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CLAY LANDS AND LOAMY SOILS.

CHAPTER I.

Designation of Clay.—Chemical and natural Composition of the Earth.

lay, in the proper derivation of the word, means an unctuous
enacious earth, that will mould into various forms. It is the "kley "

f the Dutch, the "clai" of the Welsh, and the "claeia" of the
-axon, which terms have all originated from the Teutonic "kleven,"
o stick or adhere, because of the clammy adhesive quality of the
ubstance. Clay forms a genus of earths, the characters of which
re these—they are firmly coherent, weighty, and compact

; stiff,

iscid, and ductile to a great degree ; while moist, smooth to the
touch, not easily breaking between the fingers, nor readily diffu-
sible in water, and when mixed, not readily subsiding into it. To
constitute clay, the earth must possess sufficient ductility, when
kneaded up with water, to be fashioned like paste by the hand
on the potter's lathe. This property, rather than colour or com-
position, determines if an earthy body belongs to the class of
\Lays.

^
It was long considered that clay was the result of the decompo-

sition of felspar and mica, which are two chief ingredients in the
constitution of the primitive rocks of granite and gneiss, and
bhat the varieties and modifications have arisen from the dif-
ferent agencies to which the disintegrated matters have been
exposed previous to the permanent location. More recent dis-
coveries have found it to be the earth of alum, which is a salt
bng known and extensively used in dyeing ; it is a triple salt

—

;he sulphate, or rather the super-sulphate, of alumina, ammonia,
md potash. The analysis of Vauquelin showed the composition
)0 be as under :

—

Sulphuric acid 30-52
Alumina . . . . . . . . 1O50
Potash . . 10-40
Water . .

' 48-58

100-00
Or,

Sulphuric acid .... 26*04 or 34-23
Alumina

. . . . . 12-53 „ 10-96
Potash . . . . . 10-02 „ 9-81
Water . . . . . 51-41 „ 45-00

100-00 100-00

B
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Or, more concisely,

Sulphate of alumina
Potash
Water

By another statement it contains

—

Alumina 15-25
Potash . . . . . 0-25

Oxide of iron . . . . 7*50

. 77-00

36-70

18-88

44-42

100-00

or 10-8

10-1

Sulphuric acicl and water .

(33-7 acid
" \ 5-44 water

100-00 100-0

Alum^ is composed of alumina, potash, and sulphuric aci<?

and in its usual form contains a large quantity of water o.

crystallization. Its octohedral crystals consist of

—

3 atoms 54 or

1 „ 48
4 „ 160
24 .. 216

Alumina
Potassa
Sulphuric acid

Water

10-76

9-95

33-74

45-55

Crystallized alum 478 100-00

Bock alum occurs in a native solid state at Talfa, in Italy,
in great abundance, and contains

—

Sulphuric acid . . . 27-05
. 24-00

Alumina . . . . . 31-80 Alumina . . . . 43-92
. . 5-79 Potash . . . . 3-oa

Sulphuric acid . . 25-00
Water and loss . . . 6-72

.
4-00

100-00 100-00

It is found in masses, and in veins running through argilla-

ceous rocks, and in secondary strata, and is got by roasting and
lixiviation. Alum slate of Whitby occurs near coals, and differs

little from bituminous slate impregnated with pyrites. Alum is

used in giving a white colour to bread, in preserving animal
substances from putrefaction, in making leather and paper, and
also as a mordant in dyeing. A solution of alum turns vegetable
blues to red, and, when heated in its water of crystallization, it

swells and enlarges much, and produces burnt alum-, a light
porous dry mass, specific gravity 1*7.

Alumina, or the earth of alum, and the essential ingredient of

clay, is a fine white bland powder, adhering strongly to the
tongue, but exciting neither taste nor smell. It is insoluble in

water and alcohol, but has a considerable affinity for water,
increasing in weight about 15 per cent, by absorbing moisture!
and retains it with great obstinacy ; cold contracts it and squeeze*
out much water, and it loses weight by the heat evaporating
the moisture ; dissolves readily in caustic potash, and soda, whicl
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distinguishes it from the alkaline earths ; after ignition, dissolves

slowly in sulphuric and muriatic acids assisted by heat, and may
be fused by a violent heat into a white semi-transparent enamel.

It unites readily by fusion with other earths, particularly with

silica, and much of its utility in the arts arises from this power

of union. It unites by fusion with some of the metallic oxides,

but not with metals, and forms, by an easy dissolution in acids,

many salts more or less soluble and susceptible of crystallization,and

others which are insoluble and require an excess of acid. Alumina

has a strong affinity for lime if it exceeds the lime in quantity ;

if the lime be in excess, fusion does not take place. It does not

combine with oxygen, or with any of the simple combustibles,

and azote has no action in it. It has a strong attraction for

colouring matters, and hence the use in dyeing and in calico

printing, and in the union with silica and lime forms the basis of

all pottery and porcelain, from the coarsest brick to the finest

china. Alumina forms a paste with water, and hardens by the

action of fire, and loses the first property by acquiring the second ;

to regain it, the hardened substance must be dissolved in an acid

and precipitated. It is made hard enough to give fire with steel,

and cut glass with a diamond ; when it contains oxide of iron,

• emits the well-known earthy smell of clays.

It was early discovered that alum was composed of sulphuric

sid, with an earth ; but the nature of this earth was long un-

nown. Stahl and Newman supposed it to be lime, but in 1728

d-eoffroy, jun., proved this to be a mistake, and demonstrated that

the earth of 'alum constitutes a part of clay. In 1754 Margraaf

showed that the basis of alum is an earth of a very peculiar

nature, different from every other—an earth which is an essential

ingredient in clays, and gives to them their peculiar properties of

smell and ductility. Hence this earth was called "argil," from the

Greek word " apytXXos," meaning white, as the earth was a white

powder ; but Morveau afterwards gave it the name of " alumina,"

because it is obtained in the state of greatest purity from alum.

It is got from this substance by dissolving alum in water, and
pouring ammonia into the solution, when a precipitate appears

;

this precipitate is separated and washed, then boiled in liquid

potash till the whole is dissolved : a solution of sal-ammoniac

being poured into this liquid, a white flocculent matter precipi-

tates, which, when washed and dried, is pure alumina. It has no
taste, and, when pure, no smell. Its specific gravity is 2*000.

Alumina thus obtained assumes two very different appearances,,

according to the way in which the precipitation has been con-

ducted. If the earthy salt be dissolved in as little water as

possible, the alumina has the appearance of a white earth, light,,

friable, very spongy, and attaching itself strongly to the tongue.

In this state Saussure distinguishes it by the name of " spongy

alumina."
But if the salt has been dissolved in a great quantity of watei%

the alumina is obtained in a brittle, transparent, yellow-coloured

mass, splitting in pieces like roll sulphur when held in the hand.

Its fracture is smooth and conchoidal, it does not adhere to. the

B 2
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tongue, and has not the common appearance of an earthy body.
In this state Saussure gives it the name of "gelatinous alumina."

Previous discoveries led Sir Humphry Davy to consider
alumina as a metallic oxide. His experiments leave little doubt
on the subject, though he did not succeed in obtaining the metal
in a separate state. When potassium is passed through alumina
heated to whiteness, a considerable proportion of it is converted
into potash, and gray metallic particles are perceived in the mass,
which effervesce in water, and are converted into alumina. When
a globule of iron is fused by galvanism in contact with moist
alumina, it forms an alloy with aluminum. It effervesces slowly
in water, being covered with a white powder. To this metallic

basis Davy gave the name of aluminum.
But it is to Wohler that we are indebted for a method of obtaining

aluminum in a state of purity, and for determining its properties.

Professor (Ersted first discovered that, when dry alumina is inti-

mately mixed with charcoal powder, and a current of dry chlorine

gas is passed through the mixture while heated to redness in a
porcelain tube, an anhydrous chloride of aluminum is formed.
To form this chloride, the best process is to mix intimately hydrate
of alumina, well washed and dried, with a quantity of charcoal
powder, sugar, and oil ; to make the whole up into a ball, and t

beat it in a covered crucible till the sugar and oil are decomposed
The black matter thus obtained is put into a porcelain tube, an
a current of dry chlorine gas passed over it while heated to rec

ness. The chloride of aluminum sublimes, and gradually ob-

structs the farther extremity of the porcelain tube. It is a solid

crystalline body, having a pale greenish-yellow colour, semi-
transparent, and in plates. In the air it smokes feebly, and soon
deliquesces. When thrown into water it dissolves with the evolu-

tion of great heat. It is. volatilized at a temperature not much
higher than that of boiling water, and it fuses at a heat not very
different from that at which it is volatilized. It was by decom-
posing this chloride that Wohler obtained pure aluminum. His
method was as follows :—
Some pieces of potassium, well freed from naphtha, are put into

the bottom of a porcelain or platinum crucible, over which nearly
an equal volume of chloride of aluminum is put. The lid of the
crucible should be tied down with an iron wire. The crucible is

now heated by a spirit lamp, at first gently, and then more
briskly. The greatest quantity of potassium employed was a
piece about the size of a pea. At the instant of decomposition a
very violent heat is evolved, which raises the crucible instantly to

redness. The matter in the crucible is fused, and of a grayish-

black colour. When quite cold it is plunged into a large vessel

filled with water, to remove the potash and weaken its action, so

as to prevent it from acting on the aluminum. During the solu-

tion a little fetid hydrogen gas is exhaled, and there remains un^
dissolved a gray powder, which,* viewed by a microscope in the

sun, appears to consist of small metallic plates. The water is

drawn off, and, other water being added, the aluminum is collected

on a filter, washed, and dried.
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Aluminum in this state has a great resemblance to platinum.

When burnished it assumes the metallic lustre and the splendour

of tin. When rubbed in a mortar, the scales admit of compres-

sion, and then constitute larger scales, so that m all probability

it is a malleable metal. It is not fusible at the temperature at

which cast iron melts. When exposed to a strong heat, sur-

rounded with charcoal powder, it undergoes no alteration. In

powder, it is a non-conductor of electricity ; but iron is also a non-

conductor when in powder, as when reduced from oxalate ol iron

by heat. When heated to redness it takes fire, burns with ex-

treme splendour, and is converted into alumina, whiclv by the

violence of the heat, if the combustion be in oxygen, is lused

into a button hard enough to cut glass, and almost as hard as

sapphire

It is not oxidized in water at the common temperature of the

air, and water may be evaporated off aluminum without altering

it
• but when that liquid is raised to the boiling temperature, the

aluminum begins to decompose it, and hydrogen gas is given out

slowly. But this process is very slow and imperfect. At tne

ordinary temperature, aluminum is not attacked by concentrated

sulphuric acid nor by nitric acid. But when heated it dissolves

rapidly in the former of these acids, sulphurous acid being

evolved. It dissolves in dilute sulphuric acid and m muriatic

acid, with the evolution of hydrogen gas. It dissolves with the

evolution of hydrogen gas, in very dilute solutions^ potash and

even of ammonia, and the quantity of alumina which that alkali

can dissolve in that way is very great. When heated in chlorine

s;as it takes fire, and is converted into chloride 01 aluminum.

So far as is known at present, aluminum unites with only^one

proportion of oxygen, and forms the base usually distinguished by

the name of alumina, which is a compound of—

1 atom aluminum 1'25

1 atom oxygen 1>u

2-25

Alumina is one of the weakest of the bases. It even seems

to perform the part of an acid in certain combinations which

occur in the mineral kingdom. The affinity between alumina and

magnesia is very great, for the presence of alumina facilitates

the precipitation of magnesia from any of its solutions by am-

monia Thus Chevenix found, that if an excess of ammonia be

added to a solution of muriate of magnesia, mixed with a large

proportion of muriate of alumina, nothing remained in solution

but muriate of ammonia—the two earths being precipitated m
combination ; and their mutual affinity was even sufficient^

resist the action whicTi potash exerts on aluminous earth. By the

intense heat of the gas blow-pipe, or of oxygen alone, alumina

and lime may be fused together when the alumina is m excess ;

but alumina and magnesia will not run together at any heat, ac-

cording to Kirwan and Guyton. The mutual attraction between

silica and alumina is shown by an experiment of Morveau, m
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which, when a solution of silicate of potash and of alumina and
potash are mixed, the two earths are precipitated in combination
by which the properties of each are modified. So, also, at a very
intense heat, this affinity is developed by the earths entering into
fusion, and forming a milky glass or enamel. Alumina unites
also with some of the metallic oxides by fusion, forming ena-
mel of different colours. Acids dissolve alumina with ease,
especially when it has been recently precipitated. The salts
thus formed are for the most part soluble in water, and, generally
speaking, their tendency to crystallization is small. The more
distant and uncommon salts are insoluble; but for the general
properties of the aluminous salts we must refer to the more ex-
tended chemical systems. The triple, compound in alum, or the
chief salt of alumina, has been already noticed.
Alumina has never yet been obtained in a crystallized form. It

has no effect whatever on vegetable colours. The most intense
heat does not fuse it ; but it has the singular property of diminish-
ing in bulk in proportion to the intensity of the fire to which it is
exposed. It is found native in beautiful crystals, constituting the
precious stone called sapphire, one of the hardest and most beau-
tiful of the gems

; also the ruby, and the adamantine spar of
corundum, are alumina nearly pure and crystallized, but have
not any of the more obvious properties of clay, for, instead of
being amorphous, soft, and diffusible through water, they are
crystallized, are among the hardest substances in nature, and will
not mix with water.

Berzelius, considers alumina to be composed of—
Aluminum . 53.3
Oxjgen

a t 46 .7

10O0
Hydrogen being reckoned unity, he regarded its constitution to

be two atoms of aluminum, 13-716 X 2 = 27'432 ; with three
atoms of oxygen, 8-013 X 3 == 24-039

; its atomic weight is con-
sequently 51-471. Dr. Thomson states its constitution to be,
one atom of aluminum == 10, with one atom of oxygen = 8,
giving 18 as its atomic weight. Brande gives the constitution of
alumina as under

—

Aluminum . ....... 52-94
Oxygen

. 47'06

100-00
Davy reduced alumina by voltaic electricity, and by the action

of potassium in vapour upon alumina heated to redness. Fur-
ther attempts were made by (Ersted and Berzelius ; but it was
first obtained in a perfectly separate state by Wohler in 1827, who
procured it by acting with heat upon chloride of aluminum with
potassium, the chlorine combining with the potassium; the
chloride so formed was dissolved with water, and the aluminum
was left. Aluminum thus obtained is a gray powder, resembling
platina in appearance; when burnished it has the lustre of tin;
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it does not fuse at the temperature of melting cast iron, and it is

a non-conductor of electricity which is also the case with iron in

a finely-divided state. When heated to redness in the air it burns

with great vividness, and is converted, by the acquisition of

oxygen, into alumina; in pure oxygen it burns with so great

splendour that the eye can scarcely support it, but in order to

produce this effect it must be previously heated to redness ;
the

heat evolved is sufficiently great to fuse the alumina partially, and

it is then as hard as corundum.

Aluminum does not decompose water until it is heated to ebul-

lition, and then decomposition is slowly effected. Neither sulphuric,

muriatic, nor nitric acid dissolve aluminum when cold ; but when

heated they act upon it quickly. It dissolves very readily even

in a weak solution of potash with the evolution of hydrogen gas;

solution of ammonia also dissolves it. "With oxygen, as already

noticed, aluminum forms alumina; combined with chlorine, the

result is a deliquescent chloride. Sulphuret of aluminum may
be procured by dropping sulphur upon heated aluminum ; it is a

black powder, which decomposes by exposure to the air, and

which, when put into water, deposits alumina and evolves sul-

phuretted hydrogen.

It appears probable from the experiments of Sir H. Davy, that

alumina is a metallic oxide, but he was not able to extract the

metallic basis by means of electro-galvanism so clearly as in the

cases of lime and 'potass, and consequently alumina must still

be considered as an analogical peroxide, of which the base iS

a terrigenous metal that yet wants due confirmation. The

above illustrious chemist threw out the idea that all the metals

have one common origin, and the different kinds that are found

are modifications of the primitive formation ; and that the earths

are derived from the metals by oxidation, and are metallic oxides.

A theory may be propounded that all the earths have one common

origin, and that the kinds and varieties that occur on the face of

the globe are modifications of the parent substance, and have pro-

ceeded from accidents and occasional circumstances of operation.

This latter idea may seem as reasonable as the production of

soils by oxidation, and more especially when the original metals

are not to be seen in existence, but are found by nice artificial

processes. . ,

Clay is reckoned to be the argillaceous detritus of glaciers by

those persons who have adopted that theory of the formation of

the vast diluvial and alluvial deposits of unstratified formations,

which lie above the uppermost regular stratification on the surface

of the globe. As this theory relates to the formation, and not to

the composition, of clay, it will be stated at large in the next

chapter, the analogies examined, and the probabilities established

or rejected. . ,

In the natural history arrangement of mineralogy, clay, under

the name of common clay, is included in the clay and lithomarge

families which have some affinity with the members of the felspar

genus, and is placed immediately after it. The families have 110

regular form or cleavage, and cannot therefore be connected with.
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any of the mineral species. Common clay occurs massive, dull
and feebly glimmering, when small scales of mica are present •

colour yellow, grayish, greenish gray, spotted with yellow and
brown

;
fracture coarse and small grained, uneven in the lame

and m the small earthy; soils slightly; very easily frangible;
sectile, and the streak slightly resinous ; intermediate between
triable and soft, but inclining more to the first ; adheres slightly

meao?
; and Y6rj sli^ht1^ &Teas^ °^

This general name includes the ancient clays which built Baby-
lon and Damascus, and is called brick-loam.

Pipe-clay is a provincial term for the aluminous bed found near
.Poole in

^

Dorsetshire, and gets the name from the purpose to

r
Ci 1VS

1

aPplled '
,

The colour is g^yish-white, fracture earthy,
and the feel is smooth and greasy ; it adheres to the tongue, and
is very plastic, tenacious, and infusible.

Potters' clay is of various colours, and disintegrates by ex-
posure to the air

; when mixed with sand, it is made into bricks
and tiles. It is found in Hampshire, .Berkshire, Devonshire, and
is largely used m the Staffordshire potteries. The Hampshire
clay yielded by analysis

—

Silica ki
A "| • •••••• OJL
Alumina . . ... . . . . 25
Llme

with some oxide of manganese and water.
This clay occurs in the secondary or fletz formations, and is a

frequent mineral m alluvial districts, where it sometimes occurs
in beds of considerable thickness. It is much used in potteries,
in the manufacture of the different kinds of earthenware ; it is
also made into bricks, tiles, crucibles, and tobacco-pipes, and is
employed m improving sandy and calcareous soils.
The colours white and gray, very seldom mountain green, occur

massive-friable, approaching to solid; internally dull or feebly
glimmering, from intermixed scales of mica; fracture in the
large coarse-grained, uneven in the small, fine, earthy ; more or
less shining m the streak; fragments very blunt edged, opaque

;

soils slightly; very soft, passing into friable; sectile; adheres
strongly to the tongue—more strongly than loam ; feels rather
greasy; becomes plastic in water; it is infusible, and contains,
according to Klaproth,— ;

Silica ... ai
Alumina . . . . t t t %j
Oxide of iron ... ' *

*

1
Wafcer

• • •
.' .'

.' 11

100
Pure clay has hitherto been found only at Halle, in Saxony,

where it occurs very near the surface, and accompanied by gypsum.
Ihe colour is snow white or yellowish-white, and occurs in small
kidney-shaped pieces. It is without lustre ; its fracture is fine,
earthy; it is opaque; stains the fingers slightly; adheres feebly to
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the tongue ; is fine, but meagre to the touch ; is very light, soft,

and easily frangible. It contains, by the analysis of Fourcroy

—

Alumina . . . . . . . • .45
Sulphated lime . . .... .24
Water . . .27
Silex . . . 4

100

Porcelain clay forms beds in gneiss, and not unfrequently occurs

in granite, occupying the place of felspar; indeed, it may be

readily traced through various states of induration into true felspar,

hence it has been considered as decomposed felspar, and also un-

formed or imperfect felspar. It is employed in the manufacture

of Berlin porcelain, and is procured from the district of Magdeburg.

The best French porcelain clay is dug near Limoges, of which the

analysis is given below. The best English porcelain clay is pro-

cured from Cornwall, and is naturally mixed with quartz and mica,

forming a granite, from both of which it is separated by washing.

The colour is reddish-white, passing to yellowish and grayish-

white. It occurs in mass and disseminated. It stains the fingers

;

is for the most part slightly coherent, passing into dusty ; is fine,

but meagre to the touch; slightly adheres to the tongue, and is

but of little specific gravity. According to Vauquelin, it contains

—

Silica .55
Alumina . . .27
Oxide of iron 1

2Lime .........
Water ......... 15

100

The colour changes to various shades of white ; it is dull and

opaque ; occurs friable or compact ; feels soft to the fingers ; and
adheres to the tongue. It is infusible, and its specific gravity is

2*216. The clay of Cornwall includes crystals of felspar, quartz,

and mica ; the porcelain manufactures of Worcester are supplied

from it
;
and, according to Wedgwood, it consists of 60 parts of

alumina and 40 of silica. It probably arises from the decomposi-

tion of felspar. The porcelain clay of China is called "kaolin
;"

this clay occurs in France, Saxony, and Austria. The kinds of

clay depend upon the nature and composition of the rocks from

the disintegration of which they have been formed : thus, slate,

steatite, and trap, each yields a different kind of clay.

Stourbridge clay is of a dark colour, owing, apparently, to an

admixture of carbonaceous matter. It is most extensively em-

ployed in the manufacture of crucibles, and especially for those

used in glass making. It is extremely refractory in the fire. It

yielded by analysis

—

Silica . . . . . . ... 57-0

Alumina * 30'4

Moisture . . . ... . . 12*6

100-0

b 3
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A trace of iron and carbonaceous matter is also found. It appears
to have originated from the disintegration of shale.

Indurated clay, or clay stone, has the colours of greenish-gray,
bluish, ash, smoke, and pearl-gray, or brownish-red. It occurs in
mass, is opaque, and without lustre. Its fracture is fine-grained,
earthy, passing into slaty, splintering, and imperfectly conchoidal.
It adheres but slightly to the tongue, is soft, and easily frangible.
When put into water it falls to pieces by degrees, but even

then possesses very little ductility. It occurs in rock masses, in
veins and beds, and forms the basis of clay porphyry. It passes,
on the one hand, into potters' clay, and, on the other, into
jasper.

Shale clay has the colour of smoke-gray, yellowish, ash, or
bluish-gray, or grayish-black. It occurs in mass. It is dull, but
when mixed with mica is glimmering. Its fracture is slaty,
approaching sometimes to earthy. It is opaque, soft, and easily
frangible; it is meagre to the touch, adheres slightly to the
tongue

;
specific gravity 2*6. It occurs in the independent coal

formation, also in the most recent fletz, trap, and alluvial forma-
tions. It generally breaks down when put into water, and by
exposure to the weather, it decomposes into a very unctuous and
tenacious clay.

Common clay, which was first mentioned, has been divided, with
regard to utility, into three classes of unctuous, meagre, and
calcareous. The unctuous in general contains more alumina than
the meagre, and the siliceous ingredient is in finer grains when
burnt ; it adheres strongly to the tongue, but its texture is not
visibly porous. When containing little or no oxide of iron, it

burns to a very good white colour, and is very infusible
; pipes are

made of it, and it forms the basis of the white Staffordshire ware.
If it contains oxide of iron, or pyrites, sufficient to colour it red
when baked, as is usually the case,, it becomes much more fusible,
and can only be employed in manufacturing the coarser kinds of
pottery.

Meagre clay is such as, when dry, does not take a polish from
rubbing it with the nail ; it feels gritty between the teeth, and the
sand which it contains is in visible grains. When burnt without
addition, it has a coarse granular texture, and is employed in the
manufacture of bricks and tiles.

Calcareous clay effervesces with acids, is unctuous to the touch,
and always contains iron enough to give it a red colour when
baked. It is much more fusible than any of the preceding, and is

only employed in brick-making
;
by judicious burning, it may be

made to assume a semi-vitreous texture, and bricks thus made are
very durable.

Any of the unctuous or meagre clays, that are very infusible,
and contain but little iron, may be employed in making crucibles
and other similar chemical vessels, that are required to stand a
powerful heat. .

Clay, or a soft, unctuous, tenacious earth, is found in a native
state in different situations. Dr. Fordyce described the mass when
mixed with water to be tenacious, hardened by drying, and not
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easily again diffused in water ; it becomes hard when heated red-

hot, burns to a brick, resembling crystalline earth in its properties.

Clayey or soapy earth is found in the surface soil of most countries,

and also in the mineral strata to an immense depth; it is less

frequently found pure than sand, with which it is much mixed,

and is more or less adulterated with other earths, and with dif-

ferent materials, such as mineral, vegetable, and animal substances.

The purest clay contains upwards of 60 per cent, of siliceous

matter, or sand, by the statement of Lord Dundonald.

Mr. Kirwan mentions clay as being of various colours, white,

gray, brownish-red, brownish-black, yellow, or bluish ; it feels

smooth and somewhat unctuous; if moist, it adheres to the fingers,

and if sufficiently so, it becomes tough and ductile ; if dry, it

adheres more or less to the tongue ; if thrown into water, it gra-

dually diffuses itself through it, and slowly separates from it. It

does not usually effervesce with acids, unless a strong heat be

applied, or when it contains a few calcareous particles, or magnesia.

It consists of argil and fine sand, usually of the siliceous kind, in

various proportions, and more or less ferruginous matter. The

argil, according to Mr. Kirwan, forms generally from 20 to 75 per

cent, of the whole mass, the sand and calx of iron the remainder.

These are perfectly separable by boiling in strong vitriolic acid.

He further observes, that clay in its usual state of dryness can

absorb two and<a half times its weight of water without suffering

any to drop out, and retains it in the open air more perti-

naciously than other earths. This curious circumstance, that

water, as it crystallizes, detrudes the clay which is diffused m it,

corresponds with other acts of congelation. Thus, when wine or

vinegar, or common salt and water, are exposed to frosty air,

the alcohol, the acetous acid, the marine salt, and the calx of

copper, are all of them detruded from the aqueous particles, and

retreat to the central part of the fluid, or to that least frozen, or

into numerous cells surrounded with partitions of ice, as has been

frequently observed ; whence it appears, that wet clay is in general

rendered more solid and tenacious by being frozen, as well as when

it is dried, and its moisture exhaled by too warm a sun, both which

cases are very unfriendly to vegetation. In most clays a kind of

effervescence occurs, after they are turned over and thrown into

heaps, and thus air enters into their interstices, which renders

them much fitter for the purposes of vitrification, and forwards

the processes of brick-kiln and pottery. This greater facility to

vitrify is probably effected by the union of oxygen with the iron

which most clays contain, as oxides of lead and manganese are

used in the more perfect vitrifications. When the clay abounds

with vitriolic acid, so as to be. converted into alum, it becomes very

unfriendly to vegetable life.

A very peculiar formation of clay has been discovered m clay-

balk, called "Ludi Helmontii," from the circumstance of that

celebrated physiologist having very much exercised his ingenuity in

discovering and explaining the medicinal properties of the inci-

sures of the aluminous earth. The fossil is opaque, of an irregular

shape, but of a very regular and singular internal structure. It is
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of an earthy hue, and always divided into separate masses by a
number of veins of a different colourand purer matter than the rest..

These masses, into which it is divided, are sometimes small, and
pretty regularly figured, in which case they are called tali ludi, or
dice ; but they are more frequently of no regular shape at all. There
are others of them crustated, or composed of many coats, disposed
one over another about a central nucleus. In these, the " septa,"
or dividing veins, are very thin and fine ; in the others, thicker. The
septa are said to have been given with success in medicine, but are
now wholly disregarded. The clay balls are found in many of the
British clay strata, and are usually lodged therein with the utmost
regularity, like pavement, often touching each other, as is the
case with two remarkable layers of this fossil near the top of the
clay on which London stands. Sometimes a small spring of water
oozes out of these layers of clay balls, and the same is found to
possess mineral qualities, and they have been thought to be the
source of the mineral springs in the immediate vicinity of the
metropolis. When exposed to the air and rain, clay balls soon
split and fall into an ochre powder, and at length mix with the
soil ; but the spar occupying the septa is sometimes very durable,
and remains entire after the substance of the ball is mouldered
away. A very fine and durable cement has been manufactured
from the clay balls and largely used for water-works and stuccoing
of buildings. It is not certain that all the clay balls lodged in
the different clay strata are exactly similar in composition, or
adapted to the manufacture of cement ; the analysis and trial might
be worth the attention.

The chief consideration to be treated on the subject of the consti-
tution of clay is the very distinguishing and inseparable quality of
its imbibing a very large quantity of moisture, retaining it with
great obstinacy, the bulk of the substance contracting by heat?
and the outside being hardened by exposure. These qualities
impart a^ very peculiar character to clay, which attaches to every
designation of the substance, and to all the kinds and varieties of
the aluminous earth. The properties are very much modified by
the admixture of other matters, especially of loam, which, in
large proportions, entirely alters the nature of the earth, and the
clayey character almost wholly ceases. In this mixture of elements,
caloric exerts the power of its energy, in dilating bodies, and in
promoting the causes of chemical affinity. Most bodies are expanded
by heat and are contracted by cold ; to this general law there are
a few exceptions, in which clay is included. Alumina gradually
lopes part of its weight when exposed to heat, owing to its parting
with water. The spongy alumina parts more readily with water
than the gelatinous

;
thus, when exposed to a red heat, the spongy

loses 0*58 part of its weight, the gelatinous only 0*43. Alumina
not only loses its weight, but undergoes a diminution of bulk, when
exposed to heat. The contraction goes on in very high degrees of
heat, but the loss in weight no longer progresses. This shows that
its contraction cannot be wholly ascribed to the expulsion of its
water, but may be partly owing to a change in the arrangement
of its particles. Hardened or baked clay is no longer kneadable
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with water, though as finely pulverized as mechanical means can

go. Hence it has been inferred, that clays owe their ductility to

a kind of gluten, which is supposed to be dissipated by heat. They

recover that property, however, by a solution in an acid and pre-

cipitation ; whence it should seem to depend either on a minute

portion of acid contained in clays, or the smallness of the particles

when precipitated. -

Caloric, or the cause of heat, is conducted through bodies m
consequence of their affinity for it, and of the property which they

have of combining with an indefinite application of the subtle

element. Bodies vary in their power of conducting heat. The

metals are the best conductors of heat of all known bodies, gold

beino- the best and highest in the graduated scale of conductors,

or 1000, and clay being the lowest, or 11-4. Clay holds much

water, and that fluid is a very bad conductor of heat. The specific

heat of clay has not been ascertained, but analogy may assume

the lowest ratio, or that of the oxides, about 0*1356, water being 1.

Thus it would require a large quantity of caloric to raise the

temperature of clay to a given degree.

The ductile and baking quality of clay imparts the uselul pro-

perty for the manufacture of bricks and pottery, while the very

same attachment produces the perplexing unfitness of the alumin-

ous earths for the purposes of cultivation. In the first application

of clay, the plastic quality produced by the large reception of water

permits the moulding and forging of the earth into any shapes or

forms, while the property of contracting and hardening by heat ad-

mits of the manufacture being reduced into permanent applications

and durable purposes. The use of bricks is of incalculable value

in the alluvial districts of country where stones are not found in

rocky strata, while pottery of every kind affords one of the most

elegant enjoyments of civilized society. For making bricks the

best proportions are—of silica 86 parts, of alumina 14. The red

colour of bricks and tiles is owing to the alteration of oxide of

iron during the process of burning, the iron being further oxidized

by the decomposition of the water applied to the clay in kneading.

Much oxide has a tendency to vitrify the bricks, if any lime be

present ; and the proportions of silica and alumina also mecha-

nically effect the character of the articles in making them too dry

and rifty, and not sufficiently ductile. The quality and appear-

ance are thus affected, both chemically and mechanically.

It has been mentioned that clay imbibes a very large quantity

of moisture, and retains it with great obstinacy. In this condition

the aluminous earths form a soil that is too wet and cold for the

roots of vegetable life, and the mass is impenetrable to caloric,

or the acting cause of heat. If it be exposed to the rays of the

sun, the outside is glistened and hardened; and if the mass be

broken into smaller pieces, the lumps are contracted and baked

into hardness, which defies the mechanical efforts of a further

reduction of bulk. Water increases very largely in volume by the

effects of congelation, and when clay is exposed to the action of

frost, the contained water is enlarged in bulk, and when it under-

goes the alternations of freezing and thawing, the clammy texture
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is torn apart
;

,
the particles are sundered, and the earthy mass is

heaved and burst by the action of the operations of the water that
is contained. Hence the necessity of exposing clay during winter
to the vicissitudes of the atmospheric

5
elements, being the onlyway of reducing to pulverization the clammy and indurated

texture at the aluminous formation of earths. The wet state of
clay prevents any operation of culture, and the hardened condition
defies every mechanical performance till the alternations of beinff
wetted m autumn and baked in the suns of summer induce a
bursting oi the concretions, somewhat similar to the effects of the
irosts and thaws of winter.
The rays of the sun, which is the great natural source of heat,

emit three kinds of influence—the colorific, calorific, and the
deoxidizing, lhe first changes the colour of bodies, and imparts
a wholly new exterior hue ; the second communicates heat to
bodies, which they imbibe and retain according to their affinity
lor it, or according to the absolute or inherent heat of the original
iormation

;
and the third separates oxygen from the various bodies

which are exposed to the influence of the sun. The power of the
rays ot the sun communicates no quantity of heat to the body of
clay

;
the outside is hardened and becomes glistening, but caloric

does not penetrate beyond the extreme outside. The body is one
ot the very worst conductors of heat : it neither receives nor retains
it. lhe colour of clay is not altered in any sensible degree by
the rays of the sun

;
in some cases, a colour of deep red becomes a

little paler m appearance, while the black clays and the sandy
and pale colours are noway changed by the strongest heats of the
sun. lhe third influence, or the deoxidizing effect of the solar
rays, separates the oxygen from the aluminous base, and thereby
imparts the sweetening benefit which clay lands are known to
receive from the exposure to the sun during the process of summer
tallowing. An oxide is sour, but not acid, and means a combina-
tion of oxygen and some other substance destitute of the proper-
ties belonging to acids. It is very common to find the same base
combine with different doses of oxygen, and form both acids and
oxides. In all these cases, the smaller proportion of oxygen con-
stitutes the oxides, and the larger the acid. Hence it follows that
oxides always contain less oxygen than acids with the same base.

In the present state of chemical knowledge on the subject clay
must be reckoned an analogical peroxide of aluminum, or an
oxide having a base saturated with oxygen, but not to the extent
ot sourness

;
or it may be a compound base of two atoms of base

and three of oxygen, and be designated a sesquioxide. In this
condition the influence of the rays of the sun is required to sepa-
rate the aerial body from the metallic base, and leave the earthy
residue m a milder and more pulverulent form. Oxygen is the
parent of sourness, but not the condition of it, and the presence
or absence of .the gas will confer a quality that partakes of the
gradation which the gaseous quantity holds to the containing;
base. The metallic bases of the alkalies and earths decompose
water with great rapidity at the usual temperature of the atmo-
sphere, and the quantity of oxygen may be thus augmented from
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the portion which the water contains, and render clay a sesqui-

oxide, as before mentioned. In combination with water, clay is a

hydrate, and is freed of the presence of superabundant moisture

by the solar influence now mentioned.

The expansion of water by cold or congelation is very anoma-

lous, and is productive of some important consequences considered

as a'natural operation. Frozen clay is expanded by the congela-

tion of the water which it contains, and the bulk is alternately

enlarged and contracted by the vicissitudes of the weather ; the

adhesion of the particles is thus lessened, and the viscous texture

is loosened and abandoned. The expansion of water by congela-

tion arises from a new arrangement of the particles in crystalliza-

tion, and does not at all resemble the regular and gradual expan-

sion of metals by heat, which dilates the substance by entering

into and combining with the basic constituents of the formation.

In the expansion of clay by the crystallized water, no combination

is formed between the bodies in connection ; the water returns, by

being thawed, to its original state, but in thus changing conditions

a very beneficial alteration is effected in the state of the clay.

Clay holds fifteen times its own weight of water without dropping,

and this volume of water being enlarged by congelation, an addi-

tion is made by the extra quantity contained to the natural

property of crystallized expansion, which takes place in any

quantity of the watery fluid. This fact forms a most important

consideration in every notice of clay. In the making of bricks

and porcelain, the large quantity of water confers the plastic and

ductile quality which moulds into any shape or form, and which

is durably hardened by the subsequent application of heat
;
and

for the purposes of cultivation, the imbibing and retaining of

so much moisture causes the bursting and crumbling of the

texture of the clay, by the expansion of the congealed water in. a

crystallized condition. These qualities confer the value on clay

for both purposes now mentioned.

The important branch of the science of chemistry which treats

of heat is still very vague, even in its best-established points, and

consequently, when an attempt is made to theorize, error is almost

unavoidable. Though every new modification and improvement is

probably an approximation, yet there is much uncertainty m
chemical theory, and even an improbability of its ever being able

to reach absolute certainty. But we shall endeavour to avoid

error as far as is in our power by adhering closely to accurate

experimental details, and pointing out, as clearly as we can, what

is certain from what is still doubtful or hypothetic.

Alumina is the earth of clay, and is got in the greatest purity

from alum: hence the name. Sir Humphry Davy, as before no-

ticed, was led by his previous discoveries to consider alumina as^a

metallic oxide. His experiments leave little doubt on the sub-

ject though he did not succeed in obtaining the metal in a sepa-

rate state by means of galvanism. So far as is known at present,

the metal proposed to be called aluminum unites with oidy one

proportion of oxygen, and forms the base usually distinguished by

the name of alumina. This powder is therefore the analogical
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peroxide of aluminum, or a simple base with one atom of oxygen •

or it may probably be stretched by discovery into a sesquioxW
or a compound base with one atom and a half oxygen, or two
base and three oxygen. Beyond these analogical probabilities,
cnemistry does not ascertain the composition of clay.

In its natural properties, clay may be kneaded into a very duc-
tile paste by means of its affinity for water, and is possessed of a
good deal of tenacity. This ductility is owing to the alumina it
contains, and it retains water with more obstinacy than any of the

*f e
¥,

ths
-
By a violent heat ifc is baked int0 a hard consistence

01 durable forms, and m acquiring the second property it loses the
fcrst, which is only restored by solution in an acid and precipita-
tion. It hardens and contracts by heat, and is expanded by conge-
lation of the contained water, which is enlarged by freezing, and
thus bursts the texture of the clay. As was before mentioned,
the quality which forms bricks, tiles, and porcelain, confers the
property that resists the mechanical powers of cultivation, and
renders clay lands so very stubborn and tenacious, and in
certain conditions so very unproductive. Yet the presence of clay
is essential to the fertility of lands ; without it soils are barren,
and with a superabundance of it, the aluminous quality produces
the same extreme. It is always found to be mixed with much
silica, some oxide of iron, water, and sulphuric acid ; and the rich-
ness of it depends on the quantity and quality of the exuvial
matter it contains of animals and vegetables, and on the mode or
manner m which these remains are intermixed with the primary
constituents. Clay forms the base of all good lands ; the absorbing
and retention of moisture depends on its presence, and this
quality constitutes a large reckoning in the graduated numeration
or soils. These graduated qualities shall be duly entertained and
estimated m the following treatise on clay lands.

CHAPTER II.

Geological Deposits of Clay.—Marine and Fresh-water Formations.

In most of the theories that have been put forth by our earth-
making writers, it has been assumed as a principle that the
agglutinated and hardened mineral masses which we see forming
mountains, and to which we have given the name of rocks, origi-
nally formed the crust of the earth, whether they have been
produced by the agency of water or of fire, and whether they
have proceeded from a state of solution or of fusion; and that all
the other bodies and formations, massive, detached, or reduced in
form and substance, have appeared at subsequent periods, from the
decomposition of the original substances by the effect of convul-
sions, disruptions, and of the universal deluge, to all which
phenomena, by the almost universal consent of opinion, the globe
has been subjected. Rocks are very considerable component parts
©t the earth, and are composed of certain particular mineral sub-
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stances, which are resolved by chemical analysis into their proxi-

mate constituent parts, and these are further resolvable into

elementary or indecomposable molecules. The appearance of

organic remains that are contained in the rocks, as impressions

left of life that had at one time existed, marks a very particular

epoch of geology, as denoting a very distant anterior epoch of

formation to the rocks of that character, and that they have pro-

ceeded from the action of a destroying fire which had pervaded

and destroyed the globe, prior to the appearance of water as a

distinct element. Hence the term " primitive" has been used to

distinguish that formation which contains no exuviaj of organic

life, and which is very much hardened and crystallized in the

texture. But this opinion of different epochs of the formation of

the earth is now gradually giving way to the supposition that some

peculiar chemical or mechanical agency had been exerted at the

time of the different formations, and that the absence or presence of

organic remains does not indicate with any certainty the existence

or the total want of marine or terrestrial inhabitants on the globe.

Organic remains are first discovered in the felspar of soft granite,

and appear in greater or less quantities in remote or adjacent

situations, and reach the deposit of chalk, or the most recent

stratified formation, being a loosely-aggregated carbonate of lime.

The theory of disintegration and decomposition of rocks into

smaller fragments holds out, from extensive observation and long-

continued experience, that by the combined influence of air and

water, and of vegetable creation, rocks are decomposed, and that

the hardest masses are not proof against this change, which will

go on with greater or less rapidity, according to the constitution

of the rocks and the power of the operating agents of disinte-

gration. This effect is mainly produced by the absorption of water,

and by its congelation and rarefaction while it was diffused within

the rocky bodies. The known external causes of the entire decom-

position of stony matters, are—water, carbon, and carbonic acid

gas, which enter into new combinations with the saline matters,

the sulphur, the ferruginous oxides, the manganese, the lime, and

other constituent parts of the stones with which they come in

contact. In hot climates, that produce a luxuriance of vegetation,

the progress of decomposition will be rapid ; in cold latitudes it

will be much slower ; but whether slow or rapid, all substances

are liable to decomposition, and even the purest crystal is deprived,

by exposure, of its fine polish and brilliant lustre, and the be-

ginning of a coat commences. Soft or porcelain granite has been

mentioned, which contains quartz, felspar, and mica. The quartz

is almost pure siliceous earth in a crystallized form ;
felspar and

mica are compound substances, and contain silica, alumina, oxide

of iron, with lime, potassa, and magnesia. By exposure the^ lime

and potassa are acted upon by water or carbonic acid, the oxide of

iron tends to combine with more oxygen, and the mica and felspar

are decomposed, the latter more rapidly. The felspar forms a fine

clay ; the mica, more partially reduced, blends with it as sand

;

and the harder quartz will appear as gravel or sands of different

degrees of fineness. The seeds of lichens and of plants floating in
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the air fix themselves on the least appearance of earth, and, by the
death and decomposition of the vegetation that proceeds, afford a
quantity of organized matterwhich mixes with the earthy materials
of the rock. More perfect plants succeed and perish, and add a suc-
cession of increasing material ; the rock continues to decompose

;

and by slow and gradual processes, a soil is formed in which plants
and the largest forest trees are produced.

This is the generally-received opinion of the formation of soils
and alluviums from the detrition of rocks by the force of external
agencies, and that the disintegrated materials have been carried
by floods to the ocean, and there accumulating, are formed into
horizontal layers. But the decay of rocks themselves must be
very gradual

; in some dry countries, inscriptions are perfect, and
angular edges and shapes are little blunted or altered after the
lapse of twenty centuries. The formations that are taking placem the present quiescent state of the globe are made by the sea,
fresh-water rivers, and by lacustrine deposits from substances
collected and roiled along by the course of the waters over the
earth. These depositions go on in many places visibly, though
slowly

;
but we know little of the processes by which the vast

alluvial deposits have been made in all the different arrangements,
mixtures, and combinations, to the depth of several hundred feet,
and extending over vast tracks of various and discordant qualities

;

or of the means employed by nature in the process of alluvial
deposition from the detritus accumulated at the foot of mountains
from the decomposition of rocks, and of the subsequent removal
and consolidation, or even of the operation by which animal and
vegetable exuviae are converted into soil. But these petrifactions
and organic remains would seem sufficient to place one fact beyond
dispute—that the globe has undergone many extensive changes

;and it is not a little curious that they are confined to particular
formations, and are not found in contiguous strata/and that the
remains of trees and vegetables are found only in some few similar
situations.

The different theories of the earth that have been propounded,
its formation and component parts, the deposition and distribu-
tion of the very discordant and heterogeneous materials, have
resolved themselves into the two very opposite extremes of fire
and water having been the prime agents in the work of form-
ing and modifying the terraqueous globe. The names applied
to the theories are, the " Huttonian and Wemerian," the "Plu-
tonic and Neptunian," and the "igneous and aqueous," which
are derived from the names of the individuals' who adopted and
urged the opposing conceptions, the names of the heathen gods
of fire and water, and the Latin appellations of the two elements
of action. The Plutonists suppose that the earth has been formed
from the wrecks of a former world, of which there has been a
succession, and that the destruction of one has afforded materials for
the composition of another ; that the strata which we see forming
the present globe have been formed at the bottom of the sea, and
have been ejected upwards by the expansive force of heat, which
has produced the very varied and irregular positions of rocks :
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from horizontal they are often found vertical ;• from continuous,

broken and separated in -every possible direction ; and from a plane,

bent and doubled. They could not have been thus originally

formed, and the power that has produced this change cannot have

been inferior to that which might have been required for their

elevation from the place in which they had been formed. Natural

appearances confirm this reasoning, and the inference is, that the

land on which we dwell has been elevated from a lower situation

by the same agent which had been employed in consolidating the

strata, in giving them stability, and preparing them for the

purpose of the living world. This agent is, matter actuated

by extreme heat, and expanded with amazing force; it has

condensed the strata by means of heat, and hardened the bodies

from a state of fusion. It is also a power of the same nature

that has been employed in forming, by fracture and disloca-

tion, mineral veins. By tracing the effects of volcanoes, and by

a variety of other investigations, the general conclusion is deduced

that all the continents and islands of this globe have been raised

by means of fire above the surface of the ocean ;
and, therefore,

that almost the whole of what we see on this earth was originally

formed at the bottom of the sea. From the consideration of the

materials which compose the present land, there is reason to con-

clude that, during the time this land was forming, by the collection

of its materials at the bottom of the sea, there had been a former

land containing materials similar to those which we find at present

in examining the earth. It is also concluded, that there had been

operations similar to those which we now find natural to the globe,

and necessarily exerted in the actual formation of gravel, sand,

and clay
;
and, moreover, that there had been in the ocean a system

of animated beings, which propagated their species, and which

have thus continued their respective race to this day. In order

to be convinced of this truth, it is merely required to examine the

strata of our earth, in which we find the remains of animals^ of

every genus now existing in the sea, and probably every species,

and perhaps some species with which we are now unacquainted.

There had been also, according to this theory, a world of plants, as

well as an ocean replenished with living animals.

Having ascertained the state of a former earth, in which plants

and animals had lived, as well as the gradual production of the

present earth composed from the materials of a former world, it is

supposed that here are two operations, which are necessarily con-

secutive. The formation of the present earth necessarily involves

the destruction of continents in the ancient world, and by pur-

suing in our minds the natural operations of a former earth, we

clearly see the origin of that land by the fertility of which all

animated bodies are fed. By the like contemplation of the present

operations of the globe, there may be perceived the actual ex-

istence of those productive causes, which are now laying the

foundation of land in the unfathomable regions of the sea, and

'which will, in time, give birth to future continents. The result of

this inquiry into the succession of worlds " finds no vestige of a

beginning—-no prospect of an end."
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This theory promulgates the idea, that all bodies have proceeded
from a state of fusion, have expanded, and have been thrown into
the irregular and contorted shapes by the power of heat, and have
cooled by exposure. It rests both on chemical and mechanical
principles, and has long formed the subject of a very keen dis-
cussion.

The Neptunian or Wernerian theory is that of water, and origi-
nated with Werner, who was Professor of Mineralogy at Freybourg,
and a zealous supporter of an aqueous agency. He contends that
the generally acknowledged fluidity of the globe in the primitive
condition was produced, not by fire, as in the former theory, but
by aqueous solution. The outlines of the system, founded on this
principle, are as follow :—1. The superficial parts of the earth, to
a certain depth, must have been originally in a soft or liquid state,
which may be inferred from its present spheroidal shape, and from
a variety of geological observations. 2. That, at the time of the
creation, and for many centuries after, the interior and more
central parts contained immense empty caverns, and consequently
consisted of materials sufficiently solid to resist the pressure of the
enormous mass of superincumbent liquid substance. 3. The mate-
rials of which the strata of the earth are composed were at one
period, dissolved, or suspended in water, and from this fluid they
had successively consolidated in various combinations, partly by
crystallization, and partly by mechanical deposition; granite, as
the basis on which the greatest number of strata rest, having been
first formed, and the other primitive strata in due order, by pre-
cipitations chiefly chemical. 4. From the period of the formation
of these strata, the water, which covered the earth, began to
decrease in height, by retiring gradually into cavities in the
internal parts of the earth

;
and, during this process, other pre-

cipitations were effected, and the intermediate strata, or strata of
transition, were formed, of which siliceous schistus and transition
are the principal. 5. When the water was still abating, the
mechanical action of its mass on the strata already formed occa-
sioned in them a partial disintegration ; the materials from this
source, together with the remaining part of the matter originally
dissolved by their precipitation, formed the secondary strata, which
are generally arranged in horizontal beds, and abundant in organic
remains. 6. During the gradual consolidation of these strata,
rents and cavities opened, into which the water, holding various
substances in solution, retired ; hence the formation of mineral
veins. 7. Volcanic fires and alluviums have produced some incon-
siderable and partial changes on the surface of the earth.

These two theories have nearly equally divided the world of
geological inquiry ; but the discussions on the subject have not
led to any satisfactory conclusion. From the large number of
conflicting opinions, it may be very eligibly inferred that the pri-
mary or unstratified rocks which form the basis of the globe are
generally and evidently crystallized masses, often analogous to
volcanic products, or compounds containing essentially minerals
which are not known to be producible from water, but in several
instances are obtainable from artificial heat, or generated in the
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deep furnaces of which volcanic mountains are the vents. Un-

stratified rocks generally abound along mountain chains and

groups, and very often form their axis, nucleus, or centre. Iney

seem to be derived from the depths of the earth, and to have been

ejected or uplifted from below the strata, as volcanic matter is

protruded at the present day. In many cases, the rocks appear

as if they had been bolted upwards among other rocks, whien

slope away on all sides, and exhibit a broken appearance, and as

if they had been rent by the violent uplifting of the protruded

rocks of fusion. The second large formation, or the stratined

rocks, is a composition of earthy aggregates, as sandstones, clays,

or simple chemical precipitates, as limestones ;
such materials

in fact, as are known to be accumulated in the same mode ot

arrangement by modern waters. They have evidently been depo-

sited from above successively, the lowest first, the uppermost last,

in obedience to the laws of gravity. The remains of plants and

animals are found in these rocks, very generally of the kinds 01

the present races of plants and animals that are found buried m
the modern deposits of water, and which must have been m
existence at the period of their formation. But the unstratified

or first class of rocks contain no such evidences of watery origin

or mechanical aggregation.

By all these characters, separately and comparatively considered,

the two great divisions of materials which compose the external

parts of our globe, are proved to have been produced by entirely

opposite causes. Stratified rocks are analogous to the modern pro-

ducts of water, and are therefore called Neptunian, while unstra-

tified rocks are analogous to the modern products of subterraneous

fire and receive the names of Plutonic and Yolcanic, according to

the' degree and circumstance of this analogy. It is generally

allowed, or rather it cannot be avoided, that the igneous action

which produced the primary strata had preceded the aqueous

ao-ency which has stratified the succeeding deposits, and many

repetitions of the Plutonic eruptions may have " primarized^ the

strata of all ages which happened to be nearest to the point
;
ot

action. This opinion would reduce the whole materials ot the

earth to the condition of aqueous deposits, and that the undermost

parts have been attacked and wholly altered by the violent action

of a subterraneous fire, which has fused and upheaved the various

and distorted forms which are seen of the crystalline rocks, ine

different age of the deposits loses ground in the opinions ot

geology—all the formations may have been made by water—-the

lowest rocks yet seen may be concealed by different rocks below—

the most crystallized rocks may be igneous derivatives from

earlier stratified deposits ; and while, above, the mass of strata was

augmented by additions from water, it was diminished from below

by the transforming action of heat. It is safely to be admitted

that igneous rocks- have been in a state of fusion beneath the

strata,°either simultaneously or successively, in all or nearly all the

parts of the globe, and that the elevation of these has been always

accompanied by convulsions. The effects of general heat con-

tinually decrease among the superior strata of the earth, and seem
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almost wholly lost in the tertiary strata, or the depositions above
the chalk.

AH ropks, whether stratified or not, are naturally divided by
fissures passing in different directions, independent of the stratam masses, which are of different form in dissimilar rocks, and
are accompanied by circumstances deserving more attention than
has yet been bestowed upon them. The fissures or planes of
parting between these masses are called joints. The immediate
cause of the numerous fissures of rocks is contraction after partial
consolidation of the mass, as is clearly evinced in conglomerate
rocks where organic remains are split by the joints, winch places
the fact beyond the need of argument. In these veins or fissures
a different substance is often found from the rock itself, or there
is contained some part of the rock in an altered condition. Granite
rock admits varieties, and the name of soft is used. The exposure
of that rock changes the felspar into an earthy appearance ; the
lustre and hardness is lost, the potash is removed, and porcelain
clay is formed. The felspar and the clay differ little, as below :~

Felspar contains

—

Silex ..... 62-83
Alumina .... 17-02
Lime 3-00

Oxide of iron . . 1*00

Potash .... 13-00

96-85

Porcelain clay contains

—

Silex 55-0

Alumina 27*0
Oxide of iron . . . 0'5

Water ...... 14-0

Lime ...... 2*0

98-5

The clay is found in situations where decomposition is going on
or m veins inspissated along the fissures of the rock. The finest
pottery ware is made of this clay, and the manufacture of porce-
lain is in many countries an object of very large importance.
Granite is very prone to desquamations, by which degrading pro-
cess the rock is broken into crusts that ultimately moulder into
clay, and, along with the accompanying primary rocks of the most
general and intimate association, the decomposition goes on in the
depth of the deposit, without any external exposure. It is sup-
posed that granite may have afforded the materials of all the
succeeding strata of rocks of which the earth is formed, and which
have proceeded from the different agencies which have prevailed
over the globe. The present secondary strata are the produce of
more ancient rocks, and are the immediate successors of those
which are now the primary ones, as there is no reason to believe
that there has been a distinct series that has entirely vanished.
The proportions of the different materials in the produce ought to
bear a certain relation to those in the original repositories, or if
there was a difference it would be expected to be in favour of the
most yielding materials, and which will be felspar, in the case of
clay proceeding from the granite. But the quantity of felspar is
very inconsiderable in comparison with the vast beds of clay that
are found in the formation of the globe and over its surface ; and
consequently the inquirer is compelled to look for other agents
than detrition in the formation of the alluvial and unstratified
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deposits. The idea is forced to begin at the lowest dawn of an

earthy appearance, and to expand as -the materials increase and

the sphere of observation enlarges.

The above notice of clay being found in veins or small beds in

soft granite and gneiss, which are the lowest associations bf the

primary strata, and the floor of the upper deposits, goes very far

to support the theory of Werner, that water has been the chief

agent in suspending and placing the stratified bodies of the globe.

It is hard to conceive that fire has hardened the primary rocks

below and above the soft beds of porcelain clay without interfering

with that body itself, or that the rocks have cooled from a state of

fusion, and have inclosed a soft body in the centre that is wholly

different from the surrounding elements. If the felspar has de-

composed into clay~since the rocks have cooled, it is hard to think

how the felspar'escaped crystallization, and was left in a decom-

posable condition to produce the clay when the other elements are

so very hardened all around it. Though water is both a chemical

and mechanical agent, the productions of its power may be softer

and less crystallized than the materials from fire, and the upward

progress from granite to the surface of the earth discovers the

most undoubted and acknowledged evidence of the gradual and

total disappearance of the effects of fire, if it ever did exist to form

the primary rocks. If that element be allowed the extent that

has been claimed for it, it is evident that water has had a much
more extensive range, and has produced much more disseminated

effects.

From the porcelain clay now mentioned as the first appearance

of that body, the earth of that name is seen in independent beds,

but oftener interstratified with the deposits that occur in the

ascending series of formations. The hardened secondary condition

of clay assumes the name of schistus, or shale, the former compre-

hending all the varieties of slate, and the latter denoting the

softer species, which crumble into earth and pass into other shapes

and forms. It occurs in all the secondary formations, and ranges

from the old red sandstone to the chalk. Many forms of it are

found, being more or less indurated, and the colours range from

gray to black, comprising also red and yellow hues of considerable

variety. When highly ferruginous, it passes into argillaceous

ironstone, and, becoming calcareous, into schistose marl, and into

limestone. In the coal series, it often contains bitumen, or car-

bonaceous matter, or both, and is the frequent repository of vege-

table remains, while, being interstratified with the upper lime-

stones, it is the frequent seat of fossil shells. It seldom includes

distinct fragments of other rocks ; but nodules of trap have been

found in some of the beds. Some varieties of shale, like others

of primary argillaceous schist, contain a decomposable pyrites,

and is, therefore, wrought for alum under the name of alumin-

ous slate. The bituminous varieties are combustible. The term

"shale" includes all the secondary and tertiary argillaceous

schists, or the indurated clay- slate formations progressing to a

softer and more earthy condition. The body, as derived from the

ruins of the granite rocks, has been farther removed from the in-
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fluence of subterraneous fire ; has been agitated and suspended in
water; and has got intermixed with other substances, in the pro-
cess of deposition. This fact is evidenced by the many varieties
of shale, which get the distinctive names from the qualities they
are found to possess. It is thought that shale may be decomposed
into clay, and clay hardened into shale, though the former opinion
obtains the most credence. It is commonly interstratified in thin
laminae with the accompanying strata, to which the proportions
of it are exceedingly various. The lamina are very thin, rarely
reaching to the thickness of a bed, in the proper sense of the ap-
pellation. The cases are few where shale forms an independent
rock of its own substance, or rises to the aggregated bulk of a
mountain or a sedimentary deposit. It is rather an association
with other strata, which give to it its name and character ac-
cording to the relation and proportion which are established be-
tween the bed and the laminas. It is evident that the proportion
had not increased in the secondary strata of the formations of
clay, for in the primary strata the quantity of clay-slate is lamem relation to the other rocks; and, if formed from the older granite
the degradation of that rock must have been more extensive thanm the case of the secondary deposits ; or the whole number of
primary rocks may have contributed to form the secondary strata
and thus required less materials from the granite. In that case'
the shale may have proceeded from the primitive schistus by a
direct operation, and indirectly from the granite.

Chemistry has not proved a real transition between clay and
compact felspar, which differs from crystallized or common felsparm its chemical nature, inasmuch as it contains soda, together with
potash, while common felspar contains potash alone. But the sub-
stances occur very often in the same mass, and pass into each other
without definable limits. The term compact felspar may not be
judicious, but an alteration without authority would be very inad-
visable. The clay-stones are members of the trap family and
contain many intermediate varieties between the compact felspar
and the indurated clay. The present arrangements are founded
on the apparent transitions of nature, and if the supposed fact be
a common or general one—that clay-stones are the produce of
other rocks, there is a real transition throughout the whole of
these simple rocks or bases. The chief variations of clay-stones
are, the degree of induration, and the massive or schistose nature
of its structure. The softest substances are found in the trap
family, and the hardest pass into jasper and siliceous schist
The first or primary clay-stone is the " argillaceous schist " of

geology, which,m the order of succession, succeeds the mica slate
or the third layer from granite. It is apparent that the rock has
been deposited from water, and afterwards exposed to the in-
fluence of heat, which has formed the minerals within it, and
hardened the laminar texture. It shows a very considerable de-
parture from the granular structure of granite, and a very marked
progression to the earthy materials of the globe. Common felspar
and compact felspar are the initiatory steps of the progression
differing from each other some what in their chemical properties'
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but showing a very distinct similarity in their natural appearances.

From the indurated slate of the primitive formation, schist passes

through many varieties and gradations, all tending to the softer

consistence and easier decomposition, till, in the secondary strata

of rocks, it assumes the name of shale, and accompanies, in beds

or in thin laminae, all the formations of the division of geological

deposits. Primitive schistus decomposes on exposure, very readily,

into clay of different degrees of tenacity, and it may be reckoned

the first visible origin of cultivable clay ; the other deposits are

few and deeply seated—beyond the reach of use. Beds of clay

occur below the trap rocks, which form an overlying cover both to

the primary and secondary deposits. This fact shows that rocks

are destroyed without exposure, and places clay among the fore-

most productions of ruin. The shales, or the schistus, or the

clay-slate of the secondary strata, are associated with clays, or lie

among clays, and raise a doubt whether they are being indurated or

decomposed. The latter opinion prevails, in accordance with the

established belief that decomposition has, in a gradual progression,

produced the very numerous and varied appearances of the terra-

queous globe in the first half of the meaning of the word. The
shales form a large advance from the hardened primary agglutina-

tion of particles to the earthy stratum of loose materials, which

constitutes the ultimate effect of disintegrating action. In some

form and quality, being more fragile than schist, and wanting

the continuous schistose structure, they accompany every deposit

of the secondary formation, and when found above the chalk, or

the last stratified deposit, they belong to the tertiary formation,

and are described in the proper place. Simultaneously with the

change into the softer shale of the primary indurated schistus,

limestone had appeared over the lower red sandstone,and calcareous

matter, very finely divided, is so abundant in many shales, as to

change, locally, lias clay into an argillaceous limestone, and cal-

careous grit into an arenaceous limestone or coarse oolite. Before

that epoch of the globe was reached, a number and variety of

materials had replenished the system of nature, from whence have

proceeded the complex abundance of organism and of inorganic

creation which so very much perplex the inquiries, and exceed the

comprehensions, of men. Clay is now seen in beds that are fit for

cultivation, intermixed, interstratified, or alternated with other

deposits, along with which it had been floated and suspended in

the liquid element of deposition. Bitumen, alum, and sand had

come into action, and these bodies are seen in an extensive con

nection with the earth of the decomposed schist. These mixtures

will be minutely examined, and fully described under the separate

heads of the peculiar formations of clay.

The strata of the globe resemble the leaves of a book, which

are placed upon each other in a regular and orderly succession,

The neglect of the bookbinder may omit the leaves and spoil the

whole work, or he may misplace them, and render the fabric dis-

orderly and confused. But nature commits no irregularity

—

strata are omitted, but the depositions are never misplaced-—the

beds of materials are wanting, but the place of location is in-

c
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variably preserved. It is evident that there is a general analogy
throughout nature in the succession, as there is in the character,
of rocks; but laws of a local nature interfere, and operate many
modifications in limited spots, and with much uncertainty. It is

universally admitted in geology, that the globe has been exposed
to very extensive ravages by the effects of water, and also that
the strata of rocks, after being deposited, have been disturbed by
some violent actions, which have produced upheavings, contor-
tions, rents, and fissures, which are everywhere observed. Some
theories submerge the globe wholly under water, and deposit the
strata during that period of occupation. Universal formation
supposes a uniform and level deposition of every stratum in a
regular order, and that a definite and constant order of succession
existed throughout all rocks. But, whatever identical or analo-
gous rocks may exist extensively in many parts of the world,
no one is universally continuous-^-the same rocks only occur in
many different places, and the term "general analogies" would
better express the real meaning. As the present subject relates
only to Britain, the inquiry is restricted to the stratification which
is seen in that island. In south Britain the stratification ascends
regularly, and deposits the alluvium over the chalk, which is the
uppermost stratified formation. In proceeding northwards, the
beds of deposits are very much decreased, the stratification omits
many formations, till at last the alluvium is deposited on the
primary rocks of gneiss and granite, which form the floor of the
geological staircase. In the north of Scotland the highest rockwhich
the country contains, or the old red sandstone, lies upon the gneiss,
and it supports some few patches of coal, without the intervention
of the carboniferous limestone and the other accompaniments
of the system. The lias and the oolite formations appear in a
corner of theWest Highlands of Scotland, but are so very trivial as
almost to escape notice. The alluvium and the sandstone lie upon
the granite^ and the gneiss, without the intervention of schist

or wacke : in several places the schist rises to the surface, but
does not form a prominent type for observation. Progressing
southwards, the mica schist is very largely developed, occupying
a great part of the centre of Scotland, and surrounded by troughs
of

^
the lowest sandstone. Trap rocks appear in the usual over-

lying position, and also in ridges and dykes. The border moun-
tains of England and Scotland are composed of schist and wacke,
and descend into softer forms, from the primitive deposits of Caith-
ness and Orkney. The sandstone lies round the bases, and the
coal formations appear in the north of England. The southern
stratification to the Straits of Dover exhibits the regular up-
ward progression of all the known deposits, ending with the
chalk which supports the marine tertiaries, introducing a wholly
new period of the globe, both in marine and terrestrial produce
tions. With that era a very altered system of inquiry com-
mences) and it is very curious that, in proportion as our dis-

coveries approach the present period of existence, more doubts
are raised and perplexities increased, by reason of the greater
number of materials that have appeared, and which form the
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sphere of observation. But by strict adherence to a continuous

chain of admitted conclusions, a safe course may beadopted of

steering amid the delusions of reveries and fancies.

A very curious and important inquiry arises in the geological

world,—-if the strata which are seen in south Britain have ever

extended over the northern parts of the kingdom, and being depo-

sited, if they have been swept away, converted into ruin, and so

wholly disappeared. When mountains, rocks, and high grounds

are seen not far distant from each other, with the formation to the

top of the same materials, and with a hollow space intervening in

which wholly different substances are deposited, an idea very

naturally arises in the mind that at some former time the forma-

tion of the high ground extended over the whole space; that

the intervals have been torn open by some violent energy ;
and

that the new materials have been accumulated by a subsequent

process of a more quiet operation and of a more orderly nature.

This compass of operation is called " denudation," which means

the making naked ; in relation to the under strata of rocks being

laid bare by reason of the superincumbent deposits being swept

away and destroyed. The aqueous theory of the globe supposes

that all strata were formed under water, and deposited under

cover, that the earth was wholly submerged, and that the waters

retired gradually, leaving the land bare. A very heavy pressure,

attended with a tumultuous action, may be supposed to have torn

open and scooped the valleys, and at the same time loosened and

swept away the upper strata that are missed from the occupation

of the higher positions. This denudation, or the sweeping away of

entire deposits so that other strata have been exposed, is very

generally admitted to have been done by the agency of sea-water,

and accounts for the deposit of the marine formation of clay

being found overlying the chalk or the uppermost bed of stratifi-

cation. The clay, or the earth of the decomposed schistus, had

been derived from other quarters of the subaqueous globe, sus-

pended in water, and impregnated with the viscous plasticity

of its nature from the elements of the marine fluid, and then

located by causes of which no certainty may ever be discovered.

This appearance may have happened when the globe was rendered

habitable for the organs of terrestrial life, and probably long pos-

terior to the existence of marine animals and the deposition of

the secondary strata on the earthy aggregates before mentioned.

Appearances tend to show that the submersion of the globe^has

taken place more than once; and the results now seen have

been produced by repetitions of the same process, and by the same

agents. During these operations the marine formations of clay

have been, deposited, or those beds of the aluminous earth which

contain shells or spoils of the ocean, to testify the connection with

the waters of the sea. These formations are found on the higher

stratification of south Britain, where the current of recess would

be less violent than on lower stratifications, which would be swept

bare by the strong reflux of the descending waters to a lower

level of position. The shells that are found in the lowest forma-

tions of clay, and to which they give the distinctive name of
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"marine," show an existence wholly different from the present
kinds of conchoidal life, though, in many cases, the species exhibit
a transition, or an approach, and even an identical sameness, to
the now existing genera of shells. And these deposits, being the
lowest tertiary formation, evince in these shells the commencement
of the present zoological period, as do the other diluvial relics of
the present animal life.

After having performed these operations on the newly-emerged
surface of the globe, the waters of the sea retired to their pre-
scribed limits, and the whole face of nature became the scene of
more quiet alterations, and of more orderly performances. To the
agency of marine water there had succeeded the overflowings,
washings, and quiet stagnations of fresh water, which are re-
corded and distinguished by the names of deluges and inunda-
tions, which covered the globe wholly or partially, and to limited
or indefinite heights. As in the case of sea water, a repetition of
inundations may be supposed to have produced the very deep
deposits of alluvium which are formed in many places which had
been left hollow by the marine agency, and which afforded a
ready reception to the sedimentary deposits of the fresh-water
inundations. On high grounds the beds of alluvia are thin, and
very often wholly disappear. The fresh-water deposits of clay lie
on lower grounds, but still above the dip of the marine formations,
and ^ consequently show a more recent origin; and, having no
marine shells in the body of the formation, no connection can be
traced with the ocean, or the life it contained, in the animals of
that period of the globe.

The alluvial strata show a much more orderly and tranquil system
of operations than seem to have prevailed at former periods of the
formation of the earth,—than even when subject to the immedi-
ately preceding agency of sea water, or whatever power deposited
the tumultuous assemblage of diluvial relics, which are found
in the utmost confusion, and huddled together, in some few places
of convenient resort. The marine formations of clay are found
only in the high stratification of south Britain, while the fresh-
water deposits extend over the whole kingdom, mostly lying on
every formation, from the primitive granite to the heterogeneous
beds of unstratified diluvium, and exhibiting the most convincing
proofs of comparative tranquillity, both in the preparation of the
materials and in the deposition. The absence of marine shells,
and the much less viscous nature of the texture, distinguish the
later formed clays from the deposits of marine water. These cha-
racteristic distinctions prevail over all the formations of clay, and
serve most effectually to separate the two descriptions of recognised
deposits.

Clay has been called the argillaceous detritus of glaciers by
those persons who have adopted the lately promulgated theory of
glaciers having been the chief agent in the formation of the vast
accumulations of diluvial and alluvial deposits of unstratified
materials. That theory supposes the earth to have been covered,
at some remote period, by huge masses of ice during a period of
intense cold; that a change of temperature disrupted and moved
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the glaciers, which retreated to the ocean, and in their progress the

valleys were torn open and scooped out by the weighty pressure

and the slow power of the retreating glacier. Erratic blocks,

boulders, and gravels have for some time past been attributed to

the operations of glaciers in valleys, and subsequently of water

;

and it has been supposed that the former began, and that the

latter finished, the formation, as the parent block of boulders,

pebbles, and gravels is generally found at the head of each valley,

and consequently could not have been washed in by currents, as

the distribution of the materials diverges from the great central

chains of the country that follow the course of the valleys. It is

supposed that the polished and striated surface of rocks and

blocks proceeds from the effects of glaciers, and from the contact

of moving masses of ice, and that the formations of clays, gravel,

and mud deposits, and of stratified fossiliferous accumulations,

have derived the materials from masses of ice, and have been

rearranged by water produced by the melting of the
^
glaciers.

This supposition appears to account for the great mammifers that

are found in the polar ice, and in the so-called diluvial forma-

tions.

The large polished blocks found in tills and in stratified gravels

may be supposed to have been produced by similar causes, as is

constantly shown in the detritus found in the bottoms of alpine

valleys. The terraces or table-lands, forming equal altitudes on

opposite declivities, are supposed to be accumulations of blocks and

pebbles on the flanks and terminations of the glaciers which occu-

pied and formed the valleys, and to have been successively deposited

by the melting of the ice. Though differently deposited, and pre-

senting a double talus of ridge, one to the glacier and another to

the wall of rock flanking the valley, the origin is evidently common
with the accumulation of pebbles and of blocks polished and

rounded under great masses of ice, and afterwards rearranged by

water. The marked differences of the arrangement
^
of the mate-

rials in the deposits is supposed to arise from the different action

to which they have been exposed
;
large and small fragments fall-

ing on the glaciers have been deposited promiscuously, while in the

valleys the finer part is generally on the top, from having under-

gone the action of ice and water. Uniform polish of rocks in

" situ " is produced by ice, and the striated form by the interposi-

tion of substances which produce "striss," agreeing with the

direction of the moving mass, while the effects of water are

sinuous erosions on the softer materials of rocks. The finer mate-

rials being found at the greatest distance from mountains, is

thought to support the theory of glaciers retreating from the

valleys, as the blocks and detritus are larger as we approach

elevated regions, and also that the triturating action of sheets of

ice has formed the vast group of clays, gravels, and pebbles. But

a great difficulty occurs in forming the connection between strati-

fied fossiliferous deposits and the glacier detritus, and in account-

ing for the remains of arctic animals being found in the clays

superimposed on the till, and therefore posterior to the glacier

epoch. This theory of glaciers forms a part of the great problem
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of geology : it would appear to account for the disappearance of
the organic beings of the diluvial period, and also for the disap-
pearance of the great mammifers inclosed in the polar ice ; it is

associated with the elevation of the alpine countries and the dis-
persion of erratic blocks ; and it is also intimately mixed up with
the subject of a general diminution of the terrestrial heat. But
much extensive observation, and a profound acquaintance with
facts, will be required to establish from that theory any of the
so-called certainties of geology.

The above-written theory of glacial agency may possibly be
admitted to have performed some part of alluvial deposition, in
grinding rocks to pulverization by the heavy weight of the tritu-
rating action of the moving masses of ice, by which the finer
parts became clay, and the coarser parts were formed into gravel.
It would suppose a frozen mass to have moved from the higher
grounds to the sea, and to have produced a very large quantity of
water, which operated on the upper alluvial formations after the
disappearance of the glaciers by the melting of the ice. Then it

is hard to comprehend how the deposited materials should differ
so^ very much in closely contiguous situations, and where the
originalsubstances exhibit little or no primary divarication. A
very large sphere of operation must be allowed to the agency of
water in a subsequent period of the alterations on the face of the
globe, for the very various qualities and discordant quantities
could not have resulted from the single process of the melting of
the glaciers, but rather from the varied and repeated performances
of distant periods of agency. This conclusion seems inevitable ; for
the glaciers would not contain the shells of sea animals that are
found in the marine formation of clay, nor could the melted water
impart the very viscous tenacity of texture which is possessed by
the aluminous beds of that denomination. Neither could the
single performance of a retreating and melting body of ice, how-
ever gradually and leisurely done in every stage of the operations,
commence and finish the depositions that are found in beds of
various qualities and thickness, loose and firm, incompact and
concreted. A succession and a repetition of agencies of different
qualities and powers must have been employed to produce the
vast accumulations that are heaped together, sometimes in close
contiguity, and oftener in distant localities, but still showing
evidence of the same relations of existence, and the same sources
of production. Water must be allowed the place of the chief
agent, whether proceeding from the marine collection, the inunda-
tions of fresh water, or from the melting of glaciers. No conclu-
sive theory has yet advanced beyond this generally received opinion
on the subject.

The era of the Noachian deluge is most usually assigned as the
period of the alluvial depositions On the globe. This epoch may
be received in the case of the uppermost formations of the loams
and soft earths, which occur in the bottoms of valleys, and over
the flat grounds of estuary levels. In these productions, the feeble
texture may be allowed to show a more recent construction and a
less potent agency than the more concreted formations of clay,
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which are certainly not stratified, but many are laminar, and

show the relics of a schistose structure. These deposits are the

most allied to the shales that were before described, lie deepest

among the rocky formations, and constitute a link in the chain of

progress from the argillaceous schistus to the best amalgamated

deposits of clay. Consequently the materials may have been less

exposed to the agency of water of any kind, and may have been

placed in a firm position before the period of the universal

deluge. This general inundation may have only smoothed the

surface without disturbing the deposits, and gathered, In its pas-

sage over the formations, some materials with which to im-

part a nature similar, but weaker, to the new alluvial

aggregations that were formed of heterogeneous substances. In

this way the more mixed nature of the upper clays, their weaker

texture, and generally their better quality for use, is accounted

for.

It is evident that the upper clays, or the most recent formations,

have been subjected to very different agencies from the first beds

of that nature which occur in the softer rocks of decomposition.

In many places the denuding powers of water had swept from the

original position the huge masses of strata, which were again

replaced in positions of tranquillity in a very altered form, after

having received from the watery element constitutional qualities

that were before unknown, and being dispossessed of the original

properties of their nature. This is the general result of physical

agencies ; and though water is not a violent operator, yet its

continued action has produced many altered forms and discordant

qualities, in most instances of an intimate exposure. The alumi-

nous plasticity has not been expelled, but very much modified ;

and the whole texture bears the marks of a washing or ablution

in a lenient menstruum, which has, by the continuance of slender

efforts, reduced the viscous adhesiveness and conferred a ^milder

tenacity. The shales of the secondary strata of deposits are

impregnated with alum, bitumen, and other substances that ap-

proximate to carbon and lignite ; and when decomposed into clay by

the agency of water, these elements bestow the distinctive cha-

racter on the earthy formation. The general inundation had not

penetrated the beds of these deposits that were deeply seated

before the time of its occurrence, and the primitive nature of the

substances would remain unchanged. So far there are evidently

different periods of convulsion.

The powerful agency of an agitated fluid in a state of retroces-

sion must be recognised in every consideration of the form of any

large portion of the surface of the earth, or of reflection upon the

nature and disposition of its alluvial tracts. The course and

moulding force of its vast and extensive power are everywhere

betrayed by the abrupt and curved outlines; the fractured

sinuosities of glens, defiles, and valleys ; the salient and re-entrant

angles; and even by the plains, which seem to terminate the

labours of nature's agony in the throes of production. The

gradual degradation produced by the influence of the atmosphere

and the current of streams, seems to be wholly inadequate to
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produce such effects. In whatever way the solid crust of the
globe has been formed, or however numerous may have been the
agents made use of in producing it—whether its existence be due
to .Plutonian or Neptunian action, or to agencies yet undiscovered
or unknown—every diluvial fact, or every certain demonstration
aboiit the chalk, concurs in denoting one inundation which over-
whelmed the solid mass of the globe ; and unless we admit that
that inundation was not only universal, but that it was the last
catastrophe to which the earth has been exposed, it is impossible to
explain those phenomena which have been already ascertained
and which are daily occurring to observation.

'

Very widely extended deposits of clay are found lying on strata
that are wholly different from the argillaceous type, and which
irom that circumstance, exhibit a very strong proof of the ao-encv
of some transporting power in arranging the upper materials of
the globe These formations of clay have been attributed to the
detrition of rocks which had been placed in these situations, and
which have entirely disappeared from view. This theory has been
obscurely and rather hiddenly developed, and has not been much
handled

;
it shows an effort to account for appearances from

entirely unobserved causes, and begins a course that cannot be
admitted into a legitimate train of reasoning. The supposition ofunknown powers of agency producing results from existing: ma-
terials seems not to be denied in any speculative inquiry ; but
the notion is very different respecting ideal materials, on whichknown or supposed actions are allowed the exertions of their
power and m such a degree as altogether to banish existence,
it would account for some few thin deposits in which the elements
are not very discordant, and may be allowed to alter the com-
plexion of the formation where the visible elements are very
ditterent. But the general application must be very vague and
unsatisfactory, and it has only been used for some level inland
districts where the diluvial beds are not found, and the alluvium
is not very abundant. Scarcely more than the one case has been
mentioned of the rich dark brown soils of Scotland, where, in the
central districts, the agency of water would have less extent of
operation than m valleys along the sides of rivers, and by the
mouths of estuaries, where the flux and reflux of the fluid would
have an uncontrolled access. The soil resembles the decomposition
ot trap rocks or ancient lavas, and, by a stretch of theory, similar
substances are thought to have existed to produce the analogy of
materials. But such reasoning often leads to the most fallacious
results.

Clay has thus been traced step by step from the first appearance
as veins or thin beds m the rocks of soft granite and gneiss, in
the gradual ascent to the terminating deposits left by sea
and fresh water on the face of the globe. The first decompo-
sitions are done without exposure, and caused by the universal
law ot natural^ decay, or the tendency of substances to change
state or condition. The rocks, in ascending from the granite,
quickly assume the schistose structure, or the formation of slates
or thm cleavages. The fourth rock from the granite is called the
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argillaceous or clayey schistus, as it moulders into the earth that

has got and preserved that appellation. From this rock, which is

not an extremely hardened primary formation, have been derived

the materials that form the shales of the secondary strata, which

express the condition of the schistus in a softer state, and are

found to be impregnated with other substances that had now come

into existence. These shales or schistose aggregates decompose

into the earths of clay which compose the first exhibitions of the

aluminous bodies that are reduced to cultivable utility. The suc-

ceeding denudations and inundations which have swept and over-

whelmed the face of the globe, have collected materials from

these formations of the argillaceous type; have washed and

cleansed the substances; have transported the accumulations to

various places ; and located the deposits upon principles concern-

ing which no certainty can ever be arrived at. A closely traceable

connection is thus formed through every gradation of the ascend-

ing series of deposits.

The shales form by far the most important part of observation

in the consecutive formations of clay. They appear in association

with the old red sandstone, which forms the base of the carboni-

ferous system, and the first rock that relaxes from the hardness

of the primary crystallization. The shale of that sandstone

deposit is found in a fissile and tenacious condition, and serves for

roofing-slate and flags. In the coal series the strata are large,

lying above the deposit of carbonized matters, the clay is hardened

into a stony consistence, and so much impregnated with bitumen

that it becomes somewhat like a coal. The shale, being calcined,

emits an acid, which unites itself to the argillaceous earth of the

shale, and forms alum ; the aspect and hardness vary much, and

the clays are equally various, containing argillaceous iron-stone

in such large quantities as to form the principal supply of ore

for the iron foundries. The coal and the accompanying strata

contain pyrites, and with the galena and blende in the ironstone

form the not unfrequent cause of spontaneous combustion. A
conglomerated structure everywhere throughout nature accom-

panies a new order in rocks, which is very abundantly visible with

the commencement of the carboniferous series of deposits. The

clay schist assumes the name of shale, and is found intermixed

with many substances which had appeared in the new formation

of rocks. The ascending series of coal, from the primary anthra-

cite to the lignite and peat of the alluvial deposition, everywhere

confers qualities that are inimical to vegetation, and hence all the

clays that are in direct association with the carbonized matters

and mineral oils are of very inferior quality. The slate clay or

shale of the coal measures differs from clay-slate by ifcs less solid

and indurated state, and is known by different names, as black or

blue metal, shale, clunch, cleft, bind, &c. Shale is sometimes

restricted to a variety of schistus, or the bituminous and aluminous

slaty structures ; but it is much more economically used to com-

prehend every formation of clay that is found above the old

red sandstone, which forms the base of the carboniferous series of

deposits. Every succeeding formation has its accompanying
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shale, or clay that attended its decomposition, and which is found
to derive its character very much from the chief ingredients of the
formation, which are always found incorporated in its substance
in a greater or less degree. Hence the quality of clay is ever to
be observed from the associations of its formation; the primitive
schistus is much more advanced in cultivable quality than the
shales of the carboniferous deposits, which are impregnated with
bitumen, and are associated with the continuous progression of
that noxious element. The clays found interstratified with the
secondary deposits are of a repulsive quality as regards vegeta-
tion, and very^much inferior to the primitive decompositions, and
to the formations of clay that have happened above the chalk.
In the first case the noxious elements had not appeared, and in
the second were absent, and supplied with other agencies.

In some places the shales of the secondary series form very ex-
tensive strata, and rise into ranges of hills and mountains, as in
Derbyshire and in the Orkney Islands of Scotland. The surface
of the strata is of a softer and more shivery texture than the
shale which lies deeper. It wastes by its strong acid the ore of
lead, and corrodes and destroys all minerals near it except iron or
coal, of whose vitriol it partakes. In the sandstone series of
Caithness and Orkney shale forms two parts of a common deposit

;

in the latter situation many extensive tracts of shale occur,
covering a great surface, and reaching to so great a depth,
uninterrupted by sandstone, as to be computed at the thick-
ness of 700 or 800 ft. There it occupies a conspicuous
place among the secondary strata, and claims the rank of an
independent rock. The features are invariably tame. The few
hills are rounded and unmarked by protruding rocks or abrupt
declivities, and often as flat as the sea which surrounds them.
Yet some few abrupt vertical cliffs are as durable as the sand-
stones of the same position. The texture and composition of
shale point it out as the parent of deep and fertile soils ; but the
conglomerated mixtures of the secondary strata are so varied and
abundant, that an integral quality can seldom or never be found.
In the era of these deposits acids and salts had come into an
active abundance, and entered into very extensive combinations.
It is on this account that the shales require so much accurate
investigation, as affording, in a majority of cases, the elemental
composition of the clays of future description.

CHAPTER III.

Clays from the Shale.—Lias Clay.—Clunch Clay.—Kimmeridge Clay.—Cul-
tivation of each Soil.—Rotations of Cropping.—Manures, .Draining, and
Value of the Land.

The sub-aerial deposit of the finely pulverized fresh-water allu-
vium forms the uppermost stratum on the face of the globe, and
is constituted of terrestrial elements with the exuvise of organic
life. From this platform of the upper story of the terraqueous
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building, a ladder, placed in the usual slanting direction, conducts

the inquirer to the floor of the globe, which is formed of primitive

granite, and the descent leads through all the intervening forma-

tions—diluvial, secondary, and transition. But a ladder affords too

quick a passage through the maze of creation, and an insufficient

time is granted to satisfy curiosity, and to verify the ascertained

facts. A staircase is much more eligible, which in its windings

visits a larger extent of space for observation and inquiry; and

during the ascent, landing and resting places are sometimes formed

which afford the leisure of thought and reflection. In ascending

this staircase, the passage leads through all the deposits, and

finds the first cultivable argillaceous stratum in the

Lias Clay,

which forms the basis of the oolitic deposit of limestone, and lies

on the variegated or the second formation of sandstone. The

word is the " K3, ligap vliaf " of the Anglo-Saxons, meaning

flames, as the formation is often very bituminous, so as to induce

the belief of coal, and the iron pyrites which is very abundant by

its decomposition and action on the argillaceous strata, produces

an efflorescence of the aluminous sulphate so extensively wrought

at Whitby ; to the same cause must be ascribed the spontaneous

inflammation often observed in the cliffs near Charmouth, Dorset-

shire, Ansted gives the derivation from a provincial corruption

of the word " layers," in allusion to the laminar slices of the for-

mation both in a rocky and earthy condition. This clay is the

shale of the lowest oolitic deposit of limestone, or the argillaceous

accompaniment of every formation that has happened above the

old red sandstone, which marks the transition from a crystallized

condition to an earthy state of the composition of the globe. The

lias constitutes the basis on which the whole oolitic series reposes,

and its specific gravity may have procured it the lower position of

the deposit by the watery fluid. The clay is more than usually

schistose in structure, and calcareous matter in very minute

particles is abundantly intermixed, as to form thin beds of lime-

stone that are separated by narrow argillaceous partings ; the

quarries of the rock assume at a distance a striped and riband-

like appearance ; the limestone beds towards their centre, where

most free from external mixture, contain more than 90 per cent,

of carbonate of lime ; the residuum has never been distinctly ana-

lyzed, but appears to consist of alumina and iron, and in some

varieties traces of silex have been found. Towards the edges of

the beds, however, where they come in contact with the alter-

nating strata of clay, the proportion of alumina is, as might be

expected, more considerable. This limestone is particularly

characterised by its dull earthy aspect, and large conchoidal frac-

ture ; in colour it varies, in different beds, from light slate blue

or smoke gray to white ; the former varieties usually constituting

the upper, the latter the lower, portions of the formation. The

blue lias, which contains much iron, affords a strong lime, distin-

guished by its property of setting under water ; the white lias

takes a high polish, and may readily be employed for the pur-
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poses of lithography. The slate-clay with which the lias alter-
nates is gray, brown, or black; is frequently bituminous; and
readily divides into laminae as thin as common pasteboard. The
clays of the lias deposit are more or less laminated, and includem the lower parts layers and nodules of generally argillaceous
limestone, and m the upper bands and strata, ferruginous, cal-
careous, and arenaceous, which strongly resemble the bottom of
the lower oolite formation. A partial graduated mixture has
taken place during the deposition, and been prepared by the sedi-
mentary precipitation of the clay from the lime.
The lias is not rich in earthy or metallic minerals : layers and

masses of jet are frequent in it, especially in the northern part of
its course, and iron seems to be the only metallic substance, which
occurs m layers under the form of clay ironstone, or disseminated
through the mass in the form of pyrites, but never constitutes a
mi
T™l -

Ve111, Galena and blende are said to occur in it near Bath
and Whitby, sulphate of barytes near Gloucester, and sulphate
of strontian at Watchet. Chert is abundant, both in the lower
and upper limestones, yet siliceous matter is rare in the formation
of clay, though it is seen in South Wales, where its fossil, the
gryphus, is coated with chalcedony

; but chert occurs in the lias
of Watchet, and the lias contains veins of chert also near Cow-
bridge in South Wales.
The organic remains contained in the lias are peculiarly in-

teresting, and afford a rich field for observation ; the animals of a
higher order, the vertebral class, are in greater number than is
exhibited m the list of any other formation. Two very remarkable
extinct genera of oviparous quadrupeds, evidently belonging to
the same class with the great natural order Lacerta or lizards
are found m the argillaceous bed, to which has been given the
name of Marine Lacerta. They appear to hold the same place
with regard to recent Lacertce, that the Cetacea do to other mam-
malia, andform a division of the order Lacerta. The investiga-
tion of their comparative anatomy has laid open various new and
interesting links in the chain of animated nature, forming the
connection of the fishes and the mammalia, as being vertebrated
and provided with legs, which latter appendages form a large
step m the advance of creation. Bones and palates of the turtle
have been found in this formation, and fish of several species also
occur m its strata, but are of extinct genera. Leech-like teeth
have been found, and also those of the shark. The existence of
the crocodile is doubted, but is not improbable. Crab-fish occur
in one or two species. The testaceous mollusca are very numerous
both univalve and bivalve. The vegetable remains are of fossil
wood occasionally silicified, and several species of ferns and flags.
The has formation has been designated as marking the reptile

period of the globe, and forming a large advance in the scale of
organized life. Though the genera are extinct, they are shown to
have existed, and may have been somewhere preserved, again to
appear m a somewhat altered form when the earth had undergone
the prescribed revolutions to suit the changes of life. The alum
shale of Yorkshire belongs to the lias formation, which affords the
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manufactory of alum at Whitby, and bitumen appears so largely

with the deposit as to have induced several trials for coal. A general

tendency to an argillaceous type belongs even to the limestones

of the lias formation, and the clays exhibit a schistose structure

that is not so much observed in the preceding geological forma-

tions. This circumstance shows the derivation of the deposit from

the " schist" of the older formations, and that the changes of the

materials had not been sufficient to remove the fancient structure.

These peculiarities continue till the attention is directed to the

strata above the chalk, when solid layers of any kind wholly dis-

appear, and the materials are blended in the most reduced form

and irregular deposition.

The lias formation stretches across the breadth of England from

the coasts of the German Ocean in Yorkshire to those of the Channel

in Dorsetshire. The northern limit commences in lining the coast,

and underlying the mountains of the eastern moorlands, from the

Peak alum-works of Whitby nearly to the Tees mouth ; sand and

sandstone compose the moorlands, and probably belong to the in-

ferior oolite. Southwards from the mouth of the Tees, the lias

ranges beneath the west escarpment of the eastern moorlands,

passes York on the east, and crosses the Humber a little eastward

of the junction of Trent and Ouse, stretching onwards beneath the

scarp of the low oolite range of Lincolnshire to the Wold Hills of

Nottingham and Leicester, and the celebrated quarries of Barton-

upon-Soar, whence it continues, still regularly accompanying the

scarp of the hills formed by the inferior and great oolite, through

the counties of Nottingham, Warwick, and Gloucester. The

average breadth is about six miles, bounded on the south-east by

the oolites, and on the north-west by the red marl. From within

a few miles south of Gloucester, the eastern limit still continues

to accompany the oolitic ranges through Somersetshire to the

coast of Dorsetshire, being its line of junction with the superior

formations ; its western limit becomes very irregular, feathering in

and out among the coal fields which occur towards the estuary of

the Severn, and the upper part of the Bristol Channel in Glouces-

tershire, Somersetshire, Monmouthshire, and Glamorganshire^ and

attended by numerous outlying masses. Leaving these intricate

districts, the lias advances regularly to the south, and beneath the

oolitic ranges through the south-east of Somersetshire into Dor-

setshire, where the overlying strata of green sand cover and con-

ceal it, forming the high ranges of the Blackdown Hills. The sands

in this quarter extend successively over the edges of all the

inferior strata as far as the red marl. The lias is laid bare by

denudation in all the eastern valley of the chain of sandhills, and

may thus be traced to the coast of the channel, where, in the neigh-

bourhood of Lyme, it is displayed in a range of cliffs extending

about four miles, and sinking at length beneath a covering of the

inferior oolite and its sand. The stratum is best examined in the

cliffs of Whitby in Yorkshire, at Westbury, in the estuary of the

Severn in Gloucestershire, at Watchet in Somersetshire, at Aber-

thaw in Glamorganshire, and at Lyme in Dorsetshire.

The lias formation generally constitutes broad and level plains
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at the foot of the oolitic chain of hills. Argillaceous formations
mostly occur in low tracks in the present configuration of the
earth's surface—a circumstance which may be attributed to their
having offered less resistance to the denuding causes which modi-
fied the inequalities of that surface, than to anything connected
with their original formation. The lias is seen to occupy a con-
siderable portion of the slope of the oolitic escarpments, and in the
midland counties particularly, owing to the action of currents of
water, detached portions of oolite crown the summits of many in-
sulated masses of the upper lias shales. The plains of the lias are
sometimes diversified with low ridges, and a slight escarpment
may often be traced following the lower limit of the formation.
This escarpment is most conspicuous on the borders of Notting-
hamshire and Leicestershire, where it forms a well-marked range
distinguished by the name of the Wold Hills. Near the Mendips
the lias sometimes occurs on the brow of tolerably steep escarp-
ments, but its maximum of elevation probably falls short of 500 ft,
above the level of the sea.

The thickness of the beds in the midland connties is taken as
between 400 and 500 ft., from the joint consideration of the dip of
the beds that constitute the formation and their horizontal extent
together with the relative levels of its superior and inferior limit!
The inclination of the strata is very small, not exceeding 40 ft. in
the mile, and is in a south-easterly direction, conformably with all

''

the strata ranging through the island from north-east to south-
west

; but it is occasionally much disturbed and affected by the
ridges of mountain limestone and older rocks in Glamorganshire
and Somersetshire. But such disturbances are always partial
and limited, and the general character of horizontal stratifica-
tion always prevails. Near Watchet these disturbances produce
an appearance of alternation in the strata of lias and red rock
marl.

The water in springs is generally thrown out by the marl
above the lias, near its junction with the lower beds of sand under-
lying the inferior oolites, and it is therefore doubtful to which of
the formations they should, with most propriety, be referred.
Several mineral waters, as at Bath and Cheltenham, are thus
situated. When completely within the district of the lias marls,
water, excepting the ground springs, is only to be procured by
sinking to the bottom beds.

^
The lias formation of clay exhibits a surface ground of cultiva-

tion in Dorsetshire, commencing at Lyme Regis, and extending
into Somersetshire, by passing under the unconformable sands of
Blackdown. Insulated masses of green sand frequently cover the
lower oolite and lias, and render it difficult to trace the lines of junc-
tion or extent.

^
In Somersetshire it surrounds the irregular eleva-

tions of carboniferous limestone, and advances regularly beneath
the oolitic ranges through the south-east part of the county,
where it enters from Dorsetshire. The vale or low ground of
Gloucestershire is formed by the lias clay, and also the vale of
Belvoir, in the county of Rutland, where the lias is separated from
the great oolite by the red or reddish-brown ferruginous sands;
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and these are covered by vast accumulations of transported

gravel, near their junction with the lias, just on the western border

of the county. The lias occupies the eastern side of the county

of Leicester, and skirts the valley of the Soar at the distance of

two or three miles eastward from that river. The eastern and

south-eastern border of the county of Nottingham is chiefly oc-

cupied by the lias, which is connected with Belvoir by the west

of the river Smite. In Lincolnshire, the strata of lias occupy the

intervening valleys between Grantham and Newark. The eastern

side is conterminous with the oolite formations, from beneath

which the lias crops out ; it pervades nearly all the western side

of the county, advances to Lincoln, and hence to the Humber,

where it terminates in a space of two or three milesim width. In

Yorkshire the lias forms the aluminous shales of Whitby belore

mentioned, and also the base of the lofty cliffs of Staithes, supports

the high moorlands of the carbonaceous sandstones and shales,

and continues to the south under the Wold Hills Not much

surface-ground occurs for cultivation. In Warwickshire the for-

mation of lias is large, extending over a great part of the county

from Aldminster to Upton and Stretton-on-Dunsmore, and lorms

a range of high ground from Bath Hill to Dunsmore Heath, lhe

lias caps several hills to the north-west of the Avon and between

Stratford and Henley-in-Arden. The valley of the Stour and the

vale of the Red Horse are occupied by beds of the lias formation,

and are frequently referred to in agricultural works. In the county

of Worcester the lias formation is found at Pershore andEyesham,

and in the vales watered bytheAvon ; it extends from Fisher s Green

to the limits of the county near Tewkesbury. In the county ot

Glamorgan, in South Wales, the lias is extended m the formations

among the dislocations of the old red sandstone, as on the opposite

side of the Severn among the coal fields of Somerset arid Glou-

cester. The vale of the river Ely, which is on the old red sand-

stone, divides a double chain of mountain-limestone, and the

valley exhibits several lower ranges formed by up-fillmgs of lias,

commencing about five miles west of Llandaff, whence, with some

interruptions, they accompany the Ely to its junction with the-

channel near Penarth Point. It again appears m Barry Island,

and continues to skirt the coast in a westerly direction for M teen

miles to the mouth of the Ogmore River, forming a range ot bold

cliffs, among which is the little harbour of Aberthaw celebrated

for the lime it exports, which has the peculiar property of setting

underwater. These cliffs stand directly opposite those of Watchet,

on the Somerset coast. . ,

As the oolite rests upon the sandstone which overlies the coal,

the lias, being the base of the formation becomes very much

entangled among the coal basins of South GlouceBter, North

Somerset, and the Forest of Dean. The lias and the subjacent

horizontal beds are seen filling up, near Bristol, and between

that city and Bath, the interior of the basm that is formed by the

strata of the encircling mountain-limestone and old red sandstone,

which are raised into bold and precipitous ranges of hills, among
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which the strata of the coal measures are often highly inclined.Beyond the edge of the coal basins, the beds are s?en at Pyrtonand Aust passages, and numerous other points along the estuary

lfejH' bJ which the first coal fields are separated from
that of the Forest of Dean The interior of this coal basin isthroughout too elevated to admit any filling up of lias ; but thatrock is to be found abutting in horizontal strata against thesouthern edge of its exterior ridges in Gloucestershire near themouth of the Wye and m Monmouthshire on the south-east of
-Newport, also at Godcliffe on the Bristol Channel
The has formation of clay affords a soil that is well adapted for

pasturage in which ***** greater part of that kind of land
is retained The natural herbage is not of the richest quality, andranks much behind that of the clayey loams of Market Harborough,and the alluvial pastures of Lincolnshire. But the pasturage isthought to tend much to the formation of curd, and the name of
cheesy ground

^

has got a currency in the language of the dairy-man, as expressive of its value in that respect. The herbage
tends to softness and flaccidity, suits pasturage rather than hay,
a,nd it wants the rigidity of the upland, as well as the luxuriant
richness of the lowland qualities. The pasture is the first quality
of the second grade of grass lands.

U J

The occurrence of the lias clay in an arable condition is not
trequent, and the value m cultivation falls below the condition
of grass as the ground of best quality is generally kept in pas-
ture The soil can be ploughed by swing ploughs of a strong
construction and best by the strength of three or four horses inthe winter furrow, and by two horses during the summer opera-
tions of fallowing the land, which is imperatively necessary toprepare the land for future crops. Root plants are wholly in-
admissible. In most cases, but not in every instance, the landcan be moved m the spring to admit of some preparation for thecrop of beans

; the furrows are reversed, the soil is wrought bvthe alternate operations of the grubber lengthwise and across,and drills are formed 27 in. apart, by a single furrow of thecommon plough
; the beans are sown by machine, or by hand,and the drills are harrowed to a level over the dung (if anyjthat was spread m the hollows of the ridglets. Horse-hoeing andhand-hoemg are thus most fully admitted. Where the textSre ofthe soil does not allow the movement of the land in the spring

the surface is deeply and severely harrowed, across which ruts aremade by one-horse ribbing ploughs, in which the beans grow in
drills that admit of hand-hoeing, and the work of a narrow horse
scanner, notations are here given : .

1st year
2nd
3rd

4th
5th

Fallow.

Wheat or oats.

Clover.

Beans.

Wheat.

Or- -lst year
2nd
3rd

4th
5th

6th

Fallow.

Oats.

Beans.

Wheat.
Clover.

Oats.
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In the pasturage fashion

:

1st year . , . . Fallow.

2nd „ .... Wheat.
3rd „ .... Clover.

4th „ .... Pasture.

5th „ .... Oats.

6th year .

7th „ .

Beans.

Wheat.
Or-

5th year .

6th „ .

Beans.

Wheat.

Oats are not profitable on meagre clays ; the plant requires a

strong loamy adhesiveness, attended with a large openness of tex-

ture. The crop is often inserted for the sake of variation. Peas

are excluded by the strong clamminess of the soil, and the failure

of the crop renders the land foul with weeds, almost beyond re-

demption.
The quantity of lime applied to an acre of fallow land should

not be under 200 bushels, and used along with farm-yard dung,

which is the sole manure that the land admits to impart any

benefit. The draining may be at intervals of five yards, the

gutters cut and filled as before directed in the draining of clays.

The grass seeds to be sown for pasture are as under, for
1 an acre

of ground:

—

Ray grass . . . J bushel. Dogstail . . . 4 lbs.

Cocksfoot . . . i „ Red clover . . . 6 or 8 lbs.

Meadow fescue . 4 lbs. White clover , . 4 lbs.

Meadow catstail . 4 „

These seeds, being very intimately mixed, must be sown by a

broad-cast machine on a finely-harrowed surface of ground, that

is again harrowed to cover the seeds, and finished by a heavy

rolling.

The lias clay is best seen in its characteristic state in the coun-

try between Bath and Bristol, where it is found in narrow valleys

and not very wide extents of flat ground, and is very much inter-

laced among the disturbances of the underlying coal formations,

and the surrounding ranges of the carboniferous limestone and
old red sandstone. The clayey strata constitute the " fillings-up

"

of the Wernerians, by which the hollows occasioned by the irre-

gular eminences and angular elevations of the rocky strata have

been filled, and comparatively reduced to a level, by means of an
earthy shale that has been reduced by an aqueous agency to the

state of decomposed and plastic materials. In that locality, the

rock of the lower oolite is well exhibited in the sandstone of Bath,

which rests upon the lias, and supports the upper deposit of the

same formation. The northern direction of the oolitic series of

strata exhibits throughout the whole course a regular tendency

to modifications and alterations of the attending argillaceous de-

posit ; the quality of the clay is better in the midland counties

;

and in Yorkshire, where the formation terminates, its nature is

wholly changed into an aluminous shale. The gault is similarly

changed from the type of Surrey in the red sands of Reigate and

Bletchingley, when it is found at the bottom of the chalk hills of

Cambridge and Huntingdon. The denudations have been dis-

similar, and the subsequent inundations have effected different

purposes. The London clay varies when placed beyond the basin
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of the metropolis, and the plastic formation loses the primitive
quality beyond the chalk range of the Northern Downs. Each
formation enjoys the choice locality of its inherent type, and be-
yond it a variety of causes has concurred to change its nature
and at last annihilate its existence. This fact attends the parti'
cular consideration of every cultivable stratum in Britain.
The ascent of the geological staircase finds the next landing

place on the platform of the

Clttnch Clay,
which occupies the moist valleys of the middle deposition of the
oolitic rocks. That vast argillo-arenaceo-calcareous mass is
divided into three systems—the lower, middle, and upper, and each
is attended by concomitant beds of argillo-calcareous, and calcareo-
siliceous deposits, which divide the systems by their intermediate
positions, and all the formations have characteristic local distinc-
tions in their organic remains. The low vales occupied by the
clays, which intervene between the rocks of the several deposits,
have undoubtedly been caused, at least in part, by the erosive
action of water

; but, to whatever extent this principle is applied in
explaining the present inequality of the earth's surface, and what-
ever aid is received for the established data of local elevation,
these limited agencies always leave unexplained the general fact,
viz., the regular altitude of continuous ranges of hills with uni-
formly declining planes, and no particular marks of convulsion,
which overlook extensive undisturbed plains of older strata.

;
The clunch clay derives the name from the "chinches," or the

indurated lumps of clay, which are found in the beds of the argil-
laceous mass, and which, being frequently bituminous, resemble
the lumps which miners find next the coal, and have named by
the above term. The formation is very deep, of a tenacious and
adhesive clay, of a dark blue colour, becoming brown on exposure,
and containing argillo-calcareous geodes and septaria, and some
layers of a chocolate-coloured shale. The septaria, from an ob-
vious analogy, are frequently termed turtle stones, and the geodes
are employed as coarse marble. The argillaceous strata are fre-
quently mixed with calcareous, and sometimes with bituminous
matter, affording in the latter case an inflammable shale, which
in varieties constitutes the origin of the clay. The lower part of
the formation occasionally contains irregular beds of limestone,
which, from their partial occurrence, can only be considered as
subordinate to it. These have been noticed at Kelloway Bridge,
near Chippenham in Wiltshire, and hence have been called the
Kelloway rock. This stone occurs in irregular concretions, the
exterior aspect of which is brown and sandy, the interior being
harder, and of a bluish colour. It consists almost entirely of a
congeries of organic remains, among which several varieties of
ammonites are predominant. The beds of clay which immediately
cover this rock abound in selenite, and below it are found a brown
aluminous earth and bituminous wood. Beds of clay separate
the Kelloway rock from the oolites of the next division. In York-
shire the clay is less tough and more generally laminated, gra-
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dually changing in quality to the Kelloway rock below, and the

calcareous grit above. The limestone is only used for mending

the roads, and, as there are very few excavations for this purpose,

it is difficult to trace its course ;
they occur chiefly m Wiltshire,

and at one place in Somersetshire.

Iron pyrites and selenite occur abundantly m this clay, as m
all argillaceous formations. The association of sulphur with the

clay strata leads to the inquiry whether mineral waters are derived

from the beds immediately contiguous to the Kelloway rock.
^

The organic remains differ from the lias in the bones ot ovipa-

rous quadrupeds. They are rare, and show an entirely different

species. The shells are both univalve and bivalve, chambered

and not chambered. The limestone is distinguished by peculiar

bivalves, which do not occur in the clay.
m

The depth of the clunch clay is ascertained to reacn 70U It.

in the midland counties, and cannot be much less in the south-

western. The general dip of the formation appears to be to the

east and south-east under an angle scarcely, if at all, exceeding

one degree, except in the elevated tract north of Weymouth, where

the direction and dip change, and the angle is offcen as high as

30 decrees.

Water is found by sinking through the whole formation. The

work is laborious, and often unsuccessful. Mineral springs occur

in the course of the formation of clay ;
but, perhaps, their true

seat is the upper bed of the subjacent oolites. The stratum is tor

the most part extremely low, and the eminences are nowhere

considerable. Valleys contain the greater part of the deposit.
#

The uncertainty which yet prevails concerning the true divi-

sions of the oolitic formations which appear in Yorkshire, prevents

the absolute decision concerning the course of this formation at

the north-eastern termination of the diagonal zone which it forms

across the country. It seems certain, however, that the clay

occurs on the coast of that county, near Filey Bridge, underlying

the calcareous grit of the coral rag formation ;
and it probably

forms the greater part of the vale lying along the Yorkshire

Derwent, as far as New Malton, and intervening between the

chalk and oolite hills. On the coast of New Malton, the chalk

advances close to the oolite hills, and overlies the argillaceous

South of the Humber the clunch clay is traced in a southern

direction, through Lincolnshire, following the course ot the

Ancholme navigation and the Witham river, to Boston, lne

formation is very narrow in the north, and becomes wider as

it proceeds southward, until it disappears beneath the vast allu-

vium of the fens. It forms the substratum of the western portion

of the Cambridgeshire fens, and those which border on Hunting-

donshire. Hence it has been called "Fen clay." Its breadth

near the Humber is three miles, east of Lincoln about fciteen

miles, and between Sleaford and Spilsby twenty-five miles ;
but m

this part it is partially covered by the marshes of the Witham.

It occupies the valley of the Ouse through Bedfordshire, and a

large extent in the county of Huntingdon, which forms the sepa-
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ration between the middle and lower assemblage of oolites. The

L
0S
^n!

1S^lj horizontal, a*<* the depth has been ascertained
as 500 to 700 ft. From Bedford to Oxford the breadth is about
five or six miles, and often less. West of Oxford it occupies the
valley of the Isis as far as Cricklade, crops out from beneath the

rAr\anVfCTC. tlie middle Parfc of the county as far as
Bicester, Woodstock, Witney, and Bampton, near which towns the
line of junction between this and the subjacent formations maybe traced From^ this .large extent the argillaceous deposit has
been called « Oxford clay," and the tract of country is for themost part low and flat. In Buckinghamshire the clunch clay
rises from under the Aylesbury limestone, and extends to thetown of Buckingham, and to the north-west of Stony Stratford
and Newport Pagnell. From Cricklade the clay bends to the east
of Malmsbury, traverses Wilts in a south direction, following the

^Q Ay
j?
n

>
past ChiPPenhani, to Melksham, having a

breadth of from five to eight miles, and being always bounded by
the escarpment of the coral rag on the south and east, and by the
rise of the hills formed by the subjacent oolites on the north and
west J^rom Melksham its course continues south, through Somer-
setshire and Dorsetshire, passing by Wincanton and Sturminster,
°n the south of which it is overlaid by the great western exten-
sion of the chalk and green sand. In this part of its course it is
not more than three miles across, and has always the subjacent
oolites on the west and the coral rag escarpment on the east,

formation^
Wmcanton

>
where the Sreen sand advances upon this

The formation reappears in the south of Dorsetshire, in theWeymouth denudation, where its course is sufficiently indicated
by tnat of the coral rag, since it occurs interposed between the
central nucleus of the subjacent oolites and the collateral chains
or that rock.

The chief development of the clunch clay is in Oxfordshire,
and m the county of Lincoln, where, along with some few other
localities the surface ground is reduced to arable purposes. The
general character is a cold and intractable clay, not so favourable
to grass as the lias formation, and little or no better in its quality
lor the production of crops. It exhibits more proofs of the indu-
rated shale of the " schist," which forms the type of the argil-
laceous deposits, and the composition is less bituminous and coaly
as being a step farther removed from the carboniferous formations!
lne texture excludes green crops, and is not favourable to the
proper cultivation of beans. But in many cases, or mostly in all
the land can be moved in the spring in preparation for the crop of
beans, which are sown in drills of 27 in. apart to admit the
horse hoe. The work is done by the grubber lengthwise and
crosswise, after one ploughing from the winter furrow, when the
drills are opened by the common plough, the dung deposited, the
seeds sown and the drills reversed by the same implement.
When the adhesive quality of the soil does not admit any move-
ment of the land m the spring, the surface is deeply and severely
harrowed across the winter ploughing, on which ruts are opened



OLAY LANDS AND LOAMY SOILS. 45

by one-horse ploughs to receive the seeds, or the beans are de-

posited by the drill machines that are provided with long coulters

which make ruts in the ground, and the work is covered by a bush
harrow. Where the land is of good quality, and free from weeds,

the dung may be laid on the stubble in the late autumn or early

winter, and ploughed into the ground by the winter furrow. The
surface is harrowed in the spring, and drilled across, as before

directed.

The rotations will be best in cropping as under :

—

1st year

.

2nd
3rd

And—
1st year

.

2nd
3rd

Or—
1st year
2nd
3rd

5>

}}

( Fallow, dung
*

( and lime.

* Wheat.
, Beans.

( Fallow, dung
*

( and lime.

. Wheat.

. Clover.

* , . Fallow.

• • . Oats.

. . . Beans.

4th year
5th
6th

4th year
5th
6th

7)

Oats or wheat.
Clover.

Oats.

Oats.

Beans.

Wheat.

4th year .

5th
6th

The pasturage system will be

—

1st year . . * . Fallow.

2nd Wheat.
3rd
4th

Clover.

Pasture.

5th year .

6th
7th

Wheat.
Clover.

Oats.

Oats.

Beans.

Wheat.

Farm-yard dung is the only manure that is admissible, except

the usual pulverised top-dressing on the spring crops, and the

quantity of lime applied to the bare fallow should not be under
150 bushels an acre, and done in every third return of the ro-

tation. The draining to be performed with an interval of five

or six yards between the cavities, placed and filled as before

directed. The seeds of grasses to be sown for pasture are as

under :

—

Per Acre.

. . 4 lbs*

. . 8

Ray grass . .

Cocksfoot . .

Meadow fescue

Catstail . . ,

Per Acre.

| bushel.
i

4 lbs.

4

Dogstail . „

Red clover .

White clover

.

Clay lands should be ploughed in November or December,
with a furrow of seven or eight inches in depth, by five or six

inches in width. The subsequent ploughings may be done by two
horses, and the furrows must be narrow, so that no land remain
unmoved. A strong close-tined grubber may be very beneficially

introduced in one or two operations during the latter workings of

the land : the soil will be loosened which may adhere in the

plough furrow, and the texture will be rendered more porous.

For completing this purpose two grubbings are required, singly,
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in the
^

longitudinal and cross directions, by which both the
ploughing and harrowing of the ground are very much assisted.
The due and careful performance of the process of fallowing, lays
the foundation of the value of every crop in the rotation. The wheat
rests on the depth of the cultivation, the clover depends on the
pulverization of the surface, and the oats on the incipient adhesion
of the moved and sliced soil.

At no very great distance from the clunch clay, in the ascent
of the geological staircase, the observing inquirer finds another
argillaceous deposit, called

KlMMERIDGE ClAY,

which gets its name from Kimmeridge, the place in the Isle of Pur-
beck where the beds of the shale are seen in the cliffs of the coast,
and also on the coast of the Isle of Portland. On the east of Little
Kimmeridge the cliffs are abrupt, and composed of a slate-clay,
of a grayish yellow colour, finely slaty, containing both animal
and vegetable remains. The plates of which the rock is com-
posed become much more evident after it has undergone some
decay

;
or, when sound, after it has been exposed to the fire. It

divides spontaneously into large tabular masses.. The fracture of
the rock is earthy, with many small specks and nodules of in-
durated clay, The outside of the rock is covered by a thin layer
of calcareous spar. The mass effervesces with acids, but the
nodules of indurated clay do not. This rock passes gradually
into a bituminous shale, but the first transition is into a slate clay
of a lighter or darker colour, the joints of which are covered
with iron pyrites. It burns with a yellowish flame, giving out
a sulphurous smell, and becomes afterwards of a light gray
colour. The second transition is to a bituminous shale, called
*' Stony coal" (Kimmeridge clay), the specific gravity of which
is 1*319.

^
Its colour is dark brown, without any lustre; it effer-

vesces slightly with acids, contains no iron pyrites, and burns
readily with a yellowish, rather smoky, and heavy flame. The
smell is bituminous, but not sulphurous. The Kimmeridge coal
rests upon, and is covered by, the slate-clay first described.
The beds of blue slaty or grayish yellow clay contain selenite

and layers of highly bituminous shale, which are used as fuel, and
hence the name of Kimmeridge coal, which is applied to the
whole formation, including the clay. It has been sometimes
erroneously supposed that these beds were the same with the
aluminous shale of Whitby, in Yorkshire, which belongs to the
lias beds. These beds contain the selenites of Oxfordshire, which
are daily formed by the action of decomposing pyrites upon
the oyster shells and other fossils contained in them. Alum was
formerly manufactured in the parish of Kimmeridge.
The organic remains are chiefly of extinct genera of Lacertse,

evidently calculated for a marine abode. The quadrupedal species
differ from those of the lias, and bones, apparently of the " Ge-
tacea," likewise occur. The shells are numerous. Univalve,
chambered and not chambered, and many bivalve.
The positions of the Kimmeridge clays are overlooked by the
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rocks ofthe tipper oolite formation, which has themost commanding
appearance in Portland Isle, in the vale of Pewsey, at Swindon,
and in the vale of Aylesbury. The clay occupies a tract in Wilt-
shire, rarely exceeding two miles in breadth, but extending in

length from the Berkshire border to west of Devizes, beyond:

which it is covered by the westward extension of the overlying

formations. At Swindon beds of oolitic freestone divide beds of

clay that are not well defined, and probably the Kimmeridge bed
it is that occupies the vale of Wardour, and extends into Dorset-

shire. In that county the formation runs in a narrow vale. In
the counties of Berks and Buckingham, the Kimmeridge clay is

seen in the few appearances of the upper oolite formation, and is

often wanting, the clunch clay supporting the Portland beds. In

Lincolnshire it passes beneath the Wolds, and occupies the north

side of the vale of Pickering, in Yorkshire, where it passes into

the Speeton clay above. The Kimmeridge clay forms the sub-

stratum of the whole Isle of Portland, and rises high on its

northern face, where it is capped by an abrupt escarpment of the

superior oolitic beds. All the strata sensibly decline, though not

under a very rapid angle, to the south, bringing the line of junc-

tion between the clay and the oolite to the level of the sea. All

the coasts of the island are steep, the base of Kimmeridge clay

forming a sloping talus, surmounted by crags of the oolite, scarred

by numerous quarries.

In the Isje of Purbeck, the depth of 700 ft. has been assigned

to the Kimmeridge clay, but it seems excessive. J)r. Buckland
states 600. Near Oxford, where the beds thin off, the thickness

cannot exceed 100 ft. In the pit at Lumingwell, near Bagley
Wood, it was only 70 ft., as ascertained from boring for coal. In
the vale of White Horse, and at Swindon, it was penetrated by a

well to the depth of 233 ft., and the additional thickness of the

incumbent beds on the hills being taken at only 70 ft., the stratum
will appear 300 ft. thick. In Lincolnshire and in Yorkshire, its

thickness generally appears much less, through the unconformity
of the chalk strata. The water in this formation is deficient and
of bad quality, and from its retentive nature, it must generally

be pierced through before any copious supply can be found. The
Kimmeridge clay is nearly horizontal, dipping in an almost inap-

preciable angle south-south-east. Immediately on the south of

Abingdon, the clay pursues its course westwards through the vale

of Berkshire, following the line of the Berks and Wilts Canal as

far as Wootton Basset, where it turns more to the south, and ranges

on the east of Calne and of Seend, reposing all the way on the

inner edge of the coral rag. Near the latter place the chalk and
subjacent green sand overlie and conceal it, advancing in a sort of

projecting cape even into the district of the great oolite. In the

above interval of country, the Portland bed of stone only once

appears reposing on the clay, being concealed by the alluvial

debris, or overlaid and hidden by the superior strata.

The typical character of the Kimmeridge clay is a blue slaty

substance, with selenite, sometimes highly bituminous, being a

thick clay deposit, forming a cold, stiff soil, in broad vales, and
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without springs. The quality of the surface ground is inferior
both to the clunch and lias clays, either for arable purposes or in
pasturage ; the herbage tends to sourness, and the texture is very
clammy and repulsive to the tender growth of plants. The summer
fallowing of the land is imperatively necessary, as the root crops
are completely excluded, and the soil requires an ample manuring
of farm-yard dung, along with lime, to lay the foundation of the
following crops. These two substances are the only articles which
the soil will suffer to act upon it as a fertilizer. Though beans
may be used as an occasional crop, and probably with advantage, yet
it does not hold a creditable position in the rotations of cropping
on the Kimmeridge clays. The plant requires a viscous loaminess
in the soil in which it grows with advantage, and the certain
degree of loamy adhesiveness is not often found, and most cer-

tainly does not exist, in the formation of clay that is now under
consideration. Unless the quality of the soil freely admits some pre-
paration of the land in the spring, and the drilling and complete
horse and hand hoeing of the beans, the crop is much better
omitted, for the plant in broad-cast never fails to fill the land with
abundance of weeds, which, being perfected in the seeds by the
late harvesting of the beans, add a profusion of the germs of
future vegetation to perplex and encumber the cleaning of the
ground. On the inferior clay lands of any denomination, beans
are better omitted, and the grazing fashion adopted. Thus :

—

1st year

2nd

( Fallow, dung
. < and lime in

( 150 bushels.

, Wheat.

3rd year
4th
5th
6th

33

3)

33

In the case of beans being used-

1st year .... Fallow.

2nd
3rd

33

33

Wheat.
Clover.

4th year
5th
6th

33

33

. . Clover.

. . Pasture.

. . Pasture.

. . Oats.

Pasture.

Beans.

Wheat or oats.

Barley might be tried on the summer fallow of the land, and
will succeed with good working of the soil, ample manuring, and a
dose of lime in the proportion of 150 bushels to an acre. Peas
are inadmissible, but vetches, both in the winter and spring varie-

ties, may be used thus :

—

1st year
2nd „
3rd „
4th
5th
6th

33

33

33

Fallow.

Wheat.
Clover.

Oats.

Vetches.

Wheat.

Or—
4th year
5th
6th
7th

8th

33

33

33

33

Pasture.

Vetches.

Oats.

Beans.

Wheat.

The first rotation, or the pasturing scheme, is decidedly the most
preferable, and the necessary grasses are specified below :

—

Hand fescue ... 2 lbs.

Fieldbrome . . * 2

Ray grass, per acre \ bushel.

Cocksfoot ... J „
Meadow fescue . 4 lbs.

Catstail ... . 4 „
Dogstail .... 4 „

Red clover

White clover

6
3?

33

33
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The draining of the Kimmeridge clays requires a frequency of
five or six yards in the position of the drains, and the depth and
filling with materials to be as before described.

The oolitic series of deposits, which comprehends the three
kinds of clay that have been described, has been allowed a depth
of 3000 ft., consisting in strata of calcareous, arenaceous, and
argillaceous materials, associated in several rather similar groups
of three terms each—clay, sandstone, and limestone. The organic
remains of the whole system are somewhat similar, yet differing
in each group and in each term of the groups. It contains a very
lieterogeneous mass of substances that have been derived from
pre-existing materials, and which are arranged in a very evident
connection with the saliferous system below, and the cretaceous
system which covers the deposit. Clays and shells predominate in
the formation, and through all the mass of materials the most
remarkable repetitions occur. The clays, to which our business
chiefly relates, evince the true existence of the shale, and are found
to be aluminous, bituminous, and indurated, as formerly mentioned
under the respective heads. The whole deposit has evidently pro-
ceeded from the mechanical agency of water, while the paral-
lelism of beds over large regions, the repetition of similar rocks
at frequent intervals, and the gradual change of the species of
organic remains through the whole series, appear to indicate that
the long period when the oolitic system was deposited was one in
which the ordinary operations of nature were uninterrupted by
any paroxysm of igneous violence. The beds are seldom or never
unconformed to others of the same system below them ; the depo-
sition may be hidden by the sand or the chalk, and yet there may
be no unconformity. The sand adheres very much to the cal-

careous matter, and forms the concretionary- structure of the oolite

deposit, and from hardened building stones, the aggregations pass
into shelly and rubbly layers of loose materials, forming the soils

of the cornbrash and coral rag, so called from the constituents
of their formation. These loose layers form the top of the oolite

deposits, and pass by a gradulated assimilation to the third sand-
stone formation, which overlies the whole series of oolites. The
clays, or the accompanying shale of each deposit, lies at the bottom
of each group, having fallen, in obedience to the laws of specific

gravity, to the lowest position in the liquid element which pre-
pared the materials. In the lowest or lias formation, the consti-
tution is very aluminous, and affords by manufacture the mineral
of alum ; the second deposit, or the clunch clay, is more earthy
and calcareous, and lies in massy indurations ; and the third
layer, or Kimmeridge clay, is very bituminous, and the shale tends
to the nature of coal. In the three clays, as well as in the three
rocks, of the oolitic strata, very essential differences exist, each,

exhibiting a difference of materials, a variation of structure, and
a dissimilar collection of organic remains. Yet the general ap-
pearances are sufficiently connected and analogous to justify the
arrangement of being grouped together, and examined in the
relative conjunction. All the formations have characteristic local

distinctions in their organic remains, and many of the individual

D
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crocks, or masses of analogous beds and layers, contain particular
characteristic fossils, which never or rarely occur in other rocks.

The fossils of strata the most similar in their mineral nature,—as
the oolitic rocks, the sandstones, and the clays,—are more fre-

quently similar or identical than those of rocks differing in their
nature. The same or similar shells are found in the lias, clunch

?

and Kimmeridge clays.

The clays that are extracted from the rocky depositions, where
they have been formed by decomposition in the natural decay of
the soft ingredients, are wholly different in nature from the forma-
tions now described, The texture is much more lenient in the
adhesion, and does not possess the viscous clamminess and waxy
plasticity of the clays of the oolites, and of the deposits that over-
lie the chalk. These formations have evidently proceeded from
the agency of sea-water, and extend from the lias, or the base of
the oolitic deposits, to the fresh-water formation of the Wealden
clay, which constitutes the last succession of the oolitic system.
In this interval are found the lias, clunch, and Kimmeridge clays,

the gault or golt intervening, the upper sandstone which supports
the chalk, and the plastic and London clays that overlie the
cretaceous system. The nature of these clays everywhere be-
trays a similar descent ; the minerals and organic remains differ,

but many are still the same, and serve to uphold the connection.
Above the chalk the agitation of the watery elements has been,
more extreme ; the materials are reduced below the resemblance
of any rock or shale, and exhibit less fixed relations with any
solidified bodies. There is almost nothing in common—contem-
poraneous differences are carried to an extreme, and local diver-
sities overcome all general agreement. In the older marine
deposits, all these parts can be paralleled ; but there is a greater
analogy of contemporaneous effects, a more decided and real rela-

tion of the phenomena to time, and more proof of the sequence
of effects being due to successive general changes of physical
condition, which continually alter the original aspect of nature,
and tend to diversify the uniformity and complicate the sim-
plicity of the primeval state of the globe. The oolitic series, the
upper sandstone, and the superincumbent chalk, follow each other
in a very regular conformity, and show no violent disturbance
from the effects of eruptions or igneous explosions. These dis-

turbances seem to have ceased with the saliferous system, at least

in a very great degree. The oolite graduates into the upper sand,
which passes into the chalk above; but no gradation or alternation
is known between the cretaceous and the tertiary deposits, which
are not even conformable to each other. It is thoiight that
the general condition of the globe hardened with the chalk in
certain relations, and that a totally new arrangement had com-
menced, which is called the tertiary system ; but the arrangement
had still employed the same agents and materials, which had
continued till the gradual contraction of the seas had elevated the
extents of dry land. Thus the green sand and chalk exhibit an
interior band to the oolites, which mark the gradual uprising of
the land.
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^
From the shale or sla£y clays of the oolite series, the aspect

rises to the tertiary deposits, which exhibit the bodies in a less
firm condition, but still frequently laminated and mixed with
very irregularly alternating beds of sands and gravels. The
marine clays are exclusively confined to the cretaceous system,,
and appear to have been deposited on the chalk, which has been
Swept over the top by an overwhelming fresh-water inundation.
The level surface of the argillaceous deposits having offered less
resistance to the torrents than other formations, may account for
the tranquil appearance of deposition which they exhibit, and
may seem to sustain the opinion that the gradual elevation of the
land contracted the extent of the seas, and caused the retreat of
the waters to their present limits, and settled the boundaries as now
observed, after the flux and reflux of many turbulent and violent-
motions had produced the estuary formations and valley deposits
which are observed in accessible localities.

The detached calcareous materials of the oolitic deposit form
separate masses of various forms and qualities. The lower bed of
calcareous grit lies on the sandstone, and is often confounded with
it ; it is itself a thick stratum of sand inclosing irregular beds of
sandstone, or of calcareous grit which assumes the aspect of
coarse limestone. These sandstones are brown externally, but
gray or blue within. Irregular layers of clay occur in places, and
friable beds of decomposed shells. The grits are imperfectly
formed rocks, and are composed of calcareous matter placed in a
cement of argillaceous sand. The formations abound among and
below the clays of the oolites, which on the upper parts exhibit
the dry rubbly limestones of cornbrash, stonebrash, and the coral
rag. The adhesive clay had sunk to the lower positions in each
successive operation of similar causes, and left the top of each>
deposit to the drier and lighter materials. The oolitic series is the
great repository of the best architectural materials which Britain
produces, and the relations of its several members are very im-
portant in showing the regular and gradual transition from a sub-
aqueous to an elevated condition of the globe, the appearance of
land animals mixed with the inhabitants of the ocean, and the.
presence and mixture of the varied materials which constitute
the present state of the earth. The clays exhibit the first earthy-
deposit from the decomposed rocky schist

;
they were produced by

the agency of marine water, which conferred upon them the
peculiar qualities of their nature. The same agency continued
above the chalk till the elevation of the land narrowed the ex-
tent of the sea, and gave place to the alluvial operations.

CHAPTER IY.

Marine Tertiary Formations of Clay.—Plastic Clay—London Clay.—Argil-
laceous Gfolt.—Cultivation of each Soil.—Rotations of Cropping.—Manures,
Draining, and Value of the Lands.

The ascent of the geological staircase reaches the next formation
of clay lying upon the chalky which is the uppermost regularly-

i> 2
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Stratified deposit that covers the globe. It is most generally

allowed that a tumultuous marine agency had continued to dis-

turb the face of the globe after the deposition of the chalk, and
after making many extensive alterations, and forming new depo-
sitions, had given place to inundations of fresh watei', which had
produced the uppermost formations that are generally called allu-

vial. The formations that lie next to the chalk show marks of

sea agency in shells and remains of fishes, and are hence called

the marine formations of the tertiary system, which comprehends
all the deposits above the chalk. Our description begins with the

first over the chalk, which is called

Plastic Clay,

consisting in an indefinite number of sand, clay, and pebble beds,

irregularly alternating. The name was conferred by Guvier and
Brongniart, who discovered an analogous deposit overlying the

chalk in the neighbourhood of Paris. It consists of two beds

separated by a bed of sand, the lowest bed being the plastic clay.

It is unctuous, tenacious, contains siliceous but no calcareous

matter, and is very refractory in the fire. In England the sands

of the deposit are of an almost infinite variety of colours, and
sometimes pass into sandstone. The clays, also, are of various

colours and degrees of purity, and are sometimes laminated, pass-

ing into fire-clay. An argillaceous rock appears as one of the beds

on the coast of Sussex. The mineral contents do not appear as

veins, but are generally intermixed with the clays and sands of

which the formation consists. Coal is, however, uniformly found
in parallel layers or beds above and below the sands and clays.

The coal is very imperfect, and recent vegetable pyrites, green
earth, and nodules of a dark-coloured limestone, selenite, and
fibrous gypsum, and also mica and tubular ironstone, are found in

the alternating plastic beds. The organic remains show the teeth

of fish, fossil bones, the branches and leaves of plants, and also

more or less of the woody fibre in the vegetable coal. The oc-

currence of organic remains is as irregular as the alternation of

the strata—being found in the clay, then in the sand, and often

wanting in them all. The same barrenness is found in the analo-

gous plastic clays of France.

The plastic and London clays are very much allied in their

nature and composition ; the localities are analogous, and the beds

conformable. A just inference may be deduced, that the forma-

tions are identical, and have proceeded from a succession of the

same agents, which have been subjected to modified actions that

have produced the varied depositions that are observed.

The organic remains of the plastic clay are the most strictly

marine ; the London deposit shows a mixture that contains an
advance to the present animal and vegetable forms of life, while

in the overlying formation of Bagshot sands the evidences are

fewer and much more faint, and exhibit the expiring efforts of the

general agent. The plastic or undermost clay may have proceeded

from a turbulent and disturbed state of operations ; the London
clay has been deposited by a more orderly and quiet movement of
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action, as is very evident from the massive deposition ; while the
lighter sands have floated uppermost, and contain the smallest

evidence of the general nature.

The deposit of plastic clay is visible overlying the concave area
of the chalk which forms the London basin, and for the most part
skirts the whole district occupied by the London clay, beneath
which the formation lies. Thin beds of it cover the chalk hills of

Surrey, at Addington and Croydon, Banstead Downs and Epsom,
Ashstead and Leatherhead. Both on the north and south sides of

the North Downs it dips under the London clay, which to the
south is bounded by the rocky escarpment of the iron sandstone.

In Sussex the plastic clay is the foundation of the flat maritime
district south of the Downs, which extends from near Worthing
to Bracklesham Bay, and thence into Hampshire, forming part of

the Isle of Wight basin. It is seen from Arundel to the western
extremity of Brighthelm stone, at which place it terminates,

except an outlying portion of it occupying the summit of the chalk
cliff on each side of Newhaven Harbour. Passing to the south
of Salisbury, it runs into Hampshire, and thence into Dorsetshire,

In the former county it underlies the London clay on which Ports-

mouth and Lymington are built, and which occupies a large area

surrounding them. It skirts the London or blue clay in the basin
of the Isle of Wight, except near Kingsclere, where, for a short-

distance, the chalk marl and green sand crop out from beneath
the chalk. The country west of the Avon, and a belt varying
from three to seven miles south of the chalk, are occupied by the
plastic clay. In Dorsetshire the eastern parts of the county are

covered by the plastic clay as far as Cranbourne, Chalbury, Wim-
"jpourne Minster, and the Trough of Poole. At the latter place

potters' clay, in beds of various thickness, alternates with loose

sand in the plastic formation. It is sent to Staffordshire and used
for pottery. Beneath lies a friable brown coal, which crumbles in

water, and emits a weak flame. Pipe-clay skirts the declivity of

the chalk downs, and the plastic clay caps one or two hills on the
south-west of Dorchester. In Wiltshire a few outlying masses of

plastic clay run south of a line from Hungerford to Marlborough.
The formation occupies the district between the estuary of the
Thames and the range of chalk hills in Kent; it skirts the foot of

the chalk hills by Farnborough and Chatham, and thence by
Milton and 0springe, where dividing, the branches skirt the
London clay to Whitstable on the coast, and to Canterbury, which
stands upon it, and to the coast of the Reculver ; and by the
south-west to Sandwich, which is built upon it, and ends a little

to the south of Deal. The plastic and London clays are much
mixed in the county of Essex ; the latter prevails, and the former
skirts the district of the London clay in the north-west of the
county, terminating at Hadleigh, which is the most northerly

point of the formation. Halsted and Coggleshall, with the inter-

vening tract, are both on the plastic clay ; Enfield Chace, in Mid-
dlesex, is occupied by the plastic clay, with a strip along the

western boundary by Harefield and Uxbridge. In Hertfordshire,

the clay of this designation extends from the Essex border at
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Sawbridgeworth and Bishop Stortford, to the north of Ware, Hert-
ford, and Hatfield, to St. Alban's, and from thenee along the valley
of the Colne it skirts the London clay to Uxbridge. On the north
of this place it takes a westerly direction to a little on the north
of Beaconsfield in Buckinghamshire, and thence about south to
the banks of the Thames. It is seen again at Reading, in Berk-
shire, and extends thence, though not in a straight line, to a few
miles beyond Hungerforcl, which may be said to be its extreme
point on the west, except at Marlborough in Wiltshire, as before
mentioned.
The formation of plastic clay that has now been traced in its

extent is confined to the south-eastern part of the chalk district
of south Britain, and is very much modified in quality when it

approaches the oolite formations and the alluvial depositions of
Essex. The extent is not great, as the largest breadth, between
Houghton Hill and Dorchester, averages about eight miles, and
there is a considerable tract on the west of Poole Harbour termed
the Trough of Poole. The general appearances are narrow, being
out-crops from beneath the London clay, and between it and the
closely adjoining overlying strata of sands and loams. The sur-
face of the formation is most generally flat, on the north-east of
London remarkably so ; but is more elevated on the north and
north-west, as on the south-west of Hertford. Gentle eminences
are seen near Deptford in Kent. In Sussex the country occupied
by it is flat and even low, but towards Dorchester the surface is

more undulating; and at Salisbury and Ringwood there are
ranges of considerable eminence. The depth of the bed is not
great : in Hertfordshire, about 100 to 120 ft. ; in Middlesex, 100
to 200 ft. ; round Woolwich and near London, 104 ft. The
vertical cliffs of plastic clay at Alum Bay, in the Isle of Wight,
are no less than 1100 ft. thick : but considerable expansion may
have taken place by pressure from the vertical position, which,
considering the loose state of the sandy beds, can hardly have
failed to be the case. The dip of the beds is conformable with
that of the chalk on which they lie

;
gently to the west, near £Tew~

haven, in Sussex. Horizontal is the general direction.

The deposit of plastic clay in irregularly alternating beds of
sands and pebbles with the chief ingredient, shows a very tu-
multuary disturbance of the materials of the globe, and a most
disorderly location, which may have succeeded the quiet arrange-
ment and the tranquil deposit of the stratified chalk on which the
tertiary formation rests. The eddying reflux of the waters of the
sea, in retiring over the face of the globe to the prescribed limits,

may have found an abundant variety of materials, which have
been carried about and located by conflicting causes that have
produced the irregularities, according as the different actions found
the opportunity of development. The beds are not thick nor widely
spread • the marine clays and the superincumbent sands are,

wholly confined to the chalk formation, and more particularly to
the eastern ranges of that deposit in Britain. The immediate
proximity to the chalk, or the last stratified marine deposit, sug-
gests the idea of the plastic clay having been long floated in the
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ocean, from which it has acquired the very extreme viscous

tenacity of texture which in the ascending series of aluminous

bodies becomes gradually more lenient, till it altogether disap-

pears in the fresh-water formations. There is no appearance of

decomposing shale in the plastic formation of clay ; it is a tertiary

deposit, from which rocks have mostly disappeared, and being the

first formation, the materials had less time to become aggregated,

and were puddled in a very minute reduction. The shales had
accompanied the secondary deposits, but do not ascend above the

chalk, where the tumultuous agency of waters had not allowed the

regularity of stratified subsidence. Hence the varied confusion

of the deposits above the chalk, and the very much increased un-

certainty of approximating causes.

The plastic clay presents a surface ground for cultivation that

is by far the most obdurate and intractable that is found in Bri-

tain. The viscous tenacity is extreme, and binds the whole mass

into large lumps, which defy the power of most implements either

to pierce or reduce them. The first ploughing in breaking up
from grass or stubble requires the strength of four horses, and this

at any time of the year, except in the earthing-up furrows for

seed in October: at that time two horses with a swing plough

are sufficient, as the very adhesive soil has crumbled into mould
from the effects of the autumnal rains after the summer's baking

in the sun. All light ploughs, whether swing or provided with

wheels, are wholly inadequate to the purpose of ploughing these

lands : the weight is insufficient to pierce the soil ; the strength is

unequal to the resistances that are offered ; the' wing of the share

cannot force a way among the viscous ingredients, the waxy soil

adheres to the metal mould-board, and being pushed before the

concave breast of that implement, falls off in lumps.
^
The well-

known turn-wrest plough has been very properly devised to suit

the peculiarities of the soil ; the weight and strength of the im-

plement are able to overcome the resistances that are offered ;
the

length of the body ensures a steady motion ; the rounded and

narrow-pointed share finds or forces a passage through the tough

and waxy soil, while, the wooden mould-board throws off the fur-

rows, as the soil does not adhere to wood as to the cast-iron plate

of the common ploughs. The draught chain of the turn-wrest

plough is bent upwards to the middle of the beam, by which

curvature a part of the drawing power is exerted in pulling and

keeping the plough in the ground, which forms the most essential

point of the operation in ploughing the plastic clays. This very

strong and heavy implement is required during the whole process

of summer fallowing, and the power of four horses is absolutely

necessary. The roll or harrows of any weight produce little or no

effect on the hardened masses of plastic clay till the change of

the season into shorter days and longer nights introduces a cooler

influence, and the autumnal rains assist in mouldering the baked

lumps of the aluminous earth. At that time the harrows are em-

ployed in tearing asunder the pieces of soil, Tfhich are very won-

derfully softened during the season of autumn. A very minute

reduction of the soil is never done or attempted, and is not
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wished, as a cloddy surface Holds and shelters the plants of wheat
during winter much more beneficially than a pulverized mouldy
top of soil. The clods are dissolved during winter and cover the
wdieat plants, and in the spring afford a fine earth to be harrowed
with the grass seeds, and act as a top dressing. The last plough-
ing of the plastic clay land, the ridging-up furrow, or the seed
furrow, is done by two horses with a swing plough, and best with
a wooden mould-board, to which the soil does not so much adhere
as to metal. In wet seasons, when the land becomes heavy, three
or four horses are required even in the swing plough in the last
operation of the seed furrow. The proximity of the plastic
deposit to the chalk formation has in several places introduced a
large mixture of flints into the waxy mass of clay, which, being
firmly imbedded in the stubborn soil, render the ploughing more
difficulty and increase the necessity of having a narrow-pointed
share without a wing, in order to penetrate the very firmly
cemented mass of soil. The mould-board is also required to be
placed high from the ground, as in the turn-wrest plough, so that
it does not come into contact with the furrow till it is raised by
the boring of the share ; the low position of the metal mould-
board of the common plough encounters an overwhelming opposi-
tion to its progress, even if the winged share did succeed in
piercing the soil and raising a furrow, which it never can accom-
plish. Not only is the turn-wrest plough absolutely necessary to.
cultivate the plastic clays, but a heavy kind of the same imple-
ment is required for the most obdurate clays, while a lighter
plough of the same kind is used on lands of a milder formation of
the plastic clays, and where the flints are less abundant, and not
so firmly imbedded in the waxy texture of the land.
Four earths, including the winter furrow, are generally suflcient

for summer fallowing the plastic clay lands, and the seed
furrow before mentioned covers the dung, when the seed is imme-
diately sown by hand, or by drill,—sowing early on these pre-
carious lands. Or the farm-yard dung may be applied in the
early autumn, on the last complete ploughing and harrowing of
the land, or the ridges gathered up by a swing plough, when the
seed furrow in October will form the fifth earth or movement of
the land by cultivation. This is the general and most approved
process. The tough waxy texture and repulsive nature of the
soil prevents the action of any manure except that of farm-yard
dung in a half-rotted state, which should be used in the quantity
of twelve to twenty cart-loads of two horses' draught. In the
spring months, top-dressings of soot, sugar scum, nitrate of soda

?
or any pulverulent bodies which last only for one year, are very
useful to the wheat crop, and also on the succeeding clover crops

;

but no light or auxiliary manures receive admission into any in-
corporation with the stubborn soil itself. The solid matters of
farm-yard dung remain in the ground and are dissolved gradually,
and add to the bulk of the earthy staple, which is naturally very
small or none.
The rotations of cropping that can be used on the plastic clays

are few, and of the most simple description. Root crops of any
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kind are wholly and entirely beyond the question ; the leguminous
plants are not much to be commended, though they may be sown,

and the returns are not to be refused. The cultivation reverts to

a dead fallow, as the basis of any use of the land, to be followed

by wheat, as the most profitable of the grain crops. Barley is

wholly forbidden ; and oats do not. thrive much upon the waxy
clay^ The course of cropping has been used thus :-

2nd vear .... Wheat.
3rd ...... Clover.

4th , Oats.

C Summer fallow

1st year , . < (dunged and

( limed).

This rotation is too short for any lands that are remote from

the sources of extraneous manure : but there is a great difficulty

in extending it upon the plastic clays. Peas are completely set

aside as a crop, and, the land not allowing any spring preparation

for beans, that plant must be sown in broad-cast, and then it is

no better than a culmiferous crop. In the early growth the crop

of beans may be hand-hoed in broad-cast, and the weeds checked ;

but the benefit obtained is very trivial. Even the next alterna-

tive in sowing beans is derived by severely and deeply harrowing

the winter ploughed surface, and then ribbing it into ruts by one-

horse ploughs, in which the beans are sown by hand, or in drilling

them by the machines for that purpose. In these ways the work
is done across the winter ploughing. Except on the drier modifi-

cations of the plastic clays, these operations cannot be done. On
the most obdurate plastic clays, and more especially where the

flints are abundantly mixed with the soil, any preparation of the

land is impossible, except by the operation of summer fallowing

for the crop of wheat, and the beans must be cultivated in broad-

cast; and hand-hoed in the early growth. The bean crop may
appear in two ways :

—

Fallow, dung
«i

I , and lime in
1st year. .

^ 2Q0 hmh&h
an acre.

Or—
1st vear .... Fallow.

. 2nd „ . . . . Wheat.
3rd „ .... Beans.

On the most favourable qualities of plastic clay lands a crop of

winter or spring tares is admitted, and much benefit is derived

from its use. Being consumed on the ground by sheep, it prepares

the land for a crop of wheat—the winter crop, by its early con-

sumption, allowing a partial fallowing of the land, and the

summer crop giving time for one ploughing of the land in October

for the seed furrow. Then the course of crorjping will be altered

thus :

2nd year . . Wheat.
3rd „ .... Clover.

4th „ .... Beans.

5th ,, .... Oats.
^

4th year . . Oats or wheat.

5th „ . . . Clover. *

6 th „ . . Oats.

W venr ( Fallow, dung
1st year . .

| and lime ,

2nd „ . . . Wheat.
3rd „ . . . Tares.

4th year . * Oats or wheat.

5th „ . . Clover.

6th „ . . Beans.

7th „ . . . Oats or whcr,t.

D 3
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And~
1st year . . . . Fallow.
2nd „ .... Wheat.
3rd ...... Clover..

4th year .... Oats.

5th „ .... Beans.
6th „ .... Wheat.

The course of five years may be well used on any description
of the plastic, clays, having two years in grass, where the land is

duly prepared, and the proper grass seeds are sown. The land
being frequently drained will not in any way damage the sheep
by the wetness can sing the rot. The rotation will be

—

>

Fallow, dung

Tfli „„„ / and lime in
1st year . . s

2Qa bushelg

2nd year .... Wheat.
3rd „ .... Hay.
4th „ .... Pasture.

5th „ .... Oats.per acre.

And may be extended,

—

6th year .... Beans. | 7th year .... Wheat.

This course very much benefits the land, by producing the
vegetable sward for the growth of the oats, and is well ascer-
tained to be superior to any manure that is yet known. The
grasses sown may be :

:

—
Per Acre.

Red clover ... 6 lbs.

White clover . . 2 „
Cocksfoot . . , J bushel.

Bay grass ... § „

Per Acre.

Dogstail .... 4 lbs.

Meadow fescue . . 4 „
Catstail .... 4 „

The very clammy and adhesive texture of plastic clays requires
the thorough draining to be very closely done, and in distances
of four or five yards between the drains. And after a varied
experience of draining clay lands, we do not hesitate to state our
candid opinion, that a wider distance will not make the lands dry,
and the depth of 2-??, ft. is amply sufficient, with a foot of earth
laid over the stones or tiles which form the cavity of the drains.

We also recommend that the drains be run longitudinally in the
furrows, and the ridges being yearly and permanently gathered
up by the plough, a convexity in the form of the land is pro-
duced, which throws the water to the farrow, whence it passes
into the drain through a thin stratum of soil left by the plough,
of a thickness not to allow the disturbance of the materials of
the drain. There is no better mode yet known of draining very
wet clay lands.

The plastic clays that lie north of the Thames are very much
modified, and reduced from the viscous tenacity which is found
in the pure qualities of the marine deposit on the southern slope
of the northern chalk downs which form the south boundary of
the London basin. In these situations the flints are very thickly
imbedded, and the soil is seen in a dry red clay near to the top of
the chalk hills, and in a most waxy black stratum towards the
lower parts of the declivities. Both conditions form a soil for

cultivation that is most perplexing and of little value ; but being
generally joined with other soils in the very varied stratifications
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of these localities, the single worth is seldom estimated ; it can-

not exceed 12s. or 14s. per acre. The land is best adapted for

grass, but much manure is required, in ample doses and in very

frequent repetitions^ to destroy the mosses and preserve the useful

grasses. The situations of the plastic clays do not favour this

use of the land, as being without the reach of an extraneous

supply of the dung of animals and vegetables, which alone can

impart any lasting benefit to the waxy texture of the plastic

composition.

The next marine deposit, and which directly overlies the plastic

formation, is the

London Clay,

which occupies the valley of the Thames, commonly called the

London basin, extending from the mouth of the river to above

Hungerford in Berkshire. It lies deep in the London concavity

over the chalk, the borings varying from 400 to 700 ft. This

great argillaceous formation is rendered highly interesting by the

variety of its organic remains, both animal and vegetable, and by

the inferences deducible from them. The number of species

which can be completely identified with recent analogies is

..small, and points to its comparatively remote antiquity ;
and its

vertical position in the Isle of Wight evinces that convulsions

took place previously to the deposition of the upper horizontal

beds, and that a sufficient interval had elapsed to give a very con-

siderable degree of consistency to the clay before these newer

strata were accumulated upon it. The name is derived from its

forming the general substratum of London and its vicinity, oc-

curring immediately beneath the vegetable soil, except when

occasional deposits of alluvial or diluvial gravel, sand, and fresh-

water soils intervene.

This formation consists chiefly, and sometimes wholly, of bluish

or blackish clay, which is very tough. The variations of the

chemical and external characters, either partial or local, are in-

considerable. Some of the strata are marly, and effervesce with

an acid, sometimes strongly. In the Isle of Wight it contains

much green earth. Occasionally it includes beds of sandstone.

Limestones and siliceous rocks are found imbedded in the cliffs of

this clay, and inclose the same fossils. The cliffs near Harwich,

in Essex, contain beds of stratified limestone. The lead gray or

blue colour changes into dull brown and red, perhaps most usually

in the lower part.- Green grains and sandy layers occur, which last

are often indurated into a considerable rock. Septaria abound in it>

or ironstone minerals of a round compressed form, and internally

divided by septa or thin partitions of lime, spar, or pyrites^ and

some imperfect laminse of marly limestone have been noticed.

Sulphuret and phosphate of iron and selenite are interspersed

through the London clay, and hence the water of the aluminous

stratum is unfit for domestic purposes. It is also suspected to

contain some sulphate of magnesia. Amber and fossil resin are

found in the gravel about London and Highgate, and at Holder-

ness, in the south of Yorkshire.
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The number, beauty, and variety of its organic remains render
the London clay very interesting, and there are rich repositories
of these relics in the cliffs at Harwich, Sheppey Isle, Hordwell,
Stubbmgton, and other places. Shells of the most delicate and
fragile form are perfectly uninjured in this clay, except in the
rare case of its being laminated. The crocodile and turtle are
found m the London clay, among the amphibious class of the
higher order of animals, of which the eggs may have been
deposited on some dry land that was accessible to the presence of
water. Several beautiful species occur of vertebral fish, and the
crustaceous division shows the lobster and crab. There are very
few genera of recent shells which have not some representative
imbedded in this formation, but the specific character is usually
different

;
on the other hand, but few of the extinct genera, so

common in the older formations, occur in this, so that it seems to
hold a middle character in this respect between the earlier and
more recent beds. Shells of the chalk are very rare in this forma-
tion, as also in the contemporaneous strata of France. Zoophytes
are also extremely rare. Testaceous fossils are uncommonly
-numerous. Clays and argillites harden by contraction, and shells
found m clays are mostly compressed and flattened; but those
lound in limestone retain the primitive shape, as that rock hardens
chiefly by infiltration.

It frequently contains small portions and even masses of wood
more or less retaining the woody fibre, but more often having the
appearance of being charred, and of a black colour. They Some-
times exhibit the perforations, and even contain the casts, of an
animaLwhich is considered to be analogous to the " borer," which
still infests the seas of the West India Islands. The wood is often
surrounded by masses of argillaceous limestone, mostly in the
form of septana, which are characteristic of the London clay-
they often contain shells still exhibiting the pearly lustre The
vegetable remains are uncommonly numerous, and the fossils are
abundantly found wherever the sea has laid open natural sections,
or artificial excavations have been carried on to any great
extent.

Wherever this clay is visible in the form of a cliff, or has been
perforated m sinking wells, it has uniformly been found to con-
tain nearly horizontal layers of ovate or flattish masses of argil-
laceous Jimestone, which are mostly traversed, or have been tra-
versed by cracks wholly or partially filled by calcareous spar or
sulpnate of bary tes, which have obtained the name of " Septaria

"
Ihese masses abound so greatly that they have been considered as
being characteristic of the London clay ; but it is not the only
one of the English beds which contains them.

This formation is uniformly marked as consisting of a vast
argillaceous deposit, containing subordinate beds of calcareous
concretions, sometimes passing into solid rocks, or exhibiting some
local variations, from the occasional mixture of sand or cal-
careous matter in the mass of the clay. These local changes
However, never prevail to such a degree as to interfere materially
with the general identity of character. The London clay pos-
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sesses all the appearances of a very quiet and continuous deposit,

perhaps in deep water, yet not far from shore, since a few
considerable remains of land and littoral productions occur in it,

as wood, turtles, and crocodiles, but no pebbles nor coarse sands.

The temporary turbulence of the plastic clay period had wholly
passed away, and only finer sediment in great quantities found its

way to the sea. Having been much exposed to watery action,

which it could ill resist, it is often left in insulated hills, upon the
substrata of sand and clays. Mineral springs, so common to blue
clays, rise in considerable number near the metropolis. The most
remarkable are those of Epsom, famous for their sulphate of
magnesia, Bagnigge Wells, and Acton. The dense nature of the
clay stratum throws upwards in pumps the water of the alluvium,
which is limpid and comparatively soft for common use. The
water of the London clay is impure and hard, from containing
salts, and from the decomposition of the pyrites, which abounds in

the formation. The water drawn from the deeper lying plastic

clay is very limpid and free from salts, and large streams of water
rush up, when, as circumstances may require, the perforations are
extended to the chalk, which underlies the whole basin of Lon-
don, from the chalk of Surrey on one side, to that of Hertford-
shire on the other.

The range and extent of the London clay as a surface soil

is very considerably larger than that of the last-mentioned de-

posit, or the plastic formation. It occupies the entire concavity
of the area of the chalk, from the hills of Croydon, on the south,

to the northern boundary of the chalk range of Hertfordshire,

supporting the metropolis, the upper marine formation of the
sands of Hornsey, Highgate, and Hampstead, and the alluvial

deposit of gravels, sands, and loams on both sides of the Thames.
The county of Middlesex is chiefly occupied by the London clay,

and nearly the whole of the county of Essex. In Suffolk it ex-
tends from Orford to Harwich, and to the north of Ipswich, and
hence to Roydon, in Essex. It occupies the south-eastern corner of

Hertfordshire, at Cheshunt, and also the south-western part by
North Mimms, Ridgehall, Aldenham, and Bushey, to Hatfield, in

Middlesex. Berkshire contains much London clay in the valleys

over the chalk, and in the bed of the Thames from Reading down
the course of the river, and only a small portion of London clay is

found in Buckinghamshire, in the neighbourhood of Staines. In
Kent, the clay appears on the northern side of the Medway, con-
stitutes the Isle of Sheppey, lies from Whitstable to Canterbury,
and thence to Boughton Hill. A small patch of it is visible on
the south-west of Ramsgate, in Pegwell Bay. Shooter's Hill,

near Woolwich, is an insulated mass of London clay, and rises to

the height of 446 ft. The hills of Sheppey are 200 ft. high. In
Surrey, the low part of the county, from near Croydon to the
.Thames, and from the Kentish border to Hampshire, is occupied
by the London clay, covered in many places by the fresh-water

alluvium. Some valleys contain London clay between the north
chalk range and the iron-sand rocks of the Wealden formation.

The London clay constitutes the flat maritime district of the
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south-west part of the county of Sussex, and in some localities

includes beds of gray limestone and sandstone, and the limestone
composes groups of rocks on the coast. The London clay and
the Bagshot sand are found only in the north-east of Hampshire,
and are much exceeded by the plastic clay. A part of the New
Forest is occupied by it, with the country round Southampton
Water, and the whole line of the coast eastward from the Avon,
and including Portsea and Hayling Islands. The few clays of
Wiltshire are ascribed to the plastic formation and Tetsworth bed.
In the chalk basin of the Isle of Wight the London clay is very
extensive, forming the whole coast from Worthing, in Sussex, to
Christchurch, in Hampshire, and extending from the latter place
inland by Ringwood, Romsey, Fareham, and passing south of
Chichester to Worthing. It forms the whole of the tract from
the above-named places to the coast, except where it is covered by
alluvium, or by a sandy tract, analogous to the Bagshot sands,

constituting Beaulieu Forest and a part of the New Forest. In
the Isle of Wight it extends, in a vertical position, along the
island, from Alum Bay on the west to Whitecliff Bay on the east,

between the nearly horizontal fresh-water and upper marine beds
on the north, and the nearly vertical beds of the plastic-clay

formation on the south of it. Bognor rocks consist of it, and the
clay forms the bottom of the channel terme.d the Solent, .which is

between the Isle of Wight and the coast of Hampshire.
The sinking of wells and the cutting of roads has sufficiently

proved the occupation of the above-mentioned tracts by the
London clay, as has been described in treating of the chemical
and external characters of this stratum, and the numerous and
extensive cliffs which it forms have been mentioned as being par-
ticularly favourable to the collection of the organic remains which
it incloses.

The country formed by this stratum of clay is generally low,

and may for the most part be considered as flat, or, at the most,
as consisting of very gentle undulations. Here and there, how-
ever, it rises. The highest point of 759 ft. above the level of the
sea is in Essex ; Shooter's Hill, in Kent, is 446 ft.;

:
and Richmond

Hill and St. Ann's Hill, in Surrey, are less elevated. There are
cliffs of London clay in the Isle of Sheppey, 90 ft. high, which
extend four miles in length, and decline gradually towards the
east and west. These cliffs have been formed by the action of the
sea, and whole acres of them sometimes fall at once. The Isle of

Thanet shows cliffs 70 ft. in height, and Hordwell Cliff, in Hamp-
shire, is 150 ft. high.

The beds of this clay are so nearly horizontal that no per-

ceptible difference from that position has been observed in the
chalk basins of London and the Isle of Wight, except in the isle

itself, where this bed is nearly vertical. This extraordinary

deviation in regard to position is always treated along with
the numerous accompanying beds of sand and clay belonging
to the underlying plastic formation, and of the chalk, of which
the position is nearly the same. The central chalk ridge is highly

inclined, and the plastic and London clay are to the north of
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it, and are respectively 1131 ft. and 250 ft. thick. On the north

and south the more recent formations are horizontal, or nearly so,

being deposited unconformably on the broken edges of the vertical

strata. The disturbing force that occasioned the vertical position

acted along a line that can be traced as far as Abbotsbury, in

Dorsetshire, 60 miles east and west from the eastern end of

the island. A highly inclined saddle of the substrata may be

traced in the continuation of the same line. The geology of

Britain does not present any more extraordinary appearance than

the nearly vertical position of the chalk, and the two overlying

clays, placed in a narrow confinement between the adjacent un-

disturbed strata. The vertical position is much concealed by.

grassy slopes ; but the cliffs, being constantly worn down by the

action of the sea, expose the high inclination to the view of wonder

and admiration.

The London clay presents a surface soil for cultivation that

is less waxy and slippery than the plastic deposit, but fully as ob-

durate and intractable in the management. The wet condition of

it is not slippery, but the soil adheres to the feet. In dry weather

the firm land opens into chinks that are both wide and deep, and
endanger the traversing of the ground on horseback. In an
arable condition the soil, when the least damp, is pushed before

the breast of the plough, and falls from it in large lumps, and in

dry weather the hardened masses of soil most obdurately resist

the action of any implements of mechanical power. The plough-

ing of the land requires the power of four horses with the strong

turn-wrest plough that was mentioned in last chapter, and that

during the whole summer, till the seed furrow in October is done by
the swing plough of two horses in ridging up the ground into the

proper form. In the dry months of summer the harrows and roll

are not able to produce any impression on the hardened clods

of the fallowed ground, till the approach of autumn introduces a.

cooling influence and a crumbling effect, when the land falls into

a black mould, which is produced by the relaxation of the baked

condition of the soiUby the heat of the sun. On this pulverized

soil at the end of August, or early in September, the lime

(if any) and the farm-yard dung are- spread, and ploughed

under by the swing, plough. The ridges are formed by the land

being gathered upr and another similar process in October receives

the seed, which is covered by harrowing, and the furrows are

opened.
The modifications of the London clay are more numerous than

those of the plastic fornation, and the course of crops on the. land

admits more' variation. The texture is somewhat softer, and the

general quality is better; still the management does not differ,

very much, but may be something more extended, and will prove

more useful, 'fhe general course, as given below, is too short :

—

Fallow, dung
|

2nd year .... Wheat,
and lime in 3rd „ .... Glover.

200 bushels 4th „ ... . Oats,

an acre.

1st year
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Beans. | 6th year Wheat.

Extended

—

5th year . . .

The beans are drilled across the land on the deeply harrowed
surface of the winter ploughing, and the wheat is sown on the
bean gratten with one furrow of the land. No soil of the London
clay permits any movement of the land in the spring for pre-
paring the ground for beans, and the next alternative is used
of sowing the crop on the harrowed surface. Even this prepara-
tion is not allowed by the larger part of the London clay soils,

and the crop is sown broad-cast, when it ranks as a grain crop.
But in some places this harrowing can be done.

Peas are not introduced in cropping the London clay lands, but
tares are to a considerable extent very useful. The winter variety
affords an early food, and continued through the summer, when
the land, after being manured by the excrements of the sheep,
and the weeds being killed by the smothering herbage of the
vetch, will be found in a mellowed condition for receiving the
seeds of wheat, for which one ploughing is necessary. The spring
vetch may be used in a similar manner, and a partial fallowing is

often given to the land, after the herbage is consumed ; but the
former mode may be preferable.

The rotations are as under :

—

1st year

2nd
3rd
4th
5th
6th

( Fallow, dung
*

( and lime.

. Wheat.

. Clover.

. Oats.

. Tares.

. Wheat.

Or—1st year

2nd
3rd
4th
5th
6th

( Fallow, dung
'

{ and lime.

. Wheat.
. Beans.

. Wheat.

. Tares.

. Wheat.

This course may show too many crops of wheat, and oats may
be substituted, thus :

—

1st year

2nd
3rd

( Fallow, dung
*

( and lime.

. Wheat.
. Clover.

4th year
5th
6th
7th

Beans.

Wheat.
Tares.

Oats.

The course of five years, with two years in grass, can be very
advantageously used on the clays of the present description^
thus :

—

( Fallow, dung
'

\ and lime.

. Wheat.

3rd year
4th
5th

Clover.

Pasture.

Oats.

1st year

2nd „

Extended

—

6th year . . Beans or tares.
J

7th year .... Wheat.

The grasses to be sown for pasture are, per acre, as under :

—

Ray grass . .

Cocksfoot . .

Catstail .

Meadow fescue

J bushel.
i
4 9)

4 lbs.

Dogstail . .

Red clover .

White clover

4 lbs.

6

4
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The seeds of the grasses, well mixed, are sown by the broad-
cast box machine, and the surface is well pulverized for wheat
by harrowings before the seeds are sown, and also after that
operation, in order to cover the seeds, when a heavy rolling

finishes the process.

Farm-yard dung is the only manure that can be used on the
clay lands now mentioned, except the usual substances for top-

dressings on the grains and clovers of the spring. The adhesive
soil does not admit the action of any fine substance, nor any reci-

procal affinity of mixed ingredients. The draining of these lands

must be such that the distance between the drains shall not exceed
five yards, and they are best placed in the furrows, as before men-
tioned. The ridges being kept in one form, and being gathered
into a rounded convexity by the ploughings, the water is thrown
to the furrows, where it passes into the drains with very little hin-

drance. The depth of 2^ ft. will allow 21 in. of cavity, and 9 in. for

the furrow, and which, being about 6 in., leaves 3 in. of perco-

lating stratum, which is quite enough to protect the drain from
being disturbed

;
for, in all purely clay soils, the drains cannot be

too near the surface, provided they are not disturbed. The dry-

ness of the land depends on the ready access of the water to the
drains from a distance and from the tops.

Both the London and the plastic formations of clay are much
best used in grass; but the contiguity of a plentiful supply of

rough manure for top-dressings, such as London or similar large
towns can afford, is understood. The applications must be very
liberal and frequently used. By these means the fields of grass

round the metropolis have been converted into a rich hotbed of
production ; an earthy stratum has been formed in which the
Ootsr of the grasses are fixed, that has little connection with the

clay below, and which has been produced by the decay of the

earthy matters of the dung, and the roots of the herbage. Even
in inland situations a large use may be made of this clay ground
in permanent grass, especially where land of some other more easily

arable formation is joined with it in the same form. This arrange-

ment should be much studied in the pitching of farms, and the

clays being always interpolated among other deposits, the extent
of ground is not required to be large in order to include a variety

of soils, which, inducing a mixed cultivation, very much increases

the relative value of the different descriptions of land. A farm is

truly a heartless concern that is wholly composed of such clays as

the plastic and London deposits ; but being mixed with loams,

sands, or chalks, as they generally are, the cultivation is not so

irksome, or the occupation so very disagreeable. The London clay

is most generally accompanied with the plastic formation, and
both depend upon the chalk, and also upon peculiar deposits of

that stratification, and are chiefly confined to the basin of London.
A small part is lodged in the basin of the Isle of Wight, and the

quantity beyond the north boundary of the London concavity is

inconsiderable. It extends from Reading, in Berkshire, down the

valley of the Thames to the mouth of the river. Both formations

are much alike, differing not much in the materials, but in the
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quantity and variety of the ingredients, and something in the time
and extent of the deposition by agencies of a turbulent as well as
quiet operation. The London clay is poor in quality as cultivated
land, and it requires much manuring to raise upon it any crops of
the ordinary amount and quality. The individual value would
not exceed 12s. to 16s. per acre, and the first-rate qualities of the
ground will be required to reach even that amount. The inferior
soils' of that denomination scarcely rise beyond the cost of seed and
labour.

The quantity of lime that is used on the plastic and London
clays must be very liberal, and the surface of the land must
be very finely pulverized, that the powdered lime may be in-
timately mixed with the earthy alluvium. Clay is a very bad
conductor of heat, and a large quantity of lime, or the element of
calorie, is required to impart warmth to its aluminous mass. The
quantity of 200 bushels is a medium allowance, and must be re-
peated in at least every third return of the fallowing of the land.
Distant applications of lime lose all effect between the long^ in-
tervals.

The Argillaceous Golt,

Gault, or Gebirgsart of the Germans, imports, in the strict

meaning, an earth of the hills or mountainSj as it lies be-
tween the layers of the upper sandstone which is covered
by the chalk. It is therefore a marine formation, being in-
cluded in the secondary strata, which everywhere exhibit the
most evident marks of an aqueous agency in their deposition.
It is the argillaceous member of the green-sand group, which
is very intimately connected with the cretaceous system, and
the two beds comprehend all the layers from the lower or iron
sand to the upper chalk, which is included. The complete system
here contained is found in many parts of England ; but not un-
frequently deficiencies occur, the upper sand being largely deve-
loped or often wanting ; the intervening gault and the lower
sand being much contracted, while the latter body often almost
wholly disappears. The proper position of the gault is the dividing
stratum between the upper and lower green sands, that are com-
monly called the green and iron sands. The average thickness is

about, 100 ft., and no remarkable peculiarity of mineralogical
SiSpect or chemical composition distinguishes the gault, except a
general tendency to admit green grains into its more sandy por-
tions. It yields a most rich supply of molluscous remains, many
of them minute and of the greatest beauty, and presents a varied
treat to the conehologist. Small irregular iron-stone nodules are
found in it, and the varied abundance of organic remains serves
admirably to complete the catalogues of fossils of the cretaceous
system. The colour of the gault clay is dark blue, and often light
gray. '

The gault must be considered as the "shale," or the clayey ac-
companiment of the upper deposit of sandstone, which is imme-
diately covered by the chalk. Consequently it deserves a place
among the clays from the shale ; but the quality of the soil for
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cultivation being so very similar to the plastic and London for-

mations, and the geographical position being much intermixed

with these clays, it has been preferred to describe it in this place.

The organic fossils of the gault point to an epoch anterior to the

present zoological period ; and being placed below the chalk, the

kinds of life are now extinct that are imbedded in the special

argillaceous deposit. It forms universally a characteristic narrow

valley under the cretaceous formation, and as it lies below the

huge deposit of chalk and the upper sandstone, a very deep-work-

ing denudation must have caused the exposure of the gault

in the comparatively few places where it occurs. This vast power

may have carried the chalk from the whole Wealden formation of

Kent, Surrey, and Sussex, and laid bare the gault and iron sands ;;

the valleys being afterwards filled with the fresh-water clay of the

Weald, as will be afterwards described.

The gault clay is seen near Godstone in Surrey, in the south

valley at the foot of the North Downs, and is called " black land."

It is largely accompanied by the sands of the same deposit.
^
In

Sussex and in Kent it is seen in several places covering the iron

sands, and cropping out from below the green sand. In the isles

of Wight and Purbeck it separates the iron and green sands, and
follows with the same relations the range of the green iron sand

in the surrounding chalky districts. In Buckinghamshire it forms'

the Tetsworth clay above the chalk marl, and the ferruginous:

sandstone is inters tratified between them. All these formations

are much covered and concealed by the debris of the chalk hills,

which, being mixed with the clay, or the so-called gault, forms the

rich vale of Aylesbury. In Berkshire the appearances of gault

are very small, and, when in conjunction with the sands, the mix-

tures almost destroy the character. In Bedfordshire the blue gault

is much mixed with the chalk marl, the former being reckoned

identical with the Folkstone clay. In Cambridgeshire the
^
chalk

rests upon a blue clay, called in the county " gault," which is con-

sidered as a variety of the chalk marl formation that crops out

from beneath the north-western boundary of the chalk. The sur-

face extent is large, and the thickness variable from 200 to 220 ft.

In Wiltshire the gault or Tetsworth clay occupies a narrow tract

surrounding the superior formations, and runs by Swindon and

Devizes into Somersetshire. In some places it is covered by the

green sand, and in the vale of Wardour it is seen to skirt the

upper sand. In Yorkshire, the Speeton clay underlies the chalk,

but does not graduate into it. The organic remains are numerous,

different from those in the chalk, and also different from those in

the strata below. They appear to have analogies to the gault of

the south of England, and also to the E'immeridge clay ; but the

former prevail. This clay is mentioned as being the gault, but the

necessary sand deposits are wanting.

The gault appears in its pure condition in Surrey, where the

denudation has been complete by the removal of the superincum-

bent sandstone and chalk. The next best specimen is the Tets-

worth clay of Oxford and Buckinghamshire, which has not been so

much denuded, but is largely intermixed with the waste of the
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chalk hills, which has very much modified its character. In
Huntingdon and Cambridge, the large quantity of chalk marl
wholly alters the formation of the underlying clay which overlies
the iron sand. The diluvial debris of the neighbouring chalk
covers deeply all the surrounding contiguities offormation. The
gault is very much or almost wholly altered by the absence of the
upper sand, and by being graduated into by the superincumbent
chalk, which passes into a marl, and. commingles with the argil-
laceous deposit.

The cultivable character of the gault of Surrey is very similar
to the London clay ; the stubbornness is not quite so obdurate,
and the viscous quality is less abundant. But its general pro-
perty compels a course of cultivation that is applicable to the
very stifFest clays. Green crops are wholly inadmissible, and
no preparation can be given to the land in the spring for a,

crop of beans. The bare fallowing of the land for wheat is neces-
sarily adopted, and the beans are sown in broad-cast, as on the
stiffest plastic clays. It is difficult to advance improvements on
lands of this description. Where no auxiliary cultivation can be
added to the process of summer fallowing, the course of crop-
ping must be short, in order to have the process repeated, as no
amelioration can be effected between the operations. Consequently
the crops are all of the scourging nature, and the land being
naturally poor in quality, the two tendencies, one natural and the
other adventitious, concur in rendering the cultivation both heart-
less and profitless to the husbandman. A crop of beans is gene-
rally understood as a half-cleansing crop, and when circumstances
deny that property, the use of the plant becomes little eligible, if
not wholly objectionable. The excretory roots of the bean may
confer some little benefit on the soil; but as no cultivation is
given to the land, either in the spring or during the summer, and
no manure is applied, the crop is no better than a grain crop,
and the surface is always more encumbered with weeds after an
imperfect crop of legumes, than when a culmiferous crop has suc-
ceeded. The four years' course is stated again :

—

( Fallow, dung and
1st year < lime in 200 bushels

( an acre.

2nd year .

3rd
4th

Wheat,
Clover.

Oats.

The shortness of this course is an objection to its use, but
for the reason before given, that no intermediate assistance can be
given to the land between the fallowing, the repetition of that
process becomes the more necessary to put the land into the best
condition for being cropped. Wheat is the most valuable crop
that can be got, even in the small quantity that is grown on the
gault clays ; oats thrive very poorly on waxy clays for want of
the loamy adhesiveness, and clover labours under the same predi-
cament. It is not eligible, in fact it is very objectionable, to have
two crops of the same plant in one course of rotation; yet, when
beans are introduced, there seems a necessity for the admission.
Thus
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1st year

2nd

( Fallow, dung
'

, \ and lime.

. Wheat..

3rd year
4th
5th

Clover.

Beans.

Wheat.

Oats may be sown in the fifth year ; but experience shows that

wheat is in all cases the most profitable grain for adoption. A
longer course would stand thus :

—

1st year

2nd
3rd

3?

( Fallow, dung
*

( and lime.

. Wheat.

. Clover.

4th year
5th
6th

Oats.

Beans.

Wheat.

This rotation is much the best adjusted, if the bean crop could

be so fashioned as to impart some benefit to the land by manuring
and working, in order to sustain the following crop of wheat ; but
the most stubborn gault clays do not allow any preparation, not
even deep harrowing of the ploughed surface on which to drill the

beans ; the crop is therefore in broad-cast, and during the early

growth the weeds are checked by hand-hoeing
;
consequently, the

cropping of the land for six years till the fallowing returns is too

severe a process of usage, and is scarcely admissible in the clays

now described. Tares thrive very poorly on the gault, but the
-crop may be tried in the way stated for the London clay.

The course of cropping on the gault, as on the plastic and
London clays, is much more advantageously prolonged by having
grass for two, if not for three years, and depastured by sheep and
cattle. The land is rested and acquires a grassy surface, on which,
in the decomposition, the oats are nourished. A crop of oats is

wholly owing to this vegetable decomposition, and the freshness

which the soil obtains constitutes the pabulum of future crops.

The rotation would be

—

1st year

2nd

( Fallow, dung
*

( and lime.

. Wheat.

3rd year
4th
5th

Or-

5th year . . . . Pasture.
|

6th year

The grasses to be sown, per acre, are

—

Ray grass . .

Cocksfoot . .

Meadow fescue

Catstail . . .

\ bushel.

4 lbs.

4 „

Dogstail .

Red clover

White clover

Clover.

Pasture.

Oats.

Oats.

4 lbs.

6
4

Our own experience in the management of clay lands has been
Yery long, and extensively varied, and most fully justifies the re-

commendation of the course of cropping last stated, as the most
useful and beneficial on all lands that are not adapted for green
crops. The land being thoroughly drained, and the herbage being
young and fresh, no tendency to rot is imparted to the sheep that
"graze the surface, and the pasture is more valuable than any one
of the scanty crops that are obtained by constant cropping. The
course may be lengthened into eight years, thus :—
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1st year

2nd
3rd

Fallow, dung
and lime in

200 bushels
an acre.

Wheat.
Clover.

4th year .

5th
6th

7th

8th

Pasture.

Pasture.

Oats.

Beans.

Wheat.

This course includes the use of pasturage and beans, which pre-
pares the land for bats and wheat in the most superior manner.
The true

.
gault clay requires the strong turn-wrest plough of

Kent for the purposes of cultivation, and the entire management
differs nothing from the London clay, which in many places it

closely adjoins in its geographical position. The viscous adhe-
sion is not much less, and it clings during wet weather to the feet
and to the metal of ploughs, so as to require the timber board of
the heavy plough. Harrowing and rolling are not much required
during the summer fallowing, as the land falls during autumn into
a very fine and soft powder on the surface, in which the wheat
plants have a slender hold, and are often thrown out before the
second growth of the spring obtains its firm consistency; conse-
quently it is preferable to have the surface in a cloddy condition
of roughness, between which the roots of the wheat plants get a
hold of the firm ground underneath, and the falling into pieces of
the clods during the winter and spring covers the plants and pro-
tects the roots. Farm-yard dung is the only manure that can be
used, and is applied on the fallows for wheat. The usual top-
dressings are used on the young crops of the spring. The draining
of the gault clays must be frequent, the drains being five yards
apart, and placed and filled as before mentioned. The value of
gault land by itself will not exceed 12s. per acre.

The modified gault in the Tetsworth clay presents a soil that is

very considerably relaxed in the viscous adhesion, and in which
the obdurate tendency is very much diminished. The com-
mingling has been very large with the chalky detritions, and the
character partakes of the mixtures with the argillaceous deposit,.

The aluminous quality is still obstinate, and the land must be
cultivated by thesummer fallowing process, which can in no case
be omitted. But the land can be ploughed with a strong swing
plough drawn by four horses in the winter furrow, and by twa
horses during the summer operations. The usual harrowings and
rollings can be used in the cultivation of this clay land, but at
some seasons it gets into very peculiar condition, and baffles

management. As in all clay lands, all operations must be done in
dry weather, as a very small degree of wetness glazes the soil and
cements the particles. The texture of the soil hardly allows any
preparation in the spring for beans, and deep harrowing becomes
necessary, on which the seeds can be sown by drill machine, or in.

ruts that are made by small ploughs, and both modes are done
across the winter furrows. If no manure is applied, the move-
ment of the soil by the hoeings is very beneficial to the land.
The rotation will be—
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1st year

2nd

And with pasture-

1st year . .

\

2nd
3rd

Fallow, dung
and lime in

150 bushels

an acre.

Wheat.

Fallow, dung
and lime.

Wheat.
Clover.

3rd year
4th
5th
6th

5?

J?

4th year
5th
6th

i3

J.)

Or-^

5th year . . .

The grasses to be

Ray grass . .

Oocksfoot . .

Meadow fescue

Catstail . . .

. Pasture.
|

6th year .

sown are, per acre,

—

Dogstail\ bushel.

4 ??

4 lbs.

2 „

Red clover .

White clover

Clover.

Oats.

Beans.

Wheat.

Pasture.

Beans.

Oats.

Oats.

2 lbs.

6

2

In every case of sowing grass seeds, the surface of the ground
must be minutely pulverized by harrowings before the seeds are

sown, and the operation repeated after sowing. The heavy roll

finishes the process.

Farm-yard dung is the only manure which the Tetsworth clay

will receive, except in top-dressing the spring crops on the young
braird. The draining may be done in the distance of five or six

yards from drain to drain, and filled as before described. The
value of the land is about 16s. per acre, producing three to four

quarters of wheat. The quality of the land is inferior to the best

kinds, and superior to the worst varieties of the plastic 'London and
gault formations.

The so-called gault of Huntingdon and Cambridge is still

farther removed from the true type than the clay of Tetsworth.

The land is still tough in the texture, partially viscous, and re-

quires the process of summer fallowing to prepare the ground, as

green crops are" denied. But the swing ploughs are sufficient,

with four horses in the winter furrow, and two during summer.
Draining is not universally required, as the clay is much dried by
the mixture of chalk. The mode of draining, the systems of

cropping, manures, and grass seeds, are the same as for the Tets-

worth clay. The quality of the land is superior, and fetches a
higher value, being much mixed with turnip soils of the chalk

and loams.

The gault clay is confined to the chalk districts, and to the

south-eastern portion of that range of formation. Except in Surrey,

the true type is not found; the clay is often almost wholly lost

in the upper sand, and when the sand is absent, the chalk descends

into the gault, and much alters its constitutional character. The
name is preserved and applied to the clays that are seen associated

with the sands below the chalk, though the true deposit is seldom
exposed, and consequently not much known. The gault is seen
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in the perfection of a cliff of 120 ft. thick at Folkstone, resting
distinctly on the lower green sand, the section being well exposed,
and the stratum exceedingly fossiliferous.

CHAPTER V.

Alluvial or Fresh-water Clays.—England.—Wealden Clay.—Coal Clays of
Durham and Northumberland, and round Birmingham.—Essex Clays

—

on the Sides of Rivers, and on the Flats of the Sea-shore.—Scotland.'

—

Clays of Berwickshire—East Lothian—Carses of Gowrie and Falkirk—
on the Sea-shore and Sides of Rivers.—Cultivation of each Variety.—
Rotations of Cropping.—Manures.—Draining, and Yalue of the Land.

Wealden Clay
Gets the name from " weald," a Saxon word, meaning a wood or
forest, in allusion to the ground now occupied by the clay being
formerly overgrown with timber. It is placed as the upper forma-
tion of the oolitic series, and is constituted of three groups, the
Weald clay, the Hastings sand, and the Purbeck beds. The chalk
and third sandstone, which overlie the oolite, had been swept
away by a vast denudation, and the Wealden beds had afterwards
been deposited by a fresh-water agency, as is evinced by the entire
absence of man n e shells, even of the kinds that are most common
in similar depositions. What shells there are have most generally
the forms of fresh-water or littoral kinds, and the plants are ter-

restrial or marshy, and not of marine origin. The remains of
animals also indicate the littoral or marshy life of the huge crea-
tions of that period of the globe.

This deposit of clay in its character and aspect varies from a
dark tenacious clay to that of a blue or gray calcareous marl of
an earthy and friable texture. It contains occasionally layers of
argillo-calcareous concretions, replete with shells of a noted shell-

fish of rivers. The interior of these is usually filled by calcareous
spar, which admits a slight polish, and the masses are wrought for

ornamental purposes, and known as Petworth marble. , The sep-
taria of this clay are composed of a deep red argillaceous ironstone,

and, with remains of fishes, occur in layers of two or three feet in
thickness, in the upper divisions of the clay. The mineral con-
tents appear to be limited to the specks of mica which occur in
many of its beds, nodules of iron pyrites, and selenite. The shelly
remains which are shown in the marbles are thought to indicate
a lacustrine or fresh-water origin; but the evidence is not so

thoroughly satisfactory as to place the matter beyond all doubt.
It may be observed that these signs are exhibited by the marbles
and not by the clays, and that the best proofs are of a mixed de-
scription, containing some kinds of aquatic birds, a fresh-water
-and marine turtle, a land tortoise, with fish teeth and scales.

Hence it may be concluded, that marine and fresh water had by
•conjoined or successive operations produced this formation.

The Wealden clay occupies the low grounds of Kent, Surrey,
and Sussex* in the first county forming a valley of five miles in



CLAY LANDS AND LOAMY SOILS. 73

breadth, from the Surrey border to the edge of Romney Marsh,
and having a depth of 300 ft. It also occupies the valley running
from west to east at the foot of the North Downs, which is

watered by the Medway, the Eden, and the Beult. The whole
southern border of the county of Surrey is occupied by the wealden
clay, forming the broad valley at the foot of the green sand hills,

and in some places forms the lower part of the south side of the
hills. In Sussex, the Weald clay is the next important formation
to the chalk. It joins the gault, and extends through the centre
of the county, constitutes a low tract of five to seven miles in
breadth, and presents no remarkable features on the surface, ex-
cept in being favourable to the growth of oak in some places.

Much iron was at one time manufactured in Sussex from the iron-

stone of the argillaceous beds ; but the want of fuel removed the
operations to districts where coal is abundant. A small portion
of the weald clay occurs in the eastern part of Hampshire. It is

wholly unknown in the north of England.
In Dorsetshire, the Weald clay may be traced in the Isle of Pur-

beck, dividing the green and iron sands, but it thins off to nothing
in the western part of that peninsula. In the Isle of Wight it

may be observed holding a similar position, and having obtained
a greater thickness ; it may be traced following the green sands
under the central chalky range ; and again, underlying the same
formation in the southern range of the Undercliff. The forma-
tion never rises into hills of any height. In the central Weald of
the southern counties, where alone it possesses sufficient thickness
and extent to give any character to the general form of the sur-

face, that surface is an uniform broad vale. The depth has been
mentioned at 300 ft. in Kent ; in the Isle of Wight it appears
not to exceed 100 ft. The inclination appears to be always
parallel to the superstrata of green sand and chalk. The aluminous
chalybeate spring of water in the Isle of Wight appears to have
its origin in this formation.

The wealden argillaceous deposit presents to the agriculturist a
Soil of pale, cold, and retentive clay, naturally covered with woods,
and of a productive quality that is very considerably below medio-
crity. The prevailing arable character is a hard aridity and a
meagre unctuousness, which denote a great want of mellow ingre-

dients and exuvial mixtures. But the texture freely permits the
land to be ploughed by the power of two horses, though the
winter furrow is better done by three, and to the depth of seven or

eight inches, which affords an ample quantity of soil for the sum-
mer operations. Two horses walk in tandem in the furrow, and
the third on the unploughed land, and is a match for the two in

the furrow, by having the long end of the main tree or the steel

yard adopted in use. The other operations of working the land
are conveniently done by two horses and the common implements.
Boot crops are not admitted by the wealden clays, and the process

of summer fallow is indispensable. Farm-yard dung is the only
suitable manure, and the young crops of grain may be top-dressed.

The clay is not so wet or so very retentive as the plastic and
London clays, and the draining may be at intervals of the dis-

E
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tance of eight yards, with the drains slanting in the direction of the

ridges at a greater or less angle, as the surface of the ground may
direct. In many cases the ridging may be wholly laid aside, and
the drains be laid by the fall of the ground. The depth of the

drains to be as before mentioned, and also the filling with materials.

The rotations of cropping may he-

ist year

2nd

Fallow, dung
and lime in

150 bushels.

Wheat.

3rd year
4th
5th
6th

J5

Clover.

Oats.

Yetches.

Wheat.

variety, and beThe vetches may be of the winter or spring

consumed by sheep on the ground, which is sown with wheat
from one ploughing. On the weaker clays of all denominations?

the pasturage system is most earnestly recommended, as tending

to give to clay lands the very thing they want, in the formation

of loam by the decay of the roots and leaves of the grass, and by
the rest of the land from cropping affording time to assimilate

and amalgamate the materials. The decay of vegetable matters

affords a manure that surpasses every fertilizing substance yet dis-

covered.

The arrangement will be as under :

—

1st year

2nd
3rd

( Fallow, dung
'

( and lime.

. Wheat.

. Clover.

4th year
5th

6th

Pasture.

Pasture.

Oats.

Beans are not an appropriate growth on the wealden clays?

though they may be introduced on the very best sorts of the land

in the fourth and fifth year of the above rotations. But as the

soil rarely admits a preparation in the spring for the beans, at

least of any effect, the crop is in broad-cast, and had better be
omitted. Peas are not advantageously used, but may be tried on
the pasture furrow in the place of oats. In that case, a crop of

oats will follow, and prolong the course into seven years ; and beans
may be substituted for the peas alternately in the course of crop-

ping, which ^will give the land the benefit of the leguminous crops

along with the pasturage of the grasses. The system is most ad-

mirable.

The list of grass seeds as under, per acre,

—

Bay grass . .

Cocksfoot . .

Meadow fescue

Catstail . . .

Dogstail . . .

\ bushel.
i.

4 lbs.

4
4

Hand fescue .

Bed clover .

White clover

Trefoil . . .

2 lbs.

6

2

The wealden clay forms a transition from the marine to the freshr-

water formations, and, though it is placed in the oolitic system, it

must be held as a posterior formation to the clays which overlie

the chalk, and which is itself a much later deposit than the oolites.

As before observed, a denudation had bared the oolite of the super-

incumbent sandstone and chalk, and afforded the position for the

wealden clay from the agency of fresh-water locations and estuary
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deposits. It would appear that both these agents have been jointly

or separately employed in the production of the wealden argil-

laceous bed ; the fresh water may have predominated, and given
to the three constituents of the group a greater resemblance to

the alluvial than to the preceding overruling agents of operation.

It is largely accompanied by calcareous matter, which has been
continued in diffusion, and is seen in the Purbeck beds, and in the

Petworth and Sussex marbles. The stones are shelly and thinly

laminated, but evince in their various forms and qualities the pre-

sence of the substance, and that its matter attended every forma-
tion. Sand is also very largely diffused both in beds and in mix-
ture, and all the materials had descended from the state of schistus

or shale to the condition of pulverization, whereby they were all

prepared to form the sub-aerial deposit, or the cultivable stratum
of the globe.

The Coal Glats

of Durham and south Northumberland overlie the coal mesaures
of these two counties of carboniferous notoriety. The colour of

the thin stratum is mostly black, but frequently the upper and
under strata are of the same colour—a pale red hue, and some-
times whitish with sands intermixed. The most generally black
colour may have proceeded from the shale of the coal, and have
inherited from that deposit the quality inimical to vegetation, for

the productive powers are very low, even when the clay almost im-
mediately overlies the new red sandstone rock. In many places

the depth is small before the coal is reached, and the approach to

that deposit finds the shale or the undecomposed clay to be black
and indurated, and regularly laminated. The cultivable stratum
generally lies on deep beds of dry hardened clay, gravelly or sandy,
according as the contiguity is fixed to the diluvial agency or to

the detritus of the sandy rock. Where the rock is upheaved,
good lands appear in clayey loams, while the surrounding low
grounds are occupied by the sterile clays. The soil is very reten-

tive of moisture, and, the absorbing stratum being shallow, the
management is not a little precarious both in the spring and
autumn. The total want of shells of any kind, and the absence
of organic remains, consign these clays to the agency of fresh

water in a tranquil state of operation ; there are no contortions,

or disturbances, nor any visible interruptions of the sedimentary
depositions. The formations have been little noticed, as they are=

not connected or associated with any stratified deposit, as the

chalk or oolite, nor are they conducive to the illustration of any
superincumbent or surrounding formations. The Carboniferous,

limestone appears on the high boundaries of the concavity of the
coal beds, but seems wholly unconnected with the formation of
the soil.

The land very generally hears a near resemblance to the wealder*

clay ; it can be wholly tilled by the power of two horses, and by
the common implements—^the plough, harrow, and roll. The
winter furrow is best of the depth of six to eight inches, and will

require three horses. The texture of the soil excludes any root

E 2
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crops, and a bare summer fallow must be adopted. The quality

of the land generally is below the growth of beans, and is not
favourable to peas or vetches. Oats are grown, but not advan-
tageously, and wheat, even in the poor returns that are obtained,

forms the staple production on these lands. The four years' course

of cropping is

—

1st year .... Fallow.

2nd , Wheat.
3rd year .... Clover.

4th „ Oats.

This has been followed for a length of time, and with much
injury to the land, and peas have been introduced :

—

3rd year .... Peas. | 4th year .... Oats.

Thus omitting clover, and using it only once in eight years. No
very great benefit has happened from this change, and, as beans
and peas must be used in broad-cast, the benefit of the half-fal-

lowing cultivation of these plants is not obtained. The pasturage

system may be brought into operation with great advantage on
these lands ; the matting of grassy roots which covers the surface,

affords a decomposing nutriment to the succeeding crop of oats,

and the rest which the land enjoys tends to invigorate the powers
of the soil. Thus in five or six years

—

1st year .... Fallow.

2nd „ .... Wheat.
3rd „ .... Clover.

4th year .... Pasture.

5th „ .... Oats.

Or-
5th year . . ... Pasture. [ 6th year .... Oats.

These lands are wonderfully improved by these courses of crop-

ping, and sheep thrive well on clay grounds, provided the herbage
be fresh and sweet. This object is attained by the regular renewal
of the pasture by fresh seedings of the cultivated ground. Any
damage sustained has arisen from old mossy herbage. Vetches,

peas, and beans are sown for the use of the farm, but form no
part of the beneficial cultivation. Being in broad-cast, the ten-

dency is to scourge, and not to improve ; hence their use is very
limited. The grass seeds to be used per acre are as under :-

Ray grass . . . \ bushel.

Cocksfoot ... J j>

Meadow fescue . 2 lbs.

Catstail .... 2

Dogstail .... 2 lbs.

Red clover . . . 6 „
White clover . . 4
Trefoil 2

"

Farm-yard dung and earthy composts only are useful on these

lands, with the usual top-dressings on the spring crops. The
draining of these lands must be at the distance of five yards,

the drains being placed in the furrows, or slanting on the ridges,

cut to the depth, and filled with the materials before directed.

In the midland counties, and around Birmingham, the colour of

these clays is more red than the last-mentioned varieties, and the
quality somewhat better. But their general nature compels the

same management in every respect, as the resemblance is very
great in the dry aridity of the ploughed soil, and the very repul-

sive quality to any root crops, or leguminous plants. Where
they are introduced, the broad-cast cultivation rather forbids than
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recommends them. Being cleared, by fallowing, of the weeds of

annual and perennial life, that condition is better preserved by

the land remaining in grass for two or three years than by con-

stant cropping, which encourages the germs of life of every deno-

mination to spring into existence. Hence the great benefits that

have been derived from this system whenever introduced and pro-

perly performed ; whenever similarly managed, it has been at-

tended with similar results.

A very considerable part of these clay lands, in the north of

England, lie in serpentine ridges of very irregular width, often

six or eight yards in breadth at one end and two or three yards at

the other, being wide and narrow in contiguous ridges without

any regularity, and the wide end of a ridge often terminating in

a narrow point in the middle of the length of the field, or of the

direction of the ridges. In the larger fields, the ridges often form

divisions that lie in very different directions. Much inconve-

nience, in the loss of time and frequent turnings of the imple-

ments, attends the cultivation of these awkward allotments of the

ground; attempts have been made to straighten the ridges, and,

in many cases, have been attended with a lasting damage to the

value of the land. The failures have arisen from not attending

to the circumstances of the case which govern the results, as in all

other points where they so very powerfully come into operation.

Prom the long-repeated gathering of the ridges, the substratum

has been raised to a convex shape as well as the upper, and the

intervening furrows are deeply sunk between the ridges. New
ridges being placed in a slanting direction over these heights and

hollows, were unequal in the declivity ; the heights intercepted the

flow of the water, which stagnated in the low places, and reduced

the contiguous ground to a state of mortar. A great mistake was

also committed in making the new ridges too wide, as not many
ploughmen are capable of rounding a ridge to the proper con-

vexity beyond the width of twelve feet. In new formations, the

proper width is nine or ten feet. Where the old ridges are

nearly though not altogether straight, not very highly raised in

the centre, and lie all in one direction, the new formation is. not

very difficult ; but in the awkward forms that have been men-

tioned, the process is matter of serious consideration. The first

requisite is to level the surface so as to get a base of operation,

and it has been proposed to employ the spade, and perform the

work at once. But the cost would be immense, and wholly con-

demn these poor lands, as the upper soil must be laid aside, and

again replaced after the substratum of clay has been levelled by

the digging and movement of the bed.

A very cheap and effectual method of levelling these high

ridges of unequal widths and crooked longitude, consists in gather-

ing by the plough, in the hollow furrows, a small ridge during the

fallowing of the ground, which may be commenced of the width

of four to six feet, and be increased by two or three furrows of

the plough in each succeeding fallowing of the land. By degrees

these new ridges will be raised to the height and width of the old

ones, the ground will be levelled, and then a new formation and
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direction of the ridges can be effected without any damage either
to the upper soil or to the underlying stratum which acts as the
drain to the water from the land. In making new formations the
width of the ridges may be five yards, in order to suit the frequent
drains in each furrow, which are adapted to these thin clay lands,
as they quickly remove the water from the soil. The merits of
this system of frequent draining have already been discussed.
The writer of this treatise on clay lands practised with much

success the above preparatory mode of altering the awkward sur-
face of clay soils in south Northumberland, and is therefore able
to recommend it from experience, which is the sure ground of all
practical knowledge. During the first gatherings of new ridges,
much aid is derived from harrowing the ground across, as the
clods are pulled into the hollow places, and afford soil to the next
ploughing.

Essex Clays

are compounded of the plastic and London formations in the
inland parts of the county, and on the shores of the estuary of
the Thames assume the alluvial characteristic, and overlie
the older deposits. The intermixture of the two marine form-
ations above mentioned has produced a very large modifica-
tion of the respective qualities of the argillaceous earths : the
very obdurate adhesion and viscous clamminess have been very
much reduced, even in those places where the primary formations
are allowed to exist. Still the quality is hard and stubborn, but
admits many advantages beyond the original beds of which it is

formed. It would seem that the receding waters had left on
higher grounds the suspended materials, which were impregnated
with the respective qualities of the acting operators, and that in the
further

^

stages of the retreat of the watery elements, the affinities
of the ingredients had changed, and new combinations had hap-
pened, which, along with the subsequent operations of different
powers, have exhibited many degrees and varieties of elements
and materials, but still bear the evident stamp of the original
type. These remarks apply very strongly to the Essex clays,
which, being reduced from the nature of the marine formations,
are correspondingly increased in their" productive quality, ex-
actly as they recede from the plastic obduracy of the lower ter-
tiaries. The shells and organic remains are less numerous, and
the whole deposit marks a stage of large advancement from the
marine to the alluvial epochs.

The clays of Essex are capable of being cultivated by the com-
mon implements, with the power of two horses. The winter furrow
is best done by three horses, as in the case of all clay lands, and
of the depth of six to eight inches. Root crops are wholly for-
bidden by the clayey soil, and the summer fallowing of the land
becomes the preparation for the crops of the rotation. The pro-
cess requires three or four clean earths, exclusive of the winter
ploughing ; which will be three earths during summer, one
ploughing to cover the dung, and the seed furrow. In some cases
the grubber will save a ploughing, and even produce more effect,
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Some parts of the land allow a spring preparation for beans* by re-

versing the winter ploughing and working the land lengthwise and

crosswise by the grubber; it is then drilled by the common plough,

dung applied, beans sown, and the drills reversed. The surface is

also deeply harrowed, and lightly scarified on the winter plough-

ing, the beans being dibbled on the alternate furrow slices, or sown

by the ruts of the drill machine across the ploughing. It may be

better to open ruts on the harrowed surface by one-horse ploughs

at intervals, which will admit the hoeing and scarifying of the

crop ; the beans are sown broad-cast, when the seed falls into the

ruts and are covered by harrowing. But unless the crop is sown

in wide intervals, the benefit of the bean crop is not conferred

upon the land. Peas and vetches do not grow advantageously on

the Essex clays; they form a broad-cast catch crop, and are not

entitled to a standard position in the rotation. They are generally

much too thinly sown, grow in a straggled manner, and fill the

land with weeds. But they are useful in a minor degree.

Farm-yard dung is the only manure with which the Essex clay

will reciprocate, along with lime and earthy composts. The quan-

tity of lime should not be under 200 bushels on an acre, with as

much farm-yard dung as can be got. The young crops of all

kinds can be top-dressed in the spring with the usual pulverulent

bodies. The frequent draining may be done at eight yards apart,

the drains slanting with the ridges or fall of the ground, cut to

the depth, and filled with materials as before described.

The most suitable rotations on the best lands are—

( Fallow, dung and
1st year

j Hme in 200^^8.
2nd „ . Wheat or barley.

3rd „ . Clover.

This is the common rotation over Britain on clay lands of the

best quality; it may be varied in two ways—

Or—3rd year . . Vetches.

4th „ . . Barley.

5th „ . . Clover.

4th year . . Oats.

, ( Beans, drilled
5th » ' '

\ and dunged.

6th „ . . Wheat.

3rd year .... Beans.

4th „ .... Barley.

5th „ ... . Clover.

6th „ ... . Oats. 6th „ . . Oats.

The vetches, being consumed on the land by sheep, manure the

ground, and saves the labour of dunging the beans, which is often

troublesome. Unless the land can be wrought in the spring by

the plough and grubber for the beans, and these drilled at wide in-

tervals, which admit of horse-hoeing, the land does not obtain the

benefit of the crop, and the plant sinks in value. The narrow in-

tervals from dibbling the seeds on the furrow slices, and the sow-

ino- by drill machine or by rutting with small ploughs, only admit

the hand-hoeing of the crop, and light scarifying of the ground,

which, though far better than the broad-cast system m loosening

the soil and eradicating the weeds, is yet very imperfect^ as

the scarifying cannot be deeply done, from the furrows not having

been broken by cultivation. It can only move a few jncnes ol the

pulverized surface, which does not penetrate the ground, and
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therefore the working of the intervals is too shallow, and effects
but little benefit.

The inferior clays of Essex require an easier rotation, and less
scourge cropping, thus :

—

1st year
2nd „
3rd
4th
5th
6th

J?

Fallow.

Wheat.
Beans.

Oats.

Vetches.

Wheat.

Or—1st year
2nd „
3rd
4th
5th
6th

Fallow.

Barley.

Vetches.

Wheat.
Clover.

Oats.

The vetches are best used in the fourth or fifth year, when-
the crop, being consumed on the ground by sheep, manures the-
land for the wheat, which enters twice into the rotation ; or only
once on weaker lands, by sowing barley on the summer fallow.
The pasturage system before recommended may be well used on

the weaker clays, thus :

—

1st year . Fallow.
2nd „ . Wheat or barley.
3rd „ . Clover.

The seeds of grasses as under

—

Per Acre.
Ray grass . .

Cocksfoot . .

Meadow fescue
Catstail . , .

Dogstail . . .

4th year
5th

6th

J bushel.
i

4 lbs.

4 „

Hand fescue . .

Red clover . .

White clover

Trefoil ..... 2

Pasture.

Pasture.

Oats.

Per Acre*

2 lbs.

6

The pasturage may be shortened by one year, and peas or
vetches take its place, thus :

—

1st year . Fallow
2nd
3rd
4th

Wheat or barley.

Clover.

Pasture.

5th year . Oats.

6th „ . Vetches or peas*
7th „ . Wheat.

The clay lands of Essex produce the best qualities, and also the
most abundant quantities, of wheat and beans that are grown on
any soil in England. The texture of the land is a medium be-
tween the marine tertiary deposits and the alluvial formations;
it passes from the extreme viscid clamminess of the former, and
does not reach the weakness of the latter that is caused by the
minute separation of the particles from the abstergent action of
the waters. It does not match the fertility of East Lothian, but
the favourableness of the climate perfects a quality of the articles
that is equal, if not superior, to the productions of that celebrated
county. The soils of Essex are wanting in the loaminess which
allows the very superior cultivation of beans in East Lothian, and
consequently the crops are not so large, nor the land so valuable.
The last-given rotation of cropping, which joins, in the course of
seven years, the pasturage farming along with beans and wheat,
ofiers many advantages that have not yet happened in the farming
of clay lands. Barley being sown on the fallow very much pro-
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motes by its tilth of the land the success of the grass seeds, and

beans, vetches, and peas, being used in the sixth year, either in

the alternate rotations or in shares of the land in every course,

the scuffled surface of the gratten presents a very favourable

ground on which to spread the lime which the land is destined to

receive. And the two years in grass rest and recruit the soil, and

at the same time pay their regular share of the expected value.

The rotation claims much merit, and deserves every recom-

mendation.

Clay Lands

of the alluvial kind are found on flat extents near the sea-shore,

chiefly near the mouths of rivers and estuaries, round the whole

coast of England. These lands, as Romney Marsh and Pevensey

Level, are used in grass, and do not come under the notice of cul-

tivators ; but on the sides of rivers in the interior of the country,

clay lands are found which forbid the use of root crops, and at the

same time are very sparingly productive in the returns of wheat and

beans, even where they are used on the best qualities of ground.

The swing plough, with the power of two horses, is capable of

tilling these river-side alluvial clays, the bare summer fallow is

necessary, and half-rotted farm-yard dung is the only fertilizer

that can operate any benefit upon the texture of the land. The

frequent draining is done at the distance of eight yards apart

in the trenches, sharply slanting in the direction of the ridges or

the fall of the ground ; the drains are cut to the depth, and filled

with the materials, before directed. The best cropping is

—

(' Fallow, dung and
]

3rd year . . . . Clover.

1st year . < lime in 200 4th „ .... Oats.

( bushels. 5th „ . . . . Vetches,

2nd „ . . Wheat or barley. 6th „ .... Oats.

On inferior soils

—

1st year . Fallow. 1 4th year .... Pasture.

2nd „ . Oats or barley. 5th „ .... Pasture.

3rd „ . Clover. 6th „ .... Oats.

This last rotation requires a high inland latitude and a

late climate, to which the grain crops that are used must be con-

formed.

Scotland

contains clay lands of a value very superior to those of England,,

and which are all of the fresh-water formation, as that country con-

tains no stratification above the first or old red sandstone, which

supports the limestone and the few coal beds that occur. The

whole cultivable lands are alluvial beds that rest upon the primi-

tive rocks, which are surrounded in some places by wackes and

the sandstone, which support the most fertile districts. Entering

the kingdom from the south
;
there occur, immediately on crossing

the Tweed,

33. 3
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The Merse Clay Lands,

-'Vhich cover the low part of Berwickshire, and stretch from the

vSea inland, along the course of the river, for about twenty miles,

while the average breadth may be six or eight miles. The forma-

tion rests upon the old red sandstone that has been derived from
the clay-slate of the Lammermuirs, which, both on the north and
south sides of the range, afford the materials of the stratified

deposits. In the western parts of the county the eruptions are

high and very large of the trap rocks, which always support good
soils, and more dry and friable than the lovfer deposits on which
the waters had congregated for a longer time. In that district

the clays are more easily wrought, and are more valuable where
the climate is favourable, and not too inclement for the growth of

their valuable products.

The Merse forms the half of a basin or circle, of which the

straight line runs along the riverTweed, and the curve describes an
arc, from the meeting of the clay and turnip lands towards Kelso,

by the foot of the Lammermuir Hills, in the north and east, to the

mouth of the river at the town of Berwick. The lower part of the

semicircle is very flat on the surface ; but the ground rises gra-

dually all round the arc, and the land passes into different quali-

ties. The ground is much higher on the south side of the river,

and is much of the same nature for a shorter distance to the in-

terior. The clay is mostly black in colour, and comparatively

loose in the texture, though very indurated in the bottom. It is

cultivated by the swing plough, with the power of two horses, and
by the other common implements of tillage. The summer fallow-

ing of the land must be practised, and farm-yard dung is the only

manure which is useful to the soil. The draining is done at the

distance of six to eight yards, with the gutters placed, cut, and
filled, as before directed.

The general quality of the Merse clay lands is rich, producing

wheat in large abundance, though beans are not very much
used, owing to the climate being rather unfavourable for the

growth and maturity of that plant. Not that the plant does not

grow abundantly both in straw and pods ; but the general circum-

stances of the geographical situation do not warrant a very

large cultivation of the crop. But they are used on the very best

lands, and the returns are large. The best qualities of land are

found in the low eastern corner of the clay district, which is

formed by the convergence of the river Tweed and the range of

Lammermuir Hills. The undulating surface of the interior range

of the semicircular country as it rises to the hills on the north,

and on the west to the turnip soils of Roxburghshire, presents a
great variety of land, mostly in cold thin clays of an inferior

quality, but still very fairly productive. On the best sorts of

lands the six years' course is not exceeded.

C Fallow, dung 3rd year .... Clover.

1st year . . < and lime in 4th „ .... Oats.

( 200 bushels. 5th „ .... Beans.

2nd „ . . Wheat. [ 6th „ .... Wheat.
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The following course may be eligible in some cases, and has

been before much recommended :

—

1st year .

2nd „ . .

3rd „ . .

( Fallow,
* *

I dunged.

. . Barley.

. . Clover.

4th year .

5th

6th „ .

. . . Oats.

S Beans,

I
with lime.

. . . Wheat.

Or—
4th year
5th „

. , Pasture.

. . Oats.

6th year . .

7th „

. Beans, limed.

, Wheat.

It requires a degree of loaminess in the soil to receive the barley

plant, and it will be difficult to gain admittance for pasturage on
these strictly corn lands. The most waxy and strongest of the

clay soils may not admit this course, and the rotation of four and
six years will be used. Strictly corn lands are distinguished by
the capability to produce matured crops in succession, without

being recruited by rest.

On the cold clay lands of inferior quality, the pasturage system

becomes most eligible, though the constant cropping rotation is

yet followed without known damage to the land or to the

profits. The pasture may be in one or two years, thus :

—

1st year

2nd
3rd

Or—
5th year

( Fallow, dung
'

( and lime.

. Wheat.

. Clover.

4th year

5th

6th

Pasture. ] 6th year

. Pasture.

( Beans, vetches,
*

( or peas.

Oats.

. . Oats.

Grass seeds, as under,

Ray grass . . .

Cocksfoot . . .

Meadow fescue

Catstail ....

Per Acre.

I bushel.
i
4

4 lbs.

4

Dogstail . .

Red clover .

White clover

Trefoil . .

Per Acre.

4 lbs.

8
4
4

The land sown with beans receives the usual preparation for

being drilled and dunged, and in wide intervals, which admit of

the perfection of the bean culture
;
yet the crop is often seen in.

narrow distances, which only admit of the hand-hoe, or a very light

scarifying, which does not move the ground to the depth necessary

for pulverization. As the wheat thrives best after beans, the

plant is approved wherever success is at all probable, though a

richness is required in all clay lands for the production of beans

;

and it requires a suitable cultivation of the soil and arrangement

of the crops to correspond with the natural adaptation which

is seen to prevail in other respects. This consideration claims,

and obtains a very large place in every step of agricultural ad-

vancement.

East Lothian

is the county of Scotland most celebrated for its system of cultiva-

tion, the bulk of produce, and the acreable value of the land.
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It forms the range of country north, of the Lainmermuir Hills, and
extends to the German Ocean, and westward to the neighbourhood
of its metropolis. The soil is mostly clay of various qualities,

lying on vast alluvial beds, which are superimposed on the old red
sandstone that surrounds the mountains of the primitive and
transition strata. A large extent of trap rocks is projected

upwards in the extreme north part of the county that borders the
curved lined of the sea, and supports a red rolling clay soil of

fertility unequalled by any lands in Britain. In some places

gravels are intermixed with the clay, and the fertility is increased.

The swelling grounds rise into turnip soils in the interior of the
county, and in the western and southern parts red clay lands-

occur, which are stiff and waxy, dry and arid, and rest on the
lowermqst sandstone. The formation everywhere shows a fresh-

water agency, and a very extraneous and imported bed of ma-
terials. The sea cliffs exhibit many alternations of very dissi-

milar substances, which are not found in the inland parts, and in

these localities there are found many diversities and irregulari-

ties, from the clay to the loam of the most recent formation.

Trap rocks are allowed to be formed of ancient iavas, which are
the production of volcanoes, by the complete fusion and amalgama-
tion of the heterogeneous mass of materials that had been col-

lected. Lavas are most exceedingly fruitful, which may arise from
the temperature retained from the heat of the fusion by burning.

Trap rocks may be possessed of a latent heat from that source,

and communicate a high temperature, or at least some degree of

warmth, to the superimposed clay soil, and thus increase the fer-

tility, as temperature is a great source of productiveness. This
supposition may account for the very great superiority of the trap

clays in that county over the other deposits, and it is not more
improbable than many other geological speculations.

The clays of East Lothian are all ploughed by two strong

horses with the swing plough, and by the other common im-
plements of tillage. Summer fallowing of the land is invari-

ably practised, and beans are cultivated to the highest perfection

in Britain. The climate is early, and favours the maturity of the
plant, and also the spring cultivation of the land. The winter
furrow is reversed by the spring ploughing ; rthe grubber is em-
ployed lengthwise and crosswise, which, with some harrowings
and rollings, enables the land to be drilled at the distance of 27 in.

The farm-yard dung in a half-rotted state is laid in the hollows,

the beans are sown by a barrow, and the drills are split to cover

the dung and seed. The horse-hoeings and hand-hoeings are done
in succession till the growth of the stems prohibits any further

interference. A crop of beans on the trap clays of East Lothian,

treated in this way, forms, in the month of July, one of the finest

S1ghts that any country can afford.

The best rotation is

—

1st year. . . Fallow. 4th year . . Oats.

2nd , . . Wheat. 5th „ . . Beans, dunged*

gr(j
( Clover,inhay 6th „ . . Wheat.

"
•

8
'

( an i pasture.
|
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This is an old and favourite rotation, and no better has yet been

found.

Very varied qualities of clay lands are found overlying the coal

formations in East Lothian, and on the conglomerated rocks which

occur on the borders of the primitive range, from which the in-

ferior deposits are derived. The remoteness from the sea-shore

induces a late severity of climate, and these two causes compel a

different arrangement of cultivation. The best systems are

—

( Fallow, dung 3rd year .... Clover.

1st year . . < and lime in 4th „ .... Pasture.

( 200 bushels. 5th „ .... Beans.

2nd „ . . Wheat. |
6th „ . . . . Wheat.

In the highest situations the pasture may be prolonged, and

oats are the scourge crops. Peas are used only on the turnip soils,

and vetches in the quantity consumed by the working horses, and

not for a rotation crop. The latter application may be wanting

more from the non-consideration of the utility of the plant than

from any intrinsic demerit of the vegetable.

The course of six years, above stated, is applicable to lands

of the very best quality. Where a loaminess of the soil prevails,

and the quality of the land is a shade weaker, the following

rotation will be very useful, and is even recommended :

—

, ( Fallow, dung I 4th year .... Pasture.
1st year . .

| and Hme>
&

fith ^ _ # r 0ats>

2nd „ . . Barley. 6th „ .... Beans.

3rd „ . . Clover. | 7th „ .... Wheat.

As the land recedes in quality the pasture is extended, the use

of beans declines, and vetches come into cultivation. Peas are

not eligible on weak clay lands, or under late and weeping cli-

mates.
Very much of the successful agriculture of East Lothian is

owing to the dry and early climate, which allows of spring pre-

paration of the land for beans, and the most complete performance

of the summer fallowing process. The general character of the

land is excellent, not very wet, but still much benefited by furrow

draining. That improvement is now settled as being the best

done in a drain placed in each furrow of the 18 ft. ridges, at

the depth of 2 ft. to %\ ft., and filled with materials of stones, or

a tile with stones to 1J ft., thus leaving 1 ft. for top soil. Re-

peated trials have settled this system of draining. Subsoil

ploughing has been abandoned, as producing no difference in

fertility, or at least not sufficient to cover the expense.

Ray grass and red clover are the only herbaceous plants that

are sown in East Lothian for the hay crop, and the following after-

math that is used in pasturage or in soiling. It was found that

no addition to the latter-math was gained by sowing portions of

the cocksfoot, fescue, and catstail, as the growth of these plants

does not proceed in one year to equal the ray grass, which yet

holds the undisputed pre-eminence in the qualities of ready at-

tachment, produce, and maturity of seed, and all on the greatest
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variety of soils. For the use of one year, as in the rotations of
constant cropping, no grass plant can be compared with it.

The quantity of seed must be large when only two plants are
used —

Per acre 5^^rass
• •

IbusheL
I Red clover . . . 10 or 12 lbs.

The Carse oe Gowrie
forms a part of the county of Perth in Scotland, stretching along
the north bank of the river Tay, between the towns of Dundee and
Perth, to the distance of about twenty miles, and the breadth
being about three or four miles. The soil is a rich clay of the
alluvial deposit, which rests on the old red sandstone that occu-
pies the low grounds at the base of the primary range, and
stretches in a broad belt across the island from the German Ocean
at Montrose to the Atlantic at Glasgow. The western parts have
been much disturbed by large eruptions of the trap rocks, as they
are seen in the Ochill Hills, which pass under various names in the
different districts which they traverse. The clay of the Carse of
Gowrie shows no evidence of any marine presence, and conse-
quently constitutes a fresh-water formation. The quality of the
soil is not equal to the trap clays of East Lothian, but it exceeds
any other argillaceous deposit, and holds the second place in the
value of cultivated lands.

The summer fallowing of the land is required as the foundation
of the system of cultivation, which is done in every stage by the
swing plough with the power of two horses ; and this is provision
enough to perform all the other operations through the rotation of
crops. As in the case of all clay lands, farm-yard dung alone acts
as a manure, and the usual top-dressings may be applied in the
spring on the young crops. The draining is best done in the
furrows of 18 ft. ridges, cut to the depth, and filled with mate-
rials as before described. The lands are not very wet, but are
much benefited by furrow draining, and by surface cuts of depth
and width. This latter way has been long practised, but is now
superseded by the permanent effects of tile and stone drains.

^
The rotations of cropping on the clay lands of Gowrie differ

little or nothiDg from those practised in East Lothian, the six
and seven years' course being adopted on the very best lands, and
the pasturage on the inferior qualities. Wheat and beans aregrown
in large abundance, and the quality of each grain is very good.
Peas and vetches are not in much use, and are a stray crop rather
than fixed productions. Both plants are great improvers of land
when the crop thrives, and most pernicious when it fails. The
late spriugs of the northern climate of the Carse of Gowrie do not
allow any preparation of the land for beans, and the crop is sown
in broad-cast. This is a very great drawback on the value of clay
lands, from which few are exempt, except the best clays of East
Lothian. The soil of the Carse of Gowrie also wants the certain
degree of loaminess that permits the spring stirring of the land.
It may be rutted as before mentioned, and the beans sown in
narrow drills, which are preferable to broad-cast.
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The Carse of Falkirk

is a part of the county of Stirling in Scotland, occupying the

banks of the river Forth below the town of Stirling, in the down-

ward course of the river to the estuary expansion of the waters.

The land is an alluvial deposit on the' old red sandstone, the soil

being a bluish clay mixed with sand. The fresh-water agency

is established by the total absence of any marine exuviae, and the

want in the texture of the soil of the viscous clamminess which

attends the formations that have proceeded from sea water. The

aluminous quality still remains in a degree that is sufficient to dis-

tinguish the character of the land, and its nature demands the

common treatment of argillaceous textures. The quality is below

the Carse of Gowrie and East Lothian, and the course of cropping

must be less severe. The summer fallow prepares the land by the

swing plough and two horses, and the other operations are done

by the same power. The draining is done as before directed.

The short course of four years necessarily deviates into six or

seven years, as before stated, and a rotation of five years may be

thus :

—

4th year . Beans.

5th „ . Wheat or oats.
1st year . . Fallow.

2nd „ . . Wheat.
3rd „ . , Clover.

Or, by introducing peas and vetches,

4th year . . Oats.

5th „ . . Yetches.

6th year . Wheat or barley.

The vetches should be consumed on the ground by sheep,—

a

practice not known in that country; peas may be substituted,

and the surface scarified and limed for the crop of wheat or bar-

ley. Deviations may be effected in this way, so that wheat or

any other grain crop does not occur twice in the rotation.

The West of Scotland

contains some considerable extent of clay lands on the flat shores

of the counties of Ayr and Renfrew, which are alluvial and very

mixed depositions lying on the sandstone, the rock that is next

the primitive formations, which everywhere form the geological

basis of Scotland. In many places the alluvium overlies the gneiss

and granite, and covers the sandstone in the hollows and declivi-

ties which mark the transition of the rocky strata. These clays

are weaker in quality than the formations of that kind on the

eastern coast of 'Scotland ; the aluminous adhesion is more faint,

and the viscous texture is less concentrated. The lands are easily

tilled by the power of two horses in a swing plough, and the other

operations are done by the common implements. The rainy climate

is unfavourable to the growth of beans, and wheat is precariously

cultivated. But the latter crop occupies the fallowed grounds,

and beans are mostly an interloping cropj and do not confer the

benefit of their use as a drilled pulverizer and enricher of the

ground. Even on the best grounds pasture is most useful, and

may be varied with the grain plants, thus :—
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1st year

2nd

Or—
5th year
6th

J?

( Fallow, dung
< and lime in

( 200 bushels.

Wheat.

. • . Oats.

. . . Beans.

3rd year
4th
5th
6th

7th year

Clover

Pasture.

Beans.

Oats.

Barley.

fetches and peas can be little used ; beans are drilled, but the
climate prevents the full benefit being derived. The half-fallow
crops, as peas, vetches, and beans, require a dry and early climate
for the development of their value, and the west coast of Scotland
is humid and very wet, and almost prevents the performance of
fallowing, except in the most favoured situations. The benefits
of the summer fallowing of the ground are confined to the short
course of four or five years, and cannot be extended to six or
seven, which requires the assistance of a leguminous cultivation
that is denied by the climate in the imperfect growth of the
plants. The extension is practised in some places, but its adop-
tion is not general. The draining of the land is to be done as
before directed.

The Sea-Shores of Scotland,

especially on the eastern coast, show quantities of clay lands of
greater or less extent, as the interior country rises in height. The
sides of rivers are covered by similar depositions of various quali-
ties, which are all reckoned to be alluvial formations, as they con-
tain no incontestible signs of marine agency in the exuviae of shells,

nor any organic life. But a probability may be entertained that
the formations are partly marine, as the viscous clamminess is

very considerable ; and the absence of marine life may have arisen
from the shorter period of suspension, and from a sudden relapse
of the waters, which carried away the living specimens of organi-
zation. The clammy texture prevents the use of root crops, and
a summer fallow becomes the preparation of the land for the rota-
tion that follows. In early localities near the sea-shore, wheat is

used on the fallow tilth, and beans are taken as a catch, and some-
times as a partial fallow crop ; but the practice is not general.
Thus :

—

Beans.
Barley.

Clover.

Oats.

( Fallow, dung
|

3rd year
1st year . . < and lime in 4th

( 150 bushels. 5th
2nd „ . . Wheat. | 6th

Or, in pasture,

—

6th year . Pasture. 8th year . . Oats.

7th „ . Oats or pasture.

In the interior of the country, on the sides of rivers, wheat does
not prosper, and even barley is not eligible ; and thus oats become
the crop on the fallowed lands, and also on the grass pastures
when ploughed for cropping. The draining of the land, where
necessary, is to be done as before directed.

Except in some few warm situations where the land is of good
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quality, the pasturage system is the most eligible, as the rearing
of black cattle is the most profitable mode of converting the
ground into value. The districts of East Lothian and the Merse,
and the Carses of Gowrie and Falkirk, alone produce beans in the
abundance that incites to their cultivation ; on the few spots of clay
lands that have been mentioned the plant is sometimes used, but
in a stray manner, and not fixed in any regular course of crop-
ping. The climate from the Carse of Gowrie northwards does not
favour the growth and maturity of legumes; the springs are cold,
and the autumns late, and the general consumption of the country
does not encourage the production of the seeds for farinaceous
purposes. The advancement of agriculture has fixed the adapta-
tion of the growths that are suitable to the climate, which, even
more than the soil itself, influences the usages and regulates the
productions.

There are no clays of marine formation in Scotland, and all the
lands of that country are alluvial beds that overlie the primitive
or transition rocks. The stratification" of the kingdom ceases with
the commencement of the carboniferous series in the old red sand-
stone and the overlying lime rock, and some few coal formations

;

all the upper deposits, if they ever existed there, have been wholly
swept away by changes that have succeeded their formation.
The agricultural geology of that country is more simple and less

complex than that of England, especially* of the southern parts*,

where all the formations exist that are found over the world,
from the lowermost granite to the upper stratified chalk ; and
hence through all the gradations of marine and fresh-water
tertiaries to the sub-aerial deposit of the most recent alluvium.
The full development of all these strata in rocks, shales, limes,
coals, clays, and sands, presents a great variety of surface grounds
that require a very different cultivation, and also varied tools or
implements of operation. In Scotland there are only two desig-
nations of land, the fresh-water clays, and loams of very many
kinds and qualities, varying from clayey soils that grow turnips,
to the weakest sands that are worth cultivation. The latter soils,

are wholly mild from the agency of fresh water, and differ from
the green and iron sands of England, which become hardened and
encrusted, and corrode and devour all organic substances. Hence
the great success of Scotland in the adoption of regular rotations
of cropping, and in the use of the same implements over the whole
kingdom. The similarity of the soils permits the. same implements,
and the climate allows the same course of cropping, with some
local enlargement of pasturage, and diminution and adaptation of
grain crops.

CHAPTER VI.

Change of Clay Soils into Loams, by means of being dug by the Spade and
mixed with hot Lime.

The baffling qualities of clay as a cultivable earth arise from the
large reception and obstinate retention of water by the aluminous
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base, and the very anomalous natural property of contracting by
heat, and conducting caloric in a degree that is almost the lowest
of the graduated scale of metals and earthy bodies : gold being at

the top of the list in 1000, clay is at the bottom in 11*4. The
earth imbibes fifteen times its own weight of water without drip-

ping, and retains it with great obstinacy; and this condition
forms an almost insuperable barrier to the working of the land
in cultivation. The quality of contracting by heat is still more
baffling to the cultivator of the soil, for the lumps of earth be-
come hardened, and resist every mode of reduction. Expansion
is so general an effect of heat, that there are only two known
exceptions, viz., in clay, and in water to a certain limited
range of temperature. Baked clay is much contracted, and re-

mains in its lessened dimensions. The expansion of bodies by
heat proves the mutual repulsion of their particles ; but this

limits the repulsive energy of heat to insensible distances. Ex-
periments have failed to show that the repulsive power of heat
was exerted at sensible distances, as the motions may have arisen

from the formation of vapour at one end of the globules of water
that were moved along the fine wires. Cohesion is the force that
is opposed to expansion, which is least in solids, where the cohesion
is strongest ; it is more considerable in liquids, where the cohesion
is greatly weakened ; and it is greatest in gases, in which cohesion
is wholly overcome.
The expansion of bodies by heat, and their contraction on the

reduction of the temperature, would show that the atoms of bodies

are not in absolute contact. In fact, we may suppose them sur-

rounded by " atmospheres " of heat which prevent, by the repul-

sive energy of caloric, their absolute contact, whilst the force of

cohesion limits the diffusive influence of the contained caloric. In
some, the superior force of cohesion gives rise to solidity. When
more heat is introduced, the cohesion is weakened, and the body
becomes a liquid; and a further addition of caloric destroys co-

hesion altogether, separates the atoms, and the body becomes a
gas.

The specific caloric, or latent heat of clay, is very small, and,

water being T, it may be placed at 0*1200, and ranks among the
oxides. The cohesion of the particles is much too powerful for the

repulsive energy of the specific caloric, and the small quantity of

the latter constitutes a weak affinity or property for combining
with an indefinite application of the peculiar element. Water
contracts to the downward temperature of 42° ; but whilst passing
from that point down to its freezing point, it continues to expand
gradually, until converted into ice. When a body changes its

form of existence, its capacity for heat is also changed ; when a
solid is melted, its capacity is increased, and the specific heat of

the same substance is still further increased when it is converted
into vapour.

Heat is a peculiar property that causes sensation, and caloric

is the cause of it. The necessity of heat to the promotion of vege-

tative growth is too well known to need any arguments or demon-
stration to establish the truth ; the want of it causes sterility, and
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too much induces first, after flaccidity in the growth, and at last a
scorched barrenness. A medium temperature is the condition that
is suitable to all beneficial growths. For this purpose it is neces-

sary that heat be not only communicated, but that it be retained

by bodies that are capable of administering it in the proper chan-
nels of distribution for vegetable use. The diffusion of heat is

equally necessary with the presence of it, and the permanent re-

sidence of it, or what is called the specific caloric of bodies, con-

stitutes a property of the very first importance for agricultural

consideration. Some bodies conduct caloric too freely, and are

overheated, but the property is soon expelled, and gives way to an
opposite extremity of affection. Others deny a passage, or even an
admission, to caloric, and consequently remain in a condition that

is very unfavourable to vegetable life. These variations are de-

serving the most minute and serious investigation r

The facility with which bodies conduct heat is not exactly in

proportion to any of their sensible qualities, but is more nearly in

the direct ratio of their density than any other quality. This
may be ascribed to the greater intensity of the repulsive energy
of the atmospheres of caloric surrounding each particle of dense
bodies, by reason of their greater proximity, conveying each
fresh addition of temperature with greater celerity through such
substances. But if heat be reckoned a material agent, this quick-

ness of conducting power may also be modified by the different

degrees of affinity between caloric and each kind of matter. Heat
passes less readily through solids when they are of a spongy or

porous texture, than through those that are more dense and com-
pact. The portions of air become entangled in the pores, which
seem to prevent the communication of heat. A repulsive power
is an inherent quality of heat, and is the cause of its diffusion

among bodies; but the manner in which it is distributed, and the
particular law which it follows in passing from and entering into

bodies, seems to depend upon a different principle, or at least to

be modified in a way that cannot be referred to repulsion. A
double operation may be supposed ; that heat escapes from one body
in consequence of the repulsive power that exists between its par-

ticles, while at the same time it is attracted by the particles of the
body which it enters. As a general principle, it may be stated that
the densest bodies are the best conductors ; but to this rule there

are many exceptions. But so many instances confirm the rule,

that when the ratio seems not to be strictly maintained between
the density and conducting power of bodies, the interference of

some other principle must be attributed. A difference in the state

of aggregation increases or diminishes the conducting power of a
body in proportion to its density, or to the contiguity of its par-

ticles, without its having undergone a chemical or any other

physical change. Solid iron and wood are better conductors than
filings of the metal or sawpit dust. Clay, being an oxide of a

metal, is a worse conductor than solid bodies, besides its spongy
porousness being adverse, as above noticed.

The conducting power of bodies depends principally upon three

circumstances : it is affected partly by the mechanical relation of
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their particles to each other, partly by an attraction between the
heat and the particles of which the body is composed, and partly
by the radiating power of the heat. A greater or less density, or
an aggregation of the parts of bodies, producing a considerable
effect upon the conducting powers, would induce the supposition
that the worst conductors should be regarded as merely the most
effectual retarders of heat, and the best conductors as simply those
that have the least power in retaining the heat that has been im-
parted to them. This view supposes the conducting of heat by
bodies to be the radiation of it from particle to particle, operating
at very small distances. Hence solids are better conductors than
loose bodies, as the particles are more contiguous, and admit a
more rapid communication of the subtle element. Those bodies
that radiate heat best, imbibe it best ; and those which radiate
worst, imbibe worst.

The specific caloric in bodies suggests the relative quantity of
heat, or the quantities that are necessary to produce a given
change of temperature ; the absolute quantity states the amount
of temperature which the body possesses without any addition or
subtraction. The specific heat has been supposed to be propor-
tional to the absolute heat of bodies, and that the heat emitted or
absorbed by a body, when it changes its state, is merely the conse-
quence of the change which has taken place in its specific heat.

Unfortunately the truth of the two suppositions upon which this

ingenious reasoning is founded, cannot be admitted. There is no
proof that the specific heat of bodies is proportional to their abso-
lute heat. The second supposition is at variance with the mecha-
nical phenomena which present themselves when substances change
their state, and would leave that change itself unaccounted for.

It cannot, therefore, be admitted, and the various methods must
be rejected that have been proposed for the solution of this most
important problem.

Caloric not only increases the bulk of bodies and changes their

state, but its action either decomposes many compounds alto-

gether into their elements, or it causes these elements to combine
in a different manner. Combustion is an extension of the action
of heat, and it banishes the properties of the bodies that undergo
the process, and confers others which they did not before possess.

When a body changes its form of existence, its capacity for heat
is also changed. Liquefied solids and vaporized liquids have
their capacities for heat increased, from being transformed into
these conditions from their original existences. This change is

effected by combining with caloric, or by separating from it, ac-
cording to the absolute condition which the bodies enjoy.

Heat is to be regarded as a material agent of a peculiar nature,
highly attenuated, and, from its affinity or attraction for all other
matters, universally distributed amongst the particles of bodies,

in quantities proportional to their mutual attraction, or, as it has
been termed, the "capacities "of different substances for heat; whilst
its tendency to diffuse itself . amongst contiguous bodies has been
explained on the supposition of its own particles being repellent

of each other. Another opinion considers heat as a mere quality
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of matter, and ascribes it to a vibratory movement among the
intimate particles of bodies; but the idea seems vague and un-
satisfactory. There is no explanation of the manner in which this

motion is produced, and no movement can be conceived without
an impulse, nor an impulse without a material agent. Heat per-

vades all sorts of matter ; it remains in some circumstances dorr-

mant, or, as it is termed, " latent," and may be again elicited from
bodies by various means. Heat may be supposed to be pro-

duced not merely by the motions of the particles of the heated
substances, but by the vibrations or undulations of a very subtile

matter existing in all bodies. This will approximate the vibratory

theory to the first-mentioned opinion, and also to the undulations
that are explanatory of the phenomena of light, to which heat
has so intimate a relation. The nicest balance fails to ascertain

the accumulation of heat in any body, owing to the very extreme
subtilty of its form ; the fluidity is proved by the ease with which
it insinuates itself amongst the particles of matter; its affinity

for other matter is shown by its being universally contained in all

bodies, in proportions differing in each kind of substance ; its re-

pulsion amongst its own particles is proved by its tendency to

exist in a state of equilibrium in contiguous bodies.

The effects of heat are four in number :—-1. Temperature, or the

production of the sensation of heat. 2. Expansion, or the simple

augmentation of the bulk of a body, without altering its condi-

tion. 3. A change in the physical state of a body, by which a
solid is converted into a fluid, and a fluid into a gas. 4. Ignition,

or the operation of heat by which a body is rendered luminous.

Temperature is the effect produced by heat on the animal body,

which will vary according to the quantity of heat which it con-

tains, and may be said to be in the direct ratio of this quantity

;

although the indication of temperature, which is derived from the

sensations, is much too vague to enable the laying down an exact

scale of admeasurement. The proportion of effect only applies

to the same body, or to those of a similar kind ; for it has been
found that the same quantity of heat affects the temperature of

different bodies in very different degrees. These different effects

depend partly upon the capacity of bodies for heat, and partly

upon their conducting power, which points have been already dis-

cussed. Expansion arises from the distribution of heat among
the particles Of bodies, and remains so long as a high temperature

is maintained ; but when the heat is withdrawn, the body begins

to contract, and by degrees it acquires its former bulk. This ex-

pansion occurs, with very few exceptions, in all bodies ; but it

differs extremely in degree. It is by much the greatest in aeriform

fluids of all kinds. It is less in quantity, although still consider-

able, in liquids ; while in solids it is so small as not to be per-

ceived, except by the intervention of an apparatus expressly con-

trived to render it visible. Not only general classes of bodies, but

individual substances comprised in the classes, have very different

degrees of expansive power, which has been frequently made the

subject of experiment. Ignition, or incandescence, is the property

which bodies possess of becoming luminous, after being exposed
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to a high temperature, without any chemical change taking place
in their composition. Combustion is an extension of ignition, by
which the body extricates light, is consumed, and a complete
change is effected in its chemical nature.

The third effect of heat is the most important, and appertains
precisely to the present purpose. The effect of caloric consists in
introducing a portion of heat between the particles of bodies, by
which they are to a certain extent separated from each other, so
as to experience an increase of bulk, without having their co-

hesion materially impaired. If, however, the addition of heat be
continued beyond a certain limit, the particles are -removed still

farther from each other, until at length they are so far separated
as to lose their cohesive power, and to become easily moveable
among themselves in all directions. By this change of form, the
substance in question undergoes a complete alteration in its physi-
cal properties, and not unfrequently in its chemical action on other
bodies. The effect is produced by destroying the balance between
the expansive power of heat and the force of attraction ; the
former tending to remove the particles of bodies to a distance
from each other, the latter to retain them in close contact. But
though the attractive power is conceived to be very much weakened
in bodies that are so much separated in the particles, it is not
entirely destroyed, but is still exerted with considerable energy.

These considerations allude to the fusion of solid bodies by an
intensity of caloric, by which they become fluid, and to a further
expansion by which the liquidity is evaporated into aeriform
matters, and is transformed into gases from being volatilized by a
larger introduction and use of heat. Every kind of matter has
been with reasonable propriety supposed to possess the three
forms of solid, liquid, and aeriform, and the different conditions of
formation only infer a varied temperature under which they exist.

The earths are not fusible by any known powers of agency, though
the discovery may not be distant, as in some other similar cases.

Limestone resists the utmost power of the furnace, which arises

from the escape of the gas with which the homogeneous body is

combined ; but when it is confined by a severe compression, the
fusion becomes quite easy. The earths may be infusible from a
similar reason, or by the escape of the gaseous products that arise

from the contact of the earthy body with the subtile element.
But, though this part of the application be not attained, the sun-
derment of the mass is thoroughly effected, attended with a destruc-
tion of the power of cohesion, and the particles are disjoined, and
never again adhere in an agglutinated form. This condition falls

short of the state of fluidity, which exhibits the most complete
change which nature admits ; while the altered state of the earthy
condition exhibits the particles in a different position, but still

retaining the primitive nature divested of its peculiar properties,

and endowed with new qualities which did not before enter into
its composition. On this effect of heat, the following proposed
alteration is sought to be established.

Clay being composed of a viscous clammy earth with sulphuric
acid and water, presents an obstinate resistance to action of any
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kind, whether it be exerted for the external purpose of reducing

the indurated texture, or in the mixture of earthy materials or

fertilizing substances with the view of stimulating the efforts or

improving the nature of the land, The acid is one of the oldest

in the use of chemistry, and bore the names of "oil of vitriol"

and " vitriolic acid," as it was obtained by distilling the salt called

green vitriol or sulphate of iron. It is an acid product from the

base of sulphur, having 150 proportions of oxygen combined with

.1 00 of the base, being the largest quantity of oxygen in any acid

except the boracic. The acid is liquid, of a somewhat oily con-

sistence, transparent, and colourless as water, without any smell,

and of a very strong acid taste. It destroys the texture of animal

and vegetable substances. The specific gravity, when as strong as

possible, is about 1*85, and the specific caloric 0*35. It changes

all vegetable blues to red, except indigo. It boils at 546° ; and
when exposed to cold it crystallizes or congeals. It freezes at 45°,

and the temperature necessarily depends upon the strength. "When
stronger or weaker, it requires a much greater degree of cold.

It has a strong attraction for water, and when exposed to the

atmosphere, imbibes nearly seven times its weight of that liquid.

When the two liquids are mixed together, a considerable heat is

evolved. The strongest sulphuric acid of commerce contains

about one-fifth of water, and the remaining four-fifths are pure

acid. It is a compound of one atom of sulphur and three atoms

of oxygen, and contains

—

Oxygen . . . . . . 60

Sulphur . ..... 40

100

Oxygen does not act upon it nor combine with it, and the acid is

not altered by exposure to light or heat. Azote has no action on

it ; and when concentrated, it has little action on the metals : on

gold and platinum it has no effect whatever. It unites readily

with the alkalies, earths, and metallic oxides, and forms with them
a class of bodies called sulphates.

Sulphuric acid is a most noxious ingredient in every case of

contact with animal and vegetable life, and consequently must be
expelled in order to render the earth a useful body for the pur-

poses of cultivation. To drive off an acid from the salifiable base

with which it is combined, the case of lime shows that a violent

and continued heat is required, which, being strong and powerful,

expels the acid in the form of a gas, and is much facilitated by
the presence of vapour. The loose combination of the gas with

the earthy base may allow this effect with comparative facility

;

for in the case of gypsum, or the sulphate of lime, the most violent

heat is unable to expel the acid, and the earth remains unchanged.

It is not known in what quantity, or in what ratio of combination,

the acid is associated with the earthy base of clay; but it may be

inferred from the cases of lime and gypsum, that very great

violence will be required for the purpose of expelling the noxious

ingredient. Quick-lime has been long known and used as a caustic
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solvent of much power, and as producing very beneficial effects in
the ultimate results.

Lime is an alkaline earth in combination with carbonic acid gas
in about

—

Base . . . . . 56
Acid . . . . . 44

100

The other ingredients are few and very minute. A very violent

and continued heat expels the acid in the form of a gas, and the
stones in lumps are seen as cinders, that are much reduced in

weight, but no way diminished in size. When this condition

of the rock or stone is supplied with moisture and the contact of

air, a hissing noise takes place, a vapour arises, much heat is

evolved, and the cinder falls down into a powder of very minute
globular masses, exceeding the original bulk in the ratio of

2 or 3 to 1. This heat assumes the shape of damp exhalations

rather than a fiery ignition ; but light attends the evolvement in

a dark place, and the confinement of it produces combustion.
After lying a determinate time, the powdered earth imbibes a por-

tion of carbonic acidfgas from the air, of which it is a component
part, and assumes the mild nature which it enjoyed before the
banishment of the gas conferred upon it the caustic quality. But
it does not again adhere or become solid, and remains in the con-
dition of a mild earthy ingredient. Having undergone the action

of fire, it has lost the former condition, and has acquired new
qualities which it did not formerly possess. In the caustic con-

dition it has been much used as a solvent in reducing the texture

of fibrous bodies, and in changing the nature of harsh and repul-

sive materials. The compost manures got from the mixture of

lime and earths show the power of hot unpowdered lime in re-

ducing the texture and altering the nature of the most obdurate
earthy materials; the earthy mass and the cinders of lime are

mixed in an intimate contact ; the contact of air through the
cavities of the heap, and the moisture in the earths, dissolve the
lime, when an enlargement of bulk takes place, much heat is

evolved, which most thoroughly penetrates the mass, unbinds the

texture, sunders the particles, and destroys or banishes every

liquid adherence. Turnings or movements of the mixed heap
provoke fresh motions of the elastic matters, till no more heat is

evolved or enlargement happens, when every action ceases, and
the quiet materials subside into a soft mucilaginous mass that has
proceeded from the earthy bases of the opposite matters, which
have been acted upon by contrary qualities and reciprocal affinities.

This mass of mixed ingredients has been found to be a very rich

application, and never fails in yielding the anticipated effects.

Caloric or heat is one chief spring of chemical affinity; it dilates

bodies, separates the particles, diminishes the attraction for each
other, and proportionally augments the attraction of the particles

of adjacent bodies, and consequently produces combinations and
facilitates reciprocal unions.
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The conversion of clay and of clayey substances into a very
valuable manure, by being mixed with, and operated upon by, the
caustic action of incinerated lime that is seeking to regain some
part, if not the whole, of its primitive existence, leads to an ex-
tension of the practice in the application of lime to the clay
lands of the fields, and to convert their wet and clammy consti-
tution into dry and productive loamy grounds. This operation
will be best performed by the lime cinders being dug into the land
by the- spade, after a complete summer fallowing and a thorough
draining, which is imperatively required by reason of the very
extreme solubility of lime in water, and its consequent inutility
and total loss for any useful purpose. The depth of the digging
maybe one spit of the spade, or 9 in., and a good spadesman
will dig an acre of ground in two weeks, or twelve working
days. But as all clay lands are stiff and heavy to work, and
some of the soils are most exceedingly waxy and obdurate, the
space of three weeks may be given to dig an acre of land; and the
placing of the lime shells in the trenches in the requisite quantity
and position will occupy more time than if the land was only
moved and carelessly thrown aside. This time of eighteen days of
a man, at 2s. per clay, is £1 16s.—the cost of digging the ground,
and of placing the lime cinders in the quantity for mixture.
Judging from the mixing of clay and lime in the compost

heap, it is assumed that one bushel of quick-lime will be suffi-

cient for a cubic yard of ground; and the depth of nine inches
will require 36 square feet, or four square yards, to constitute a
cubic yard ; and to form 1210 cubic yards, or as many surface plots
of grounds as determined by the quantity of 4840 square yards
in an acre, according to this calculation will require 1210 bushels
of lime, which, at the average price of 6d. per bushel, will make
the cost for lime to be £30 5s. per acre

;
and, added to the cost of

digging in, £1 16s., will form a total of £32 Is. A general average
may be written at £30, to comprehend varied cases and modi-
fications.

^
A timid and short-sighted inspection will, without any reflec-

tion, condemn the above plan—the cost being fully equal to the
purchase of the land ; and on that account it is wholly inadmissi-
ble into the list of things reasonable to be done by the cultivators
of the soiL It is at once admitted that such operations are
wholly removed beyond the sphere of the farmer; distant prospects
are not within his calculations, nor suited to his means, and the
permanent possessor must be saddled with performances that
are intended to yield a benefit in future regularity. And,
farther, very extensive and lasting objects of attention, such as
the change of clay into loams, must become a national concern,
and be done at the general cost of the people. The loans of
money that are now granted by Government for draining wet
lands must be extended in their purpose, and comprehend all ob-
jects of cultivable utility, such as that now detailed ; the amount
granted should be quintupled, the time for repayment doubled,
and the charge of percentage cut into one-half. General utility
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always requires a varied comprehension for the development of

the intention that is entertained.

But in all intended operations of any kind, degree, or extent,

not the ways, means, or methods form the primary consideration,

but the object that will be attained; not the present loss that will

be sustained, but the ultimate results that will crown the efforts

of the enterprise, and the fruition that will be obtained in a
never-failing"continuance. " Let us only find a thing," said D'A-
lembert, the celebrated French mathematician, " and there will

be found plenty of persons to put it into shape." In like manner,

let the ultimate result be shown of clay lauds being mixed with

lime, and the means will soon be found, economically regulated,

and ungrudgingly and beneficially administered. When a result

is fairly conceived u ideally," the realization of it is more than

half attained.

"When the land has been dug by the spade, and the lime cinders

placed in the intervening trenches of the regular movements of

the soil, the moisture in the clay lands, and the access of air

through the interstitial cavity of the land that results from the

digging, will dissolve the lime shells, the bulk will swell and

heave the land, a large evolVement of heat will follow, the caloric

will thoroughly penetrate the aluminous mass, unbind the tex-

ture, sunder the particles, and banish the sulphuric acid and
water which form a part of the composition of the clay. In

order that these objects may be fully accomplished, the quantity of

force employed must be able to overcome the resistance, and so

completely to expel it as never again to appear in kind or degree.

The quantity of lime must preponderate, and completely over-

power the nature of the clay ; the quickness and violence of

the agent must be supported by power, which consists in quantity,

or the amount of the force that is being exerted. On this principle

the whole application rests in its value and utility; for if the

clay be more powerful than the lime, the latter body will quickly

cease to act, will produce no impression, and sink into utter insig-

nificance. This failure attends many enterprises, and comes from

a scanty allowance of means, whereby the resistance is not

quashed, and no object is attained. When a result is wished from

any enterprise, the power must be overwhelming to the resistance

that is opposed
;
any defence is immediately defeated, and so com-

pletely prostrated as never again to appear in any shape of re-

sistance or opposition. If the expelled qualities of clay again

return, the object is only half attained; a repetition of the pro-

cess becomes necessary, and a never-ceasing expense is incurred

;

whereas a complete performance attains the object, and requires

not any repetition. It is not here asserted that one bushel of

lime to the cubic yard of ground will in every case thoroughly

effect the desired purpose of completely altering the composition

of clay lands ; but the statement is made as an analogical proba-

bility. The plastic and London clays may require more, and

a less quantity may suffice for the clays of a weaker texture*

Trials must decide.
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The force of the heat will expel the sulphuric acid, which will -

escape as vapour, and it will not be again imbibed by the clay, as

it does not form any component part of the atmosphere, as in the
case of lime being again supplied with carbonic acid gas from the
air, in which it exists as a portion of it. In this case, one act of
expulsion serves the purpose for ever, and no future presence de-
mands a repetition. In the other part of the performance, the
spongy porousness of the aluminous earth is thoroughly broken
up and sundered by the disruptive agency of the caloric, and
so thoroughly dismembered as never again to adhere and form
any ductile plasticity, which is the grand characteristic of the
family of clays. When the action of lime has ceased by reason
of the heat being all evolved, the quiet subsidence is a mucila-
ginous mass of earthy materials, which is easily decomposable,
and fit to be used as a soil for growing any crops that may be
planted. The texture of the lime has been disrupted and
powdered, the clay has been divested of its hurtful quality
and noxious ingredients, and the two new formations become
amalgamated, and enjoy qualities that are wholly new, and
altogether alien to the former existence. In changing con-
dition bodies also change capacity, or the power of receiving and
retaining heat, by which they are raised to a higher temperature
by a quantity of caloric that bears a certain ratio to the amount
necessary to heat other bodies of a like formation and consistence.

Heat is both a cause and effect of the change of bodies; it pro-
duces the alteration, and is produced by the change, and is well
known to be a very powerful means both in forming combinations
and in separating substances that have been joined by affinity.

The atoms or ultimate particles of bodies unite chemically; the
large masses only touch in the surfaces, and have no action on
each other. Hence all bodies that are intended to be combined
must be fused, or reduced to particles'; and hence the use of the
solvent power of heat evolved by the lime in penetrating and
sundering the viscous mass of clay. When bodies unite chemi-
cally, the union is always accompanied by a change of tempera-
ture ; sometimes the temperature sinks, but in by far the greater
number of cases it rises. Alumina, or the basic earth of clay,

has a strong affinity for lime, and easily melts with it when it

exceeds the lime in quantity ; but when the lime exceeds, fusion

does not take place. This affinity expels the sulphuric acid from
the clay with which the lime combines, as it is a homogeneous
body, and tends to form unions with most bodies in contact. The
clay is mollified, and the lime is slaked by the surrounding mois-
ture, and a product is effected that has little or no resemblance,,

as water would not be supposed to proceed from the union of two
gases, or oxygen and hydrogen.
When bodies are united chemically with each other, the separa-

tion cannot be effected by filtration, or any mechanical means
whatever. Heat enables a separation, and must be applied in
quantity as directed by the volatility of the substances that are

united- Sulphuric acid does not boil till heated to nearly 600°,

while water boils at 212°; and as volatilization does not proceed'

r 2
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but from above the boiling point, the heat must be able to pro-
duce that condition in the liquid substance. Hence the quantity
of lime must be large that is applied to the alteration of clay-

lands, in order that the force of the heat may volatilize and expel
the acid which is contained in the soil.

Affinity is the unknown force which causes the ultimate par-
ticles of different bodies to unite together and to remain united.

Decomposition is the measure of the strength of affinity, and de-
struction proceeds from the attraction of certain bodies wholly
overpowering the existence of inferior powers, and which are ex-
pelled or altogether destroyed. The superiority of the attraction

of alumina for lime will overpower the adhesion of the acid,

which will be raised by the heat to the state of vapour, and fly off

without appearing again, or it is decomposed and wholly de-
stroyed. The water is combined with the lime and solidified

;

hence the heat evolved, and the reduction of the lime to a fine

powder. Bodies combine from being in different electrical states,

or in being positive and negative ; but to what circumstances
these conditions are owing cannot be explained. If these elec-

tricities constitute two distinct fluids, the surfaces of the bodies
may be coated with a quantity of the respective qualities, and,
from the well-known phenomena of electricity, it can scarcely be
doubted that the electricities are not inseparably attached, but
capable of being increased or diminished according to the laws which
bodies follow with regard to electricity. Hence it happens that
a substance may be in one electrical state when compared with one
body, and in another electrical state when compared with another.

Thus oxygen has a great preponderance of negative electricity;

it is negative with respect to every other body. Sulphur is nega-
tive with regard to most bodies, but it is obviously not so power-
fully negative as oxygen. The investigation of this theory is

most difficult, and the results are not very conclusive. At all

events, practical applications of substances cannot be directed by
the discovery.

The new earthy formation that will result from the mixture of
clay and lime will enjoy the advantages of a higher temperature,
an improved capacity, a mollified nature, and a sweetened consti-

tution, which always follows the action of lime and of all cal-

careous matters. The increase of temperature is an acquisition

that is not exceeded in value by any benefit that can be conferred
upon land in the shape of improvement, as it promotes the ac-

tion of manures, and advances the health, vigour, and maturity
of plants. The coldness of clay lands, which is induced by the
superabundance of moisture, forms the quality that sinks their

value and utility ; the cultivation is retarded, and the maturity
is delayed of every crop that grows upon the ground. The excess
of moisture must be removed by draining, and the retentive
quality must be abolished by a violent dismemberment of the
viscous texture,, and so completely performed as never again to

assume the. original formation. This purpose being effected, an
increase in temperature will follow, both from the calorific quality

of. the lime, and from the constant attendance of that property



CLAY LANDS AND LOAMY SOILS. 101

upon every change of the condition of bodies. A very reason-
able opinion may be entertained that the benefit of lime, in any
shape or form, consists in its conferring a higher temperature to
the land by means of the caloric which it holds, both from its
own natural constitution and from the phlogiston of the fuel by
which the gas was banished and the texture unbound. Clay
lands have never been in any way benefited by scanty appli-
cations of lime upon the surface, as clay is a bad conductor of
heat, and the quantities of lime that are used are much too
small to overcome the repulsive quality of the earth. The exuvial
matters are

^
deficient in the quantity necessary to imbibe and

retain the caloric, which is itself wanting in the requisite amount
to produce a desirable effect. No beneficial change can be made
in lands without conferring an increase of temperature; a cold
inert application of any kind will only add to the dormant mass,
and increase the difficulty of future beneficial actions. An agent
of quick force and obstinate energy must be employed, which
both uses and engenders the quality that is sought, and which
remains for permanent utility. Temperature, or more generally
the climate, produces all the vast variety of differences that are
seen to exist in the animal and vegetable worlds, audit rules with
the same influence in the sources of production as on the forma-
tions and tempers of organized substances.

^
Capacity of bodies signifies the proportional capability of a

given quantity of any substance to absorb and retain caloric, or
that disposition or property by which various bodies respectively
require more or less of this fluid to superinduce any given tem-
perature in a given mass. It has been long known that this
capacity varies in different bodies, and that among substances the
same body in different states of existence presents equal varieties
in its capacity. A change in this respect is producible in three
ways—by mechanical compression or dilatation, by chemical com-
bination, or by the action of heat itself. It is a general fact that
when a body is enlarged or dilated in its bulk, its capacity is

proportionally increased, and when its bulk is diminished, its
property is lessened. The capacities of all bodies are increased in
some proportion by the disintegration of their constituent parts,
as well by the agency of caloric as by any other cause. This case
of change of capacity by the action of heat itself is perhaps pro-
ductive of more important effects in nature than either of the
other two. By it the quantities of caloric and of cold are alter-
nately absorbed and emitted which regulate the heats and colds
which hold the universe in an equilibrium ; without it, all boil-
ing water would be dissipated in explosion, and the polar ices
would be dissolved in a heat above 32° if the thaw was not
regulated by a degree of cold that proceeds from the caloric that
is absorbed by each particle in its solution. The capacity or pro-
perty of any body to absorb and retain caloric confers upon it

the degree of temperature which it enjoys, and this has been, shown
to exercise a great and lasting influence.

The nature of clay lands is qualified in the harshness by the
mixing with lime; the viscous clamminess is relaxed, and the
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temper is rendered gentle and tranquil, pliant and supple. The
watery sourness of the soil arises from the quantity of sulphuric

acid in union with water, and though the acid be not in excess, so

as to produce a very sensible acidulousness, yet the effect is

yielded of a noxious acerbity which is detrimental to every

kind of life. Both the acid and the water in union with it are

completely dissipated by the searching penetration and energetic

force of the caloric emitted by the dissolution of the cinders of

lime ; the texture of the whole mass is so thoroughly disintegrated

and reduced, that no part remains untouched, nor any corner un-

explored. Not only volatile bodies, as acids and water, yield to

its influence, but earths and earthy aggregates are sundered, though

not fused, and transformed, though not liquefied. And the altera-

tion is permanent, as the affinity is destroyed for the presence of

the noxious inhabitants, which do not again return, but give place

to more harmless and beneficial elements, which are induced and
brought forward by the new constitution of the soil.

Lime is a calx or residual substance, and, along with all cal-

careous bodies, inherits the property of expelling sourness and
acidity of every kind, and of introducing a sweetness that is

agreeable both to the taste and smell. The surface grasses of sour

pasture grounds are improved by a quantity of lime being spread

over the land; the coarse herbage is removed, and more grateful

plants are brought into use. The earth of clay being divested of

the noxious volatile ingredients would remain meagre and inert,

and become a mass of dormant particles without cohesion or

tendency to combination. But the presence of lime presents an
appearance of wholly new features; and during the violent dis-

turbances that were effected by the agency of the caloric, not only

a mechanical mixture may have happened, but a chemical com-

bination may have been consummated. A mechanical mixture is

the general limit of the efforts of man, and leads to the chemical

union ; it affords the ready path to the action of reciprocal affi-

nities, which, without its aid, would have no opportunity of exert-

ing their mutual influence. The whole art and use of chemistry

consists in forming compounds by uniting different bodies with

each other ; and the best and most skilful adaptation comprehends

the knowledge of the auxiliary substances that will effect the

decomposition of the body that is the subject of operation, and

form the newly-united mass of a more benign and useful disposi-

tion. For this purpose lime has been selected, as it affords the

powerful agent of caloric to penetrate and crumble the earthy

mass, has a sweetening residual quality, and confers, from its con-

stitution, a very large capacity for the purposes of caloric, than

which quality no higher recommendation can be attached to any
body.

A loamy soil of the richest kind will be formed by the mixture

of clay lands with lime, as the aluminous earth affords a strong

and durable base for the constitution of the soil. Clay is the

chief element in the composition of all rich lands ; it imbibes and

retains the necessary moisture, and the presence and action of the

other ingredients prevent the hurtful excess, husbands the use,
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and regulates the expenditure. Calcareous matter is also an
essential ingredient in soils, and it will be supplied by the lime
that is used to effect the new formation. A clayey loam will be
produced that is the most productive of all soils, as it grows green
crops and wheat, which are highest in value of all the plants of the
farm. These soils could not yield the value without a large pro-

portion of clay in the elemental composition, which is formed into

the rich condition by the presence and introduction of the other
ingredients, as sand and the exuvial matters of organization.

Clay and lime in mixture tend to form an artificial marl, of which
natural body the fertility is well known. The nearest approaches
to it are made in the way now recommended.
The expense of changing all clay lands into loamy soils of the

most productive kinds has been averaged at £30 per acre; and
it has been mentioned that the ultimate object must form the

primary consideration, and not the ways and means of doing
the action that is proposed. If the latter were allowed to

overrule the deliberation on any project, no enterprise of any
importance or worth would ever be commenced or consummated:
the frigid calculations of self-interest must be excluded, and the

niggardly economy of expected reimbursement. The project

must be placed on the broad pedestal of national benefit, and
reared into perfection by the application of general resources.

The performance must not rest upon the opinions of reference or

the answers of ignorance, nor condemned by the jealousy of con-

ceit or the dread of innovation. Such beneficial purposes are too

often upset by prejudice and overturned by clamour, and very

frequently in direct opposition to the evident and acknowledged
advantages that would accrue even to the quarter whence the
blinded unwillingness has its source. Such an expense must be
borne by the national funds, and the repayment made by a fixed

yearly percentage paid from the land, and of such an amount as

will effect the liquidation in a reasonable period of time, and with-

out disturbing or impeding the current of action that must be fol-

lowed after the change of the lands has been effected. The ground
will now produce all kinds of green crops in the- highest perfec-

tion, and the manufacture of these products requires farm build-

ings of a large extent and a peculiar formation. These appurten-

ances must be adequately supplied from the same source, or the

full value of the changed grounds will not be obtained. The con-

version of any products into use is deserving equal attention with

the raising of them ; the finest articles and the most valuable

materials may be wholly spoiled in the process of manufacture,

and the greater part of former labour altogether lost. A change
of the produced articles demands an altered manufacture, and the

conversion proceeds upon wholly different grounds and a varied

application. The larger bulk of a heterogeneous produce will

require more outlay in the conversion, and this latter purpose will

demand a greater extent of application. These consequences will

follow the change that has been proposed.

Loamy lands are in the general average at least three times the

.value -of clay lands, except a few cases of the rare quality of the
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first order. The clays of the shale and of the marine tertiary

formations "will constitute soils of the highest power of loams, as

the staple is deep and abundant, and the elemental constitution of
the earth is strong and durable. Hence the value of the new soil

may be assumed to be four times that of the clayey condition,

-which is generally poor, except in some few localities that enjoy
abundance of manure from large towns. The improvement
will consequently increase the yearly value by not much, if any-
thing, less than 305., or, upon safe grounds, from 20s. to 30s. per
acre. This sum will pay the cost of alteration at some time within
twenty to thirty years, a period of time that is not at all outrageous^
when due allowance is made for the vast and incalculable benefits

of the application. Four times the value of land must be un-
derstood to mean four times the quantity of produce from the
surface, which will form a very large addition to the supply of the
necessaries of life, and tend to cheapen the value of articles of con-
sumption, as well as enlarge the sphere of their use, which is the
just aim and legitimate end of every scheme that adapts the earth
to its purposes. The resources of the earth have never yet been
half developed, by reason of sufficient means not having been ap-
plied to its cultivation. Skill and labour exist in the most ample
abundance ; but the other moving power is ever wanting, from
penury, unwillingness, a niggardly economy, want of security,

and, worst of all, from the absence of any proper social regulation
"to meet the exigent demands of the very peculiar necessity that
most imperatively exists. Land, being made an individual pos-
session and a private speculation, never can obtain the just con-
sideration, nor answer the objects of its purpose.

Every purpose is a subject of legislation that has for its object
the well-being of man, and for which reason can assign just grounds.
Of all intents that can be entertained by the mind of man, or
enter into any human consideration, no single one nor any num-
ber of them are any way to be compared with the employment
of labour, and the adequate supply of the necessaries of life

for the use of the population of any kingdom or country. The
natural wants must be supplied before the moral—the cravings of
nature admit no excuse. The structure of social and political

•theories serves only to show the sandiness of the foundation and
the unskilfulness of the architect; the framing of commercial
codes and artificial regulations merely discover the ignorance of
the compilers ; time and circumstances overturn all such baseless
fabrics ; but practical performances that are done on an enlarged
scale of comprehensive benefits withstand all changes, and never
desert the prestige of their just reputation. No government can
bestow on its subjects—no legislative enactments can confer on
the human race—no class of men have in their power to give to
another class, benefits any way comparable with the comforts and
blessings that arise from an adequacy of food and raiment, in
order to uphold the body and furnish the means of mental develop-
ment. No state policy can exist unless it be based upon this

indispensable foundation; broils, tumults, and discontent will con-
stantly assail it; it bears on its front the stamp of imperfection,
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and without the above primary provision, all systems of educa-
tion are contemptible and wholly impotent. The extremities of
the body receive the impressions, and while the feet are bare and
the head uncovered, the emanations of the mind must be miser-
ably deficient, if not wholly wanting. Most writers on this subject
either do not know or overlook the ground on which the whole
matter rests

;
they neglect the foundation in the haste to rear the

superstructure. Individual interests have ever been preferred to
the general good ; and a great misfortune consists in those persons
who have power being usually an entire generation behind those
who are less employed and less conceited. Power being joined
with means is capable of converting sterility into fruitfulness,
and a wilderness into productive ground; it can supply the
defects of nature by drawing from the storehouse of its bounties

;

it can fructify the energies of mind and the toils of labour; it
can raise human society from the depths of moral depravity to
the heights of intellectual grandeur, and convert its most virulent
passions into the most healing and nutritious juices. Those persons
who write about man and the different states and stages of his
existence, political, moral, and social, would do well to remember
two things—the cultivation of the earth, and the supply of the
necessaries of life, for they uphold or overturn all their ideal
fabrics.

CHAPTER VII.

Derivation and Meaning of the Term Loamy Soils —Natural and Chemical
Qualities of the Substance.—Origin and Geological Position of Loams.

The term "loam" comes from the Saxon word "lim" and
"laam," the German " leime," the Latin "limus," from the Greek
"\ifivri" meaning a fen, all the words signifying a fat, unc-
tuous, tenacious earth. Under the name of loam there is compre-
hended a class of compound or mixed earths, composed of dissi-
milar particles, hard, stiff, dense, harsh, and rough to the touch,
not easily ductile while moist, readily diffusible in water, and
usually composed of sand and tough viscid clay. All the terms
having reference to a viscid agglutination, the obvious meaning
shows that clay must be understood as a very considerable part of
the composition of loam, as it imparts the ductility in a greater
or less degree to any substance with which it is mixed. Every
mention of the word implies a puddled earth with which to smear
or close any opening or aperture that might occur ; and for this
purpose the plasticity must be conferred by the earth of clay that
was in the mixture.

Hill comprehends under the class of loams two genera :—1, the
Thraustomicthes

; and 2, the Glischromicthes. The first are
composed of sand and a less viscid clay, and are of a friable and
crumbling nature. The second are composed of sand and a more
viscid clay, and are of a more rough and viscid texture.
Du Costa distinguishes them by their colour—into black and

f 3
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white, which are not acted upon bj acids
;
yellow loams, some of

which are not acted upon by acids ; and other alkaline, brown
loams, some acted upon by acids, to which class belongs the

Windsor loam, so well known and so much used for making
bricks, and building furnaces; others alkaline; and the green

loams, not acted upon by acids, and suffering no disturbance.

According to Woodward, loam consists of clay mixed with fine

sand, or of clay with a superabundance of sand; and Mr. Berg-

man, having analyzed some loam found in the neighbourhood of

London, and considered to be very excellent, found it to consist of

87 per cent, of a reddish gray sand, as fine as meal, and 13 of

argil. Supposing, therefore, clay to consist, as it most generally

does, of 30 per cent, of argil and 70 of fine sand, it is found that

loam of the best kind contains an excess of sand amounting to

17 per cent.; if the excess of sand be greater, it will form what is

called a sandy loam ; if smaller, a clayey loam. Mr. Bergman
found nothing calcareous in the loam. When it contains any, it so

far inclines to the nature of marl, and this marlaceous loam may
be either sandy or clayey, according as the proportion above indi-

cated is exceeded on either side. But loams most frequently con-

tain a portion of the calx of iron, which is more or less oxy-

genated, a circumstance which produces a considerable variety in

the colour, and very probably also in the vegetative powers of the

loamy earth ; if its proportion be considerable, viz., four or five

per cent., they often also contain some proportion of the vitriolic

acid. The colour of loam frequently proceeds from that of the

calces of iron contained in it, but more frequently from its sandy

.part. When gravels and pebbles are mixed with loams, the dis-

tinctions arise of " gravelly, stony, siliceous, and limestone loams,"

according as these substances predominate.

Loams are generally understood to consist of clay, siliceous

sand, and the carbonate of lime. The quantity of iron, magnesia,

and various salts, is so inconsiderable as never to alter materially

the texture of the loam. Decayed vegetable and animal matters

in the form of mould, or "humus," are often found in loams in

very considerable quantities, and the soil is fertile in proportion.

Loams vary in quality, according as they are composed: those

formed of loose sand, with little humus, and with an impregnation

of iron, are very unproductive ; and those which contain too much
clay, and lie upon an impervious subsoil, are very difficult to cul-

tivate. The pure earths are in themselves almost entirely barren.

Sands receive and discharge moisture much too quickly; clays

retain it too long in its own substance, refuse it when wanted,

and starve the roots of plants in a cold impervious mass;

chalk has the same mechanical quality, and contains very little

organic and soluble matter. Sand and clay alone would not make
a rich soil ; but a portion of calcareous matter and humus being

added, the mass is rendered open and porous, and the clay and

sand are prevented from forming a mortar, which hardens readily

and prevents the influence of the air from reaching the roots.

Loams and all fertile lands contain some portion of calcareous

earth, and sand will be less necessary as humus abounds.



CLAY LANDS AND LOAMY SOILS. 107

The most general acceptation understands loam to have pro-
ceeded from the viscous slime that is formed in the beds of
ponds and rivers, and in the streamlets of water which, in the
form of torrents, sweep the loose earth from the surface of the
roads, and deposit the sediment in the quiet places of recess.
This formation exhibits a YGif minute reduction of the particles
of the different earths, and an extreme comminution of the
substances, attended with a viscous adherence of the whole
mass, arising from the nature of some of the materials, or from
the very mixed qualities and properties of the different substances
that are in contact. A stretch of inquiry fetches the meaning
from a Greek word signifying a waxy humour of the eyes, which
conglutinated and nearly shut the eyelids, and was extended to
the pitch, or lute, or clammy substance of any kind which was
prepared for the purpose of smearing wounds and stopping
orifices. In this mixture, the variety of the ingredients always
formed the chief distinction, along with the very minute commi-
nution and intimate mingling of the materials, arising from
the rolling action of water and the disintegrating capability of
the terrene matters which undergo the process of suspension.
Mud arises from similar processes, but the texture is weak and
feeble, which proceeds from the non-cohesion of the particles that
have been too distantly removed by the abundant action of the
waters. Loam seems to be produced by a shorter process, which,
having reduced the particles to a certain degree, leaves the power
of cohesion sufficient to aggregate the mass in a very useful reci-
procity. The texture of loam is fine, but not feeble ; there are
grades and degrees of it as of all other materials, but every
variety possesses the adhesion that is necessary to promote a reci-
procal affinity, and also allow the action of extraneous introduc-
tions. An adhesive clamminess has, in every acceptation of the
word, been attached to loam, which does not adhere to substances
that have undergone the ultimate processes of separation. Com-
minuted earthy materials of any kind have been called loams

;

but some very important considerations are to be taken into
account before the general appellation be universally admitted.
The peculiar elements must be present both in kind and quantity,
an order to form the adhesiveness of particle that constitutes a
primary quality, and at the same time admit the easy working of
the earthy deposit of comminuted materials. These two accom-
paniments constitute the distinguishing characteristics of loam,
and to them the retrospect must always be directed in order to
Tiew

;
aright, and conformably treat, the earthy aggregation.

And it is riot the mere presence of elements that forms the valu-
able quality of loam, but the relative quantity of the ingredients,
and the mode or manner in which they are blended or commingled
to promote the reciprocal action of adhesion. The number of
the elements is also very material, for combination is often effected
by quantity, which becomes equal to a superior affinity of the
single elements that are in contact. The reciprocal action is

raised by the addition of more substances, which not only exert a
direct influence on the materials which they touch, but provoke
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the mutual action of the ingredients that are already present.

And the greater the variety of elements, the greater influence

will be exerted.

Prom the original meaning of loam in a dense, harsh, gritty

substance, adhesive and partially ductile, the name has been ex-

tended to all finely-reduced earthy formations that are loose in

the texture and dissevered in the particles. In many cases the

ductility is wholly absent, and, after being squeezed by the hand,

the mass crumbles into a dry and loose incoherency. These

bodies are most properly denominated loamy earths, as possessing

the constitutional fineness of loams, but wanting in the density

and clammy adhesion from the presence of clay. In this way the

primitive term has lost much of the original meaning ; the most
apparent quality has been seized for use, while the equally im-

portant properties have been neglected, because they are not fully

tangible to a careless observation. The presence of calcareous

matter is also essential to the constitution of a true loam, as it

imparts the grittiness of touch which arises from the residual

particles, and also the softness that accompanies the pulverization

of limestone. The oxide of iron is useful in communicating a
hardened rigidity that attends the presence of metals. The
mingling of the various substances confers the same character

more than the materials that are present.

The quantity of " humus " in loam very much affects the nature

and alters the quality. The literal meaning of the Latin word
humus" is "earth," or, more modernly, "mould." It is classed

in mineralogy as a genus of the order of calcareous earth—its

generic characters consisting of carbonate of lime, with a small

proportion of silex, hydrogen and carbonic acid gas, and oxide of

iron; formed by the decayed remains of animal and, vegetable sub-

stances; light, friable, imbibing, but not retaining, water; meagre,

rough, humid, of a dull colour; effervescing with nitric acid;

becoming cinereous in a smaller heat, in a stronger, running into-

a frothy kind of glass.

" Animal mould " is impalpable, greedily imbibing water, hardly

.effervescing with nitric acid in its rude state, but sensibly so when
burnt

;
white, or cinereous, very light, and fertile.

" Vegetable mould" is brown, in a very subtile dust, so very fine

as to pass, when mixed with water, through a coarse cloth, or

filtering paper. It affords the best and richest garden moulds, and
is often black when moistened, and cinereous when dry. Decayed
vegetable matters afford a most excellent soil.

Animal and vegetable moulds being mixed by their elements

living and decaying on the surface of the earth, form the " humus"
of modern scientific agriculture, a natural manure produced by
the slow decay of animal and vegetable matters. " Humus " is

a dark, unctuous, friable substance, nearly uniform in its appear-

ance. It is a compound of oxygen, hydrogen, carbon, and nitro-

gen, which, with the exception of nitrogen, are the elements of

all animal and vegetable substances. It is the result of slow

decomposition of organic matters in the earth, and cannot be

compounded chemically. It is the product and the source of
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living matter. The greater the number of living creatures, the
more humus is formed; and the more humus, the greater is the
supply of nourishment to life. Every organic being adds to the
quantity of humus, which increases as men, animals, and plants
increase upon the earth. It is diminished by the process of vege-
tation,, and wasted by being carried away by water; or it is carried
into the air by the agency of oxygen, which converts it into
gaseous matter.
Humus, in the common state, is not soluble in water, and it is

antiseptic. It is indecomposable in itself, and also in other sub-
stances in contact with it. It remains in the earth long unim-
paired ; but so soon as it is brought to the surface by the process-
of cultivation, an action immediately begins. The carbon of the
humus^ unites with . the oxygen of the atmosphere, and forms
carbonic acid, which the plants absorb; the hydrogen, by the
same affinity, forms water, and this moisture, being formed gra-
dually, becomes a most valuable source of life to plants during
dry seasons, when rains and dews are deficient. Soluble extract
is the residue, which is taken up by the roots of plants. By the
repeated actions of cultivation a further progress of reciprocal
unions is produced, which afford a regular supply of food to
plants ; and from this fact we learn the great value of frequently
stirring the ground in the culture of green crops.
Humus renders clay soils porous, consolidates loose sand, and

suffers very much from stagnant water—the substance is rendered
acid and astringent, as in peat, the vegetable matters become
"sour," and produce rushes and other unpalatable and useless
plants. In such cases the land must be dried by draining, and
the acid neutralized by large applications of lime. In light soils
very little humus is found, the air penetrates too freely, and
speedily decomposes it, and the extract 'is carried downwards by
the waters that pass through the soil. Such soils require to be con-
solidated by clays and marls to make them retain moisture.
Humus acts most fruitfully with calcareous soils, provided they

'

are deep and well pulverized.
Good lands contain, on an average, about four or five per cent, of

humus, and two per cent, will render a soil tolerably productive.
Humus being the production of animal and vegetable matters com-
bined, it is yielded in abundance by farm-yard dung, which consists
of the straws of the cereal crops, joined with the solid and urinary
feces of animals. And it is to this quality that the dung of the
farm-yard is indebted for its superiority to any other manure yet
known—*that after the more active animal substances have exerted
their action and have disappeared, there remains in the soil a
residual mass for future decomposition, and which continues to
afford for years the pabulum of organic life.

Loams being formed by nature of the mixtures of the primitive
ingredients^ that ,have been now mentioned, partake very largely
of the capricious diversity that is everywhere to be observed in
the productions ofunknown agency; the position is very varied, and
the quality seems to be regulated by no definite rule that obser-
vation has yet been able to trace. The tops of moderately high
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grounds very often contain a greater depth of loam than the adjoin-

ing valleys, and the quality is also much more valuable. The most
stubborn clays are often found on low grounds, and are compara-
tively unproductive, while the adjoining heights are crowned by a

loam of more than medium fertility. The quality of the sub-

stratum has a very evident effect in conferring a value upon loams;

if it be rocky, the loam is usually too dry and incoherent; if clayey,

the loam will be wet and ungenial; if sandy, it will be too open
and porous; and if gravelly, it will be liable to be scorched. The
most fruitful loams are found incumbent on a bottom of clayey

sand, or a compact gravel, joined and mingled together in such
a manner that it receives the moisture downwards, and does not

starve the upper soil, and at the same time keeps the moisture in

store, to be given out as the upper soil may require it. A gravel

cemented by clay, and made porous by sand, is, of all other sub-

strata, the best adapted for the purpose now mentioned. A yellow

. and compact unctuous clay of a dry nature often supports a loam
of the first-rate quality.

Humus appears to be most certainly distributed by the quality

of the soil, land, or ground on which the animals and vegetables

best like to live. All organic beings have the instinctive faculty of

choosing and rejecting, and accordingly the greatest abundance of

humus is always found on strata which experience has found to be
most favourable to organic life. And the original deposits that are

constitutionally inimical to the living organs of the creation are

left devoid of any useful quantity of that essential element of

fertility, and require to be supplied with it by artificial means.

Humus is therefore produced by some natural productive quality

that favours the generation of living organism, and it affords, in

return, the elements of life to subsequent reproductions. The
earthy vegetable matter, being the residuum of the decomposi-

tion of organized bodies, is a principal material in soils ; it con-

stitutes the layer in which plants grow, and differs greatly ac-

cording to the quantity and quality of the matter itself, the

state of reduction it has attained, and the manner in which
it happens to be incorporated with the constituents of the soil.

It has much influence on soils, in altering, modifying, and mixing
the original substances of their composition. The depth of it

determines the fertility of lands.

Authors are more at variance as to the components of humus,
than as to its character

;
nitrogen is not indispensably present where

ammonia has been entirely removed. An organic product called

"humic acid" has been put forward as the chief ingredient of

humus, and is found to consist of water and carbon only. It

abounds in peats, old wood earth, heath mould, and in all decayed

vegetable remains. It combines with alkalies, and forms "humates,"

which are dropped in brown flocks on the introduction of muri-

atic acid. These .flocks, or the deposited humic acid, are little, if

at all, soluble in water; and if they become the food of plants,

it must be by very slow degrees and in extremely small quantities.

According to this theory, humus requires to be treated with an
alkali in order to be fitted for the purpose of fructification. Lime
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exerts its predominant affinity, and acts curatively on inert vege-
table matter by removing the grand cause of barrenness. But
sourness does not always indicate the presence of an acid; sand
has no sour taste, and yet combines with soda and forms glass.

The theory of humic acid must rest till further observation reject

or advance the speculations on the subject.

The geognostic situation of loam is found overlying the diluvial

detritus as a fresh-water formation, but most frequently it is a de-

posit on the vast accumulation of alluvial beds which, in very dis-

cordant and heterogenous mixtures, constitute the foundation of

the greater part of the cultivated surface of the earth. The inter-

position is almost constant of a bed of aggregated earths between
the subjacent rocks and the cultivable stratum of ground, and the
qualities very often show an origin that is evidently different

from any of the adjacent materials. The substances must have
been imported in a reduced state, or have been mixed beyond re-

cognition. The alluvial formation comprehends, in the most exten-

sive meaning of the term, all the deposits above the chalk, or at

least all those above the diluvial detritus, as the latter is most
clearly seen in the gravels and erratic boulder drift. It is more
particularly applied to the uppermost stratum, which forms the
land of cultivation, and is now very appropriately designated
the subaerial deposit. The formation of it by fresh water is

universally allowed, as it contains no shells or fossils of any kind,

and it shows a state of reduction that must have undergone an
extensive and long-continued operation of a very powerful in-

fluence.

In the agricultural sense, loam is understood to comprehend
every soil of earthy matters that are so minutely reduced as to

permit the cultivation and growth of green crops. This range of

extent pervades every corner of the kingdom, and there are few
places where some sort of resemblance does not warrant the general
acceptation of the term. Finely-reduced earths almost everywhere
abound, and where they fail to form an entire soil, they exert

very much influence in producing the constitutional character of

the lands with which they are mixed. The 'term "earthy loams"
will very correctly represent the general appearance and quality

ofthe lands, which are further divided by the properties they sepa-

rately possess. These inheritances are partly original and partly

adventitious, and have arisen probably more from local peculiari-

ties than from the primary source of formation. A very wide
deviation is introduced from the original meaning, which must
have in loam a waxy ductility that enables it to stick and adhere,

and a gritty harsh feel which imparts the essential character.

These true types very seldom accompany each other ; but the pre-

sence of one or both in some degree constitutes the relative value

of loam.

From the primary rocks which form the floor of the terraqueous

globe, an increasing softness of structure attends each succeeding

formation in the ascending series, and the stratification ceases

with the chalk, which is a feebly aggregated mass of the carbonate

of lime. The pulverulenee of the matters above the chalk con-
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tinues gradually to increase, and terminates in the uppermost
layer of alluvium, which no doubt owes much of the reduction of
texture to the contact of atmospheric influence, and to the pro-
cesses of cultivation,which operate through the action of implements
and manures, and by the agency of the roots of plants. The loose
formations above the chalk are characterised by an extravagance
of arrangement and deposition that is not exceeded by the sub-
jacent location of rocks, which have excited the wonder and called
forth the admiration of every rational inquirer. There are seen
clays, sands, gravels, and earths, placed separately and in mixture,
without any regularity or tendency to order; clays on high
grounds, gravels on declivities, and light earths in valleys, and all

in seeming discordance with the acknowledged rules of specific

gravity. Allowing the clays and gravels to have been located by
ahigher flood of waters than has produced the uppermost allu-
vium, the fact of the best loams being often found on high grounds,
and clays in the valleys, goes far to support the opinion that loam
has been produced at different times and by different agencies,
and that the foregoing large inundations had begun the process
and the location, and the succeeding overflowings of water on a
minor scale had finished the peculiar species of deposition. Loams
on high^ grounds have been improved by subsequent exposure
and cultivation, and in low situations the succeeding agencies of
formations have effected the difference.

In many cases a very evident and direct similarity can be traced
between the subaerial depoMt, the alluvial bed, and the subjacent
rock. On the sandstone rock the bed is a hardened aggregation
of the rocky particles with an earthy mixture, and the upper
stratum is a pulverulent portion of the bed that has been affected
by external causes. The presence of " humus" very much alters
both the appearance and quality, and the exposure to the air by
frequent turnings of the soil by the tools of cultivation, has im-
parted a texture that is very different from the underlying mate-
rials. Dry compact clays in vast beds of hardened alluvium, or
of diluvial aggregations, support a loamy stratum that has been
converted into that name by the causes above mentioned—of humus
and exposure—but which still retains so much of the clayey nature
as to give the specific name to the cultivated land. These loams
constitute the first-rate quality, as the texture has strength for the
production of wheat, and the friability admits the fullest enjoy-
ment of green crops. This pre-eminent property confers the
highest value on the soils of the dry beds of clay. A stratum of
gravel that is cemented in a bed of earthy clay or concreted allu-
vium, is, of all subsoils, the most favourable supporter of a
fertile loam, .for the porousness receives the water downwards,
the upper soil is not starved by a superabundance of moisture, and
the retentiveness is sufficient to hold the necessary quantity for
the use of the growing plants in the season of drought. These
mixed beds of gravel are the production of the fresh-water inun-
dations subsequent to the diluvial formations, from which a part
of the material is derived; or they may have been derived from the
lattermost operations of the universal fresh-water deluge which
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by the almost universal consent of opinion has ravaged the globe.

Any succeeding operations may have been comparatively partial,

and have only effected some trivial changes on the already depo-

sited accumulations. The highest ranges of chalk hills support a

loose earth which relates immediately to the rock, being of a

white colour, loose and feeble, dry and porous. It enjoys a small

portion of humus, as the constitution of the rock is not enticing to

the existence of animal and vegetable life, from which the exuvial

matter proceeds. Hence the inferior quality of the chalky loams.

The simultaneity of the formation of loams and all fine alluvial

earths may be inferred from the position of the relative deposits,

which occupy heights, declivities, and valleys, without any irregu-

larity or tendency to superimposition. The whole operations

must have proceeded from a quiet action, and an orderly system of

causes ; the deposits are flat and even, and never deviate into any

other form or inclination. They denote a settled and tranquil state

of the earth, wholly divested of any agitation or turbulence,

that has so very evidently disturbed and confused all the pre-

ceding deposits of the terraqueous globe. Still the formations

are partially irregular, as the depth is least where the greatest

might be expected, and a depth prevails where natural appear-

ances would indicate a shallow deposit. This consequence may
have arisen from the longer or shorter movement of the waters^,

and to the abrasion of the subjacent materials being easy or diffi-

cult. Hard rocks resisted the decomposing agent, and the alluvial

stratum is shallow; softer rocks yielded to the power, and the

stratum is deeper ; while alluvial beds have afforded both, the

upper and under soils differing in consequence of the situation

and exposure. The flat and heavy surface of clays resisted the

impression of water, and the fine earth was not produced ; but
sand and gravel received the operations and yielded the lands

that have been described. But it must be acknowledged that

many situations exhibit the introduction of materials that are

wholly alien to the surrounding localities, the substances are com-
pletely different, and the qualities are widely removed. These
irregularities may have been made by collections of suspended
materials being carried by the moving waters, and getting par-

tially mixed with the substances that already existed in the lo-

cality. The vast accumulations of diluvial and alluvial deposits

wholly destroy in very many cases any connection, even the most
distant, with the subjacent rocks, and the understanding of the

formations that are uppermost comes to be drawn from the sub-

stantial appearances that compose the uppermost depth of 3 ft.

below the surface of the ground. Allowing 6 to 12 in. for the

extent of the workings of cultivation, and 18 in. as the depth of

the subsoil that will retain heat and moisture for the use of the

upper land, the descent of one yard will comprehend all the space

that can in any way influence the productions of agriculture.

Any natural existences or affections below that depth do not

enter into a legitimate comprehension of the soils and their

qualities.
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CHAPTER VIII.

Clayey Loams.—Cultivation.—Eotations of Cropping.—Manures suitable,

and Value of the Lands.

A clayey loam is a compound soil, moderately cohesive, in
which the argillaceous ingredient predominates. Its cohesion is
greater than that of any other loam, but less than that of pure
clay. The other ingredient is a coarse sand, with or without a
small mixture of the calcareous ingredient. In proportion as the
clay abounds, the loam becomes stiff, cold, and heavy, or dry,
porous, and very fruitful. Clayey loams mostly overlie the
concreted beds of alluvial aggregations, which consist of mixed
matters in clay, sand, earths, and gravels. The deposits are of
great depth, and are generally found in moderately elevated dis-
tricts which rise above valleys, and do not reach the height of
hills.

,

They are generally contiguous to alluvial flats, from which
they form the ascent, by gentle and rounded undulations, to the
neighbouring hills or highest grounds. The beds completely de-
stroy any connection of the soil with the subjacent rock, and they
lie indiscriminately over the primitive and secondary strata, and
seem most frequently placed over the sandstones. The colour is

generally black or red marly. In the midland counties of Eng-
land they are found over the old red sandstone and all the exist-
ing upward formations, and very often get intermixed with the
lias and clunch clays, and then the derivation of the soil is
obvious, being the clay of these designations rendered friable by
the mixture of alluvial productions. This is the origin of most
soils of the name now being illustrated ; the clay of the locality
being mixed and pulverized by some extraneous matters of a local
peculiarity. And these effects seem to have been produced by
causes for which no satisfactory account ever may be given by
any rational process of inquiry.

,
,

Clayey loams, being of the stiffish character of soils, require to
be ploughed with a round deep furrow of 7 or 8 in. in depth, and
in .the months of November or December, for the crops of the en-
suing year. The power of three horses will make the better per-
formance, two of the animals walking in the furrow in tandem,
and one on the unploughed land, with the advantage of the long-
end of the main tree, which renders the power of one animal
equal to that of two in the furrow. The soil of clayey loam being
stiff, and the furrow heavy, a considerable degree of strength is

required to move the land freely from the proper depth. The
average of climates allows the spring ploughing to be done in
March, which is best directed across the land, as it cuts the slices
and breaks the adhesion of the furrows. This work can be done by
two horses, and all with the strong swing plough. The surface
is then severely harrowed, next rolled, and harrowed again, when
every weed and stone is very carefully picked by hand and re-
moved from the field. Two weeks afterwards. the land is ploughed
longitudinally, harrowed, rolled, and harrowed, and picked of
weeds and stones as before; and the same process is repeated in



CLAY LANDS AND LOAMY SOILS. 115

two weeks hence, which brings the season to the end of April,

when potatoes and beetroot are planted. Potatoes are first sown,

when drills are opened at the distance of 30 in. apart, by one

furrow of the common plough drawn by two strong horses walking

widely, and haying for that purpose a main tree of 5 ft. in length

attached to the plough. The begun-to-be-rotted farin-yaiid dung,

in the quantity of twenty one-horse cart-loads to the acre, which

has been heaped in a corner of the field, is deposited in the hol-

lows of the drills, carefully spread along the intervals, and over it

are placed by hand the cut sets of the potato tubers, and pressed

by the foot into the due positions of 9 in. apart. The drills are

then split, and reversed by a bout of the common plough, the

length of the main tree allowing the left-hand horse to walk on

the top of the unmoved drill, which does not disturb by the tread-

ing of the feet the sets of the plants in the hollows over the dung.

In returning, each horse walks in a furrow, and the plough moves

in an intervening hollow, and throws a heavy furrow of freshly-

moved soil over the drill which was split by the downward furrow

and thrown over the dung. The planting of the crop being

finished in this way, the narrow tops of the drills are levelled

by the lightest roll, which affords a level brainding of the crop.

From the beginning to the middle of May, beetroot is planted

on the same preparation of the land, the seeds being dibbled by
hand on the tops of the drills over the dung, or sown by the two-

coultered machine. The ruts are filled by the light roller passing

along the drills. Swedish turnips are sown till the end of May,
and the seed is deposited in the fresh earth that is laid over the

dung in the newly-made drills, by means of a double drill-sowing

machine that is drawn by one horse and guided by a man. A
rolling of the drills finishes the process.

Four earths, including the winter furrow, are most usually

sufficient to prepare the stiffest green-crop lands to be sown with

the crop ; but much will depend on the constitutional texture of

the soil, the arable management it undergoes, and the tools by
which it is wrought. The plough, the harrow, and the roll, when
timeously and judiciously used, are very amply sufficient to pre-

pare any lands of common cultivation ;
yet much advantage is

derived from the use of a heavy strong-tined grubber, which is

drawn by four horses, and, with the alternate provision of circular

and duck-footed coulters, breaks the square cuttings of the land,

if any remain after the plough, and drags to the surface the

roots of weeds, which are often cut into fragments by the coulter

of the common implement. The better application consists in

two workings of the grubber, each being interposed between

the common operation of ploughing, rolling, and harrowing. The
narrow points of the plough penetrate and raise the stiff under

soil, which is very advantageously broken and pulverized by the

varied action of the plough and the grubber. In this way one

ploughing of the land- may be saved, or, what is better policy, the

land may be much improved in the pulverization by a working

of the grubber added to the ploughings, for the value is inestimable

of all stiffish green-crop soils being wrought to the very utmost
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possible fineness of tilth. On this purpose being effected, almost
the whole expectation of a crop will depend, and any saving of
labour that would tend to complete that object will be not only
a very false economy, but will prove most positively injurious and
detrimental; for the proper or imperfect working of the land not
only tells the tale on the immediately following root crop, but it
extends to every crop in the rotation, as each plant of the course
requires a provision in the soil that is suitable to its nature, which
can be conferred only by the duly performed fallowing of the
land. The grass seeds that are sown with the first grain crop
demand a very minutely-pulverized surface to suit their small-
ness of bulk ; the oats and any other crops that may be sown on
the surface require a large quantity of alluvium, raised by the
harrowing, in which the seeds lie and germinate. If the land has
been imperfectly fallowed, the soil will rise in a harsh and clammy
state, and will break into crude particles without producing the
powdery alluvium which is so much and so very justly prized for
the reception of the seeds of plants. The climate of the season
has much influence in producing this result; but the most fa-
vourable atmospheric influence will fail in yielding this effect in
opposition to a badly-performed fallowing of the ground. It can
only operate upon a favourable basis, and the more its influence
is encouraged, the more beneficial will be the effects of its action

;

and this result depends on the state of the soil after being fal-
lowed.

On the stiffest clayey loams of the first-rate quality the best
rotation of crop will be—

.

( Green crops, in po-
1st year . < tatoes, beet, and

( Swedish turnips.
2nd „ , Wheat or barley.

Thiscourse is adapted to the very best quality of soil, and to a
benignity of climate which permits the preparation of the land
for beans in the fifth year by a grubbing and a slight manuring.
Barley being used in the second year, the number of plants in-
cludes every useful vegetable, and those which are of the most
valuable kinds. When lime is applied, it may be very advanta-
geously spread on the bean gratten, and mixed with the soil by
harrowing, when the land is ploughed by one furrow for wheat.

Clayey loams of rather an inferior quality are found overlying
the sandstone or red marl, and being somewhat mixed with the
marl, the soil becomes a marlaceous clayey loam. The quality is
very good, but, the texture not being sufficiently viscid for the
growth of wheat and beans, the course of cropping must be more
lenient and less scourging for the land. The best rotation is
the following :

—

( Green crops, po- 1 3rd year . Hay.
1st year. .< tatoes, beet,and 4th „ .Pasture.

( turnips. 5th „ . Oats, a part in peas.
2nd „ . . Barley.

]

drd year . Hay.
4th „ . Oats.

5th
j, . Beans, a part in peas.

6th „ . Wheat.
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The value of this rotation is very great, and admits of a very large
application, so much so that many very eminent practical agricul-
turists have reckoned it suitable for any soils in the world, with
the variations that are induced by local peculiarities in foster-
ing the vegetable growths. The two years in grass are found to be
most particularly renovating to the land in producing firmness
of texture, and the vegetable freshness arising from the decay of
the roots and leaves of the grassy herbage, which is incorpo-
rated with the earthy ingredients of the soil. This preparation of
food exceeds in value any artificial application in the shape of
manure, as the reduction is most minute of the earthy vegetation,
and the commingling becomes of the necessary intimacy. On
these two states of existence the value of all combination depends
for fruitful purposes.

Farm-yard dung, as a manure, is most appropriate for the stiffest

clayey loams, as the clammy adhesion barely permits the action of
bones and guano, or any artificial manures. But they are used,
and very frequently with success. On the second quality of these
soils, or the red marlaceous loam, all the auxiliary manures exert
their utmost influence, and the effects never fail to vindicate the
prestige of the reputation of these highly-useful substances. The
marly part of the composition of the soil is particularly fa-
vourable to the action of any finely-comminuted matters, as they
find similar elements with which the ultimate combination is

effected, and the molecules of the different substances are able to
effect a reciprocal affinity. The warmth of the composition of the
soil is a very chief requisite for the action of extraneous manures,
and it is amply enjoyed by the red loams of the marly sandstone.
This property in soils of receiving and retaining heat is a very
large part of the cause of fertility, and it is essential to the en-
couragement of the^action of manures. The number, variety, and
mixture of the ingredients constitutes this property in lands, and
also forms the cause of the fertilizing development of manures.

Lime, in the quantity of 200 bushels to an acre, operates very
advantageously on the stronger loams of the clayey denomination.
The caloric which it imparts to the land finds a conductor in the
comminuted animal and vegetable matters which constitute the
loamy nature, and it is imbibed in a quantity that is sufficient to
overcome the repulsive quality of the clay, which is the obstacle
to the action of lime on all clay lands. The clayey loam is thus
thoroughly warmed and heated, without which no very large fer-
tility ever can exist or be promoted. Hence the quantity of lime
must be large, and used during dry weather, and the substance in
a finely-pulverized condition. In these forms both the land and
the lime are

#

most likely to receive and impart mutually the
quality that is possessed by the one and which is wanted by the
other. The use of lime to the land in this way should not be de-
ferred beyond every third return of the course of cropping, or in
each period of fifteen and eighteen years.
The value of the clayey loams that have now been described

holds the highest figure in the .scale of the relative productions
of land. The yield of the crops is large, and the kinds of pro-
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duce are the most valuable that are known ; the expense is not

greater than that of common cultivation, and the soundness of the

land ensures the quality of the articles that are produced. On these

lands no manure is ever wasted, nor is any labour misspent ; the

soil is always grateful, and no diminution is ever evinced of a sense

of the obligations that are conferred upon it. These loams are

capable of producing the average crops of four quarters of wheat
per acre, six quarters of oats, and the same quantity or more of

barley, four or five quarters of beans and peas, and two tons per

acre of clover hay, ten tons of potatoes, twenty tons of turnips,

and twenty-five tons of mangel-wurzel. These quantities will

form a very fair approximation in England, and will require the

first-rate cultivation of the land to produce them. In Scotland the

returns will be larger, especially in oats and root crops, as both

the soils and the climate of that country are peculiarly favour-

able to these plants; and the mode of cultivation that is prac-

tised is superior to the management followed in England. The
average rent per acre of the two sorts of clayey loams now speci-

fied may be written at 30s. to 40s., or probably better at 28s. to

35s. Extreme cases only will reach 40s,, and in Scotland some
exceptions will nearly double that sum; but the general rule is.

not affected by local peculiarities where the natural formation is

assisted by some advantageous contingencies, which probably do

not reach beyond the extent of one or two farms of moderate size.

A near convenience to markets is a very considerable acquisition,

as is the ready access to lime and other sources of manure. A
good aspect in the situation of the lands is an object of much
attention—high or low, level or declining—and the quantity and
quality of the exhalations that may be expected to arise from the

solar influence on the surface of the ground. These circum-

stances are often so powerful as to overturn
#
the natural quali-

ties of many lands, and not unfrequently they correct constitu-

tional defects. The atmospheric peculiarities are the regulators

of the plants that can be profitably grown on any lands ; but the

loams now described are generally placed in favourable situations^

where the vegetables stated in the rotation are conveniently

grown.
It has been till now omitted to give a list of the grass seeds to

be used for hay and pasture.

For hay, per acre,

—

Ray grass . . . 1 bushel.

Red clover . . .12 lbs.

For hay and pasture, per acre,-

Ray grass . . . % bushel.

Cocksfoot . . . \ „
Meadow fescue . 4 lbs.

Trefoil 4 lbs.

Meadow catstail . . 4 lbs.

Red clover . . . . 10 „
Trefoil 4 „
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CHAPTER IX.

Sandy Loams.—Cultivation of the Loamy Varieties of Arenaceous Soils.

—

Rotations of Cropping.—Manures suitable, and Value of the Lands.

The sandy class of loamy soils is much more comprehensive than
the last order of lands, and reaches over a much larger extent of
country.

^
Sand is a much more abundant ingredient than clay,

and admits a much larger variety of mixture with other sub-
stances, owing to the very minute reduction of the particles of its

composition. Silica, or the original earth of flints and sand, is by
some thought to constitute the basis of the globe, and is found in
every formation that leads the ascent of the geological staircase to
the most recent alluvium in the subaerial deposit, where it acts a
powerful part in distinguishing the various characters of culti-
vable grounds. The fineness is not a little variable

; large or small,
gritty or pulverized, according to the actions it has undergone,
from the breaking up of the original formations to the deposit of
the alluvial beds which most generally support the arenaceous
grounds of cultivation. These huge beds of concreted alluvium
are mostly superimposed on the primary and transition strata of
the globe ; the secondary rocks rise much higher, and then the
soils have a more immediate connection with the mineral aggre-
gation. The sandy soils that overlie the alluvial beds of deposit
are much the best in quality, as the quantity of mixed ingredients
is the greater, arising' from the agitated and commingled produc-
tion of the alluvial formations, of which the deposits now men-
tioned form a very apt illustration. Clay and gravels consti-
tute a large part of the mixture, and confer upon the upper
soil the benefits of their peculiar attachment. These alluviums
form almost the whole extent of Norfolk and Suffolk, and are
formed of clay, sand, and gravel. The chalk sinks below these ter-
tiary formations, which afford many modifications of the upper
soil. As the beds themselves differ in the properties' of compo-
sition, so the lands of cultivation are variously qualified, and
gome operations on the surface subsequent to the location of
the deposits, may have very much altered and modified the
character of the primary constitution. Inundations may have
changed the upper stratum by the agency of ablution, partially
removed the existing materials, or wholly introduced a new
sedimentary deposit. These alterations may belong to the allu-
vial period of location, and the underlying beds may be the
diluvial productions; but on this point the best authorities are
not reconciled.

The aggregated beds of the diluvial or alluvial deposits sup-
port the loamy sands of the best quality, and are found chiefly
in districts that are low in the geological staircase, and where
the tertiary epoch had formed the largest development of its
power. These formations are found over the extent of the
British Isles, the best quality being situated in the counties of
Norfolk and Suffolk, where the soil is mixed with the chalk
and with a marly clay that has been formed by the mingling
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of the chalk with the aluminous earth. These soils form a
middle step between the clayey loams, which have been treated of,

and the sandy loams properly so called, which contain little

mixture beyond the siliceous earth with the exuvial sediments.
The depth is generally shallow, lying on a closely-compacted bed
of clayey or gravelly earth, but which forms a favourable sub-
stratum in the valuable points of moisture and caloric. The
absorbent powers are able to conduct downwards without harm
the water that would otherwise prove detrimental, and to

retain a quantity that is sufficient for the future vegetable
growth, without preventing the heating of the ground by
caloric at the proper season. A large part of the cause of fer-

tility rests on this invaluable property of the subsoil of lands.

The rotation most adopted is :

—

1st year .... Turnips.
|

3rd year .... Clover.

2nd „ . . . . Barley,
j

4th „ .... Wheat.

This course of cropping is too short for any quality of land*

and the fact has been often, acknowledged, though the force of

custom yet prevails over the power both of sense and conviction.

The grass layer of one year is too loose for wheat, and the fre-

quent sowing of turnips has been found adverse to the general

success of that invaluable crop. By adding a second year in

pasture the ground will be very usefully consolidated, thus :

—

4th year . . Pasture.

5th „ . . Wheat and oats.

1st year .... Turnips.

2nd „ .... Barley.

3rd „ * . . . Hay.

These lands are prepared in the cultivation by the processes

that were described in the last chapter on Clayey Loams. The
ploughing is not so deep, nor are the workings so heavy for the

implements or animals. The texture of the soil admits the use of

every kind of artificial manures, which exert the full effect of their

power on the loams of sandy composition. Bones, in the quantity of

sixteen bushels an acre, and guano in 5 cwt., will raise very

beautiful crops of turnips, which, one-half being consumed on the

ground by sheep, never fail to put the land into excellent heart

for the following use of its powers. The quantity of farm-yard

manure that is made in the feeding yards is applied to a part of

the turnip fallows, and these, being treated with bones or guano,

in the next rotation, will change the manure on the same grounds,

and afford a healthy variety of nourishment. The plants sown
may also be changed, and thus effect a complete alteration in every

respect.

These loamy soils of the chalky and clayey modifications are the

most productive of the sandy lands, and the value may be stated

at 255. to 30s. an acre. The general figure may approach the

latter sum, and an inferiority will sink to the former. The best

quality will yield four quarters of wheat per acre, and the largest

crops of turnips. The barley is always of the best quality, and
much esteemed by the brewers.

The quality is rather inferior to those mixed soils of the sandy

loams that overlie the tertiary deposits, and where no conve-
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nience occurred of being mixed with the clays and chalks, which
are wholly removed from the contiguity of formation. The quality
is still most pre-eminent, and the soil is, of all others, the most
productive of sound grassy herbage. The colour is mostly red,

and sometimes black, with the subsoil similarly coloured, and
formed into a hardened, and yet porous aggregation, receiving and
using moisture and caloric in the most beneficial application. The
exuvial matter is large in quantity, owing to the primary stratum
being favourable to the liking and growth of the organized crea-
tion which lived and died upon the surface, and afforded the ma-
terial of humus, which has been described, and stated to constitute
the fertility of lands. In this way the subsoil has exerted a most
marked influence on the quality of the cultivable stratum, not
by directly affording fertility, but by inducing the elements to

congregate and leave their bodies as a decomposing residuum of
earthy debris from animated life. This quality forms the very
peculiar excellence of sandy loams, that the siliceous part very
readily receives caloric, radiates it quickly, and retains it by
means of the finely-comminuted earthy ingredients that have been
supplied by organic decomposition. And this quality, both in
kind and degree, may be very safely said to depend on the kind or
repulsive nature of the subsoil.

One general rotation of cropping applies to these prime sandy
loams, viz. :

—

1st year . . . . Turnips.

2nd „ . . . . Barley.

3rd „ .... Hay.

4th year . . . . Pasture.

5th „ .... Oats.

This course may be safely said to admit of no improvement on
these lands ; the grass crops are most particularly valuable, both in
the quantity and quality, yielding a most nutritious dried provender,
and a pasture for vagrant animals that is sound, wholesome, and
most agreeable to live stock of every kind. The growth of hay is

large, often exceeding two tons per acre, and containing in the
mixture every useful grass. The weight of turnips is the highest
figure, that of barley being six or seven quarters, and of oats fully

eight of the same measure. The average value per acre will be
near to 30s., say 26s. to 28s.

These sandy loams allow the very fullest development of the
action of artificial manures, as the texture is fine and the compo-
sition warm, which are the two essential requisites to the agency
of all concentrated essences. Guano is best used over a half
allowance of farm-yard dung, as, by its quick and spirited action,

the tender germination of the turnip seed is pushed into the state

of rough leaf, where it is safe from its deadly enemies, which
devour the seedling leaflets, and kill the plants. It is of the
greatest advantage to have the manure and the land in a suitable

condition to push the growth of the turnip plants quickly and
steadily beyond the state of danger. When this object has been
attained by the turnip plants assuming the rough leaves, the
more, durable aid of the farm-yard dung succeeds the action of

the guano, and continues during the remainder of the season ta

G
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afford a vigorous sustentation to the growing plants. Bone ma-
nure may be used in the same way, by applying half the common
quantity over the lessened allowance of farm-yard dung that is

spread and covered in the drills ; or it may be applied by itself in
the proportion of 16 bushels to an acre, and sown with the turnip
seed in mixture by the two-ridge drop drill machine.
The following list of grasses is required for the course of five

years on sandy loams :

—

Per Acre.

Bay grass . . f bushel.

Cocksfoot . . £ „
Meadow catstail 4 lbs.

Meadow fescue 4 „
Poapratensis . 2 „

Per Acre.

Poatrivialis . 2 lbs.

Red clover . 8
White clover . 4
Trefoil ... 4

An inferior modification of sanely loams is found lying on the
same diluvial bed, and seemingly composed of the same materials.
The upper stratum is more shallow than that of the last-men-
tioned deposit, and the quantity of humus is deficient. The tex-
ture is weaker, and all the crops are .much less bulky. The only
difference in the management from the best qualities consists in
prolonging the pasture of the ground, as under :

—

4th year .... Pasture.
5th „ .... Pasture.
6th „ .... Oats.

1st year . . . Turnips.

2nd „ .... Barley.

3rd „ .... Hay.

The grasses -to be sown are, per acre,

—

Ray grass . . . |- bushel.

Cocksfoot ... J „
Meadow fescue . 4 lbs.

Meadow catstail . 4

Crested dogstail . 4 lbs.

Red clover . . . .. 8
White clover. . . 4 „
Trefoil . . 4

These light sandy loams are uncommonly favourable to the
growth of turnips and to the action of every artificial manure.
For sheep consuming the turnips on the ground no soil can be
compared with them; in wet or dry weather the land affords

clean food and a comfortable lodging, which are essential to the
thriving of animals. The pasturage is always grateful to the
taste, sound in its effects, and nourishing to every animal of the
farm. The general produce will be one-ifourth less than of the
last-mentioned loams, and the value may be stated at 15s. to 20s.

per acre.

The loamy soils that have been described are of the alluvial

fresh-water formation, and constitute the uppermost deposit that
has been made on the face of the globe. But in south Britain,

where the highest stratifications prevail, the third sandstone in
the ascending series, which supports the chalk, has been denuded
by the removal of the cretaceous deposit, and exhibits soils of
loamy sand, which have proceeded from the decomposition of the
rock after it was exposed by the denudation. The upper part
of this rock is called the green sand, and is found in association

with the chalk in all places of the underlying exposure. From
Cambridgeshire, through the county of Bedford, into Berkshire
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and Buckinghamshire, the surface of the deposit forms land of
various qualities, sometimes being loams of very fair productive
powers, and much valued as garden moulds, and often consti-

tuting soils of a very poor arenaceous description. The name is

derived from the soil containing the green silicate of iron, which
imparts a ferruginous quality that is not very friendly to vege-
tation. The soil is of fair quality where earthy ingredients have
occurred and have been intermixed ; but its general properties
are inferior to the sandy loams of fresh-water alluvium.
The last-mentioned system of cropping, and the grasses to be

sown, apply most strictly to the loams of the green sand, for, in

both formations of surface ground, their very close similarity

admits of the same course of cultivation being pursued. On the
very best sorts of the land the course of five years may be very
advantageously followed ; but on the larger portion of the soils,

the rotation of six years will be most beneficial. An incalculable

benefit is conferred upon the land by the turnips being consumed
on the ground by sheep ; the urine sinks into the land, and the
clung is mixed with the soil in the most intimate manner by means
of the narrow-pointed hoofs of the animals repeatedly treading
on the surface. The ground is also consolidated, which is a very
large benefit to light lands. All sandy lands are favourable to

the action of artificial manures, and the crops of turnips, if not
very heavy, are always close and abundant.
Beneath the green sand there lies an earth of the hills, or an

argillaceous deposit, called "gault," and below it is found the
lower portion of the rock called "the iron sand." This lower
arenaceous deposit has been denuded and exposed by the removal
of the chalk, the green sand, and the gault clay, under all which
formations the iron sand is placed. The soil is found chiefly in

Surrey, in the valleys below the chalk, with the rocky escarpment
overlooking the wealden formation of clay in the southern aspect.

Round the edges of the sandstone deposit an overlapping is

formed with the surrounding clays of the plastic, London, and
wealden formations, and loamy soils of fair quality are consti-

tuted by the mixture of the sand and the clays and the subse-

quently-created humus. But on the elevated central parts of the
sandy deposit a very barren soil prevails, possessing a ferruginous

quality that is imparted by the black oxide of iron, which abounds
in the composition of the land. This mineral ingredient being
added to the sandy particles of the formation, forms a soil that is

much too violently heated for the growth of vegetation. Accord-
ingly these sandy lands are generally very barren, in many cases

not worth the cost of cultivation, and the soils remain in a state

of entire inutility. In descending from this condition of utter

barrenness to the good loams that are formed by the junction of

the sands and clays, there occur many cultivable soils that rank
very low in the scale of value, and which are rendered unproduc-
tive by the very porous sands and the oxide of iron.

The best loams of the iron sands are cultivated in the course of

five years, which has been very fully detailed and explained. The.
rotation of six years may be, in many cases, very advantageously

G 2
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adopted, as it tends to consolidate the very loose ground, and
adds to the vegetable freshness in the soil by the decay of the

leaves and roots of the grass plants. On the common sandy

lands the early heat of a dry summer is generally fatal to the

progressive growth of any vegetable ; the land is heated beyond
the bearing of organized life, and the plants wither and die. This

is most commonly the case with the crop of barley, which often

never progresses beyond the half protrusion of the ear, which is

stopped in the growth, fags, and the pickles of the grain are not

half filled or matured. In some instances the ears never appear

at all.

But these lands are highly favourable to the action of artificial

manures, and turnips in fair crops are raised by the use of bones

and guano. Being consumed on the land by sheep, the ground

can be sown with winter rye, which attains a leafy growth, to cover

the land and defend it from the heats of the early summer, which

generally prove fatal to the crop of barley, as the soil, being-

moved by the/ ploughing |for that plant, readily admits the

penetration of heat and drought. Rye is naturally adapted for

sandy lands and a hot locality, and it produces a larger bulk of

straw than any other culmiferous plant that is known. It is,

therefore, much the most profitable seed-bearing grain crop for

the iron sands, as the straw is bulky, and very suitable for thatch,

and the grain usually bears the price of barley. The weakness of

the soil requires several feeding crops to one of the seed-bearing

kind, and may be arranged as follows :

—

1st year . Turnips. 4th year . . Barley.

2nd „ . Rye. 5th „ . Clover.

3rd „ . Winter vetches. 6th „ . Pasture.

Or—
1st year. . Turnips. 4th year . , Winter vetches.
2nd „ . . Spring vetches. oth „ . Oats.

3rd „ . . Rye.

Or—
1st year

.

. Turnips or rape. 4th year . . Cole.

2nd „ . . Rye for feed. 5th „ . . Oats.

3rd „ .

,

. Winter vetches.

The best experience recommends two to four feeding crops to

one that perfects the seed and ripens the crop.

The value of the lands belonging to the iron sand must be

placed at a very low figure ; that of the lowest quality in culti-

vation at 8s. or 10s. per acre, and of the best loams at 10s. to 15s.

But few farms are composed wholly of these sandy lands, as the

formation is very much intermixed with the clays of the marine
formation, which are interpolated in the valleys, where the very

clammy and viscous texture of the aluminous earths forms a most
remarkable contrast with the sands of the green and iron desig-

nation. The complete removal of the superimposed chalk has

exposed the subjacent sand, and the view of its composition is

both curious and interesting. The growing of turnips on the
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sandy loams is very useful and advantageous in conjunction with
the clayey grounds, as it admits of keeping live stock, without
which the farming of any lands is at best very disagreeable,

and attended with little advantage. With this view these sandy
lands of the middling quality are preferable to the clays 1 of

the marine formation, though the latter be more productive, both
of grass and grains, of the kinds which their nature enables, the
soil to produce. Hence it is always very justly considered that
every farm of land which adjoins the sandy deposit has attached
to it a quantity of loamy ground, such as it is, in order to relieve

the very irksome tediousness of the cultivation of clay grounds.
A variety of produce is obtained, which mixes the cultivation,

and secures the chances of marketable values.

CHAPTER X.

Gravelly and Chalky Loams.

Gravel is understood to be a diluvial deposit, and is formed
by small pebble stones. The size varies from that of a small
pea to that of a cockle. They are often intermixed with sand,
clay, loam, flint, pebbles, iron ochre, and other mineral bodies.

Gravel is older than the alluvial formation, and some very curious
and important characteristics are implied in its diluvial origin.

Thick deposits of clay, sand, and pebbles are found on the very
summit of hills as abundantly as in the valleys. Fragments of
rocks wholly different from those in the vicinity lie in valleys, on
hills, and even on islands, as in Staffa. These fragments are found
solitary, or buried in clay, sand, and gravel, in very great abund-
ance, and unlike to any rocks within one hundred miles of them.
The largest blocks, or boulders, lie at the top of the deposition,

resting on the sand, or smaller gravel ; successive depositions can
rarely be traced—the mass lying indiscriminately, large and small
bodies, light and heavy, being laid together, without any order
or arrangement. Amidst such confused masses, bones of land
quadrupeds, mostly or entirely of extinct species, and even of
extinct genera, occur in abundance.

In order to account for these characteristic phenomena, it has
been found necessary to suppose great changes of physical geo-
graphy, or physical processes not seen in daily operation, such as

extensive displacement, and change of the level of land and sea,

unexampled floods of water, surprising alterations of climate, or

movements 1 of glaciers in situations where they could not now
exist. And one general overwhelming inundation has been men-
tioned, as being able to overcome the lesser inequalities of the
surface level, but modified in its course by the larger ranges of
mountains and valleys.

It is an essential character of gravel that it shall contain
rounded stones, " extraneous" to the place where they are found

;

otherwise the decomposition of loosened rocks and strata near the
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surface will be confounded with it, as has often happened in the
description of countries. The earthy matters found in gravel
vary in all degrees from clay to sand; and according to the pre-
vailing quantity of these matters the gravel gets its distinctive
name. Thus, to sea-shore gravel, where the action of the waves
hinders any mixture from being retained, the term of "clean
gravel" is applied ; where there is a considerable portion of clay,
we use the name " clayey gravel ;" where sand is found, it is called
"sandy gravel;" where loam exists, the name of "loamy gravel"
is used, and so on. Some writers add the term "alluvial" to the
above terms of sand, loam, and clay, using it in the strict and
proper sense, as denoting matters worn, moved, dispersed, mixed,
and deposited in water, in distinction from the regular or un-
disturbed matters of the terrestrial strata, which show evident
marks of having been deposited in a fluid, the perfect homo-
geneity of the lamina of the strata, and their vast extension with-
out rude or accidental mixtures, proving that the laws which
governed the two kinds of terrestrial deposit were not less distinct
and marked than are the processes of the precipitation of matters
before mechanically mixed and suspended in a fluid, and the
crystallization of substances from menstrua supersaturated there-
with. During the deposition of the strata all was tranquil and
quiet, except the movements of animated beings which occupied
successively the vast subaqueous plains of strata

;
during the

formation and deposition of the gravel of every description all
was violence and confusion, and apparently so continued for a long
period of time.

It is an important problem in geology, to settle the point
" whether gravel is anywhere found under regular and undis-
turbed strata," Many writers have asserted this to be the case;
but Mr. William Smith and others, after a very long and most
laborious investigation, have come to the conclusion that no such
case can be pointed out in England. It is very true that in-

durated masses occur with some few rounded stony fragments in
mixture, which are of difficult discrimination from the form of
stratification ; but these doubtful masses have been continued in
character " downward" to such gravel beds ; and nowhere are
any regular strata ever found upon these doubtful masses, where
due caution is used in making and extending the observations.

Siliceous or gritstone beds and rocks have been mistakenly classed
with gravel, being composed of distinct grains of silex or crys-

tallized quartz in various sizes, and mixed and indurated together.

But an attentive examination of their beds and accompanying
strata, and of the newly-cut or broken faces, and a comparison of
them with the heterogeneous mixtures and irregular stratification

of the real gravel rocks, as they appear in beds of immense thick-

ness in many midland counties of England, will easily distinguish

the coarsest of the gritstone strata from the superficial mixtures
above mentioned, and from alluvial or water-worn mixtures of
any kind. A uniform and constant law has regulated the forma-
tion of silex, and of coarse as well as of fine gritstone, and suffi-

ciently prevents their being confounded with the water-worn



CLAY LANDS AND LOAMY SOILS. 127

gravels. Accumulations of gravel are to be distinguished into

native and foreign, according as the pebbles, the earth, and the
extraneous bodies among them can be referred to known and
adjacent strata, or consists of stones and earths not elsewhere

found but in very distant countries. Except on the sea-shore,

where the gravel is formed by the waves acting upon the fallen

cliffs in fragments,, the gravel of no spot corresponds with the

strata, on which it is lodged ; and where it does very rarely occur,

it will be found that the strata extend to the east or south-east of

the place where the gravel is lodged ; and this is explainable;

upon the 'principle that the general moving of the native alluvia

has happened from the south-east to the north-west, quarter. The
coarse and irregular gritstone strata occur beneath the carboni-

ferous system or coal measures, but do not seem to indicate, as

Mr. Kirwan thought^ the near approach to the fundamental rock

of granite. It is of very great importance to discriminate ac-

curately the alluvia found in ,different parts of any country, and
to trace their connection with the regular and continued masses

on which they rest, and from whence they have been torn.

When beds of gravel approach the surface of the earth, the

mass forms a gravelly bottom, in agricultural language ; when
they reach the open daylight, a gravelly soil is formed, and when
the- size of the stony particles exceeds the size of the hen's egg,

the land is called " stony." Pure gravelly soils have a substratum

of the same materials, more gritty and indurated, and deficient

in the mixture of animal matters which the upper stratum has

derived. When it rests upon clay, it forms very often a " weep-
ing"' soil of very poor quality. But the pure gravels are in many
instances very fertile ; the open texture admits moisture freely,

and the under soil being compact, retains it in due quantity, and
gives.it out as wanted for the purposes of vegetation. In some
cases, both the upper and the under soil are too loose and open,

and yield the moisture too freely ; and in dry seasons the crop is

scorched. Sound gravelly soils are very favourable to the growth
of turnips ; the pebbles retain a very agreeable coolness in hot

weather, and also afford shelter to the rootlets of the plants during

violent heats. Very good barley is produced by gravelly lands;

the skin is always very thin, and the farina is white and clear

in the colour. The quantity is also very fair on the lands of

medium quality. The straw is not bulky, but the grain is always

fine and saleable. Like most soils, the quality of gravelly lands

depends on several contingent circumstances, as the quality of

the substratum and the openness.or compactness, and the quantity

and quality of the vegetable and animal remains which have

lived and died on the surface of the ground; and also upon
the way or mode in which the different materials are chemically

combined in the relative and comparative quantities. When im-

mediately mixed with clay,, a. soil is formed that becomes very

difficult of tillage, and also of drainage, from the fact that the

water has very many oozings and filtrations ; as beds of sands, or

of mixed sands,, most generally underlie the mass of clay and
gravel, The pebbly stones get, very firmly imbedded in the clay
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during dry weather, and present a very tedious resistance to the
action of agricultural implements. And, as may be readily sup-
posed, the stony soil is very grating for the iron part of the im-
plements that moves below ground, especially when the subsoil is

composed of a bed of indurated dry clay, in which are very firmly
imbedded large quantities of pebbly stones of various sizes.

The gravelly lands of the best quality form the turnip soils, in
the true sense of the word ; but it requires a very peculiar mix-
ture of the earthy ingredients to constitute the land of that
special designation. They are incumbent on a huge bed of diluvial
detritus, that is composed of clay, sand and gravel, and modified
into the condition of retentive penetrability. This state is not
often found, and consequently the lands of the first degree are
not numerous. The working of the soils has been described under
the head of sandy loams, and the best rotation of cropping will
be

—

4th year .... Pasture.
5th „ .... Oats.

1st year .... Turnips.
2nd „ .... Barley.
3rd „ .... Hay.

Artificial manures find a very agreeable field of action in
gravelly loams, and the desired effect is always attained. The
produce of the crops is lighter than on the best loamy sands, and
must be written less by one-fourth part. The value per acre may
be 255. to 30s.

The inferior or second-rate quality of gravelly loams is much
more extensive than the last-mentioned lands, and require a more
lenient system of management. The course of six years must again
be introduced as under :

—

1st year. . . . Turnips. 4th year . . . . Pasture,
2nd „ . . . . Barley. 5th „ . . . . Pasture.
3rd „ ... . Hay. 6th „ . . . . Oats.

On all light loamy soils that are placed in high latitudes beyond
the proper maturation of barley, oats are sown in the second year
after the fallow crop, and answer well.

The grass seeds are to be sown as under :

—

Per Acre.

Jlay grass ... J bushel.
Cocksfoot . . . \ „
Meadow fescue . 4 lbs.

Meadow catstail . 4
3?

Per Acre.

Dogstail ..... 4 lbs.

Red clover .... 8
White clover . . . 4
Trefoil 4

3?

33

The gravelly loams of the best quality may be reckoned a diluvial
deposit, and the inferior order of soils to be a later alluvial forma-
tion that has been purged of the earthy ingredients by the action
of water, and has lost much of the cemented aggregation. A dry
hardened clayey earth is the most favoured matrix of gravel, in
which the pebbly materials are imbedded in a near contiguity, if
not altogether touching each other. This matrix has not proceeded
from the deposit of fluviatile operations, but from a power of much
larger extent and of a more comprehensive agency. The forma-
tion of the beds must have occupied a large amount of materials,
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a strong power of aggregation, and a prodigious force of locomo-
tive agency. The elevation of the deposits implies a power
of vast extent, and which had covered the earth very deeply over
valleys and mountains. The deposits had- been moved in huge
masses, and seem to have been dropped and located by a promis-
cuous carelessness. In no case of cultivated lands is there to be
seen the intimate connection of the soil and subsoil in so favour-
able a similarity as in the best gravelly loams, where the qualities

of each stratum are mutually dependent, and reciprocally bene-
ficial. It is the coolness that is combined with warmth which
forms the very peculiar excellence of the diluvial gravels, a
quality of all others the most difficult to be obtained, and which
is of all others the most conducive to vegetable growth. The
whole amount of fertility is conferred by its regulation and ap-
propriate action.

Chalky Loams

lie on the tops of the chalk hills, where exposure has decomposed
the feebly-aggregated mass of the carbonate of lime, and a mix-
ture of earth and some little humus has occurred. The soils are
few in number, and are rather loamy or earthy chalks than loams,
the latter ingredient being very weak and scanty. A large part
of chalky surfaces are wholly worthless, and beneath cultivation,

and the best qualities only reach a fair minimum of value. The
surfaces of the chalk and of the underlying third sandstone, have
been swept very bare by the denuding flood or other agency;
little or no earthy sediment has been deposited, as the tops of the
hills are high, and the transition of the watery elements over
the elevated situations would be quick, and little time would be
aiForded for deposits

.
being, made. Accordingly these heights are

very bare of earths, and some few places only are worth cultiva-
tion.

Chalk, being a loose formation, is devoid of the agreeable and
sweetening quality that is possessed by the more compact lime-

, ;stones, and which is found to be very conducive to vegetable
growth. The reduced materials are harsh, meagre, and gritty,

and have little active reciprocity for other substances of any kind.
It imbibes only one-half of its own weight of water, and gives off'

moisture very freely, nearly as fast as sand, and three times faster
than alumina. The soil is very hot, from the quick radiation of
caloric by its particles, and the moisture being easily evaporated,
the state of the ground becomes too much heated for the health!

of: vegetation. Consequently all the growths are very puny and
stunted, and seldom attain a condition of maturity either as grains
or dry fodder. The dry pulverulence of the soil is not even favour-
able to the growth of turnips, nor to the action of artificial

manures ; the plants become yellow in colour, wither, and often
die altogether. The warmth of the soil is wanting in the damp-
ness that is inherent in loams arising from the exuvial matters
which form the essence of the composition. The meagre grittiness

is repulsive of any reciprocal affinity, and produces no fruitful

combinations.

G 3
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The best qualities of chalky loams, or earthy chalks, are best
used in. a course of sis years :

—

1st year . Turnips.
2nd „ . Barley.

3rd „ . Hay or pasture.

The grasses to be sown are

—

Per Acre.

Kay grass . . . § bushel.

Dogstail . .. . 4 lbs.

Hand fescue . . 4 „

4fch year .... Pasture.
5th „ .... Pasture.
6th „ .... Oats.

Per Acre,

Sheep's fescue ... 4 lbs.

Red clover . . . . 6
White clover . ,. . 4

n
n.

The best chalky loams may be very advantageously used in this
way; but the upper grades of inferiority present an impossibility
to the forming of a grassy sward, or even procuring a seedling
vegetation. Sainfoin is well known as a herbaceous plant in-
digenous to chalky grounds, and very peculiarly adapted to the
soils of that formation. The roots penetrate deeply, and spread
widely, and tend most powerfully to bind the loose earth, and form
a consolidated stratum. Very large improvements have been
made in this way, yielding a most grateful pasturage to sheep, and
imparting a firmness to the soil that holds the roots of future
crops. The soil must be enriched by two to three feeding crops,
as turnips and vetches, and then sown with barley as a seed crop,
receiving at the same time the seeds of sainfoin at the rate of two
pecks on an acre. The first year's crop may afford a cut of hay,
probably not bulky,, but may be very useful as dry provender.
The ground is then pastured by sheep during eight or ten years,
or so. long as a tolerable bite of herbage can be got by the sheep.
The land is then ploughed and cropped as before, and relaid with
sainfoin.

These sainfoin layers, when long continued, have encouraged and
propagated the wire-worm, and have caused much mischief in that
way.

^
The time of pasturage is curtailed, and a mixture with the

sainfoin of such perennial grasses as are suitable to the soil, is re-
commended. With the exception of sainfoin, the nature of chalk
does not seem to be favourable to vegetable growth of any kind;
the. natural grassy herbage is particularly puny and mis-
thriven, and indicates both a want of sustenance and a radical
adversity of composition., This fact is very generally acknow-
ledged, and seems to be established beyond dispute., It is advis-
able well to consider this truth in any legislation for chalky soils,m any near alliances of that formation, as feebleness of aggre-
gation and barren meagreness; pervade all the subordinations of
the deposit, and infect every quality of the cultivation. Though
it be- a carbonate of lime, the nature falls short; of the general
excellency of that neutral salt.
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CHAPTER XI.

Peaty Loams and Fenny Soils.—Cultivation of the Lands.—Rotations of

Cropping.—Manures suitable, and Yalue of the Lands.

Peat or moss is generally considered to be an alluvial deposit that
has been formed by a vast number of trees, leaves, and fruits,, assisted% the decay of aquatic plants, and by the earthy matters carried by
rains and floods to the places of formation. This theory of its forma-
tion is very inconclusive, though in some particular cases it may
probably account for some few appearances) while for others it certainly
offers no satisfactory conclusion. Peat occurs in vast, quantities in
the northern parts of the kingdom, in beds of vast extent, of depths
varying from a few inches to that of several yards, and of many quali-
ties, from the loose incoherent moorish peaty and turfy soil to the
solid mass that is cut and dried for fuel. Turfy soils contain a large
mixture of earths, and, when burned, they leave a. great quantity of
ashes

;
many soils of that composition are under regular tillage, while

others are so poor as to be unworthy of any attention. Solid peat or
moss may be comprehended under two heads—a black solid pulpy
mass, and a light brown formation of a spongy fibrous texture, and
evidently of a different quality and different circumstances of forma-
tion from the other, though both are found in closely-adjoining; situa-
tions. In some places it is loose: and crumbling, from being mixed
with, the leaves and branches of trees ; in others the texture is wholly
fibrous from top to bottom, or of that nature at the top, and moresolid
and inflammable at the bottom; and very often the whole mass is a
black bituminous substance without any marks of organized remains,
and capable of being cut into bricks and dried for fuel. Peat has been
called a mixture of clay with calcareous earth and pyrites, with some
common salt ; but this mixture must belong to particular formations.
Sulphates of soda and of magnesia occasionally occur and deteriorate
the combustible quality., Peat contains in itself no fertilizing pro-
perties; gallic acid forms a full fourth of its constituent parts,, and
the other parts that might assist vegetation are locked up or rendered
useless by that noxious ingredient. ISTo animal or vegetable matters
are contained in the mossy substance for future decomposition ; the
peculiar state of its formation does not allow any process of fermenta-
tion or putrefaction, and it moulders and disappears without action or
energy of any kind. Moss and vegetable mould have been reckoned
homogeneous substances, altered by the different circumstances in
which they are placed, and the external agencies to which they are ex-
posed ; but this fact, when granted, gives no reason for moss and mould
being produced in adjoining situations, where little or no difference in
external circumstances would be supposed to exist. Formations, of
peat chiefly abound in moderately cold latitudes ; to form it, dampness
and astringency are required, and the water must be antiseptic, which
is< said or thought to derive that quality from the subsoil. But we. are
equally im the dark whether the; astringent and antiseptic quality
fee derived from the subsoil, the climate, the plants that grow on
the place of formation, or from the combined influence of all- these
causes. The scientific reasonings of theorists, are generally overturned
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by facts and by the appearances of nature ; and after all the opinions
and conjectures that have been put forth, the more reasonable and na-
tural conclusion would seem to be, that moss is an original formation,
augmented, like other formations of a similar nature, by physical agen-
cies still going on, and that it has been produced and located by causes
for a solution of which our imaginations may ever search, in vain.

The cultivation of true peat is a hopeless undertaking, notwithstand-
ing many repeated attempts, and even a much-vaunted success. It

may be safely asserted that such attempts are altogether futile in every
case where the solidity of the formation does not carry the weight of
the animals of draught : spade labour can be applied, but the results

have not been found to be corresponding. Moss generally, though not
always, lies in concavities; and on the surrounding higher grounds,
which often cover very large extents of country, there is found a stratum
of peaty earths that is of greater or less depth in different situations,

and of which the quality is extremely various. The texture is most
generally loose and incoherent, and varies from the thin vegetable
stratum of a few inches in depth, to the black and waxy loam of a foot

or more in bulk, passing in the interval through very many grada-
tions that improve in quality and progressive vegetable usefulness.

The subsoil is most generally a white gravelly sand, or a very compact
clayey gravel, and wet or dry according to the climate and the adja-

cent geological formations which discharge water into the heteroge-
neous mass. These soils occur only in districts of the primary forma-
tion, as in the north-western counties of England, and in the north of

Scotland. In that, country moss lies upon the very oldest formations
of granite and gneiss, and the surrounding subsoils, which support the
cultivable lands, are formed of huge beds of diluvial or alluvial ag-

gregations of very mixed materials. The situations being elevated,

and the latitude northern, the climate rarely permits the maturation
of barley, but where it does, the following rotation must prevail :

—

1st year .... Turnips.
2nd „ .... Barley.

3rd „ Hay.

4th year . . . . Pasture.

5th „ ..... Pasture.

6th „ .... Oats.

This course of cropping suits all soils of the second medium quality

in any altitude or position. The grasses to be sown as under :

—

Per Acre.

Kay grass ... J bushel.

Cocksfoot . . 2 ))

Meadow fescue . . 2 lbs.

Meadow catstail . 2

Dogstail .

Red clover

White clover

Trefoil

Per Acre.

2 lbs.

8 „
4 „
2 „

The soils of this kind that are the most inferior in quality, and
the most elevated in the range of cultivation, are cropped as follows :

—

1st year . Turnips.

2nd „ . Oats.

3rd „ . Hay or pasture.

4th „ . Pasture.

5th year .... Pasture.

6th „ ..... Pasture.

7th „ • . . . . Pasture.

8th „ .... Oats.

The time of pasture may be so extended as to maintain the grassy

herbage in a sweet and* sound condition ; so soon as it sickens and be-

comes brown, from the weakness of the land and the wetness of the
climate, the land must be ploughed for the crop of oats, renewed by fal-

lowing and manuring, and resown with fresh grasses, as follows
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Per Acre.

Ray grass . . . 4 bushel.

Cocksfoot . .
1

Per Acre.

Sheep's fescue . . 2 lbs.

Red clover . . . 4 „
White clover . . 2 „
Trefoil .... 2 „

* * 2 f>

Meadow catstail . 4 lbs.

Crested dogstail . 2 „
Hand fescue . . 2 :

„

Every sort of peaty loams is favourable to the action of artificial

manures, and bones and guano never show their value more conspi-

cuously than on peaty and moorish lands of an earthy description.

The earthy ingredient is generally composed of gritty particles of the

unreduced rock of primary structure, and the finer pulverization

descends from the same source which has supplied all the earths and

rocks in the world, according to a recent and seemingly not a very un-

justifiable opinion. Bones delight more than guano in the gritty soils

of the direct rocky foundation; the latter stimulant likes a more loamy

softness and a more lenient texture for the development of its action.

No soils in Britain suit bones so well as the siliceous and quartzy

strata of the primary alluvium, which seems to possess some peculiar

property that very readily and powerfully developes the action of bones.

The value of these lands is low, as the situation confines the use of

the valuable plants, and restricts the animals that are bred to the in-

ferior sorts. The produce of any kind is small, and the value of it

must be corresponding. The acreable estimate may vary with the

quality of the soil, from 8s. to 15a The lands are easily wrought, and

no large expense is incurred in the cultivation.

Fenny Soils

resemble loams, and if the latter term comprehends every kind of fine

earths, it will embrace the surface alluvium of the fens as well as of

the chalk and the sandstones. The fenny formations differ widely from

moss, as they are putrescent, while the latter is phosphorescent, and has

inflammable qualities that are wholly removed from bodies that have

undergone the process of ultimate decay. The quality of fenny lands

Is very rich, while moss is as generally sterile, which is thought to arise

from the want of the putrid fermentation. The general colour of the

fenny loam is a light gray, and when the black hue does occur, the

viscous adhesion denotes the presence of the putrid reduction of the

elements of composition. The deepest alluvium is wet and requires

surface draining, and much of the surface ground is used in grass ;

where the edges of the alluvium overlie the subjacent formations of

chalk and oolite, dry earthy soils are formed, which most properly fall

under the denomination of loams, as they are fine in texture, dry

in composition, and admit every action of manure which is capable

of being exerted on any occasion. The crops are very large on the

land of the best sorts, though the bulk and quantity are more' pro-

eminent than the quality of the ripened seed crops. The root crops

are most abundant, and are as usual followed by the culmiferous plants

in a corresponding bulk. Rape and cole grow most luxuriantly, and

being consumed on the ground by sheep, the land is thereby well

prepared for a crop of wheat, which very fittingly succeeds the broad-

leaved and succulent vegetable. Rape is frequently converted into a

seed-bearing crop, for the purpose of obtaining the oil which is con-

tained in the seeds, and the husks are pressed into cakes, which are

useful as food for cattle and sheep, and also as a manure when reduced

to powder. The peculiar nature of the soil is more favourable to the
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growth of stems and leaves than to the formation of solid bulbs ; but
the want of these esculent roots is somewhat compensated by the large
bulk of leaves, and the abundance of oily seeds, according as the crop is
used for seeding or for maturing the fruits. The gross and dull nature
of the soil - produces ripened grains that are thick in the skin and
coarse m the farina ; but these defects are compensated by the large
returns of every crop sown. And these returns are more certain than
where the lands are more liable to be aifected by local circumstances.
The best fenny soils are cropped as follows :—

1st year . I Col
f
fed off with 4th „ . . . Wheat.

J
I sheep.

2nd „ . Oats.

3rd „ .
%
Beans.

Oats answer better than wheat after the cole, the crop yielding eight
to ten, or more, quarters an acre. A complete summer fallow is in-
dispensable, to keep the land free of perennial root weeds.
The above rotation applies to the richest fen lands, which are

placed on the deep alluvium. The dry earthy soils that constitute the
edges of the formation, and which overlap the contiguous deposits of
chalkand oolite, are weakerin quality, and are best used in the alternate
system of grass and crops. The best qualities, which possess a good
depth of stratum from lying near to the alluvial bed, and which are
capable of producing beetroot and potatoes, are best used as under :—

•

3rd year . . Hay.

5th „ . ... . . Clover..

6th „ . . . . Wheat.

1st year . J Gree* croPs
>
beet'

L and potatoes. 4th „ . . . Pasture*
5th „ . . . Oats.

6th year Wheat.

2nd „ . Wheat.
Qr—
4th year . . Oats.
5th „ . ,, . Beans & peas.

Then barley is grown in the second year instead of wheat..
Beans are advantageously cultivated on these lands, as their loaminess

permits spring cultivation, and the climate is also favourable.,
The rotation of five years (changed into six, according to local pecu-

liarities) is, of all others, the most suitable and advantageous, as it in-
cludes every profitable plant, and allows the most scientific alternations
in the arrangements of succession.

The weakest qualities of fenny loams are dry and loose in texture,
shallow in the stratum, and not very productive. The composition of
the soil encourages the growth of turnips and the action of artificial
manures, and wherever a crop of turnips can be produced, the other
cultivated plants will follow in at least a fair abundance. Sheep thrive
011 such lands, and the system of pasturage becomes eligible, as under

4th year . Pasture.

5th „ . Pasture.

6th „ ... Oats.

1st year . Turnips.
2nd •„ . Barley.
3rd „ . Hay or pasture.

This rotation admits no superior for all weak clayey lands.
The grasses are sown as under

Per Acre.
Bay grass ... . .. J bushel.
Cocksfoot . . . I „
Dogstail . . 4 lbs.

Hand fescue ... .. 4 „

Per Acre.

Sheep's fescue . . 4 lbs.

Red clover ... . 8

White clover . . 4
Trefoil . ... 2

3)

>}

The grasses for the best loams are used for the best fenny soils.
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The value of the fenny soils in the three qualities now mentioned

may. be stated at 40s., 25s., and 15s. per acre. The two last qualities of

land are peculiarly adapted for sheep, for which the turnips and pasture

become the special provisions. The soils are easily wrought and cleared

of weeds, and seldom fail to return a profit for labour.

In turnip farming, a grand secret consists in husbanding for the

summer use the moisture which has been acquired by the land during

the winter. The success of the turnip crop depends very much, in

some cases wholly and entirely, on the moisture Avhich the land con-

tains when the seed is committed to its bosom. In Scotland and the

north of England the due quantity of moisture is seldom or never

wanting ; in these countries the soils are loamy and closely porous both

to heat and moisture; the rains are frequent and copious, and the dews

are heavy and abundant. But in south Britain, where the soils are gritty

and crumbling, and the rains much less frequent, and wanting for several

weeks together, the constant exposure of the land by repeated plough-

ings, dissipates the moisture wholly from the soil, and the land becomes

ai collection of dry clods, in which seeds fail to vegetate during the

driest season of the year. This fact is proved by the constant expe-

rience of the cultivators of turnips. A very valuable suggestion may
be made, that all turnip lands, of any hind or denomination,.be wholly

prepared by some grubber, or Einlayson's harrow, which, by the duck-

footed shares, or forward pointed circular tires, will move and pulverize

the soil to the required depth without turning it up and exposing it to

evaporation; and will also drag to the surface the roots of weeds with-

out cutting them into short pieces, as is often done by the share of the

plough, and impedes tfie cleaning of the land. The winter plough-

ing must be deeply done in 7 or 8 in., in order that the scumor may
have plenty of soil on which to work the preparation. The grubbings

or scumings must be done alternately lengthwise and crosswise, and con-

tinued till the pulverization and cleaning be fully effected, and the

time of sowing the crop has arrived. On the hard bottoms of the

heavier loams and gravels a ploughing done in the mid-season will

much assist the grubber, and raise fresh earth to be mixed in the upper

pulverization ; but on a large part of loamy lands the winter's ploughing

will afford an ample tilth for the grubber, as the subsoils are soft and

easily penetrated. The flattened surface of the land, from the action

of the grubber, presents the same readiness to be drilled as is effected

by ploughing and harrowing. By this mode of preparing turnip lands

less exposure is made of the soil than by ploughing, the moisture is

better preserved, and the weeds are more thoroughly taken from the

land. It is also less expensive, as a grubbing will comprehend several

ploughings, and will require less harrowing to accompany its action.

The. suggestion promises a large, benefit to turnip farming.

CHAPTER XII.

General Estimate of Loamy Soils.—Intrinsic Properties and External Use.—

^

The Pattern afforded by them to the Artificial Similarities, and Improve-

ment by being dug and mixed with Hot Lime.

Loamy soils, or the lands that are reduced to the fineness of texture

suitable to the cultivation of green crops, exhibit the state or condition

in which the different earths must be mixed, in order to afford the bed
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or matrix that is most agreeable to the nature of plants, and conducive
to their growth and maturity. All experience has shown that a
comminution of particles is essential to the preparation of ground
for the reception of seeds with a view to future growth, and that a
variety of ingredients is necessary in order to promote the mutual
action. Chemistry has learned that reciprocal action takes' place only
between the ultimate elements of matter, and that bodies which do not
combine by themselves are made to do so by the addition of other
substances.

v

This varied combination forms the very peculiar excel-
lence of loams, as it constitutes the",foundation, in more than one
instance, of the ways and modes in which the action of the mixture
is exerted. The modifications of loam show that the quality of the
soil decreases in proportion as the number of ingredients is lessened,
or as one substance obtains an undue preponderance; and that the fer-
tility is increased in proportion to the variety and intimate mixture of
the materials. On this point no mistake of judgment can be made, as
the evidences are most certain, and the results wholly beyond dis-
pute. These mixtures are very uncertain in location, and capricious in
diversity, exhibiting, as much as any other geological formation, con-
temporaneous differences carried to an extreme, and local diversity
overcoming all general agreement. Though the alluvial deposits seem
to have been made under a tranquillity of circumstances widely
different from the underlying stratifications that extend to the oldest
known deposit, yet the differences are not fewer in number, nor are
the marks more apparent of any general law or regulated order in
mixing the ingredients, or in arranging the layers ; but whatever dif-
ferences exist in the number and mixture of the substances, or in the
quantity and quality of the deposit, every finely-comminuted earth
possesses the property of favouring the growth of plants, in what-
ever degree the inherent virtue may be bestowed. This general
quality is seldom, or rather never, wanting, unless there be present
some noxious ingredient, as in the case of the iron sands, where the
mineral oxide very much impairs the productive quality of the are-
naceous earths ; but the general fact is almost without exception.
Loams are mixed with a greater or less quantity of exuvial matter^

being the organized remains of animals and vegetables which have
lived and died on the surface of the ground. On the quantity and
quality of this exuvial matter, the state of reduction it has attained,
and the mode or manner in which it is mixed with the primary earths,
the fertility of loamy soils is found almost wholly to depend. This
substance is called " humus," and has been before noticed. The de-
composing action of the earthy matters on the humus will form a very
considerable part of the usefulness of loams, and it will be exerted
according as calcareous matter is abundant or wanting in the soil,
and the nature of it active or inert. By it the humus is rendered
soluble, which prevents a mortar being formed by the clay and sand,
that would harden too readily, and prevent the influence of the air
from reaching the roots of plants. The pure earths are"; in them-
selves almost barren. Sand lets the moisture run through it and eva-
porate rapidly; clay retains it, but locks it up in its own substance, and
does not allow the tender young roots of plants to push through it.
Chalk has the same mechanical quality, besides containing very little
organic and soluble matter, from which plants derive their chief in-
crease. Sand and clay alone will not make a rich soil; but calcareous
matter being joined to both, the humus is acted upon as before men-
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tioned, and the earths are formed into a very porous and fruitful com-
position ; and the mode of the mixture, with the relative quantity of

the ingredients, constitutes the quality of the valuable alluvium.

But the intrinsic pre-eminence of loam proceeds from two qualities

:

the absorption and retention of moisture, and the duly-regulated

power of conducting caloric, or the cause of heat. These two pro-

perties are the chief requisites of fertility, and in order to procure

them, a certain number of ingredients are necessary, and a peculiar

mixture of the elements that are present. For the absorption and
retention of moisture, clay and sand correct the mutual defects of

each other ; the sand lessens the very strong affinity of clay, and the

latter body hinders the too rapid transition of moisture through all

sandy formations. Calcareous matter absorbs moisture very greedily,

but in a limited quantity, and assists the sand in reducing the ex-

treme property of clay in that respect. Humus, or the exuvial matter

of organized life, imbibes a fair quantity of moisture, and holds it in

the same ratio of moderation, evaporating moderately, and retaining

it equably. Hence the loamy soils possess the most useful quantity of

moisture, Which is regulated by the composition of the soil, in the

preponderance of clay or sand, and by a limited or ample mixture of

humus and calcareous . matter. In the calorific qualities, the same
properties exist. Clay is heated with difficulty, owing to the very

large presence of moisture in its substance.; sand radiates the heat

very rapidly, and is as easily cooled ; calcareous matters are the pro-

ducts of igneous action, and impart caloric in some degree to every

contiguity, and humus, being the residue of a living activity, retains

the quality of its original existence. The repulsive obstinacy of the

clay is overcome by the moderated action of the three adjuncts of

composition; and the opposite extreme of the sand is reduced by the

clay, and regulated by the humus and the lime in conjunction. In

this way, the excellence of loam is produced in the two qualities that

are essential to any large prosperity of vegetable life,—heat and
moisture. Without these qualities being present in a regulated

abundance, the fruits of labour will ever be scantily rewarded, and
nearly or altogether denied.

/

Another most valuable property in the loamy kinds of land consists

in the quantity and quality of the exhalations that arise from the sur-

face of the ground, on which a large part of the value and production

of all soils is known to depend. Evaporation arises from liquid sur-

faces, and exhalations are extracted from the surfaces of solid and
hardened bodies, which hold the moisture in combination with other

matters, and part with it to the rays of the sun, according to the nature

of the substances with which it is associated. The quality of exhala-

tions depends upon the origin of extraction being cold or warm, wet or

dry, airy or humid, clammy or evanescent, by reason of the primary

nature of their sources, and the external circumstances to wdiich they

are exposed. A high or low situation, airy or confined, cold or sunny,

favourable or bleak in the aspect, and level or declining, will very

materially influence the number and nature of the exhalations that

arise from any extent of surface ; and the effects on vegetable life will

uniformly correspond. An exhalation is composed of dry subtile

corpuscles or effluvia, loosened from hard terrestrial bodies, either by

the heat of the sun or the agitation of the air, or some other cause,

and emitted upwards to a certain height of the atmosphere, where,

mixing with the vapours, they help to constitute clouds, and return
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in the form of dews, mists, and rains. Different substances yield
exhalations with very different degrees of facility, a circumstance
dependent very probably upon the less or greater cohesion with which
their particles adhere. The chief circumstances that influence the
process are—extent* of surface, and the state of the air as to temperature,
dryness, stillness, and density. The exhalations that arise from the
loamy soils comprise the vapour of water that contains in solution
the carbonate of lime that is found in the soil

;
and, consequently,

carbonic acid gas will be held in mixture. In rising from the ground
the vapours surround and rest upon the growing vegetables, which
imbibe nourishment from the air, and are consequently much benefited
by the favourable quality of the exhalations arising from the ground
by the action of heat. So soon as rain falls, the qualities of the air
are carried down to the earth, when the beneficial influence is again
exerted. Exhalations, being condensed, fall at once to the ground in
the form of rain, or they assume a middle station as dews and fogs,
which ultimately fall to the earth as pure water. But growing plants
derive the most benefit from the ascent of exhalations, as the passage
is much more leisurely than the descent, and more time is granted
for the formation of vapour, and its introduction into the vascular
system of vegetables. The agency of heat is at the same time exerted,
and the favourable combination of moisture and. caloric constitute the
elements of every abundant produce of vegetation.

^
One very great advantage of loamy ground consists in its capability

of being ploughed and cultivated, in every operation, by two horses,
and with implements which, being of a comparatively light construc-
tion, are consequently used at less cost. This property is very valuable
when contrasted with the clays of the chalk and the oolites, where the
strength of four horses is required, and an implement of much weight
and original cost. Another fully equal advantage lies in the possibility
of the lands being cultivated at almost any season of the year, and
during any kind of weather. This quality gives it another decided
superiority over clayey lands, which can only be tilled during peculiar
weather that forms a medium between wet and dry, and which is not
very frequent, nor of long duration. But loams are seldom troublesome
to the farmer in that respect. The last and not least superior quality of
loams consists in the excellence of the produce that is raised on the
grounds, of the grains that are matured, and of the animals that are
reared and fattened by the grassy herbage. Crops of any kind are
seldom deficient on loams, unless the quality of the soil be very low,
as on the sands and chalks, where the land hardly admits the appella-
tion. The green crops thrive and the grains prosper, and the surface-
grasses afford a sound and wholesome bite to animals throughout the
year. Sheep never experience any damage from the wetness of the
surface, as on the clays, nor swallow any noxious decaying vegetation
from the grassy plants becoming brown and withered by an excess of
water, as on the argillaceous formations.

The constitution of loams presents for serious consideration the
example of fruitfulness that results from the combined and intimate
mixture of a number of ingredients, which are different in their nature,,
and adverse in their quality. It offers to view the cause of fertility,

and the adoption of the process that has produced it occurs to the
reflection of sober calculation. The climate of any country has very
great influence on the productions of the soil, and also on the lands
which are used for that purpose. In the climate of France, near Paris
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the most productive loam is composed of equal portions of fine sand,
clay, and chalk. The greater the natural moisture of any climate, the
greater proportion of sand is required to make a fertile loam ; and
the greater the proportion of humus, the less sand will be required to
temper the clay. In the climate of England the soil which is generally
preferred for cultivation is a loam rather light than heavy, at least

half of which is siliceous sand, one-third clay, and the rest chalk.

Such a soil will produce almost any crops, being not too stiff for carrots

and turnips, nor too loose for wheat and beans. It is easily cultivated
at any season of the year, provided the subsoil be not too retentive of
moisture

;
frequent repetitions of manure are required to restore the

humus which vegetation has consumed, and the weeds, which rise on
all fertile lands, must be killed. All attempts to improve the nature of
soils must have for their object the bringing it to a state of loam, by
the addition of those substances which are deficient, If there is too
much clay, chalk and sand may be added, or a portion of the clay may
be calcined by burning, in order to destroy its attraction for water, and
thus act the part of sand in forming the loam. Limestone and gravel
are also efficacious for this purpose; they not only correct too great
porosity and too great tenacity, but also act chemically on the organic
matter in the soil, rendering the humus soluble, and fit to be taken up
by the roots of plants. If there is too much sand, marl composed of
clay and chalk is the remedy. It is true that chemical combination is

beyond the power of man, but a mechanical mixture affords the ready
means for the action of nature, and cultivation and time may fully

accomplish the process.
; Good loams require much less tillage than stiffer soils, and will bear
more stirring to clean them than sands. Hence they are cultivated
more economically, and more easily kept free from useless weeds,
while the produce is more certain and more abundant. They can be
impregnated to a higher degree with enriching manures, without danger
of root-fallen crops, or of too great abundance of straw at the expense
of the grain. For artificial meadows they are eminently proper : all

the grasses grow well on good loams, when they are on a dry sound
' subsoil, which is an indispensable condition in all good lands. Sheep
and cattle can be depastured on them during the whole year, except
when there is snow on the ground. If there should be means of irriga-

tion, no soil is better suited to it than a light loam on a bed of gravel;
or even if the subsoil is clay, provided sufficient under-draining prevent
the water from stagnating between the soil and subsoil, which, as prac-
tical men very properly express it, would poison any land.

A loamy soil requires less dung to keep it in heart than either clay

or sand
;
for, while it is favourable to the process by which organic

matter buried deep in the soil is converted into insoluble humus, it

also permits that part of it which is nearer to the surface to attract

oxygen from the air, and thus it is converted into a soluble extract,

which is to the roots of plants what the milk of animals is to their
young—a ready-prepared food easily converted into vegetable juices.

In the last chapter of the section on "Clay Lands," the manner by
which all argillaceous soils could be converted into fruitful loams,
and the expense of making the alteration was detailed. It is now
proposed to effect, by the same agencj^, the conversion of all loamy
earths into soils of a better quality, by digging with the spade a por-
tion of the subsoil, mixing it with hot lime, and commingling together
into one mass the upper stratum, the lime, and the subsoil. The best
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clayey loams recline on a bottom of hard dry clay, which will require
a heavy labour in digging

; but, as the upper soil is loamy and friable,
the quantity of hot lime required may be diminished by one-third, and
consequently the whole expense will be £20 per acre, instead of £30.
Sandy loams rest upon a bed of aggregated detritus of many sub-
stances and qualities, but which may be converted into good earth by
means of mixing with lime, and exposure to the atmosphere. Such
lands will require to be dug to the depth of one foot below the surface ;

but, as the composition is much warmer than clay, loose, and little

adhesive, a shorter time will effect the purpose, and the digging
will also be more easily performed. One-half the expense of clay lands
will be sufficient, or £i0 to £12 per acre. Gravelly and iron-sandy
bottoms are more compact, and will need more labour in digging ; and
as the ingredients of the upper soil are aggregated and often somewhat
noxious, and the materials of the subsoil are more harsh and repulsive
than of the sandy loams, the cost may be stated at one-half of the esti-

mate of the primary clays, or at £15 per acre. Some differences will
always happen from local peculiarities, and contingent circumstances.

It is conceived, that by digging the soil with the spade, and mixing
it with quick-lime, every kind of soil may be greatly improved:
clay lands of every denomination be changed into rich loams, and
the present soils of fine earths into lands of a deeper staple and
a much richer consistence. After the volatile ingredients of lime have
exerted their action and disappeared, the earthy base relapses into a
mollified mass, which possesses a mucilaginous quality that is imparted
to the other materials with which it is mingled. The whole mixed
formation is changed in condition and capacity by the violent action of
heat, to which the substances have been exposed; the old properties
are banished, and new qualities are conferred that are most favourable
to fertility,—a circumstance that almost invariably attends the action of
fire. The suggestion is no wild chimera of the brain, but the offspring
of reason and the understanding; it is a portion of

(

the lofty aim that
ought to be constantly before the eyes and incite the actions of man.
If perfection cannot be attained in any

4
matter, a very near approach

may be made to it.

It might be an interesting and highly-useful inquiry to ascertain the
effect of the contact of the various kinds of earth, moistened with
water, in exciting galvanic action, which no doubt greatly influences
the chemical affinities of the

, elements from which the plants derive
their increase. It is a subject which has scarcely ever been noticed,
and we would strongly recommend scientific experiments in this branch
of vegetable physiology. It may be very reasonably supposed that a
chief value of loams consists in their provoking the galvanic action,
by reason of the number of minute 'ingredients, which are moistened
in the necessary degree for the exciting contact. And this quality
may result from the peculiar composition of the soil,—from the sub-
stances being present in number and the relative quantity, the con-
dition of existence, and the blending of the ingredients. On these
properties every chemical and natural quality is found to depend.

G. Woodfall and Son, Printers, Angel Court, Skinner Street.
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25. MASONRY AND STONECUTTING,
^

Rudimentary Treatise

on ; in which the Principles of Masonic Projection and their application to

the Construction of Curved Wing-Walls, Domes, Oblique Bridges, and
Roman and Gothic Vaulting, are concisely explained. By Edward Dobson,
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s. 6d.$

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary
Treatise on

;
containing a Synopsis of the principal cases of Foundation

Works, with the usual Modes of Treatment, and. Practical Remarks on
Footings, Planking, Sand, Concrete, Beton, Pile- driving, Caissons, and
Cofferdams. By E. Dobson, M.R.I.B.A., &c. Fourth Edition, revised by
George Dodd, C.E. Illustrated, is. 6d.

42. COTTAGE BUILDING. By C. Bruce Allen, Architect:

Eighth Edition, revised and enlarged. Numerous Illustrations, is. 6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,.
PLASTERING, &c. By G. R< Burnell, C.E. Eleventh Edition, is. 6d.

57. WARMING AND VENTILATION, a Rudimentary Treatise

on
;
being a concise Exposition of the General Principles of the Art ofWarm-

ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses,
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s.

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the

Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom-
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks,
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 2s. 6d.

in. ARCHES, PIERS, BUTTRESSES, &c. : Experimental Essays
on the Principles of Construction in ; made with a view to their being useful

to the Practical Builder. By William Bland. Illustrated, is. 6d.

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The
Principles ofthe Science ofSound applied to the purposes of the'Architect and
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d.

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards
Carpentry and Joinery. Deduced from the Works of Robison, Price, and
Tredgold. Illustrated, is. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.

By T. A. Richardson, Architect. Illustrated, is. 6d.

128. VITRUVIUS—THE ARCHITECTURE OF 'MARCUS
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by,

Joseph Gwilt, F.S.A., F.R.A.S.. With 23 Plates. 5s.

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles

of Beauty in ; with a Historical View of the Rise and Progress of the Art in

Greece. By the Earl of Aberdeen, is.

*#* The two preceding Works in One handsome Vol., half bound, entitled "Ancient
. Architecture," firice 6s.

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection
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175. LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S
PRICE BOOK, for 1879, containing the latest Prices of all kinds of Builders'
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Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s.
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SS^g^ The % indicates that these vols, may be had strongly bound at 6d. extra.

LONDON : CROSBY LOCKWOOD AND CO.,



weale's rudimentary series. 3

Architecture, Building, etc., continued.
182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to

accompany the foregoing book. With Descriptive Letterpress. 4to. 6s.

;

cloth boards, 7s. 6d.

187. HINTS TO YOUNG ARCHITECTS. By George Wight-
wick. New, Revised, and enlarged Edition. B3' G. Huskisson Guillaume,
Architect. With numerous Woodcuts. 3s. 6d.t

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN
WRITING : A Practical Manual of. Yvrith 9 Coloured Plates of Woods
and Marbles, and nearly 150 Wood Engravings. By Ellis A. Davidson
Second Edition, carefully revised. 5s. cloth limp ;.6s. cloth boards.

189. the: rudiments oe practical bricklaying.
In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting

;

Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d.

"

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of
the Plumber. With Chapters upon House Drainage, embodying the latest
Improvements. _ Containing about 300 Illustrations. By W. P. Buchan,
Sanitary Engineer. 3s. :j:

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS,
and BUILDER'S STANDARD GUIDE

;
comprising copious and valu-

able Memoranda for the Retailer and Builder. By Richard E. Grandy
Second Edition, Revised. 3s.

$

205. THE ART OF LETTER PAINTING MADE EASY. By^
James Greig Badenoch. Illustrated with 12 full-page Engravings of
Examples, is. [Just published.

CIVIL ENGINEERING, ETC,
13. CIVIL ENGINEERING, the Rudiments of; for the Use of

Beginners, for Practical Engineers, and for the Army and Navy. By Henry
Law, C.E. Including a Section on Hydraulic Engineering, by George R.
Burnell, C.E. 5th Edition, with Notes and Illustrations by Robert
Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams. 5s.

$

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G.
Drysdale Dempsey, C.E. New Edition, enlarged. Illusti-ated. is. Cd.

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By
G. Drysdale Dempsey, C.E. New Edition. Illustrated. 2s. 6d.
*** With "Drainage of Districts and Lands" in One Vol., 3s. 6d. .

31. WELL-DIGGING, BORING, AND PUMP-WORK. By
John George Swindell, Assoc. R.I.B.A. New Edition, revised by G. R.
Burnell, C.E. Illustrated. is.6d.

35. THE BLASTING AND QUARRYING OF STONE, for

Building and other Purposes. With Remarks on the Blowing up of Bridges.
By Gen. Sir John Burgoyne, Bart., Iv.C.B. Illustrated, is. 6d.

43. TUBULAR AND OTHER IRON GIRDER BRIDGES.
Particularly describing the Britannia and Conway Tubular Bridges.
With a Sketch of Iron Bridges, and Illustrations of the Application of

Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E.
New Edition, with Illustrations, is. 6d.

62. RAILWAY CONSTRUCTION, Elementary and Practical In-
struction on. By Sir Macdonald Stephenson, C.E. New Edition, enlarged
by Edward Nugent, C.E. Plates and numerous Woodcuts. 3s.

80*. EMBANKING LANDS FROM THE SEA, the Practice of.

Treated as a Means of Profitable Employment for Capital. With Examples
and Particulars of actual Embankments, and also Practical Remarks on the
Repair of old Sea Walls. By John Wiggins, F.G.S. New Edition, with
Notes by Robert Mallet, F.R.S. 2s.

81. WATER WORKS, for the Supply of Cities and Towns. With
a Description of the Principal Geological Formations of England as in-

fluencing Supplies ofWater ; and Details of Engines and Pumping Machinery
for raising Water. By Samuel Hughes, F.G.S. , C.E. New Edition,

revised and enlarged, with numerous Illustrations. 43.$
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82**. GAS WORKS, and the Practice of Manufacturing and Distributing

Coal Gas. By Samuel Hughes, C.E. New Edition, revised bv W
Richards, C.E. Illustrated. 3s. 6d.J

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac-
tical Treatise on. By Thomas Fenwick. Also the Method of Conducting
Subterraneous Surveys without the Use of the Magnetic Needle, and other
Modern Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d ±
CIVIL ENGINEERING IN NORTH AMERICA, a Sketch
of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams, is

197. ROADS AND STREETS {THE CONSTRUCTION OF),
in two Parts

: I. The Art of Constructing Common Roads, by Henry
Law, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Recent
Practice, including pavements of Stone, Wood, and Asphalte, by D. K.
Clark, M.I.C.E. 4s. 6d.i \*¥ust -bubHvhpd

203. SANITARY WORKIN THE SMALLER TOWNS AND IN
VILLAGES. Comprising :— 1. Some of the more Common Forms of
Nuisance and their Remedies; 2. Drainage; 3. Water Supply. A- useful
book for Members of Local Boards and Rural Sanitary Authorities, Health
Officers, Engineers, Surveyors, Builders and Contractors. By Charles
Slagg, A.I.C.E. 2s. 6d.J {Just published.

MECHANICAL ENGINEERING, ETC.
33. CRANES, the Construction of, and other Machinery for Raising

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods By
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d.

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr,
Lardner. Illustrated, is. 6d.

59. STEAM BOILERS: their Construction and Management. By
R. Armstrong, C.E. Illustrated, is. 6d.

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise
on. By Sir Edmund Beckett (late Edmund Beckett Denison, LL.D., Q.C.).
'A New, Revised, and considerably Enlarged Edition (the 6th), with very
numerous Illustrations. 4s. 6d. cloth limp

; 5s. 6d. cloth boards, gilt

82. THE POWER OF WATER, as applied to drive Flour Mills,
and to give motion to Turbines and other Hydrostatic Engines. By Joseph
Glynn, F.R.S., &c. New Edition, Illustrated. 2s.

$

98. PRACTICAL MECHANISM, the Elements of; and Machine
Tools. By T.Baker, C.E. With Remarks un Tools and Machinery, bv
J, Nasmyth, C.E. Plates. 2s. 6d.J

J

114. MACHINER Y, Elementary Principles of, in its Construction and
Working. Illustrated by numerous Examples of Modern Machinery for
different Rranches of Manufacture. By C. D. Abel, C.E. is. 6d.

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory
of, with Rules at length, and Examples for the Use of Practical Men. By
T. Baker. C.E. Illustrated, is. 6d.

162. THE BRASS FOUNDER'S MANUAL; Instructions for
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime
Costs and Estimates. By Walter Graham. Illustrated. 2s4

164. MODERN WORKSHOP PRACTICE, as applied to Marine,
Land, and Locomotive Engines, Floating Docks, Dredging Machines,
Bridges, Cranes, Ship-building, &c, &c. By J. G. Winton. Illustrated. 3s. %

165. IRON AND HEAT, exhibiting the Principles concerned in the
Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d X

166. POWER IN MOTION : Horse-Power, Motion, Toothed-Wheel
Gearing, Long and Short Driving Bands, Angular Forces. By James
Armour, C.E. With 73 Diagrams. 2s. 6d.t

167. THE APPLICATION OFIRON TO THE CONSTRUCTION
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.t»

The X indicates that these vols, may be had strongly bound at 6d. extra.
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171. THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By John Maxton, Engineer, Instructor in Engineering
Drawing, Royal Naval College, Greenwich. Third Edition. Illustrated
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.%

190. STEAM AND THE STEAM ENGINE, Stationary and
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam."
By D. Kinnear Clark, M.I.C.E., Author of "Railway Machinery," &c,
&c. Second Edition, revised. With numerous Illustrations. 3s. 6d.£

200. FUEL, its Combustion and Economy
;
being an Abridgment of

"A Treatise on the Combustion of Coal and the Prevention of Smoke," by
;C. W. Williams, A.I.C.E. With extensive additions on Recent Practice in
the Combustion and Economy of Fuel—Coal, Coke, Wood, Peat, Petro-
leum, &c.—by D. Kinnear Clark, M.I.C.E. With numerous Illustrations.
4s. 6d.+ ' {Just published

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on.
Comprising an Historical Sketch and Description of the Locomotive Engine
by G. D. Dempsey, C.E. ; with large additions treating of the Modern Loco-
motive, by D. Kinnear Clark, M.I.C.E. With numerous Illustrations. 3s.*

SHIPBUILDING, NAVIGATION, MARINE
ENGINEERING, ETC.

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi-
tion of the Elementary Principles of the Science, and their Practical Appli-
cation to Naval Construction. Compiled for the Use of Beginners. By
James Peake, School of Naval Architecture, H.M. Dockyard, Portsmouth
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.}

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary
and Practical Principles of the Construction of. By Hakon A. Sommer-
feldt, Surveyor of the Royal Norwegian Navy. With an Appendix, is.

53**. ANATLAS OFENGRA VINGS to Illustrate the above. Twelve
large folding plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,
Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks; Chain,
Wire, and Hemp Ropes, &c, relative to every class of vessels. With an
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert
Kipping, N.A. Fourteenth Edition. Illustrated. 2s. %

54*. IRON SHIP-BUILDING. With Practical Examples and Details
for the Use of Ship Owners and Ship Builders. By John Grantham, Con-
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s.

54**. AN ATLAS OF FORTY PLATES to Illustrate the above.
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates
" Warrior," " Hercules," " Bellerophon ;

" H.M. Troop Ship " Serapis,"
Iron Floating Dock, &c, &c. 4to, boards. 38s.

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on
Navigation. Part I. How to Keep the Log and Work it off. Part II. On
Finding the Latitude and Longitude. By James Greenwood, B.A. To
which are added, the Deviation and Error of the Compass ; Great Circle
Sailing; the International (Commercial) Code of Signals; the Rule of the
Road at Sea; Rocket and Mortar Apparatus for Saving- Life; the Law of
Storms ; and a Brief Dictionary of bea Terms. With numerous Woodcuts
and Coloured Plates of Flags. New, thoroughly revised and much enlarged
edition. By W. H. Rosser, Author of the " Deviation of the Compass con-
sidered practically," &c. 2s. 6d.t \Jtistpublished.

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise
on. Together with Practical Remarks on the Screw and Propelling Power,
as used in the Royal and Merchant Navy. By Robert Murray, C.E.^
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical
Terms, and their Equivalents in French, German, and Spanish. Seventh

' Edition, revised and enlarged. Illustrated. 3s.

J

HS?^
3 The X indicates thai these vols, may be had strongly bound at 6d. extra.
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6 weale's rudimentary series.

Shipbuilding, Navigation, etc., continued.
S^zs. THE FORMS OF SHIPS AND BOATS: Hints, Experiment-

ally Derived, on some of the Principles regulating- Ship-building-. By W.
Eland. Seventh Edition, revised,with numerous Illustrations and Models is.6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory
and Practice. With Attempts to facilitate the Finding of the Time and. the
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in
Belfast College. Illustrated. 2s. 6d.

106. SHIPS' ANCHORS, a Treatise on. By George Cotsell,
N.A. Illustrated, is. 6d.

149. SAILS AND SAIL-MAKING, an Elementary Treatise on.
With Draughting, and the Centre of Effort of the Sails. Also, Weights
and Sizes of Ropes

;
Masting, Rigging, and Sails of Steam Vessels, &c, &c.

lenth Edition, enlarged, with an Appendix. By Robert Kipping, N.A.,
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d4

155. THE ENGINEER'S GUIDE TO THE ROYAL AND
MERCANTILE NAVIES. By a Practical Engineer. Revised by D.
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s.

55 PRACTICAL NAVIGATION Consisting of The Sailor's
& Sea-Book. By James Greenwood and W. H. Rosser. Together with
204 e re(lmsite Mathematical and Nautical Tables for the Working of the

&0
5lems -. B^ ]|-KN

1
.
RY Law

'
C -K

>
and J- R - Young, formerly Professor of

Mathematics m Belfast College. Illustrated with numerous Wood Engrav-
ings and Coloured Plates. 7s. Strongly half-bound in leather.

{.Just published.

PHYSICAL SCIENCE, NATURAL PHILO-
SOPHY, ETC.

1. CHEMISTRY, for the Use of Beginners. By Professor George
Fownes, F.R.S. With an Appendix, on the Application of Chemistry to
A.°*riculture. is

2. NATURAL PHILOSOPHY, Introduction to the Study of; for
the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in
King's College School, London. Woodcuts, is. 6d.

4. MINERALOGY, Rudiments of ; a concise View of the Properties
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.*.

6. MECHANICS, Rudimentary Treatise on; being a concise Ex-
position of the General Principles of Mechanical Science, and their Applica-
tions. By Charles Tomlinson, Lecturer on Natural Science in King's
College School, London. Illustrated, is. 6d.

7. ELECTRICITY; showing the General Principles of Electrical
Science, and the purposes to which it has been applied. By Sir W. Snow
Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.E.
F.S.A. Woodcuts, is. 6d.

'

7*. GALVANISM, Rudimentary Treatise on, and the General Prin-
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New
Edition, revised, with considerable Additions, by Robert Sabine, C E
F.S A. Woodcuts, is. 6d.

'

8. MAGNETISM; being a concise Exposition of the General Prin-
ciples of Magnetical Science, and the Purposes to which it has been applied.
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M.
Noad, Ph.D., Vice-President - of the Chemical Society, Author of "A
Manual of Electricity," &c, &c. With 165 Woodcuts. 3s. 6d.J

11. THE ELECTRIC TELEGRAPH; its History and Progress;
with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A ., &c.
Woodcuts. 3s.

12. PNEUMATICS, for the Use of Beginners. By Charles
- Tomlinson. Illustrated, is. 6d.

The X indicates that these vols, may be had strongly bound at 6d. extra.
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WEALE'S RUDIMENTARY SERIES. 7

Physical Science, Natural Philosophy, etc., continued.

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and

Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by

Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 AVoodcuts.

6s. 6d. Cloth boards, 7s. 6d.

79** . PHOTOGRAPHY, Popular Treatise on; with a Description of

the Stereoscope, &c. Translated from the French of D. Van Monckhoven,
by W. H. Thornthwaite/ Ph.D. Woodcuts, is. 6d.

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c.

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts, is. 6d.

97. STATLCS AND DYNAMICS, the Principles and Practice of;

embracing also a clear develppment of Hydrostatics, Hydrodynamics, and

Central Forces. By T. Baker, C.E. is. 6d.

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy,

Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ-

ment in the Telegraph Service. By R. Bond. Fourth Edition, revised ant*

enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC-
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students,

by W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs.

Woodcuts. 3s. J . _ _
143. EXPERIMENTAL ESSAYS. By Charles Tomlinson.

I. On the Motions of Camphor on'Water. II. On the Motion of Camphor

towards theLight. III. History of the Modern Theory ofDew. AVoodcuts. is.

173. PHYSICAL GEOLOGY, partly based on Major-General Port-

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts. 2s.

174 HISTORICAL GEOLOGY, partly based on Major-General

Portlock's "Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d.

m RUDIMENTARY TREATISE ON GEOLOGY, Physical and

L Historical. Partly based on Major-General Portlock's " Rudiments of

T
T. Geology." By Ralph Tate, A.L.S., F.G.S., &c, &c. Numerous Illustra-

'4* tions. In One Volume. ' 4s. 6d4

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L.,

Rr formerly Professor of Natural Philosophy and Astronomy in University

g. . College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards.

Sold also in Two Paris, as follows ;—

183. Animal Physics. By Dr. Lardner. Part L, Chapters I-VII. 4s.

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII—2LV 111. 3S.

MINING, METALLURGY, ETC.

117 SUBTERRANEOUS SURVEYING, Elementary and Practical

Treatise on, with and without the Magnetic Needle. By Thomas Fknwick,

Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t

METALLURGY OF COPPER ; an Introduction to the Methods

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys.

By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t

H4 METALLURGY OF SILVER AND LEAD. A Description

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr.

R. H. Lamborn. Woodcuts. 2s. 6d.$

n r ELECTRO-METALLURGY; Practically Treated. By Alex-

Ander Watt, F.R.S.S.A. New Edition, enlarged. Woodcuts. 2s. 6d.±

172 MINING TOOLS, Manual of. For the Use of Mine Managers,

Agents, Students, &c. Comprising Observations on the Materials from and

Processes by, which they are manufactured : their Special Uses, Applica-

tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining

at the Bristol School of Mines. 2s. 6d.*

172* MINING TOOLS, ATLAS of Engravings to Illustrate the above,

containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 4s. 6d.

;

cloth boards, 6s.

ggir The % indicates that these vols, may be had strongly baimd at 6d. extra.
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weale's rudimentary series.

Mining, Metallurgy, etc., continued,

176. METALLURGY OF IRON, a Treatise on the. Containing
History of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores,
Processes of Manufacture of Iron and Steel, &c. By H. Bauerman, F.G.S.
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d.£

180. COAL AND COAL MINING, A Rudimentary Treatise on.
By Warington W. Smyth, M.A., F.R.S., &c, Chief Inspector of the
Mines of the Crown and of the Duchy of Cornwall. New Edition, revised
and corrected. With numerous Illustrations. -3s. 6d.t

195. THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved
Instruments

; also the Correct Principles of Laying out and Valuing Mineral
Properties. By William Lintern, Mining and Civil Engineer. With
four Plates of Diagrams, Plans, &c. 3s. 6d.$ [Just published.

AGRICULTURE, GARDENING, ETC.
29. THE DRAINAGE OF DISTRICTS AND LANDS. By

G. Drysdale Dempsey, C.E. Illustrated, is. 6d.
***' With " Drainage of Towns and Buildings" in One Vol., 3s. 6d.

63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive
Powers and Machinery of the Steading, Field Machines, and Implements.
By G. H. Andrews, C.E. Illustrated. 3s.

66. CLAY LANDS AND LOAMY SOILS. By Professor
Donaldson, is.

131. MILLER'S, MERCHANT'S, AND FARMER'S READY
RECKONER

>
for ascertaining at sight the value of any quantity of Corn,

from One Bushel to One Hundred Quartets, at any given price, from £1 to
£$ Per Qr« With approximate values of Millstones, Millwork, &c. is.

140. SOILS, MANURES, AND CROPS. (Vol. 1. Outlines of
Modern Farming.) By R~. Scott Burn. Woodcuts. 2s.

141. FARMING AND FARMING ECONOMY, Notes, Historical
and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott
Burn. Woodcuts. 3s.

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3.
Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d

145. DAIRY, PIGS, AND POULTRY, Management of the. By
R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines
of Modern Farming.) Woodcuts. 2s.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

*#* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of
Modern Farming." By Robert Scott Burn. Price 12s.

177. FRUIT TREES, The Scientific and Profitable Culture of. From
the French of Du Breuil, Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND
DISEASES OF. By W. C, Spooner, M.R.V.C., &c. Fourth Edition,
considerably enlarged; with, numerous fine engravings, including some
specimens of New and Improved Breeds. 366 pp. 3s. 6d.$

201. KITCHEN GARDENING MADE EASY. Showing how to
prepare and lay out the ground, the best means of cultivating every known
Vegetable and Herb, with cultural directions for the management of them
all the year round. By George M. F. Glenny, Editor of " Glenny's Illus-
trated Garden Almanack," and Author of " Floriculture," &c. is. 6d.t

[Just published.

The X indicates that these vols, may be had strongly bound at 6d. extra.
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weale's rudimentary series. 9

FINE ARTS.
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young

Students and Amateurs in Architecture, Painting, &c. By George Pyne,
Artist. Woodcuts. 2s.

40 GLASS STAINING ; or, Painting on Glass, The Art of. Com-
8c prising Directions for Preparing the Pigments and Fluxes, laying them upon
aj^ the Glass, and Firing or Burning in the Colours. From the German of Dr.
^ " Gessert. To which is added, an Appendix on The Art of Enamelling,

&c, with The Art of Painting on Glass. From the German of Emanuel
Otto Fromberg. In One Volume. 2s. 6d.

69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By Charles Child Spencer. 2s. 6d.

71. PIANOFORTE, The Art of Playing the. With numerous Exer-
cises and Lessons. Written and Selected from the Best Masters, by Charles
Child Spencer, is. 6d.

181. PAINTING POPULARLY EXPLAINED, including Fresco,
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical
Sketches of the Progress of the Art by Thomas John Gullick, assisted by
John Timbs, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece
and Vignette. 5s. t-

186. A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By George Field. New Edition, enlarged and
adapted to the Use of the Ornamental Painter and Designer. By Ellis A.
Davidson, Author of " Drawing for Carpenters," &c. With two new
Coloured Diagrams and numerous Engravings on Wood. 3S.J

ARITHMETIC, GEOMETRY, MATHEMATICS,
ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which
their Construction and the Methods of Testing, Adjusting, and Using them
are concisely Explained. By J. F. Heather, M.A., of the Royal Military
Academy, Woolwich. Original Edition, in 1 vol., Illustrated, is. 6d.

*** In ordering the above, be careful io say, " Original Edition" orgive the number
in the Series (32) to distinguish it from the Enlarged Edition in 3 vols.

{Nos. 168-9-70.)

60. LAND AND ENGINEERING SURVEYING, a Treatise on;
with all the Modern Improvements. Arranged for the Use of Schools and
Private Students ; also for Practical Land Surveyors and Engineers. By
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus-

trated with Plates and Diagrams. 2s.t

61*. READYRECKONER FOR THE ADMEASUREMENT OF
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which
is added a Table, showing the Price of Work, from 2s. 6d. to^i per acre, and
Tables for the Valuation of Land, from is. to £1,000 per acre, and from one
pole to two thousand acres in extent, &c, &c. is. 6d.

76. 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 ; the whole being intended as an introduction to the
Application of Descriptive Geometry to various branches of the Arts. By
J. F. Heather, M.A. Illustrated with 14 Plates. 2s.

178. PRACTICAL PLANE GEOMETRY : giving the Simplest
Modes of Constructing Figures contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s.

179. PROJECTION : Orthographic, Topographic, and Perspective:
giving the various Modes of Delineating Solid Forms by Constructions on a
Single Plane Surface. By J. F. Heather, M.A. [In preparation.

The above three volumes willform a Complete Elementary Course of
Mathematical Drawing.

The X indicates that these vols, may be had strongly bound at 6d. extra.
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IO weale's rudimentary series.

Arithmetic, Geometry, Mathematics, etc., continued.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases
and Forms^in English French, Italian, and German. By James Haddon,
M.A., Arithmetical Master of King's College School, London, is. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of its Theoretical Principles, and numerous Examples for Practice. For
r\FSlof S

^.
hoo

.

ls ?,nd for Self-Instruction. By J. R. Young, late Professor
ot Mathematics in Belfast College. New Edition, with Index, is. 6d.

84*. A Key to the above, containing Solutions in full to the Exercises, together
with Comments, Explanations, and Improved Processes, for the Use of
leachers and Unassisted Learners. By J. R. Young, is. 6d.

85 EQUATIONAL ARITHMETIC, applied to Questions of Interest,
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by

which all Calculations may be greatly facilitated. By W. Hipsley. 2s.

86. ALGEBRA, the Elements of. By James Haddon, M.A.,
Second Mathematical Master of King's College School. "With Appendix,
containing miscellaneous Investigations, and a Collection of Problems in
various parts of Algebra. 2s.

86*. A Key and Companion to the above Book, forming an extensive repository of
Solved Examples and Problems in Illustration of the various Expedients
necessary m Algebraical Operations. Especially adapted for Self-Instruc-
tion. By J. R. Young, is. 6d.

88. EUCLID, The Elements of : with many additional Propositions
89. and

_
Explanatory Notes: to which is prefixed, ' an Introductory Essay on

Logic. By Henry Law, C.E. 2s. 6d,$

Sold also separately, viz.

:

—
88. Euclid, The First Three Books. By Henry Law, C.E. is.

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d.

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,
a Rudimentary Treatise on. By James Hann, late Mathematical Master of
King s College School, London. A New Edition, re-written and enlarged
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s. X

91. PLANE TRIGONOMETRY, the Elements of. By James
Hann, formerly Mathematical Master of King's College, London, is.

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James
Hann. Revised by Charles H. Dowling, C.E. is.

*** Or with " The Elements ofPlane Trigonometry" in One Volume, 2s.

93. MENSURATION AND MEASURING, for Students and Prac-
tical Use. "With the Mensuration and Levelling of Land for the Purposes of
Modern Engineering. By T. Baker, C.E. New Edition, with Corrections
and Additions by E. Nugent, C.E. Illustrated, is. 6d.

101*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. S. B. "Woolhouse, F.R.A.S., &c. is. 6d.

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By
Homersham Cox, B.A. Illustrated, is.

103. INTEGRAL CALCULUS, Examples on the. By James Hann,
late of King's College, London. Illustrated, is.

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B.
"Woolhouse, F.R.A.S., &c. is. 6d.

105. MNEMONICAL LESSONS. — Geometry, Algebra, and
Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas
Penyngton Kirkman, M.A. is. 6d.

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-
Instruction. By James Haddon, M.A. Revised by Abraham Arman.
is. 6d,

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d.

S$ip^ The X indicates that these vols, may be had strongly bound at 6d. extra.
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WEALE'S RUDIMENTARY SERIES. II

Arithmetic^ Geometry, Mathematics, etc., continued.
158. THE SLIDE RULE, AND HOW TO USE IT; containing

full, easy and simple Instructions to perform all Business Calculations with
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a
blide Rule m tuck of cover. 3s. %

168. ERA WING AND, MEASURING INSTR UMENTS. Includ-
ing—I. Instruments employed in Geometrical and Mechanical Drawing-,and in the Construction, Copying-, and Measurement of Maps and Plans.
11. Instruments used for the purposes of Accurate Measurement, and for

v/-V?
metl

A
Cal Computations. By J. F. Heather, M.A., late of the Royal

Military Academy Woolwich, Author of " Descriptive Geometry," &c, &c.
Illustrated, is. 6d. ' '

}

169. OPTICAL INSTRUMENTS. Including (more especially) Tele-
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—I Instruments Used for Determining the Geometrical Features
oi a portion of Ground. II. Instruments Employed in Astronomical Observa-
tions. By J. F. Heather^ M.A. Illustrated, is. 6d.

***
TAer three volumes form an enlargement of the Author's original work,
MathematicalInstruments: their Construction, Adjustment, Testing, and Use,"

the Eleventh Edition ofwhich is on sale, price is. 6d. {See No. 32 in the Series.);

^.^MATHEMATICAL INSTRUMENTS. By J. F. Heather
169. > M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as
170. -J above, m One thick Volume. With numerous Illustrations. 4s. 6d.*

185. THE COMPLETE MEASURER; setting forth the Measure-
ment of Boards, Glass, &c, &c.

; Unequal-sided, Square-sided, Octagonal-
sided, Round limber and Stone, and Standing Timber. With a Table
showing the solidity of hewn or eight-sided timber, or of any octagonal-
sided column. Compiled for Timber-growers, Merchants, and Surveyors,
stonemasons, Architects, and others. By Richard Horton. Third
Edition, with valuable additions. 4s.

;
strongly bound in leather, 5s.

196. THEORY OF COMPOUND INTEREST AND ANNUL
TIES; with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c. By F^dor Thoman, of the Societe Credit
Mobilier, Paris. 4s.$ [fust published.

199. INTUITIVE CALCULATLONS ; or, Easy and Compendious
Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions

; together with Full Explanations of
Decimals and Duodecimals, several Useful Tables, and an Examination and
Discussion of the best Schemes for a Decimal Coinage. By DanielO Gorman. Twenty-fifth Edition, corrected and enlarged by J. R. Young
formerly Professor of Mathematics in Belfast College. 3S.J [fust published.

204. MATHEMATICAL TABLES, for Trigonometrical, Astronomical,
and Nautical Calculations

; to which is prefixed a Treatise on Logarithms
By Henry Law, C.E. Together with a Series of Tables for Navigation
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe-
matics m Belfast College. New Edition. 3s. 6d.$ fust published.

MISCELLANEOUS VOLUMES.
36. A DICTIONARY OF TERMS used in ARCHITECTURE

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE-
OLOGY, the FINE ARTS, &>c. By John Weale. Fifth Edition. Revised
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus-
trations. 5s. cloth limp ; 6s. cloth boards.

50. THE LAW OF CONTRACTS FOR WORKS AND SER-
VICES. By David Gibbons. Third Edition, revised and considerably
enlarged. 3s.

$

^ The % indicates that these vols, may be had strongly bound at 6d. extra.
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12 WEALE'S EDUCATIONAL AND CLASSICAL SERIES.

Miscellaneous Volumes, continued.

H2. MANUAL OF DOMESTIC MEDICINE. By R. Gooding,
B.A., M.D. Intended as a Family Guide in all Cases of Accident and
Emergency. 2s.t

112*. MANAGEMENT OF HEALTH. A Manual of Home and
Personal Hygiene. By the Rev. James Baird, B.A. is.

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d.

152. PRACTICAL HINTS FOR INVESTING MONEY. With
an Explanation of the Mode ofTransacting Business on the Stock Exchange.
By Francis Playford, Sworn' Broker, is. 6d.

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H. Emmicns. 2s.

154. GENERAL HINTS TO EMIGRANTS. Containing Notices
of the various Fields for Emigration. With Hints on Preparation for

Emigrating, Outfits, &c, &c. With Directions and Recipes useful to the
Emigrant. With a Map of the World. 2s.

157. THE EMIGRANTS GUIDE TO NATAL. By Robert
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to

the present Date. Map. 2s.

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe
Guidance of Officers Preparing for Promotion, and especially adapted to the
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.

t

194. THE HOUSE MANAGER: Being a Guide to Housekeeping.
Practical Cookery, Pickling and Preserving, Household Work, Dairy
Management, the Table and Dessert, Cellarage of Wines, Home-brewing
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable
Economy,' Gardening Operations, &c. By An Old Housekeeper. 3s. 6d.t

194. HOUSE BOOK {The). Comprising:—!. The House Manager.
112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding,

' M.D. III. Management of Health. By James Baird. In One Vol.,

^ strongly half-bound. 6s. [Just published.
112*.

EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.
1. England, Outlines of the History of; more especially with

reference to the Origin and Progress of the English Constitution. A Text
Book for Schools and Colleges. By William Douglas Hamilton, F.S.A.,
of Her -Majesty's Public Record Office. Fourth Edition, revised. Maps
and Woodcuts. 5s. ; cloth boards, 6s. u

5. Greece, Outlines of the History of ; in connection with the
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton,
of University College, London, and Edward Levien, M.A., of Balliol
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d.

7. Rome, Outlines of the History of; from the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire.
By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d.

9. Chronology of History, Art, Literature, and Progress,
from the Creation of the World to the Conclusion of the Franco-German
War. The Continuation by W. D. Hamilton, F.S.A., of Her Majesty's
Record Office. 3s. ; cloth boards, 3s. 6d.

50. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. E. Rand, is.

S^35 The % indicates that these vols, may be had strongly bound at 6d. extra.

LONDON : CROSBY LOCKWOOD AND CO.,



weale's EDUCATIONAL and classical series.

ENGLISH LANGUAGE AND MISCEL-
LANEOUS.

11. Grammar of the English Tongue, Spoken and Written.
With an Introduction to the Study of Comparative Philology By Hyde
Clarke, D.C.L. Third Edition, is. 6d.

*

ii*. Philology : Handbook of the Comparative Philology of English,
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and
Portuguese Tongues. By Hyde Clarke, D.C.L. is.

12. Dictionary of the English Language, as Spoken and
Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L.
3s. 6d.

; cloth boards, 4s. 6d.
; complete with the Grammar, cloth bds., 5s. 6d.

48. Composition and Punctuation, familiarly Explained for
those who have neglected the Study of Grammar. By Justin Brenan.
16th Edition, is.

49. Derivative Spelling-Book; Giving the Origin of Every Word
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,
and other Languages ; with their present Acceptation and Pronunciation.
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d.

51. The Art of Extempore Speaking: Hints for the Pulpit, the
Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the
Sorbonne. Translated from the French. Sixth Edition, carefully corrected.
2s. 6d.

52. Mining and Quarrying, with the Sciences connected there-
with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to
the Miners' Association of Cornwall and Devon, is.

53. Places and Facts in Political and Physical Geography,
for Candidates in Public and Private Examinations. By the Rev. Edgar
Rand, B.A. is.

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla-
ture and Notation. By Wm. W. Pink, Practical Chemist, &c, and George
E. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting-
ham. 2St

THE SCHOOL MANAGERS' SERIES OF READING
BOOKS,

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant,
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector
of Schools.

Introductory Primer, id.
s. d. s. d.

First" Standard . .06 Fourth Standard . ..12
Second „ . .010 Fifth „ ...16
Third ,, ..10 Sixth „ ...16
Lessons from the Bible. Part I. Old Testament, is.

Lessons from the Bible. Part II. New Testament, to which is added
The Geography of the Bible, for very young Children. By Rev. C.
Thornton Forster. is. 2d. %* Or the Two Parts in One Volume. 2s.

FRENCH.
24. French Grammar. With Complete and Concise Rules on the

Genders of French fsfouns. By G. L. Strauss, Ph.D. is. 6d.

°5- French-English Dictionary. Comprising a large number of
New Terms used in Engineering, Mining, on Railways, &c. By Alfred
Elwes. is. 6d.

26. English-French Dictionary. By Alfred Elwes. 2s.

25,26. French Dictionary (as above). Complete, in One Vol., 3s.

;

cloth boards, 3s. 6d. *#* Or with the Grammar, cloth boards, 4s. 6d.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C



14 weale's educational and classical series.

French, continued.

47. French and English Phrase Book i containing Intro-
ductory Lessons with Translations, tor the convenience of Students

; several
Vocabularies ot Words, a Collection of suitable Phrases, and Easy Familiar
Dialogues, is.

39

GERMAN,
German Grammar. Adapted for English Students, from
Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is.

40. German Reader 5 A Series of Extracts, carefully culled from the
most approved Authors of Germany ; with Notes, Philological and Ex-
planatory. By G. L. Strauss, Ph.D. is.

41. German Triglot Dictionary. By Nicholas Esterhazy,
S. A. Hamilton. Part 1. English-German-French, is.

42. German Triglot Dictionary. Part II. German-French-
English. IS.

43. German Triglot Dictionary. Part III. French-German-
English. IS.

41-43. German Triglot Dictionary (as above), in One Vol., 3s.;
cloth boards, 4s. *** Or with the German Grammar, cloth boards, 5s.-

ITALIAN.
27. Italian Grammar, arranged in Twenty Lessons, with a Course

of Exercises. By Alfred Elwes. is.

28. Italian Triglot Dictionary, wherein the Genders of all the
Italian and French Nouns are carefully noted down. By Alfred Elwes.
Vol. 1. Italian-English-French. 2s.

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2,
English-French-Italian. 2s.

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3.
French-Italian -English. 2s.

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s.
32. cloth boards, 7s. 6d. *** Or with the Italian Grammar, cloth bds., 8s. 6d.

SPANISH AID PORTUGUESE,
34. Spanish Grammar, in a Simple and Practical Form. With

a Course of Exercises. By Alfred Elwes. is. 6d.

35. 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.
4s. ;

cloth boards, 5s. %* Or with the Grammar, cloth boards/6s.

55. Portuguese Grammar, in a Simple and Practical Form.
With a Course of Exercises. By Alfred Elwes, Author of " A Spanish
Grammar," &c. is. 6d. "

[Jtist published.

HEBREW.
46*. Hebrew Grammar By Dr. Bresslau. is. 6d.

44. Hebrew and English Dictionary, Biblical and Rabbinical;
containing the Hebrew and Chaldee Roots of the Old Testament Post-
Rabbinical Writings. By Dr. Bresslau. 6s. *

#* Or with the Grammar, 7s.

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s.

44,46. Hebrew Dictionary (as above), in Two Vols., complete, with
46*. the Grammar, cloth boards, 12s.

LONDON : CROSBY LOCKWOOD AND CO.,



weale's educational and classical series.

LATIN.
19. Latin Grammar, Containing the Inflections and Elementary

Principles of Translation and Construction. By the Rev. Thomas Goodwin,
M.A., Head Master of the Greenwich Proprietary School, is.

20. Latin-English Dictionary. By the Rev. Thomas Goodwin,
M.A. 2S.

22. English-Latin Dictionary; together with an Appendix of
French and Italian "Words which have their origin from the Latin. By the
Rev. Thomas Goodwin, M.A. is. 6d.

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.;
cloth boards, 4s. 6d. %* Or with the Grammar, cloth boards, 5s. 6d.

LATIN CLASSICS, With Explanatory Notes in English.
1. Latin Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is.

2. Ca^saris Commentarii deBello Gallico. Notes, and a Geographical
Register for the Use of Schools, by H. Young. 2s.

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an
Introduction, Analysis, and Notes Explanatory and Critical, by the Rev.
James Davies, M.A. is.

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.
With, Introduction, Analysis, and Notes Explanatory and Critical, by Rev.
T. H. L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford,
is- 6d. published.

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami-
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith,
M.A., F.R.G.S. as.

3. Cornelius Nepos. With Notes. By H. Young, is.

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H.
Young, is. 6d.

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown-
rigg Smith,

.
M.A., F.R.G.S. is. 6d.

21. Juvenalis Satirae. With Prolegomena and Notes by X. H. S.
Escott, B.A., Lecturer on Logic at King's College, London. 2s.

16. Livy : History of Rome. Notes by H. Young and W. B. Smith,
M.A. Part 1. Books i., ii., is. 6d.

16*. Part 2. Books iii., iv., v., is. 6d.
17. Part 3 Books xxi., xxii., is. 6d.

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical
and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d.

10. Terentii Adelphi, ITecyra, Phormio. Edited, with Notes, Critical
and Explanatorjr, by the Rev. James Davies, M.A. 2s.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical
and Explanatory, by the Rev. James Davies, M.A. is. 6d.

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A.
is. 6d.

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco-
lics by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d.

5. Virgilii Maronis iEneis. With Notes, Critical and Explanatory,
by H. Young. New Edition, revised and improved. With copious Addi-
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenose
College, Oxford. 3s. [Just published.

5* Part 1. Books i.—vi., is. 6d. \_Jtcst published.
5** Part 2. Books vii.—xii., 2s. [Just published.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections, from Yarro, Columella, Vitruvius,

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G.
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GREEK.
14. Greek Grammar, in accordance with the Principles and Philo-

logical Researches of the most eminent Scholars of our own day Bv HansClaude Hamilton, is. 6d.
y y •CLAW?

15,17. Greek Lexicon. Containing all the Words in General Use with
their Significations, Inflections, and Doubtful Quantities. Bv Henry RHamilton.. Vol. 1. Greek-English, as. ; Vol. 2. English - Greek, 2S . Or thelwo Vols, m One, 4s. : cloth boards, 5s.

14,15. Greek Lexicon (as above). Complete, with the Grammar in
17. One Vol., cloth boards, 6s.

'

GREEK CLASSICS. With Explanatory Notes in English.
1. Greek Delectus. Containing Extracts from Classical Authors

with Genealogical Vocabularies and Explanatory Notes, by H. Young New
Edition, with an improved and enlarged Supplementary Vocabulary bv Tohn
Hutchison, M.A., of the High School, Glasgow, is. 6d

J
'

Y J

30. ^Eschylus : Prometheus Vinctus : The Prometheus Bound From
the Text of Dindorf. Edited with English Notes, Critical and Explanatory,
by the Rev. James Davies, M.A. is.

Jf

32. ^Eschylus : Septem Contra Thebes : The Seven against Thebes.
From the Text of Dindorf. Edited, with English Notes, Critical and Ex-
planatory, by the Rev. James Davies, M.A. is.

40. Aristophanes : Acharnians. Chiefly from the Text of C. H
Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d.

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With
Notes, Critical and Explanatory, by John Milner, B.A. is. 6d.

23. Euripides : Hecuba and Medea. Chieflv from the Text of Din-
??RAF * -rS?^ Notes, Critical and Explanatory, by W. Brownrigg Smith
M.A., l.R.G.S. is. 6d. '

4- 17. Herodotus, The History of, chiefly after the Text of Gaisford.
"With Preliminary Observations and Appendices, and Notes Critical and
Explanatory, by T. H. L. Leary, M.A., D.C.L.

'

Part 1. Books i., ii. (The Clio and Euterpe), 2s.
Part 2. Books iii., iv. (The Thalia and Melpomene), 2s.
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia) 2s
Part 4. Books viii., ix. (The Urania and Calliope) and Index 'is 6d

5- 12. Homer, The Works of. According to the Text of Baeumlein.
With Notes, Critical and Explanatory, drawn from the best and latest
Authorities, with Preliminary Observations and Appendices by T H L
Leary, M.A., D.C.L. '

The Iliad: Parti. Books i. to vi., is.6d. Part 3. Books xiii. to xviii. is 6d.
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv. 'is 6d

The Odyssey: Parti. Books i. to vi., is. 6d Part 3. Books xiii. to xviii' is 6d
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., and

Hymns, 2s.

4. Lucian's Select Dialogues. The Text carefully revised, with
Grammatical and Explanatory Notes, by H. Young, is. 6d.

13. Plato's Dialogues 1 The Apology of Socrates, the Crito, and
the Phsedo. From the Text of C. F. Hermann. Edited with Notes, Critical
and Explanatory, by the Rev. James Davies, M.A. 2s.

18. Sophocles: GEdipus Tyrannus. Notes by H. Young, is.

20. Sophocles : Antigone. From the Text of Dindorf. Notes,
Critical and Explanatory, by the Rev. John Milner, B.A. 2s,

41. Thucydides; History of the Peloponnesian War. Notes by H.
Young. Book 1. is.

2, 3. Xenophon's Anabasis
;

or, The Retreat of the Ten Thousand.
Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii.,

is. Part 2. Books iv. to vii., is. ,
•

42. Xenophon's Panegyric on Agesilaus. Notes and Intro-
duction by Ll. F. W. Jewiti,. is. 6d.

43. Demosthenes. The Oration on the Crown and the Philippics.
With English Notes. By Rev. T. H. L. Leary. D.C.L., formerly Scholar of
Brasenose College, Oxford, is. 6d. [Just Published.
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Caialcrpc of I00RS
INCLUDING MANY

NEW & STANDARD WORKS
IN

ENGINEERING, ARCHITECTURE,
AGRICULTURE, MATHEMATICS, MECHANICS,

SCIENCE, &c, &c.

PUBLISHED BY

CROSBY LOGKWOOD & CO.,
7, STATIONERS'-HALL COURT, LUDGATE HILL, E.C.

ENGINEERING, SURVEYING, &c.
f

Htcmber s New Work on Water-Supply.
A COMPREHENSIVE TREATISE on the WATER-SUPPLY
of CITIES and TOWNS. By William Humber, Assoc. Inst.

C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron
Bridge Construction," &c.

}
&c. Imp. 4*0. Illustrated with 50

Double Plates, 2 Single Plates, Coloured Frontispiece, and upwards
of 250 Woodcuts, and containing 400 pages of Text, elegantly and
substantially half-bound in morocco. 6/. 6s.

List of Contents

:

—
I. Historical Sketch of some of the means that have been adopted for the Supply

of Water to Cities and Towns.—II. Water and the Foreign Matter usually asso-
ciated with it.—III. Rainfall and Evaporation.— IV. Springs and the water-
bearing formations of various districts. —V. Measurement and Estimation of the
Flow of Water.—VI. On the Selection of the Source of Supply.—VII. Wells.—
VIII. Reservoirs.—IX. The Purification of Water.—X. Pumps.—XI. Pumping
Machinery.—XII. Conduits.—XIII. Distribution of Water.—XIV, Meters, Ser-
vice Pipes, and House Fittings.—XV. The Law and Economy of Water Works.—
XVI. Constant and Intermittent Supply.—XVII. Description of Plates.—Appen-
dices, giving Tables of Rates of Supply, Velocities, &c. &c, together with
Specifications of several Works illustrated, among which will be found :—Aberdeen,
Bideford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others!

OPINIONS OF THE PRESS.
" The most systematic and valuable work upon water supply hitherto produced in

English, or in any other language."

—

Engineer (first notice).
" Mr. Humbers work is characterised almost throughout by an exhaustiveness

much more distinctive of French and German than of English technical treatises."

—

Engineer (third notice).

"We can congratulate Mr. Humber on having been able to give so large an
amount of information on a subject so important as the water supply of cities and
towns. The plates, fifty in number, are mostly drawings of executed works, and
alone would have commanded the attention of every engineer whose practice may lie

m this branch of the profession."

—

Builder.

B



2 WORKS IN ENGINEERING, SURVEYING, ETC.,

Humber s Modem Engineering. First Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic,

Railway, Bridge, and other Engineering Works, &c. By William
Humber, Assoc. Inst. C.E., &c. Imp. 4-to, with 36 Double
Plates, drawn to a large scale, and Photographic Portrait of John
Hawkshaw, C.E., F.R.S., &c. 3/. 3J. half morocco.

List of the Plates.

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.

Victoria Station and Roof—L/B.&S.C. Rail. 1 to 8 Mr. R. Jacomb Hood, C.E.
Southport Pier 9 and 10 Mr. James Brunlees, C.E.
Victoria Station and Roof—L. C. &D. &G.W.
Railways utoi5A Mr. John Fowler, C.E.

Roof of Cremorne Music Hall 16 Mr. William Humber, C.E.
Bridge over G. N. Railway 17 Mr. Joseph Cubitt, C.E.
Roof of Station—Dutch Rhenish Railway .. 18 and 19 Mr. Euschedi, C.E.
Bridge over the Thames—West London Ex-

tension Railway 20 to 24 Mr. William Baker, C.E.
Armour Plates 25 Mr. James Chalmers, C.E.
Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C.E.
The Allen Engine 30 Mr. G. T. Porter, M.E.
Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, C.E.

and W. H. Barlow, C.E.
Underground Railway 34 to 36 Mr. John Fowler, C.E.

With copious Descriptive Letterpress, Specifications, &c.

" Handsomely lithographed and printed. It will find favour with many who desir®

to preserve in a permanent form copies of the plans and specifications prepared for the

guidance of the contractors for many important engineering works."

—

Engineer.

Humberts Modern Engineering. Second Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1864 ; with Photographic Portrait of Robert Stephenson,

C.E., M.P., F.R.S., &c. 3/. 3-y. half morocco.

List of the Plates.

NAME AND DESCRIPTION. PLATES,. NAME OF ENGINEER,

Birkenhead Docks Low Water Basin ...... 1 to 15 Mr. G. F. Lyster, C.E.

Charing Cross Station Roof—C. C. Railway. 16 to 18 Mr. Hawkshaw, C.E.

Digswell Viaduct—Great Northern Railway. 19 Mr. J. Cubitt, C.E.

Robbery Wood Viaduct—Great N. Railway. 20 Mr. J. Cubitt, C.E,

Iron Permanent Way. 200 ——
Clydach Viaduct— Merthyr, Tredegar, and
Abergavenny Railway 21 Mr. Gardner, C.E.

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E.

College Wood Viaduct—Cornwall Railway . . 23 Mr. Brunei.

Dublin Winter Palace Roof . 24 to 26 Messrs. Ordish& Le Feuvre.

Bridge over the Thames—L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E.

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller.

With copious Descriptive Letterpress, Specifications, &c.

"A risumi of all the more interesting and important works lately completed in Great

Britain ; and containing, as it does, carefully executed drawings, with full working

details, it will be found a valuable accessory to the profession at large."—Engineer.

" Mr. Humber has done the profession good and true service, by the fine collection

of examples he has here brought before the profession and the public."—Ptactical

Mechanics' Journal.



PUBLISHED BY CROSBY LOCKWOOD & CO.

Iluntber's Modem Engineering. Third Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large
scale, and Photo. Portrait of J. R. M 'Clean, Esq., late President
of the Institution of Civil Engineers. 3/. 3J. half morocco.

List ofPlates and Diagrams.
MAIN DRAINAGE, METROPOLIS

North Side.

Plate 1. Map showing Interception of
Sewers.—2 and 3. Middle Level Sewer.
Sewer under Regent's Canal ; and Junc-
tion with Fleet Ditch.-—4, 5, and 6. Out-
laid Sewer. Bridge over River Lea.
Elevation " and Details. — 7. Outfall
Sewer. Bridge over Marsh Lane, North
Woolwich Railway, and Bow and Barking
Railway Junction.— 8, 9, and 10. Outfall
Sewer. Bridge over Bow and Barking
Railway. Elevation and Details.

—

ii and 12. Outfall Sewer. Bridge over
East London Waterworks' Feeder. Ele-
vation and Details.—13 and 14. Outfall
Sewer. Reservoir. Plan and Section.

—

15. Outfall Sewer. Tumbling Bay and
Outlet.—16. Outfall Sewer. Penstocks.

South Side.

-Plates 17 and 18. Outfall Sewer. Ber-'
mondsey Branch.—19, 20, 21, and 22

With copious Descriptive Letterpress) &c.

MAIN DRAINAGE, METROPOLIS,
continued-—

Outfall Sewer. Reservoir and Outlet.
Plan and Details.—23. Outfall Sewer.
Filth Hoist.—24. Sections of Sewers
(North and South Sides).

THAMES EMBANKMENT.
Plate 25. Section of River Wall.

—

26 and 27. Steam-boat Pier, Westminster.
Elevation and Details. — 28. Landing
Stairs between Charing Cross and Water-
loo. Bridges.—29 and 30. York Gate.
Front Elevation. Side Elevation and
Details.—31, 32, and 33. Overflow and
Outlet at Savoy Street Sewer. Details ;

and Penstock. —34, 35, and 36. Steam-boat
Pier, Waterloo Bridge. Elevation and
Details.—37. Junction of Sewers. Plans
and Sections —38. Gullies. Plans and
Sections.—39. Rolling Stock.—40. Granite
and Iron Forts*

Humberts Modern Engineering. Fourth Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1866. Imp. 410, with 36 Double Plates, drawn to a large

scale, and Photographic Portrait of John Fowler, Esq., President

of the Institution of Civil Engineers. 3/. 3J. half morocco.

List of the Plates and Diagrams.

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.

Abbey Mills Pumping Station, Main Drainage,
Metropolis 1 to 4 Mr. Bazalgette, C.E.^

Barrow Docks 5 to 9 Messrs. M'Clean&Stillman,
Manquis Viaduct, Santiago and Valparaiso [C. E.
Railway 10, 11 Mr. W. Loyd, C.E.

Adams' Locomotive, St. Helen's Canal Railw. 12,13 Mr. H. Cross, C.E.
Cannon Street Station Roof 14 to 16 Mr. J. Hawkshaw, C.E.
Road Bridge over the River Moka. 17, 18 Mr. H. Wakefield, C.E.
Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C. E.

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E.
St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei. C.E.
Wrought-Iron Cylinder for Diving Bell . . 25 Mr. J. Coode, C.E.
Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and

William Wilson, C.E.
Milroy's Patent Excavator .. 32 Mr. Milroy, C.E.
Metropolitan District Railway 33 to 38 Mr. J. Fowler, and Mr. T.

M. Johnson, C.E.
Harbours, Ports, and Breakwaters A to c

With Copious Descriptive Letterpress, Specifications, &>c»

B 2
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Humberts Great Work on Bridge Construction.
A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, including

Iron Foundations. In Three Parts—Theoretical, Practical, and
Descriptive. By William Humber, Assoc. Inst. C. E. , and M. Inst.

M. E. Third Edition, revised and much improved, with 115 Double
Plates (20 of which now first appear in this edition), and numerous
additions to the Text. In 2 vols. imp. 4to, 61. i6j-. 6d. half-bound
in morocco.

" Mr. Humber's stately volumes lately issued—in which the most important bridges
erected during the last five years, under the direction of our most eminent engineers,
are drawn and specified in great detail."

—

Engineer.
"A book—and particularly a large and costly treatise like Mr. Humber's—which

has reached its third edition may certainly be said to have established its own
reputation. "

—

Engineering,

Strains, Formula&Diagramsfor Calculation of.
A HANDY BOOK for the CALCULATION of STRAINS
in GIRDERS and SIMILAR STRUCTURES, and their

STRENGTH ; consisting ofFormulaeand Corresponding Diagrams,
with numerous Details for Practical Application, &c. By William
Humber, Assoc. Inst. C.E., &c. Second Edition. Fcap. 8vo,

with nearly 100 Woodcuts and 3 Plates, *]s. 6d. cloth.

" The arrangement of the matter in this little volume is as convenient as it well
could be. . . . . The system of employing diagrams as a substitute for complex
computations is one justly coming into great favour, and in that respect Mr. Humber's
volume is fully up to the times."

—

Engineering.
"The formulae are neatly expressed, and the diagrams good."

—

Atheneeum.
" Mr. Humber has rendered a great service to the architect and engineer by pro-

ducing a work especially treating on the methods of delineating the strains on iron
beams, roofs, and bridges by means of diagrams."—Builder.

Barlow on the Strength of Materials.
A TREATISE ON THE STRENGTH OF MATERIALS,
with Rules for application in Architecture, the Construction of

Suspension Bridges, Railways, &c. ; and an Appendix on the

Power of Locomotive Engines, and the effect of Inclined Planes

and Gradients. By Peter Barlow, F.R.S. A New Edition,

revised by his Sons, 'P. W. Barlow, F.R.S., and W. H. Barlow,
F.R.S. The whole arranged and edited by W. Humber, Assoc.

Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous
woodcuts, i8j*. cloth.

"The best book on the subject which has yet appeared We know of
no work that so completely fulfils its mission.'*

—

English Mechanic.
" The standard treatise upon this particular subject."

—

Engineer.

Tables of Curves.
TABLES OF TANGENTIAL ANGLES and MULTIPLES
for setting out Curves from 5 to 200 Radius. By Alexander
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards,

and sold in a cloth box, waistcoat-pocket size, 3s. 6d.
*' Each table is printed on a small card, which, being placed on the theodolite, leaves

the hands free to manipulate the instrument—no small advantage as regards the rapidity

of work. They are clearly printed, and compactly fitted into a small case for the

pocket—an arrangement that will recommend them to all practical men."

—

Engineer.
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Tramways and their Working.
TRAMWAYS : their CONSTRUCTION and WORKING
Containing a Comprehensive History of the System ; an exhaus-
tive Analysis of the Various Modes of Traction, including Horse
Power, Steam, Heated Water, and Compressed Air ; a Description
of the varieties of Rolling Stock ; and ample Details of Cost and
Working Expenses, with Special reference to the Tramways of the
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author
of Railway Machinery,' &c, in one vol. 8vo, with numerous illus-

tt

trations and thirteen folding plates, iSs. cloth.
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"s^ons or to those having a large practice."-The Engineer.Mr. Clark s book is indispensable for the students of the subject."—The BuilderAn exhaustive and practical work on tramways, in which the history of thiskind of locomotion, and a description and cost of the various modes of laying- tram-ways, are to be found. . . . The other parts of Mr. Clark's valuable treatise relatingto cost and expenditure, and tramway cars, are handled in the same thoroughmanner.

—

Building News.

Iron and Steel.
' IRON AND STEEL': a Work for the Forge, Foundry,
Factory, and Office. Containing Ready, Useful, and Trustworthy
Information for Ironmasters and their Stocktakers

; Managers of
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal
Founders

; Iron Ship and Bridge Builders
; Mechanical, Mining

and Consulting Engineers
; Architects, Contractors, Builders, and

Professional Draughtsmen. By Charles Hoare, Author of
'The Slide Rule,' &c. Eighth Edition. Revised throughout and
considerably enlarged. With folding Scales of "Foreign Mea-
sures compared with the English Foot," and "fixed Scales of
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c."
Oblong, 32mo, leather elastic-band, 6s.

''For comprehensiveness the book has not its equal."—Iron
One of the best of the pocket books, and a useful companion in other branches ofwork than iron and steel. "—English Mechanic.

" We cordially recommend this book to those engaged in considering the details
of all kinds of iron and steel works."—Naval Science.

Iron and Metal Trades' Calculator.
THE IRON AND METAL TRADES' COMPANION •

Being a Calculator containing a Series of Tables upon a new and
comprehensive plan for expeditiously ascertaining the value of any
goods bought or sold by weight, from is. per cwt. to Ii2j\ per
cwt, and from one farthing per pound to one shilling per pound.
Each Table extends from one pound to ioo tons ; to which are

1

appended Rules on Decimals, Square and Cube Root, Mensuration
of Superficies and Solids, &c. ; also Tables of Weights of Materials,
and other Useful Memoranda. By Thomas Downie. Strongly
bound in leather, 396 pp., gs.

" A most useful set of tables, and will supply a want, for nothing like them before
existed. —Building News.

A
," wi11,

save the possessor the trouble of making numerous intricate calculations
Although specially adapted to the iron and metal trades, the tables contained in thishandy little companion will be found useful in every other business in which mer-
chandise is bought and sold by weight."—Railway News.
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Pioneer Engineering,
PIONEER ENGINEERING. A Treatise ;on the Engineering

Operations connected with the Settlement of Waste Lands in New
Countries. By Edward Dobson, Assoc. Inst. C.E., Author of

" The Art of Building," &c. With numerous Plates and Wood
Engravings. Crown 8vo, lay. 6d. cloth.

"A most useful handbook to engineering pioneers."

—

Iron.
m

"The author's experience has been turned to good account, and the book is likely

to be of considerable service to pioneer engineers."—Building News.

Metallurgy of Iron.
A TREATISE ON THE METALLURGY OF IRON : con-

taining Outlines of the History of Iron Manufacture, Methods of

Assay, and Analyses of Iron Ores, Processes of Manufacture of

Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the

Royal School of Mines. With numerous Illustrations. Fourth

Edition, revised and much enlarged. i2mo, cloth boards, $s.
,

" Carefully written, it has the merit of brevity and conciseness, as to less ^important

points, while all material matters are very fully and thoroughly entered into/'—

Standard.

Sanitary Work,
SANITARY WORK IN THE SMALLER TOWNS AND
IN VILLAGES. Comprising:— i. Some of , the more Common
Forms of Nuisance and their Remedies ; 2. Drainage

; 3. Water
Supply. A useful book for Members of Local Boards and Rural

Sanitary Authorities, Health Officers,., Engineers, Surveyors,

Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E.

Crown 8vo, 3s. cloth.

"This is a very useful book, and may be safely recommended. ... .
;
The author,

Mr. Charles Slagg, has had practical experience in the works of which he treats.

There is a great deal of work required to be done in the smaller towns and villages,

and this little volume will help those who are willing to do it."—Builder.

Steam Engine.
TEXT-BOOK ON THE STEAM ENGINE. By T. M.
Goodeve, M.A., Barrister-at-Law, Author of '

' The Principles

of Mechanics," "The Elements of Mechanism," &c. Second

Edition. With numerous Illustrations. Crown 8vo, 6s. cloth.

S^Justpublished.

" 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.
" Mr. Goodeve's text-book is a work of which every young engineer should pos-

sess himself."—Mining Journal.

Strains.
THE STRAINS ON STRUCTURES OF IRONWORK;
with Practical Remarks on Iron Construction. By F. W. Sheilds,

M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5*. cloth.

"The student cannot find a better little book on this subject than that written by
Mr. Sheilds."—The Engineer.
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Locomotives.
LOCOMOTIVE ENGINES, A Rudimentary Treatise on ComS^ Historical Sketch and Description* ?he Locomot^e'
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Steam Boilers.
A TREATISE ON STEAM BOILERS : their Strength r™
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Practical Tunnelling.

PRACTICAL TUNNELLING: Explaining in detail the Setting

out of the Works, Shaft-sinking and Heading-Driving, Ranging

the Lines and Levelling under Ground, Sub-Excavating, limbering,

and the Construction of the Brickwork of Tunnels with the amount

ef labour required for, and the Cost of, the various portions of the

work. By Frederick Walter Simms, M. Inst. C.E., author

of "A Treatise on Levelling." Third Edition, Revised and Ex-

tended, with additional chapters illustrating the Recent Practice of

Tunnelling as exemplified by the St. Gothard, Mont Cenis, and

other modern works, by D. Kinnear Clark, M. Inst. C.L.

Imp. 8vo, with 21 Folding , Plates and numerous Wood En-

gravings, 305-. cloth.

"It is the only practical treatise on the great art of tunnelling. Mr Clark's work

brings the exigencies of tunnel enterprise up to our own time The great length of

modern tunnels has led to a new difficulty in the art, which the last generation was

SnorantTnamety, the difficulty of ventilation. In Mr. Clark's supplement we find

irbranch' of the Object has been fully considered. Mr. Clark's

on the Mont Cenis and St. Gothard Tunnels contain minute and vjluable expenenoes

and data relating to the method of excavation by compressed a r, the heading

oplradons, rock-boring machinery, process of enlargement
,
yentiktion m course of

construction by compressed air, labour and cost, &c -B^ldm£ N'Z' for over- The estimation in which Mr. Simms' book on tunnelling ha, ^^p^^J
thirty years cannot be more truly expressed than in the words of the^ late Professor

Rankine The best source of information on the subject of tunnels is Mr. If
.
W.

Simms' work on "Practical Tunnelling." '—The Architect.

Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of

LEVELLING ;
showing its Application to Purposes of Railway

and Civil Engineering, in the Construction of Roads ;
with Mr.

Telford's Rules for the same. By Frederick W. Simms

F G S., M. Inst. C.E. Sixth Edition, very carefully revised, with

the addition of Mr. Law's Practical Examples for Setting out

Railway Curves, and Mr. Trautwine's Field Practice of Laying

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,

Ss. 6d. cloth. V Trautwine on Curves, separate,

"One of the most important text-books for the general surveyor and there is

scarcdy a question connected with levelling for which a solution would be sought but

Sat would be satisfactorily answered by consulting the volume^MmwJ°™$>
- The text-book on levelling in most of our engineering schools and colleges. -

Engineer.

The High-Pressure Steam Engine.

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition

of its Comparative Merits, and an Essay towards an Improved

System of Construction, adapted especially to secure Safety and

Economy. By Dr. Ernst Alban, Practical Machine Maker,

Plau, Mecklenberg. Translated from the German, with Notes by

Dr. Pole, F.R.sf, M. Inst. C.E., &c, &c. With 28 fine Plates,

Svo, i6s. 6d. cloth.

« A work like this, which goes thoroughly into the examination of the high-pressure

e*g4 to t^Sid its aplendages &c.,. is exceedingly useful, and deserves a place

in everV scientific library."-Steam Shipping Chronicle.
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Locomotive-Engine Driving.
LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for
Engineers m charge of Locomotive Engines. By Michael
Reynolds, Inspector, Locomotive and Carriage Department,
London, Brighton, and South Coast Railway. Third Edition,
greatly enlarged. Comprising, besides other additional matter,
A KEY TO THE LOCOMOTIVE ENGINE. With Illustra-
tions and Portrait of Author. Crown 8vo, 4s. 6d. cloth.

« ?J
r

' 5eyn°Ids deserves the title of die engine driver's friend. "—Railway News.
Mr. Reynolds has supplied a want, and has supplied it well. We can confidently

recommend the book not only to the practical driver, but to every one who takes an
interest in the performance of locomotive engines."

—

The Engineer.
' The work is as novel as it is useful, and if drivers and firemen will but take as

much pains m reading it as the author has in writing it, there can be no question as
to the benefit they will derive."—English Mechanic.
" Mr. Reynolds has opened a new chapter in the literature of the day. This

admirable practical treatise, of the practical utility of which we have to speak iu
terms of warm commendation."

—

Athenceum.

Hydraulics.
HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA
for rinding the Discharge of Water from Orifices, Notches, Weirs,,
Pipes, and Rivers. With New Formulae, Tables, and General
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,
Water Supply for Towns and Mill Power. By John Neville,
Civil Engineer, M,R.I.A. Third Edition, carefully revised, with
considerable Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth.

''Undoubtedly an exceedingly useful and elaborate compilation."

—

Iron.
s

" Alike valuable to students and engineers in practice."

—

Mining Journal.

Strength of Cast Iron, &c.
A PRACTICAL ESSAY on the STRENGTH of CAST IRON
and OTHER METALS. By Thomas Tredgold, M.I.C.E.,
Author of " Elementary Principles of Carpentry." Fifth Edition,
Edited by E. Hodgkinson, F.R.S. ; to which are added EX-
PERIMENTAL RESEARCHES on the STRENGTH and
OTHER PROPERTIES of CAST IRON. By the Editor.
With 9 Engravings and numerous Wocdcuts. 8vo, \2s. cloth.

*** Hodgkinson on Cast Iron, separately. Price 6s. clotk.

Mining, Surveying and Valuing.
THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE, comprising a Treatise on Improved Mining
Surveying, with new Traverse Tables ; and Descriptions of Im-
proved

#

Instruments ; also an Exposition of the Correct Principles
of Laying out and Valuing Home and Foreign Iron and Coal
Mineral Properties. By William Lintern, Mining and Civil
Engineer. With four Plates of Diagrams, Plans, &c, i2mo, 4s. cloth,

" Contains much valuable information given in a small compass, and which, as far
as we have tested it, is thoroughly trustworthy."—Iron and Coal Trades Review.

%* The above, bound with Thoman's Tables. (See page 21).
Price p. 6d. cloth.
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Slate and Slate Quarrying.
A TREATISE ON SLATE AND SLATE QUARRYING,
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S.,
Mining Engineer, &c. With numerous Illustrations and Folding
Plates. Crown 8vo, 6s. cloth.

{<A useful and practical hand-book on an important industry."—Engineering.
" There is no other book which contains so much information concerning the pro-

cedure observed in taking quarries, the processes employed in working them, and
such full statistics of the present and past position of the great slate trade of
Wales."—The A rchitect.

Earthwork.
EARTHWORK TABLES, showing the Contents in Cubic Yards
of Embankments, Cuttings, &c, of Heights or Depths up to an
average of 80 feet. By Joseph Broadbent, C.E., and Francis
Campin, C.E. Cr. 8vo, oblong, $s. cloth.

" The way in which accuracy is attained, by a simple division of each cross

section into three elements, two of which are constant and one variable, is in-

genious."

—

Athenceum.
" Cannot fail to come into general use."

—

Mining Journal.

Surveying (Land and Marine).
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 Haskoll, C. E.

8vo, 12s. 6d. cloth, with 14 folding Plates, and numerous Woodcuts.

"A most useful and well arranged book for the aid of a student."

—

Builder.
" Of the utmost practical utility, and may be safely recommended to all students

who aspire to become clean and expert surveyors."

—

Mining Journal.

Coal and Coal Mining.
COAL AND COAL MINING : a Rudimentary Treatise on. By
Warington W. Smyth, M.A., F.R.S., &c, Chief Inspector

of the Mines of the Crown and of the Duchy of Cornwall. New
edition,; revised and corrected. i2mo, with numerous Illustra-

tions, 4$". cloth boards.
" Every portion of the volume appears to have been prepared with much care, and

as an outline is given of every known coal-field in this and other countries, as well as

of the two principal methods of working, the book will doubtless interest a very
large number of readers."

—

Mining Journal.

Trigonometrical Surveying.
AN OUTLINE OF THE METHOD OF CONDUCTING A
TRIGONOMETRICAL SURVEY, for the Formation of Geo-
graphical and Topographical Maps and Plans, Military Recon-
naissance, Levelling, &c., with the most useful Problems in Geodesy
and Practical Astronomy, and Formulae and Tables for Facilitating

their Calculation. By Lieut-General Frome, R.E., late In-

spector-General of Fortifications, &c. Fourth Edition, Enlarged,

thoroughly Revised, and partly Re-written. By Captain Charles
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts,
royal 8vo, 16*. cloth.
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Fire Engineering.
FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With
a History of Fire-Engines, their Construction, Use, and Manage-
ment

; Remarks on Fire-Proof Buildings, and the Preservation of
Life frorn Fire ; Statistics of the Fire Appliances in English
Towns

; Foreign Fire Systems ; Hints on Fire Brigades, &c.f&c.By Charles F. T. Young, C.E. With numerous Illustrations,

« kandsomely printed, 544 pp. ,
demy 8vo, 1/. 4*. cloth.

<« -Sr
e °an most heartlly commend this book."—Engineering

t^c* a .
str?ng1VeCOmmend the book to the notice of all who are in any way in-terested m fires, fire-engines, or fire-brigades."-Mechanics* Magazine.

Y

Manual of Mining Tools.
MINING TOOLS. For the use of Mine Managers, Agents,Mmmg Students, &c. By William Morgans, Lecturer on Prac-
tical Mining at the Bristol School of Mines. Volume of Text.
i2mo, 3jv With an Atlas of Plates, containing 235 Illustrations.

t

4to, 6s. Together, gs. cloth boards.
' Students

,. in the Science of Mining, and Overmen, Captains, Managers, andViewers may gam practical knowledge and useful hints by the study of MrMorgans' Manual."— Colliery Guardian.
7

tnxef'lMinigfcl7Z}: ^^ materiallr t0 imProve our mininS liter*

Common Sense for Gas- Users.
COMMON SENSE FOR GAS-USERS : a Catechism of Gas -

Lighting for Householders, Gasfitters, Millowners, Architects,
Engineers, &c, &c. By Robert Wilson, C.E., Author of "A
Treatise on Steam Boilers." Second Edition. Crown 8vo, sewed,
with Folding Plates andWood Engravings, 2s. 6d.

Engineering Fieldwork.
THE PRACTICE OF ENGINEERING FIELDWORK,
applied to Land and Hydraulic, Hydrographic, and Submarine
Surveying and Levelling. Second Edition, revised, with consider-
able additions, and a Supplementary Volume on WATER-
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W.
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2
vols, in one, cloth boards, 1/. 5* (published at 2/. 4s.)

Waterworks for Cities and Towns.
WATERWORKS for the SUPPLY of CITIES and TOWNS,
with a Description of the Principal Geological Formations of
England as influencing Supplies of Water. By Samuel Hughes,
F.G.S., Civil Engineer. New and enlarged edition, i2mo, with
numerous Illustrations, 4s. 6d. cloth boards.

*i"^ -°f the m0St convenient, and at the same time reliable works on a subjecttne vital importance of which cannot be over-estimated."--Bradford Observer.

Steam.
THE SAFE USE OF STEAM*: containing Rules for Unpro-
fessional Steam Users. By an Engineer. Fourth Edition. i2mo.
Sewed, 6d.

If
.
S
1

team'usfs would hut leam this little book by heart, and then hand it to
their stokers to do the same, and see that the latter do it, boiler explosions wouldbecome sensations by their rarity."—English Mechanic.
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Field-Bookfor Engineers.
THE ENGINEER'S, MINING SURVEYOR'S, and CON-
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E.

Third Edition, enlarged, 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 Theodo-

lite, Casting out and Reducing Levels to Datum, and Plotting Sec-

tions in the ordinary manner ;
Setting out Curves with the Theodo-

lite 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 Off-

sets ; and Earthwork Tables to 80 feet deep, calculated for every 6

inches in depth. With numerous wood- cuts, i2mo, \2s. cloth.

"The book is very handy, and the author might have added that the separate tables

of sines and tangents to every minute will make it useful for many other purposes, the

genuine traverse tables existing all the same."

—

Athenaum.
" A very useful work for the practical engineer and surveyor."

—

Railway News.^
" The work forms a handsome pocket volume, and cannot fail, from its portability

and utility, to be extensively patronised by the engineering profession."

—

Mining
Journal.

Earthwork, Measurement and Calculation of.

A MANUAL on EARTHWORK. By Alex. J. S. Graham,
C.E., Resident Engineer, Forest of Dean Central Railway. With
numerous Diagrams. i8mo, 2s. 6d. cloth.

" As a really handy book for reference, we know of no work equal to it ; and the

railway engineers and others employed in the measurement and calculation of earth-

work will find a great amount of practical information very admirably arranged, and
available for general or rough estimates, as well as for the more exact calculations

required in the engineers' contractor's offices."

—

Artizan.

Bridge Construction in Masonry, Timber, & Iron.
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION OF MASONRY, TIMBER, AND IRON ;

consisting of

46 Plates from the Contract Drawings or Admeasurement of select

Wr
orks. By W. Davis Haskoll, C.E. Second Edition, with

the addition of 554 Estimates, and the Practice of Setting out Works,

illustrated with 6 pages of Diagrams. Imp. 4to, 2/. \2s. 6d, half-
•

morocco.
" One of the very few works extant descending to the level of ordinary routine, and

treating on the common every-day practice of the railway engineer. ... A work of

the present nature by a man of Mr. Haskoll's experience, must prove invaluable' to

hundreds. The tables of estimates appended to this edition will considerably enhance

its value."

—

Engineering.

Pocket-Book for Marine Engineers.
A POCKET BOOK FOR MARINE ENGINEERS. Con-

taining useful Rules and Formulae in a compact form. By Frank
Proctor, A. I.N. A. Second Edition, revised and enlarged.

Royal 32mo, leather, gilt edges, with strap, 4s.

"We recommend it to our readers as going far to supply a long-felt want."

—

Naval Science.
.

"A most useful companion to all marine engineers."

—

United Service Gazette.
u Scarcely anything required by a naval engineer appears to have been for-

gotten."

—

-Iron.
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Drawing for Engineers, &c.
THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By John Maxton, Instructor in Engineering
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A

,South Kensington. Third Edition, carefully revised. With upwards
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4s.

" Even accomplished draughtsmen will find in it much that will be of use to themA copy of it should be kept for reference in every drawing office."—Engineering
Indispensable for teachers of engineering drawing."—Mechanics' Magazine.

Oblique Arches.
A PRACTICAL TREATISE ON THE CONSTRUCTION ofOBLIQUE ARCHES. By John Hart. Third Edition, with
Plates. Imperial 8vo, Ss. cloth.

Oblique Bridges.
A PRACTICAL and THEORETICAL ESSAY on OBLIQUE
BRIDGES, with 13 large folding Plates. By Geo. Watson
Buck, M. Inst. C.E. Second Edition, corrected by W. H
Barlow, M. Inst. C.E. Imperial 8vo, 12s. cloth.

" The standard text book for all engineers regarding skew arches is Mr. Buck's
treatise and it would be impossible to consult a better."—Engineer.

Grantham s Iron Ship-Building.
ON IRON SHIP-BUILDING; with Practical Examples and
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40
Plates (21 quite new), including the latest Examples. Together

1

with separate Text, i2mo, cloth limp, also considerably enlarged.
By John Grantham, M. Inst. C.E., &c. 2/. 2s. complete.

"A very elaborate work ... It forms a most valuable addition to the history
of iron shipbuilding, while its having been prepared by one who has made the subject
his study for many years, and whose qualifications have been repeatedly recognised
will recommend it as one of practical utility to all interested in shipbuilding."--Armvand Navv Gazette. ^

"Mr. Grantham's work is of great interest. . .
'

. It is also valuable as a record
of the progress of iron shipbuilding. . . . It will, we are confident, command an
extensive circulation among shipbuilders in general. . , . By order of the Board
of Admiralty, the work will form the text-book on which the examination in iron ship-
building of candidates for promotion in the dockyards will be mainly based
Engineering. J

Wtale s Dictionary of Terms.
A DICTIONARY of TERMS used in ARCHITECTURE
BUILDING, ENGINEERING, MINING, METALLURGY'
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale.
Fifth Edition, revised and corrected by Robert Hunt, F.R.S
Keeper of Mining Records, Editor of " Ure's Dictionary of Arts,'"
&c. i2mo, cloth boards, 6s.

"
?u

S h
1
St Sma11 technol°gIcal dictionary in the language."—ArcJiitect.

Ihe absolute accuracy of a work of this character can only be judged of after
extensive consultation, and from our examination it appears very correct and verv
complete."—Mining Journal. y

*' There is no need now to speak of the excellence of this work ; it received the ap-
proval of the community long ago. Edited now by Mr. Robert Hunt, and publishedm a cheap, handy form it will be of the utmost service as a book of reference scarcely
to be exceeded m value. —Scotsman.
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ARCHITECTURE, &c.

Construction.
THE SCIENCE of BUILDING : An Elementary Treatise on
the Principles of Construction. By E. Wyndham Tarn, M.A.,
Architect. With 47 Wood Engravings. Demy 8vo. Ss. 6d. cloth.

If A very valuable book, which we strongly recommend to all students."

—

Builder.
" No architectural student should be without this hand-book."

—

Architect.

Beaton s Pocket Estimator.
THE POCKET ESTIMATOR FOR THE BUILDING
TRADES, being an easy method of estimating the various parts

of a Building collectively, more especially applied to Carpenters'

and Joiners' work, priced according to the present value of material

and labour. By A. C. Beaton, Author of " Quantities and
Measurements." Second Edition. Carefully revised. 33 Wood-
cuts. Leather. Waistcoat-pocket size. is. 6d.

Beaton
9

sBuilders
9andSurveyors TechnicalGuide.

THE POCKET TECHNICAL GUIDE AND MEASURER
FOR BUILDERS AND SURVEYORS : containing a Complete

Explanation of the Terms used in Building Construction, Memo-
randa for Reference, Technical Directions for Measuring Work in

all the Building Trades, &c. By A. C. Beaton. Second Edit.

With 19 Woodcuts. Leather. Waistcoat-pocket size. is. 6d.

Villa Architecture.
A HANDY BOOK of VILLA ARCHITECTURE ; being a

Series of Designs for Villa Residences in various Styles. With
Detailed Specifications and Estimates. By C. Wickes, Architect,

Author of " The Spiresand Towers of the Mediaeval Churches of Eng-

land," &c. 31 Plates, 4to, half morocco, gilt edges, ll. is.

V* Also an Enlarged edition of the above. 61 Plates, with Detailed

Specifications, Estimates, &c. 2I. 2s. half morocco.
" The whole of the designs bear evidence of their being the work of an artistic

architect, and they will prove very valuable and suggestive."—Building News.

House Painting.
HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING : a Practical Manual of. With 9 Coloured

Plates of Woods and Marbles, and nearly 150 Wood Engravings.

By Ellis A. Davidson, Author of "Building Construction," &c.

Second Edition, carefully revised. l2mo, 6s. cloth boards.
" Contains a mass of information of use to the amateur and of value to the practical

man."-^-English Mechanic.

Wilson's Boiler and Factory Chimneys.
BOILER AND FACTORY CHIMNEYS ; their Draught-power

and Stability, with a chapter on Lightning Conductors. By Robert
Wilson, C.E., Author of "Treatise on Steam Boilers," &c, &c.

Crown 8vo, 3^. 6d. cloth.

"A most valuable book of its kind, full of useful information, definite in statement

and thoroughly practical in treatment."

—

The Local Government Chronicle.
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A Book on Building.
A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL.
By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S.,
Author of "Clocks and Watches and Bells," &c. Crown 8vo,
with Illustrations, Js. 6d. cloth.

•11£ ho0\ whicl* is always amusing and nearly always instructive. Sir E. Beckett
will be read for the raciness of his style. We are able very cordially to recommend
all persons to read it for themselves. The style throughout is in the highest degree
condensed and epigrammatic."— Times.

.
"W

,
e
91

0Hlmend ,

the book to the thoughtful consideration of all who are interestedm the building art. —Builder.

Architecture, Ancient and Modern.
RUDIMENTARY ARCHITECTURE, Ancient and Modern.
Consisting of VTTRUVIUS, translated by Joseph Gwilt,
F.S.A., &c, with 23 fine copper plates; GRECIAN Archi-
tecture, by the Earl of Aberdeen; the ORDERS of
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi-
tecture of Various Countries, by T. Talbot Bury; The
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett.
In one volume, half-bound (pp. 1,100), copiously illustrated, \2s.

*** Sold separately, in two vols., as follows—
ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius
and Aberdeen's Grecian Architecture. Price 6s. half-bound.
N.B.— TAis is the only edition of VITRUVIUS procurable at a

moderate price.

MODERN ARCHITECTURE. Containing the Orders, by Leeds ;
The Styles, by Bury; and Design, by Garbett. 6s. half-bound.

The Young Architect's Book.
HINTS TO YOUNG ARCHITECTS. By George Wight-
wick, Architect, Author of <

< The Palace of Architecture, " &c. , &c.
New Edition, revised and enlarged. By G. Huskisson Guil-
LAUME, Architect. Numerous illustrations. l2mo, cloth boards, 4s.

"Will be found an acquisition to pupils, and a copy ought to be considered as
necessary^ a purchase as a box of instruments."

—

Architect.
" Contains a large amount of information, which young architects will do well to

acquire, if they wish to succeed in the everyday work of their profession."—English
Mechanic.

Drawingfor Builders and Students.
PRACTICAL RULES ON DRAWING for the OPERATIVE
BUILDER and YOUNG STUDENT in ARCHITECTURE.
By George Pyne, Author of a " Rudimentary Treatise on Per-
spective for Beginners." With 14 Plates, 4to, 7.?. 6d. boards.

Builders and Contractor s Price Book.
LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S
PRICE BOOK for 1879, containing the latest prices of all kinds
of Builders' Materials and Labour, and of all Trades connected
with Building, &c, &c. The whole revised and edited by
Francis T. W. Miller, Architect and Surveyor. Fcap. 8vo,
strongly half-bound, 4s.
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Handbook of Specifications.
THE HANDBOOK OF SPECIFICATIONS; or, Practical

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing

up Specifications and Contracts for Works and Constructions.

Illustrated by Precedents of Buildings actually executed by eminent

Architects and Engineers. Preceded by a Preliminary Essay, and
Skeletons of Specifications and Contracts, &c, &c. By Professor

Thomas L. Donaldson, M.I.B.A. With A Review of the
Law of Contracts. By W. Cunningham Glen, of the

Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, 2/. 2s.

" In these two volumes of 1,100 pages (together), forty-four specifications of executed

works are given, including the specifications for parts of the new Houses of Parliament,

by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P.
Donaldson's Handbook of Specifications must be bought by all architects."

—

Builder.

Taylor and Cresys Rome.
THE ARCHITECTURAL ANTIQUITIES OF ROME. By
the late G. L. Taylor, Esq., F.S. A., and Edward Cresy, Esq.

New Edition, thoroughly revised, and supplemented under the

editorial care of the Rev. Alexander Taylor, M.A. (son of

the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is

the only book which gives on a large scale, and with the precision

of architectural measurement, the principal Monuments of Ancient

Rome in plan, elevation, and detail. Large folio, with 130 Plates,

half-bound, 3/. 3s.

%* Originally published in two volumes, folio, at 18/. iSs.

Specificationsfor Practical Architecture.
SPECIFICATIONS FOR PRACTICAL ARCHITECTURE

:

A Guide to the Architect, Engineer, Surveyor, and Builder ; with
an Essay on the Structure and Science of Modern Buildings. By
Frederick Rogers, Architect. With numerous Illustrations.

Demy 8vo, i^s. cloth. (Published at il. 10s.)
*** A volume of specifications ofa practical character being greatly required, and the

old standard work of Alfred Bartholomew being out of print, the author, on the basis

of that work, has produced the above. He has also inserted specifications of works
that have been erected in his own practice.

The Ifotise-Owner's Estimator.
THE HOUSE-OWNER'S ESTIMATOR ; or, What will it

Cost to Build, Alter, or Repair ? A Price-Book adapted to the

Use of Unprofessional People as well as for the Architectural

Surveyor and Builder. By the late James D. Simon, A.R.I.B. A.
Edited and Revised by Francis T. W. Miller, Surveyor. With
numerous Illustrations. Second Edition, with the prices carefully

corrected to present time. Crown 8vo, cloth, 3-r. 6d.

In two years it will repay its cost a hundred times over."—Field.
^

" A very handy book for those who want to know what a house will cost to build,

alter, or repair."

—

English Mechanic.

Useftcl Text-Book for Architects.
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,

Author of "Specifications for Practical Architecture, " &c. With
numerous Illustrations. Crown 8vo, 6s. cloth.
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CARPENTRY, TIMBER, MECHANICS.

Tredgold's Carpentry, new and cheaper Edition.
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. Edited by Peter Barlow, F.R.S. Fifth Edition, cor-
rected and enlarged. With 64 Plates (1 1 of which now first appear
in this edition), Portrait of the Author, and several Woodcuts. In
I vol., 4to, published at 2/. 2j., reduced to il. $s. cloth.

u Ought to be in every architect's and every builder's library, and those who
do not already possess it ought to avail themselves of the new issue. '—Builder.
"A work whose monumental excellence must commend it wherever skilful car-

pentry is concerned. The Author's principles are rather confirmed than impaired by
time. The additional plates are of great intrinsic value."—Building News.

Grandys Timber Tables.
THE TIMBER IMPORTER'S, TIMBER MERCHANT'S,
and BUILDER'S STANDARD GUIDE. By Richard E.
Grandy. Comprising :—An Analysis of Deal Standards, Home
and Foreign, with comparative Values and Tabular Arrangements
for Fixing Nett Landed Cost on Baltic and North American Deals,
including all intermediate Expenses, Freight, Insurance, &c, &c. ;

together with Copious Information for the Retailer and Builder.
Second Edition. Carefully revised and corrected. i2mo, 3*. 6d.
cloth.

" Everything it pretends to be : built up gradually, it leads one from a forest to a
treenail, and throws in, as a makeweight, a host of material concerning bricks, columns,
cisterns, &c.—all that the class to whom it appeals requires."—English Mechanic.

" The only difficulty we have is as to what is not in its pages. What we have tested
of the contents,taken at random, is invariablycorrect."—IllustratedBuilder's journal.

Tablesfor Packing-Case Makers.
PACKING-CASE TABLES

; showing the number of Superficial
Feet in Boxes or Packing-Cases, from six inches square and
upwards. Compiled by William Richardson, Accountant.
Second Edition. Oblong 4to, $s. 6d. cloth.

"Will save much labour and calculation to packing-case makers and those who use
packing-cases."

—

Grocer. " Invaluable labour-saving tables."

—

Ironmonger.

Nicholson
y

s Carpenter s Guide.
THE CARPENTER'S NEW 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, 1/. is. cloth.
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Dowsing}

s Timber Merchanty

s Companion.
THE TIMBER MERCHANT'S AND BUILDER'S COM-
PANION ; containing New and Copious Tables of the Reduced
Weight and Measurement 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; the proportionate Value of Deals and
Battens by the Standard, to Square Timber by the Load of 50 Feet

;

the readiest mode of ascertaining the Price of Scantling per Lineal
Foot of any size, to any given Figure per Cube Foot. Also a
variety of other valuable information. By William Dowsing,
Timber Merchant. Third Edition, Revised and Corrected. Crown
8vo, 3J. cloth.

"Everything is as concise and clear as it can possibly be made. There can be no
doubt that every timber merchant and builder ought to possess it."

—

Hull Advertiser.

Timber Freight Book.
THE TIMBER IMPORTERS' AND SHIPOWNERS'
FREIGHT BOOK : Being a Comprehensive Series of Tables for

the Use of Timber Importers, Captains of Ships, Shipbrokers,

Builders, and all Dealers in Wood whatsoever. By William
Richardson, Timber Broker. Crown 8vo, 6s. cloth.

fforton's Measurer.
THE COMPLETE MEASURER

; setting forth the Measure-
ment of Boards, Glass, &c, &c. ; Unequal-sided, Square-sided,

Octagonal-sided, Round Timber and Stone, and Standing Timber.
With just allowances for the bark in the respective species of

trees, and proper deductions for the waste in hewing the trees,

&c. ; also a Table showing the solidity of hewn or eight-sided

timber, or of any octagonal-sided column. By Richard Horton.
Third edition, with considerable and valuable additions, i2mo,
strongly bound in leather, 5.?.

"Not only are the best methods of measurement shown, and in some instances
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest
dealers are fully exposed The work must be considered to be a valuable addi-
tion to every gardener's library.—Garden.

Superficial Measurement
THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA-
SUREMENT. 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 Haw-
kings. Fcp. 3s. 6d. cloth.

Practical Timber Merchant.
THE PRACTICAL TIMBER MERCHANT, being 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. Bv W. Richardson.
Fcap. 8vo, 3J. 6d. cloth,
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The Mechanics Workshop Companion.
THE OPERATIVE MECHANIC'S WORKSHOP COM-
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC-
TICAL ASSISTANT. By William Templeton. Twelfth
Edition, with Mechanical Tables for Operative Smiths, Millwrights,
Engineers, &c. ; and an Extensive Table of Powers and Roots,
&c, &c. II Plates. i2mo, $s. bound.

" As a text-book of reference, in which mechanical and commercial demands are
judiciously met, Templeton'sCompanion stands unrivalled."

—

Mechanics'Magazine.
" Admirably adapted to the wants of a very large class. It has met with great

success in the engineering workshop, as we can testify ; and there are a great many
men who, in a great measure, owe their rise in life to this little work. "—Building News.

Engineer s Assistant.
THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S
PRACTICAL ASSISTANT

; comprising a Collection of Useful
Tables, Rules, and Data. Compiled and Arranged, with Original
Matter, by William Templeton. 6th Edition. i8mo, 2s. 6d.
cloth.

" So much varied information compressed into so small a space, and published at a
price which places it within the reach of the humblest mechanic, cannot fail to com-
mand the sale which it deserves. With the utmost confidence we commend this book
to the attention of our readers."

—

Mechanics' Magazine. '

"A more suitable present to an apprentice to any of the mechanical trades could not
possibly be made."

—

Building- News.

Designing, Measuring, and Valuing.
THE STUDENT'S GUIDE to the PRACTICE of MEA-
SURING and VALUING ARTIFICERS' WORKS; containing
Directions for taking Dimensions, Abstracting the same, and bringing
the Quantities into Bill, with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the re-

spective Trades of Bricklayer and Slater, Carpenter and Joiner,
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood-
cuts.

#

Originally edited by Edward Dobson, Architect. New
Edition, re-written, with Additions on Mensuration and Construc-
tion, and useful Tables for facilitating Calculations and Measure-
ments. By E. Wyndham Tarn, M.A., 8vo, ids. 6d. cloth.

"We have failed to discover anything connected with the building trade, from ex-
cavating foundations to bell-hanging, that is not fully treated upon."—The Artizan,
" Altogether the book is one which well fulfils the promise of its title-page, and we

can thoroughly recommend it to the class for whose use it has been compiled. Mr.
Tarn's additions and revisions have much increased the usefulness of the work, and
have especially augmented its value to students."

—

Engineering.

PLUMBING ; a text-book to the practice of the art or craft of the
plumber. With supplementary chapters upon house-drainage, em-
bodying the latest improvements. By William Paton Buchan,
Sanitary Engineer. l2mo, with about 300 illustrations. 3^. 6d.

cloth.

" There is no other manual in existence of the plumber's art; and the volume will
be welcomed as the work of a practical master of his trade."—Public Health.
" The chapters on house-drainage may be usefully consulted, not only by plumbers,,

but also by engineers and all engaged or interested in house-building."

—

Iron.
" A book containing a large amount of practical information, put together in a very

intelligent manner, by one who is well qualified for the task."

—

City Press.
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MATHEMATICS, &c.
f •

Gregory s Practical Mathematics.
MATHEMATICS for PRACTICAL MEN ; being a Common-
place Book of Pure and Mixed Mathematics. Designed chiefly

for the Use of Civil Engineers, Architects, and Surveyors. Part I.

Pure Mathematics—comprising Arithmetic, Algebra, Geometry,
Mensuration, Trigonometry, Conic Sections, Properties of Curves.
Part II. Mixed Mathematics—comprising Mechanics in general,

Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,
Mechanical Agents, Strength of Materials. With an Appendix of
copious Logarithmic and other Tables. By Olinthus Gregory,
LL.D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition,

carefully revised and corrected by J. R. Young, formerly Profes-

sor of Mathematics, Belfast College; Author of "A Course of

Mathematics," &c. With 13 Plates. Medium 8vo, 1/. is. cloth.

" The engineer or architect will here find ready to his hand, rules for solving nearly
every mathematical difficulty that may arise in his practice. The rules are in all cases
explained by means of examples, in which every step of the process is clearly worked
out."

—

Btiilder.
'

' One of the most serviceable books to the practical mechanics of the country.
In the edition just brought out, the work has again been revised by

Professor Young. He has modernised the notation throughout, introduced a few
paragraphs here and there, and corrected the numerous typographical errors which
have escaped the eyes of the former Editor. The book is now as complete as it is

possible to make it. It is an instructive book for the student, and a Text-
book for him who having once mastered the subjects it treats of, needs occasionally to
refresh his memory upon them."

—

Building News.
* % As a standard work on mathematics it has not been excelled."

—

Artizan.

The Metric System.
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. Second Edition, revised and enlarged. 8vo,

10s. 6d. strongly bound.
" Mr. Bowling's Tables, which are well put together, come just in time as a ready

reckoner for the conversion of one system into the other."

—

Athenceum.
" Their accuracy has been certified by Prof. Airy, Astronomer-Royal.

n— Builder.
" Resolution 8.-—That advantage will be derived from the recent publication of

Metric Tables, by C. H. Dowling, C.E."

—

Report ofSection Ft Brit. Assoc., Bath.

Comprehensive Weight Calculator.
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 lib. to 15 tons, a': 300 Pro-

gressive Rates, from I Penny to 168 Shillings per cwt., and con-

taining 186,000 Direct Answers, which with their Corrbinations,

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 Henry Harben, Accountant, Sheffield, Author
of "The Discount Guide." An entirely New Edition, carefully

revised. Royal 8vo, strongly half-bound, 30^.
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Comprehensive Discount Guide.
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 i\ to 90 per cent.,
Tables of Discount from \\ to 98I per cent., and Tables of Commis-
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant,
Author of " The Weight Calculator." New Edition, carefully Re-
vised and Corrected. Demy 8vo. (544 pp.), half-bound,£ 1 $s.

Inwood's Tables, greatly enlarged and improved.
TABLES FOR THE PURCHASING of ESTATES, Freehold,
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the
Renewing of Leases held under Cathedral Churches, Colleges, or
other corporate bodies ; for Terms of Years certain, and for Lives ;

also for Valuing Reversionary Estates, Deferred Annuities, Next
Presentations, &c, together with Smart's Five Tables of Compound
Interest, and an Extension of the same to Lower and Intermediate
Rates. By William Inwood, Architect. The 20th edition, with
considerable additions, and new and valuable Tables of Logarithms
for the more Difficult Computations of the Interest of Money, Dis-
count, Annuities, &c, by M. Fedor Thoman

;
of the Societe

Credit Mobilier of Paris. i2mo, Ss. cloth.
" Those interested in the purchase and sale of estates, and in the adjustment of

compensation cases, as well as in transactions in annuities, life insurances, &c, will
find the present edition of eminent service."

—

Engineering.
" ' Inwood's Tables' still maintain a most enviable reputation. The new issue has been

enriched by large additional contributions by M. Fedor Thoman, v/hose carefully
arranged Tables cannot fail to be of the utmost utility."—Mining Journal.

Geometryfor the Architect, Engineer, &c
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, Author of "The Science of Building," &c.
With 164 Illustrations. Demy 8vo. 12s. 6d. cloth.

"No book with the same objects in view has ever been published in which the
clearness of the rules laid down and the illustrative diagrams have been so satis-
factory. "

—

Scotsman.

Compound Interest and Annuities.
THEORY of COMPOUND INTEREST and ANNUITIES

;

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. With an elaborate Intro-
duction. By Fedor Thoman, of the Societe Credit Mobilier,
Paris. 3rd Edition, carefully revised and corrected. \2.mo,^s. 6d. cl.

A very powerful work, and the Author has a very remarkable command of his
subject."

—

Professor A. de Morgan.
" We recommend it to the notice of actuaries and aceountants."—Aihence-um.
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SCIENCE AND ART.
, +

Dentistry.
MECHANICAL DENTISTRY. A Practical Treatise on the

Construction, of the various kinds of Artificial Dentures. Com-
prising also Useful Formulas, Tables, and Receipts for Gold
Plate, Clasps, Solders, etc., etc. By Charles Hunter.,. With
numerous Wood Engravings. Crown 8vo, Js. 6d. Cloth.

" The work is very practical."—Monthly Review ofDental Surgery.
"An authoritative treatise. . . . . Many useful and practical hints are scattered

throughout the work, while its value as a text book is enhanced by numerous illus-

trations. We can strongly recommend Mr. Hunter's treatise to all students pre-
paring for the profession of dentistry, as well as to every mechanical dentist."

—

Dublin JournaLofMedical Science.

A HANDBOOK FOR YOUNG BREWERS. By Herbert
Edwards Wright, B.A. Crown 8vo, $s. 6d. cloth.

'"A thoroughly scientific treatise in popular language. It is evident that the
author has mastered his subject in its scientific aspects."

—

Morning Advertiser.
" We would particularly recommend teachers of the art to place it in every pupil's

hands, and we feel sure its perusal will be attended with advantage."

—

Brewer.

The Military Sciences.
AIDE-M£MOIRE to the MILITARY SCIENCES. Framed
from Contributions of Officers and others connected with the dif-

ferent Services. Originally edited by a Committee of the Corps of

Royal Engineers. Second Edition, most carefully revised by an
Officer of the Corps, with many additions ;

containing nearly 350
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra

cloth boards, and lettered, 4/. 10s.

"A compendious encyclopaedia of military knowledge."—-Edinburgh Review.
" The most comprehensive work of reference to the military and collateral sciences.

"

— Volunteer Service Gazette.

Field Fortification.
A TREATISE on FIELD FORTIFICATION, the ATTACK
of FORTRESSES, MILITARY MINING, and RECON-
NOITRING. By Colonel I. S. Macaulay, late Professor of

Fortification in the R. M. A., Woolwich. Sixth Edition, crown
8vo, cloth, with separate Atlas of 12 Plates, 12s. complete.

Dye- Wares and Colours.
THE MANUAL of COLOURS and DYE-WARES : their

Properties, Applications, Valuation, Impurities, and Sophistications.

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J.

W. Slater. Post 8vo, p. 6d. cloth.

"A complete encyclopaedia of the materia tinctoria. The information is full

and precise, and the methods of determining the value of articles liable to sophistica-

tion, are practical as well as valuable."

—

Chemist and Druggist.

Storms.
STORMS : their Nature, Classification, and Laws, with the

Means of Predicting them by their Embodiments, the Clouds.

By William Blasius. With Coloured Plates and numerous

Wood Engravings. Crown 8vo, \os. 6d. cloth boards.
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Light-Houses.
EUROPEAN LIGHT-HOUSE SYSTEMS

; being a Report of
a Tour of Inspection made in 1873. By Major George H.
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En-
gravings and 31 Woodcuts in the Text. 8vo, 21s. cloth.

Electricity.
A MANUAL of ELECTRICITY

; including Galvanism, Mag-
netisnv Diamagnetism, Electro-Dynamics, Magno-Electricity, and
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S.,
Lecturer on Chemistry at St. George's Hospital. Fourth Edition,
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, 1/. 4$-. cloth.

" The commendations already bestowed in the pages of the Lancet on the former
editions of this work are more than ever merited by the present. The accounts given
of electricity and galvanism are not only complete in a scientific sense, but, which is a
rarer thing, are popular and interesting. Lancet,

Text-Book of Electricity.
THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care-
fully Revised. With an Introduction and Additional Chapters
by W. H. Preece, Vice-President of the Society of Telegraph
Engineers, &c.

.
Illustrated with 470 Illustrations. Crown 8vo,

1 2j". 6d. cloth. {Just Published.

Rudimentary Magnetism.
RUDIMENTARY MAGNETISM : being a concise exposition
of the general principles of Magnetical Science, and the purposes
to which it has been applied. By Sir W. Snow Harris, F.R.S.
New and enlarged Edition, with considerable additions by Dr.
Noad, Ph. D. With 165 Woodcuts. i2mo, cloth, 4$-.

m
- "As concise and lucid an exposition of the phenomena of magnetism as we believe

it is possible to write."— English Mechanic.
" The best possible manual on the subject of magnetism."—Mechanics' Magazine.

Chemical Analysis.
THE COMMERCIAL HANDBOOK of CHEMICAL ANA-
LYSIS ; or Practical Instructions for the determination of the In-
trinsic or Commercial Value of .Substances used in Manufactures,m Trades, and in the Arts. By A. Normandy, Author of " Prac-
tical Introduction to Rose's Chemistry," and Editor of Rose's
" Treatise on Chemical Analysis." New Edition. Enlarged, and
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S.
With numerous Illustrations. Cr. 8vo, 12s. 6d. cloth.

" We recommend this book to the careful perusal of severy one ; it maybe trulyamrmed to be of universal interest, and we strongly recommend it to our readers as a
guide, alike indispensable to the housewife as to the pharmaceutical practitioner.
Medical Times.
" Essential to the analysts appointed under the new Act. The most recent results

are given, and the work is well edited and carefully written. "—Nature.

Mollusca.
A MANUAL OF THE MOLLUSCA

; being a Treatise on
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer-
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7s. 6d. cloth.
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Gold and Gold-Working.
THE PRACTICAL GOLD-WORKER; or, The Goldsmith's

and Jeweller's Instructor. The Art of Alloying, Melting, Re-

ducing, Colouring, Collecting and Refining. The processes of

Manipulation, Recovery of Waste, Chemical and Physical Pro-

perties of Gold, with a new System of Mixing its Alloys ; Solders,

Enamels, and other useful Rules and Recipes, &c. By George
E. Gee. Crown 8vo, Js. 6d. cloth.

"A good, sound, technical educator, and will be generally accepted as an

authority. It gives full particulars for mixing alloys and enamels, is essentially a book

for the workshop, and exactly fulfils the purpose intended."—Horological Journal.
" The best work yet printed on its subject for a reasonable price. We have no

doubt that it will speedily become a standard book which few will care to be with-

out."

—

Jeweller and Metalworker.

Silver and Silver Working.
THE SILVERSMITH'S HANDBOOK, containing full In-

structions for the Alloying and Working of Silver, including the

different modes of refining and melting the metal, its solders, the

preparation of imitation alloys, methods of manipulation, preven-

tion of waste, instructions for improving and finishing the surface

of the work, together with other useful information and memoranda.

By George E. Gee, Jeweller, &c. Crown 8vo, with numerous

illustrations, Js. 6d. cloth.

" This work is destined to take up as good a position in technical literature as the

Practical Goldworker, a book which has passed through the ordeal of critical ex-

amination and business tests with great success."—Jeweller and Metalworker.

Clocks Watches, and Bells.

RUDIMENTARY TREATISE on CLOCKS, and WATCHES,
and BELLS. By Sir Edmund Beckett, Bart, (late E. B.

Denison), LL.D., Q.C., F.R. A.S., Author of " Astronomy with-

out Mathematics," &c. Sixth edition, thoroughly revised and

enlarged, with numerous Illustrations. Limp cloth (No. 67,

Weale's Series), 4?. 6d. ; cloth boards, $s. 6d.

"Asa popular and practical treatise it is unapproached."

—

English Mechanic.

"The best work on the subject probably extant. The treatise on bells is un-

doubtedly the best in the language. To call it a rudimentary treatise is a misnomer,

at least as respects clocks and bells. It is the most important work of its kind in

English."

—

Engineering.
"The only modern treatise on clock-making."—Horological Journal.
" This admirable treatise on clocks, by the most able authority on such a subject,

is completely perfect of its kind."

—

Standard.

Science and Scripture.
SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT j

being a Series of Essays on— I.

Alleged Discrepancies; 2. The Theory of the Geologists and

Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in

general—Views of Hume and Powell ; 5. The Miracle of Joshua-

Views of Dr. Colenso : The Supernaturally Impossible ; 6. The

Age of the Fixed Stars—their Distances and Masses. By Professor

J. R. Young. Fcap. 8vo, $s. cloth,

" Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen

logical abifity, and by a style peculiarly clear, easy, and energetic."—Nonconformist.
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DR. LARDNER'S POPULAR WORKS.
Dr. Lardner s Musetim of Science and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi-
losophy and Astronomy in University College, London. With up-
wards of 1200 Engravings on Wood. In 6 Double Volumes.
Price £1 is., in a new and elegant cloth binding, or handsomely
bound in half morocco, 3U. 6d.

"The 'Museum of Science and Art' is the most valuable contribution that has
ever been made to the Scientific Instruction of every class of society."—Sir David
Brewster in the North British Review.
"Whether we consider the liberality and beauty of the illustrations, the charm of

the writing, or the durable interest of the matter, we must express our belief that
there is hardly to be found among the new books, one that would be welcomed by
people of so many ages and classes as a valuable present."

—

Examiner.

%* Separate boohs formed from the above, suitable for Workmen's
Libraries, Science Classes, drv.

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire,
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and
Watches, &c. 233 Illustrations, cloth gilt, y.

THE MICROSCOPE. Containing Optical Images, Magnifying
Glasses, Origin and Description of the Microscope, Microscopic
Objects, the Solar Microscope, Microscopic Drawing and Engrav-
ing, &c. 147 Illustrations, cloth gilt, 2s.

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d,

POPULAR PHYSICS. Containing Magnitude and Minuteness, the
Atmosphere* Meteoric Stones, Popular Fallacies, Weather Prog-
nostics) the Thermometer, the Barometer, Sound, &c. 85 Illus-
trations, cloth gilt, 2s. 6d.

STEAM AND ITS USES. Including the Steam Engine, the Lo-
comotive, and Steam Navigation. 89 Illustrations, cloth Hit, 2s

POPULAR ASTRONOMY. Containing How to Observe the
Heavens. The Earth, Sun, Moon, Planets. Light, Comets,
Eclipses, Astronomical Influences, &c. 182 Illustrations, as. 6d

'

THE BEE AND WHITE ANTS : Their Manners and Habits.
With Illustrations of Animal Instinct and Intelligence. 135 Illus-
trations, cloth gilt, 2s.

THE ELECTRIC TELEGRAPH POPULARISED. To render
intelligible to all who can Read, irrespective of any previous Scien-
tific Acquirements, the various forms of Telegraphy in Actual
Operation. 100 Illustrations, cloth gilt, is. 6d.

Scientific Class-Books, by Dr. Lardner.
NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner.

328 Illustrations. Sixth Edition. 1 vol. y. 6d. cloth.
" Conveys, in clear and precise terms, general notions of all the principal divisions

of Physical Science."

—

British Quarterly Review.
ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner.

With 190 Illustrations. Second Edition. 1 vol. 3^. 6d. cloth.
"Clearly written,well arranged, and excellently illustnited."~6:^aV«^'C^?w«V7>.
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DR. LARDNER'S SCIENTIFIC WORKS.
Astronomy.

THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited
by Edwin Dunkin, F.R.S., Rl. Observatory, Greenwich. With
38 plates and upwards of 100 Woodcuts. Cr. 8vo, gs. 6d. cloth.

"Probably no other book contains the same amount of information in so com-
pendious and well-arranged a form."

—

Athenceum.

Animal Physics.
THE HANDBOOK OF ANIMAL PHYSICS. With 52G
Illustrations. New edition, small 8vo, cloth, *]s. 6d. 732 pages.

" We have no hesitation in cordially recommending it."

—

Educational Times.

Electric Telegraph.
THE ELECTRIC TELEGRAPH. New Edition. By E. B.

Bright, F.R.A.S. 140 Illustrations. Small 8vo, is. 6d. cloth.
'

' One of the most readable books extant on the Electric Telegraph."

—

Eng. Mechanic.

LARDNER'S COURSE OF NATURAL PHILOSOPHY.

Mechanics.
THE HANDBOOK OF MECHANICS. Enlarged and almost

rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra-

tions. Post 8vo, 6s. cloth.
" The perspicuity of the original has been retained, and chapters which had

become obsolete, have been replaced by others of more modern character. The
explanations throughout are studiously popular, and care has been taken to show
the application of the various branches of physics to the industrial arts, and to

the practical business of life."

—

Mining Journal.

Heat.
THE HANDBOOK OF HEAT. Edited and almost entirely

Rewritten by Benjamin Loewy, F.R.A.S. etc. 117 Illustra-

tions. Post 8vo, 6s. cloth.
" The style is always clear and precise, and conveys instruction without leaving

any cloudiness or lurking doubts behind."

—

Engineering,

Hydrostatics and Pneumatics.
THE HANDBOOK ofHYDROSTATICS and PNEUMATICS;
New Edition, Revised and Enlarged by Benjamin Loewy,
F.R.A.S. With 236 Illustrations. Post 8vo, 5 s. cloth.

' For those ' who desire to attain an accurate knowledge of physical science with-

out the profound methods of mathematical investigation,' this work is not merely in-

tended, but well adapted."

—

Chemical News.

Electricity, Magnetism^ and Acoustics.
THE HANDBOOK of ELECTRICITY, MAGNETISM, and
ACOUSTICS. New Edition. Edited by Geo. Carey Foster,
B.A., F.C.S. With 400 Illustrations. Post 8vo, 5.?. cloth.

" The book could not have been entrusted to any one better calculated to preserve

the terse and lucid style of Lardner, while correcting his errors and bringing up his

work to the present state of scientific knowledge."

—

Popular Science Review.

Optics.
THE HANDBOOK OF OPTICS. New Edition. Edited by
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, $s. cloth.

"Written by one of the ablest English scientific writers, beautifully and elaborately

illustrated. Mechanics' Magazine.

%* The above 5 Vols, form a Complete Course of Natural
Philosophy.



PUBLISHED BY CROSBY LOCKWOOD & GO. 27

Woods and Marbles {Imitation of).
SCHOOL OF PAINTING FOR THE IMITATION OFWOODLAND MARBLES, as Taught and Practised by A Rand P. VAN der Burg, Directors of the Rotterdam Painting
Institution Illustrated with 24 full-size Coloured Plates : also
12 I lain Plates, comprising 154 Figures. Royal folio, bound
2/' 12'-^. [Just Published.

Pictures and Painters.
THE PICTURE AMATEUR'S HANDBOOK AND mrTIONARY OF PAINTERS

: being a G^ide for ^sitors ^oPublic and Private Picture Galleries, and for Art-Students, in-
cluding an explanation of the various methods of Painting • In-
structions for Cleaning, Re-Lining, and Restoring Oil Paintings;A Glossary of Terms; an Historical Sketch of the Principal Schools
of Painting

;
and a Dictionary of Painters, giving the Copyistsand Imitators of each Master. By Philippe Daryl, B. A. Crown

8vo, 3.5-. 6d. cloth.
"Useful as bringing together in a compendious form an almost complete bingraphical s ock of information respecting the painters of the world"_^X>

m
'The bulk of the book is occup ed by a dictionary of nainf-*»rc wWi. 7

-j

portable a form is unquestionable. We cordially recommend t£ Sok.'?SSSff
Popular Work on Painting.

PAINTING POPULARLY EXPLAINED; with Historical
Sketches of the Progress of the Art. By Thomas John Gullick
Painter and John Timbs, F.S.A. Fourth Edition, revised and
en

l
aF4 .^ f™nti?Piece and Vi§nette. In small 8vo, 6s. cloth.

j T ,c,l^ bem adotted as a Prize-book in the Schools ofArt at bourn Kensington. J

" Much may be learned, even by those who fancy they do not reauire to t»wht
fromthe^carefulperusdofthisunpretendingb

Contains a large amount of original matter, agreeably conveyed."-BuSder.
Grammar of Colouring.

A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By George Field. New edition en-larged and adapted to the

,

use of the Ornamental Painter' and
Designer, by Ellis A. Davidson. With new Coloured Diagramsand numerous Engravings on Wood. i 2mo, 3s. 6d. cloth boards" One of the most useful of student's books, and probably the*W l,J ? i

few we have on the subject."—^nrAtetf.
P™t*bly the best known of the

" The book is a most useful resume of the properties of pigments."-Builder.
Wood-Carving.

INSTRUCTIONS in WOODlCARVING, for Amateurs; withHints on Design. By A Lady. In emblematic wrapper, hZt
t

somely printed, with Ten large Plates, 2s. 6d.
P 9

f
b0°k ^ *^ * learnt

Geology, Physical and Historical.

TORTrAT
S *B wS °f G

?
0L0GY

>
PHYSICAL and HIS-

a tI ^h c
Wlth more tba

? 250 w°odcuts. By Ralph Tate,
Cx" S

' I2mo
> 5s- cloth boards.

CkrJricle.
°f ^"^ ^ deVated the b00k int0 a manual/'-^**,/ Board
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Delamotte's Works on Illumination& Alphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the

use of Beginners : with a Rudimentary Treatise on the Art, Prac-

tical Directions for its Exercise, and numerous Examples taken

from Illuminated MSS., printed in Gold and Colours. By F. Dela-
motte. Small 4to, gs. Elegantly bound, cloth antique.

" A handy book, beautifully illustrated ; the text of which is well written, and cal-

culated to be useful. . .
'. 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."

—

Athenaum.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ;

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. &c. Collected and engraved by F. Delamotte, and

printed in Colours. Royal 8vo, oblong, 4^. cloth.

" A well-known engraver and draughtsman has enrolled in this useful book the

result of many years' study and research. 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."

—

Athenceum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA-
MENTAL; including German, Old English, Saxon, Italic, Per-

spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan,

Riband, Gothic, Rustic, and Arabesque; with several Original

Designs, and an Analysis of the Roman and Old English Alpha-

bets, 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. Royal 8vo, oblong, 4^. cloth.

" To artists of all classes, but more especially to architects and engravers, this very

handsome book will be invaluable. 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.

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. Delamotte, Illuminator, Designer, and

Engraver on Wood. Containing 21 Plates, and Illuminated Title,

printed in Gold and Colours. With an Introduction by J. Willis

Brooks. Small 4to, 6s. cloth gilt.

" 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, sometimes

with a sort of rainbow arabesque. A poem emblazoned in these characters would be

only comparable to one of those delicious love letters symbolized in a bunch of flowers

well selected and cleverly arranged."

—

Sun.

THE EMBROIDERER'S BOOK OF DESIGN ;
containing Initials,

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias-

tical Devices, Mediaeval and Modern Alphabets, and National

Emblems. Collected and engraved by F. Delamotte, and

printed in Colours. Oblong royal 8yo, 2s. 6d. in ornamental boards.
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AGRICULTURE, GARDENING, &c.

-—

—

Potato Culture.
POTATOES HOW TO GROW AND SHOW THEM APractical Guide to the Cultivation and General Treatment of thePotato By James Pink, Author of " How to Grow One Thousand Pounds of Potatoes from One Pound of Seed » Withnumerous Illustrations. Second Edition. Crown 8vo 2,. cloth

" A well written little volume The author
\3™s' Published.

under both^visions of his sn^I^rtSturSG^tf
work

C^&Cw'ie^ 10 ^ f°r WS thOT0U^ P^tical and useful

Kitchen Gardening.
KITCHEN GARDENING MADE EASY. Showing how toprepare and lay out the ground, the best means of cultTvarinfever?known Vegetable and Herb, with cultural direct ons fo tZmanagement of them all the year round. By GmT/m £Glenny Editor of "Glenny's Illustrated GardenM^ftJi
^boafds.

F1°riCUltUre>" &C "

^UoXt^
detailed works."-iV^^ British Agriculturist.

°™ comprehensive and

Bulb Culture.
THE BULB GARDEN, or, How to Cultivate Bulbous andTuberous-rooted Flowering Plants to Perfection. A Manualadapted for both the Professional and Amateur Gardener pSamuel Wood^ Author of -Good GardeX," etcColoured I lustrations, Plans of Gardens best suited to theCuWva

TUMI? nUmer°US W°°d En™^' Crown
l*£

" Supplies the want which has hitherto existed of anv „ lffiv pUSt/UbHske^
the kind. The book contains practical~^&yi

U
ĥ
t

i
y modem of

the flowers, and the growth of flower-roots fo^the^ trade, as well as iorlT™™ °>f—Saturday Review. ' *" we" as Ior amusement.'

Prodiiction of Meat.
MEAT PRODUCTION. A Manual for Producers Distributor,and Consumers of Butchers' Meat. Beimr a treS ~1

S
',

increasing its Home Production. Zuolonp e ive^eatWof the Breeding, Rearmg, Fattening, and Slaughtering of Meatyielding Live Stock
; Indications of the Quality Meal, fnrPserving, Curing, and Cooking of the Meat etc-'etcEwart, author of "The Land Improvers Pocket J°"N

With numerous Illustrations. Cr. 8vo,
P
£ doth '

^
" A compact and handy volume on the meat ouestinn ™h<^ a

thoughtful consideration at the present time! wh£ti£ qiSSorS"?
8 3nd

the country has become one of the leading topics of^dav^^ /
^^PP 1/ of

Trades' Review. b ^» w we aay. —Meat and Provision
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G
°°A PlStgUIDE TO GOOD GARDENING; .or. How to

Grow Vegetables, Fruits, and Flowers. With P^g^f ™
Soils Manures, Seeds, Planting, Laying-out of Gardens ana

Grounds &c By S. Wood. Second Edition, with considerable

AddWons &c., and numerous Illustrations. Cr. 8vo, y. cloth.

" A irv good book, and one to be highly recommended as a practxal gu.de.

Profitable Gardening.
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

h™,q« so as to realise £176 per annum clear Profit. By Samuel

Woo^'Authoi• of "^od
7
Ga
P
rdening,» &c 3rd Edition, revised.

Scott Burn's System of Modern Farming.

OUTLINES OF MODERN FARMING. By R, Scott Burn.

IS M™, and Crops^Farming and FarnunrEconomy-

Cattle Sheep, and Horses—Management of the Dairy, Wgs, ana

Sultry-UtiUsation ofTown-Sewage, Irrigahon, &c NewEdition.

r vol 12W pp., half-bound, profusely illustrated, 12*.

•Ttoe illffic1e
5S !Sied within the iimi,

?
of this treatise to prevent a farmer

from goni far wrong in any of his operations."-Otem*-.

Fwnrf ? Land Improver's Pocket-Book.

THE LAND IMPROVER'S POCKET-BOOK OF FOR-

MuiJ; TABLET and MEMORANDA, required m an?^om-

JTWcvw'v Tables for Land Valuers.

THE L^ND VALUER'S BEST ASSISTANT r being Tables

l a v^ much improved Plan, for Calculating the Value of

Cnm-hlete Agricultural Surveyor's, Pocket-Book.

THE I AND VALUER'S AND LAND IMPROVER'S COM-

p^ItE POCKET-BOOK ; consisting of the above two works
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Ymatt and Burn's Complete Grazier
THE COMPLETE GRAZIER, and FARMER'S and TATTT ttBREEDER'S ASSISTANT, 'a Com™ rfaffiS
3y William Youatt, Esq., V.S. 12th Edition, vefv COn'

,.
isffifsa^r— 8~ i*«

' The standard and text-book, with the farmer aiifl o-ra^o, '» 7? jA treatise which will remain a standard woS „fff r.Farmefs Magazine.
agriculture endures."-^ SL, l^Sf °n the Subject as IonS ^ British

Donaldson and Burns Suburban FarmingSUBURBAN FARMING. A Treatise on the La^Out andCultivation of Farms, adapted to the produce of Milk ButterCheese, Eggs, Poultry, and Pigs. By the late P 4fsor fn™Donaldson. With considerable
4

Additions, IllustraW theModenv Practice by Robert Scott Burn. With numerou^^Illustrations. Crown 8vo, 6s. cloth.
numerous

An admirable treatise on all matters cnnnpr-w a..* 1

of dairy farms. ^-Live Stock Journal?
connected wxth the laymg-out and cultivation

Scott Burn's Introduction to Farmino-

Acomplete xntroduction to the whole round of farming pnu^-^A^
Auctioneer's Assistant

THE APPRAISER, AUCTIONEER BROTCFT? tt^ttot*

SIS?ANT
T
t
T^ A^N

^' A
f
ND viLuIls

K
P0
R
CKi?

U
AfblSTANT, for the Valuation for Purchase Sal^ or t^T i r

Leases, Annuities, and Reversions.Tnd o'f property ~£v
°

" A net. »

J

dlt'°?' l
nlfge,d>

b? C NoRRIS
- R°y*l 32mo, cloth £arranVd"p\W°^

value of furniture, &c."-^WW '
andaVerypractIcal S^de to determine the

The Management of Estates.
LANDED ESTATES MANAGEMENT • Treating nf tt,.
Varieties of Lands, Peculiarities of its FannsTMetS^^S'
the Setting-out of Farms and their Fields,, Construction ofSt
FSSTV

0^ F
-

am Buildin^. °f Waste or UnproductiveLands Irrigation, Drainage, Plantation, &c. By R. Sco?tBurnFcp. 8vo. numerous Illustrations, 3*. Id.
'

Jlfona'n^^
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"A Complete Epitome of the Laws of this

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin-

rbles of Law and Equity. By A Barrister. 16th Edition,

fed to the end oPlJt Session Including a Sum of the

imncipal Acts of the past Session 1878), viz. :—The Bills ot bale

S The Weights and Measures Act, The Dentists Act The

Public Health Act (as to the Supply of Water to DwelUng-

houses) The Matrimonial Causes Act (as to aggravated Assaults

upon Wives), &c, &c. With Notes and References to he Au-

SS1

; ci'own 8vo, price 6, 8,. (saved at every conation),

strongly bound. lJ

COMPRISING THE LAWS OF

Bankruptcy Bili~5 ^ ^^^^^^^^^g^^^^Eg^TRA^^^^—^n^^ra^e^I^ibel

Trade Marks and Also Law for
.

Land, «=^*RS
$££r "Xlervant-Workmen and Apprentices-Heirs,

Landlord and Tenant-Mast« ^ d
°=^Wife_Executorsand Trustees-Guardian

Dev sees, and Legatees—Husbana ana w ne J^^_ , A„ents_Lender and
and Ward-Married Women and l^^^d^StSSS»i«. nd Asso-
Borrower-D^tor and^^^g^^v^V^^

" No Englishman ought to J-^^^th^fSfSS country, thoroughlyU^^^^^^SS*? to have in readiness

^^UCtSeIrS , THEIR DUTIES AND LIABILITIES.

^K* Squibbs, Auctioneer. Demy 8vo,

Reference even to old ones.»-Scotsman.

^IaNDBOOK^OT HOUSE PROPERTY : a Popular and Prac-

; 7l inifde to the Purchase, Mortgage, Tenancy, and Compulsory

S
C

ak of^^^dW ;
incrfhe Law of.I^P;

â^d

Futures ' with Explanations and Examples of all kinds of Valua-

don and useful Information and Advice on Building. By Edward

LANCrTARBUCK, Architect and Surveyor. l2mo, 5* cloth boards.

"We are glad to be able to recommend it."—Builder.

-The advice is thoroughly practical."-^ Journal.

Bradlmvy, Agnew, & Co., Printers, Whitefriars, London.


