
Scotch granites are also obtained, though in a lesser
degree, from parts of Perthshire, Banffshire, Sutherland,

and the Hebrides.

* Hull’s ¢“ Building and Ornamental Stones,”’ p. 34.
t Pritish Association Report, 1863, p. 62.

CHAPTER VIII.
IRISH GRANITE QUARRIES.

GRANITE is chiefly obtained in Ireland from the following
districts : Donegal, Galway, Wicklow, Wexford, Dublin ;
in the mountain ranges of Mourne; at N ewry, Slieve
Croob, Carlingford Mountain, Belleek, co. Fermanagh ;
and 1n a few islands.

Although there are large quarries dotted here and
there over some of these tracts, yet it appears to us that
the beautiful material is by no means so extensively raised
as 1t should be. If the granites of Ireland were propor-
tionately worked according to their respective merits, and
as compared with rocks of a similar nature in England or
Scotland, there can be no doubt that a gigantic industry
would be developed, which would go a long way to alle-
viate the sufferings and distress of the people in certain
districts. It might also have a tendency to keep out the
foreign stone which is gradually creeping and finding its
way into our markets. If the authorities in the island
employed more local stone in the construction of their
buildings, and for kerbs, paving, &e., a greater stimulus
would be created in opening up new ground. Most of the
granite tracts alluded to are not far from the sea, whilst
some of them actually form sea-cliffs, and every facility,
as far as nature can provide, is afforded for the cheap
raising of the stone.

The first large tracts to which we will direct the
student’s attention are those in the north-east of Ireland.
Granite is found here in three distinct areas forming the
énoulll)tain ranges of Mourne, Carlingford, and Slieve

roob.

According to Professor Hull, the granite of Mourne

H
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has hitherto been used only to a very limited extent for
building ; and, owing to the numerous cavities it contains,
and its distinetly crystalline structure, it is probably not
so well adapted to architectural purposes as the granite
from the Newry district adjoining.

The granite of Mourne 18 of great interest, however.
It is an example of granite that has forced its way en
masse into overlying rocks.* Prof. Hull, in speaking of
it, says it is, in that sense, truly irruptive, and seems
to have been intruded amongst the stratified rocks in a
state bordering on solidity, and with a temperature only
sufficient to indurate, but not to completely metamorphose
the Silurian rocks by which it is surrounded, and, in some
places, surmounted.t Nevertheless, it would appear that
along the outer margin and in extruded veins it passes
into a quartz porphyry,i a rock made fundamentally of a
very fine-grained ground mass, composed mainly of ortho-
clase felspar and quartz, through which some of the
minerals are crystallised m conspicuous forms.

The granite of Carlingford Mountain, which in some
parts is syenitic, is thought to be newer in age than the
Carboniferous period, as it is seen penetrating Carboni-
ferous limestone.

The granite of Newry and Slieve Croob is altogether
different in texture and composition from that of Mourne.
It is of metamorphic origin, and i1s much older than that
of Mourne and Carlingford. 1t 1sa potash granite, con-
sisting of quartz, orthoclase, and black mica. _ The analysis
of this granite from Goragh Wood Station shows an
unusually low percentage ot silica.9q

Bessbrook Quarries—These are situated near the town
of that name, not far from Newry, and are principally
worked by a limited liability company, under the manage-
ment of Mr. T. M. H. Flynn. There are three large
quarries, the stone in the first being of medium grain,

* A similar phenomenon is described as occurring in the Island of Sark,
by the Rev. E. Hill, M.A., F.G.S., Quart. Jour. Geol. Soc., vol. xliii.
(1887), p. 330, Fig. 5.

T ¢ Building and Ornamental Stones’ (1872), p. 44.

+ See Horizontal Section, No. 22, ¢ Geol. Surv. Ireland.”

9 Zirkel, Petrog., vol. i. p. 486.
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and not unlike that from Dalbeattie; that of the second
1s much lighter and fine-grained ; whilst the granite from
the third is of alight blue colour. Itis the last-mentioned
quarry that produces the stone commonly known as “Bess-
brook granite,” which is very similar in appearance to the
Cairngall stone, near Peterhead.
~ The principal quarry lies at the base of Camlough, a
mountain in the Newry chain. It is a vast excavation,
some 700 feet or 800 feet long, about 100 feet broad, and
from 80 feet to 100 feet deep. The blocks of stone are
lifted from the floor of the quarry to the top by a gan-
tree,”” which travels over the quarry either across or
longitudinally, on a line, the rails of which are laid on
blocks of timber some 80 feet or 90 feet apart. Much of
the granite is polished, and the works where this branch
of the trade is carried on are located apart from the
quarries. Splendid specimens of the stone may be seen at
the Manchester New Town Hall, where they are up to
21 feet in length, polished. It has also been extensively
employed in buildings, and for kerbs, paving-setts, &c.,
i London, Manchester, Liverpool, Bristol, Edinburgh,
Glasgow, and other large cities. An example of a dock
built with it is to be found at Greenock, whilst N ewry
granite also forms the quays of Bucharest.

Other quarries in this part of Ireland are at Castle-
wellan, Mullaghglass, and Rathfriland, near Banbridge.

The Belleek quarries, county Fermanagh, produce stone
of a reddish tint, the greater portion of which is used in
making porcelain. The rock has a high percentage of
orthoclase felspar. Generally speaking, porcelain is made
from decomposed granite, but in this case Prof. Hull says
that the red felspar retains its crystalline form in its
original perfection, and on being calcined loses colour and
becomes white. The metallic iron which separates itself
from the rock during the process of calcination is after-
wards extracted by simply immersing magnets into the

powdered china clay when mixed with water; the particles

of iron then adhere to the magnets and are lifted out.
The most extensive granite district in the British
Islands stretches south from Dublin through the counties
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of Wicklow and Carlow into Kilkenny and Wexford, and
occupies an area about 70 miles in length and from 7 to
17 miles in width. This mass supplies an admirable
illustration of the relation between granite and the sur-
rounding rocks.* The lower Silurian strata in which it 1s
found was apparently contorted before the granite made
its appearance. Patches of lower Silurian beds that lie
on it, at distances from the main mass, occur in such a
manner as to bear no apparent relation to the movements
which it could have produced. For a mile or more, the
aqueous rocks which surrounded the mass have been
made into mica-schist (a metamorphic rock), whilst veins
from the central mass pierce it in several directions. The
granite is mostly composed of quartz, orthoclase felspar,
and silvery grey mica, but irequently biotite appears,
together with the usual accessory minerals. The stone
runs in large blocks, and the Killiney Hill quarries (Carn-
sore Point) have supplied a great quantity of granite for
the counstruction of the harbour and pier at Kingstown,
the Thames Embankment, and many large buildings in
Dublin. Most of the stone is of a grey colour and of
good quality, but some care should be exercised in its
selection. It is interesting to note that the Killiney
granite is in some places distinctly foliated, presenting
that metamorphic appearance we have described as occur-
ring in some of the grey and bluish granites of Aberdeen.
A representation of this foliated Irish granite 1s given 1n
the < Explanation” of sheets 102 and 112 of the ““ Irish
Geological Survey,” p. 33. :

The Blessington quarries are noted for a bluish grey
stone, which works very well, an example of which may
be seen in the campanile in the central quadrangle of the
Dublin University. The greater part of the large build-
ings in Dublin are made of granite which comes from
Glencullen and Kilgobbin, in the vicinity, and Ballyknocken.
co. Wicklow. The stone from the first-mentioned places
is of a brownish grey colour, and is, no doubt, a goo.d
serviceable material. The stone from Ballyknocken 1s

greyish white. All three are said by Professor Hull to be-

* See Jukes’ ‘‘ Manual of Geology,’” 3rd. ed., p. 243.
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less siliceous and more uniform in texture than that of
Killiney. The granite from the Dalkey quarries, co.
Dublin, is of a grey colour. It is used largely for build-
ngs, kerbs, and paving setts, and is hard to work. Exam-
ples may be seen in St. Paul’s and St. Werburgh’s
churches, in the Irish metropolis. Other quarries in this
district are at Bagnalstown, near Carlow, where the stone
1s of a dark bluish grey colour; Glencore, near Ennis-
kerry ; Lough, of a whitish yellow colour, being fine-
grained. A good example of the last-mentioned stone
may be seen in the new church at Carlow.

The Donegal mass of granite is principally composed of
red orthoclase felspar, oligoclase, quartz, black—and occa-
sionally white——mica. and hornblende. Like the Killiney
granite, much of it is roughly foliated, whilst it has also
been observed to branch off in veins, on the confines of the
mass, which traverse the surrounding metamorphic schist,
&ce.  The Donegal granite does not appear to have been
very extensively used. The principal quarries are at
Garvary Wood, and the stone is very handsome, bein
composed of large pink felspars—most likely orthoclase,
but oligoclase is present—clear and transparent quartz,
and black mica. The rock found at Dungloe is of a
reddish colour, but is only used locally.

Mr. R. H. Scott, Sir R. Griffith, and the Rev. Dr.
Haughton presented an admirable report to the British
Association, which was duly printed in 1863, “ On the
Constitution of the Granites of Donegal;”” and the last-
mentioned gentleman has written on the same subject in the
Jour. Geol. Soc. Lond., vol. xviii, p. 02, ef seg. We must
refer the student to these works for further information.

The granitic rocks of Galway are spread over a large
wild tract of country stretching from the town of that
name to Roundstone Bay. They are associated with strata
probably of lower Silurian age.

Two principal kinds of rock are found, and, according to
the observations of the officers of the geological survey, one
of these is of metamorphic origin,* and the other intrusive.

* See, however, paper by Dr. Callaway, Quart. Jour. Geol. Soc., vol
xliii. (1887), p. 617, et seq.
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The largest quarry in the former kind of stone is at

Furbogh, about eight miles from Galway. It is composed
of large red crystals of orthoclase felspar porphyritically
developed in a ground mass of orthoclase, light green
oligoclase, quartz, and minute flakes of mica. The latter
kind of rock is obtained chiefly from Oughterard quarry,
and is of a light bluish tint, being composed of quartz,
orthoclase felspar, and white and black mica. Iron
pyrites is also present, but ranks only as an accessory.

Speaking of the Galway granites, Prof. Hull remarks®
that “ little has been done in the way of utilising these
rocks, though there can be no doubt that the porphyritic
granite is capable of yielding a stone of great beauty, and
1s well adapted for architectural purposes. A polished
pillar of a porphyritic variety of granite may be seen in
the Museum of the Royal College of Science, Dublin.”

We are glad to hear that the granite of this district 1s
about to be extensively quarried by a Liverpool firm.

Before concluding our observations on Irish granite, it
may be well to mention that a most valuable series of ex-
periments on the crushing weight and other qualities
of various Irish granites has been published by Mr. G.
Wilkinson, M.R.I.A., in his work on the ‘ Ancient Archi-
tecture and Practical Geology of Ireland,” 1845.

* «PBuild. and Ornam. Stones ” (1872), p. 42.
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CHAPTER IX.
JOINTS.

IN entering a granite quarry, one of the first things which
strikes the observer is the joints or cracks which are seen
universally to split the massive rock up into blocks of
various sizes. 'They generally run in a more or less
irregular manner in the Aberdeen quarries, but the experi-
ence of a lifetime has taught the quarriers where they
may, or may not, find a joint, the existence or otherwise
of which it would be impossible for an outsider to prove.
Of course, in these, as i all quarries, there are main
joints, the principal of which occupy a more or less
horizontal position. |

The joints in the granites of Cornwall, on the contrary,
run in a very regular manner, in consequence of which
the material 1s very much more easily quarried.

In the course of our study we visited over thirty large
quarries in this county and made observations in most of
them as to the direction and dip of the principal joints.
There appears to be three general directions. 1. The “mas-
ter ”” or ¢ quartering ’’ joints ; 2. The oblique or “tough
way ”’ joints, and 3, the ¢ bedding ”” joints. Of these, the
most constant are the first and third. The master joints
run nearly perpendicular, irrespective of the bedding, and
their general direction is north and south. In the Pen-
zance, Penryn, and Luxullian districts (see p. 35), they
vary from 10° to 20° west of north, whilst at Cheesewring
they run almost due north and south. The oblique joints
are the most inconstant, especially in regard to their dip.
Their general -direction is east and west, but they may
vary a few degrees on either side. In the Penryn distriet,

B
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where they are tolerably regular, they appear to take a
slightly southerly direction. They usually incline at an
angle of 50° to 60° with the horizon. It would appear
that there is a connection between the directions of these
joints and those of the mineral veins of the county.
Perhaps the most striking system of joints is the
“bedding ” joints. Of course the reader, by this time,
will understand that the term ‘bedding ” does not apply
in the same way in regard to granites as to sandstones
and the like. KEvery Cornish quarryman, however, calls
the more or less horizontal joints “ bedding > joints; and
although we may, perhaps, take exception to the term as
being somewhat ambiguous, yet from the fact that it has

i
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received the sanction of universal adoption amongst them,
we may conveniently retain it.

Now, although we found that the north and south, and
east and west joints, were tolerably constant in direction,
especially the former, the rule we are now about to lay down
in regard to ““bedding”” jointsis always constant. In every
quarry visited, we found that the direction of the “beds
approximately corresponded with the outline of the hill on
which it was situated. In the case of a small hill, or when
the quarry was situated at the summit of a large hill, the
bedding joints, without exception, were seen to follow
approximately the same curve. To illustrate our meaning
the diagram of the Cheesewring quarry (Fig. 11), may be
useful.
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¢ is the outline of the hill, with the Cheesewring at
iclhﬁ top ; 4 the bedding joints, following the outline of the
111
In cases where the quarries are not situated at the top
of the hill, or where several are situated on different parts
of it all round, observation has shown us that the planes
of these bedding joints do not run in the form of an anti-

Fia. 12.

a, Outline of Carnsew Hill.

b, Quarries, showing main joints.
cline, unless the hill is a long ridge, but that when the
hill is dome-shaped, the bedding joints also are dome-
shaped, or, to use a geological term, they dip * qua-
quaversally.” For instance, if one stood on the top of
a_dome-shaped hill, the bedding joint planes would dip
all round, whichever way we turned. They are, in fact,
disposed in the same manner as the successive coats of half
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F16. 18.—CARN GREY QUARRY.

@, Outline of the hill.

b, Bedding joints following outline of the hill,

¢, Elvan running through the granite, showing alteration on its sides.
an onion are. We will illustrate this point by a reference
to the quarries on Carnsew Hill (see Fig. 12), where our
attention was called to the subject by Messrs. J. A. and
B. A. Freeman.

When the outline of the hill is undulating, the bedding

joints still follow it, as is shown by the Carn Grey Quarry
(see Fig. 13).
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Tt is not our purpose to inquire at any great length into
the phenomena which have brought about these results.
We know that when solid bodies become ].mated they
expand, and we have seen (p. 27) that granite has once
been in a highly heated condition. Now we may learn
that on cooling, the granite would shrink or contract, and
it is believed that joints are to a large extent produced
by this shrinkage. By reason of unequal contraction we
occasionally find that the beds are shghtly d1s_loca,ted, pro-
ducing (e.g. Sheflield and Cheesewring quarries) step-like
levels. Or, the same thing may have been occasioned by
subsequent faulting due to elevation or depression of the
and (see p. 28), earthquakes, or strains.

We do not for a moment suppose that the contours of
the hills had any influence in causing the bedding joints
to follow them ; but we believe the reverse to have been
the case, namely that the contours of the hills have been
governed, in being carved out by denudation (p. 28), by
the directions and positions of the bedding joints. They
would form lines of weakness, as it were, along which
denudation would be guided. No doubt such an _elemen-
tary solution as this has occurred to most geologists who
have worked in Cornwall. In the case where the top of
a granite dome has been denuded, it would be possible to
restore the outline of the hill from observations of bedding-
joints. _

Occasionally minor joints are seen to come to an end,
or “run tight,” as the quarrymen say.

A consideration of the position of joints is of the first
importance in selecting a site on the side of a hill in
which to open a quarry, and in judging of the direction
in which the opening should be made. A great deal of
money would be saved by quarry owners if such points
as these were carefully considered before opening the
ground, instead of going to work in a haphazard sort of
way. It frequently happens that quarries are opened on
the steep sides of a hill. Now, where ‘ghe direction of
the joints are well known to be uncertain, other things
being equal, we have no objection to this. But if, as we
have shown is often the case, the bedding-joint planes
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approximately correspond with the outline of the hill, it
follows that the bedding-joints in such a case as is now
before us would dip considerably. It is perfectly well-
known that such a qualification as this is very undesirable,
for the stone becomes exceedingly difficult to quarry, and
there is considerable danger from blocks which would
have a tendency to slip down the steep planes. Perfection
can only be obtained by opening a quarry where the
bedding-joint planes are either quite horizontal or dip
very slightly from the face of the rock and towards the
direction in which it is to be blasted. This perfection in
the case of Cornish quarries would be more generally met
with on the summit of a
large dome-shaped hill. 2 . a
Very often the quarry has ’
been opened in such a <
position that the rock 24—
has to be ““lifted against
the bed.” The amount
of powder used in such
cases 1s generally ex-
cessive, as it has so much , )
extra work to dO, but a F. 14 (Seétion).-I-)—PEcULIAR JOINTING KNOWN
A5 FEDNIAMEAN.
ggia]fe (:12311 z&;o&lg. (flfali%lg o, Normal joints in ;;5?1 granite. 3, Abnormal
master in foreseeing such
an event. Quarrying becomes an expensive matter under
such circumstances.

Occasionally a minor or false joint will occur in Cornish
quarries, running in a slightly different direction from the
main bedding-joints, and which is known in the Penzance
and Penryn districts as pedniamean. It may be illustrated
by the above section (Fig. 14).

Quarry-masters have always some difficulty in blasting
with a joint like this.

In cases where it is absolutely necessary to open a
Cornish quarry on the steep sides of a hill, the opening
should never be made straight into it, but should be driven
sideways, for reasons which are sufficiently obvious.

In those districts where the positions of the main joints
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are uncertain, it is practically impossible to make any
rule, but a considerable amount of information on this
heading may often be obtained by observing the joint-
planes in crags and pinnacles of the granite which sometimes
project from the sides of the hill. It would seem desirable
In most instances to open the rock near the top of the hill.

The following example, quoted from a well-known
authority, may sufficiently demonstrate the importance of
observing the direction of main joints before commencing
operations.

“In the old Cairngall quarry (see p. 83), the stone
lies from east to west. The east side of the hill is that on
which this quarry was opened, with great success. Shortly
afterwards another quarry was opened on the same hill,
but on the wes? side, and the working had to be abandoned.
The posts of granite, by which we mean the masses that
stand separate from each other by dries or natural divi-
sions (joints), were the quarry to be worked on the side to
which they incline, would fall upon the workmen engaged
beneath them.”*

We have before alluded to the advantage of examining
the blocks, or ‘ heathens,” which strew the surface in most
granite districts, as showing the quality of the material
underneath (see p. 77). The elvans, lodes, dykes or traps
may in this way be traced, where they exist; and we pre-
sume 1t 1s hardly necessary to say that, inasmuch as the
granite for some distance on either side is almost in-
variably much discoloured and full of joints and cracks,
unless 1t 1s absolutely necessary, no quarry should be
opened near any of them. The same remark applies to
those places where the granite may join a schist or other
metamorphic rock. In Cornish granite it would appear
that schorl is more abundant + near such a junction than
elsewhere.

Even when a quarry is to be started in the centre of a
main mass of granite, it by no means follows that the
schist may not indirectly be present. In the case of

* Bee paper by G. W. Muir, ‘“ On Granite Working,”’ Journal of the

Society of Arts, vol. xiv. (1866), p. 471.
T Rutley, ¢“ Study of Rocks,”’ p. 139, and other authorities.
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Cornwall, for example, we know that the fundamental
rock of the county is granite, and although we meet with
large areas of “Kkillas,” or clay slate, &c., yet it 1s proved
that these are simply lying as patches on the granite
underneath. This can be shown, not only by the elvans
which run from one exposure of the granite to another,*
but by the numerous mines which pass through the
““killas’ and enter the granite. We have reason to
believe, therefore, that ¢ killas’’ once overlaid all the
granite exposures or masses in that county, but have
been removed by denudation (p. 28); and it may so
happen that in the centre of some of these granite masses,
the killas has only just been removed ; or in other words,
if we, in imagination, restore the killas, we should find
that it would come just above the present surface of the
ground. The proximity, or otherwise, of such pre-exist-
ing killas would, we believe, be easily ascertained by the
appearance of schorl in the granite. Thus we believe that
schorl is to a great extent a product of metamorphism.
We would not advise opening a quarry where schorl is
particularly abundant, unless 1t is to be used for very
rough engineering purposes, because large patches of the
black mineral do not add to the beauty of the stone, and
cavities are apt to weather out.

As a matter of observation, we find that joints are
closer together in the finer-grained granites than in the
coarser-grained varieties; and from this it will be seen
that whenever large blocks are required in any number
for engineering, &c., the coarse-grained granites are more
likely to fulfil the requirements than the fine-grained.
We have heard it stated that the reason why rocks
containing oligoclase (p. 14) felspar have irregular or
rhomboidal joints is because the cleavage of that mineral
1s oblique, and the scenery, in a district where it is a
principal constituent of granite, would present sharp
crags and pinnacles; but that, on the contrary, when
orthoclase (pp. 14, 15) felspar predominates in the granite,
such as in Devon and Cornwall, the scenery would present

* Brenton Symons, ¢ Geol. of Cornwall’’ (1884), p. 47, and Sir H.
De la Beche, ‘¢ Report, &c., on Cornwall.”’
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castellated “ tors,”” and approximately right-angular joints,
from the fact that orthoclase has a right-angular cleavage.
We regret that we are unable to give reference to these
mteresting points.

~We have seen that, although in most cases the main
direction of orthoclase felspars determine the direction of
the bedding-joints, and the way the rock will most readily |
cleave, yet there are exceptions to this rule (see p. 50). L CHAETRE =

BLASTING.

Ix quarrying granite, it is nearly always necessary to
dislodge the blocks from their position by blasting. The
explosive varies according to the circumstances of the case.
For instance, suppose the material is to be used as road-
metal, as in Guernsey, &c., or a quantity of bad rock is
required to be quickly removed, dynamite is the explosive
generally used. But, if the blocks are for building or
engineering, the blasting is invariably effected by pow-
der. All quarrymen agree in stating that the explo-
sion of dynamite is such, that the rock is shattered too
much for ashlar purposes; whilst gunpowder ‘ heaves”
*- the rock out more easily, and in more solid blocks.

In Cornwall, where blasting as a rule is tolerably easy,
the following is the method commonly employed. The first
thing to be done is to bore a hole in which the charge is to
be placed. This is accomplished by three men, one holding
a steel bar with a cutting-edge, which, as the hole is bored,
is moved round, and the other two striking the bar with
hammers. The diameter of the hole varies from three to
five inches, and the rate at which it is bored depends on
| the hardness of the rock and the experience of the work-
| men. Four feet in nine hours is reckoned good work.
The hole bored may be either triangular or circular. In

the latter case a circle of steel is placed at the bottom of
f the bar. In making a triangular hole, which most of the
men prefer, so great has been the experience of some that,
in spite of the twisting of the triangle, they are said to be
| able to judge of the position in which any face of the tri-
1 angle may be, at the bottom of a hole. = Water is used in
boring, and the mud at the bottom of the hole is in many
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quarries drawn up by means of a hollow cylinder with a
valve at the bottom, and which is attached to the end of a
rod. When the rod and cylinder are pushed down the hole,
the valve opens and admits the mud, whilst, as it is drawn
up, the valve closes.

After the hole is bored it is cleaned out, and finely-
powdered dust is shaken in it to dry the sides and bottom.
The gunpowder is then brought from the magazine to the
spot in tin canisters, and about half the charge is poured
down the hole. Two lengths of patent fuse, made with
hemp twisted so as to form a sort of pipe filled with
powder, are tied together at the bottom and gently let
down the hole. The remainder of the charge is then poured
in, and the outside ends of the fuse secured by a stone from
slipping down the hole. A man now comes forward with a
pail full of rotten granite and quarry dust, slightly moist-
ened, whilst another pounds it up, and after ramming a
little hay down on top of the powder,* he poursa quantity
of this rotten granite, or « tamping ” as it is called, into the
hole, and carefully rams it down on top of the hay. The
ram or *“ tamping-bar  is a rod of iron or wood, with a knob
of Muntz metal or copper at the end, to keep the quartz
from ““striking fire.” This is the most dangerous part of
the operation. After a foot or so has been carefully
rammed down, they are not quite so particular, and the
remainder of the tamping, all of rotten granite, is soon
filled in. = Meanwhile, in those quarries where necessary,
a man is sent round warning people not to come near,
and sending all horses and carts out. All the quarry-
men then either leave the quarries or shield themi
selves behind masses of the rock. A man then lights the
two ends of the fuse, and we, who have watched the
operation, run as fast as possible out of the way, hear a
rumbling noise and a loud report, see hundreds of small
pieces of granite fly up into the air, a crash, dense smoke,
and then, cautiously approaching the scene of the explo-
sion, where the smell of powder is sometimes almost
unbearable, observe the effect of the blast.

In cases where it seems advisable, no hole is bored, but

* All quarrymen do not use the hay.
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the powder is poured down a crack, the fuse being armed
at the end with a lump of moistened powder, or * spit
devil,” tied on, with a piece of paper round it, by string.
No tamping is then used, but ashes are poured on top of
the powder.

There are many ways in which these methods of
blasting may be improved. We will first deal with the
boring of the hole which is to contain the charge. When
a large one is made, no matter in what position, it is called,
i Cornwall, a “muckle” hole; but a small one made
horizontally is termed a *“ capping ”” hole. We have shown
that the hole may be either triangular or circular. On
inquiring why the former kind was more often used, we
were informed that the sides of the triangle frequently
gave a direction for the cracks made by the powder, and as
operators could end the hole with any face of the triangle
in a particularly desired direction, that the quarrymen
were thus enabled to guide the cracks and the effects of
the blast. Now this is all very well, providing they know
the position of the lines of least resistance:; but we found
in many cases the blocks were so placed that they were
unable to ascertain this. N evertheless, triangular holes
were used, and so we see that frequently the powder was
urged to force its way along certain directions, which,
for aught they knew to the contrary, might be in a
totally different position to that required to do the work
effectually. In all cases where there is any doubt as to the
direction of the lines of least resistance, we would advocate
the use of round holes only, which would allow the charge to
find its own way. Unless very skilled borers are employed,
we would not advise triangular holes on any account.

Again, the tamping might be considerably improved.
It is not our purpose to go into all the details to substantiate
this fact. We would refer the reader to Major-General
Sir John Burgoyne’s excellent little work* for information
on this head for cases where the charge is to be fired with
the patent fuse. His work, although written some time
since, embodies all the important points, and they have not
been much modified, except in regard to firing by electricity.

* ¢ On Blasting and Quarrying Stone’’ (Weale’s Series), 1849.
I
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In recording the results of experiments in blasting with
different tampings, he concludes that the following rules
‘may be generally laid down.®

1. “That clay dried to a certain extent is, all things
considered, the best material that can be used for tamping.

2. “That broken brick, tempered with a little moisture
during the operation, is the next best material. -

3. “That some kinds of rotten stone are as good as
either, but that it is not so easy to be sure of always
having the proper kind, and the use of it is very likely to
lead to an occasional substitution or mixture of stone of
other quality, such as is decidedly objectionable.

4. “That sand, or any other matter poured in loose, is
entirely inefficient.

5. “That the stone-dust and chippings of the excavation
itself (excepting the rotten kind above mentioned) afford
less resistance than clay, and being always more or less
attended with risk of accidents by untimely explosion,
should never be employed.

6. “That of the mechanical contrivances by means of
plugs or wedges, the most effective of those referred to,
are the cone with arrows and the barrel-shaped plug,
both of which, particularly the former, give a great
increase of resistance; but that all such contrivances,
leading to increased expense, requiring extra arrange-
ments and some attention to a proper application such as
cannot always be depended upon, are none of them
applicable to ordinary purposes, but might be very useful
under circumstances where every blast is under great
difficulties or attended with much expense; for instance,
under water, or in carrying on shafts, galleries, &c.,
through very hard rocks. In such cases the additional
cost and labour of employing these means would perhaps
be well repaid by the improved effect of each explosion.”

We believe that a medium-grained powdeér of good
quality would be more effectual in quarrying granite than
the very coarse powder now so much used. It would
concentrate all the force near the bottom of the hole,
which, as all quarrymen admit, is what they want. In

* Op. cit., p. 69.
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all cases where there is a miss-fire, water should be poured
down the fuse-hole and the charge thoroughly wetted
before the tamping is bored out.

We wonder that electricity is not more used in firing
the holes in Cornwall. There can be no doubt that it is a
very safe and expeditious method. In using the patent
fuse, which, however, is very effectual, a great deal of the
force of the blast is expended up the holes in which the
powder has burnt, and is thus lost. When electricity is
used there is no such escape for the explosion ; two insulated
copper wires, connected at the bottom with a thin platinum
thread surrounded by fine powder, form the fuse.

In the Aberdeen district, all the explosions we saw
were fired by electricity, the whole charge of powder, with
the fuse, being placed in elongated water-tight bags and
dropped en masse down the hole. After tamping, a horn
was blown, when all the men left the quarries, and the
explosion soon followed. ‘

In reading works on the subject one frequently sees a
great deal about rules for determining the quantity of
powder to be used in blasting, direction of the holes, &e.
Theoretically these are all very well, but in practice most
of them will not work. They nearly all assume that the
rock to be blasted is a firm solid body without any cracks,
&c., whilst the peculiar directions in which holes would
have to be bored to follow out the rules would waste too
much time and cost too much money to be of real advan-
tage. As a matter of fact, before a hole is bored for the
blast, a good quarry-master looks at the block to be re-
moved and endeavours to find all cracks and joints. He
then sees whether the mass has to be blown up the
bed or against it, and observes the manner in which it
may be wedged in by other bloeks. After mature con-
sideration he instructs the men under him to bore the
hole, and estimates the quantity of powder to be used, not
by the depth of the hole, but by judging the amount of
force required to move the block. Experience has taught
him how to do this.

A peculiar method is adopted by some quarry-masters
to find the lines of least resistance (see p. 41).
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CHAPTER XI.
THE MANIPULATION OF GRANITE.

A.—CUTTING AND DRESSING.

Ar1ER the stone has been blasted from the parent rock, or
sometimes when ¢ sifu, it is cut up into the required
shape. This is commonly done by making a series of
holes three to four inches apart, and about three inches
deep, along the lines where it is desired to be split. In the
case where a cube block has to be cut, and the quarrymen

~are not particular where it will split to a few inches, only

one row of holes on the top of the block would be made ;
but, if they were cutting against the grain, or the tough
way of the rock, they would also place rows of holes down
the sides leading from those on the top. The former
kind of holes are generally slightly wider apart than the
latter. In other cases a groove from two to three inches
in depth would be cut on the top of the block in the
direction in which it is intended to be split, and then the
small holes would be made as usual along the bottom of
the groove. When extra care is necessary, by reason of
the refractory nature of the granite, or when it is par-
ticularly desired to be sure of splitting a block exact, we
have seen holes 2 inches in diameter, 3 feet 4 inches
deep, and 43 inches apart, let down into a block, and
even small holes placed between them and down the
sides. This is very exceptional, though.

The three-inch deep holes in some districts are cut with
the hammer and chisel, and for very hard rocks this is
perhaps as expeditious as any other way would be. In
Cornwall these small holes are made by means of a-

FUMPER—ROCK-DRILLS. £17

1 %

¢ jumper. This is a curious instrument, as will be seen
on reference to the annexed figure (Fig. 15).

The operator catches hold of the jumper,” placing
one hand under the iron knob in the centre, and the
other about halfway between the knob and the upper part
of the tool. He stands upright on the block, and lifting
the tool, keeps plunging it down on the spot where the
hole is to be made. When the hole is sufficiently deep he
moves on to the next one, and so on. In an experiment
carried out in the Carnsew quarries (p. 48), we found

that 112 blowsof the hand-jumper made ahole
A2 1 inches deep against the grain of the rock.
The monotony of the quarry is often con-
siderably relieved by four or five workmen
standing on a large block using “jumpers”
of different tones, and, keeping time, ringing
a merry peal in making the holes. The men
themselves are very fond of this, and they
b consequently work much better.

— The deep holes, two inches in diameter,
before alluded to, are made by a patent steam
drill, which is capable of boring in the aggre-
gate from 40 to 50 feet in seven hours. We
were informed that this rate is very often
exceeded, especially when the holes are bored

with the grain and not against it.
2 On the 8th March, 1887, the Carnsew
o g patent drill of Messrs. John Freeman & Sons
«, Cutting edgeso DOTed 50 feet of granite, the bore-hole being
the jumper.  |1.inch in diameter, in 5% hours. This is

b, Iron ball welded . 5 4
totherod. Length Mot continuous working, but allows for shifts,

ofrod, 4ft.6ins.to g Whilst at work 1t is said to bore seven
inches a minute.

When the holes are made, the block is split by means
of “plug and feather” wedges. The ““feathers” are
small thin pieces of wrought iron, rounded off on one
side. Two of these are placed in each hole, and the
“plug,” which is made either of iron or cast steel, is

J

* In some, if not all, the Irish and Scotch granite quarries, the term
¢ jumper ’’ is applied also to the cutting tool for making the blast-holes.
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inserted between them and driven tight. The quarryman
then gives each ““plug” a few knocks in succession with
a hammer until the rock splits. When the granite is sound
and firm, a sharp whip-like crack is heard on splitting.

Granite blocks are dressed in a variety of ways. “The

chisels used require a particular temper, which must
neither be very hard nor very soft, else they would either
lose their edges by chipping, or fail to cut the stome.
They frequently require sharpening. The chisel is held
by the workman at a much less oblique angle to the
surface of the block than when working freestone, and
he separates only small particles at a time. ,
Unless the “natural” face of the stone is left it is
either ““punch” dressed, which is considerably lighter
than the “natural ”” face ;  picked,” which is lighter than
“punched ;” or “axed,” which is a superior finish.

Previous to the year 1818, all dressed granite work was
done with small picks. The manner in which patent axes ”’
were first introduced in working Aberdeen granite, and
in fact, of their being introduced into the kingd(,)m is
worthy of notice. The late Provost Hadden of Persliay
Aberdeenghlre, being at New York, saw one of them for
the first time and brought it home. He gave it to a Mr
Milne, who was contractor for some public buildings then
In course of erection, and after being tried by that gentle-
man, 1t was pronounced a failure and laid aside as useless
Some time afterwards, the axe fell into the hands of Mr:
Macdonald, the well-known Aberdeen granite worker, who
had two axes made on the same pattern, when they ‘Were
fovtnd to be so successful that they have ever since been
universally used. It is an instrument composed of a num-
ber of thin slips of steel tightly bound together and fastened
to a handle, their edges being on the same plane. The
surface of the granite to be ““fine axed ” is then smoothed
by a series of taps, given at right angles to the surface
previously operated upon.

The surface of some of the granites used by the ancients
{:Lnd handed down to us, has been observed to peel off, but it,:
18 noteworthy that the granites in buildings erected in more
modern times do not exhibit this peculiarity.  Professor
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Tennant believed* that this scaling was produced in the
process of dressing, by which the tool fractured or “starred”’
the surface, so that eventually the fractured part would
weather loose or fall off the stone. Whether this is so or
not, there cannot be much doubt that fracturing of the
surface has become very much minimised, if it has not
altogether disappeared from the better kinds of granite,
by reason of the introduction of less cumbersome tools,
and especially by the application of the patent axe re-

ferred to. -

B.—POLISHING.

Although the introduction of the present system of
polished granite into architectural ornamentation, monu-
mental sculpture, &c., is of comparatively recent date,
granite polishing was known more than one hundred years
ago among the jewellers of Aberdeen, as the following
extract from the Aberdeen Journal of the 3rd December,
1770, shows :(—

“Collin Allan, jeweller and goldsmith in Aberdeen,
begs to acquaint the public in general that he has estab-
lished a manufactory for sawing and polishing granite
slabs, tables, and chimney pieces, &c.”

In modern times the fabrication of slabs, pedestals,
and vases in hard porphyries, and in granites, has been
carried to great perfection in Sweden. The quarries of
Blyberg, at Elfdalen, for many years have furnished
materials for the exhibition of this Swedish ingenuity and
artistic skill. They add greatly to the splendour of the
homes of the Swedish capital, and are known and admired
all over Europe.

Granites are polished in the vicinity of most of the gran-
ite-quarrying centres, principally at Penryn, Plymouth,
Shap, Aberdeen, Dalbeattie, and Newry, as well as in Lon-
don and a few of our largest cities. The machinery used in
all these polishing works is practically of the same kind,
varying only according to the magnitude of the respective
establishments. The polishing works at Aberdeen are un-

* Jour. Soc. of Arts, vol. xiv. (1866), p. 471.

ekl
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questionably the most important in the kingdom, and we
have visited many. Some of the polishing firms also quarry
the material, whilst others purchase the stone as they want
it from the quarry-owners.

The cut blocks for architectural and monumental pur-
poses are conveyed to the polishing works, where they are
first masoned, and the smoothest possible face put on before
being placed in the polishing-mills.

The granite turning-lathe, otherwise known as the
*“ steam-mason,” is capable, in some works, of doing the
work of fifteen men, and dealing with columns up to
16 ft. or 18 ft. in length and 2 £t. 8 in. in diameter. The
corners are roughly scabbled off a squarely cut piece of
granite before being put into the lathe. The cutters of
the lathe consist of two circular cast-steel discs, which are
on opposite sides, one acting asa counterpoise to the other,
as well as doubling the amount of out-turn. These cutters
have a tapered hole bored in the centre, through which is
passed a spindle with boss. This in turn is placed in the
rest, when the boss on the spindle is tightly screwed up
against the face (or rather, in the tapered hole) of the
cutter. The cutter and spindle revolve, the rotary motion
being given by the column or block of granite, which
1s turned by steam-power. The Ross of Mull granite
columns at Blackfriars Bridge, which are eight feet in
diameter, are productions of these lathes.

In the largest works there are usually smaller lathes
also, for turning vases, balusters, urns, &ec.

Let us now consider the polishing process. When a
column comes from the turnin g-lathe it is placed in an
ordinary lathe, and is so fixed as to revolve. Cast-metal
planes are then placed upon it, and sand and water applied,
which puts on a fairly smooth surface, then emery and
water, which imparts a still finer surface. At this stace
the plane is covered with thick felt, and the polish 1s
brought out by the application of putty-powder. This
process applies to the polishing throughout.

That employed in polishing plane surfaces of granite
1s, briefly, as follows :—

The stone to be polished is fixed in a machine called a

L
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® n’’ after being fine-axed. The surface to receive
thvgai)gc‘)olish is placed in a horizontal position, uppﬁrmlq]s:. .
The “wagon” travels very slowly to and fro on ra E, Tﬁ 3
the bed of a planing machine, and the polishing 1s e ech ed
by two or more vertical spindles, to which are attaph(?
flat cast-iron rings of various sizes connected one wit mt
the other in the same plane, so arranged that the larges
ring is farthest away from the spindle, the sizes decreasing
as the spindle is approached. The undersides of the rl?lgs
lying on the stone to be polished are lined with felt 01'_01z1 1er
similar material. It will thusbe seen that when the spin }_?S
revolve, the rings have a circular horizontal motion on tde
flat surface of the stone, whilst the latter travels ba:ckwaﬁ' S
and forwards underneath it in the wagon, which thus
asses the different parts of the stone under the rings to
ished. :
bellzr)l()lj&%frdeen, at Messrs. Alexander ‘Ma,cd‘onald & Co.’s
works, we have also seen an instance in which the stonﬁs
to be polished are stationary, and the frame Wllt'hh:t e
revolving spindles and rings passes over them, polishing
in the usual way. We presume that this method 1s more
convenient when dealing with heavy blocks. : -
Other machines for polishing granite are called * verti-
cals,” but the amount of work done_ is nothing like so
much as with the methods just mentioned. In these the
granite is stationary. The rings revolve as in the other
machines, but a piston-like motion, combined with a
swivel-joint, enable the fworkmen to direct the polishers
7 art of the surface. _
g Erj1?11?131;112ehines by which mouldings are polished are
known as “sliders.” In the first place the mould is cut
to drawing, by a mason, then plaster ot Paris is run on
the mould, and an accurate impression thus obtained.
From this pattern a metal casting is made. The granite
is then laid on a frame, or on the ground, the casting is
attached to a long wrought-iron arm fixed to a pin on a
large face-plate, and the machinery set in motion. The
arm travels to and fro, and, to prevent loss of emery, &e.,
the moulds are roughly encased in a wooden frame and
the joints stopped with plaster of Paris.
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Circular door and window heads, can be polished in
these machines as well as straight mouldings. Where
anything very elaborate has to be executed, it is done by
hand, and thus the price of the material is considerably
augmented.

In sawing granite into slabs, the material is placed in a
frame, the saw-Irame being suspended from above. A
sawing motion 1s imparted to the frame by a crank
attached to proper steam machinery. Water and chilled
1ron shot are used to assist the saws.

Sawing and polishing granite is a slow o ‘
1 | erat
with the best machinery, 3 peration even

CHAPTER XII.
THE SELECTION OF GRANITE FOR VARIOUS PURPOSES.

ExpErIMENTS of many different kinds have been carried
out to try and test the durability of stomes. We will
now examine the results of a few of the more important
of them which relate to granites.

We know that the acids contained in rain are powertul
agents in denuding rocks, and it therefore seems that our
first consideration in selecting a granite should be to find
its chemical composition, and to see whether it contains
any matter which is especially liable to be attacked by
these acids.

But we should by no means allow the results thus
arrived at to guide us in selecting solely, for a very great
deal of the weathering of the stone depends on the state
of crystallisation of the component minerals. In the
finer-grained granites, for instance, it 1s 1mportant to
notice the disposition of the quartz. This mineral, which
is exceedingly durable, is sometimes seen partially enve-
loping other less durable minerals in such a manner as
more or less to protect them from deleterious agencies.
Most granites are very durable, but there are notable
exceptions to this rule even in the midst of the best
quality districts (see p. 14). The majority of granites
which come to the market in the polished state are not so
much affected by the weather as those in the rough, or
even the “axed” state, because the rain on falling on the
polished work, as a rule, glances off or easily runs away,
whilst the uneven surfaces of the rough kinds afford
ledges, which, however small they may be, assist in
retaining the rain-water, which thus has greater oppor-
tunities of attacking and soaking into the stone.
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In selecting ' ' ' .
In granites from a chemical point of vie
] w t
Ferilsrll)(;falt hthmg;s to agtend to are the ]é)ondition of tﬁg
» the nature of the blotches that so fre
; uentl
;)I;sieur, e}nd the easily decomposable accessory and sec%ndar?
nerals, especially iron oxides. Granites which contain
31;0 f;((::ss ofl{ﬁne, OH‘OD, or soda, are the most liable to
ay (see p. 14). Compact medium-oraj let1
gezil‘%rally S e pact medium-grained varieties are
ose containing large crystals of mi
_ ca are unfit
arc%utgctu_ral purposes, and the same may be usI;id fglf;
varieties in which soda-felspar and very deep red (iron)
felts[‘ll)lar predominate.* p 5
e quantity of water a stone is ca '
ntity . pable of absorbi
(lilas I;nl;lgterlal influence in determining its comparatir\l?’%
Wuza, ity.  All stones contain interstitial or ¢ quarry ”’
m@ er. lIt 1 not 1n chemical combination with the various
; 11:;(-,]‘11'51.. s which constitute the rock, but is merely retained
v:rlhel (111:: pores. A great deal of this water evaporates
. n he stone has been subjected to the influence of the
mospnere, and the material becomes more difficult to

~ work in consequence.

We find by experi '
periment, exactly as might be inferred
E]hlgt the more water a stone absorbs the lgss durable it is ;
}118 must, therefore, be borne in mind when dealing Witﬁ
ot ir matters respecting its durability.
oo smgple method of finding how much water stones
We? Jt]'[1 tils to dry them _thoroughly, and then carefully
s ég' em with a spring balance. Then immerse the
tgkeilm;?ts In dwater f_orh a.dday, atter which they should be
; and re-weighed. The additional weich
the amount absorbed. Thi e b 7
: sorbed. 18 amount may be increased b
%‘Xf}lllzgsz;ng thfe air from the specimens bgfore immerseion ;{_’
ater Ireezes 1t expands, and in expandin -
;iu_oes a tremendous pressure on the materiaﬁ Whicg (Izjsr(l)—
czﬁls 1t.ﬁ g To give examples of this: bomb-shells and
beellll%n ed with water, and hermetically sealed, have
urst 1n strong frosts, by the expansion of the freez-

* See Page’s ‘“ Economic Geology,”’ p. 60.

T See further on thi i Wit
sér., xix, (1861-62), p? gg?,]ect. Delesse, ‘“ Bull. Soc. Géol. France,”” 2me
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ing water within them. In winter weather, as plumbers
are well aware of, water-pipes are frequently burst in a
similar manner.

When a stone, therefore, contains much water, the
water in freezing forces the particles composing it asunder.
Consequently, when a thaw comes, the particles having
lost their original cohesion are easily removed from the
stone, which thus rapidly decays. Experiments have
shown that the more a rock becomes weathered the more
water it absorbs. So that when a stone has commenced to
decay it will increase in a greater proportion as the decay
proceeds.

Many experiments have been made to imitate the action
of frost on stone, but with doubtful success. Consult
“ Guide to the Museum of Practical Geology™ (1877),
p. 40; Ansted, “Physical Geography and Geology ™
(Orr’s Cire. of the Sec.), 1855, pp. 2056-6; «d. “ Lectures
on Practical Geology,” p. 170 ; Dobsen, “ Rudiments of
Masonry and Stonecutting,” 1873 ; Appendix, p. 131, and
the “ Commissioners’ Report,” &e.

Stones having a somewhat similar appearance to each
other are often found on examination to be of different
strength, so that considerable attention has been paid te
the results of experiments dealing with their comparative
resistance to thrusting stress.

The weight necessary to crush a stone varies with the
state of cohesion and hardness of the particles composing
it. It follows, therefore, as the amount of water a stone
absorbs is proportionate to the state of aggregation of the
particles composing it, that the crushing weight will be
proportionate to the amount of absorbed water. Or, to put
it in another way, suppose we know the average amount
of water absorbed by stones of similar natures, we can get a
rough idea of their relative strength. A careful compari-
son of several published accounts of crushing weight and
absorption of water by stone, would show that this rule is
almost invariably borne out. The exceptions that exist
are due In a great measure to the insufficient manner
in which the stones have been described, causing the
comparison to be made between stones widely different
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from each other, but which, unfortunately, bear the same
name.

Stones of aqueous origin made up of large shells are diffi-
cult to deal with in selecting pieces for crushing ; it is not
easy to obtain average pieces. It is simply ridiculous to find
the strength of one-inch cubes of such stones (as has often
been done) ; large pieces should always be experimented
upon, certainly not smaller than six-inch cubes, Tt can be
shown that in many cases no very great difference exists
between the relative crushing weights of one-inch and six-
inch cubes of stones of a homogeneous character ; but when
rocks contain large crystals, such as many of the granites
and porphyries, or large shells, such as are found in many
limestones, the crushing weight must vary considerably
according to the general position of the cleavage planes of
the crystals, or the predominant direction of the exterior
faces of the shells.

A small cube of granite might fail to prove the exist-
ence of cracks and flaws invisible to the naked eye, in
large blocks of the same stone. The comparative strength
of the large blocks would thus be lower than the exami-
nation of the small cube would seem to warrant, for it
must be remembered that the stren gth of a stone is only
the strength of its weakest part. In testing the crushing
weight of granites and other stones it i desirable for
comparison’s sake that they should be of the same size
and shape. This is not always attended to.

Experiments as to the strength of stone also vary
according to the machinery used, as well as the skill
and care with which the experiments are made and
recorded. * ’

A very important point to ascertain in comparing
results of experiments of different kinds of granite 1is
whether all the materials under experiment are actually
granites. It is not near enough, even for practical pur-
poses, to admit other kinds of stones, simply because they
may be known in the market as « granites,” into the
comparison.

* A striking example of this will be found in the Builder, vol. xxx.
(1872), p. 418.
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' . ting stress are of mno
The results of resistance to thrus stre . :
real value unless stones of 3ppr§1xm}at:?; :;ngTIIZII'n %I;%r(?i(l)d
ic ition are tested. or instance, :
%écaclofx?ggg(sil with granite, syenite with syenite, green-
- ith oreenstone, and so on. :
StOFnirY]:ILer %han this. In the case of granite, we have ?
peculiar substance to deal with. If we placei) a p1ec§ 2_
coarse porphyritic granite,—say, from near .inzaﬁg]; i
side by side with a piece of very fine blue granite, such ¢
that from Rubislaw quarries, Abeﬁdeen% }:11:}11(33 d;ffﬁerrsetn(;;agﬁ
! . e . a g al'
structure is very striking, so muc scl), Pgdemisicc
r do not appear like the same class o : _
1}:1]:1?6 bgfore staﬂ)d (p. 126) that ex_pqumients as tot (ils'uzlie
1 all cubes of stone containing large crysta
Ilﬁ)gtﬂ (())? ?1;11110}1 value. Applying this remark to the two
oranites under consideration, we see that the resultsl ((inba
6-inch cube of the porphyritic Penzance stone Wou1 e
of no use. If machinery permitted it, and a very aige
block of each were tested, it would be quite another
ma’f‘fi? leads us to the conclusion that, in respect ftcl)
granites, the crushing weights on 6-inch dcubes. aél:esuzsz I:I:d
r for comparison of the finer-grained varieties ;
er]ll; 011(:3 who Fs selecting stone should therefore know tlﬁe
grgin of the rocks, the results of compression of which he
1 ing. .
pi %?:I?g) iﬁeg found useful to know the weight of stones,
because to a certain extent it is an index to their dura,bﬂlf)y.
Many published results show the average weight per cubic
foot, whilst others give the specific gravity. The tro]1:11 &
of p’reparing several samples of hard stones, making them
of the required size and shape, in order to find tl]:lleér
average weight, is a drawback to the former method.
The latter method is, perhaps, the preterable one, for not
only can the stones be of irregular shape, but when an
average piece is carefully selected more accurate results
btained. ks ;
ar?l‘?le specific gravity of a substance is its weight com-
pared with that of an equivalent bulk of pure water, at ﬁ
definite temperature and pressure. The density of a roc
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or mineral depends, to a great extent, on chemical com-
position and minute structure.

The stone to be weighed must be an average-looking
specimen, because two fragments of the same rock may
contain different proportions of its constituent minerals.

The most convenient way of finding specific gravity
1s by weighing the same specimen first in air, then
immersed in water, and dividing the former weight by its
excess above the latter.

A special instrument is required for this purpose. A
good one is that called “ Walker's Specific Gravity
Balance,” invented by Mr. W. N. Walker, F.G.S., and
sold by Mr. G. Lowden, Optician, Dundee.*

A knowledge of specific gravity is perhaps more useful
in selecting granite for marine works than anything else
with which we have to deal. For sea-walls and pier
harbours, exposed both to heavy breakers and shingles,
hardness and durability, with great specific gravity com-
bined, should be sought for.

The greater the weight of a given sized sea-wall or
pier, all other things being equal, the better will it stand
the force of the breakers.+

Some years ago Mr. Thomas Stevenson conducted g
series of experiments on the force of the breakers on the
Atlantic and North Sea coasts of Britain. The average
force in summer was found in the Atlantic to be 611 1bs.
per square foot, while in winter it was 2,086 Ibs. But on
several occasions both in the Atlantic and North Sea the
winter breakers were found to exert a pressure of 3 tons
per square foot, and at Dunbar as much as 3% tons.f

Besides the continual bombardment of breakwaters and
other marine works, caused by waves throwing huge
blocks of stone against them, we have to take into cop-
sideration, even where this action is less violent, another
powertul agent which also does a great deal of damage.

* Several kinds are treated of by Professor Judd, F.R.S., in ¢ Proc,
Geeol. Assn.,"” vol. viii., pp- 278—287.

T ‘“Rep. on Geol. of Corn., Dev., and W. Somt.,”” by Sir H.T. De la
Beche, F.R.S.

§ ¢ Trans, Roy. Soc., Edin.,” XVi., p. 25.
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It is the alternate expansion and compression of air in
crevices made in the masonry, which dislocate large masses
of the stone even above the direct reach of the waves.

Engineers know that, even from a vertical and appa-
rently perfectly solid wall of well-built masonry exposed to
heavy seas, stones will sometimes be started out of their
places, and that when this happens a rapid enlargement
of the cavity may be effected.

At the Eddystone Lighthouse, during a storm in 1840,
a door, which had been securely fastened against the force
of the surf from without, was actually driven outward by
a pressure acting from within the tower, in spite of the
strong bolts and hinges, which were broken. We ma
infer that by the sudden sinking of a mass of water hurled
against the building, a partial vacuum was formed, and
that the air inside, forced out the door in its efforts to
restore the equilibrium.*

Dr. A. Geikie sayst that this explanation may partly
account for the way in which the stones are started from
their places in a solidly built sea-wall. But, besides this
cause, we must also consider a perhaps still more effective
one, in the condensation of the air driven before the wave
between the joints and crevices of the stones and its
subsequent instantaneous expansion when the wave drops.

We quote these examples to show the influences to
which granites selected for lighthouses, sea-walls, &c., are
In some instances subjected. There can be no doubt
whatever that stones having a high specific gravity, whick
include some of the compact, medium-grained, heavy
varieties of granite, are amongst the best materials for
these purposes. Exceedingly heavy and compact limestones
have been used for large marine works; but the action of

molluses, which bore into the stone, 1s a serious drawback

to them in many instances.

Bearing in mind what we have said as to a stone
weighing less in water than in air, the student will readily
understand that in dealing with submarine structures,
the relative weight of the stones used is greatly reduced.

* Walker, ¢ Proc. Inst. Civ, Engin.,” i., p. 15.
T ¢ Text Book of Geology ” (1882), p. 429.

K
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The following examples, taken from Mr. T. Stevenson’s
“ Harbours,” p. 107, will further illustrate this fact :—

. No. of feet to a ton in
1:?8 'aogoﬂl?icaﬁet sea-water of specifie
A gravity 1°028.

(— Specific Gravity.

Saselt | . - 2:99 11-9 18-26
Red Granite . 251 13-2 21:30
Sandstone . . 2°41 14.8 26-00

Although the care in the selection of stone by specific
gravity for rather deep submarine work should by no
means be neglected, 1t 1s not so important, perhaps, as for
that portion of the structure near and just above the sur-
face of the water ; for this reason—waves, which are the
principal source of the destruction of the works, only
exist at the surface of the water. Underneath, everything
1s comparatively quiet, and very little or no damage is
caused from the motion of the water.

Delesse says that engineering operations have shown
that submarine constructions are scarcely disturbed at a
greater depth than & métres (164 feet) in the Mediter-
ranean, and 8 meétres (2624 feet) in the Atlantic.*

As might be expected, there 1s an intimate connection
between the specific gravity and crushing weight of stones.
Information bearing on this point may be found in
Barlow’s ‘ Treatise on the Strength of Materials” (ed.
1867), p. 110; and the Builder, vol. xlviii. (1885), pp.
192-3.

In regard to aqueous rocks, the specific gravity is in
some measure an index to their durability ; but when we
apply 1t to granites and stones of a like nature, it begins to
lose its value in this respect. Its principal use so far as
igneous rocks are concerned is in assisting to calculate the
weight of a certain sized mass, so that it may be used by the
engineer in estimating the strain on certain portions of large
structures. It is very convenient also to know the specific
gravity of granites intended for marine works, as—other

* ¢ Lithologie des Mers de France ”* (1872), p. 110.
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things being approximately equal—the higher specific
gravity granites are the best for these purposes, as pre-
viously mentioned.

The specific gravity of igneous rocks is frequently
quoted in matters connected with road-metalling ; but
though this occasionally enables us to form some idea of
the  resistance to crushing” wunder ordinary circum-
stances, for road-materials a knowledge of the specific
gravity 1s practically useless, whilst whatever value it
might have in assisting us to discover what pressure these
materials are capable of resisting, is certainly lost. The
results might be useful where the stone is to be built in a
wall, and where the pressure is tolerably equal all the
year round, but road-metal is not subjected to such steady
pressure. The pieces that form it are suddenly called
upon to bear enormous weights, which are withdrawn as
suddenly as they came, so that if the stones used for these
purposes are not fowgh they soon snap. Care must be
taken to distinguish the difference between the hardness
of a stone and its toughness. Some people seem to think
that hard stones are necessarily tough, but such is not the
case. Many of the hardest stones in existence are very
brittle. Toughness in granites, syenites, and the like 1s
occasioned by the disposition and size of the crystals
forming them, these crystals being more interlocked
in the tougher varieties of these stones than in the others.

The student might well ask, then, why the ‘crushing
weight” is not an index to toughness, seeing that the two
things are both dependent on structure. In answer to
this, we must urge that the steady pressure of machiner
on a plane surface must not be compared with that
uncertain, uneven, grinding action to which road-metal is
subjected.

In addition to being tough, however, road-metal must
be made of durable minerals; for it is often subjected to
very severe chemical tests. On some country roads, for
example, the stones, after a rain, might be described as
being literally in a chemical solution, which is trying its
best to disintegrate them.

Although we have defined syenite as being made of
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quartz, felspar, and hornblende (excluding the few acces-
sory minerals, for simplicity), we have not stated in what
particular quantities these may exist, and this is an im-
portant factor in the inquiry. It will be found that the
proportions vary considerably, and on this the differences
i durability and specific gravity are largely dependent.
There cannot be much doubt that in the syenites com-
monly used as road metal, the rate of decomposition of the
felspar is the principal source of the superiority of one
kind over another.

The most durable syenite, then, is that which has the
least felspar, and, we may add, the least iron in that
mineral. Syenites which contain an excess of felspar,
generally have a low specific gravity, unless the hornblende
18 superabundant.

Those hornblendic granites, in which the felspar has a
tendency to occur in rather large crystals here and there,
cannot be expected to make such good road metal as those
kinds of syenite which do not exhibit this feature, are fine-
grained, have comparatively little felspar, but much horn-
blende.

This enables us to see why it is so very essential to distin-
guish between rocks of different structure and mineralogical
constitution, but which bear the same name in the market.

Another cause of the disintegration of granite and other
rocks is by considerable variations in the daily tempera-
ture. Its effects on granites used in Great Britain are no
doubt very slight, but in countries where there is a great
daily difference of temperature, much difficulty is ex-
perienced in selecting building materials from this cause.
Many cases are extant in which fine-grained and very
durable granites (as far as this country is concerned) have
not only lost a great deal of the beauty of their polishing
by discolouring, but by actual disintegration, when sent
abroad, especially to the tropics.

Rocks are expanded by heat and contracted by cooling.
Variation in temperature thus causes some building stones
to alternately expand and contract, and this prevents the
joints of masonry from remaining close and tight. In the

nited States, with an annual thermometric range of more
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than 90° Fahr., this difficulty led to some experiments on
the amount of expansion and contraction in different
kinds of building stones. It was found that in fine-grained
granite the rate of expansion was ‘000004825 for every
degree Fahr. of increment of heat; in white crystalline
marble it was 000005668 ; and in red sandstone 000009532
or about twice as much as in granite.*

Granite is very susceptible of injury by fire, much more
so than compact sandstone with a siliceous matrix. This lat-
ter is, no doubt, the best natural stone for withstanding fire.
Formerly it was exceedingly hard to work with the chisel,
and although this difficulty has been much lessened, yet the
tendency of siliceous sandstones to have a splintery fracture
will always be a great drawback to their general use.

Although a great deal of granite is used for road-metal,
yet by far the greatest quantity is quarried for dock-work,
embankments, kerbstones, and things of a like nature.
Mouldings and ornamental work made of granite are
much more common in the better class of buildings than
they were a few years ago, whilst for monuments, drink-
ing-fountains, &e., it is very popular. We notice that the
foundations of several large buildings in London have
recently been constructed of granite, and this 1s de-
cidedly a step in the right direction. When we look at
the rotten stone with which many large edifices i our
metropolis are built, we wonder why granite is not oftener
used for foundations and exposed situations. We will not
go so far as to say that the buildings should be entirely
made of granite ; butif more care were exercised in select-
ing the freestones and sandstones used in the less exposed
situations, and — consistent with artistic appearance—good
granites were placed in places where those stones would
suffer most injury, the greater cost of the first production
would be amply repaid eventually. We are informed on
good authority that cheap granite ashlar, but little exceed-
ing the price of freestones, could be introduced into the
London market, being the waste of large blocks. These
blocks are not of bad quality, but lyimng as they do in the

* Totten, ‘‘ Amer. Jour. Sei.,” xxii., p.136.
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way of quarrying operations, and costing so much to shift
about the quarries, quarry-owners, in general, would be
glad to get rid of them. The “ waste ” might especially
be employed in construeting warehouses, wharves, &c. We
should then find in the metropolis what appears to be a

great rarity at present, viz., buildines made of
and beautiful material g of a durable
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of, 51
decomposition of, 14
Felspars described, 6
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78, 78, 86, 100, 101

Fossils, value of, 4
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described, 2, 8
passage of, into granite, 26, 30
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Breslau, 84
cavities in, 45, 98
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Donegal, 101
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Herm, 67
Irish, 97
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Kincardine, 85
Kirkcudbrightshire, 90
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Luxullian, 43
Mourne, 98
Newry, 98
Penryn, 47
Penzance, 49
Peterhead, 80
St. Breward, 41
Sark, 67
Slieve Croob, 98
W estmoreland, 53
Wicklow and Wexford, 100
Granite, durability of, 80

Granite—continued.
foliated, 8, 30, 69, 72, 73, 78,
86, 100, 101
giant, 19, 70, 71
graphic, 7, 57
hornblendic, 7, 10, 63, 64, 62,
64, 67, 132 -
irruptive nature of, 29, 98
joints in, 40, 43, 44, 46, 50,
b1, 67, 70, 71, 72; 73, 83,
103
manipulation of, 116
metamorphic origin of, 20, 30,
98, 101
molten condition of, 25, 27
origin of, 17
porphyritic, 8, 37, 38, 39, 45,
46, 49, 50, 51, 53, 83, 102
relation of to surrounding
rocks, 18
schorlaceous, 7, 37, 49
selection of, 124, 129
structure of, 6, 8
syenitic, 7, 9, 10, 53, 54, 62,
64, 67, 98, 132
veins, 19, 20, 23, 24, 36, 76,
90, 98, 101
weathering of, 14, 45, 47, 51,
55, 61, 80, 86, 109, 110, 118,
123
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Hensbarrow granite, 47
Herm, 67
Hill of Fare Quarry, 87
Holes, method of boring blast, 111
Hornblende, 7
microscopic characters of, 16
Hornblendic granite, 7, 9, 10, 58,
54, 62, 64, 67, 98, 132
veins, 65
“ Horse,” 25
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IeNEous rocks, classification of, 1
origin of, 1, 17
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J.
JERSEY, 60
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104
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origin of, in igneous rocks, 106
tight, 50, 106
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27
Jumper described, 117
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Kaonin, 47, 51
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Killas, 109
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Kincardine granites, 85
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Kingswells, 79

Kintore Quarry, 78
Kirkcudbrightshire granites, 90
Kit Hill Quarry, 39

L.

La Move Quarry, 63
Labradorite felspar, 14

Lateral pressure, 29
Lathe, granite turning, 120
Lavas, microscopic appearance of,

acid, 27, 28, 31
Leicestershire granites, 54
syenites, 56

Lepidomelane mica, 36

Limestones described, 2
Liquidity, potential, 27
Lizard granite, veins of, 23
Loch Awe Quarries, 94
Lodes, mineral, 40
Longhaven Quarries, 80
Lough Quarry, 101

Lundy TIslands, 34 |
Luxullian district, 35, 43 }

M.

MacuINERY used in quarrying, 34,
116

Malvern Hills, 58

Marine works, materials for, 129,
130

Markfield Quarry, 56
Metamorphic rocks, origin of, 1, 26

subdivisions of, 2

King Tor Quarry, 39 F |

La Perruque Quarr y,63 1

Lamorna Quarries, 23, 49
27

Lepidolite mica, 36 L 3

Limestone, crystalline, 2, 133

Mica described, 6
microscopic characters of, 15
trap, 64
Microscope described, 10, 11
Microscopic examination of granite,
10, 85
Mineral lodes, 40
Minerals in granite, 6
«« Molten condition,”
26
Mont Mado Quarry, 62
Mouldings, method of polishing,
121
Mountsorrel Quarries, 54, 59, 64
Mourne granite, 98
Mull Quarries, 92
Muscovite mica described, 15

meaning of,
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New MIiin Quarry, 51
Newry granite, 98
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O BSIDIAN, 1

Oligoclase felspar, chemical compo-
sition of, 14

Origin of rocks, 1

Orthoclase felspar, chemical compo-
sition of, 14

Oughterard Quarry, 102
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Pedniamean, 107
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Penryn district, 35, 47
Quarries, 49

INDEX. | 139

Penzance district, 35, 49

Persley Quarry, 79

Peterhead granite, 61, 68, 80

Pleochroism, 12

Polariscope, 11

Polarised light, 11

Polishing process described, 120

Porphyritic granite, 8, 37, 38, 39,.
45, 46, 49, 50, 51, 53, 83, 102

Portlet Bay Quarries, 63

Potential liquidity, 27

Powder, blasting, 111

Pressure, influence of, in forming:

granite, 25, 29

Q.

Quarrres drained by windmills, 66-
methods of opening up, 77, 89,.

106
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Alford, 78
Arran, 95
Bagnalstown, 101
Ballyknocken, 100
Bardon Hill, 58
Baubigny, 66
Belleek, 99
Ben Cruachan, 94
Bessbrook, 98
Birsemore, 79, 88
Blackenstone, 39
Blessington, 100
Cairnery, 79
Cairngall, 83, 99, 108
Carn Grey, 46, 105
Carnmath Hill, 49
Carnsew, 48, 109, 117
Charnwood, 57
Cheesewring, 41, 104, 106
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Colcerrow, 44
Corrennie, 23, 76, 88
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Quarries—continued.
Cottage, 46
Cove, 86
Cranken, 51
Creetown, 92
Crip Tor, 39
Dalbeattie, 91, 99
Dalkey, 101
Dancing Cairns, 23, 71
De Lank, 42, 48
Dungloe, 101
Dyce, 23, 72
Eddystone, 42
Foggintor, 39
Furbogh, 102
Garvary Wood, 101
Glencore, 101
Glencullen, 100
Greve de Lecq, 62
Groby, 57, 59
Grosnez, 62
Guernsey, 64
Gunnislake, 39
Haytor, 38
Herm, 67

-Hill of Fare, 87
Inga Tor, 39
Jethou, 67
Juas, 66
Kemnay, 73
Kilgobbin, 100
Killiney Hill, 100
King Tor, 39
Kingswells, 79
Kintore, 78

Kit Hill, 39

La Moye, 63
La Perruque, 63
Lamorna, 23, 49
Loch Awe, 94
Longhaven, 80
Lough, 101
Lundy, 34
Markfield, 56
Mont Mado, 62
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Quarries—continued.
Mountsorrel, 54, 59, 64
Mull, 92
New Mill, 51
Newry, 98
Oughterard, 102
Penmaenmawr, 59
Penryn, 49
Persley, 79
Portlet Bay, 63
Rockeliffe, 92
Ross of Mull, 92, 120
Rowley Rag, 59
Rubislaw, 70, 127
Sark, 67
Scilly Islands, 34, 36
Sclattie, 72
Shap, 53, 79
Sheffield, 50, 106
Sheepshed, 57
Southill, 64
Stirlinghill, 82
Stoney Stanton, 57
Strontian, 96
Swell Tor, 39
Sylavethie, 78
Tillyfourie, 77
Tom’s Forest, 75
Tregarden, 45
Trowlesworthy, 37
Tyrebagger, 76

Quartz, 6
diorite, 58
microscopic characters of, 13
porphyry, 98
pyramids in granite, 87

Quartzites described, 2

Quenast stone, 58
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RED GrANITE, 37, 54, 99,62, 63, 64,
69, 76, 79, 81, 82, 87, 88, 94, 90,
101, 102

Redruth granite, 49
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Ring breakers, 55

River action, 28

Road-metal, selection of, 131

Rockeliffe quarry, 92

Rock-drill, steam, 117
sections, 10

Rocks, classification of, 1
origin of, 1

Ross of Mull quarries, 92, 120

Rowley Rag, 59

Rubislaw quarry, 70, 12

S.

St. AUSTELL, 46
Breward district, 35, 41
Peter Port, 66
Sampson’s Harbour, 66
Sand-courses, 256
Sandstones described, 2
Sark, 67
Schist, relation of, to granite, 18,
71, 90, 100, 101, 108
Schorl, 7, 108
Schorlaceous granite, 7, 37, 49
veins, 47
Scilly Islands, 34, 36
Sclattie Quarry, 72
Sections of rock for microscope, 10
Secular cooling, 31
Shap Quarries, 53, 79
Sheepshed Quarries, 57
Sheffield Quarries, 50, 106
Slates, 2, 5
Sliders for polishing, 121
Slieve Croob granite, 98
Southill Quarry, 64
Specific gravity, 127, 129, 130
Stirlinghill Quarries, 82
Stoney Stanton Quarry, 57
Stratification, relation of, to folia-
tion, 31
Strontian, 96

| Swedish rocks, 84, 119

Swell Tor Quarry, 39

Syenite, 1, 10, 31, 56, 57, 58, 63,
64, 82, 87, 132

described, 7 v
Syenitic granite, 7, 9, 10, 53, 54,
62, 64, 67, 98, 132
Sylavethie Quarry, 78
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TACHYLITE, 1
Tamping, 112, 113, 114
bar, 112
Temperature, effect of, in disin-
tegrating, 132
Tight joints, 50
Tillyfourie Quarries, 77
Tom’s Forest Quarries, 75
Torry beach, 19, 21, 86
schists and veins, 18
Tors, weathering of granite into,
45, 110
Toughness in rocks, 131
Tregarden Quarry, 45
Tregender, 49
Trevalgan, 49
Triclinic felspars described, 15
Trowlesworthy Quarry, 37
Tyrebagger Quarry, 76
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VALUE of microscope in defermin-
ing rocks, 10
Variations of temperature, effects
of, on granite, 132, 133
Veins, basaltic, 74, 75
granitic, 18, 20, 23, 24, 36, 76,

Subsidence of land, 28

90, 98, 101
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Veins, basaltic—continued.
hornblendic, 65
syenitic, 63, 64
¢¢ Verticals >’ for polishing, 121
Volcanoes, 27, 29, 93

W.
‘WarER, absorption ‘of, by granite,

124,

N

‘Waves, force of, 61, 128 .

Weathering of granite, 14, 45, 61,
80, 86, 109, 110, 118, 123

Wedges described, 117

'Weight of stones, 127

Westmoreland granite, 53

Wicklow and Wexford granites,
100

Windmills for draining quarries,
66
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Data relating to Recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WaLTER S. HUTTON

Civil and Mech’fmlcal Engineer, Author of “ The Works’ Manager’s Handbook
for Engineers,” &c. With upwards of 370 Illustrations. Fifth Edition

Revised with Additions. Medium 8vo, nearly soo pp., strongly bound. :

[Just Published. 18/0

n', This Work 1is designed as a compamion to the Author's “ WoRKS'
MANAGER'S HanDBoOK.” It possesses many new and orviginal featurves, and com-
tains, like its predecessor, a quantity of matter not orviginally intended for publication

but collected by the Author for his own use in the construction of a ‘
MobDERN ENGINEERING WORK. f great vanety Of

T he information is given in a condensed and concise form, and is illustrated by
upwards of 370 Woodcuts; and comprises a quantity of tabulated matter of great

value to all engaged in designing, constructing, or estimating for EnNGINEs, BOILERS,
and OTHER ENGINEERING WORK.

‘“We have kept it at handfor several weeks, referrin i i

d ’ C 1 , TE g to 1t as occasion arose, and we have not
on ;timgie occasion consulted its pages without finding the information of which we were in quest.”
- en@um. 3

*“ A thoroughly good practical handbook, which no engine i i
something that will be of service to him.”"— Marine Engz’neev% M i s e

“ An excellent book of reference for engineers, and
PR o vy gi y a valuable text-book for students of

*This valuable manual embodies the results and e i i iti
mechanical engineering.”—Building News. o Bt i i

““ The author has collected together a surprising quantity of rules i
shown much judgment in the selections he h;sr.) madg. q- o There i: ?1% g;a:]c&c;}a(ﬁ‘ﬁ,saéﬁ)ﬂﬁ
one of' ‘the most useful of its kind published, and will be a very popular compendium.”—Engineer
A mass of information set down in simple language, and in such a form that it can be easify
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated
by the illustrations. The book will find its way on to most engineers’ shelves, where it will rank as
one of the most useful books of reference.”—Practical Engineer. y

“* Full of useful information, and should be fi i i -
P ke ound on the office shelf of all practical engineers.
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MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

#

STEAM BOILER CONSTRUCTION.

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. By WaLTer S. HutTton, Civil and
Mechanical Engineer, Author of ¢ The Works’ Manager’s Handbook,” * The
Practical Engineer’'s Handbook,” &c. With upwards of soo Illustrations.
Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 18/0

Tuis WoRrK s issued in continuation of the Series of Handbooks written
by the Author,viz. :—*“ THE Works’ MANAGER'S HanDBOOK ” and *‘ THE PRACTICAL
ENGINEER'S HANDBOOK,” which arve so highly appreciated by engineers for the
practical natuve of their information; and is consequently written in the same style
as those works.

The Author believes that the concemtration, in a convenient form for easy
vefevence, of such a large amount of thovoughly practical information on Steam-
Boilers, will be of considerable service to those for whom it is intended, and he trusts
the book may be deemed worthy of as favourable a reception as has been accorded to
sts predecessors.

“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the right kind, in a simple and accessible form. So far as generation is concerned, this
is, undoubtedly, the standard book on steam practice.”—E/lectrical Review.

‘ Every detail, both in boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction has been reduced to the condition of one of the most exact
sciences ; and such a book is of the utmost value to the /in de siecle Engineer and Works Manager.”
— Marine Engineer. j

““ There has long been room for a modern handbook on steam boilers ; there is not that room
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied

in the construction, design, selection, or use of boilegs."—Engz‘neer. 4 ; ;
“ The book is of so important and comprehensive a character that it must find its way into the

libraries of every one interested in boiler using or boiler manufacture if they wish to 'pe thoroughly
informed. We strongly recommend the book for the intrinsic value of its contents. — Machinery
Market,

PRACTICAL MECHANICS’ WORKSHOP COMPANION.

Comprising a great variety of the most useful Rules and Formula in Mechanical
Science, with numerous Tables of Practical Data and Celcalated Results for
Facilitating Mechanical Operations. By WiLLiam TEMPLETON, Author of
¢ The Engineer’s Practical Assistant,” &c., &c. Eighteenth Edition, Revised,
Modernised, and considerably Enlarged by WALTER S. HurTton, C.E., Author
of “The Works Manager’s Handbook,” ¢ The Practical Engineer’s Hand-

book,” &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus-

trative Diagrams, strongly bound for workshop or pocket wear and tear. 60

“ In its modernised form Hutton's ‘* Templeton’ should have a wide sale, for it contains chh
valuable information which the mechanic will often find of use, and not a few tables and notes which
he might look for in vain in other works. This modernised edition will be appreciated by all who
have learned to value the original editions of ¢ Templeton.'"—Eng/lisk Mechanic.

“ It has met with great success in the engineering workshop, as we can testify ; a;‘xd there are
a great many men who, in a great measure, owe their rise in life to this little book."—Building
Nm:.“ This familiar text-book—well known to all mechanics and engineers—is of essential service
to the every-day requirements of engineers, millwrights, and the various trades connected with
engineering and building. The new modernised edition is worth its weight in gold."—Building
News. (Second Notice.) = _

“ This well-known and largely-used book contains information, brought up to date, of the
sort so useful to the foreman and draughtsman. So much fresh information has been mtroducedﬂas
to constitute it practically a new book. It will be largely used in the office and workshop.”—
Mechanical World. o :

“The publishers wisely entrusted the task of revision of this popular, valu'id‘t)le, and usefu
book to Mr. Hutton, than whom a more competent man they could not have found.”"—/7ez.

ENGINEER’S AND MILLWRIGHT'S ASSISTANT.

A Collection of Useful Tables, Rules, and Data. By WiLLiaM TEMPLETON.
Eighth Edition, with Additions. 18mo, cloth . - : .- 216
“ Qccupies a foremost place among books of this kind. A more suitable present to an

apprentice to any of the mechanical trades could not possibly be mgde."—Buﬂdﬁng ffe‘z’:;'s. :
A deservedly popular work. It should be in the ‘drawer’ of every mechanic.”—English

Mechanic.
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THE MECHANICAL ENGINEER’S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part I. GENERAL
ENGINEERING DaTa. Part I1. BoiLer CoNsTRUCTION. With 51 Plates and
numerous Illustrations. By Nerson Forev, M.I.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound, net . £3 8s.

PART I.—MEASURES.—CIRCUMFERENCES AND AREAS, &c., SQUARES, CUBES,
FOURTH POWERS.—SQUARE AND CURE ROOTS.—SURFACE OF TUBES.—RECIPROCALS. —
LOGARITHMS. — MENSURATION, — SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT. — COMBUSTION. — EXPANSION AND CONTRACTION. —EXPANSION OF
GASES.—STEAM.— STATIC FORCES.— GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY,—
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.—
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACE
CONDENSERS, &c.—SPEED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES,
—COPPER SHEETS AND TUBES.—SCREWS, NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES.

PART II.—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT
PLATES.—STAYS. — GIRDERS.—SCREWS, — HYDRAULIC TESTS. — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPEEDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

“Mr. Foley is well fitted to compile such a work. The diagrams are a great feature
of the work. . ~. . Regarding the whole work, it may be very fairly stated that Mr. Foley has
produced a volume which will undoubtedly fulfil the desire of the author and become indispensable
to all mechanical engineers.”— Marine Engineer.

“ We have carefully examined this work, and pronounce it a most excellent reference book
or the use of marine engineers.”— Yournal of American Society of Naval Engineers.

COAL AND SPEED TABLES.

A Pocket Book for Engineers and Steam Users. By NELsoN FoLEv, Author
of ““ The Mechanical Engineer’s Reference Book.” Pocket-size, cloth . 8/8

TEXT-BOOK ON THE STEAM ENGINE.

With a Supplement on Gas EnGINgs, and PArT I1. on HEAT ENGINES. By
T. M. GoopEve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal
College of Science, London ; Author of *“ The Principles of Mechanics,” ** The
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo, cloth . 6/0

i *“Professor Goodeve has given us a treatise on the steam engine which will bear comparison
with anything written by Huxley or Maxwell, and we can award it no higher praise.”—Engineer.

ON GAS ENGINES.

With Appendix describing a Recent Engine with Tube Igniter. By T. M.
GoobevE, M.A. Crown 8vo, cloth . ; : . . 2/8

* Like all Mr. Goodeve’s writings, the present is no exception in <;int of general
It is a valuable little volume.”—Meckanical World. : p i e

THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W,
Roperts, M.E. With Forty Fu'l-page Engravings. Small Fcap 8vo, leather.
[Just Published. Net 8/6

A TREATISE ON STEAM BOILERS.

Their Strength, Construction, and Economical Working. By R. WiLson, C.E.
Fifth Edition. 12mo, cloth : A : - ; ? - . B8/0
* The best treatise that has ever been published on steam boilers.”—F noineer.

*The author shows himself perfect master of his subject, and we heartily recommend all
employing steam power to possess themselves of the work.”—& yviand's Iron Trade Circular.

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares, cubes, roots, &c.; Weights, Measures, and other Data. Also Prac-
tical Rules for Modern Engine Proportions. By R. Epwarps, M.Inst.C.E.
Fcap. 8vo, cloth. [ Just Published. 3|6

““ A very useful little volume. It contains man tables, classified data and
generally useful to engineers.”—FEsnp ineer. 4 S A DR

““What it professes to be, ‘a handy office companion.’ giving in a succinct form, a variety of
information likely to be required by engl{leers in thetlz ever_{rday office work.”—Nature. i
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A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users
of Steam Power. By HErmaN HAEDER, C.E. Translated from the German
‘with considerable additions and alterations, by H. H. P. PowLEs, A.M.1I.C.E,,
M.I.M.E. Second Edition, Revised. @With nearly 1,100 Illustrations.
Crown 8vo, cloth : { g [ e : i . 4 . 90

‘* A perfect encyclopzdia of the steam engine and its details, and one which must take a per-
manent place in English drawing-offices and workshops.”—d4 Foreman Pattern-maker.

*This is an excellent book, and should be in the hands of all who are interested in the con-
structlon and design of medium-sized stationary engines. . . . A careful study of its contents and
the arrangement of the sections leads to the conclusion that there is probably no other book like it
in this country. The volume aims at showing the results of practical experience, and it certainly
may claim a complete achievement of this idea.”—Nazure.

*“There can be no question as to its value. We cordially commend it to all concerned in the
design and construction of the steam engine.”—Meckanical Worid.

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stability. With a chapter on Lightning Conductors.
By RoBerT WiLson, A.I.C.E., Author of *“ A Treatise on Steam Boilers,” &c.
Crown 8vo, cloth ; 3 ; - ; - » . p ; . 3/8

** A valuable contribution to the literature of scientific building.”— 7%e Builder.

BOILER MAKER’S READY RECKONER & ASSISTANT.

With Examples of Practical Geometry and Templating, for the Use of Platers,
Smiths, and Riveters, By Joun Courrtneyv, Edited by D. K. CLARK,
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . 7/0

* No workman or apprentice should be without this book.”—/Z702 Trade Circular.

REFRIGERATING & ICE-MAKING MACHINERY.

A Descriptive Treatise for the Use of Persons Employing Refrigerating
and Ice-Making Installations, and others. By A. J.” WaLL1s-TAYLER,
A.-M. Inst. C.E. Second Edition, Revised and Enlarged. With Illustrations.
Crown 8vo, cloth. [Just Published. 7|6

** Practical, explicit, and profusely illustrated.”—Glasgow Herald.

* We recommend the book, which gives the cost of various systems and illustrations showing
details of parts of machinery and general arrangements of complete installations.”—Buz/der.

*“ May be recommended as a useful description of the machinery, the processes, and of the
facts, ﬁgures, and tabulated physics of refrigerating. It is one of the best compilations on the
subject.” —Engineer.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva-
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J.
WaLLis-TAYLER, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 218
Illustrations. [Just Published. Net 25/0

SUMMARY OF CONTENTS :—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR GATHERING THE LEAF.—TEA FACTORIES.—THE DRESSING,
MANUFACTURE OR PREPARATION OF TEA BY MECHANICAL MEANS, —ARTIFICIAL
WITHERING OF THE LEAF.—MACHINES FOR ROLLING OR CURLING THE LEAF.—FER-
MENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEAF.—MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAE.—DRVYING
OR FIRING MACHINES.—BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THE TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEQUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

“The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume.”"—Chaber of Commerce Fournal, .

* When tea planting was first introduced into the British possessions little, if any, machinery
was employed, but now its use is almost universal. This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery."—Fowurnal Sociely of Arts.

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering. With numerous examples of Estimates
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and
Steam Boilers; and a Section on the Preparation of Costs Accounts. B
A GENERAL MANAGER. Second Edition. 8vo, cloth. [Just Published. 12]

* This is an excellent and very useful book, covering subject-matter in constant requisition in
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but
also to the estimate department of every works.”—Bwuilder. 7

**We accord the work unqualified praise. The information is given in a plain, straightforward
manner, and bears throughout evidence of the intimate practical acquaintance of the author with
every phase of commercial engineering.”"—Meckhanical World.
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AERIAL OR WIRE-ROPE TRAMWAYS.

Their Constructionand Management. ByA. J.-WarLis-TAVLER, A.M.Inst.C.E.
With 81 Illustrations. Crown 8vo, cioth. [Just Published. T/6

“This is in its way an excellent volume. Without going into the minutize of the subject, it
yet lays before its readers a very good exposition of the various systems of rope transmission in use,
and gives as well not a little valuable information about their working, repair, and management,
We can safely recommend it as a useful general treatise on the subject.”—7%e Engineer.

*“ Mr. Tayler has treated the subject as concisely as thoroughness would permit. The book

will rank.with the best on this useful topic, and we recommend it to those whose business is the
transporting of minerals and goods.”"—Mirnine Fournal.

MOTOR CARS OR POWER-CARRIAGES FOR COMMON

ROADS.
By A. J. WaLLis-TAYLER, Assoc. Memb. Inst. C.E., Author of ‘* Modern
Cycles,” &c. =212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/8

*“ Mr. Wallis-Tayler's book is a welcome addition to the literature of the subject, as it is the

production of an Engineer, and has not been written with a view to assist in the promotion of
companies. The book is clearly expressed throughout, and is just the sort of work that

an engineer, thinkir}g of turning his attention to motor-carriage work, would do well to read as a
preliminary to starting operations.”—Z& nYLREEVINg.

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By JoseErn G. HORNER,
A.M.L.M.E. - 380 pp. with 338 Illustrations. 'Crown 8vo, cloth . . 7/8

*“ The latest production from the pen of this writer is characterised by that evidence of close
acquaintance with workshop methods which will render the book exceedingly acceptable to the
practical hand. We have no hesitation in commending the work as a serviceable and practical

handbook on a subject which has not hitherto received mmuch attention from those qualified to deal
with it in a satisfactory manner.”"—Meckanical World,

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineering Construciion,

and including Gearing, both Hand and Machine-made, Engine Work, Sheaves

and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks,

the Moulding of Patterns in Loam and Greensand, &c., together with the
methods of estimating the weight of Castings ; with an Appendix of Tables for
Workshop Reference. By Joseru G. HorNER, A.M.I.M.E. Second Edition,
Enlarged. With 450 Illustrations. Crown 8vo, cloth ; : . T7/8

*“A well-written technical guide, evidently written by a man who understands and has prac-

tised what he has written about. . . . We cordially recommend it to engineering students, young

journeymen, and others desirous of being initiated into the mysteries of pattern-making."—Builder,

“An excellent wade mecum for the apprentice who desires to becomn e master of his trade.’
—Englhish Mechanic,

MECHANICAL ENGINEERING TERMS

(Lockwood’s Dictionary of). Embracing those current in the Drawing Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c., &c.
Comprising upwards of 6,000 Definitions. Edited by JosEpH G. HoRNER,
A.M.ILM.E. Second Edition, Revised, with Additions. ~Crown 8vo, cloth 7/68

*“Just the sort of handy dictionary required by the various trades engaged in mechanical en-
eering. The practical engineering pupil will find the book of great value in his studies, and every
oreman engineer and mechanic should have a copy.”—Building News.

TOOTHED GEARING.

A Practical Handbook for Offices and Workshops. By Josern HORNER,
A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . ; . 8/0

*“We must give the book our unqualified praise for its thoroughness of treatment, and we can

heartily recommend it to all interested as the most practical book on the subject yet written.”—
Mechanical 11 orid.

FIRE PROTECTION.

A Complete Manual of the Organisation, Machinery, Discipline and General
Working of the Fire Brigade of London. By Carrain Evre M. SHaw, C.B.,
Chief Officer, Metropolitan Fire Brigade. New and Revised Edition, Demy
8vo, cloth. . : 4 : : . : : 2 . ; Net 5/0
FIRES, FIRE-ENGINES, AND FIRE BRIGADES.
With a History of Fire-Engines, their Construction, Use, and Manage-
ment ; Foreign Fire Systems; Hints on F ire-Brigades, &c. By CHARLES
F. T. Young, C.E. 8vo, cloth ; . - . . £1 4s,

*To such of our readers as are interested in the subject of fires and fire apparatus we can
most heartily commend this book.”"—Engineerin

MECHANICAL ENGINEERING, &«. 7

STONE-WORKING MACHINERY.

A Manual dealing with the Rapid and Ecoromical Conversion of Stone. With
Hints on the Arrangement and Management of Stone Works. By M. Powis
BaLg, M.I.M.E. Second Edition, enlarged. With Illustrations. Crown 8vo,
cloth. [Just Published. 9/Q

‘“ The book should be in the hands of every mason or student of stonework.”—Colizery
Guardian.

-** A capital handbook for all who manipulate stone for building or ornamental purposes,”’—
Mackinery Market,

PUMPS AND PUMPING.

A Handbook for Pump Users. Being Notes on Selection, Construction, and
Management. By M. Powis Barg, M.I.M.E. Fourth Edition. Crown
8vo, cloth. [ Just Published. 3|6

‘“The matter is set forth as concisely as possible. In fact, condensation rather than diffuse-
ness has been the author’s aim throughout ; yet he does not seem to have omitted anything likely to
be of use.”— Fournal of Gas Lighting. Y

* Thoroughly practical and simply and clearly written.”—Glasgow Herald,

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shaping Metals by Rotary Cutters. Including

Information on Making and Grinding the Cutters. By Paur N. HasLuck,

Author of ‘‘ Lathe-Work.” 352 pp. With upwards of 300 Engravings. Large

crown 8vo, cloth : : " 4 p 3 : : ; X . 12/86

“ A new departure in engineering literature. . . . We can recommend this work to all in-
terested in milling machines ; it is what it professes to be—a practical treatise.”—Engineer.

*“ A capital and reliable book which will no doubt be of considerable service both to those

who are already acquainted with the process as well as to those who contemplate its adoption "—
Industres.

LATHE-WORK.

A Practical Treatise on the Tools, Appliances, and Processes employed in
the Art of Turning. By PauL N. Hasruck. Sixth Edition. Crown 8vo,

cloth . . : ; 3 A 3 . . 850

** Written by a man who knows not only how work ought to be done, but who also knows how
to do it, and how to convey his knowledge to others, To all turners this book would be valuable.”—
Engineering. \ W TR

** We can safely recommend the work to young engineers. To the amateur it will simply be

nvaluable. To the student it will convey a great deal of useful information.”—ZEnginecer.

SCREW-THREADS, :

And Methods of Producing Them. With numerous Tables and complete

Directions for using Screw-Cutting Lathes. By Paur N. HasLuck, Author

of ‘‘ Lathe-Work,” &c. With Seventy-four Illustrations. Fifth Edition.

Waistcoat-pocket size . : & ] : v : ¢ p . 1/8

** Full of useful information, hints and practical criticism. Taps, dies, and screwing tools
generally are illustrated and their actions described.”—Mechanical Worid.

It is a complete compendium of all the details of the screw-cutting lathe ; in fact a »zuitum-
fn-parvo on all the subjects it treats upon.”—Carpenter and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Francis SmiTH. Sixth Edition, Revised, including

ErLecTricAL TaBLES, ForRMULZE, and MEMORANDA. Waistcoat-pocket size,

limp leather. [ Just Published. 1|8

**It would, perhaps, be as difficult to make a small pocket-book selection of notes :_md formule

to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith’s waistcoat-
pocket collection may be looked upon as a successful attempt.”—Engzrneer.

*The best example we have ever seen of 270 pages of useful matter packed into thef’ dimen-
slons of a card-case.”—Building News. ‘¢ A veritable pocket treasury of knowledge.”—J/roz,

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,

Engineering, Manufacturing, and Nautical Professions. By JoHN JAMES

FLETCHER, Engineer and Surveyor. Third Edition, 200 pp. Waistcoat-

pocket size, limp leather. [Just Published. 1|6

1t is a very great advantage for readers and correspondents in France and England to have

so large a number of the words relating to engineering and manufactv.},rers collected in a lilliputian
volume. The little book will be useful both to students and travellers.”—d »cZitect.

* The glossary of terms is very complete, and many of the Tables are new and well arranged.
We cordially commend the book."—Mechanical Worid.
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THE ENGINEER’S YEAR BOOK FOR 19o01.

Comprising F' ormule, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H. R. KemrE, A.M. Inst. C.E.,
M.I.E.E., Technical Officer of the Engineer-in-Chief’s Office, General Post
Ofﬁce,_ Londqn, Author of ‘““A Handbook of Electrical Testing,” ““The
Electrical Engineer’s Pocket-Book,” &c. Withabout 1 ;000 Illustrations, specially

‘ Engraved for the work. Crown 8vo, 8oo pp., leather. [ Just Published. 8|0
E”g\m;ﬁfapresegts an enormous quantity of work, and forms a desirable book of reference.”— 7T he

“The volume is distinctly in advance of imi icati i i »
BERginsering. y of most similar publications in this country.”—

*“ This valuable and well-designed book of reference meets the demands of all descriptions of

engineers.”—Saturday Review.

6 Teems ] ot . " " L " 1 )
Building New.s.WIth up-to-date information in every branch of engineering and construction,”—

“ The needs of the engineering profession could hardl ied i i
: s y be supplied in a more admirable
gpmplete and convenient t_'orm. To say that it more than sustains all comparisons is praise of thé
ighest sort, and that may Jjustly be said of it. "—Mining Fournal.

* There is certainly room for the newcomer, which supplies explanations and directions, as

well as formulee and tables, It deserves t i
i G e g 0 become one of the most successful of the technical

* Brings together with great skill all the technical information whi i
Qe ] > ich an engineer has to use
day by day. Itisin every way admirably equipped, and is sure to prove successfu%:l”—Scotsman.

““ The up-to-dateness of Mr. Kempe’s compilation is a qualit i
people for whom the work is Mtended."mGZasgogu Herald, e e o g .

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Mana
t. For the use
of Owners and Users of Steam Engines generall ge};nen_w
: ILLIA
WANSBROUGH. Crown 8vo, cloth . x e 5 ; .Dg/og

* This is a work of value to those who use steam i : )
i machinery. . . . Should be
one who has a steam engine, on a farm or elsewhere.”—Mark Lal;zye Express. oier e

** We cordially commend this work to bu i
] : . yers and owners of steam-engine
have to do with their construction or use.”"—Timber Trades Fournal, A

“ Such a general knowledge of the steam engi i
; ; : -engine as Mr. Wansbrough furnishes to th
should be acquired by all intelligent owners and others who use the steam-e%lgine."—-Bm'?din:r %guir

*“ An excellent text-book of this useful form of engine. Th i tain
: . e ‘ Hints t y
good deal of common-sense and practical “dsdom."—En?[z'sh Mechanic. TR :

IRON AND STEEL.

A Work for the F orge, Foundry, Factory, and Office. Containing ready
useful, and trustworthy Information for Ironmasters and their Stock-takers ;
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal
Founders ; Iron Ship and Bridge Builders; Mechanical, Mining, and Con-
sulting En;‘g‘meers; Architects, Contractors, Builders, &c. By CHARLES HOARE
Author of “* The Slide Rule,” &c. Ninth Edition. 32mo, leather \ Bld
* For comprehensiveness the book has not its equal.”"—/ron.
*“ One of the best of the pocket books.”—English Mechanic. '

CONDENSED MECHANICS.

A Selection of Formula Rules, Tables, and Data for the U i i
) ; se of Enginee
Students, Science Classes, &c. In ac::ordance with the Requiremengts ?)frltrlll%

Science and Art Department. By W. ke L0
Crown 8vo, cloth - < ’ 4 ) x R.AWF?RD .HUG?IES’ AMI%/%

. “The book is well fitted for those who are eith
their work, or are preparing for examination and wish to
their formule again.”— Marine Engineer.

*“It is well arranged, and meets the wants of those for whom it is intended. —Railway News.

THE SAFE USE OF STEAM.

Containing Rules for Unprofessional Steam
S Eaing Rude : P . : Users. By an ENGINEER. Seveg;h‘

*“If steam-users would but learn this little book by h i i
sensations by their rarity.”—ZEnglish Mechanic. Y HG%. bafler exnlésions. would: becomss

. . . . .

er confronted with practical problems in
refresh their knowledge by going through

. . . . .

MECHANICAL ENGINEERING, &:. ' g

THE LOCOMOTIVE ENGINE.

The Autobiography of an Old Locomotive Engine. By RoBerT WEATHER-
BURN, ML.I.LM.E. With Illustrations and Portraits of GEORGE and ROBERT
STEPHENSON. Crown 8vo, cloth. [Just Published. Net 2/6

SUMMARY OF CONTENTS: —PROLOGUE.—CYLINDERS.—MOTIONS,—CONNECTING
RODS.—FRAMES.—WHEELS.—PUMPS, CLACKS, &c.—INJECTORS.—BOILERS.—SMOKE BOX.
—CHIMNEY.—WEATHER BOARD AND AWNING.—INTERNAL DISSENSIONS.—ENGINE
DRIVERS, &c.

“ It would be difficult to imagine anything more ingeniously planned, more cleverly worked
out, and more charmingly written. Readers cannot fail to find the volume most enjoyable.”—
Glasgow Herald.

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines
between 1803 and 189g6. By CLeEMENT E. STrRETTON, C.E. Fifth Edition,
Enlarged. With 120 Illustrations. Crown 8vo, cloth. [Just Published. 3|6

. '“ Students of railway history and all who are interested in the evolution of the modern loco-
motive will ind much to attract and entertain in this volume.”— 7%e Timzes.

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By
MicuaeL REyNoLDs, Member of the Society of Engineers, formerly Loco-
motive Inspector, L. B. & S. C. R. Ninth Edition. Including a Kev To
THE Locomorive EnGine. Crown 8vo, cloth . - . 5 . 4/86

* Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recom-
mend the book not only to the practical driver, but to everyone who takes an interest in the
performance of locomotive engines.”—7ke Engineer.

“Mr. Reynolds has opened a new chapter in the literature of the day. His treatise is"

admirable.’—A4 thenzn.

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By MicHAEL REvNoLDS. Second
Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4/6

*“From the technical knowledge of the author, it will appeal to the railway man of to-day
more forcibly than anything written by Dr. Smiles. 2 The volume contains information of a
technical kind, and facts that every driver should be familiar with.”"—Eng/lish Mechanic.

** We should be glad to see this book in the possession of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine.”—J/7oz.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. With copious Illustrations and numerous
Tables. By MicuAeL RevNoLDs. 8vo, cloth . : 2 ] . 90

“ A popular explanation of the different brakes. It will be of great assistance in forming
public opinion, and will be studied with benefit by those who take an interest in the brake.”—Englisk
Mechanic,

STATIONARY ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Stationary Engines. By
MicuaeL RevNoLps. Sixth Edition. Crown 8vo, cloth . : . 4/6

* The author is thoroughly acquainted with his subjects, and his advice on the various points
treated is clear and practical. He has produced a manual which is an exceedingly useful
one for the class for whom it is specially intended.”—ZEngineering.

“Our author leaves no stone unturned. He is determined that his readers shall'not only
know something about the stationary engine, but all about it."—Engineer.

ENGINE-DRIVING LIFE.

Stirring Adventure and Incidents in the Lives of Locomotive Engine-
Drivers. By MicHAeEL REyNoLps. Third Edition. Crown 8vo, cloth . 1/6

“ Perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown into the
shade by true incidents, endless in their variety, related in every page.”—North British Mail.

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics.
By MicuHagL RevnNoLps. With 45 Illustrations and numerous Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear 3/6

** This admirable work is well suited to accomplish its object, being the honest workmanship
of a competent engineer."—Glasgow Herald.
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LIGHT RAILWAYS FOR THE UNITED KINGDOM,
INDIA, AND THE COLONIES.

A Practical Handbook setting forth the Principles on which Light Railways
should be Constructed, Worked, and Financed ; and detailing the Cost of
Construction, Equipment, Revenue and Working Expenses of Local Railways
already established in the above-mentioned countries, and in Belgium, France,
Switzerland, &c. By J. C. Mackayv, F.G.S., A M. Inst. C.E. Illustrated
with Plates and Diagrams. Medium 8vo, cloth. [Just Published. 185/0

“Mr. Mackay's volume is clearly and concisely written, admirably arranged, and freely
}llustrated: The book is exactly what has been long wanted. We recommend it to all interested
in the subject. It is sure to have a wide sale."—Razilway News.

.. Those who desire to have within reach general information concerning almost all the light
railway systems in the world will do well to buy Mr. Mackay’s book."—Engineer.

*“ This work appears very opportunely, when the extension of the system on a large scale to
England is at last being mooted. In its pages we find all the information that the heart of man can

desire on the subject. . - . every detail in its story, founded on the experience of other countries
and applied to the possibilities of England, is put before us.”—Spectator.

PRACTICAL TUNNELLING.

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving,
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering
and the Construction of the Brickwork of Tunnels, with the amount of Labour
required for, and the Cost of, the various portions of the work. By FREDER: K
W. Simms, M.Inst.C.E. Fourth Edition, Revised and Further Extended,
including the most recent (189s) Examples of Sub-aqueous and other Tunnels,
- by D. Kinnear Crark, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates
and other Illustrations. Cloth. [Just Published. £92 9Qs.

. . “The present (1896) edition has been brought right up to date, and is thus rendered a work to
which civil engineers generally should have ready access, and to which engineers who have con-
struction work can hardly afford to be without, but which to the younger members of the profession

is invaluable, as from its pages they can learn the state to which the science of tunnelling has
attained.”—Raz/way News.

“The estimation in which Mr. Simms’s book has been held for many years cannot be more
truly expressed than m the words of the late Prof. Rankine: ‘The best source of information on
the subject of tunnels is Mr, F. W. Simms's work on Practical Tunnelling.’ "—.4 »chitect.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.
By W. K. BurTon, A.M. Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo
Water-works. Second Edition, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. [ Just Published. 285|0Q

1. INTRODUCTORY. — II. DIEFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED.—IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT.—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIF#CATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI1. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—X1I1l. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION.—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRE.—XX. PIPES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXII. VARIOUS APPLICATIONS USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX I. By PROF. JOHN MILNE, F.R.S.—CONSIDERATIONS CONCERNING THE
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES.

APPENDIX II. By JOHN DE RIJKE, C.E.—ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

*“ The chapter upon filtration of water is very complete, and the details of construction well
fllustrated. . . . The work should be specially valuable to civil engineers engaged in work in
Japan, but the interest is by no means confined to that locality."—Engineer.

** We congratulate the author upon the practical commonsense shown in the preparation of

this work. . . . The plates and diagrams have evidently been prepared with great care, and
cannot fail to be of great assistance to the student.”—Buzlder.

* The whole art of water-works construction is dealt with in a clear and comprehensive fashion
In this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections thefe 1 it
of independent study and individual experience. Tt is largely based upon his own practice in the
branch of engineering of which it treats."—Saturday Review.
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THE WATER SUPPLY OF CITIES AND TOWNS.

WiLLiam HumBER, A. M. Inst. C.E., and M. Inst M.E., Author of “ Cast
Ezfd Wrought Iron Briége Construction,” &c., &c. Illustrated with 50 Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodc.:ultls,
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially
half-bound in morocco 3 : g : : : . Net £6 Bs.
LisT oF CONTENTS.

I. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADQPTED FOR
THE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND THE FOREIGN M%TTAﬁg
USUALLY ASSOCIATED WITH IT.—III. RAINFALL AND EVAPORATION.-—IVI. SPRII\N(, oo
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.—V. MEAbURE‘SME RTC|:E o
ESTIMATION OF THE FLOW OF WATER.—VI. ON THE SELECTION OF THE (')VEIJATER
SUPPLY.—VII. WELLS.—VIII. RESERVOIRS.—IX. THE PURIFICATION OF WATE'I—{_
X.PUMPS.—XI1. PUMPING MACHINERY.—XII. CONDUITS.—XIII. DISTRIBUTIOB];: OFNOMY e
—XI1V. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LLAW OF ECO gt Rl
WATER-WORKS.—XVI. CONSTANT AND INTERMITTENT SUPPLY.—XVII. DESCRIP;; %o
PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, %},HICI.&
TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMOIE,G de ik
WILL BE FOUND : ABERDEEN, BIDEFORD, CANTERBURY, DUNDEE, HALIFAX, LA 5
ROTHERHAM, DUBLIN, AND OTHERS. e 4 .d e

5% ost systematic and valuable work upon water supply hitherto produce -
in any E‘clilf:afl Ianggage. It is characterised almost throughout by an exhaustiveness much more
distinctive of French and German than of English technical treatises.” — Engizeer.

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts. By ArLan GreenweLL, A.M.L.C.E.,
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth. [Just Published. 8/Q

ienti i erned in obtaining
‘“ We conscientiously recommend it as a very useful book for those conc i :
water for small districts, giving a great deal of practical information in a small compass. —Buzlde:i’.
“ The volume contains valuable information upon all matters connected with water supply.
Full of details on points which are continually before water-works engineers.”— Nazure.

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power by
Hydraulic Machinery. By G. CroypoN Marks, A.M. Inst. C.E. With
nearly 200 Illustrations. 8vo, cloth. [Just Published. Net ©/0
: “ENTS : —THE OBSERVED FLOW
SUMMARY OF CONTENTS:—PRINCIPLES OF HYDRAULICS, ]
OF WATER.—HYDRAULIC PRESSURES, MATERIAL,—TEST LOAD PACKINGS FOR SLIDING
SURFACES.—PIPE JOINTS.—CONTROLLING VALVES,—PLATFORM LIFTS.—WORKSHOP,
FACTORY, AND DOCK CRANES.—HYDRAULIC ACCUMULATORS.—PRESSES.—SHEET MEII%%S
WORKING AND FORGING MACHINERY.—HYDRAULIC RIVETTERS.—HAND, POWER, |

S S S - g RBINES,—DESIGN OF TUR-
T B PUMPS.—TURBINES.—IMPULSE AND RE-ACTION TuU - 1
EINEASD:{——\VATER WHEELS,—HYDRAULIC ENGINES.—RECENT ACHIEVEMENTS.—TABLES.

“We have nothing but praise for this thoroughly valui;ole Worlzc.E The author has succeeded
i 1 is subj i I i ive."—Practical Engineer,
in rendering his subject interesting as well as instructive. 7 0 \ -
3 “Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans
s s = e
mission and utilisation of power.”—Mechanical IV orid.

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAZ.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, an;l
Rivers. With New Formula, Tables, and General Information on Rain-fall,
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill
Power. By Joun NEeviLLE, Civil Engineer, M.R.ILA. Third Edition,
revised, with additions. Numerous Illustrations. Crown 8vo, cloih . 1_. 4/0
“ It is, of all English books on the subject, the one nearest to completeness.”—Arckitect.

HYDRAULIC MANUAL.

1stl 1 Guide in
C ting of Working Tables and Explanatory Text. Intended’ as a
Hoyncilzliﬁg .Calculations and Field Operations. By Lowis QA. JACKSON,
Author of ‘“Aid to Survey Practice,” ‘‘Modern Metrology,” &c. Fourth
Edition, Enlarged. Large crown 8vo, cloth , : ; : 16/0

“ The author has constructed a manual which may be accepted as a trustworthy guide
to this branch of the engineer’s profession.”—ZEngincering.

WATER ENGINEERING.

actical Treatise on the Measurement, Storage, Conveyance, and Utilisa-
ﬁof Z}C%Cz?ter frot;atge Supply of Towns, for Mill Power, and for other Purposes.
By C. SLAGG, A. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6

* As a small practical treatise on the water supply of towns, and on some applications of water-
power, the work is in many respects excellent.’ —Engineering.
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others interested in
Works of Reclamation. By ALEXANDER BeazeLeEy, M.Inst. C.E. With
Illustrations. 8vo, cloth. [Just Published. Net 10/6

** The book shows in a concise way what has to be done in reclaiming land from the sea, and
the best way of doing it. The work con:ains agreat deal of practical and useful information which
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land
owners intending to reclaim land from the sea.”— The Engineer.

‘“The author has carried out his task efficiently and well, and his book con‘ains a large
amount of information of great service to engineers and others interested in works of reclamation.”
—Nature.

MASONRY DAMS From INCEPTION To COMPLETION.

Including numerous Formule, Forms of Specification and Tender, Pocket
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By
C. F. CourTNEY, M. Inst. C.E. 8vo, cloth. . [Just Published. 9Q/0

** The volume contains a good deal of valuable data, and furnishes the engineer with practical
advice. The author deals with his subject from the inception to the finish. Many useful sugges-
tions will be found in the remarks on site and position, location of dam, foundations and
construction.”—~ABwil/ding News.

RIVER BARS.

The Causes of their Formation, and their Treatment by ““Induced Tidal

Scour;” with a Description of the Successful Reduction by this Method of

the Bar at Dublin. Byl. J. MAanNN, Assist. Eng. to the Dublin Port and Docks

Board. Royal 8vo, cloth . A - , : : g . : . 7/8

““ We recommend all interested in harbour works—and, indeed, those concerned in the
-lmprovements of rivers generally—to read Mr. Mann's interesting work."—ZEsngineer.

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of Traction, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and Working Expenses. New
Edition, Thoroughly Revised, and Including the Progress recently made in
Tramway Construction, &c., &c. By D. KiNnNear Crark, M. Inst. C.E.
With 400 Illustrations. = 8vo, 780 pPP., buckram. [Just Published. 28/0

** The new volume is one which will rank, among tramway engineers and those interested in
tramway working, with the Author’s world-famed book on railway machinery.”—7/ke Engineer,

PRACTICAL SURVEYING.

A Text-Book for Students preparing for Examinations or for Survey-work in
“ the Colonies. By Greorge W. UsiLL, A.M.I.C.E. With 4 Plates and up-
wards of 330 Illustrations. Sixth Edition. Including Tables of Natural Sines,
Tangents, Secants, &c. Crown 8vo, cloth 7/8 ; or, on THIN PaAPER, leather,
gilt edges, for pocket use. [Just Published. 12/8

* The best forms of instruments are described as to their construction, uses and modes
of employment, and there are innumerable hints on ‘work and equipment such as the author, in
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student
in his inexperience will find most serviceable.”—Engineer.

* The latest treatise in the English language on surveying, and we have no hesitation in say-
ing that the student will find it a better guide thaa any of its predecessors. Deserves to be
recognised as the first book which should be put in the hands of a pupil of Civil Engineering,”—
Architect,

SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By NEiIL KENNEDY,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth.

[Just Published. Net 10/6

*““The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument.”— Va fzcre.

AID TO SURVEY PRACTICE.

For Reference in Surveying, Leveliing,.and Setting-out ; and in Route Sur-
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records.
By Lowis D’A. Jackson, A.M.I.C.E. 8vo, cloth . " . . 12/8
* A valuable vade-smmecum for the surveyor. We recommend this book as containing an
admirable supplement to the teaching of the accomplished surveyor.”— A4 thenwzum.
**The author brings to his work a fortunate union of theory and ?ractical experience which,
aided by a clear and lucid style of writing, renders the book a very useful one.”—Buzlder.
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ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveying and plotting the work with minute
accuracy by means of Straight Edge and Set Square only ; Levelling with the
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections
in the ordinary manner; Setting-out Curves with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the Instrument ;
Setting-out Curves without Theodolite on the System of Tangential Angles by
Sets of Tangents and Offsets ; and Earthwork Tables to 8o feet deep, calcu-
lated for every 6 inches in depth. By W. Davis Haskory, C.E. With
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth. 12/0

** The book is very handy ; the separate tables of sines and tangents to every minute will make
it useful for many othe:%urpogre’s, the ggnuine traverse tables existing all the same.”—A4 thenzum.

*“ Every person engaged in engineering field operations will estimate the importance of such
a work and the amount of valuable time which will be saved by refere’?ce to a set of reliable tables
prepared with the accuracy and fulness of those given in this volume.”—Railway News.

LAND AND MARINE SURVEYING.

In Reference to the Preparation of Plans for Roads and Railways ; Canals,
Rivers, Towns’ Water Supplies; Docks and Harbours. With Description
and Use of Surveying Instruments. By W. Davis HaskorL, C.E. Second
Edition, Revised, with Additions. Large crown 8vo, cloth . 3 . 9/0

*“This book must prove of great value to the student. We hgve no hesitation in recom-
mending it, feeling assured that it will more than repay a careful study. —Mechanical World.

*“ A most useful book for the student. We strongly recommend it as a JB5:aty;&:é’;;liy-wrxtten
and valuable text-book. It enjoys a well-deserved repute among surveyors.”—Builder.

* This volume cannot fail to prove of the utmost practical utility. ,, 1t may be safely recom-
mended to all students who aspire to become clean and expert surveyors.”— Mining Fournal,

PRINCIPLES AND PRACTICE OF LEVELLING.

owing its Application to Purposes of Railway and Civil Engineering in
tS}?e Cor%structio%pof Roads ; with Mr. TELFORD'S Rules for the same. By
FrepErRICK W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the
addition of Law’s Practical Examples for Setting-out Railway Curves, and
TrauTwinNg’s Field Practice of Laying-out Circular Curves. With 7 Plates
and numerous Woodcuts, 8vo, cloth . : : : % ; 3 . 8/8
*+* TRAUTWINE on CURVES may be had separate . - - . . 5/0

** The text-book on levelling in most of our engineering schools and colleges.”—Engineer.
i %h: Sﬁblishers have refdered a substantial service to the profession, especially to the
younger members, by bringing out the present edition of Mr. Simms's useful work.”—Engineering.

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY. o

For the Formation of Geographical and Topographical Maps and Plans, Mili-

tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formule,

and Tables. By Lieut.-General FrRomE, R.E. Fourth Edition, Revised and
partly Re-written by Major-General Sir CHARLES WARREN, G.C.M.G., R.E.

With 19 Plates and 115 Woodcuts, royal 8vo, cloth . . : . 16/0

*No words of praise from us can strengthen the position so well and so steadily maintained
by this work. Sir Chlzirles Warren has revised the entire work, and ma},de such additions as were
necessary to bring every portion of the contents up to the present date,”—Br»oad 4rrow.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURYVES. 3

From 5 to 200 Radius. By A. BeazerLev, M. Inst. C.E. 6th Edition,

Revised. With an Appendix on the use of1 th}f bTables for Measuf(-mg_up

i Cards, and sold in a cloth box, waistcoat-pocket size,

Curves. Printed on 50 Cards, and s e 5 e

* Each table is printed on a card, which, placed on the theodolite, leaves t”he hands free
to mani;l;:aiate the instgument—no small advantage as regards the rapidity of work. —LEngineer.

** Very handy : a man may know that all his day's work must fall on two of these cards, which
he puts into his own card-case, and leaves the rest behind."—A4 t}zeg{aum.

HANDY GENERAL EARTH-WORK TABLES.

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 8o feet in Depth or Height, for use with either
66 feet Chain or 100 feet Chain. By J. H. Warson Buck, M. Inst. C.E.
On a Sheet mounted in cloth case. [Just Published. 3|6
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EARTHWORK TABLES.

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of
Heights or Depths up to an average of 8o feet. By Josepu BroapeenT, C.E.,
and Francis Campin, C.E. Crown 8vo, cloth ~ . . RN - | ¢

** The way in which accuracy is attained, by a simple division of each cross section into three
elements, two in which are constant and one variable, is ingenious.”—A thenen,

A MANUAL ON EARTHWORK.

By ALEx. J. S. Granam, C.E. With numerous Diagrams. Second Edition.
18mo, cloth B ReL e Dile SRS

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Essay. By J. H. Warson Buck, M. Inst. C.E.
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 12/0

‘“ Many of the methods given are of extreme practical value to the mason, and the observa-
tions on the form of arch, the rules for ordering the stone, and the construction of the templates,

will be found of considerable use. We commend the book to the engineering profession.”’—
Building News.

*“ Will be regarded by civil engineers as of the utmost value, and calculated to save much
time and obviate many mistakes.”—Colliery Guardian.

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

(A Complete and Practical Treatise on), including Iron Foundations. In
Three Parts.—Theoretical, Practical, and Descriptive. By WiLLiaM HuwmBER,
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im-
proved, with 115 Double Plates (20 of which now first appear in this edition),
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in

morocco . ] ; s ’ : 3 . £6 186s. 6.

** A very valuable contribution to the standard literature of civil engineering. In addition to
elevations, plans, and sections, large scale details are given, which very much enhance the
Instructive worth of those illustrations.”—Civil Engineer and Avchitect's Fournal.

“Mr. Humber's stately volumes, lately issued—in which the most important bridges
erected during the last five years, under the direction of the late Mr. Brunel, Sir W. Cubitt,
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
engineers, are drawn and specified in great detail.”"—Engineer.

ESSAY ON OBLIQUE BRIDGES

(Practical and Theoretical). With 13 large Plates. By the late GEORGE
Warson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. WaTson
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for
Facilitating the Construction of Oblique Bridges, by W. H. Barrow, M.I.C.E.
Royal 8vo, cloth . b . . . : . 2 120
“The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise,
and it would be impossible to consult a better.,”"— Fnorrness .
“Mr. Buck’s treatise is recognised as a standard text-book, and his treatment has divested

the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed.” —Building News.

THE CONSTRUCTION OF OBLIQUE ARCHES

(A Practical Treatise on). By Joun Hart. Third Edition, with Plates.
Imperial 8vo, cloth . A : . . a ; : i ; . 80

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs, Solid
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and
Piers, and other Frameworks. By R. Hupbson Grauawm, C.E. Containing
Diagrams and Plates to Scale. With numerous Examples, many taken from
existing Structures. Specially arranged for Class-work in Colleges and
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0

*“Mr. Graham's book will find a place wherever graphic and analytic statics are used or
studied.”"—Engineer.

“ The work is excellent from a practical point of view, and has evidently been prepared
with much care. The directions for working are simple, and are illustrated by an abundance ¢f
well-selected examples. It is an excellent text-book for the practical draughtsman." —d4 theneum.

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.

A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Girders, &c., for Parliamentary and other Estimates, By
J. H. Watson Buck, M. Inst. C.E. On a Sheet . ; : : . 2/6

CIVIL ENGINEERING, SURVEYING, &ee. 15

PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation
and Application of various Geometrical Lines, Figures, and Curves. By
E. W. Tarn, M.A., Architect. 8vo, cloth . % . . : . 90

‘“ No book with the same objects in view has ever been published ir}. which the clearness of
the rules laid down and the illustrative diagrams have been so satisfactory.”—Scotsman.

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved by the mere Description of Circles and the Use of
Coloured Diagrams and Symbols. By Ovriver BvrNE. Coloured Plates.
Crown 8vo, cloth & 5 : : 7 ¢ Ry ’ i j . 38/8

HANDY BOOK FOR THE CALCULATION OF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formula
and Corresponding Diagrams, with numerous details for Practical Applica-
tion, &c. By WrirLrLiam HuMmeer, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . 71/8

* The formulee are neatly expressed, and the diagrams good.”—A tkenaeum. ke
“*We heartily commend this really Zandy book to our engineer and architect readers.”—
English Mechanic.

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determining the Stresses, Breaking
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete
Working Drawings. By WiLrLiam GRIFFITHS, Surveyor. 8vo, cloth. 4/6

“This handy little book enters so minutely into every detail cannected_with the con-
struction of roof trusses that no student need be ignorant of these matters.”"—Practical Engineer.

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SueiLps, M.1.C.E.
8vo, cloth . g : 3 3 3 ¢ ¢ . : 4 5 . 50

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Application in Architecture, the Construction of Suspension
Bridges, Railways, &c. By PETER BarLow, F.R.S. A new KEdition, revised
by his Sons, P. W. BarrLow, F.R.S., and W. H. BarLOw, FBS ; to which
are added, Experiments by HoDGKINSON, FAIRBAIRN, and KIRKALDY; and
Formulea for calculating Girders, &c. Arranged and Edited by Wm. HUMBER,
A. M. Inst. C.E. 8vo, cloth . ¥ : : ] y " . . 18/0

“ Valuable alike to the student, tyro, and the experienced practitioner, it Jw,mll always rank
in future as it has hitherto done, as the standarq. treatise on that particular subject.”—Esngzneer.

“ As a scientific work of the first class, it deserves a foremost place on the bookshelves of
every civil engineer and practical mechanic.”—ZEZngliskh Mechanic.

STRENGTH OF CAST IRON AND OTHER METALS.

By Tuomas TrepcoLp, C.E. Fifth Edition, including HopGgkinson’s Experi-
mental Researches. 8vo, cloth . 4 . . ? : . . 12/0

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention ; with a De-
scription of Modern Appliances and Systems. By CLEMENT E. STRETTON,
C.E., Vice-President and Consulting Engineer, Amalgamated Society of
Railway Servants. With Illustrations and Coloured Plates. Third Edition,
Enlarged. Crown 8vo, cloth . : ‘ : 3 - . . 3/6

“ A book for the engineer, the directors, the managers; a:nd,‘ in short, all who vgn'sh, ’t:or
information on railway matters will find a perfect encyclopadia in ‘Safe Railway Working.'"—
lway Rewview. ; : . s
-~ ﬂ‘6'2,"1\,7\/;::):)tmmend the remarks on railway s:gnall;ng to all railway managers, especially where
a uniform code and practice is advocated.”—Herepath's Railway Fournal.

EXPANSION OF STRUCTURES BY HEAT.

By Joun KEeiLy, C.E., late of the Indian Public Works Department. Crown
8vo, cloth . . . F p : . : 3 . - . . 3/8

. - : " &

“ The aim the author has set before him, viz., to show the qﬁ'ects of hea}t upon meta:lhc an
other structures, is a laudable one, for this is a branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in books."”—Buzlder.
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THE PROGRESS OF MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to, half-morocco, price £12 12s.
Each volume sold separately, as follows :—

FirsT SeriEs, Comprising Civil, Mechanical, Marine, Hydraulic, Railway,

Bridge, and other Engineering Works, &c. By WiLLiam HuMBgEgR,

A. M. Inst. C.E.,&c.  Imp. 4to, with 36 Double Plates, drawn to a large scale,

Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious

descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3Bs.

List oF THE PLATES AND DIAGRAMS.

VICTORIA STATION AND ROOF, L. B. & S. C. R. (8 PLATES); SOUTHPORT PIER
(2 PLATES) ; VICTORIA STATION AND ROOF, L. C. & D. AND G. W. R. (6 PLATES); ROOF
OF CREMORNE MUSIC HALL; BRIDGE OVER G. N. RAILWAY; ROOF OF STATION,
DUTCH RHENISH RAIL. (2 PLATES); BRIDGE OVER THE THAMES, WEST LONDON
EXTENSION RAILWAY (5 PLATES); ARMOUR PLATES; SUSPENSION BRIDGE, THAMES

{4 PLATES); THE ALLEN ENGINE ; SUSPENSION BRIDGE, AVON (3 PLATES); UNDER-
GROUND RAILWAY (3 PLATES).

AUMBER’S MODERN ENGINEERING.

SECOND SERIES. Imp. 4to, with 3 Double Plates, Photographic Portrait of
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter-
press, Specifications, &c. Half-morocco . ; G : : . £3 3s.

LisT oF THE PLATES AND DIAGRAMS.

BIRKENHEAD DOCKS, L.OW WATER BASIN (15 PLATES); CHARING CROSS STATION
ROOF, C. C. RAILWAY (3 PLATES); DIGSWELL VIADUCT, GREAT NORTHERN RAILWAY;
ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAIILWAY ; EBBW
VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLEGE WOoOD
VIADUCT, CORNWALL RAILWAY; DUBLIN WINTER PALACE ROOF (3 PLATES); BRIDGE

OVER THE THAMES, L. C. & D. RAILWAY (6 PLATES); ALBERT HARBOUR, GREENOCK
(4 PLATES).

HUMBER’S MODERN ENGINEERING.

THirRD SeriES. Imp. 4to, with 40 Double Plates, Photographic Portrait of
J- R. M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress,
Specifications, &c. Half-morocco . : 5 : " : . £3 3s.

LisT oF THE PLATES AND DIAGRAMS.

MAIN DRAINAGE, METROPOLIS.—No»tk Side.—MAP SHOWING INTERCEPTION OF
SEWERS; MIDDLE LEVEL SEWER (2 PLATES); OUTFALL SEWER, BRIDGE OVER RIVER
LEA (3 PLATES); OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; OUTFALL SEWER, BRIDGE OVER
BOW AND BARKING RAILWAY (3 PLATES); OUTFALL SEWER, BRIDGE OVER EAST LLONDON
WATER-WORKS’ FEEDER (2 PLATES) ; OUTFALL SEWER RESERVOIR (2 PLATES) ; OUTFALL
SEWER, TUMBLING BAY AND OUTLET; OUTFALL SEWER, PENSTOCKS. South Side.—
OUTFALL SEWER, BERMONDSEY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR AND
OUTLET (4 PLATES); OUTFALL SEWER, FILTH HOIST ; SECTIONS OF SEWERS NORTH AND
SOUTH SIDES).

THAMES EMBANKMENT.—SECTION OF RIVER WALL ; STEAMBOAT PIER, WEST-
MINSTER (2 PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO
BRIDGES ; YORK GATE (2 PLATES) ; OVERFLOW AND OUTLET AT SAVOY STREET SEWER
(3 PLATES); STEAMBOAT PIER, WATERLOO BRIDGE (3 PLATES) ; JUNCTION OF SEWERS,
PLANS AND SECTIONS; GULLIES, PLANS AND SECTIONS ; ROLLING STOCK ; GRANITE
AND IRON FORTS.

HUMBER’S MODERN ENGINEERING.

FourTH SERIES. Imp. 4to, with 36 Double Plates, Photographic Portrait of
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci-
fications, &c. Half-morocco . . . : : : - . £3 3s.

List oF THE PLATES AND DIAGRAMS.

ABBEY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES) ;
BARROW DOCKS (5 PLATES); MANQUIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,
(2 PLATES) ; ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY (z PLATES); CANNON
STREET STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER
THE RIVER MOKA (2 PLATES); TELEGRAPHIC APPARATUS FOR MESOPOTAMIA ; VIADUCT
OVER THE RIVER WYE, MIDLAND RAILWAY (3 PLATES); ST. GERMANS VIADUCT,
CORNWALL RAILWAY (2 PLATES); WROUGHT-IRON CYLINDER FOR DIVING BELL;
MILLWALL DOCKS (6 PLATES): MILROY'S PATENT EXCAVATOR ; METROPOLITAN DIS-
TRICT RAILWAY (6 PLATES); HARBOURS, PORTS, AND BREAKWATERS (3 PLATES),

MARINE ENGINEERING, NAVIGATION, &:. 17
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S
POCKET=BOOK of Formula, Rules, and Tables, and Marine Engineer’s and
Surveyor’s Handy Book of Reference. By CLEMENT Mackrow, M.I.N.A.
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . : 12/8

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-
METRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF FIGURES.
—MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR
SIMPSON’S RULES.—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF MOTION,
—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S HULL.—
STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING
OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING,
CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND
RUDDERS OF VESSELS.—LAUNCHING CALCULATIONS AND VELOCITIES.—WEIGHT OF
MATERIAL AND GEAR.—GUN PARTICULARS AND WEIGHT.— STANDARD GAUGES.—
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING
AND SHEARING_ STRESSES, &c.— STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.
—HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL
POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD
OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—I.LOYD'S WEIGHT
OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—
SHIPS’ FITTINGS AND TESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF
TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS-
PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.— PER-
CENTAGES FOR BUTT STRAPS, &c.—PARTICULARS OF YACHTS.——-MASTING AND RIGGING
VESSELS.—DISTANCES OF FOREIGN PORTS.— TONNAGE TABLES.—VOCABULARY OF
FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASURES. — FOREIGN
WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT
AND WAGES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF
CIRCULAR MEASURES.—TABLES OF AREAS OF AND CIRCUMEERENCES OF CIRCLES.—
TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBES AND
ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HVYPER-
BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF
LOGARITHMIC SINES, TANGENTS, &c.

*“In these days of advanced knowledge a work like this is of the greatest value. It contains
a vast amount of information. We unhesitatingly say that it is the most valuable compilation for its
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman,
wood or iron shipbuilder, can afford to be without this work.”—j\f_amtz‘ca[ Magazine. .

** Should be used by all who are engaged in the construction or design of vessels. . . . Will
be found to contain the most useful tables and formulz required by shipbuilders, carefully collected
from the best’ authorities, and put together in a popular and simple form. The book is one of
exceptional merit."—Engineer. : ; ; )

* The professional shipbuilder has now, in a convenient angl accessible form_, reliable data for
solving many of the numerous problems that present themselves in the course of his work.”—ZIron.

““ There is no doubt that a pocket-book of this description must be a necessity in the ship-
building trade. . . 7The volume contains a mass of useful information clearly expressed and
presented in a handy fcrm.”—Marine Engineer.

WANNAN’S MARINE ENGINEER’S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ;
Elementary and Verbal Questions and Answers; complete Set of Drawings
with Statements completed. By A. C. WanNaN, C.E., and E. W. I. WaNNAN,
M.I.M.E. Illustrated with numerous Engravings. Crown 8vo, 370 pages,
cloth. i

*““The book is clearly and plainly written and avoids unnecessary explanations and formulas,
and we consider it a valuable book for students of marine engineering.”—Nawutical Magazine.

WANNAN’S MARINE ENGINEER’S POCKET=-BOOK.

Containing the Latest Board of Trade Rules and Data for Marine Engineers.
By A. C. WannaN. Second Edition, carefully Revised. Square 18mo, with
thumb Index, leather. 50

‘“There is a great deal of useful information in this little pocket-book. It is of the rule:gf-
thumb order, and 1s, on that account, well-adapted to the uses of the sea-going engineer.”—
Engineer.

MARINE ENGINES AND STEAM VESSELS.

A Treatise on. By RoBerT Murray, C.E. Eighth Edition, thoroughly
Revised, with considerable Additions by the Author and by GEORGE
CARrLISLE, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth. 4/8

L. B
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SEA TERMS, PHRASES, AND WORDS

(Technical Dictionary of) used in the English and French Languages
(English-French, French-English). For the Use of Seamen, Engineers, Pilots,
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. PIrRrIE, late of
the African Steamship Company. Fcap. 8vo, cloth limp : y . 8/0

** This volume will be highly appreciated by seamen, engineers, pilots, shipbuilders and ship-
owners. It will be found wonderfully accurate and complete.”—Scozsman.

““ A very useful dictionary, which has long been wanted by French and English engineers,
masters, officers and others.”—Shigping Worid.

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant,
for the Use of Shipowners and Builders, Marine Electricians and Sea-going
Engineers in Charge. By J. W. UrqQuHARrT, Author of ‘‘Electric Light,”
““Dynamo Construction,” &c. Second Edition, Revised and Extended.
326 pp., with 88 Illustrations. Crown 8vo, cloth. [ Just Published. 7|6

MARINE ENGINEER’S POCKET-BOOK.

Consisting of useful Tables and Formulz. By Frank ProcTor, A.I.N.A.
Third Edition. Royal 32mo, leather, gilt edges, with strap . ; . 4/0

** We recommend it to our readers as going far to supply a long-felt want.”—Nava/l Science.
*“ A most useful companion to all marine engineers.”"—United Service Gazette.

ELEMENTARY ENGINEERING.

A Manual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engines and Boilers, Geometry, &c., &c. With
an Appendix of Useful Tables. By J. S. BREwgr. Crown 8vo, cloth . 1/6

‘Contains much valuable information for the class for whom it is intended, especially in the
chapters on the management of boilers and engines.”"—Nawtical Magazine.

PRACTICAL NAVIGATION.

Consisting of THE SA1LOR’s SEA-Book, by James GrReenwoop and W. H.
Rosser ; together with the exquisite Mathematical and Nautical Tables for
the Working of the Problems, by HEnry Law, C.E., and Professor J. R.
YounG. Illustrated. 12mo, strongly half-bound . . . : . 7/0

MARINE ENGINEER’S DRAWING-BOOK.

Adapted to the Requirements of the Board of Trade Examinations. By Joun
Lockig, C.E. With 22 Plates, Drawn to Scale. Royal 8vo,cloth . 3/6

THE ART AND SCIENCE OF SAILMAKING.

By SamueL B. SADLER, Practical Sailmaker, late in the employment of
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and
other Illustrations. Small 4to, cloth . : 4 3 3 ; . 12/6

*“ This extremely practical work gives a complete education in all the branches of the manu-
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first-
rate text-book and guide.”"—Porisrmonth Times.

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
Chain Cable and Chain Making, Forming and Welding Links, Strength of
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
Charges for Testing, List of Manufacturers of Cables, &c., &c. By
Tromas W. TraiLr, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments,
and General Superintendent Lloyd’s Committee on Proving Establishments.
With numerous Tables, Illustrations, and Lithographic Drawings. Folio,
cloth, bevelled boards. . ; ; ; . - Y . B2 QL.

** It contains a vast amount of valuable information. Nothing seems to be wanting to make it
a complete and standard work of reference cn the subject.” —Nautica! Magazine.

MINING, METALLURGY, & COLLIERY WORKING. 19

MINING, METALLURGY, AND
COLLIERY WORKING.

THE METALLURGY OF GOLD.

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
Including the Assaying, Melting, and Refining of Gold. By M. EISSLER,
Mining Engineer, A.I.M.E., Member of the Institute of Mining and Metal-
lurgy. Author of ““ Modern High Explosives,” ¢ The Metallurgy of Silver,”
&e., &c. Fifth Edition, Enlarged and Re-arranged. = With over 300 illustra-
tions and numerous Folding Plates. Medium 8vo, cloth.

[Just Published. Net 21/0
*“ This book thoroughly deserves its title of a ‘ Practical Treatise.” The whole process of gold
milling, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly

narrative and with much, but not too much, fulness of detail.”—Sa#urday Review.

*“ The work is a storehouse of information and valuable data, and we strongly recommend it
to all professional men engaged in the gold-mining industry.”—Mining Fournal.

THE CYANIDE PROCESS OF GOLD EXTRACTION.

Including its Practical Application on the Witwatersrand Gold Fields in South
Africa. By M. _EissLeEr, M.E., Author of ‘‘ The Metallurgy of Gold,” &c.
With Diagrams and Working Drawings. Second Edition, Revised and En-
larged. 8vo, cloth. 7/6

‘“This book is just what was needed to acquaint mining men with the actual working of a
process which is not only the most popular, but is, as a general rule, the most successful for the
extraction of gold from tailings.”"—Mining Fournal.

‘ The work will prove invaluable to all interested in gold mining, whether metallurgists or as
investors.” —Chemtical News.

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-
specting and Exploiting Mineral-Bearing Properties, including Particulars of
the Costs of Apparatus and Working. By G. A. DExxy, M.N.E. Inst. M.E.,
M.I.M. and M. Author of ‘“ The Klerksdorp Goldfields.” Medium 8vo,
168 pp., with Illustrative Diagrams. [Just Published. 12/6

** There is certainly scope for a work on diimond drilling, and Mr. Denny deserves grateful
recognition for supplving a decided want. We strongly recommend every board ofdirectors to
carefully peruse the pages treating of the applicability of diamond drilling to auriferous deposits. and,
under certain conditions, its advantages over shaft sinking for systematic prospecting, both from the
surface and underground. The author has given us a valuable volume of eminently practical data
that should be in the possession of those interested in mining."”"— Mz Fournal.

¢ Mr. Denny’s handbook is the first English work to give a detailed account of the use of
modern diamond core-drills in searching for mineral deposits. The work contains much information
of a practical character, including particulars of the cost of apparatus and of working.”— Na#ure.

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERRITT,

M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other
Illustrations. Fcap. 8vo, leather. [Just Published. Net 5|0
‘*As an instructor of prospectors’ classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The contents cover
all the details of sampling and testing gold and silver ores. The work will be a useful addition to a
prospector’s kit.”—Minnge Fournal. Y
“It gives the gist of the author’s experience as a teacher of prospectors, and is a book which
no prospector could use habitually without finding it pan out well.”"—Sco#s»za ..

THE PROSPECTOR’S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other
Valuable Minerals. By J. W. AnpeErscn, M.A. (Camb.), F.R.G.S., Author
of ““Fiji and New Caledonia.” Eighth Edition, thoroughly Revised and
much Enlarged. Small crown 8vo, cloth, 3/8 ; or, leather, pocket-book form,
with tuck. [Just Published. 4|6

** Will supply a much-felt want, especially among Colonists, in whose way are so often thrown
many mineralogical specimens the value of which it is difficult to determine.”—Engirneer.

“How to find commercial minerals, and how to identify them when theﬂ are found, are the
leading points to which attention is directed. The author has managed to pack as much practical
detail into his pages as would supply material for a book three times its size.”—Mining Fournal,
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20 CROSBY LOCKWOOD & SON'S CATALOGUE.

THE METALLURGY OF SILVER.

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By
M. EissLEr, Author of “The Metallurgy of Gold,” &c. Third Edition.
Crown 8vo, cloth . 3 X " y " 3 : = s . 10/6

“ A practical treatise, and a technical work which we are convinced will supply a long-felt
want amongst practical men, and at the same time be of value to students and others indirectly
connected with the industries.”—Mining Fournal.

¢ From first to last the book is thoroughly sound and reliable.”—Colliery Guardian.

* For chemists, practical miners, assayers, and investors alike we do not know of any work
on the subject so handy and yet so comprehensive.”"—Glasgow Herald.

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of

Lead Bullion. Including Reports on various Smelt1g Establishments and

Descriptions of Modern Smelting Furnaces and Plants in Europe and America.

By M. EissLERr, M.E., Author of ‘‘ The Metallurgy or Gold,” &c. Crown 8vo,

400 pp., with 183 Illustrations, cloth . : : : : : . 12/6

¢ The numerous metallurgical processes, which are fully and extensively treated of, embrace

all the stages experienced in the passage of the lead from the various natural states to its issue from
the refinery as an article of comnmerce.”—Practical Engineer.

* The present volume fully maintains the reputation of the author. Those who wish to obtain

a thorough insight into the present state of this industry cannot do better than read this volume, and
all mining engineers cannot fail to find many useful hints and suggestions in it.”"—/ndwséries.

METALLIFEROUS MINERALS AND MINING.

By D. C. Davigs, F.G.S., Mining Engineer, &c., Author of ‘‘ A Treatise on
Slate and Slate Quarrying.” Fifth Edition, thoroughly Revised and much
Enlarged by his Son, E. Henrv Davies, M.E., F.G.S. With about 150
Illustrations. Crown 8vo, cloth . : 5 . . g ] . 12/86

“ Neither the practical miner nor the general reader, interested in mines, can have a better
book for his companion and his guide.”"—Mining Fournal.

“ We are doing our readers a service in calling their attention to this valuable work.”—
Mining World.

““ As a history of the present state of mining throughout the world this book has a real value.
and it supplies an actual want.”—d4 thenzum. :

MACHINERY FOR METALLIFEROUS MINES.

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of
Mines. By E. Henry Davies, M.E., F.G.S. Crown 8vo, 580 pp., with
upwards of 300 Illustrations, cloth. g 2 ; £ ; . . 12/6

¢ Mr, Davies, in this handsome volume, has done the advanced student and the manager of
mines good service. Almost every kind of machinery in actual use is carefully described, and the
woodcuts and plates are good.”—A theneunt.

“ From cover to cover the work exhibits all the same characteristics which excite the confi-
dence and attract the attention of the student as he peruses the first page. The work may safely
be recommended. By its publication the literature connected with the industry will be enriched
and the reputation of its author enhanced.”—Mining Fournal.

EARTHY AND OTHER MINERALS AND MINING.

By D. C. Davies, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third
Edition, Revised and Enlarged by his Son, E. HENrY Daviges, M.E., F.G.S.
With about roo Illustrations. Crown 8vo, cloth . : " " . 12/8

“ We do not remember to have met with any English work on mining matters that contains
the same amount of information packed in equally convenient form.”—A4 cademzy.

“ We should be inclined to rank it as among the very best of the handy technical and trades
manuals which have recently appeared.”—British Quarteriy Review.

BRITISH MINING.

A Treatise on the History, Discovery, Practical Development, and Future
Prospects of Metalliferous Mines in the United Kingdom. By ROBERT
HunT, F.R.S., late Keeper of Mining Records. Upwards of gso pp., with
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2s.

* The book is a treasure-house of statistical information on mining subjects, and we know of
no other work embodying so great a mass of matter of this kind. Were this the only merit of
Mr. Hunt's volume it would be sufficient to render it indispensable in the library of every one
i‘ggzre&sted in the development of the mining and metallurgical industries of this country.”—

NEUMN.

MINING, METALLURGY, & COLLIERY WORKING. 21

POCKET-BOOK FOR MINERS AND METALLURGISTS.

Comprising Rules, Formule, Tables, and Notes for Use in Field and Office
Work. By F. DanvErs Power, F.G.S., M.E. Second Edition, Corrected.
Fcap. 8vo, leather. [Just Published. 9|0

“This excellent book is an admirable example of its kind, and ought to find a large sale
amongst English-speaking prospectors and mining engineers.”—Engineering.

THE MINER’S HANDBOOK.

A Handy Book of -Reference on the subjects of Mineral Deposits, Mining
Operations, Ore Dressing, &c. For the Use of Students and others interested
in Mining Matters. By Joun MiLxg, F.R.S., Professor of Mining in the
Imperial University of Japan. Revised Edition. Fcap. 8vo, leather . 7/6

 Professor Milne’s handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students.”—dA theneum.

THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. By
J. D. Kenpary, F.G.S., Mining Engineer. Crown 8vo, cloth . . 168/0

“The author has a thorough practical knowledge of his subject, and has supplemented a
careful study of the available literature by unpublished information derived from his own observa-
tions. The result is a very useful volume, which cannot fail to be of value to all interested in the
iron industry of the country.”’—J/ndustries.

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Pumping Machinery. By SteEpHEN MIcHELL. Second Edition, Re-written
and Enlarged, 390 pp. With about 250 Illustrations. Royal 8vo, cloth.

[ Just Published. Net 285/0

SUMMARY OF CONTENTS:—HORIZONTAL PUMPING ENGINES.—ROTARY AND NON-
ROTARY HORIZONTAL ENGINES.—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL
PUMPING ENGINES.—ROTARY AND NON-ROTARY VERTICAL ENGINES.—SIMPLE AND
COMPOUND STEAM PUMPS.—TRIPLE-EXPANSION STEAM PUMPS.—PULSATING STEAM
PUMPS.—PUMP VALVES.—SINKING PUMPS, &c., &c.

“ This volume contains an immense amount of important and interesting new matter,.
The book should undoubtedly prove of great use to all who wish for information on the sub-
ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity,
price, &c., are set forth, hence facilitating immensely the rational selection of a pump to suit
any purpose that the reader may desire, or, on the other hand, supplying him with useful
information about any of the pumps that come within the scope of the volume.”"—7%e Engineer.

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries,
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal
Mining Students preparing for First-class Certificates. By CALEB PAMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Engineers ; and Member of the South Wales Institute
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations.
Fourth Edition, Revised and Enlarged, medium 8vo, over goo pp.
Strongly bound . : . . . . ; . ; ; . £1 5s.

SUMMARY OF CONTENTS:—GEOLOGY.—SEARCH FOR COAL.—MINERAL I EASES
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE
ARRANGEMENTS.—STEAM BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING.—
NARROW WORK AND METHODS OF WORKING. — UNDERGROUND CONVEYANCE, —
DRAINAGE.—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AIR IN MINES.—THE PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANEOUS QUESTIONS AND ANSWERS.—Appendiz: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES.

“ Mr. Pamely has not only given us a comprehensive reference book of a very high order,
suitable to the requirements of mining engineers and. colliery managers, but has also provided
mining students with a class-book that 1s as interesting as it is instructive.”—Colliery Manager.

“ Mr. Pamely's work is eminently suited to the purpose for which it is intended, being clear,
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in
every department. A mining engineer could scarcely go wrong who followed this work.”—Colliery
Guardian.

“This is the most complete ‘all-round’ work on coal-mining published in the English
language. . . . No library of coal-mining bogks is complete without it."—Colliery Engin¢er
(Scranten, Pa., U,5,A.).
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of a Colliery Manager, the Oversight and Arrange-
ment of Labour and Wages, and the different Systems of Working Coal
Seams. By H. F. Burman and R. A. S. REDMAYNE. 350 pp., with
28 Plates and other Iliustrations, including Underground Photographs.
Medium 8vo, cloth. [Just Published. 185/0
. ““This is, indeed, an admirable Handbook for Colliery Managers, in fact it is an indispensable
adjunct to a Colliery Manager's education, as well as being a most useful and interesting work
on the subject for all who in any way have to do with coal mining. The underground photographs
are an attractive feature of the work, being very lifelike and necessarily true representations of the
scenes they depict.”"—Colliery Guardian.
: “ Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of great
literary ability, are to be congratulated on having supplied an authoritative work dealing with a side
of the subject of coal mining which has hitherto received but scant treatment. The authors
elucidate their text by 119 woodcuts and 28 plates, most of the latter being admirable reproductions

of photographs taken underground with the aid of the magnesium flash-light. These illustrations
are excellent.”—Nazure.

COAL AND COAL MINING.

By the late Sir WaringTon W. SmyrH, F.R.S., Chief Inspector of the
Mines of the Crown. Eighth Edition, Revised and Extended by T. FORSTER
BrownN, Mining Engineer, Chief Inspsctor of the Mines of the Crown and
of the Duchy of Cornwall. Crown 8vo, cloth. [Just Published. 3|6

*“ As an outline is given of every known coal-field in this and other countries, as well as of the

principal methods of working, the book will doubtless interest a very large number of readers.”—
Mining Fournal.,

NOTES AND FORMULZE FOR MINING STUDENTS.

By Joun HERMAN MERIVALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/8

‘““The author has done his work in a creditable manner, and has produced a book that will
be of service to students and those who are practically engaged in mining operations.”—ZEngineer.

INFLAMMABLE GAS AND VAPOUR IN THE AIR

(The Detection and Measurement of). By Frank Crowrs, D.Sc., Lond.,
F.I.C., Prof. of Chemistry in the University College, Nottingham. With a
Chapter on THE DETECTION AND MEASUREMENT OF PETROLEUM VAPOUR
by BoverToN REDWOOD, F.R.S.E., Consulting Adviser to the Corporation
of London under the Petroleum Acts. Crown 8vo, cloth. Net B5/0O

** Professor Clowes has given us a volume on a subject of much industrial importance

Those interested in these matters may be recommended to study this book, which is easy of compre-
hension and contains many good things.”—7ke Engincer.

‘* A book that no mining engineer—certainly no coal miner—can afford to ignore or to leave
unread.”"—Mining Fournal.

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of
Coal, with Returns of their Produce and its Distribution, and Analyses of
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or
Seams ; Analyses of each Variety; and a History of the Rise and Progress of

Pig Iron Manufacture. By RiCHARD MEADE. 8vo, cloth . . £1 8s.

“Of this book we may unreservedly say that it is the best of its class which we have ever

met. . . . A book of reference which no one engaged in the iron or coal trades should omit from
his library.”"—/ron and Coal Trades Review.

ASBESTOS AND ASBESTIC.

Their Properties, Occurrence, and Use. By RoserT H. Jongs, F.S.A.,
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Capada. With
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth.

[Just Published. 16/0

“ An interesting and invaluable work.”"—Colliery Guardian.

GRANITES AND OUR GRANITE INDUSTRIES.

By George F. Harris, F.G.S., Membre de la Société Belge de Géologie,
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus-

trations. Crown 8vo, cloth A : ; " f . > A . 2/8
““ A clearly and well-written manual for persons engaged orinterested in the granite industry.
—Scotsnan.

TRAVERSE TABLES.

For use in Mine Surveying, By W. LinTERN, Mining Engineer. Crown
8vo, cloth. [ Just Published. Net 3/Q

ELECTRICITY, ELECTRICAL ENGINEERING, &«c. 23

ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEGRAPHS.

Their History, Construction, and Working. Founded in part on W{iNSCHEN-
DORFF’S “‘ Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CnarLEs BriguT, F.R.S.E. Superroyal
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates.
(Just Published. Net: £33 3s,

“ There are few, if any, persons more fitted to write a treatise on submarine telegraphy than
Mr. Charles Bright. The author has done his work admirably, and has written in a way which will
appeal as much to the layman as to the engineer. This admirable volume must, for many years to
come, hold the position of the English classic on submarine telegraphy.”—Engzineer.

‘“ This book is full of information. It makes a book of reference which should be in every
engineer’s library.”—Nature.

‘“ Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome
reception from cable men.”—ZE/lectrician.

““ The author deals with his subject from all points of view—political and strategical as well as
scientific. The work will be of interest, not only to men of science, but to the general public. We
can strongly recommend it.”—A theneumn.

*“ The work contains a great store of technical information concerning the making and work-
ing of submarine telegraphs. In bringing together the most valuable results relating to the evolu-
tion of the telegraph, the author has rendered a service that will be very widely appreciated.”—
Morning Post.

DYNAMO ELECTRIC MACHINERY.

Its Construction, Design, and Operation (Direct Current Machines). By
SAMUEL SHELDON, A,M., Ph.D., assisted by H. Mason, B S. Large crown
8vo, cloth. With 202 illustrations. [Just Published. Net 10/6

THE ELECTRICAL ENGINEER’'S POCKET=-BOOK.

Consisting of Modern Rules, Formulz, Tables, and Data. By H. R. KEMPE,
M.Inst.E.E., A M.Inst.C.E., Technical Officer Postal Telegraphs, Author of
““A Handbook of Electrical Testing,” ‘“ The Engineer's Year-Book,” &c.
Second KEdition, thoroughly Revised, with Additions. With numerous Illus-
trations. Royal 32mo, oblong, leather . . * : : £ . 85/0

‘It is the best book of its kind.”"—Electrical Engineer.
* The Electrical Engineer’s Pocket-Book is a good one.”—FElecérician.
‘¢ Strongly recommended to those engaged in the electrical industries.”—Electrical Review.

ELECTRIC LIGHT FITTING.

A Handbook for Working Electrical Engineers, embodying Practical Notes on
Installation Management. By J. W. UrqQurarT, Electrician, Author of

‘“ Electric Light,” &c. With numerous Illustrations. Third Edition,
Revised, with Additions. Crown 8vo, cloth. [Just Published. 5|0

“ This volume deals with what may be termed the mechanics of electric lighting, and is
addressed to men who are aiready engaged in the work, or are training for it. The work traverses

a great deal of ground, and may be read as a sequel to the same author’s useful work on  Electric
Light.""—E/lectrician.

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps.
By J. W. UrqQuuarT, C.E. Sixth Edition, Revised, with Additions and 145
Illustrations. Crown 8vo, cloth. [Just Published. /6

*The whole ground of electric lighting is more or less covered and explained in a very clear
and concise manner,"—ZE/lectrical Review.

“A vade-mecum of the salient facts connected with the science of electric lighting,”—
Electrician.

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of Engineer-Constructors and Electricians-
in-Charge. Embracing Framework Building, Field Magnet and Armature
Winding and Grouping, Compounding, &c. By J. W. URQUHART. Second
Edition, Enlarged. Crown 8vo, cloth . . . - o . . 7/6

*“Mr. Urquhart’s book is the first one which deals with these matters in such a way that the
engineering student can understand them. The book is very readable, and the author leads his
readers up to difficult subjects by reasonably simple tests,”—Engincering Review,
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THE MANAGEMENT OF DYNAMOS.

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers,
Students, and others in Charge of Dynamos. By G. W. LumMis-PATERSON.
Second Edition, thoroughly Revised and Enlarged. With numerous Illustra-
tions. Crown 8vo, cloth. [Just Published. 4|6

‘“ An example which deserves to be taken as a model by otherauthors. The subject is treated
in a manner which any intelligent man who is fit to be entrusted with charge of an engine should

be able to understand. Itis a useful book to all who make, tend, or employ electric machinery.”
— A rchitect.

THE STANDARD ELECTRICAL DICTIONARY.

A Popular Encyclopzdia of Words and Terms Used in the Practice of Electrical
Engineering, By T. O'CoNor SrLoane, A.M., Ph.D. Second Edition,
with Appendix to date. Crown 8vo, 680 pp., 390 Illustrations, cloth.

[ Just Published. 7|6

*“ The work has many attractive features in it, and is, beyond doubt, a well put together and
useful publication. The amount of ground covered may be gathered from the fact that in the index
about 5,600 references will be found.”"—Electrical Review,

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant.
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing
Engineers-in-Charge. By J. W. UrQurART, C.E. Second Edition, Revised
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth,

[Just Published. 7|6

**The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be

highly complimented for placing such a valuable work at the service of marine electricians.”—7%e
Steamship.

ELECTRIC LIGHT FOR COUNTRY HOUSES.

A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. By J. H. KNIGHT.
Second Edition, Revised. Crown 8vo, wrapper. [ Just Published. 1/0

““The book contains excellent advice and many practical hints for the help of those wh ish
to light their own houses."—Building News. s e i s

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).

By Aran A. CampBELL SWINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,
Revised. With 16 Illustrations. Crown 8vo, cloth. [Just Published. 1|6

“Any one who desires a short and thoroughlly clear exposition of the elementary principles of
electric lighting cannot do better than read this little work.”—Bradford Observer. :

DYNAMIC ELECTRICITY AND MAGNETISM.

By P_H;LIP” ATkINSON, A.M., Ph.D., Author of ‘‘Elements of Static
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10Q/6

POWER TRANSMITTED BY ELECTRICITY

And applied by the Electric Motor, including Electric Railway Construction.
By P. ArginsonN, A.M., Ph.D. With g6 Illustrations. Crown 8vo, cloth 7/6

HOW TO MAKE A DYNAMO.

A Practical Treatise for Amateurs. Containing numerous Illustrations and
Detailed Instructions for Constructing a Small Dynamo to Produce the
Electric Light. By ALFRED CroFTs. Sixth Edition, Revised and Enlarged.
Crown 8vo, cloth. [Just Published. 2/0

* The instructions given in this unpretentious little book are sufficiently clear and explicit to
enable any amateur mechanic possessed of average skill and the usual tools to be found in an
amateur’s workshop to build a practical dynamo machine.”—ZE/lectrician.

THE STUDENT’S TEXT=-BOOK OF ELECTRICITY.

By H. M. Noap, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations. .
Crown 8vo, cloth . . : . . " , ) : a . 9/0

ARCHITECTURE, BUILDING, &c 25

ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Preparing for Examinations, and a Book of
Reference for Persons Engaged in Building. By JouN PARNELL ALLEN,
Surveyor, Lecturer on Building Construction at the Durham College of
Science, Newecastle-on-Tyne. Third Edition, Revised and Enlarged,
Medium 8vo, 450 pp., with 1,000 Illustrations, cloth.  [Just Published. 7/6
“ The most complete exposition of building construction we have seen. It contains all thatis

necessary to prepare students for the various examinations in building -construction. " —Building
News.

“ The author depends nearly as much on his diagrams as on his type. The pages suggest
the hand of a man of experience in building operations—and the volume must be a blessing to
many teachers as well as to students.”—7ke Architect.

“The work is sure to prove a formidable rival to great and small competitors alike, and
bids fair to take a permanent place as a favourite student’s text-book. The large number of illus-
trations deserve particular mention for the great merit they possess for purposes of reference in
exactly corresponding to convenient scales.”— Fournal of the Royal Institute of British A rchitects,

PRACTICAL MASONRY.

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden-
tives, Vaults, Tracery Windows, &c., &c. For the Use of Students, Masons,
and other Workmen.” By WiLLiam R. PUrcHASE, Building Inspector to the
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp.,
with 52 Lithographic Plates, comprising nearly 4oo separate Diagrams,
cloth. [ Just Published. 7|6

“ Mr. Purchase’s ‘Practical Masonry’ will undoubtedly be found useful to all interested in
this important subject, whether theoretically or practically. Most of the examples given are from
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on
the subject, the author himself having commenced as an operative mason, and afterwards acted as
foreman mason on many large and important buildings prior to the attainment of his present
position. It should be found of general utility to architectural students and others, as well as to
those to whom it is specially addressed.”— Fournal of the Royal Institute of British Architects.

MODERN PLUMBING, STEAM AND HOT WATER
HEATING.

A New Practical Work for the Plumber, the Heating Engineer, the Architect,
and the Builder. By J. J. LAWLER, Author of ‘ American Sanitary Plumbing,”
&c. With 284 Illustrations and Folding Plates. 4to, cloth.

[ Just Published. Net 21/[=
HEATING BY HOT WATER.

With Information and Suggestions on the best Methods of Heating Public,
Private and Horticultural Buildings. By WALTER JonEs. Second Edition.
With g6 Illustrations, crown 8vo, cloth . : / ; : . Net 2/8

“We confidently recommend all interested in heating by hot water to secure a copy of this
valuable little treatise.”— The Plumber and Decorator.

CONCRETE : ITS NATURE AND USES.

A Book for Architects, Builders, Contractors, and Clerks of Works. By
GeorGE L. SurcLiFre, A.R.I.LB.A. 350 pp., with numerous Illustrations.
Crown 8vo, cloth. ] : - 3 3 . : 4 : F . 7/86
% The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap.
It is careful and exhaustive ; equally useful as a student’s guide and an architect’s book- of
reference.”’— Fournal of the Royal Institute of British Architects. E
“There is room for this new book, which will probably be for some time the standard work
on the subject for a builder’s purpose.”—Glasgow Herald.

LOCKWOOD’S BUILDER’S PRICE BOOK for 1901.

A Comprehensive Handbook of the Latest Prices and Data for Builders,
Architects, Engineers, and Contractors. Re-constructed, Re-written, and
Greatly Enlarged. By Francis T. W. MILLER. 8oo closely-printed pages,
crown 8vo, cloth . : ; . : - g - i 4/0

“ This book is a very useful one, and should find a place in every English office connected
with the building and engineering professions.”—/ndusiries.

“ An excellent book of reference.”—.4 »chiiect.

“1In its new and revised form this Price Book is what a work of this kind should be—compre-
hensive, reliable, well arranged, legible, and well bound.”—B7riish Architect,
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THE DECORATIVE PART OF CIVIL ARCHITECTURE.

By Sir WiLLiaMm CHAMBERS, F.R.S. With Portrait, Illustrations, Notes, and
an EXAMINATION OF GRECIAN ARCHITECTURE, by JosEpu GwiLt, F.S.A.
Revised and Edited by W. H. LEEps. 66 Plates, 4to, cloth ’ . 2110

THE MECHANICS OF ARCHITECTURE.

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects.

By E. W. Tarn, M.A., Author of ‘“ The Science of Building,” &c. Second

Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6
“The book is a very useful and helpful manual of architectural mechanics.”—Buz. der.

A HANDY BOOK OF VILLA ARCHITECTURE.

Being a Series of Designs for Villa Residences in various Styles. With
Outline Specifications and Estimates. By C. Wickgs, Architect. 61 Plates,
4to, half-morocco, gilt edges . ; : : £1 11s. 60b.

* The whole of the designs bear evidence of their being the work of an artistic architect, and
they will prove very valuable and suggestive.”—Bui/ding News.

THE ARCHITECT’S GUIDE.

Being a Text-book of Useful Information for Architects, Engineers, Surveyors,
Contractors, Clerks of Works, &c., &c. By FrEDERICK ROGERS, Architect.
Third Edition. Crown 8vo, cloth . . . 2 : . ; . 3/6

ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing a Large
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O.

FErRGUsON. Second Edition, Enlarged. 8vo, boards . . . . 3/

*“It is the most intelligible of the treatises on this ill-treated subject that I have met with.”"—
E. INGRESS BELL, ESQ., inthe R.L.B. 4. Fourna.,

PRACTICAL RULES ON DRAWING.

For the Operative Builder and Young Student in Architecture. By GEORGE
PyNE. 14 Plates, 4to, boards " 7/6

MEASURING AND VALUING ARTIFICER’S WORK

(The Student’s Guide to the Practice of). Containing Directions for taking
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with
Tables of Constants for Valuation of Labour, and for the Calculation of Areas
and Solidities. Originally edited by E. Dosson, Architect. With Additions
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and
63 Woodcuts. Crown 8vo, cloth. [Just Published. 7|6

** This edition will be found the most complete treatise on the principles of measuring and
valuing artificer’s work that has yet been published.”—Bwuilding News.

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR.

For Builders and Surveyors. Containing Technical Directions for Measuring
Work in all the Building Trades, Complete Specifications for Houses, Roads,
and Drains, and an Easy Method of Estimating the parts of a Building
collectively. By A. C. BEaTton. Ninth Edition. Waistcoat-pocket size,
gilt edges . . . ; : . 1/86

“No builder, architect, surveyor, or valuer should be without his * Beaton.’ "—Building News.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Buildings. Upon the Basis of the
Work by ALFRED BARTHOLOMEW, thoroughly Revised, Corrected, and greatly
added to by FrREDERICK ROGERS, Architect. Third Edition, Revised. 8vo,
cloth . - . A 15/0

“The work is too well known to need any recommendation from us. It is one of the books
with which every young architect must be equipped.”—d rchitect.

THE HOUSE-OWNER’S ESTIMATOR.

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un-.

professional People as well as the Architectural Surveyor and Builder. By
J. D. Simon, Edited by F. T. W. MiLLER, A.R.I.B.A. Fifth Edition,
Carefully Revised. Crown 8vo, clotb. [ Just Published. Net 3|6

“*In two years it will repay its cost a hundred times over,”—Field.

SANITATION AND WATER SUPPLY. 27

SANITATION AND WATER SUPPLY.
THE PURIFICATION OF SEWAGE.

Being a Brief Account of the Scientific Principles of Sewage Purification, and
their Practical Application. By Sipnev Barwise, M.D. (Lond.), M.R.C.S.,
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshire County Council. Crown 8vo, cloth. [Just Published. 5|0

““ What process shall we adopt to purify our sewage ?' This question has rarely been treated
from so many points of view in one book. This volume teems with practical hints, which show the
intimate knowledge the author has of his subject.”—T/%e Engineer.

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Supply. By S. Ripear, D.Sc. Lond., F.I.C. With
numerous Illustrations and Tables. Crown 8vo, cloth. [Just Published. T7/6

“Dr, Rideal’'s book is both interesting and accurate, and contains a most useful »ésumé of
the latest knowledge upon the subject of which it treats.”"—7ke Engineer.

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for Small Country Districts. By Arran GreeNnwerrL, A.M.I.C.E.,
and W. T. Curry, ALM.I.C.E. Revised Edition. Crown 8vo, cloth 5/0O

“We conscientiously recommend it as a very useful book for those concerned in obtaining
water for small districts, giving a great deal of practical information in a small compass.”—Buziider.

THE WATER SUPPLY OF CITIES AND TOWNS.

By WirLrLiam Humser, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half-
bound morocco. (See page 11.) = ‘ - = : . Net £6 6s.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

By Proressor W. K. BurTon, A.M. Inst. C.E. Second Edition, Revised
and Extended. Rovyal 8vo, cloth. (See page 10.) y ; : . 25/0

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa-
tion of Water for the Supply of Towns. By C. Svace, A M. Inst. C.E. 7/8

SANITARY WORK IN SMALL TOWNS AND VILLAGES.
By CHARLES SLAGG, A. M. Inst. C.E. Crown 8vo, cloth . : . 3/0

SANITARY ARRANGEMENT OF DWELLING-HOUSES.
By A. J. WaLLis-TAYLER, A.M.Inst.C.E. Crown 8vo, cloth . . 2/6

MODERN PLUMBING, STEAM AND HOT WATER

HEATING.
A New Practical Work for the Plumber, the Heating Engin‘ee_zr,ﬁthe Architect,
and the Builder. By J. J. LAWLER, Author of ““ American Sanitary Plumbing,”

&c. With 284 Illustrations and Folding Plates. 4to, cloth.
[ Just Published (see page 25). Net 21/=

PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber. By W. P.
Bucuan, R.P. Eighth Edition, Enlarged. Crown 8vo, cloth . . 3/6
YENTILATION.
A Text-book to the Practice of the Art of Ventilating Buildings. By W. P.
Bucuan, R.P. Crown 8vo, cloth . 3 § ¢ . 3/6

THE HEALTH OFFICER’S POCKET-BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By EDWARD
F. WiLLougHBY, M.D. (Lond.), &c. Fcap. 8vo, cloth . : : . 716

“ A mine of condensed information of a pertinent and useful kind on the various §ub}:,ects of
which it treats. The different subjects are succinctly but fully and scientifically dealt with.”"—Z7%e
Lances.
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CARPENTRY, TIMBER, &c.

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting
Iron and Stone with Timber, &c. To which is added an Essay on the Nature
and Properties of Timber, &c., with Descriptions of the kinds of Wood used
in Building ; also numerous Tables of the Scantlings of Timber for different
purposes, the Specific Gravities of Materials, &c. By THomAs TrEDGOLD, C.E.
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus-
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by
E. Wynpuam Tarn, M.A., Author of ““The Science of Building,” &ec.
With 61 Plates, Portrait of the Author, and several Woodcuts. In One large
Vol., 4to, cloth / ; ‘ : . : . 25/0

*“Qught to be in every architect’s and every builder’s library.”"—Bui/der.

“A work whose monumental excellence must commend it wherever skilful carpentry is
concerned. The author’s principles are rather confirmed than impaired by time. The additional
plates are of great intrinsic value.”—Bwuilding News.

WOODWORKING MACHINERY.

Its Rise, Progress, and Construction. With Hints on the Management of Saw
Mills and the Economical Conversion of Timber. Illustrated with Examples
of Recent Designs by leading English, French, and American Engineers. By
M. Powis BarLe, A.M.Inst.C.E., M.I.LM.E. Second Edition, Revised,
with large Additions, large crown 8vo, 440 pp., cloth : 3 v . 90

“Mr. Bale is evidently an expert on the subject, and he has collected so much information
that his book is all-sufficient for builders and others engaged in the conversion of timber. ”— 4 rehitect,

“The most comprehensive compendium of wood-working machinery we have seen. The
author is a thorough master of his subject.”—Bwuilding News.

SAW MILLS.

Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powrs BaLe, A.M.Inst.C.E. Second Edition, Revised.
Crown 8vo, cloth. [Just Published. 10/6

* The administration of a large sawing establishment is discussed, and the subject examined
from a ﬁn?.ncig.i standpoint. Hence the size, shape, order, and disposition of saw mills and the like
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its
converted state. We could not desire a more complete or practical treatise.”—Buzlder.

THE CARPENTER’S GUIDE.

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the late PETER
NicHoLsoN’s standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Practical Rules on Drawing, by GEORGE PyNE.
With 74 Plates, 4to, cloth ; : : : : : : . £1 1s.

A PRACTICAL TREATISE ON HANDRAILING.

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By GEORGE
CoLrinGgs. Second Edition, Revised and Enlarged, to which is added
A TREATISE ON STAIR-BUILDING. With Plates and Diagrams . . 2/8

** Will be found of practical utility in the execution of this difficult branch of j oinery.” —Buzilder.
_ .- Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by
the aid of plates and explanatory letterpress.”’—Furniture Gazette.

CIRCULAR WORK IN CARPENTRY AND JOINERY.

A Practical Treatise on Circular Work of Single and Double Curvature. By
GeorGE CoLLINGs. With Diagrams. Third Edition, 12mo, cloth . 2/86

_* An excellent example of what a book of this kind should be. Cheap in price, clear n
definition, and practical in the examples selected.”—Buz/der,

THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WORK.

By Ricuarp Brrmeap. Illustrated with Plans, Sections and Working
Drawings. Crown 8vo, cloth. [Just Published, 2|6

CARPENTRY, TIMBER, &¢. 29

HANDRAILING COMPLETE IN EIGHT LESSONS.

On the Square-Cut System. By J. S. GoLpTHOrRp, Head of Building
Department, Halifax Technical School. @ With Eight Plates and over 150
Practical Exercises. 4to, cloth . : ; . ; . . ; . 36

“ Likely to be of considerable value to joiners and others who take a pride in good work.
The arrangement of the book is excellent. We heartily commend it to teachers and students.”—
Timber Trades Fournal,

TIMBER MERCHANT’S and BUILDER’S COMPANION.

Containing New and Copious Tables of the Reduced Weight and Measure-
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and
the relative Price that each size bears per Lineal Foot to any given Price per
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber
to any given Price per Load of 50 Feet, &c., &c. By WiLLiam DowsiNg.
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . . 3/0

““We are glad to see a fourth edition of these admirable tables, which for correctness and
simplicity of arrangement leave nothing to be desired.”—7imber Trades Fournal.

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Building Contractors, Surveyors, Builders, &c.,
comprising useful Tables for all purposes connected with the Timber Trade,
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of
Timber, &c. By W. RicuarpsoN. Second Edition. Fcap. 8vo,cloth . 3/6

“ Contains much valuable information for timber merchants, builders, foresters, and all
others connected with the growth, sale, and manufacture of timber.”— Fournal of Forestry.

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six
inches square and upwards. By W. Ricuarpson, Timber Broker. Third
Edition. Oblong 4to, cloth > . : : . " = ‘ . 3/6

¢ Invaluable labour-saving tables.”—/ronmonger.

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 to 200 inches in length by 1 to 108 inches in breadth.
For the use of Architects, Surveyors, Engineers, Timber Merchants,
Builders, &c. By James Hawkings. Fourth Edition. Fecap., cloth. 3/6

* A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of
any surface of which the limits have been ascertained can be instantly determined. The book will
be found of the greatest utility to all engaged in building operations.”—Scoésmzan.

PRACTICAL FORESTRY.

And its Bearing on the Improvement of Estates. By CuarLes E. CUrTis,
F.S.1., Professor of Forestry, Field Engineering, and General Estate

Management, at the College of Agriculture, Downton. Second Edition, -

Revised. Crown 8vo, cloth. [ Just Published. 3/6

SUMMARY OF CONTENTS: — PREFATORY REMARKS.— OBJECTS OF PLANTING.—
CHOICE OF A FORESTER.—CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR
PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING. —DRAINAGE.—PI ANT-
ING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND
GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS — PRUNING OF
FOREST TREES.—REALIZATION.—METHODS OF SALE.—MEASUREMENT OF TIMBER.—
MEASUREMENT AND VALUATION OF LARCH PLANTATION.—FIRE LINES.—COST OFE
PLANTING.

““Mr. Curtis has in the course of a series of short pithy chapters afforded much informa-
tion of a useful and practical character on the planting and subsequent treatment of trees.”—
lllustrated Carpenter and Builder. 4

THE ELEMENTS OF FORESTRY.

Designed to afford Information concerning the Planting and Care of Forest
Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HougH. Large crown 8vo, cloth . : . 10/0

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S,
AND BUILDER’S STANDARD GUIDE,

By RicHArD E. Granpy. Comprising :—An Analysis of Deal Standards,
Home and Foreign, with Comparative Values and Tabular Arrangements for
fixing Net Landed Cost on Baltic and North American Deals, including all
intermediate Expenses, Freight, Insurance, &c. ; together with copious Informa-
tion for the Retailer and Builder. Third Edition. 12mo, cloth . . - SNy
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DECORATIVE ARTS, &c.

SCHOOL OF PAINTING F '
WOODE AND MARRLES. OR THE IMITATION OF

As Taught and Practised by A. R. Va~n DER BURG and P. VaN DER BURrG,
Directors of the Rotterdam Painting Institution. Royal folio, 18% by 123 in.,
Illustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprising

154 Figures. Third Edition, cloth. [ Just Published. £1 11s. Bb

LIST OF PLATES :—1, VARIOUS TOOLS REQUIRED FOR WOOD PAIN —_ : 5
PRELIMINARY STAGES OF GRAINING AND I%NISHED SPECIMEN.I—:?(();(')L;’ Sf}gtz%LNggR’
MARBLE PAINTING AND METHOD OF MANIPULATION.—5, 6. ST. REMI MARELE:
EARLIER OPERATIONS AND FINISHED SPECIMEN. — 7., METHODS OF SKETCHING
DIFFERENT GRAINS, KNOTS, &c.—8, 9. ASH: PRELIMINARY STAGES AND FINISHED
SPECIMEN.—10. METHODS OF SKETCHING MARBLE GRAINS.—11, 12. BRECHE MARBLE ;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—i13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—14, 15. BIRD'S-EYE MAPLE; PRELIMINARY
STAGES AND FINISHED SPECIMEN.—16. METHODS OF SKETCHING TﬁE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—r9. MAHOGANY; SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION.—20, 21. MAHOGANY ; EARLIER STAGES AND
FINISHED SPECIMEN.—22, 23, 24. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—s25, 26, 27. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN.—=28, 29, 30. VERT
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPEpIMENS.-—gx, 32, 33. OAK; VARIETIES OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.—

34, 35, 36. WAULSORT MARBLE; VARIETIES OF N
SPECIMENS. GRAIN, UNFINISHED AND FINISHED

* Those who desire to attain skill in the art of painting woods and marbles will find advantage

In consulting this book. . . . Some of the Working Men’ i i
U e s i T o ng Men’s Clubs should give their young men

** A comprehensive guide to the art. The explanations of the proc i i
oo esses, the
and management of the colours, and the beautifully executed plates willpnot be the IeasTiI;.llggE‘lgig
the student who aims at making his work a faithful transcript of nature.”—Buwilding News.

‘¢ Students and novices are fortunate who are able to :
s s pnd i to become the possessors of so noble a

ELEMENTARY DECORATION.

A Guide to the Simpler Forms of Everyday Art. To i

; gether with PRACTICAL
HOUSE DECORATION. By James W. Facev. With numerous Illus-
trations. In One Vol., strongly half-bound . * " : : . 5/0

HOUSE PAINTING, GRA
1o g ki RAINING, MARBLING, AND

A Practical Manual of. By ELLis A. Davipson. Eighth Editi i
Coloured Plates and Wood Engravings. 12mo, cloth bogds . 1 1on.. vg}toh

I‘A - H -
Meckanic.mass of information of use to the amateur and of value to the practical man.”—Englisk

THE DECORATOR’S ASSISTANT.

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions ;
with a variety of Information for General Work connected with every Class of
Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr. 8vo. ‘i/O

* Full of receipts of value to decorators, painters, gilders, &c. Th i i
L ] ) ) . e book
larger treatises on colour and technical processes. It would be difficult to meetcxgﬁ?glivg;i ?cfi't?l{
of varied information on the painter’s art.”" —Building News.

MARBLE DECORATION

And the Terminology of British and Foreign Marbles. A Handbook
$tud§nts. By. GeorGgeE H. _BLAGROVE, Author of * Shoring and ?tls ;gpﬁg
tion,” &c. With 28 Illustrations. Crown 8vo, cloth : . ; . 3/86

& Th‘
ko "_..f; E;Zisf nt}se;ﬂ;bra%d much wanted handbook should be in the hands of every architect and

“A carefully and usefully written treatise ; the work is essentially practical.”—Scofsmas.

DECORATIVE ARTS, &«. 31

DELAMOTTE'S WORKS ON ALPHABETS AND
ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL.

From the Eighth Century, with Numerals; including Gothic, Church-Text,
large and small, German, Italian, Arabesque, Initials for Illumination,
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c., &c. Collected and Engraved by ¥F. DELAMOTTE, and
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong,
ornamental boards . 4 ; ) : ; : : : . 26

“ For those who insert enamelled sentences round gilded chalices, who blazon shop legends
over shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be
useful.”—A theneum.

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&c. Collected and Engraved by F. DELAMOTTE, and printed in Colours.
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6

“ There is comprised in it every possible shape into which the letters of the alphabet and
numerals can be formed, and the talent which has been expended in the conception of the various
plain and ornamental letters is wonderful.”—Standard.

MEDIZEVAL ALPHABETS AND INITIALS FOR
ILLUMINATORS.
By F. G. DerLamorTe. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooks. Fourth
and Cheaper Edition. Small 4to, ornamental boards . . . . 4/0

“A volume in which the letters of the alphabet come forth glorified in gilding and all the
colours of the prism interwoven and intertwined and intermingled.”—S#z.

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical
Directions for its Exercise, and Examples taken from Illuminated MSS.,
printed in Gold and Colours. By F. DELAMOTTE. New and Cheaper
Edition. Small 4to, ornamental boards . ; 3 : i s . 86/0

“ The examples of ancient MSS. recommended to the student, which, with much good sense,
the author chooses from collections accessible to all, are selected with judgment and knowledge as
well as taste.”"—Athen@im.

THE EMBROIDERER’S BOOK OF DESIGN.

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders,
Ecclesiastical Devices, Medizval and Modern Alphabets, and National
Emblems. Collected by F. DELAMOTTE, and printed in Colours. Oblong
royal 8vo, ornamental wrapper . : ‘ : : . ; . 1/6

“ The book will be of great assistance to ladies and young children who are endowed with
the art of plying the needle in this most ornamental and useful pretty work."—ZEast Angiian Times.

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Lapv. With 1o Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . : : : . . 2/0

“ The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ‘ A
Lady’s ' publication.”"—d thenaewm.

PAINTING POPULARLY EXPLAINED.

By THomAs JounN GULLICK, Painter, and JoHN TIMBs, F.S.A. Including
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, KEncaustic,
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, lass, &c. Fifth
Edition. Crown 8vo, cloth ; . ; ! * ‘ - 5 . 85/0

*.* Adopted as a Prize Book at South Kensington.

“ Much may be learned, even by those who fancy they do not require to be taught, from the
careful perusal of this unpretending but comprehensive treatise.”—d7Z Fournal.

¢
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NATURAL SCIENCE, &ec.
THE VISIBLE UNIVERSE.

Chapters on the Origin and Construction of the Heavens. By J. E. Gore,

F.R.A.S., Author of ** Star Groups,” &c. Illustrated by 6 Stellar Photographs
and 12 Plates. Demy 8vo, cloth . R S DRSNS | -

* A valuable and lucid summary of recent astronomical theory, rendered more valuable and
attractive by a series of stellar photographs and other illustrations.”— 7%e 7 197185,

“In presenting a clear and concise account of the present state of our knowledge Mr. Gore
has made a valuable addition to the literature of the subject.”—Nazure.

i1 o9 Gore’s ‘ Visible Universe’ is one of the finest works on astronomical science that have
recently appeared in our language. In spirit and in method it is scientific from cover to cover, but
the style is so clear and attractive that it will be as acceptable and as readable to those who make

no scientific pretensions as to those who devote themselves specially to matters astronomical,”—
Leeds Mercury.

STAR GROUPS.

A Student’s Guide to the Constellations. By J. ErLARD Gorg, F.R.A.S.,
M.R.I.A., &c., Author of ““The Visible Universe,” ““The Scenery of the
Heavens,” &c.  With 30 Maps. Small 4to, cloth . R . . 5/0

5% e volume contains thirty maps showing stars of the sixth magnitude—the usual naked-eye
limit—and each is accompanied by a brief commentary adapted to facilitate recognition and bring
to notice objects of special interest. For the purpose of a preliminary survey of the ‘ midnight
pomp ' of the heavens nothing could be better than a set of delineations averaging scarcely twenty
square inches in area and including nothing that cannot at once be identified.” —Saturday Review.

AN ASTRONOMICAL GLOSSARY.

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and Interesting Celestial Objects. By J. ELLARD Gore,
F.R.A.S., Author of * The Visible Universe,” &c. Small crown 8vo, cloth.

. .

2/6
*A very useful little work for beginners in astronomy, and not to be despised by more
advanced students.”— 7%e Témzes.

*“ A very handy book . . . the utility of which is much increased by its valuable tables of
astronomical data.”—.4¢kenzum:.

THE MICROSCOPE.

Its Construction and Management. Including Techaique, Photo-micrography,
and the Past and Future of the Microscope. By Dr. HENRI vaN HEURCK.
Re-Edited and Augmented from the Fourth French Edition, and Translated
by Wynne E. BaxTER, F.G.S. 400 pp., with upwards of 250 Woodcuts,
imp. 8vo, cloth , - ¢ ; 3 . R . - . 18/0

“A translation of a well-known work, at once popular aad comprehensive,”— Tézes.
*The translation is as felicitous as it is accurate.”—/Nazure.

ASTRONOMY.

By the late Rev. RoBERT Main, M.A., F.R.S. Third Edition, Revised by

WiLLiam THYNNE LynN, B.A, » F.R.A.S., formerly of the Royal Observatory,
Greenwich. 12mo, cloth . . 5 . 2/0

*“A sound and simple treatise, very carefully edited, and a capital book for beginners.”—

. Knowledge.

* Accurately brought down to the requirements of the present time by
Educational Times.

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. P. Woobwarp, A.L.S.,
F.G.S. With an Appendix on RECENT AND FosSiL CONCHOLOGICAL
Discoveries, by Rareu Tare, ALS., F.GS. With 23 Plates and
upwards of 300 Woodcuts. Reprint of Fourth Edition (1880). Crown 8vo,
cloth . < A . 7/8

** A most valuable storehouse of conchological and geological information,”—Sczesnce Gossip.

THE TWIN RECORDS OF CREATION.

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concoid.
By G. W. V. LE Vaux. 8vo, cloth . - : . : L . 8/0

** A valuable contribution to the evidences of Revelation, and disposes very conclusively of
the ments of those who would set God’s Works against God's Word. No real difficulty is
shirked, and no sophistry is left unexposed.”— 7%¢ Rock. j

Mr. Lynn’ —

NATURAL SCIENCE, &w«. 33

HANDBOOK OF MECHANICS.

By Dr. LARDNER. Enlarged and re-written by BENjaAMIN Loewy, F.R.A.S.
378 Illustrations. Post 8vo, cloth . : : : : . : . 6/0

e L5 . ; it

(i ty of the original has been retained, and chapters which had become obso
have b;ge!g%ﬁ%r:él : gy others gf more modern character. The explanations throughout a.re,-f
studiously popular, and care has been taken to show the qppilca‘ao'n of the various branches o
physics to the industrial arts, and to the practical business of life.”—Mining Fournal.

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.

By Dr. LARDNER. New Edition, Revised and Enlarged by BEnjamin Loewy,
F.R.A.S. With 236 Illustrations. Post 8vo, cloth : v : . 50

i i ical science without the
*“For those ‘who desire to attain an accurate knowledge of physu‘:, _
profound methods of mathematical investigation,’ this work is well adapted.”—Chemtical News.

HANDBOOK OF HEAT.

By Dr. LArRDNER. Edited and re-written by BEnjamin LoEwy, F.R.A.S., &c.
117 Illustrations. Post 8vo, cloth . . - g : : 5 . 6/0

* The style is always clear and precise, and conveys instruction without leaving any cloudiness
or lurking doubts behind.”"—ZEr»ginecering.

HANDBOOK OF OPTICS.

By Dr. LARDNER. New Edition. Edited by T. OLvER HARDING, B.A. Lond.
With 298 Illustrations. Small 8vo, 448 pp., cloth . : : e

** Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.’
—Mechanics' Magazine.

ELECTRICITY, MAGNETISM, AND ACOUSTICS.

By Dr. LaArpNER. Edited by Geo. Carey FosTeEr, B.A., F.C.S. With
400 Illustrations. Small 8vo, cloth . : i : . : i . 85/0

lated to preserve the terse
*“ The book could not have been entrusted to any one better calculatec

and lucid style of Lardner, while correcting his errors and bringing up his work to the present
state of scientific knowledge.”—Popular Sciernce Review.

HANDBOOK OF ASTRONOMY.

. L ER. Fourth Edition. Revised and Edited by EpwIN DUNKIN,
%?RP&.S.?]}?gyal Observatory, Greenwich. With 38 Plates and upwards of
100 Woodcuts. 8vo, cloth : d : y : R . . . 9/86

= r book contains the same amount of information in so _coinpendmus and
well arrgrfggcaight{o:lrg—oggftainly none at the price at which this is offered to the publ}c. -E-Arfkglnm;zg

*“ We can do no other than pronounce this work a most valuable manual o as;’ _roe ?: oxé?ect-—
we strongly recommend it to all who wish to acquire a general—_but at the same tim
acquaintance with this sublime science.”—Quarterly Fournal of Science.

MUSEUM OF SCIENCE AND ART.

i by Dr. LARDNER. With upwards of 1,200 Engravings on Wood. In
]S%ilt%ioulﬂe \I}olumes, £1 1s. in a new and elegant cloth binding ; or hand-
somely bound in half-morocco : . 81 11s. 6.

- - - - - 3 . 5 - bine
o5 d interesting publication, alike informing and attractive. The papers com
subjectsAofcilxilfggrt%?lce gnd grea%sgientiﬁc knowledge, considerable inductive powers, and a popular
style of treatment.”—Speczator.

Separate books formed from the above.

i Explained. ss. Steam and its Uses. 2s. cloth.
gg?%?grg.;?&f 2s.pcloth. Popular Astronomy. 4s. 6d. cloth.
Popular Geology. 2s. 6d. cloth. The Bee and White Ants. 2s. cloth.
Popular Physics. 2s. 64. cloth. The Electric Telegraph. 1s. 64.

NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LArRDNER. Fcap. 8vo . - . e 1o e ok . 3/6
‘** A very convenient class book for junior students in private schools.”—British Quarierly
Review.
ANIMAL PHYSIOLOGY FOR SCHOOLS.
By Dr. LARDNER. Fcap. 8vo . - - . E i . . . 3/6

* Clearly written, well arranged, and excellently illustrated.”—Gardener’s Chronicie.

THE ELECTRIC TELEGRAPH.

By Dr. LARDNER. Revised by E. B. BriguT, F.R.A.S. Fcap. 8vo. . 2/6
‘“ One of the most readable books extant on the Electric Telegraph.”—Englishk Mecharic.

I C

! !w;..:&u\uu—‘-,t* =




34 CROSBY LOCKWOOD & SON'S CATALOGUE.

CHEMICAL MANUFACTURES,
CHEMISTRY, &c.

THE GAS ENGINEER’'S POCKET-BOOK.

Comprising Tables, Notes and Memoranda relating to the Manufacture,
Distribution and Use of Coal Gas and the Construction of Gas Works. By
H. O'Connor, A.M.Inst.C.E., 450 pp., crown 8vo, fully Illustrated, leather.

[ Just Published. 10/6

*“ The book contains a vast amount of information. The author goes consecutively through
the engineering details and practical methods involved in each of the different processes or parts
of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact
absolutely interesting to read.”"—Gas Worid.

*“ A useful work of reference for the gas engineer and all interested in lighting or heating by
gas, while the analyses of the various descriptions of gas will be of value to the technical chemist.

All matter in any way connected with the manufacture and use of gas is dealt with. The book has

Evi%c}r;ﬂy been carefully compiled, and certainly constitutes a useful addition to gas literature,”—
i 8

* The volume contains a great quantity of specialised information, compiled, we believe, from
trustworthy sources, which should make it of considerable value to those for whom it is specifically
produced.”—ZEngineer.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Giees, M.E.
With 66 Illustrations. Crown 8vo, cloth. [Just Published. 7|6

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods of Analysis
and Valuation of the Principal Materials used in Engineering Work, with
Analyses, Examples and Suggestions. By H. J. PHrILLips, F10, T35,
Second Edition, Enlarged. Crown 8vo, 400 pp., with INlustrations, cloth 10/6

“In this work the author has rendered no small service to a numerous body of practic
men. . . . The analytical methods may be pronounced most satisfactory, being as a(}:’curaFe astthzg
despatch required of engineering chemists permits.”—Ckemtical News.

“ Full of good things. Asa handbook of technical analysis, it is very welcome.”—Builder.

“The analytical methods given are, as a whole, such as are like y to give rapid and trust-
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work
_ the chapter on ‘Oils and Lubrication’ being specially noticeable in this respect.”—Engineer. :

NITRO-EXPLOSIVES.

A Practical Treatise concerning the Properties, Manufacture, and Analvs;
of Nitrated Substances, including the Fulmina,tes, Smokeless,Powders, Z:rsllc?
Celluloid. By P. G. SanForp, F.1.C., Consulting Chemist to the Cotton Powder
Company, &c. With Illustrations. Crown 8vo, cloth. [Just Published. 9/Q

“Any one having the requisite apparatus and materials could make nitro-ol i
cotton, to say nothing of other explosives, by the aid of the instructions in this%cﬁi?nnéle 911"11%-: Iils
one of the very few text-books in whichcan be found just what is wanted. Mr. Sanford goes
through the whole list of explosives commonly used, names any given explosive, and tells us of what
it is composed and how it is manufactured. The book is excellent throughout.”—Engineer,

A HANDBOOK ON MODERN EXPLOSIVES.

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Co

Nitro-Glycerine and other Explosive Compounds, includjirx?g ColI’odion-Coggﬁi
With Chapters on Explosives in Practical Application. By M. EissLER
Mining Engineer and Metallurgical Chemist. Second Edition Enlarged,
With 150 Illustrations. Crown 8vo, cloth. [ Just Published. 1 2/6

* Useful not only to the miner, but also to officers of both services to who i
i , but m blast
use of explosives generally may at any time become a necessary auxiliary.”—Nature, i o o

DANGEROUS GOODS.

Their Sources and Properties, Modes of Storage and Transport. With Notes

and Comments on Accidents arising therefrom, together with the Government

and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of

Government and Railway Officials, Steamship Owners, Insurance Companies

and Manufacturers, and Users of Explosives and Dangerous Goods. By

H. Josuvua Puirries, F.I.C., F.C.S. Crown 8vo, 374 PP, cloth . . 9/0
¢ Merits a wide circulation, and an intelligent, appreciative study.”—Chemical News.

CHEMICAL MANUFACTURES, CHEMISTRY, &c. 35

A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By Joun Lowmas, Alkali Manufacturer, Newcastle-upon-Tyne and
London. 390 pp. of Text. With 232 Illustrations and Working Drawings,
Second Edition, with Additions. Super-royal 8vo, cloth . . £1 10s.

*“ This book is written by a manufacturer for manufacturers. The workin% details of the most
approved forms of apparatus are given, and these are accompanied by no less than 232 wood
engravings, all of which may be used for the purposes of construction. Every step in the manu-
facture is very fully described in this manual, and each improvement explained.”—.4tkenzum.

‘“ We find not merely a sound and luminous explanation of the chemical principles of the
trade, but a notice of numerous matters which have a most important bearing on the successful
conduct of alkali works, but which are generally overlooked by even experienced technological
authors.”—Chemical Review.

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND
GEOLOGY.

Containing all known Methods of Anhydrous Analysis, many Working
Examples, and Instructions for Making Apparatus. By Lieut.-Colonel W. A,
Ross, R.A,, F.G.S. With 120 Illustrations. Second Edition, Enlarged.
Crown 8vo, cloth : : ; ; . - . 2 ; p . 5/0

‘*‘ The student who goes conscientiously through the course of experimentation here laid down

will gain a better insight into inorganic chemistry and mineralogy than if he had ‘ got up’ any of the

Rfest text-books of the day, and passed any number of examinations in their contents.”—Chemeical
ews.

THE MANUAL OF COLOURS AND DYE-WARES.

Their Properties, Applications, Valuations, Impurities and Sophistications.

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/8

“ A complete encyclopzedia of the maferia tinctorie. The information given respecting each
article is full and precise, and the methods of determining the value of articles such as these, so
liable to sophistication, are given with clearness, and are practical as well as valuable.”—C/lemzst

and Druggist.
“There is no other work which covers precisely the same ground. To students preparing
for examinations in dyeing and printing it will prove exceedingly useful.”—Chemical News.

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Brewing.

By HErBERT EDWARDS WRIGHT, M.A. Second Edition, Enlarged. Crown

8vo, 530 pp., cloth. [Just Published. 12/6

“ May be consulted with advantage by the student who is preparing himself for examinational

tests, while the scientific brewer will find in it a »ésué of all the most important discoveries of

modern times. The work is written throughout in a clear and concise manner, and the author
takes great care to discriminate between vague theories and well-established facts.”—Brewers’

Fournal.

‘““ We have great pleasure in recommending this handy book, and have no hesitation in saying
that it is one of the best—if not the best—which has yet been written on the subject of beer-brewing
in this country; it should have a place on the shelves of every brewer’s library.”—Brewers’

Guardian. _ ) . ;
* Although the requirements of the student are primarily considered, an acquaintance of half-

an-hour’s duration cannot fail to impress the practical brewer with the sense of having found a
trustworthy guide and practical counsellor in brewery matters.”"—Chemical Trade Fournal,

FUELS: SOLID, LIQUID, AND GASEOUS.

Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. J. PuiLries, F.C.S., formerly Analytical and Consulting Chemist to the
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0

“ Ought to have its place in the laboratory of every metallurgical establishment and wherever
fuel is used on a large scale.”"—Chemical New:,
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THE ARTISTS’ MANUAL OF PIGMENTS.

Showing their Composition, Conditions of Permanency, Non-Permanency, and
Adulterations ; Effects in Combination with Each Other and with Vehicles ;
and the most Reliable Tests of Purity. By H. C. STANDAGE. Crown 8vo. 2/6

** This work is indeed multum-in-parvo, and we can, with good conscience, recommend it to
all who come in contact with pigments, whether as makers, dealers, or users.”—Chemical Review.

A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers,
Spirit Merchants, &c. By J. B. ManT, Inland Revenue. Second Edition,
Revised. 18mo, leather . 4/0

* This handy and useful book is adapt'ed to 'the re.quirements of thé Inland Revenue Depart-
ment, and will be a favourite book of reference.”—Civilian.

**Should be in the hands of every practical brewer.”—Brewers’ Fournal.

INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.

i A Descriptive Treatise on the Mechanical Appliances required in the
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By
A. J. WaLLis-TAvLER, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218

Illustrations. [ Just Published. Net 25/0
SUMMARY OF CONTENTS:—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR GATHERING THE LEAF,—TEA FACTORIES.—THE DRESSING,
MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL MEANS.—ARTIFICIAL
WITHERING OF THE LEAF.— MACHINES FOR ROLLING OR CURLING THE LEAF.—
FERMENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEAF.—MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING
OR FIRING MACHINES.— BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THE TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEOUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

“ The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume.”—Chamber of Commerce Fournal,

““ When tea planting was first introduced into the British possessions little, if any, machinery
was employed, but now its use is almost universal. This volume contains a very full account.of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery.”—Fournal Society of Arts.

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practice. By Friepricu Kick, Imperial
Regierungsrath, Professor of Mechanical Technology in the Imperial German
Polytechnic Institute, Prague. Translated from the Second Enlarged and
Revised Edition with Supplement. By H. H. P. PowLEs, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth : . : . £1 5s.

* This valuable work is, and will remain, the standard authority on the science of milling. . ..

The miller who has read and digested this work will have laid the foundation, so to speak, of a
successful career ; he will have acquired a number of general principles which he can proceed to

apply. In this handsome volume we at last have the accepted text-book of modern milling in good,
sound English, which has little, if any, trace of the German idiom.”— 7%e Mziller.

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers.
By Joun LisTER, Technical Instructor, Pendleton. 8vo, cloth . . 7/6
*“ A distinct advance in the literature of cotton manufacture.”—Mackinery.
**It is thoroughly reliable, fulfilling nearly all the requirements desired.”—Glasgow Herald.

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J. WaLLIs-
Tavier, A. M. Inst. C. E. Author of * Refrigerating Machinery,” &c. With

upwards of 300 Illustrations. Crown 8vo, cloth. [Just Published. 10/6

*“The large trade-that is done in the component parts of bicycles has placed in the wa_ig of
men mechanically inclined extraordinary facilities for building bicycles for their own use. . . . The

book will prove a valuable guide for all those who aspire to the manufacture or repair of their own
machines.”—7 ke Field,

*“ A most comprehensive and up-to-date treatise.”—7%e Cycle.

A very useful book, which is quite entitled to rank as a standard work for students of cycle
construction,”— W 7eeling,

INDUSTRIAL AND USEFUL ARTS. 37

CEMENTS, PASTES, GLUES, AND GUMS.

i i \ pplicati ious Aggluti-
A Practical Guide to the Manufacture and Application of the various
nants required in the Building, Metal-Working, Wood-Working, ‘%n%l Leatheg;
Working Trades, and for Workshop, Laboratory or Office Use. it %Hwar
of goo Recipes and Formulze. By H. C. STANDAGE, Chemist. Third Edition.
Crown 8vo, cloth. [ Just Published. 2/0
*“We have pleasure in speaking favourabl{r_ of thtis :tq;}urf’le.AtS]:)e nt;::;mas we have had
i ich i ti siderable, this manual is trustworthy.”— 1 ] :
expen‘t‘arj\cse ,awtl':elggléstigg cla?cx?frtialt are considered trade secrets, this book v_vﬂl arouse an amount of
curiosity among the large number of industries it touches.”—Daily Chronicle.

THE ART OF SOAP-MAKING.

i Toilet
Practical Handbook of the Manufacture of Hard and Soft Soaps,
éoa;;i C(‘Slz?f IncE:tIIIIJding many New Processes, and a Chapter on the Recovery Okf
Glyce;‘ine from Waste Leys. By Arx. WarTt. Fifth Edition, Revised, wit
an Appendix on Modern Candlemaking. Crown 8vo, cloth . - . 1/6

i logical student, but to the
“The work will prove very useful, not merely to the tec,l,:lno 1
practical soap boiler wth wishes to understand the theory of his art. -—-C{zemzcal ]\_fe-ws‘.“ 5 i
“ A thoroughly practical treatise on an art which has almost no 11ter:c1(1i:u_re E:‘l oﬁsh tenguchnica-l
We congratulate the author on the success of his endeavour to fill a void in {23
literature.”—Narture.

PRACTICAL PAPER-MAKING.

-Mi With
1 for P -Makers and Owners and Managers of Paper-Mills.
%ar‘glzg,u%algﬂa?i%gs, &c. By G. CrLappErRTON, Paper-Maker. With Illus-

trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 5/0

“ The author caters for the requirements of responsible mill hands, zi.lppre?tic:ﬁ,efzag, ;11131(1;?
his manual will be found of great service to students of technology,”asz_v;; Wa’Sr Zg ,;r s s
makers and mill owners. The illustrations form an excellent feature.”— 0

Rwiaf‘}We recommend everybody interested in the trade to get a copy of this thoroughly practical

book.”"—Paper Making.

THE ART OF PAPER-MAKING.

ical Handbook of the Manufacture of Paper from Rags, Esparto,
gtrfvifacat;lcc?othear Fibrous Materials. Including the Manufacture of Pulp from
Wood Fibre, with a Description of the Machinery and Appliances used. To
which are added Details of Processes for Recovering Soda from V’Yaste Liquors.
By ALEXANDER WATT, Author of *‘ The Art of Soap-Making.” With Illus-
trations. Crown 8vo, cloth . A - . ; 2 : . 7/6

j i 11 of valuable
t as the standard work on the subject. The book is full o
'nfc:)rm‘arfitoxlln aYTEee 1:ef‘xgxiatr(%)Ft{dPaper-Making’ is in every respect a model of a text-bzook, either for a
::echnical clé.ss, or for the private student.”—Paper and Printing Trades Fournal.

A TREATISE ON PAPER.

i 1 1 : lete
i d Stationers. With an Outline of Paper Manufacture ; Comp
:El"zi)iglr;ti? rgia;s, and Specimens of Different Kinds of Paper. By RicHARD

Technical School. Demy 8vo, cloth.
PARKINSON, late of the Manchester lechnica e it B8

THE ART OF LEATHER MANUFACTURE.

i tical Handbook, in which the Operations of Tanning, Currying,
Exfélngl‘safg:f gressing are fully Described, and the Principles of Tanning
Exvlained, and many Recent Processes Introduced ; as also Methods for the
Estlgmatior’l of Tannin, and a Description of the Arts ‘czf Glue Bm.hng,,’ Gut
Dressing, &c. By ALEXANDER WATT, Author of ‘¢ Soap-Making, 9876
Fourth Edition. Crown 8vo, cloth . ; - . . :

i i i i ies, The book is an eminently
I8 omprehensive treatise on tanning and its accessories, ) -8 1
valuableApiggﬁgéign, vpvhich redounds to the credit of both author and publishers. Chemical

Review.

THE ART OF BOOT AND SHOE MAKING.

. : i ol
i Handbook, including Measurement, Last-Fitting, Cautting-Out,

él()Ps;:gtIg?llcl I\?zking, with a Description of the most approved Machme”r§

Employed. By Joun B. LENO, late Editor of St. Crispin, and The Boot a

Shoe-Maker. 12mo, cloth. - . ‘ y . . . . 2/0
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WOOD ENGRAVING.

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown.
Semo clbth oo . o, . T . ¢l ' . 1/6

* The book is clear and complete, and will be useful to any one wanting to understand the
first elements of the beautiful art of wood engraving.”—Graphic.

MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex-Director of the School
of Horology at Macon, by Jurien TrrppLIN, F.R.A.S., Besancon Watch
Manufacturer, and Epwarp Rice, M.A., Assayer in the Royal Mint. With
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second
Edition. Super-royal 8vo, cloth, £92 9g. ; half-calf . ¥ . £2 10s.

* There is no horological work in the English language at all to be compared to this produc-
tion of M. Saunier’s for clearness and completeness. It is alike good as a guide for the student and
as a reference for the experienced horologist and skilled workman. "—Horological Fournal.

*“The latest, the most complete, and the most reliable of those literary productions to which
continental watchmakers are indebted for the mechanical superiority over their English brethren
—in fact, the Book of Books, is M. Saunier’s ¢ Treatise.’ "— Waitchmalker, Fewelier, and Silversmiith.

THE WATCH ADJUSTER’S MANUAL.

A Practical Guide for the Watch and Chronometer Adjuster in Making,
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures.
By C. E. FriTTs. 370 pp., with Illustrations, 8vo, cloth . . 16/0

THE WATCHMAKER’S HANDBOOK.

Intended as a Workshop Companion for those engaged in Watchmaking and
the Allied Mechanical Arts. Translated from the French of CrLAuDIUS
SAUNIER, and enlarged by Jurien TrippLIN, F.R.A.S., and EDpwarD
RiGG, M.A., Assayer in the Royal Mint. Third Edition. 8vo, cloth. 9/Q

“ Each part is truly a treatise in itself. The arrangement is good and the language is clear
and concise. It is an admirable guide for the young watchmaker.”—E noIneering.

*“It is impossible to speak too highly of its excellence. It fulfils every requirement in a

handbook intended for the use of a workman. Should be found in every workshop.”—Watck and
Clockmaker.

A HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. Kenxpar, M.B.H. Inst. Boards, 1/6; orcloth, gilt . 2/8

**The best which has yet appeared on this subject in the English language.”’—/fnduséries.
*‘Open the book where you may, there is_interesting matter in it concerning the ingenious
devices of the ancient or modern horologer.”—Saturday Review.

ELECTRO-DEPOSITION.

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto
and Dynamo-Electric Machines, Thermopiles, and of the Materials and
Processes used in every Department of the Art, and several Chapters on
ELECTRO-METALLURGY. By ALExXANDER WATT, Author of ‘ Electro-
Metallurgy,” &c. Third Edition, Revised. Crown 8vo, cloth . . 9/0

“Eminently a book for the practical worker in electro-deposition. It contains practical

descriptions of methods, processes and materials, as actually pursued and used in the workshop.”—
Engineer.

ELECTRO-METALLURGY.

Practically Treated. By ALexanper Watt. Tenth Edition, including the
most recent Processes. 12mo, cloth : . * . 3/6

* From this book both amateur and artisan may learn everything necessary for the successful
prosecution of electroplating,”—/yez.

JEWELLER’S ASSISTANT IN WORKING IN GOLD.

A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years’ Workshop Practice. By GEorGE E. GEE, Author of * The
Goldsmith’s Handbook,” &c. Crown 8vo, cloth . : : ‘ . 7/6

*This manual of technical education is apparently destined to be a valuable auxiliary to a
handicraft which is certainly capable of great improvement.”—7%¢ Times.

i
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ELECTROPLATING.

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &c. By J. W. URQUHART, ZCkEaZ Fourth
Edition, Revised. Crown 8vo, cloth. [Just Published. 80

*“ An excellent practical manual.”—Engineering. :
“ An excellent work, giving the newest information.”—Horological Fournal,

ELECTROTYPING.

; b e % ki K
The Reproduction and Multiplication of Printing Surfaces and Works of

by the Er})lectro-Deposition of Metals. By J. W.UrqQuHART, C.E. Crown 278
e e S B S e < . . ; . .

i ical ; e hrough the leading
* The book is thoroughly practical ; the reader is, therefore, conducted t di
laws of electricity, then thrgugxlg the metals used by electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work.”—d#»Z¢ Fournal.

GOLDSMITH’S HANDBOOK.
By GEORGE E. GEE, Jeweller, &c. Fifth Edition. 12mo, cloth . . 3/0

“ A good, sound educator, and will be generally accepted as an authority.”"—Horological
Fournal,

SILVERSMITH’S HANDBOOK.

By Georce E. GeE, Jeweller, &c. Third Edition, with numerous Illustra-

tions. 12mo, cloth : A ; ‘ ‘ ‘ . : 52 - 3/(')1

“The chief merit of the work is its practical character. . . . The workers in the trade wil
speedily discover its merits when they sit down to study it.” —English Mechanic,

*,* The above two works together, strongly half-bound, price 75

SHEET METAL WORKER’S INSTRUCTOR.

rising a Selection of Geometrical Problems and Practical Rules for
%Oersl.lc?'ibingg the Various Patterns Required by Zinc, Sheet-Iron, Copper, and
Tin-Plate Workers. By ReuBeN HEnNrRY WARN. New Edition, Revised and
greatly Enlarged by JoserH G. HorNER, A.M.I.M.E. Crown 8vo, 254 pp.,
with 430 Illustrations, cloth. [Just Published. 7|6

BREAD & BISCUIT BAKER’'S & SUGAR-BOILER’S
e Reci With R ks the Art of

i 1 iety of Modern Recipes. it emarks on
%ﬁzgld(%ggk?n;rglgyvﬁrézgRg WeLLs. Third Edition. Crown 8vo, cloth. 2/0

* A large number of wrinkles for the ordinary cook, as well as the baker.”"—Saturday Review.

PASTRYCOOK & CONFECTIONER’S GUIDE.

ls, Restaurants, and the Trade in general, adapted alnso for Family
']E‘Tzlf.:.H%;?{. V\?EEEE;, I;&uthor of “ The Bread and Biscuit Baker.” Crown 8vo,
cloth " ; : ; ‘ " / . : .. 210

“ We cannot speak foo highly of this really excellent Work.J In these days of keen competition
our readers cannot do better than purchase this book.”—Bakers’ Times.

ORNAMENTAL CONFECTIONERY.

ide for Bakers, Confectioners and Pastrycooks ; including a variety of
ﬁd()%:ﬁeRggipes, and Remarks on Decorative and Coloured Work. With 129
Original Designs. By RoperT WELLS. Second Edition. Crown8vo . 8§/0

i ' i 7 baker and confectioner.
£ ble work, practical, and should be in the hands of every n .
The illu?tr;glvueadesigns are alone worth treble the amount charged for the whole work.”—Bakers

Times.

THE MODERN FLOUR CONFECTIONER, WHOLESALE

AND RETAIL. AR :
Containing a large Collection of Recipes or Cheap Cakes, Bxsf{ults, &CWE\:)V;::S?
remarks on the Ingredients Used in their &/Ianufacture. By IOB};ERT 5 o,
Author of * The Bread and Biscuit Baker,” &c. erwn 8vo, clot ; ./ 1

 The work is of a decidedly practical character, and in every recipe regard is had to economica
working.”'—North British Daily Mail,

RUBBER HAND STAMPS

; g : ¢

Manipulation of Rubber. A Practical Treatise on the Manufacture o
?$§;lfbbe?ng:n315tamps, Small Articles of Ind1aru})ber, The Helftogragih,
Special Inks, Cements, and Allied Subjects. By T. O’'ConOR SLOANE, A.M.,
Ph.D. With numerous Illustrations. Square 8vo, cloth ‘ : . 5/0

A T T v
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- HANDYBOOKS FOR HANDICRAFTS.

el BY PAUL N. HASLUCK.

Editor of ““ Work ” (New Series), Author of ¢ Lathe Work,"” ¢ Milling Machines,” &c.
Crown 8vo, 144 pp., price 1s. each. j

These HANDYBOOKS have been written to supply information for WorRKMEN,
STUDENTS, and AMATEURS tn the several H andicrafts, on the actual PRACTICE of
the WORKSHOP, and are intended to convey n plain language TEcuNICAL KNOw-
LEDGE 0f the several CrRarTs. In describing the processes employed, and the manipu.-
lation of material, workshop terms are used ; workshop practice is fully explained ;
;nd the text is freely illustrated with drawings of modern tools, appliances, and

rocesses,

THE METAL TURNER’S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus-
tratIOD.S- ] . L] L] . . . (] L] L] L] L] .
“ The book will be of service alike to the amateur and the artisan turner. It displays
thorough knowledge of the subject.”—Scotsman.

THE WOOD TURNER’S HANDYBOOK.
A Practical Manual for Workers at the Lathe. With over 100 Illustratii)ns.
/O

b * We recommend the book to young turners and amateurs, A multitude of workmen have
hitherto sought in vain for a manual of this special industry. "—Mechanical World.

THE WATCH JOBBER’S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations . < * 390

. . . We strongly advise all young persons connected with the watch trade to acquire and study
this inexpensive work.”—ClerEenwell Chronicie.

THE PATTERN MAKER’S HANDYBOOK.

A Practical Manual on the Construction of Patterns for Founders. Wi

upwards of 1oo Illustrations . ; ; ; g : ; ; v 1/0
*“ A most valuable, if not indispensable manual for the pattern maker.”—Knowledge.

THE MECHANIC’'S WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipulation, embracing Information
on various Handicraft Processes. With Useful Notes and Miscellaneous
Memoranda. Comprising about zoo Subjects

.*“A very clever and useful book, which should be found in every *;vorkshop 3 .a.nd i:‘. should
certainly find a place in all technical schools. "—Saturday Review.

THE MODEL ENGINEER’S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With
upwards of roo Illustrations. - : : ; ; A 5 1/0
* Mr. Hasluck has produced a very good little book.”—Builder.

THE CLOCK JOBBER’S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations . ) . ; : : ; ; : : . . 1/0
** It is of inestimable service to those commencing the trade.”—Coventry Standard.

THE CABINET MAKER’S HANDYBOOK.

A Practical Manual on the Tools, Materials, Appliances, and Processes
employed in Cabinet Work. With upwards of roo Illustrations . . 1/0

“Mr. Hasluck’s thorough-going little Handybook is amongst the most practical guides we
have seen for beginners in cabinet-work.”—Saturday Review.

THE WOODWORKER’S HANDYBOOK OF MANUAL

INSTRUCTION.
Embracing Information on the Tools, Materials, Appliances and Processes
Employed in Woodworking. With ro4 Illustrations. : : . - 110

OPINIONS OF THE PRESs.

* Written by a man who knows, not only how work ought to be done, but how to do it, and
how to convey his knowledge to others.”’—& noTHEerING, ’

*““Mr. Hasluck writes admirably, and gives complete instructions.’—Engineer,

* Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what
can be produced at a popular price.”"—Sckoolmaster.

* Helpful to workmen of all ages and degrees of experience.”—Daily Chronicle.

* Practical, sensible, and remarkably cheap.”"— Fournal of Education.

* Concise, clear, and practical.”—Saturday Review.

COMMERCE, COUNTING-HOUSE WORK, TABLES, &«. 41

COMMERCE, COUNTING-HOUSE WORK,
TABLES, &c.

LESSONS IN COMMERCE.

By Professor R. GaMBARO, of the Royal High Commercial School at Genoa.
Edited and Revised by Jamrs GAuLT, Professor of Commerce and Commercial
Law in King’s College, London. Second Edition, Revised. Crown 8vo . 386

* The publishers of this work have rendered considerable service to the cause of commercial
education by the opportune production of this volume. . . . The work is peculiarly acceptable to
English readers and an admirable addition to existing class books. In a phrase, we think the work
attains its object in furnishing a brief account of those laws and customs of British trade with which
the commercial man interested therein should be familiar.”—Ckazber of Commerce Fournal,

*“ An invaluable guide in the hands of those who are preparing for a commercial career, and
in fact, the information it contains on matters of business should be impressed on every one,”—
Counting House,

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspondence in Five Languages—English,
French, German, Italian, and Spanish. By Conrap E. BAkER. Third
Edition, Carefully Revised Throughout. Crown 8vo, cloth.

[ Just Published. 4|6

* Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do
better than study this work, the materials of which are excellent and conveniently arranged. They
consist not of entire specimen letters, but—what are far more useful—short passages, sentences, or
phrases expressing the same general idea in various forms.”—4 theneum.

‘¢ A careful examination has convinced us that it is unusually complete, well arranged and
reliable, The book is a thoroughly good one.”—Sckoolimmaster. -

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.

A Handbook for Accountants and Manufacturers, with Appendices on the
Nomenclature of Machine Details; the Income Tax Acts: the Rating of
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, &,
including also a Glossary of Terms and a large number of Specimen Rulings.
By EmMILE GARCKE and J. M. FeLrs. Fourth Edition, Revised and Enlarged.
Demy 8vo, 250 pp., strongly bound . : : . : ‘ : . B6/0

‘““ A very interesting description of the requirements of Factory Accounts. . . . The principle
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly
agree with.”—A ccountants’ Fournal. ?

‘ Characterised by extreme thoroughness. There are few owners of factories who would not
derive great benefit from the perusal of this most admirable work."—ZLocal Government Chronicie.

MODERN METROLOGY.

A Manual of the Metrical Units and Systems of the present Century. With
an Appendix containing a proposed English System. By Lowis D. A.
Jackson, A. M. Inst. C. E., Author of ‘“ Aid to Survey Practice,” &c. Large
crown 8vo, cloth . . . R : : . . . : . 12/6

*“We recommend the work to all interested in the practical reform of our weights and
measures. '—Nalure,

A SERIES OF METRIC TABLES.

In which the British Standard Measures and Weights are compared with those
of the Metric System at present in Use on the Continent. By C. H. DowLING,
C.E. 8vo, strongly bound . . : : . . . . 10/

* Mr. Dowling’s Tables are well put together as a ready reckoner for the conversion of one
system into the other.”"—A thenezum.

THE IRON AND METAL TRADES’ COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 1s. per cwt. to r12s. per cwt., and from one farthing per pound to
one shilling per pound. By THomAs DowNIE. 396 pp., leather . . 9/0

** A most useful set of tables, nothing like them before existed.”—Buzlding News. :
** Although specially adapted to the iron and metal trades, the tables 1 be found useful in
every other business in whick merchandise is bought and sold by weight.”—Rai/way News.
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing upwards of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from t3zth of a Penny to 20s. each, or per
cwt., and £20 per ton, of any number of articles consecutively, from 1 to 47o0.
Any number of cwts., grs., and Ibs., from“1 cwt. to 470 cwts. Any number of
tons, cwts., qrs., and lbs., from 1 to 1,000 tons. By WirLrLiam CHADWICK,
Public Accountant. Third Edition, Revised. 8vo, strongly bound . 18/0

“It is as easy of reference for any answer or any number of answers as a dictionary. For
making up accounts or estimates the book must prove invaluable to all who have any considerable
quantity of calculations involving price and measure in any combination to do.”—ZEngineer.

““The most perfect work of the kind yet prepared.”"—Glasgow Herald.

THE WEIGHT CALCULATOR.

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at
one Reference the exact Value of any Weight from 1 Ib. to 15 tons, at 300
Progressive Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct
Answers, which, with their Combinations, consisting of a single addition
(mostly to be performed at sight), will afford an aggregate of 10,266,000
Answers ; the whole being calculated and designed to ensure correctness and
promote despatch. By HENrRY HARBEN, Accountant. Fifth Edition, carefully
Corrected. Royal 8vo, strongly half-bound . : : ‘ . £1 5Bs.

¢ A practical and useful work of reference for men of business generally.”—/ronmonger.
¢ Of priceless value to business men. It is a necessary book in all mercantile offices.”—
Sheifield Independent.

THE DISCOUNT GUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others, by which may be ascertained the Exact Profit arising
from any mode of using Discounts, either in the Purchase or Sale of Goods, and
the method of either Altering a Rate of Discount, or Advancing a Price, so as
to produce, by one operation, a sum that will realise any required Profit after
allowing one or more Discounts: to which are added Tables of Profit or
Advance from 1% to go per cent., Tables of Discount from 1% to 98% per cent.,
and Tables of Commission, &c., from % to 10 per cent. By HEnrRY HARBEN,
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 5s.

“ A book such as this can only be appreciated by business men, to whom the saving of time
means saving of money. The work must prove of great value to merchants, manufacturers, and
general traders.”"—British Trade Fournal,

TABLES OF WAGES.

At 54, 52, 5o and 48 Hours per Week. Showing the Amounts of Wages from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to 555. per week. By TnHos. GARBUTT,
Accountant. Square crown 8vo, half-bound . . A . . . B8/0

IRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by % in. to 10 feet by 5 feet by 1 in. Worked out on the Basis of
40 Ibs. to the square foot of Iron of 1 inch in thickness. By H. BURLINSON
and W. H. SimpPsoN. 4to, half-bound . . : . : . £1 Bs.

MATHEMATICAL TABLES (ACTUARIAL).

Comprising Commutation and Conversion Tables, Logarithms, Cologarithms,
Antilogarithms and Reciprocals. By J. W. GorboN. Royal 8vo, mounted
on canvas, in cloth case. [ Just Published. 8/0Q
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AGRICULTURE, FARMING,
GARDENING, &c.

THE COMPLETE GRAZIER AND FARMER’S AND
CATTLE BREEDER’S ASSISTANT.

A Compendium of Husbandry. Originally Written by WiLLiam YouaTT.

Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought

up to Present Requirements, by WiLrLiam FrEam, LL.D., Assistant Com-

missioner, Royal Commission on A

griculture, 1893, Author of *“ The Elements

of Agriculture,” &c. Royal 8vo, 1,100 pp., with over 450 Illustrations,

handsomely bound.

[ Just Published. £1 11s. 6b.

SUMMARY OF CONTENTS,

BOOK I. ON THE VARIETIES, BREEDING,
REARING, FATTENING AND MANAGE-
MENT OF CATTLE.

Book II. ON THE ECONOMY AND MAN-
AGEMENT OF THE DAIRY.

BOOK III. ON THE BREEDING, REARING,
AND MANAGEMENT OF HORSES.

Book VII. ON THE BREEDING, REARING,
AND MANAGEMENT OF POULTRY.

Boox VIII. ON FARM OFFICES AND
IMPLEMENTS OF HUSBANDRY.

Book IX. ON THE CULTURE AND MAN-
AGEMENT OF GRASS LANDS.

Bookx X, ON THE CULTIVATION AND

BOOK IV. ON THE BREEDING, REARING, APPLICATION OF GRASSES, PULSE AND
AND FATTENING OF SHEEP. ROOTS.
BOOK V. ON THE BREEDING, REARING, Book XI. ON MANURES AND THEIR
AND FATTENING OF SWINE, APPLICATION TO GRASS LAND AND
BOooOK VI. ON THE DISEASES OF' LIVE CROPS.
STOCK. Book XII. MONTHLY CALENDARS OF
FARMWORK.

*+* OprINIONS OF THE PRrREsSs oN THE NEw EpDITION:

. . " Dr. Fream is to be congratulated on the successful attempt he has made to give us a work
which will at once become the standard classic of the farm practice of the country. We believe
that it will be found that it has no compeer among the many works at present in existence. ¢ ol
The illustrations are admirable, while the frontispiece, which represents the well-known bull,
New Year’s Gift, owned by the Queen, is a work of art.”— Z ke Timzes.

““The book must be recognised as occupying the proud position of the most exhaustive work
of reference in the English language on the subject with which it deals.”—.4 tkzeneun:.

*The most comprehensive guide to modern farm practice that exists in the English language
to-day. . . . The book is one that ought to be on every farm and in the library of every land
owner."—Mark Lane Express.

. “In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and
unique position among books dealing with scientific agricultural practice. It is, in fact, an agricul-
tural library of itself."—North British Agriculturist. '

““ A compendium of authoritative and well-ordered knowledge on every conceivable branch of
the work of the live stock farmer; probably without an equal in this or any other country.”—
Yorkshire Post.

FARM LIVE STOCK OF GREAT BRITAIN.

By RoBErT WaLrLAacg, F.L.S., F.R.S.E., &c., Professor of Agriculture and
Rural Economy in the University of Edinburgh. Third Edition, thoroughly
Revised and considerably Enlarged. With over 120 Phototypes of Prize
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. 2 . 12/6

** A really complete work on the history, breeds, and management of the farm stock of Great
Brgc%elp,]_ and one which is likely to find its way to the shelves of every country gentleman’s library.”
— 137ES.

““The latest edition of ‘ Farm Live Stock of Great Britain’ is a production to be proud of, and
itsissue not the least of the services which its author has rendered to agricultural science.”—
Scottish Farmer.

“The book is very attractive, . . . and we can scarcely imagine the existence of a
farmer who would not like to have a copy of this beautiful and useful work.”—Mar% Lane Express.

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By PrimrosE McConNNELL, B.Sc., Fellow of the Highland and Agricultural
Society, Author of ** Elements of Farming:”’ Sixth Edition, Re-written, Revised,
and greatly Enlarged. Fcap. 8vo, 480 pp., leather. [ Just Published. 6/0

SUMMARY OF CONTENTS : SURVEYING AND LEVELLING.— WEIGHTS AND
MEASURES. — MACHINERY AND BUILDINGS. — LABOUR.— QOPERATIONS. — DRAINING. —
EMBANKING.— GEOLOGICAL MEMORANDA,— SOILS.— MANURES.— CROPPING.— CROPS.—
ROTATIONS, — WEEDS.— FEEDING. — DAIRYING.— LIVE STOCK.— HORSES, — CATTLE. —
SHEEP.—PIGS.—POULTRY.,—FORESTRY.—HORTICULTURE.—MISCELLANEQUS,

* No farmer, and certainly no agricultural student, ought to be without this »ulfum-in-parvo
manual of all subjects connected with the farm.”—North British Agriculturist.

 This little pocket-book contains a arge amount of useful information upon all kinds of agri-
cultural subjects. Something of the kind has long been wanted.”—Ma»& Lane Express.

“The amount of information it contains is most surprising ; the arrangement of the matter is
so methodical—although so compressed—as to be intelligible to everyone who takes a glance through
its pages. They teem with information."—Farm and Home:
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical
Instruction Classes, Students in Agricultural Colleges and the Working Dairy-
Farmer. By Prof. J. P. SueLpoN. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth. [ Just Published. 22/6

“ Confidently recommended as a useful text-book on dairy farming."—dgricultural Gazette.

“ Probably the best half-crown manual on dairy work that has yet been produced.”—No»#&
British Agricuiturist.

“ It is the soundest little work we have yet seen on the subject.”"—T7The Timzes,

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Processes of their Produc-
tion. Including a Chapter on Cream and the Methods of its Separation from
Milk. By Joun~ OLIVER, late Principal of the Western Dairy Institute,
Berkeley. ~ With Coloured Plates and zoo Illustrations. Crown 8vo, cloth.

7/6

¢ An exhaustive and masterly production. It may be cordially recommended to all students
and practitioners of dairy science.”"—North British Agriculturist.
“We recommend this very comprehensive and carefully-written book to dairy-farmers and
sgudents of dairying. It is a distinct acquisition to the library of the agriculturist, —Agricultural
azette.

SYSTEMATIC SMALL FARMING.
Or, The Lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. Scort BurN, Author of ‘‘Outlines of
Modern Farming,” &c. Crown 8vo, cloth. ' ‘ g ; . . 6/0

g “ This is the completest book of its class we have seen, and one which every amateur farmer
will read with pleasure, and accept as a guide.”—Fie/d.

OUTLINES OF MODERN FARMING.

By R. Scort BurN. Soils, Manures, and Crops—Farming and Farming
Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Poultry—Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One
Vol., 1,250 pp., half-bound, profusely Illustrated . : . ‘ . 12/0

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines;
Field Implements and Machines ; Agricultural Surveying, &c. By Professor
JouN Scort. In One Vol 1,150 pp., half-bound, with over 600 Illustrations.

12/0

“ Written with great care, as well as with knowledge and ability. The author has done his
work well ; we have found him a very trustworthy guide wherever we have tested his statements.
The volume will be of great value to agricultural students.”—Mark Lane Express.

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and
Art Department. For Elementary and Advanced Students. By HuGH
CLeEMENTS (Board of Trade). Second Edition, Revised, with Additions.
18mo, cloth . : : 5 . . ; . - : A . .. 2/6

“ Tt is a long time since we have seen a book which has pleased us more, or which contains
such a vast and useful fund of knowledge.”—Educational Times.

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. By SipNEy Francis. Fifth
Edition. 272 pp., waistcoat-pocket size, limp leather . . . . 1/6

“ Weighing less than 1 0z., and occupying no more space than a match-box, it contains a mass
of facts and calculations which has never {efore, in such handy form, been obtainable. Every
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of
the tables having been revised by Dr. Fream. We cordially recommend it."—2Bell's Weekly

Messenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.

Part I. Stock. Part II. Crops. By C. J. R. TippErR. Crown 8vo, cloth.
[Just Published. 3/6

“We have no doubt that the book will be welcomed by a large class of farmers and others
interested in agriculture.”—Szandzrd
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FERTILISERS AND FEEDING STUFFS.

A Handbook for the Practical Farmer. By BerNaArD Dvyer, D.Sc. (Lond.)
With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third
Edition, Revised. Crown 8vo, cloth. [Just Published. 1|0

*“This little book is precisely what it professes to be—‘A Handbook for the Practica
Farmer,” Dr. Dyer has done farmers good service in placing at their disposal so much useful
information in so intelligible a form.”—7%e Timzes.

BEES FOR PLEASURE AND PROFIT.

A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. GorboN SamsoN. With
numerous Illustrations. Crown 8vo, cloth : : : : 8 . 1/0

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plans, a System adapted for all
Classes of Farms. By Jomnson M. WoopmaN, Chartered Accountant.
Second Edition, Revised. Crown 8vo, cloth 2/6

““The volume is a capital study of a most important subject.”—d gricultural Gazette.

WOODMAN’S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income and
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c.
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the
Year. By Jounson M. Woopman, Chartered Accountant. Second Edition.
Folio, half-bound ! : : : : 3 ; : § . WNet T7/6

_‘“Contains every requisite form for keeping farm accounts readily and accurately.”—
Agricuiture.

THE FORCING GARDEN.

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and
Estimates for Building Glasshouses, Pits and Frames. With Illustrations.
By SamueEL Woobn. Crown 8vo, cloth 3/6

““ A good book, containing a great deal of valuable teaching.” —Gardeners’ Magazine.

A PLAIN GUIDE TO GOOD GARDENING.

Qr,. How to Grow Vegetables, Fruits, and Flowers. By S. Woop. Fourth
Edition, with considerable Additions, and numerous Illustrations. Crown
8vo, cloth . . : ; : . . 3/8

: ** A very good book, and one to be highly recommended as a practical guide. The practical
directions are excellent.”—.d#kzencum.

MULTUM=IN=-PARVO GARDENING.

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses,
so as to realise £176 per annum clear Profit. By SAmMUEL Woob, Author of
“Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . : . 1/0

“We are bound to recommend it as not only suited to the case of the amateur and gentle-
man's gardener, but to the market grower.”"—Gardeners’ Magazine.

THE LADIES’ MULTUM-=IN=PARVO FLOWER GARDEN.
And Amateur’s Complete Guide. By S. Woob. Crown 8vo, cloth . 3/6

* Ful of shrewd hints and useful instructions, based on a lifetime of experience.”—Scoészasn.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treatment of the Potato.

By J. Pink. Crown 8vo . . : ; ; ‘ 3 5 ; - 210
MARKET AND KITCHEN GARDENING.
By C. W. Suaw, late Editor of Gardening Illustrated. Cloth . . 3/8

* The most valuable compendivm of kitchen and market-garden work published.”—Farmer,
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46 CROSBY LOCKWOOD & SON'S CATALOGUE.

AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &c.

INWOOD’S TABLES. FOR PURCH
AND FOR THE VALUATE)N OFRpRoééséﬁgs, ESTATES

Including Advowsons, Assurance Policies, Copyholds Deferre iti
Freeholds, Ground Rents, Immediate Annuitiezz:f Leaseholds Lg'e%r;?:;etgi’
Mortgages, Perpetuities, Renewals of Leases, Reversions, ’Sinking Funds,
&c., &c. 26th Edition, Revised and Extended by WILLIAM SCHOOLING.
F.R.A.S., with Logarithms of Natural Numbers and THoMAN’S Logarithmic,
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. ‘
[Just Published. Net /0O

*‘ Those interested in the purchase and sale of estate i j
1 ) : s, and in the adjustment ofc i
cases, as well as in transactions in annuities, life i i ot e
eminengls‘;grvicei"—Eﬂgz'merz'ng. , life insurances, &c., will find the present edition of
“This valuable book has been considerably enlarced and i
Mr. S(:h‘g?tling:c }imd ils nogr very complete indeed.”—yEconofiz‘st. S e
. ¢ Altogether this edition will prove of extreme value to many classe i i
saving them many long and tedious calculations.”—/nwestors’ Re’az’gfw. PR £

THE APPRAISER, AUCTIONEE
AND ESTATE AGENT AND VALUEl’z’sBp%%EETRAss?sQrEfJE

For the Valuation for Purchase, Sale, or Renewal of I, iti

: I eases, Annuit
Reversions, and of Property ger}erallj,’? ;. with Prices for Inveﬂtories 1§z?35.’ 3113137
JoHN WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly’Extended
by C. Norris, Surveyor, Valuer, &c. Royal 32mo, cloth . : . 5/0

‘*“ A neat and concise book of reference, containi i
/ - ( > e, ining an admirable and clearly-arr i
prices ‘1‘;05 érlllxtrzirgggtiz} g_.'gci:l i ;re;'}; pr:icctlcql cgl'mdg to determine the value of furniture )ézc ’F—n:%?zgngztﬂgf
ntity of varied and useful information as to the valuation '
sale, or renewal of leases, annuities and reversi e S, e
3 : { i ersions, and of property generall i i
inventories, and a guide to determine the value of interior fittings al?nd gtk%er effec)tré."y—ltgu%liiis sy

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Aucti
& I 1S¢ _ ng Auctioneer. By ROBERT
83;1&125&1 A.uctlo.neer.. Se(.:ond -Edltlon, lciews:ed aI'ld pa'rtly Re-written. _})571%’

** The standard text-book on the topics of which it treats.”— A thenmium.

“The work is one of general excellen i i ion i
S e L rxﬁ.”-—Bm’Zder. t character, and gives much information in a com-

. “May be recommended as givin i i i
auctioneers, in a very readable form.g’-’l—-L%zzg ‘?ggzi;‘isal S piasissic. o

¢ Auctioneers may be co i : : e g ;
P - ?,03:‘ s ngratulated on having so pleasing a writer to minister to their special

THE AGRICULTURAL VALUER’S ASSISTANT.

% Pra.;;t:cz;l Handbook on the Valuation of Landed Estates ; including
inamg e o ?TDetalled.Report .on Management and Realisation ; Forms of
Ca uations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of
Compensat_lon under the Agricultural Holdings Act, and a Brief Treatise on
omlpensatlon under the La{lds Clauses Acts, &c. By Tom BRIGHT, Aericul.
Egdb‘gzé{uir. F}cl)utlgﬁr }S(J)g ““The z_%%rzcultural Surveyor and Estate Abgent’s
1 3 ur ition, with Appendix containing a Diges :
Agricultural Holdings Acts, 1883 and 1900, Crown 8vo, clo%b. S

[Just Published. Net @)
* Full of tables and examples in connection with the valuati i : 9
contents and weights of timber, and farm produce of al oty e e oS, Tiboss,

y practical handbook, full of practical tal ¢ i

value to surveyors and auctioneers in preparing v];lsgt;gistgf)la?ls ﬁi‘;ddg%?_;.fafﬁ:f i and

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimatin i

; < ating the Cost of F i
%mpros\:?%,f %nd Gfrubtl){mg Plantations and Underwoods,O r?ﬁlerllxg ,Vlafliré.(z;:rf";‘g;
svurpoo’ e o ran? er, : ental, Sale or Assessment. By Tom BRriGuT. Clg}vsn

*To valuers, foresters and agents it wili be a welc id. " . l '
s ; v j ome aid."—North Briti 2 i
sl “;‘go?:nhcalcto ulated to assist the valuer in the discharge of his duties, a.n(; zg}sxfngoggbteggzg:é t
: surveyors and auctioneers in preparing valuations of all kinds.”—XKent Herald, :

(] . .

AUCTIONEERING, VALUING, LAND SURVEYING, &«. 47

AGRICULTURAL SURVEYOR AND ESTATE AGENT’S
HANDBOOK. ;

Of Practical Rules, Formule, Tables, and Data. A Comprehensive Manual

for the Use of Surveyors, Agents, Landowners, and others interested in the

Equipment, the Management, or the Valuation of Landed Estates.. By

Tom BriGHT, Agricultural Surveyor and Valuer, Author of ‘‘ The Agri-
cultural Valuer’s Assistant,” &c. With Illustrations. Fcap. 8vo, Leather.

[Just Published. Net 7|6

¢ An exceedingly useful book, the contents of which are admirably chosen. The classes for

whom the work is intended will find it convenient to have this comprehensive handbook accessible

for reference.”—Live Stock Fournal. )
“It is a singularly compact and well informed compendium of the facts and figures likely to

be required in estate” work, and is certain to prove of much service to those to whoin it is
addressed.”—Scotsmarn.

THE LAND VALUER’S BEST ASSISTANT.

Being Tables on a very much Improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to Statute Measure, &c. By R. Hubpson, C.E. New Edition.
Royal 32mo, leather, elastic band . . . : ! X 2 . 4/0
“ Of incalculable value to the country gentleman and professional man.”—Farmers’ Fournal.

THE LAND IMPROVER’S POCKET-BOOK.
Comprising Formulz, Tables, and Memoranda required in any Computation

relating to the Permanent Improvement of Landed Property. By JouN EWART,
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0

“ A compendious and handy little volume.”—Speczator.

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . 6 . . 7/8

HANDBOOK OF HOUSE PROPERTY.

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. TARBUCK, Architect and Surveyor.

Sixth Edition. 12mo, cloth . D ; : o 2% : . 85/0

“ The advice is thoroughly practical.”—ZLaw Fournal. . :
“ For all who have dealings with house property, this is an indispensable guide.”—Decoratios.
« Carefully brought up to date, and much improved by the addition of a division on Fine

Art. A well-written and thoughtful work.”—ZLand Agents Record.

LAW AND MISCELLANEOUS.

MODERN JOURNALISM.

A Handbook of Instruction and Counsel for the Young Journalist. By JouN
B. Mackig, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0
“This invaluable guide to journalism is a work which all aspirants to a journalistic career will
read with advantage.”— Fouwrnalist.

HANDBOOK FOR SOLICITORS AND ENGINEERS

Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramways, Gas and Water ‘Works, &ec.
By L. LivINGSTONE MacassEy, of the Middle Temple, Barrister-at-Law,

M. Tost. CE. Svo,cloth . - . . « eooowmes men e ceetdi R
PATENTS for INVENTIONS, HOW to PROCURE THEM.

Compiled for the Use of Inventors, Patentees and others. By G. G. M.
HARDINGHAM, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . . 1/6

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Skefch and Brief Statement of the Present Position of the

Question at Home and Abroad. By J. S. JEaNs, Author of “Engla;;lg

Supremacy,” &c. Crown 8vo, 200 pp., cloth . e R

Ut e



P

R e W W U W Ny —, o e L

48 CROSBY LOCKWOOD & SON'S CATALOGUE.

EVERY MAN’S OWN LAWYER.
A Handy-Book of the Principles of Law and Equity. With a Concise
Dictionary of Legal Terms. By A BarrisTER. Thirty-eighth Edition,
carefully Revised, and including New Acts of Parliament of 1goo. Com-
prising the Companies Act, 1goo ; the Money-Lenders Act, 1900 ; the Agri-
cultural Holdings Act, 1goo ; the Workmen's Compensation Act, 1goo; the
Wild Animals in Captivity Protection Act, 1900 ; the Finance Act, r9oo, and
other enactments of the year. Judicial Decisions during the year have also

been duly noted. Crown 8vo, 750 pp., strongly bound in cioth.
[Just Published. 6|8

*«* This Standard Work of Reference forms A COMPLETE EPITOME OF THE
Laws oF ENGLAND, comprising (amongst other matter);

THE RIGHTS AND WRONGS OF INDIVIDUALS—ILANDLORD AND TENANT—VENDORS
AND PURCHASERS—ILEASES AND MORTGAGES—PRINCIPAL AND AGENT—PARTNERSHIP
AND COMPANIES—MASTERS, SERVANTS AND WORKMEN—CONTRACTS AND AGREEMENTS
—BORROWERS, LENDERS AND SURETIES—SALE AND PURCHASE OF GOODS—CHEQUES,
BILLS AND NOTES—BILLS OF SALE—BANKRUPTCY—RAILWAY AND SHIPPING LAW—
LIFE, FIRE, AND MARINE INSURANCE—ACCIDENT AND FIDELITY INSURANCE—CRIMINAL
LAW—PARLIAMENTARY ELECTIONS—COUNTY COUNCILS—DISTRICT COUNCILS—PARISH
COUNCILS—MUNICIPAL CORPORATIONS—LIBEL AND SLANDER—PUBLIC HEALTH AND
NUISANCES—COPYRIGHT, PATENTS, TRADE MARKS—HUSBAND AND WIFE—DIVORCE—
INFANCY—CUSTODY OF CHILDREN—TRUSTEES AND EXECUTORS—CLERGY, CHURCH-
WARDENS, &C.—GAME LAWS AND SPORTING—INNKEEPERS—HORSES AND DOGS—TAXES
AND DEATH DUTIES—FORMS OF AGREEMENTS, WILLS, CODICILS, NOTICES, &C.

BE™ 7e object of this work is to enable those who consuliit to help themselves to the
law ; and thereby o dispense, as jar as possible, with professional assistarnce and advice., There
are many wrongs and grievances which persons submit to jfrom time to time through not
knowing how or where to apply for redrvess; and many persons have as great a dread of a
lawyer's office as of a lion's den. With this book at hand it is believed that many a SIX-AND-
EIGHTPENCE may be saved ; many a wrong redressed ; many a right reclaimed ; many a law
suit avoided ; and many an evil abated. The work has established itself as the standard legal
adwviser of all classes, and has also made a reputation for itself as a usejul book of referverce for
lawyers residing at a distance from law [Hbraries, who are glad to have at hand a work
embodying recent decisions and enactments.

OPINIONS OF THE PRESS,
It is a complete code of English Law written in plain language, which all can understand.

. « .« Should be in the hands of every business man, and all who wish to abolish lawyers bills.”—
Feekly Times.

¢ A useful and concise epitome of the law, compiled with considerable care.”—Law Magazine.

** A complete digest of the most useful facts which constitute English law.”—Globe.
*This excellent handbook. . . . Admirably done, admirably arranged, and admirably
cheap.”—Leeds Mercury

‘* A concise, cheap, and complete epitome of the English law, So plainly written that he who
runs may read, and he who reads may understand.”—Figaro.

¢ A dictionary of legal facts well put together. The book is a very useful one.”—Spgectator.

THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S
GUIDE TO THE LAW OF LOANS AND PLEDGES.

With the Statutes and a Digest of Cases. By H. C. FoLkARD, Barrister-at-
Law. Cloth . : : f ¢ . : ; . ; . . 3/6

LABOUR CONTRACTS.

A Popular Handbook on the Law of Contracts for Works and Services. By
Davip GiBBoNs. Fourth Edition, with Appendix of Statutes by T. F. UrTLEY,
Solicitor. Fcap. 8vo, cloth . A : - : ; . : . 3/6

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

(1878=1801). For the Use of Manufacturers and Managers. By EMILE
GARCKE and J. M. Ferrs. (Reprinted from ‘FACTORY ACCOUNTS.”)
Crown 8vo, sewed ; . : ; ) ‘ o ; : . . Bb.

BRADBURY, AGNEW, & co. LD., PRINTERS, LONDON AND TOKBRIDGE.,

WEALES SEKIES

OF

SCIENTIFIC ax0 TECHNICAL
WORKS.

““It is not too much to say that no books have ever proved more
popular with or more useful to young engineers and others than the
excellent treatises comprised in WEALE’S SERIES.”’—Engineer,

A Defy Classified List.

PAGE PAGE

CIVIL ENGINEERING AND SURVEYING 2 ARCHITECTURE AND BUILDING . . 6

MINING AND METALLURGY . . ., . 8 INDUSTRIAL AND USEFUL ARTS. . 8

MECHANICAL ENGINEERING. . . . 4 AGRICULTURE, GARDENING, ETC. . IO

NAVIGATION, SHIPBUILDING, ETC. . 5 MATHEMATICS, ARITHMETIC, ETC. . 12
BOOKS OF REFERENCE AND MISCELLANEOUS VOLUMES . . 4
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2 WEALE’S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.

o Engineering. Including a Treatise on HyYDRAULIC
gﬂeﬁigﬁfNGLg;v ’G.M RIIE:JISNELL, ﬁCICEgl Seventh Edition, revised,

with LARGE Appitions by D. K. Crark, M.I.C.E. . ‘ . 6/6

ineering : : ; |
Pione.:r'l'r&?tilsleg olnnthe Engiﬁeering Operations connected with the Settlement of

Waste Lands in New Countries. By EpwaArp DOBSON, M.IN?T.S:IEB.
With numerous Plates. Second Edition . 2 i > .

Iron Bridges of Moderate Span:

i . With 40
Their Construction and Erection. By HAMILTON W. PENDRED 4

-

Illustrations . 2

1 Bridges and Yia,_ducts. :
- :nPd ct?cgfeTreatise uin their Construction for the use of hEngmee:;f;
Draur;htsmen and Students. By Francrs CampiN, C.E. With numero
, - L] w

: SRR |
Illustrations . ! 1 1 st .1 w o
i 1 Iron and =Y ork,
conSt:su g:;l?eill?o Public, Private, and Domestic Buildings. By F'RAg(/:-IGS
Cawmrin, C.E. 3 . d' d .Bridg.es . 2
d other Iron Girder . ‘
Tubullilscri?:'ixl:g the Britannia and Conway Tubular Bridges. By G. DRYSDéAIL(I;‘.
Dewmpsey, C.E. Fourth Edition ; . : ;

i nd Construction: ; e _
nateﬁl%}goreat‘ical and Practical Treatise on the Strains, Designing, and Erec

i i Francis CampeiN, C.E. . . 3/0
tion of Works of Construction. By . -
ani i nd in Villages.
i ork in the Smaller Towns anc |
" tg;?yCHAH;{LES SLAGG, Assoc. M.Inst.C.E. Third Edition i e D

- f)

ets (The Construction of).
Roadsln a,Tlvtc()l ngltel' THE( ART OF CONSTRUECTnizi; %OMMON llflg:é)_;,c}l;).r II;Il
sviced by'D. K. Crarx, C.E.; 1L ECENT : In-
éﬁé"i;g .I};;;:re%lee‘gi: of Wood, Asphalte, &c. By D. K. CLARK, CE. 4/6

Gas The Construction of),
glgftlésl\/[a(nufacture and Distribution of Coal Gas. By S. HuGHEsS, %/EG
Re-written by WiLLiam Ricuarps, C.E. Eighth Edition 1 :

wate;"orgaosl;l;;y of Cities and Towns. With a Description of the Principal

i 1 i ing Supplies of Water. By
1 Formations of England as influencing Sup
gjﬁggﬂfaﬂvg:gs, F.G.S., C.E. « Enlarged Edition . . b . 4/0

The Power of Water,

1 1 i i her
1 ive Flour Mills, and to give motion to Turbines and ot
ﬁsygggii;%ict%ﬁgfﬁes. By JoseEpH GLYNN, F.R.S. New Edition . 2/0
1-Sinking. _
WeusBaﬁ)gNgngWINDELL, ‘gR.I.B.A., and G. R. BurNELL, C.E. Revised
Egition With a New Appendix on the Qualities of W%er.. llglfstr;ted 2/0
i Lands, Towns, and Buildings.
s lgragn gg%ﬂ:?afwv, C.E. ; Revised, w{th large Additions on Recent
Plj-;ctiée, b'y D. K. CLark, M.I.C.E. Thlrds i‘,dltxon : ; . 4/6
Th ing and Quarrying of Stone, :
. ‘ggra gﬁildigg and othg Purposes. With Remarks on the Blowing u{)/%f
Bridges. By Gen. Sir J. Burcovng, K.C.B. . - o ; .

ions and Concrete Works.
Foun%ai'gxl?’?actical Remarks on Footings, Planking, Sand, Conci;t;i %3%02,
Pile-driving, Caissons, and Cofferdams. By E. Dosson, M.R. -1./6.
Eighth Edition . : ; : g : . : : !

WEALE'S SCIENTIFIC AND TECHNICAL SERIES, 3

Pneumatics,

Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CuarLeEs TomLINSON, F.R.S. Fourth Edition . 1/8
Land and Engineering Surveying. ; i
For Students and Practical Use. By T. BAkER, C.E. Eighteenth Edition,
Revised and Extended by F. E. Dixon, A.M. Inst. C.E., Professional Asso-

ciate of the Institution of Surveyors. . With numerous Illustrations and two

, Lithographic Plates X ! : Just published 2210
Mensuration and Measuring.
For Students and Practical Use. With the Mensuration and Levellilllfo!

aw

Land for the purposes of Modern Engineering. By T. Bakger, C.E.
Bdition by E. Nuegwr, CIE.. " - 0 & g0 s e 1/6

MINING AND METALLURGY.

Mineralogy,
Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, revised and
enlarged. Woodcuts and Plates . : v : d . . 38

Coal and Coal Mining,

A Rudimentary Treatise on. By the late Sir WARINGTON W. Sn;w'ra,
F.R.S. Eighth Edition, revised and extended by T. ForsTErR Brown.

[Just published 3|6
Metallurgy of Iron.

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. By H. BaueErmaN, F.G.S. With numerous
INlustrations. Sixth Edition, revised and enlarged . . 5/0

The Mineral Surveyor and Valuer’s Com].)let'e Guide.

By W. LinTern. Fourth Edition, with an Appendix on Magnetic and
Angular Surveying ; s - : s ‘ . 3/6

Slate and Slate Quarrying:
Scientific, Practical, and Commercial, By D. C. Davies, F.G.S. With
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0

A First Book of Mining and Quarrying,
With the Sciences connected therewith, for Primary Schools and Self In-
struction. By J. H. CoLLins, F.G.S. Second Edition . . . 1/6

Subterraneous Surveying,

With and without the Magnetic Needle. By T. FENwiICK and T. Baxker,
C.E. Illustrated . . v : . s e p . 4 . 2/6

Mining Tools.

Manual of. By WiLLiaM MoRGANS, Lecturer on Practical Mining at the
Bristol School of Mines } ; 2 ; 3 . 2/86

Mining Tools, Atlas
Of Engravings to Illustrate the above, containing 235 Illustrations of Minin
Tools, drawn to Scale. 4to : : ‘ . . . : . 4
Physical Geology,
Partly based on Major-General PorTLoCK’S ‘‘ Rudiments of Geology.”
By Rarpu TaTr, A.L.S., &. Woodcuts. : 5 . %O
Historical Geology,

Partly based on Major-General PorTLOCK'S * Rudiments.” By RaLru
TATE, A.L.S., &. Woodcuts = : . 2/6

Geology, Physical and Histm.:'ica:l.

Consisting of ‘‘ Physical Geology,” which sets forth the Leading Principles
of the Science ; and ‘‘ Historical Geology,” which treats of the Mineral and
Organic Conditions of the Earth at each successive epoch. By Races
TaTE, F.G.S. : : { : ; . 4/8
Electro-Metallurgy,

Practically Treated. By ALEXANDER WATT. Tenth Edition, enlarged
and revised, including the most Recent Processes i =S . 3/6

. ') ‘. - .
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4 WEALE'S SCIENTIFIC AND TECHNICAL SERIES,

MECHANICAL ENGINEERING.

The Workman’s Manual of Engdineering Drawing.
By Joun MaxToN, Instructor in Engineering Drawing, Royal Naval

. College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6

Fuels: Solid, Liquid, and Gaseous. :
Their Analysis and Valuation. For the Use of Chemists and Eng‘meel_'s.
By H. J. Pamuirs, F.C.S,, formerly Analytical and Consulting Chemist
to the Great Eastern Railway. Third Edition . - b o e BIF

Fuel, Its Combustion and Economy. :
Consisting of an Abridgment of ' A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WiLLiams, A.L.C.E. With Exten-
sive Additions by D. K. CLark, M.Inst.C.E. Fourth Edition . 3/6
The Boilermaker’s Assistant
In Drawing, Templating, and Calculating Boiler Work, &c. By J. CourT-
NEY, Practical Boilermaker. Edited by D. K. Crark, C.E.. 2/0
The Boiler-Maker’s Ready Reckoner,
With Examples of Practical Geometry and Templating for the Use of
Platers, Smiths, and Riveters. By Joun CourTnEY. Edited by D. K.
CLark, M.I.C.E. Fourth Edition . 5 : . s i . 4/0
% * The last two Works in One Volume, half~-bound, entitled *“* THE BOILER-
MAKER'S READY-RECKONER AND AssisTANT.” By J. CourTNEY and
D. K. CLArRk. Price T/Q.

Steam Boilers:
Their Construction and Management. By R. ARMSTRONG, C.E. Illustrated

1/6

Steam and Machinery Management.

A Guide to the Arrangement and Economical Management of Machinery.

By M. Powis BALE, M.Inst. M.E. . R A i : 4 . 2/6
Steam and the Steam Engine,

Stationary and Portable. Being an Extension of the Treatise on the Steam

Engine of Mr. J. SeweLL. By D. K. Cragrk, C.E. Fourth Edition 3/6
The Steam Engine,

A Treatise on the Mathematical Theory of, with Rules and Examples for

Practical Men. By T. BAKER, CH, o . . . . @ TS
The Steam Engine. ;

By Dr. LARDNER. Illustrated . : ; " . . , o
Locomotive Engines, :

By G. D. Dempsev, C.E. With large Additions treating of the Modern

Locomotive, by D. K. CLark, M.Inst. C.E. . . . : . 3/0
Locomotive Engine-Driving.

A Practical Manual for Engineers in charge of Locomotive Engines. By

MicuAEL Revnorps., Tenth Edition. 3s. 64. limp ; cloth boards. 4/6
Stationary Engine-Driving.

A Practical Manual for Engineers in charge of Stationary Engines. By

MicuaeL RevNoLps. Sixth Edition. 3s. 64. limp ; cloth boards . 4/6
The Smithy and Forge. .

Including the Farrier's Art and Coach Smithing.

Fourth Edition . : S X : :
Modern Workshop Practice, .

As applied to Marine, Land, and Locomotive Engines, Floating Docks,

Dredging Machines, Bridges, Ship-building, &c. By J. G. WinTon.

Fourth Edition, I.llustrate_d : . 4 . ‘ e A . 3/6
Mechanical Engineering. : ’

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Wo‘rkshop

Machinery, Mechanical Manipulation, Manufacture of the Steam Engine,

&c. By Francis Camrin, C.E. Third Edition . . - . 2/86
Details of Machinery. _ : : _

Comprising Instructions for the Execution of various Works in Iron in the

Fitting-Shop, Foundry, and Boiler-Yard. By Francis Camrin, C.E. 3/0

By W. J. E. Crane.
« v . 218

WEALE'S SCIENTIFIC AND TECHNICAIL SERIES. 5

Elementary Engineering:
A Manual for Young Marine KEngineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, &c.
By J. S. BRewer. Fourth Editon . . . . . . . 1/6
Power in Motion: _
Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving
Bands, Angular Forces, &c. By James Armour, C.E. Third Edition 2/Q
Iron and Heat,
Exhibiting the Principles concerned in the Construction of Iron Beams
Pillars, and Girders. By J. Armour, C.E. 9 - 3 2/6’
Practical Mechanism,
And Machine Tools. By T. Baker, C.E. With Remarks on Tools and

Machinery, by J. NasmvTH, C.E. . 5 XL . 2/6
Mechanics:

Being a concise Exposition of the General Principles of Mechanical Science,

and their Applications. By CHArRLES Tomiinson, F.R.S. . 1/6

Cranes (The Construction of),
And other Machinery for Raising Heavy Bodies for the Erection of Build-
ings, &c. By JosepH GLvnN, F.R.S. : . o : . 1/6

NAVIGATION, SHIPBUILDING, ETC.

The Sailor’s Sea Book:

A Rudimentary Treatise on Navigation. By James Greenwoobp, B.A.
With numerous Woodcuts and Coloured Plates. New and enlarged
I.Edmon. By W. H. Rosser < ! ; 3 ’ . : . 2/6
Practical Navigation.
Consisting of THE Sa1Lor’s SEA-Booxk, by James GREENwooD and W. H.
ROsSER ; together with Mathematical and Nautical Tables for the Working
_ of the Problems, by HEnry Law, C.E., and Prof. J. R. Younc. T/O
Navigation and Nautical Astronomy,
In Theory and Practice. By Prof. J. R. Youxs. New Edition. 2/6
Mathematical Tables,

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is

prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a

Series of Tables for Navigation and Nautical Astronomy. By Professor J.

R. Young. New Edition . ¢ - ; 3 : . ; . 4/0
Masting, Mast-Making, and Rigging of Ships.

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes,

&ec., relative to every class of vessels. By RoserT Kirring, N.A.. 2/0

Sails and Sail-Making.

With Draughting, and the Centre of Eifort of the Sails. By RoBERT
Kiering, N.A. . L . 3 2 : . 2/8

Marine Engines and Steam Vessels.
By R. Murray, C.E. Eigihth Edition, thoroughly revised, with Addi-
tions by the Author and by GeorGE Carrisig, C.E. o v o dS

Naval Architecture:

An Exposition of Elementary Principles. By James PEAkE . . 3/6

Ships for Ocean and River Service,
Principles of the Construction of. By Haxon A. SOMMERFELDT . 1/6

Atlas of Engravings
To Illustrate the above. Twelve large folding Plates. Royal 4to,cloth T7/86

The Forms of Ships and Boats.

By W. Branp. Ninth Edition, with numerous Illustrations and
Models . . a5 5 : , be i Rt e e
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ARCHITECTURE AND THE
BUILDING ARTS

Constructional Iron and Steel Work,

As applied to Public, Prwate, and Domestic Bulldmgs By Francrs
Canpin, CE. " . . . L - .« . 3/6

Building Estates:

A Treatise on the Development, Sale, Purchase, and Management of Build-
ing Land. By F. MarrrLanp. Third Edition . : : 5 . 2/0

The Science of Building :

An Elementary Treatise on the Principles of Construction. By E. WynNbD-
HAM Tarn, M.A. Lond. Fourth Edition . 1 & v : . 3/6

The Art of Building:

General Principles of Construction, Strength, and Use of Materials, Working
Drawings, Specifications, &c. By Epwarp Dosson, M.R.I.LB.A. . 2/0

A Book on Building,

Civil and Ecclesiastical. By Sir EDMUND BECKET‘I‘, Q.C. (Lord Grim-
THORPE). Second Edition . 3 . . . 4/6

Dwelling-Houses (The Erectlon of)

Illustrated bya Perspective View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6

Cottage Building.

By C. Bruck ALLEN. Eleventh Edition, with Chapter on Economic Cot-
tages for Allotments, by E. E. ALLEN, C.E. . s . 5 . 2/0

KAcoustics in Relation to Architecture and Building:
The Laws of Sound as applied to the Arrangement of Bulldlngs By Pro-
fessor T. Roger SmitH, F.R.I1.B.A. New Edition, Revised . 1/6

The Rudiments of Practical Bricklaying.
General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, &c. By Apam Hammoxp. With 68 Woodcuts

1/6
The Art of Practical Brick Cutting a.nd Setting.
By Apam HamMmonD. With go Engravings . § i . 1/6

Brickwork :

A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cutting and Setting ; with the Apphcatlon of Geometry to Roof
Tiling, &c. By F. WALKER ; . 4 . 1/6

Bricks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Outline of the
Pripziples of Brickmaking. By E. DOBSON, M.R.I.B.A. Additions b
C. TomrLinson, F.R.S. [Illustrated ] / g

The Practical Brick and Tile Book
. Comprising : Brick aNp TiLE Maxking, by E. Dosson, M.InsT.C.E.;
Practical BRickLAYING, by A. HAMMOND ; BRICK-CUTTING AND SETTING,
by A. HAMMOND. 550 pp. With 270 Tllustrations, half-bound . . 6/0

ntry and Joinery— :

THE ELEMENTARY PrINCIPLES OF CARPENTRY. Chiefly composed from the
Standard Work of THomAas TrEDGoOLD, C.E. With Additions,and TREATISE
oN Joinery, by E. W. Tarn, M. A, Seventh Edition . . . 3/6

CGarpentry and Joinery—Atlas

Of 35 Plates to accompany and Illustrate the foregomg book. With
Descriptive Letterpress. 4to . . . a ” . 6/0
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K Practical Treatise on Handrailing;
Showing New and Simple Methods. By Geo. CoLLINGS. Second Editi
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2/

Circular Work in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and Double Curvature.
By GeorGE Corrings. Third Edition . y ] v ; 2/6

Roof Carpentry :
Practical Lessons in the Framing of Wood Roofs. For the Use of Workin
Carpenters. By Geo. COLLINGS 3 : 5 ! ‘

The Construction of Roofs of Wood and Iron;
Deduced chiefly from the Works of Robison, Tredgold, and Humber 1;?

E. WynpuaMm TArN, M.A., Architect. Third Edition . :
The Joints Made and Used by Builders.

By WyviLL J. CurisTy, Architect. With 160 Woodcuts i 3/0
Shoring

And its Application : A Handbook for the Use of Students By GEORGE

H. BLagrove. With 31 Illustrations g : . 1/6

The Timber Importer’s, Timber Mercha.nt’s, and

Builder’s Sta.nda.rd Gulde.
By R. E. GraNDY . . g x 3 . 2/0

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By WM. PaTon BucHAN.
Eighth Edition, Re-written and Enlarged, with soo Illustrations . 3/6

¥Yentilation:
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P.
BucHan, R.P., Author of * Plumbing,” &c. With 170 Illustrations 3/6

The Practical Plasterer:
A Compendium of Plain and Ornamental Flaster Work. By W. Kemp 2/0

House Painting, Graining, Marbling, & Sign Writing.

With a Course of Elementary Drawing, and a Collection of Useful Receipts.
By Eiris A, Davipson. Eighth Edition. Coloured Plates . . 5/0

* % The above, in cloth boards, strongly bound, 6/0

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By GEORGE FiELD. New
Edition, enlarged, by ELris A. DavipsoN. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By JAMES W. Facey. Illustrated 2/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By JaMES W. FAEEIE
* % The last two Works in One handsome Vol., half-bound, entitied ‘* HOUSE
DECORATION, ELEMENTARY AND PRACTICAL ”pnce 5/0

Portland Cement for Users.
By Henry Farja, A.M.Inst.C.E. Third Edition, Corrected . . 2/0

Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. Burnerr C.E. Fifteenth Edition . 3 . . . 1/6
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Masonry and Stone-Cutting.
The Principles of Masonic Projection and their application to Construction.
By Epwarp Doeson, M.R.I.LB.A. . . . - A Voow 2le

Arches, Piers, Buttresses, &c.:
Experimental Essays on the Principles of Construction. By W. BLM\;D.
1/6

Quantities and Measurements,

In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhangers’,
Gilders’, Smiths’, Carpenters’ and Jomers’ Work. By A. C. Beaton 1/6

The Complete Measurer:
Setting forth the Measurement of Boards, Glass, Timber and Stone. By R.
HorToN. Sixth Edition . . 2 4/0

*«* The above, strongly bound in leather, price 5/0).
Light:

An Introduction to the Science of Optics. Designed for the Use of Students
of Architecture, Engineering, and other Applied Sciences. By E. WynD-
HAM TAarN, M.A., Author of *‘ The Science of Building,” &c. . . 1/6

Hints to Young Architects.

By GeEorRGE WicHTWICK, Architect. Sixth Edition, revised and enlarged
by G. Huskisson GUILLAUME, Architect . ¢ ‘ é 3/6

Architecture—Orders:
The Orders and their Aisthetic Principles. By W. H. Leeps. Illustrated.

Architecture—Styles: 1/6

The History and Description of the Styles of Architecture of Various
Countries, from the Earliest to the Present Period. By T. TareoT Bury,
F.R.1.B.A. Illustrated 5 ' . . % ; : : . 90

*x* ORDERS AND STYLES OF ARCHITECTURE, 72 One Vol., 3/6.

Architecture—Design :

The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothic Architects. By Epw.
Lacy GARBETT, Architect. Illustrated . b . 2/86

** The three preceding Works in One handsome Vol., half bound, entitled
““ MODERN ARCHITECTURE,” price 6/Q.

Perspective for Beginners.

Adapted to Young Students and Amateurs in Architecture, Painting, &ec.
By GEORGE PYNE . . ‘ : . . 2/0

Architectural Modelling in Paper.
By T. A. RicuarpsoN. With Illustrations, engraved by O. Jewrtr 1/6

Glass Staining, and the Art of Painting on Glass.
From the German of Dr. GEsSsERT and EManvEL OTTO FROMBERG. With
an Appendix on THE ART oF ENAMELLING . . 2 - . 2/86

Yitruvius—The Architecture of.

In Ten Books. Translated from the Latin by Jeseen GwiLt, F.S.A.,
F.R.A.S. With 23 Plates . ! . . . - 5/0

N.B.—This is the only Edition of VITRUYIUS procurable at a moderate price

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece. By the EARL OF ABERDEEN 1/0

** The two preceding Works in One handsome Vel., half bound, entitled
*“ ANCIENT ARCHITECTURE,” grice 6/0.
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums."

A Practical Guide to the Manufacture and Application of the various

Agglutinants required for Workshop, Laboratory, or Office Use. With
upwards of goo Recipes and Formule. By H. C. STaAnNDAGE . . 2/10

Clocks and Watches, and Bells,

A Rudimentary Treatise on. By Sir Epmunp Beckerr, Q.C. (Lord

GRIMTHORPE). Seventh Edition. ‘ : . ; : . 4/6
The Goldsmith’s Handbook.

Containing full Instructions in the Art of Alloying, Melting, Reducing,

Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels,

&c., &c. By Georce E. GeEe. Fifth Edition . gl e S
The Silversmith’s Handbook,

On the same plan as the GoLpsmiTH's Haxpsook. By G. E. Ger. 3/0

*«* The last two Works, in One handsome Vol., half-bound, T Q.

The Hall-Marking of Jewellery.

Cormaprising an account of all the different Assay Towns of the United

Kingdom ; with the Stamps and Laws relating to the Standards and Hall-

Marks at the various Assay Offices. By GeorGe E. GEE : . 3/0
French Polishing and Enamelling.

A Practical Work of Instruction, including numerous Recipes for making

Polishes, Varnishes, (Glaze-Lacquers, Revivers, &c. By R. BirmEeabp.

[ Just Published. 1/6

Practical Organ Building.

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6
Coach-Building:

A Practical Treatise. By James W. Burgess. With 57 Illustrations 22/6
The Cabinet-Maker's Guide

To the Entire Construction of Cabinet-Work. By R. BiTMmeAD.

[Just Published. 26

The Brass Founder’s Manual:

Instructions for Modelling, Pattern Making, Moulding. Turning, &c. By

W. GRAHAM . ; ; : . . . E 5 . < . 2/0
The Sheet-Metal Worker’s Guide.

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with

46 Diagrams. By W. J. E. Craxg. Third Edition, revised . - 1/6
Sewing Machinery:

Its Construction, History, &c. With full Technical Directions for Adjust-

ing, &c. By J. W. UrquuarT, C.E. : . . 2/0
Gas Fitting:

A Practical Handbook. By Jounx Brack., New Edition . . 2/6
Construction of Door Locks.

From the Papers of A. C. Hosss. Edited by C. Tomrinson, F.R.S. 2/6

The Model Locomotive Engineer, Fireman, and
Engine-Boy.

By MicHAEL REYNOLDS . : ; : ‘ : s . 3/6
The Art of Letter Painting made Easy.

By J. G. BapENocH. With 12 full-page Engravings of Examples . 1/6
The Art of Boot and Shoemaking.

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By

Joun BEpFORD LENO. With numerous Illustrations. Fourth Edition 2/0
Mechanical Dentistry:

A Practical Treatise on the Construction of the Various Kinds of Artificial

Dentures. By CHarLEs HunTer. Fourth Edition 3 s . 3/0

Woeod Engraving:
A Practical and Easy Introduction to the Art. By W. N. Brown . 1/6

Laundry Management.
A Handbook for Use in Private and Public Laundries. By the EpiTor of
““ The Laundry Journal." . a 3 : ; - ‘ : . 2/0
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ACGRICULTURE, CGARDENING, ETC.

Draining and Embanking : :
A Practical Treatise. By Prof. Joun ScorT. With 68 Illustrations 1/6

Irrigation and Water Supply:
A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.;
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. Joun
ScorTt. With 34 Illustrations . : ; . . : . 1/6

Farm Roads, Fences, and Gates:
A Practical Treatise on the Roads, Tramways, and Waterways of the
Farm; the Principles of Enclosures; and the different kinds of Fences,

Gates, and Stiles. By Prof. Joun Scort. With 75 Illustrations . 1/6

Farm Buildings:
A Practical Treatise on the Buildings necessary for various kinds of Farms,
their Arrangement and Construction, with Plans and Estimates. By Prof.
Joun Scorr. With 105 Illustrations . ‘ . ; v . . 2/0

Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-

barn, Stockyard, Dairy, &c. By Prof. J. ScorT. With 123 Illustratioils.
2/0

Field Implements and Machines:
With Principles and Details of Construction and Points of Excellence, their
Management, &c. By Prof. Joun ScorTt. With 138 Illustrations 2/0

Agricultural Surveying:
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions
for Valuing Estates. By Prof. J. Scorr. With 62 Illustrations . 1/6

Farm Engineering.
By Professor Joun ScotT. Comprising the above Seven Volumes in One,
1,150 pages, and over 6oo Illustrations. Half-bound . : . 1210

Outlines of Farm Management.
Treating of the General Work of the Farm; Stock; Contract Work ;
Labour, &c. By R. ScorT BURN : : : . 2/6

Outlines of Landed Estates Management.
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gates, Drainage, &c. By R. ScorT BURN. 2/6

* % The above Two Vols. in One, handsomely half-bound, price 6/0

Soils, Manures, and Crops.
(Vol. I. OuTLINES OF MODERN FarmiNG.) By R. Scort Burn . 2/0

Farming and Farming Economy.
(Vol. II. OutLines oF MopErRN FarminG.) By R. Scort Burn 3/0

‘Stock : Cattle, Sheep, and Horses.
(Vol. III. OutLinEs oF MoDERN FarMING.) By R. ScorT Burn 2/6

Dairy, Pigs, and Poultry.
(Vol. IV. QurLINEs oF MoperN FarminGg.) By R. Scortr Burn 2/0

Utilization of Sewage, Irrigation, and Reclamation

of Waste Land.
(Vol. V. OurtLinEs oF MopErN FarMinG.) By R. Scort Burn . 2/6

Qutlines of Modern Farming. _
By R. Scort Burn. Consisting of the above Five Volumes in One,
1,250 pp., profusely Illustrated, half-bound . X . ) 12/0
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Book-keeping for Farmers and Estate Owners.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
classes of Farms. By J. M. WoopmAN. Third Edition, revised . 2/6

" Ready Reckoner for ﬁhe Admeasurement of Land.

By A. Arman. Fourth Edition, revised and extended by C. Norris 2/0

- Miller’s, Corn Merchant’s, and Farmer’s Ready

Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W. 5. Hurron, CE. ' . : . : = : : 5 . 210

The Hay and Straw Measurer.

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JounN STEELE . . . A " 5 A . 2/0

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers’ Meat.

By Joun EwarT : : : 3 . ; a . : . 2/6
Sheep :

The History, Structure, Economy, and Diseases of. By W. C. SPOONER,

M.R.V.S. Fifth Edition, with fine Engravings. : . : . 3/6
Market and Kitchen Gardening.

By C. W. Suaw, late Editor of ‘‘ Gardening Illustrated” . X . 3/0

Kitchen Gardening Made Easy.

Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all the year round. By GeEorGe M. F.
GLENNY. Illustrated . : : ) . ‘ ‘ : . - 1/6

Cottage Gardening:

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. HospaY.
1/6

Garden Receipts.
Edited by CuarLeEs W. Quin . ~ . . . 4 E . 1/6

Fruit Trees,
The Scientific and Profitable Culture of. From the French of M. Dvu
BreuviL. Fifth Edition, carefully Revised by GEorce GLENNY. With
187 Woodcuts . . . . 3 : . 3 { . . 3/6

The Tree Planter and Plant Propagator:
With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By Samuer Woob 4 , ; - 3 . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous Illustrations. By SamueL Woop 1/6

* % The above Two Vols. in One, handsomely half-bound, price 3|6

The Art of Grafting and Budding. |
By CHARLES BaLTET. With Illustrations . ] : . " . 2/8
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MATHEMATICS, ARITHMETIC, ETC.

Descriptive Geometry,
An Elementary Treatise on ; with a Theory of Shadows and of Perspective,
extracted from the French of G. MonGE. To which is added a Description
of the Principles and Practice of Isometrical Projection. By J.F. HEATHEE,
M.A. With 14 Plates . ; . gt : - v . . 2/0

Practical Plane Geometry :
Giving the Simplest Modes of Constructing Figures contained in one Plane
and Geometrical Construction of the Ground. By J. F. HEATHER, M.A.
With 215 Woodcuts : . . s " z « 2/0
Analytical Geometry and Conic Sections,
A Rudimentary Treatise on. By James Hann, A New Edition, re-
written and enlarged by Professor J. R. Young . . : . 2/0

Euclid (The Elements of).

With many Additional Propositions and Explanatory Notes: to which is
prefixed an Introductory Essay on Logic. By Henrv Law, C.E. . 2/6

** Sold also separately, viz :—
Euclid. The First Three Books. By HeEnrv Law, C.E. , . . 1/6

Euclid. Books 4, 5, 6, 11, 12. By HEnrY Law, CE. . . 1/6
Plane Trigonometry,
The Elements of. By Jamgs HanN. . J " 1 " 1/86

Spherical Trigonometry,
The Elements of. By James Hanx. Revised by Caarres H. Dow-

LinGg, C.E. . . : ; y y . X - 1/0
** Or with ** The Elements of Plane Trigonometry,” in One Volume, /6
Differential Calculus,

Elements of the. By W. S. B. WoorLnousg, F.R.A.S., & . . 1/6
Integral Calculus.

By HomeErsHam Cox, B.A. : . : < . 5 s « 1i8
Algebra,

The Elements of. By James Happon, M.A. With Appendix, containing

Miscellaneous Investigations, and a Collection of Problems " . 2/0

A Key and Companion to the Above.

An extensive Repository of Solved Examples and Problems in Algebra.
By J. R. Youn: . ; . . 2 A . g " . 1/6

Commercial Book-keeping.
With Commercial Phrases and Forms in English, French, Italian, and
German. By JameEs Happbon, M.A. . ’ i ; : ; . 1/6

Arithmetic,

A Rudimentary Treatise on. With full Explanations of its Theoretical
Principles, and numerous Examples for Practice. For the Use of Schools
and for Self-Instruction. By J. R. Young, late Professor of Mathematics

in Belfast College. Thirteenti: Edition ) : : . . . 1/6
A Key to the Above.
By J. R. Younc . . : . J ’ » . . . . 1/8

Equational Arithmetic,

Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with various Tables by which all Calculations may be greatly

facilitated. By W. HipsLEY . ; . ; : A ‘ . 1/6
Arithmetic,

Rudimentary, for the Use of Schools and Self-Instruction. By James

Happon, M.A. Revised by ABRAHAM ARMAN : ; 5 . 1/6

A Key to the Above.

By A. ARMAN M . [ B ' @ | . ® 1 ;6
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Mathematical Instruments: : :
Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEaATHER, M.A., of the Royal Military Academy, Woolwich.
Fourteenth Edition, Revised, with Additions, by A. T. WaLMiIsLEY,
M.I.C.E. Original Edition, in 1 vol., Illustrated . ‘ : . 2/0

¥« In ordering the above, be careful to say ‘‘Original Edition,” or give the
number in the Series (32), to distinguish it from the Enlarged Edition in
3 vols. (as follows)—

Drawing and Measuring Instruments.
Including—I. Instruments employed in Geometrical and Mechanical Draws
ing, and in the Construction, Copying, and Measurement of Maps ané
Plans. II. Instruments used for the purposes of Accurate Measurement,
and for Arithmetical Computations. By J. F. HEATHER, M.A. . 1/6

Optical Instruments. :
Including (more especially) Telescopes, Microscopes, and Apparatus for

producing copies of Maps and Plans by Photography. By J. F. HEATHER,
M.A. Illustrated g . . . ! : . 4 : 1/6

Surveying and Astronomical Instruments.
Including—I. Instruments used for Determining the Geometrical Features
of a portion of Ground. II. Instruments employed in Astronomical Ob-
servations. By J. ¥. HEaTHER, M.A. Illustrated. 3 : . 1/6

* & The above three volumes form an enlargemient of the Author's original werk,
“ Mathematical Instruments,” price 2]/Q. (Described at top of page.)

Mathematical Instruments: b B
Their Construction, Adjustment, Testing and Use. Comprising Drawing,
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F.

HeAaTHER, M.A. Enlarged Edition, for the most part entirely re-written.
The Three Parts as above, in One thick Volume. s . : . 4/6

The Slide Rule, and How to Use It.

Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARLEsS HoARE,
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6

Logarithms.

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical
Calculations. By HEnry LAaw, C.E. Revised Edition . ‘ . 3/0

Compound Interest and Annuities (Theory of).
With Tables of Logarithms for the more Difficult Computations of Interest,
Discount, Annuities, &c., in all their Applications and Uses for Mercantile
and State Purposes. By FEDOR TunoMmaN, Paris. Fourth Edition . 4/0Q

Mathematical Tables, ,
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a
Series of Tables for Navigation and Nautical Astronomy. By Professor J.
R. Younc. New Edition . : : F 4 : ’ : . 4/0

Mathematics, :
As applied to the Constructive Arts. By Francis Camrix, C.E., &c.

Third Edition . 3/0

Astronomy. _ 4 s
By the late Rev. RoBerT MaIN, F.R.S. Third Edition, revised and cor-

rected to the Present Time. By W. T, Lvyny, F.R.AS. . . . 2/0

Statics and Dynamics.
The Principles and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, C.E.
Fourth Edition « . . ! . " x . . 18
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BOOKS OF REFERENCE AND
MISCELLANEOUS VOLUMES.

A Dictionary of Painters, and Handbook for Picture
Amateurs. '
Being a Guide for Visitors to Public and Private Picture Galleri d
Art-Students, including Glossary of Terms, Sketch of Princip(::lleé’cla{golsf:z?
Painting, &c. By PuiLipre DArvL, B.A. : { 2/6
Painting Popularly Explained.
By T. J. GuLLick, Painter, and Joun Timss, F.S.A. Including Fresco
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature:

Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 5/0

A Dictionary of Terms used in Architecture, Build-

ing, Engineering, Mining, Metallur Archee-
ology, the Fine Arts, &c. 5
By Joun WEALE. Sixth Edition. Edited by R. HunT, F.R.S. . 5/0
Music: :

A Rudimentary and Practical Treatise. With numerous Examples. By
CHARLES CHILD SPENCER . . g . 2/6

Pianoforte,

The Art of Playing the. With nume E i

CHARLES CHILD SPENCER . rou.s )-cerms-es afld I:QSSOI.IS. 1?%
The House Manager.

A Guide to Housekeeping, Cookery, Pickling and Preserving, Househol
Work, Dairy Ma_magement: Cellaragc,e of Wines, Home-brewig'g andus\gfigg-
making, Gardening, &c. By AN OLp HOUSEKEEPER . v 3/6

Manual of Domestic Medicine.

By R. Gooping, M.D. Intended as a Family Guide in all
Accident and Emergency. Third Edition, carefullsj; revised .a ?ase25/g

Management of Health.

A Manual of Home and Personal Hygiene. By Rev. James Bairp 1/0
Natural Philosophy,

For the Use of Beginners. By CuarLEs TomLinsoN, F.R.S. . . 1/6
The Elementary Principles of Electric Lighting.

By Aran A. CampBeLL SwintoN, M.INsT.C.E., M.L.E.E. Fourth

Edition, Revised . : : i . - [Just Published 1/6
The Electric Telegraph,

Its History and Progress. By R. SaBing, C.E., F.S.A., &c. . . 3/0

Handbook of Field Fortification.

By Major W. W. KnoLLys, F.R.G.S. With 163 Woodcuts . . 3/0
Logic,

Pure and Applied. By S. H. EmmeNns. Third Edition . : . 1/6
Locke on the Human Understanding,

Selections from. With Notes by S. H. EMMENS . . PR [

The Compendious Calculator

(Intuitive Caleulations). Or Easy and Concise Methods of Performi

various Arithmetical Operations required in Comn(:erc%.l :;c;) r%:;;%ntel’;:
Transactions ; together with Useful Tables, &c. By DanieL O'GorMAN
Twenty-seventh Edition, carefully revised by C. Norris . - . 2/é
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Measures, Weights, and Moneys of all Nations. _
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. S. B. WooLHousk, F.R.A.S., F.S5.S. Seventh Edition . 2/86

Grammar of the English Tongue, ;
Spoken and Written. With an Introduction to the Study of Comparative

Philology. By Hvpe CLarkE, D.C.L. Fifth Edition. . . . 1/6
Dictionary of the English Language.

As Spoken and Written. Containing above 100,000 Words. By Hvpx
CLagkE, D.C.L . X . ; . 4 . A : . 3/6
Complete with the GRAMMAR, 5/6 '

Composition and Punctuation,

Familiarly Explained for those who have neglected the Study of Grammar.
By Justin BrenaNn. 18th Edition. . : . . . : . 1/6

French Grammar. .
With Complete and Concise Rules on the Genders of French Nouns. %
G. L. Stravuss, Ph.D. : . ‘ - . : : ; : 71/

English-French Dictionary. S
Comprising a large number of Terms used in Engineering, Mining, &c.
By ALFrep ELwEs . . . . : 2 3 I g . 2/0

French Dictionary.
In two Parts—I. French-English. II. English-French, compiete in

One Vol. : : : : ‘ : ) . . 3/0
* * Or with the GRAMMAR, 4/6.
French and English Phrase Book.

Containing Introductory Lessons, with Translations, Vocabularies of Words,
Collection of Phrases, and Easy Familiar Dialogues . & : . 1/6

German Grammar.

Adapted for English Students, from Heyse’s Theoretical and Practical
Grammar, by Dr. G. L. STrAUSS . ) i : 1/6

German Triglot Dictionary.
By N. E. S. A. HamiLtoN. Part I. German-French-English. Part IL

English-German-French. Part I1I. French-German-English . . 3/0
German Triglot Dictionary. '
(As above). Together with German Grammar, in One Volume . 5/0

Italian Grammapr.
Arranged in Twenty Lessons, with Exercises. By ALFrRED ELwrs. 1/6

Italian Triglot Dictionary,
Wherein the Genders of all the Italian and French Nouns are carefully
noted down. By ALFRED ErLwes. Vol. I. Italian-English-French. 2/6

Italian Triglot Dictionary.
By AvLrrep ELwEs. Vol. I1. English-French-Italian . . . 2/86

Italian Triglot Dictionary.

By ALrrep ELwes. Vol. III. French-Italian-English . . . 2/6
Italian Triglot Dictionary.
(As above). In One Vol. . : . 2 3 : ‘ - . 7/6

Spanish Grammar.
In a Simple and Practical Form. With Exercises. By ALFRED ELwes 1/6
Spanish-English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering,
&c., with the proper Accents and the Gender of every Noun. By ALFRED

ELWES . . - : . . ‘ : . X : . -
* % Or with the GRAMMAR, 6/0. o
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Portuguese Grammar, | | B
In a Simple and Practical Form. With Exercises. By ALFRED ELwEs 1/6 T

Portuguese-English and English-Portuguese Dic-
tionary.

Including a large number of Technical Terms used in Mining, Engineering,

&c., with the proper Accents and the Gender of every Noun. By ALFRED

EvLwes. Third Edition, revised . 3 . X . . . . 8/0

* ¥ Or with the GRAMMAR, T/0.

Animal Physics, ' |
Handbook of. By Dionvsius LArpNER, D.C.L. With 520 Illustrations. ‘ |

In One Vol. (732 pages), cloth boards . d : . . . . 1/6 [

* * Sold also in Two Parts, as follows :— ' {

AnimaL Puysics. By Dr. LArRpDNER, Part I., Chapters .—VII. 4/0 i

AnmmaL Puysics. By Dr. Larpxer, Part I1., Chapters VIII.—XVIIL
3/0

-
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