





PREFACE

The Mineral Resources Consultative Committee consisted of representatives of
interested Government Departments, and specialist advisers. It was set up in
1967 to keep present and future requirements for minerals under review and to
identify problems associated with the availability, exploitation and use of
mineral resources, both inland and offshore, having regard to competlng
demands on land use and other relevant factors

Widespread and increasing interest in the mineral resources of the United
Kingdom led the Committee to undertake the collation of the factual
information available about those minerals (other than fossil fuels) which were
being worked or which might be worked in this country. The Committee
produced a series of dossiers, each of which was circulated in draft to the
relevant sectors of the minerals industry. They bring together in a convenient
form, in respect of each of the minerals, data which had previously been
scattered and not always readily available. These dossiers in updated form are
now being published for general information.
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SUMMARY

Clays and shales are argillaceous sedimentary rocks consisting of fine particles of
clay and other minerals, the type and abundance of which are determined by
source area rocks and climate, as well as depositional environment and
diagenesis.

Such rocks outcrop over wide areas of the United Kingdom and are represented
in practically all geological periods. The structural clay products industry is the
largest user of clay and shale in the United Kingdom, but although a very wide
variety of horizons and lithological types are utilized, some deposits are
unsuitable e.g. many Lower Palaeozoic rocks, or sediments containing
unacceptable amounts of impurities. Other deposits may be sterilized by
development or there may be environmental pressures militating against
extraction.

Brickmaking, in one form or another, has been known since at least 8000 B.C. In
the United Kingdom today, common clays and shales are used for the production
of building and engineering brick, floor and roofing tiles and agricultural field
drains. They are also employed in the manufacture of vitrified clay pipe,
lightweight aggregate and cement.

In 1978 the production of common clay and shale in the United Kingdom was
25.5 million tonnes, of which the heavy clay sector accounted for some 55%. The
Oxford Clay remains pre-eminent as the major source horizon for building brick
and field drain pipe clays (47% of UK brick pipe and tile production) while
Carboniferous shales and the Triassic ‘Keuper Marl’* are second and third in
importance. The Etruria Marl has retained its traditional markets for top quality
engineering bricks and floor and roofing tiles, as well as facing bricks.

The trend in the industry recently has been towards rationalization and larger
production units, though some 200 works remain spread across Britain from
Devon in the south to Grampian in the north. There has been a tendency
towards better quality control and often complex blending of raw materials; the
production of quality facing brick has greatly outstripped that of common brick,
the latter having been largely replaced in internal walling by various dense and
lightweight blocks.

* See page 42.



INTRODUCTION

This dossier aims to discuss those argillaceous rocks in the United Kingdom that
are suitable for the manufacture of building and engineering bricks, tiles and
agricultural land drains, as well as the technology, products and distribution of
the structural clay products industry. Although a certain amount of this clay is
used in the vitrified clay pipe, lightweight aggregate and cement industries, these
sectors are more fully dealt with by other reports and a dossier in this series (for
example Mineral Dossier No 23, Limestone and Dolomite).

Structural clay products are made from a wide variety of raw materials which are
subjected to diverse production procedures, but in spite of the considerable
technological advances which have taken place since the last World War,
selection of the optimum parameters for the production of a given product
remains largely empirical. Ultimately, firing tests remain the only certain
method of determining whether or not a particular clay is suitable for the
production of the particular product required, and how it will respond to
different treatments. Much is known of the general properties which the raw
material should possess, but because different clays vary so widely in
mineralogy, texture, degree of lithification and crystallinity, each clay is to some
extent unique and demands individual treatment. It is therefore difficult to
approach the subject from a purely technical or academic standpoint. Such an
approach might be practical if strength or durability were the main properties
determining the saleability of the product. However, although certain minimum
standards have to be met, the price is in large degree determined by the aesthetic
properties of the fired material. Some bricks can be produced cheaply from
particularly suitable raw materials, while other more expensive prestige bricks
are produced that may be no more durable and often use clays that may be
inherently less suitable from a purely technical standpoint. Because of this
importance of appearance, minor differences in raw material composition may
have a considerable impact in the facing brick and flooring tile sectors, and
saleable products can be produced from apparently very diverse kinds of clay.
Vitrified clay pipes and engineering bricks on the other hand tend to be made
from a much smaller range of clays because technical specifications such as
strength and permeability are of major importance.

Because potential source materials for building brick occur so widely, the choice
of particular quarry sites is often an accident of history, of geography, or of fuel
availability. The type of product and the techniques employed have then tended
to evolve by trial and error to suit the raw material encountered. The resulting
diversity is reflected in the wide-ranging treatment devoted by this study to each
aspect of the production of structural clay products.

HISTORY

Brickmaking is one of the oldest crafts in the world. Some of the earliest bricks
known come from excavated sections of ancient Jericho (8000 B.C.). These were
sun-dried and it was not until the third millenium B.C. that kiln-firing for building
bricks was introduced. Even today, more of the world’s houses are built of
unfired earth than of any other material. In the United Kingdomburnt bricks
and tiles date from about the end of the 1st century B.C. and consequently the
oldest bricks and tiles coincide with the beginning of the Roman occupation.

The Romans derived their art of brick and tile making from the Greek and
Etruscan clay workers, but by 150 B.C. they had discovered how to produce a
hydraulic pozzolan cement by mixing volcanic ash with lime. Concrete quickly
replaced brick and tile as the major building medium in Rome, but even in those
days the aesthetic qualities of fired clay were much appreciated, so old bricks and
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substitution of A+ for Mg?* in the brucite layer. Where the brucite layer is
discontinuous the chlorite may exhibit swelling properties. Such swelling or
expanding chlorites are found for example in the ‘Keuper Marl’. High
proportions of sheet silicates that bloat on firing, such as chlorites, are
detrimental to brick, pipe and tile-making and an upper limit of 10% chlorite in
clays for hollow ware is considered reasonable. Septechlorites are two-layer
sheet silicates with the same structure as kaolinites. Chemically, however, they
contain more magnesium and/or iron, and less silicon and aluminium than
kaolinite, as a result of cation substitution in both layers of the structure. The
only septechlorite which may be of importance to heavy clay manufacturers is
the hydrated magnesium iron aluminium silicate, chamosite.

Because of the relative weakness of the bonds between structural units in sheet
silicates it is easy for percolating waters to remove interlayer ions and to add
cations during weathering and diagenesis, and clays with less than stoichiometric
amounts of these ions are termed ‘degraded’. Most natural illites and
montmorillonites in sediments are degraded, as are many chlorites, biotites and
muscovites. Montmorillonite contains three times as much sodium and calcium
as illite but the FeO + Fe,O; + MgO : K,O ratio is about the same in the two
minerals (Fig. 2). The large amount of potassium in the montmorillonites
probably reflects their origin as degraded illites retaining some pottassium.
Kaolinite, consisting as it does of only a tetrahedral layer and a gibbsite layer, is
nearly devoid of metallic cations other than aluminium and silicon.

Iron and magnesium oxides

N
o

Sodium and calcium oxides

CI Potassium oxide

{ 3 SR BRI
Biotite Muscovite llite Montmorillonite Kaolinite

Figure 2 Average amounts of metallic cations (except aluminium) in the most common
micas and clay minerals (after Blatt, Middleton and Murray, 1972)

Most clays and shales contain other minerals that are not essential for the
manufacture of heavy clay products, but which nevertheless have to be
considered during production. Some of these constituents may be beneficial,
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others detrimental. In general, any inhomogeneity in the raw material is to be
avoided, but the economics of the industry are such that very little beneficiation
is possible. Impurities may be chemical or physical; the latter are often avoided
during winning or removed early in processing, for example important lenses and
beds of sand or sandstone which reduce plasticity and strength of the product, or
pebbles which cause drying and firing problems due to localized differential
thermal expansion and contraction.

Quartz and feldspar

Fine-grained quartz, which is necessary as a filler in structural clay products, is
ubiquitous and is normally the commonest mineral in brick clays and shales. The
size and shape of the grains is determined by their origin and method of transport
and deposition; much of the material is less than 20 u (0.02mm) in size. Some
tiny grains of flint are occasionally present in post-Cretaceous formations e.g.
London Clay, Brickearth etc. A high ratio of quartz to clay minerals in a clay or
shale will cause poor plasticity and a low-strength product. The 1 per cent
volume changes that accompany the alpha- to beta-quartz inversion during firing
and cooling tend to weaken the body still further. However, during the
vitrification period quartz combines with the basic oxides of the fluxes to form a
glass which is responsible for the strength of fired ware.

The small to trace amounts of feldspars that occur in most brick-making clays act
as inert fillers throughout the manufacture of red-firing products, but can act as
fluxes in the higher temperature fireclay raw materials. Alkali feldspars
however, are strong fluxes across most of the brick firing temperature range.

Carbonates

Carbonate minerals are frequently present in small quantities in brickmaking
clays. They may occur as calcite (calcium carbonate) dolomite and magnesite
(magnesium carbonates) and siderite or ankerite (iron carbonates). They are
particularly common in clays associated with evaporite sequences, such as the
‘Keuper Marl’, and in some glacial clays (Till) and marine clays (Gault, Jurassic
etc). Calcite is the commonest carbonate which may occur in limestone bands,
lenses, veins, nodules, fossils and as cement in many clays and shales. Dolomite
is commonly found in the ‘Keuper Marl’ and in certain Palaeozoic periods such
as the Devonian.

The term marl has frequently been used to denote certain limey clays or muddy
limestones. Only a clay containing more than 25% of carbonate minerals should
be described as a marl and the so-called ‘marls’ used by the brick and tile
industry in this country rarely contain enough carbonate to fit this definition. In
most clays and shales used to manufacture structural clay products the total
calcium and magnesium oxides present as determined by chemical analysis rarely
exceed 15%. The Etruria Marl, as used, normally contains from 0.2% to 0.5%
CaO or about 2% in the calcareous horizons. The ‘Keuper Marl’ contains more,
from 2.5% to as much as 14%. The effect of carbonate in clays used in
brickmaking varies depending on how intimately the clay and carbonate are
mixed. Lime and magnesia are important fluxes which form low viscosity silicate
liquids abruptly during firing, reducing the vitrification temperature and
shortening the vitrification range. This gives rise to critical firing conditions
which must be carefully controlled. Although excessive amounts of calcite and
dolomite result in a completely unstable product, calcareous shales and clays
with low proportions of these carbonates can be successfully used in the industry
provided special care is taken to ensure that carbonate is evenly and finely
distributed throughout the product. In the Weald Clay of southern England,
operators avoid horizons containing calcareous microfossils, but up to 10%
finely disseminated carbonate is tolerable. The Gault Clay, with up to 19% CaO,
has been successfully used for many years.
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On heating to 900°C, carbonate minerals decompose with the evolution of
carbon dioxide and leave behind very reactive oxides. The presence of free or
unreacted oxides in the fired product is detrimental since they will hydrate (or
slake) on exposure to the atmosphere and convert back to the carbonate form by
reaction with moisture and carbon dioxide. This results in expansion with
emission of heat and rapid disintegration of the product. The phenomenon of
lime-blowing or bursting commonly occurs when clays containing nodules and
patches of calcium carbonate or calcareous fossils are fired. Such raw materials,
or those clays interbedded with limestone or dolomite horizons, must therefore
be ground to 20 mesh or finer in order to prevent lime bursting.

More than 5% localised calcium carbonate, with the exception of the Gault Clay,
can cause serious shrinkage and slumping of the product during firing. Expulsion
of carbon dioxide from clays with a carbonate content in excess of 15% may
produce bricks with too high a porosity, depending upon the amount of void
filling produced by vitrification. As the strength of a brick depends largely on its
lack of porosity and hence on the carbon dioxide emission and degree of
vitrification, it is often difficult to produce a really strong brick from calcareous
or carbonate-rich raw materials.

Typical porosities may be as follows:

Type of brick Bulk Density kg/cm? Porosity % vol.
Low-grade commons 1.2 55
Medium-grade commons 1.6 41

Low-grade facade wall brick 1.8 33

Better quality facade wall brick 2.0 26

High-grade external brick 2.3 15

Grade B engineering brick 2.5 7.5

Grade A engineering brick 2.6 3.7

Engineering bricks are required to have great mechanical strength so they must
be as dense and non-porous as possible. The clays from which they are made
therefore have a low carbonate content and possess a higher proportion of such
fluxes as iron and manganese compounds. They may be fired to temperatures
well above normal brick making temperatures.

Siderite may occur alone or with other carbonates, especially in clay ironstone
bands, concretions and nodules. It can cause lime-blowing and iron spotting as
well as brown staining of structural clay products.

Sulphates

Various sulphate minerals present in brick-making clays and shales are
detrimental because they cause scumming and efflorescence. Calcium sulphate
occurs in the anhydrous form as anhydrite and more commonly in the hydrated
form as gypsum. Occasionally the magnesium sulphate epsomite is encountered.
Clays noted for the presence of sulphates are the Etruria Marl, ‘Keuper Marl’,
Weald Clay and London Clay. The clear crystalline form of gypsum, selenite, is
common in the weathered zones of the London and Oxford Clays. Calcium
sulphate can form by the reaction of calcium carbonate with pyrite or with
sulphur dioxide from the fuel used during firing.

The reaction between calcium sulphate and the aluminosilicates and silica in

clays is important to the heavy clay industry since it is related to the problem of
efflorescence. Calcium sulphate does not decompose by itself in the temperature
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ranges of most structural clay ware. If even a trace remains it will cause
efflorescence when the product is exposed to moisture, due to the solubility of
this salt. The effect is normally unsightly rather than harmful, but as little as
0.05% magnesium sulphate produces efflorescence which can cause severe
decay. Sulphates in solution may also react with the tricalcium aluminate of
Portland cement to cause expansion of mortar joints and resultant
disintegration. Drying scum due to soluble salts can be minimised by the addition
of a specific amount of barium carbonate, which then precipitates barium
sulphate and calcium carbonate. Harder firing techniques may also help by
removing sulphur dioxide and decomposing the sulphates. Indeed the most
effective way of minimising soluble salts in the product is to fire to as high a
temperature as the clay will permit. However, since no chemical treatment is
wholly effective against efflorescence it is important that the salts content of the
clay feed is kept within certain manageable limits.

Sulphides

The more typical sulphide minerals found in clays are the iron disulphides, pyrite
and marcasite. Pyrite is usually found in clays which were deposited or altered
during diagenesis, in a reducing environment, and occurs associated with organic
matter, being a by-product of the bacterial breakdown of organic matter and
reduction of sulphates. It may be present as disseminated tiny grains in, for
example, Lias clays. On firing in the presence of moisture this produces
sulphuric acid vapours that may attack metal-work and chimney tops. Pyrite may
also occur as distinct yellow cubes or in a nodular or fibrous habit. Radiating
needle clusters of marcasite in a clay are easily oxidised to ferrous sulphate on
weathering to produce a white scum. Iron sulphides are common in Coal
Measures fireclays and shales and are avoided if possible as they produce black
spots if grinding has not been fine enough; otherwise they form masses of fused
slag.

Pyrite decomposes on heating to produce ferric oxide and sulphur dioxide.
Incomplete oxidation (e.g. in the presence of organic matter) yields ferrous
compounds which flux with silica to form black glassy phases — the origin of
‘black coring’ in some bricks. If the vitrified material forms an envelope arround
ferrous sulphate in the core, and the body is heated until this decomposes
(before finishing temperature), gases cannot escape and bloating and distortion
occur. Bricks have to be fired, therefore, at a rate such that the gases evolve
before vitrification begins. The addition of small quantities of ammonium
chloride sometimes helps to assist the decomposition of pyrite.

Carbon and organic matter

Many clays contain a proportion of carbonaceous matter which can be either
detrimental or advantageous in the production of structural clay ware. Organic
matter may be disseminated throughout the clay or may occur as seams or lenses.
In the latter case it is troublesome, since complete homogenization of the clay
feed becomes difficult and unless complete oxidisation of the carbon is achieved
during firing, black coring and bloating may result. Even minute quantities of
organic constituents can produce black coring in dense-fired ceramic products if
they are not burned out during the heating-up period. The rate of burning out is
governed by the density of the body, the atmosphere during firing, and the
amount of organic matter contained in the body. Highly bituminous clays have to
be fired with care to avoid over-vitrification, and the ease and speed of
temperature control within the kiln are very important.

However, the organic content of the raw material may be particularly helpful

when uniformly distributed throughout the clay as it can considerably reduce the
need for conventional fuel during firing. Finely ground coke breeze is added to
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clamp-fired bricks and provides sufficient heat on controlled burning to fire the
bricks completely without the need for additional fuel. The addition of about 5%
of coal in small lumps to the clay feed produces localised reducing conditions and
a pleasing mottled appearance to facing bricks.

Carboniferous Coal Measures shales and the Lower Oxford Clay both contain
above average amounts of carbonaceous matter which is used to advantage by
industry in their firing. A certain proportion of ‘firey’ organic-rich shale is
incorporated in the Scottish Coal Measures raw material and the additional fuel
requirement is greatly reduced. However pyrite is also common and black coring
frequently occurs.

The organic content of clays has been used to advantage most effectively in the
fletton industry, as the high carbonaceous content of the Lower Oxford Clay acts
as a built-in fuel having a calorific value equivalent to almost 5% organic
material. Conventional fuel need only be added to start the firing and to
maintain a constant temperature, the bricks reaching full firing temperature of
1000°C by virtue of their organic content alone. Most other clays used in the
heavy clay ware industry, however, are chosen to contain less than 2% carbon in
order to make control of the firing easier.

Iron oxides and the effect of raw material composition on fired colour

Iron oxides including hematite, goethite and magnetite occur in brickmaking
clays and shales in amounts from 1% to 8%. Clays whose depositional or
diagenetic environment has been oxidising, tend to contain iron oxides as their
colouring agents. Goethite (hydrated iron oxide) imparts a yellow colour, while
hematite produces a deep red colour. The colour resulting from the presence of
hematite is temperature dependent; at low temperatures it is almost orange but
as the temperature rises darker reds are produced until at 1316°C the colour is
almost black. The black colour is produced by reduction of Fe,O; to Fe;O,. The
development of colour control is dependent upon the highest temperature
reached by the product, and reduction of iron oxide at high temperatures can be
used to produce a brown or tan brick (Table 3).

Although the fired colour of brick clays is due chiefly to oxides of iron, it can be
appreciably modified by the type of clay mineral, by the presence of other
constituents such as lime, and by the kiln atmosphere. Calcium, magnesium and
aluminium oxides reduce the colouring effect of iron, while the presence of
titanium oxide enhances it. Buff to white-burning clays may produce pale colours
on firing for different reasons; fireclay may be buff-firing since kaolinite is the
predominant clay mineral and total iron oxide content is relatively low, while a
grey shale or blue clay may be buff-firing because of a high calcite content.
Normally red-burning clays will burn yellow if a proportion of finely-divided
lime is added to the mix; this is a common practice in, for example, the
manufacture of yellow stock bricks from brickearth. If calcium carbonate is
present, the very reactive calcium oxide remaining on evolution of carbon
dioxide combines with the decomposed clay to form crystalline calcium alumino-
silicates which take up iron in the lattice and prevent the formation of free iron
oxides, the usual red pigment in fired clay. If the CaO : Fe,O; content is greater
than 2:1 as in Gault Clay, cream and pale yellow colours are produced. A ratio of
1.5 to 1.8 forms yellow in reducing conditions, but can form pinks or reds in
oxidising conditions. The bleaching effect of the carbonate is inhibited if sulphur
dioxide (from the kiln) is present, since the calcium oxide then converts to
calcium sulphate. The buff-fired colour of low grade fireclays may be due to the
ability of Fe3+ ions to enter the mullite crystals by substitutional solid solution.
This solid solution reaction (between mullite and Fe,Os) removes the red
hematite phase from the body when enough mullite has been developed to
accommodate all the iron oxide present, thereby eliminating its characteristic red
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Table 3 Physical Properties of some Brick Clays

Deposit/ Particle size (%
Horizon smaller than 2 u
diameter)

Working moisture Linear firing

content shrinkage

(% dry basis) (%) at different
temperatures

Range Average

Range Average Temper- Range

Fired colour for

different temperatures

Temper- Colour obtained

ature ature
O O
Coal Measures 16-78 34 15.1-31.2 19.5 1050° 0.2-7.7 1050°  Light salmon, red
shale (outcrop) pink, light cream
1180°  2.0-9.7  1180°  Green-grey, dark
brown, chocolate
brown, greenish-
yellow
Coal Measures 1443 26 15.0-25.1 17.8 1000  0.4-5.1 1000°  Salmon pink, pale
shale (from coal pink, buff, white
seams)
1180  0.7-7.7  1180°  Green-grey,  light-
grey, cream
Etruria Marl 24-74 47 15.2-30.2 23.6 1180°  0.6-12.1 1000°  Light buff, pink buff,
‘ light red, light
brown, light-
chocolate brown,
pink cream
1180° Dull brown, red
brown, purple brown,
medium red, stone,
greyish buff
Weald Clay 15-85 47 23.8-42.2 30.9 900° (-3.4 850°  Salmon pink, light
red-brown, buff
1100°  1.5-8.6 1200°  Dark red-brown
Boulder clays 30-60 47 17.1-39.6 28.8 200° 0.14.3 880°  Salmon pink, light
brown
1070°  2.5-9.4 1070°  Light chocolate-

brown, light brown

(from W. E. Worrall 1964)

colour (Brownell 1958). A clay with 5-9% iron oxide, 10-22% alumina and little
or no calcium oxide content will fire in various shades of red. A higher alumina
clay, containing say 25% alumina and only 1%-3% iron oxide will fire to a buff

colour.

Ilitic clays and shales generally mature at lower temperatures than fireclays. The
fired colour is always red on oxidation since they do not develop a sufficiently
large mullite phase to accommodate all the ferric iron in solid solution; since
Fe,O; is unreactive at these temperatures, it remains, giving its red colour to the
products. When red-firing clays are heated, light shades of pink appear at first.
In an oxidising atmosphere a deep red colour is produced. When alternating
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oxidising and reducing conditions of firing are used, buff-firing clays give yellow
and brown colours, while red-firing clays turn dark brown. Browns can also be
induced by overburning normal reds or by adding small quantities of manganese
dioxide to the mix.

A process often carried out in the floor tile sector of the heavy clay ware industry
is ‘flashing’. This involves manipulation of the valence state of iron oxide to
produce special effects. Various shades of tan, brown and black can be produced
from normally red-firing clays by reduction of iron oxides at the top
temperature. A particularly pleasing mottled effect can be achieved by
alternating reducing and oxidising conditions. Reoxidation during cooling of the
tiles tends to turn parts of the surfaces back from brown to shades of red. Blue
bricks can be produced by completing the firing in a reducing atmosphere; this
causes the ferric iron compounds to convert to ferrous compounds resulting in
blue or black colours.

Thus, the content of iron oxide in a clay determines its fired colour though this is
modified by aluminium, magnesium and calcium oxides. The colour is darkened
by increasing the firing temperature and variations can be achieved by
controlling the oxidation-reduction conditions in the kiln. Varieties of colours
can also be achieved by adding a stain to the mix or by varying the position of the
bricks in the kiln. Bricks composed of normally red-firing clay can be made to
fire multi-coloured if placed at the centre of a clamp or setting where air flow is
restricted. '

A slightly unusual method of producing a buff-fired brick is carried out at one
works utilizing glacial lake clays. Here, one particular horizon is composed of
extremely fine-grained disordered kaolinite which, during blending and mixing
with other clays, coats coarser red-firing particles and causes their red-fired
colour to be masked. Thus by blending only one-third buff-firing clay with two-
thirds red-firing clay a buff-bodied brick can be economically produced.

Water

Clays naturally contain a large amount of water which may be present in several
different forms, including pore water and water chemically bound into the
structure. Pore water or free water is that which is not combined in any way with
the minerals and which is drawn into the clay by capillary action. Moisture
content depends on the porosity of the clay and therefore depends to a
considerable extent on its grain size. Clays containing a high proportion of grains
greater than 2 y diameter tend to have a high porosity and water content.
Specific surface areais important, as well as the amount of interlayer absorption
of water (e.g. the swelling clays). When sufficient free water is present to cause
partial separation of the grains, ‘stickiness’ is developed and deformation is easy.
Too much water in a clay is undesirable since control of the moisture content in
the clay feed is then difficult to achieve. Excess water may also cause high and
irregular shrinkage during drying. The Lower Oxford Clay has a natural water
content of 17.5-19% by weight and water addition or removal is not generally
required, the clay being used at the moisture content as dug, although not for
plastic forming.

Combined water in clays is an integral part of the crystal lattice and is liberated
only at comparatively high temperatures when the mineral decomposes during
firing (above 450°C). Absorbed water is that which is taken up within the crystal
lattice from the atmosphere. This water is related to the swelling of clay minerals
and montmorillonite for example, can absorb moisture between the layers of the
crystal so that the lattice expands. Adsorbed water is related to the exposed
surface area of the mineral and is thus different from absorbed water which
enters the crystal lattice. The amount of adsorbed water is controlled by the
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specific surface area and charge on the surface of the clay mineral and therefore
by the degree of fineness of the grains in a clay. It is important to remove all
water at as low a temperature as possible in the production of structural clay
ware, in order that the water vapour formed should not interfere with the
oxidation reactions that must occur to remove certain impurities.

The basic requirements of a raw material for the heavy clay industry, then, are
clay to provide plasticity, a fluxing material (commonly the alkali elements
sodium and potassium), and a filler to control shrinkage and warping of the
body. These ingredients normally occur naturally in the clays and shales used by
the industry; where they do not, the raw material may have to be modified by
additives. The common red-burning clays of the industry are predominantly
illitic and essentially contain their own flux, as illite contains both potassium and
magnesium. The inert filler material is provided by the fine-grained quartz
present in such clays. Fireclays used as additives to produce buff-firing bodies
contain kaolinite as the major mineral, but also contain minor amounts of illite
which again act as a flux.

Technologically important properties

Plasticity is the ability of a clay to take up water and for the clay-water mass at its
optimum consistency to be shaped and to hold that shape after the forming
forces are removed. A clay’s plasticity is affected by mineralogical composition,
particle size, shape and distribution, cation exchange capacity, nature of cations,
pH, and water content. To achieve plasticity the clay mineral particles must have
an irregular shape, there must be strong surface forces on the particles due to
incompletely co-ordinated small cations with large charge, and there must be a
rigid water structure surrounding the clay mineral particles. Such factors as the
type of cations adsorbed on the particles, the small particle size, the presence of
non-clay particles and the temperature of the clay-water system are not vital to
the development of plasticity but can markedly alter its magnitude.

The actual plasticity of a clay rock is the plasticity it exhibits as found (in situ or
in hand specimen). Its potential plasticity is the maximum plasticity which can be
developed by mixing with a suitable quantity of water. Many natural clays and
shales require the addition of water to develop their plasticity. Grinding, vacuum
treatment and weathering (souring) can also increase plasticity. Other clays are
too plastic or sticky to be used in their natural state and must be treated or
blended to reduce their plasticity. Plasticity and workability can be imparted to
weak clays by the addition of calcium or ammonium-based sulphite lye.

Clay minerals that impart high plasticity usually have high moisture adsorption
values, and those that are not very plastic, such as well-ordered kaolinite, have
low moisture adsorption values (MA) (see Figure 9). The MA value thus gives
an indication of the plasticity of a clay, since one with a high proportion of non-
plastic clay mineral and one with a low proportion of very plastic mineral will
both have alow MA value, whereas a clay with a high content of highly plastic
clay mineral will have a high MA value. Moisture adsorption is a factor
determined by the absorption of water molecules onto the surface of clay crystals
and is proportional to the specific surface area of the mineral. Ignition loss is the
result of the driving off of combined water of the clay crystal when allowance has
been made for carbonates, carbon, sulphates etc., which also contribute to the
total loss.

Well-ordered kaolinite is only moderately plastic but the disordered varieties,
which are common in ball clays, fireclays and some brick clays are much more
plastic. The ratio of ignition loss to moisture adsorption broadly separates clays
into kaolinites, illites and smectites, i.e. into species of increasing complexity,
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disorder, plasticity and affinity for water (Fig 9). At one extreme of the scale
difficulties in extrusion will be encountered, at the other extreme excessive
plasticity occurs leading to severe shrinkage. To improve the workability of a
schistose clay or shale a high-swelling and low viscosity sodium bentonite can be
added. This alters the clay’s green and dried properties sufficiently to enable
easy working.

Green strength is the ability of a clay, after it has been rendered plastic by the
addition of water and has been shaped, to retain that shape till it is dried. It must
be adequate to allow the ware to be handled without damage. Very small
variations in the water content of clays can greatly affect their green strength
which increases with increasing water content up to a point and then decreases.
The values quoted below (Table 4) for certain clay minerals were obtained at
moisture contents giving maximum strength.

(Hofmann. U, 1954).

Table 4 Green strength (kg/cm?)

Kaolinite 0.34-3.2
Tllite 3.2
Calcium montmorillonite 5.0

In most clay minerals the particle size, degree of crystallinity and orientation of
clay particles to each other also cause variations from the generally accepted
norm. Poorly ordered kaolinitic, chloritic and illitic clay tends to have greater
green strength than similar clays with better ordered clay minerals. The green
strengths of montmorillonites tend to be greater by a factor of two or more than
that of the above minerals, and the calcium-rich varieties will have greater green
strength than those carrying sodium cations. This is partly due to their small
particle size and their pronounced ability to hold water in a well-ordered
condition.

The presence of large amounts of non-clay minerals reduces green strength, but
small amounts of quartz actually increase the green strength if they are evenly
distributed because they permit the development of a more uniform clay body.
Normally a significant reduction in green strength occurs only when more than
25% non clay minerals are present, but with montmorillonitic clays the figure is
50% or more. A high content of well-sorted fine silt imparts a very low green
strength to clays so that handling without damage is difficult. These clays may
look plastic but they contain too much material of low water-adsorbing capacity
and too little clay mineral. A reasonable green strength is perhaps even more
important in pipe and tile manufacture than in brick manufacture since the
formed body is much thinner and some manual handling still forms part of most
tile making processes.

Dry strength, the resistance a clay offers to a load, is expressed in terms of the
modulus of rupture and is much greater than the green strength. Values of the
dry strength of individual species are shown below in Table 5.

Table 5 Dry strength (kg/cm?)

Kaolinite 0.7—49 .4 (occasionally up to 75 e.g. for ball clay)
Illite, chlorite 15.2-75.7

Montmorillonite 19.3-58.4 (occasionally up to 100)

Acttapulgite 45.7
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From this it will be seen that the range of dry strengths overlap considerably for
kaolinite, illite, montmorillonite, chlorite and attapulgite, suggesting that the
clay mineral itself is not the major factor in determining this property of clays.

The most important factors affecting dry strength are the grain size, moisture
content, area of contact between adjacent particles, abundance of non-clay
minerals, texture and the production method used. Non-clay components
present in large amounts tend to reduce dry strength, particularly if the particles
are well sorted. However, small amounts of poorly sorted non-clay minerals or
organic matter can increase dry strength. Clays with small sized clay mineral
particles tend to have higher dry strengths than those with large clay crystals and
it has been shown that in kaolins the fraction finer than 0.25 4 has about 30 times
the dry strength of the fraction over 14 . High values given by montmorillonites
are a consequence of their ability to break down to a very fine grain size. Clays
composed of poorly ordered clay minerals or mixed-layer assemblages show
higher dry strength than clays composed of well-ordered or single layer types.
Dry strength is sometimes also increased with the substitution of sodium for
other cations, since its dispersing effect increases the fineness of the clay mineral
particles.

Texture is also important; too lean a mixture or a mix in which the clay particles
do not come into contact with each other results in low dry strength. Thus careful
blending and mixing of clays is very important in the heavy clay industry,
especially where sand is added to impart body, to ensure an even distribution of
the clay minerals. The attitude of flake-shaped or elongate particles can be
important since certain arrangements may produce interlocking and hence
increase strength. Lastly, the denser packing of particles achieved by de-airing
ensures a higher dry strength in the product.

Drying shrinkage is the reduction in size of a mass of shaped clay when pore and
adsorbed water are driven off by drying and is normally expressed as per cent
reduction in size.

Table 6 Linear drying shrinkage of clay minerals (after White 1947).

Kaolinite 3-10%
Illite 4-11%
Montmorillonite 12-23%
Attapulgite 15%
Halloysite 7-15%

The amount of drying shrinkage is usually related to the water of plasticity value
(the amount of water required to develop optimum plasticity in a clay). It
increases as the water of plasticity increases and, for a given clay mineral, as the
particle size decreases. Drying shrinkage also varies with the degree of
crystallinity of the clay mineral (mixed-layer and poorly ordered clays producing
high values), and the shape of the clay minerals; elongate and fibrous clays tend
to have large shrinkage values because of their looser packing. Non-clay
minerals reduce drying shrinkage by amounts varying with their shape, particle
size distribution and abundance. The presence of about 20% sand in a clay is
generally desirable to reduce the shrinkage of the body. This amount does not
adversely affect other ceramic properties and it is common practice to mix sand
with certain very plastic clays such as montmorillonitic types from the Reading
Beds. Drying becomes increasingly difficult as the particle size and amount of
non-clay mineral decrease. In clays carrying cations other than sodium, the ease
of drying is increased as the water of plasticity decreases. When sodium cations
are present a large proportion of the water is adsorbed on the clay mineral
surfaces and little pore water is available to escape easily. Thus, because of their
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water adsorption and dispersion properties, and because an impermeable layer is
formed on the surface of the body during drying, sodium montmorillonite is
more difficult to dry than other clays. Finally, because satisfactory drying also
depends on uniformity of texture throughout the clay body, drying problems can
often be traced back to the clay preparation and forming processes.

In general, kaolinitic clays are fairly easy to dry, while illitic and smectitic clays
are difficult; clays between these two extremes, including disordered kaolinite or
mixtures of kaolinite and illite with intermediate properties, tend to show
cracking which is very detrimental in, for example, tile making. The nature of
the clay minerals present thus have a crucial role in determining the drying
properties of clays and may be more important than either the particle size of the
material or the proportion of clay minerals present.

Notes on the properties of raw material for lightweight clay aggregate and vitrified
clay pipe.

The most widely occurring materials that can be used to produce lightweight
aggregates are common clays and shales. When certain clays, shales and colliery
wastes are heated to incipient fusion, they expand or bloat, due to the rapid
generation of gases within the material. The cellular structure is retained on
cooling producing a lightweight material suitable for use as an aggregate. To
reduce energy costs the clay should soften at a fairly low temperature and should
contain minerals which emit gas at this temperature. The glass formed on heating
the clay or shale must be of such a viscosity as to entrap the gases formed.

This bloating phenomenon has been of interest for many years, although to brick
manufacturers it is an undesirable property. Riley (1951) plotted the chemical
compositions of a large number of clays on a triaxial diagram and found that
bloating clays fall within a limited area. Many brick clays and shales are suitable,
especially if their chemical composition falls within the limits:

Si0, 5-60%
AL, O, 10-25%
Alkaline earth fluxes 7-25%

Riley considered that this area bounded the composition limits from which a
sufficiently viscous glass would be formed on heating. However, this
composition does not necessarily imply a bloating clay as the viscosity of a glass
depends on the clay minerals present and on the combination and ratios of the
fluxes. The rate of heating or firing cycle can also be important. Silica and
alumina increase the viscosity of the glass, soda and potash widen the
vitrification range,and calcium, magnesium and ferrous oxides decrease the
viscosity and shorten the vitrification range. The alumina-rich kaolinite minerals
do not bloat because a glassy phase is not formed until they are heated to 1400°C,
while illites, smectites and chlorites bloat because their high content of alkali or

alkaline earth elements promotes the formation of a glassy phase at
950°C-1050°C.

The bloating gases may be one or a combination of the gases carbon dioxide,
sulphur dioxide, oxygen and water. These gases can be formed from included
carbonates, organic matter, sulphates, sulphides, clay minerals or ferric oxide.
Bloating can be enhanced or activated by careful additions of such substances as,
for example, lignosulphonates, sodium carbonate and fuel oil.

Full details of raw materials for vitrified clay pipe manufacture are available in
the document on fireclay in this series (Highley!); but it is pertinent to note here
that with the introduction, after the Second World War, of tunnel kilns, allowing
much better temperature control, and high pressure extrusion equipment, clays

In the press.
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with lower and shorter vitrification ranges came into use and the need for a
refractory clay diminished; thus a much wider range of raw materials became
available to the pipe manufacturer.

Raw materials are currently required to vitrify between 1000° and 1100°C to
produce a pipe with a final porosity between 2 and 7% . Firing shrinkage must be
predictable and constant and, because of tight dimensional tolerances, an
adequate vitrification range is still essential to offset any temperature differences
within the kiln. More than 40%-45% quartz of coarse silt size is unacceptable
since this would reduce the plasticity and green/dry strength of the clay.
Deleterious impurities include carbon and sulphur, since they cause bloating, so
that less than 1.5% carbon should be present with even lower levels of sulphur.
A high lime content is also undesirable as it induces very short vitrification
ranges, lack of firing control and produces porous ware susceptible to attack by
acids.

The raw material requirements for vitrified clay pipes are similar to those for
engineering bricks, where a dense, well-vitrified, high-strength body of accurate
shape and dimensions is called for.

Although a large amount of fireclay is used in vitrified clay pipe manufacture,
shales and mudstones with suitable compositions are also blended, notably from
the Lower Coal Measures.

To summarise, although the permissible range of composition of brick clays
tends to be wide, the uniformity of the chemical, mineralogical and particle size
composition of the raw material is of increasing importance to meet physical
standards and aesthetic qualities. Any variation in feed tends to complicate the
generally highly automated manufacturing processes of the industry. The
economics of the industry are such that the amount of beneficiation tolerable is
minimal. Although lime, dolomite, soluble sulphates, sulphides, halides and, in
some cases, iron oxides must be low, some clays containing a substantial
_proportion of one or more of these can be worked with due care. The process
may be specially adjusted to cope with particular clays, or impurities may be
rendered harmless. Despite the heterogeneous nature of the clays and shales
used by the heavy clay industry, efficient clay preparation and mixing minimise
the risk of large localized impurities, and careful control of firing can help
towards the production of the most durable product obtainable from a particular
raw material. ’
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ORIGIN AND OCCURRENCE OF ARGILLACEOUS ROCKS

Origin

When silicates of primary crystalline rocks are decomposed by weathering, the
products include hydrated aluminium or magnesium silicates (clay minerals).
The relationship is illustrated by Table 7 (Keeling 1963) which shows that the

average composition of the earth’s crust, the average composition of glacial clay
and the composition of a typical English ‘Keuper Marl’ are strikingly similar.

Table 7 Chemical analyses of the earth’s crust compared with a ‘Keuper Marl’.

A B C

Si0, 60.18 59.12 56.73
TiO, 1.06 0.79 0.98
Al O; 15.61 15.82 16.09
Fe,04 3.14
FeO 3.88 6.99 6.27
MgO 3.56 3.30 4,31
CaO 5.17 3.07 3.60
Na,O 3.91 2.05 C1L11
K,O 3.19 3.93 4.03
P,0Os 0.30 0.22 n.d.

H,O0 3.02 Loss 7.04
TOTAL 100.00 98.31 100.16
Notes:

A Average composition of the crust from more than 5000 analyses from different parts of the world. Clarke
and Washington (1924).

B Average composition of 77 analyses of different samples of a glacial clay from Norway. Goldschmidt
(1934).

C Typical English ‘Keuper Marl’. Keeling (1963).

The products of the breakdown of igneous rocks in the earth’s crust may occur as
residual clays which remain in situ, or more commonly they may be transported
and deposited as sediment. They may also be altered, either in the environment
of deposition or after burial (early and late diagenesis). The heavy clay industry
in the United Kingdom does not utilise residual clays.

A study of the origins and modes of occurrence, as well as the modern
distribution of clay minerals, leads to a better understanding of their distribution
in ancient sediments.

The type of clay mineral assemblage produced by weathering is controlled by
climate and by the lithology of the source area. The most extreme influence of
climate occurs in wet tropical environments with the development of lateritic and
bauxitic clays. These clays, rich in hydrated iron or aluminium oxides, owe their
existence to the rapid decay of profuse tropical vegetation. The organic acids
thus released mobilise all of the silica in the soil profile, leaving behind an
insoluble lateritic crust, the pisolitic texture of which is produced by mobilisation
and reprecipitation of iron.

Acid tropical soils, within which leaching is only slightly less intense, are
characterised by kaolinite, the least siliceous of the silicate clays and the one with
the simplest structure and smallest unit cell. Kaolinite is also a dominant
constituent in many of the soils of warm temperate climates with a rainfall of
more than 635mm (25 inches) per year.
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The five-hour boil test for water absorption is specified in B.S. 3921, as is the
crushing strength test.

Soluble salts testing of fired ware is important especially in connection with the
liability of bricks to contribute to sulphate failure in brickwork. Wet chemical
techniques are normally employed to determine the amount and nature of these
salts remaining in the products. Liability to efflorescence can be measured by
allowing test bricks to absorb water over a set period of time, allowing them to
dry and comparing any efflorescence against a simple index of susceptibility. The
actual soluble salt content as determined in B.S. 3921 does not relate directly to
the tendency for efflorescence.

Additional specialised tests may be carried out on specific products, for example,
tests for acid resistance on certain types of bricks and tiles required to resist
corrosive acid attack. Roofing tiles are normally tested for transverse strength
rather than compressive strength but, as with bricks, testing for water absorption
is very important.

The most authoritative body concerned with ceramic research in Britain is the
British Ceramic Research Association based at Stoke-on-Trent. It is a
cooperative industrial research organization, one of a number of similar
Research Associations set up under D.S.I.R. and as such received a
Government grant based on the monies levied on members. It still receives
income from member companies but Government funding is now in the form of
contracts for specific projects of interest, and additional income now comes from
extensive contract research and testing for both members and non-members
worldwide. The BCRA carries out research of general interest to the industry in
the fields of raw materials, process technology (including energy utilization and
conservation), new product development and new research particularly into the
performance of the products. A substantial part of the activities of the Heavy
Clay Division is now devoted to the safe, efficient and economical use of
masonry, and their new Structural Testing Laboratory, which is capable of
testing full-size buildings up to 3-storeys high, is the most extensive clay masonry
research facility in the world.

LAND USE AND THE ENVIRONMENT

The most economical method of working low value bulk materials such as clay
and shale is by surface quarrying. This involves at least the temporary
interruption of an existing use of the site or, at worst, permanent change in the
use of the land.

Land Use

In terms of current production by weight, clays and shales ranked fifth after coal,
sand and gravel, limestone and igneous rock in 1978. Compared with the amount
of land already used for mineral extraction in the United Kingdom, that dug for
clay and shale ranks about fourth after that of sand and gravel, coal and
limestone.

The Survey of Derelict and Despoiled Land in England, 1974, compiled by the
Department of the Environment, identified a total of 11,875 ha of land covered
by permissions for the working of clay and shale (including fireclay, ball clay and
potters clay) of which 6,458 ha had not yet been affected. In 1974 the counties
with the largest areas of permissions pertaining to building clays were
Bedfordshire, Cambridgeshire and Staffordshire, in that order. The survey has
not been extended to Scotland and Wales; however, the total loss of land in these
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two areas caused by clay working has been low, (probably amounting to less than
320 ha in Wales) due to the depth of some workings and the appreciable amounts
of waste shale used. L.and occupied by current and abandoned clay workings in
Northern Ireland amounts to about 80 ha.

In 1966, it was estimated that some 200 ha in England and Wales were consumed
annually for clay, shale and fireclay extraction. The total rate of extraction and
encroachment on land in any area depends not only on the production required
but also on the depth of workable clay. In the Coal Measures or Oxford Clay,
where the deposits are normally worked up to 30m in depth, only 0.8 ha of clay
would be necessary to produce 100 million bricks. In contrast, in the Brickearth
areas of Kent and Essex, where the thickness of clay averages less than 3m, 10 ha
may be needed for the same output. The most reliable estimates of land usage
for structural clay workings are found in recent County Structure Plans. As an
example, the annual take of land in the Fletton brickfield as a whole is about 30
ha.

Environmental Impact

Brick clay workings in common with other opencast workings have some basic
environmental effects on the surrounding area. Firstly, there are visual and other
impacts of both clay extraction and processing; secondly, they may interrupt
existing land uses and may pose difficult restoration problems if permanent
change in land use is to be avoided; and thirdly, there can be air pollution
problems from the manufacturing process.

Quarrying inevitably disturbs the land surface and may affect visual amenity
especially in areas of outstanding natural beauty. However the majority of clay
and shale formations by their nature form areas of relatively monotonous low
relief, eg Keuper and Jurassic clay vales, so workings seldom conflict with areas
of high landscape value. On the other hand, in these flat areas, large deep
quarries can cause a substantial visual impact unless they are screened by
amenity banks and/or vegetation.

Existing works in some counties demonstrate that clay extraction can be
relatively unobtrusive if located on low-lying sites with good tree cover. When
new sites or extensions to existing sites are permitted this is normally conditional
on tree planting and other screening measures such as earth moulding and
landscaping.

Structures ancillary to the pit itself may also be detrimental to the visual
environment of the area. Workings may have to be planned to accommodate tips
of clay, overburden or soil on either worked or unworked land. The clay may
need to stand in tips for weathering, and soil and overburden may need to be
stacked until the progress of operations allows them to be returned to the pit in
the course of restoration. If these are to remain for a prolonged period it is
preferable that they be located and planted in such a way as to screen other
operations within the pit.

The unsighly methods for the disposal of callow in the Fletton brickfields have
now been replaced by new methods involving dryfilling and the use of
overburden for landscaping purposes. The main use of the overburden surplus to
requirements for immediate use as cover material in landfill restoration sites is
for screen banking along sensitive margins of clay excavations.

Brickworks themselves, which are often substantial buildings, can have a
pronounced visual impact on the surrounding area. In Bedfordshire, for
example, there were until recently over one hundred brick chimneys dominating
a relatively flat and featureless landscape. Recapitalisation and the replacement
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of old works with new ones using modern techniques is planned to allow a drastic
reduction in the number of chimneys, though this is accompanied by an increase
in the height of those which remain to promote greater dispersion of smoke and
gases. Outstanding examples of minimising the visual impact of brickmaking
plants are the new Kings Dyke works and the New Saxon works of London Brick
Company near Peterborough. These were constructed on the floors of existing
worked quarries and the buildings, except for the chimneys, are virtually
invisible from the surrounding countryside.

Another good example is the newly rebuilt Cattybrook works of Ibstock
Building Products at Almondsbury, near Bristol. This consists of a blend of
existing and new plant covering over 13,935m? situated in a particularly pleasant
wooded hollow. The works is built to a low profile and numerous trees have been
planted, so that it is barely visible although having a capacity three times as great
as the pre-existing works.

Ground movement associated with heavy clay workings is limited to landslipping
but this can be controlled by regrading the sides of excavations. Adequate safety
margins must be left where roads, railways etc. are sited close to pits, and pit
profiles are prepared, for example, in the Fletton area, in accordance with
planning consent stipulations and engineering requirements.

Landslipping is more likely in water-filled pits; the working of clay often
necessitates the realignment of natural drainage channels, and pumping is used
to dispose of water which collects as a result of rainfall and the interruption of
land drains. In some cases, working to the bottom of the clay may expose
underlying permeable beds, such as the Kellaways beds below the Oxford Clay.
Lowering of the water table has been attributed to brick clay working in some
non-Fletton areas.

Because of the relative softness of many brickclays, blasting is very seldom used,
although there may be some noise from dump trucks within the quarry,
particularly on inclined haul roads. As with other industries, large brickmaking
complexes generate a great deal of heavy traffic on surrounding roads, especially
where the quarry is some distance from the factory, and this traffic may have to
be specially routed to avoid residential areas.

Agriculture is the commonest use of the land which may give way to clay
working. The agricultural quality of the soils overlying clay formations varies but
is normally average or below average. Important exceptions are the brickearth
areas of Kent and Essex which contain some of the highest quality agricultural
land in Great Britain. For this reason, the Brickearth Conference, convened by
the Ministry of Housing and Local Government in 1953 proposed that land
allocations in the Kent and Essex brickearth areas should allow the stock brick
industry a life of only 40 years from 1956 at a production rate of 150 million
bricks a year. In the event, this production has not been attained and the
potential life of reserve allocations now extends beyond 1996. Negotiations are
continuing between the industry and central and local government as to whether
working should be allowed beyond that date and if so whether there should be
some adjustment of land allocations.

All existing clay workings are subject to permission under the various Town and
Country Planning Acts. Many quarries opened before the introduction of
planning control have no restoration conditions and many of the early
permissions have conditions which are vague or inadequate in the light of
present-day standards. For this reason, the Government intends to introduce
legislation enabling local planning authorities to review conditions imposed on
planning permissions subject to reasonable compensation provisions. This will
allow the older workings to be brought into line with more modern permissions
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which normally require a satisfactory scheme of working and a plan for
restoration of the land to a condition suitable for an acceptable after-use. Land
taken from agricultural use shall normally be restored to that use. This presents
few problems when dealing with land of lower agricultural quality, but is more
difficult to achieve on higher grades of land.

Restoration

Restoration or after-treatment of clay workings depends largely on the scale of
working, the availability of suitable fill and the most desirable after-use as well as
available finance and planning permission. With some workings, particularly
shallow deposits and some deeper deposits excavated into hillsides, any
overburden and/or topsoil can be returned to the pit so that the resultant surface
may be capable of agricultural or other use provided certain precautions are
taken, eg stabilisation of back-slopes if present. Good examples of such
relatively rapid restoration are the brickearth workings of Kent and Essex,
where topsoil and subsoil are progressively stripped and restored after
excavation of 2m or so of brickearth. Even here, however, restoration seldom
produces agricultural land of the uniquely high quality that existed before
working. Similar shallow deposits where progressive restoration is so readily
attained are rare. Small workings near to urban areas may readily be filled with
urban refuse, hardcore, etc and the land restored to agriculture or used as
building sites. However, many workings are on a large scale and are excavated to
considerable depth. The ratio of clay won to clay and overburden rejected is
usually very high so the volume of filling material required is immense, and
restoration is a major operation in itself, although today appropriately scaled
schemes have been developed.

The relative impermeability of most brickmaking horizons makes the
excavations left by quarrying very suitable for the disposal of a variety of wastes.
Restoration may be achieved by filling with natural materials, e.g. quarry wastes
and colliery spoil etc. or, provided proper precautions are taken to control and
treat site water, with artificial fill such as domestic and industrial refuse.

Colliery spoil is a particularly attractive fill for large brick pits, as it seems
sensible to fill the holes left by one extractive industry with the waste produced
by another. Very large tonnages are available in large unsightly spoil heaps
within a reasonable distance of brickpits in the coalfields. Although some
derelict land reclamation schemes have been able to take advantage of this
proximity, particularly in Stoke-on-Trent, the costs and impact of transporting
the waste have prevented large-scale adoption of this practice. The Fletton
brickpits of Bedfordshire are of sufficient size and London Brick Landfill in
conjunction with Bedfordshire County Council have put forward outline
proposals for the remote disposal of spoil from the Belvoir colliery, which are
currently being investigated. A similar scheme proposed in 1968, for the disposal
of colliery spoil from Nottinghamshire by transporting it by rail to the Fletton
pits proved unworkable owing to the British Rail quoted cost of haulage. The
cost of transport is likely to be a major factor in determining the adoption of such
a scheme for Belvoir, as well as the dual environmental benefit to be obtained in
preserving agricultural land (and amenity) in Leicestershire and restoring
quarried land in Bedfordshire.

The proximity of many pits to urban areas enables domestic and trade refuse to
be used as filling material. The shortage of tipping sites near to some urban areas
has also made the transport of domestic refuse economical and there are a
number of schemes involving rail transport of urban refuse, particularly from
Greater London to Bedfordshire and Buckinghamshire.
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London Brick Company’s subsidiary, London Brick Landfill, operate a
particularly successful scheme whereby compacted domestic refuse from several
London boroughs is transferred by rail to the Company’s Stewartby and Calvert
landfill sites in specially-designed enclosed containers. The off-loaded refuse is
levelled and compacted by specialized wheeled compaction machines into the
pre-designated areas in 2m layers and is covered by 15-20cm of soil almost
immediately to prevent wind blowing of refuse and possible vermin problems.
This proceedure is continuous and when the planned final levels are reached
within the site a capping layer of clay is deposited and a reclamation programme
is activated by cultivation and sowing in the top soil.

A considerable amount of capital expenditure as well as sophisticated planning
and monitoring is involved in schemes such as this, which can only be justified if
long-term contracts are achieved and large areas are available for filling.
Industrial and domestic waste is received by road at other landfill sites operated
by the Company at Bletchley, Anlesey near Hitchin, and Dogsthorpe near
Peterborough.

The first pits at both Bletchley and Peterborough have now been filled, drained,
topsoiled and fenced, and will subsequently be farmed.

Industrial wastes, including toxic materials, may also be safely tipped in many
clay pits, either with or without treatment. At Aldridge in Staffordshire,
Polymeric Treatments Ltd use a disused clay pit to dispose of the ‘Sealosafe’
polymer resulting from their toxic waste treatment plant. There are proposals for
similar plants at clay pits in other industrial conurbations. A certain proportion
of the fill in London Brick Landfill’s site in Bedfordshire is industrial waste
including some notifiable waste. The disposal of these involves their correct
deposit in permitted areas within the landfill site, the control and treatment of
site water and monitoring of hydro security in underlying aquifers via bore holes.

Refuse from local authorities and industry, small amounts of colliery shale,
waste from British Rail and rejected brick and pottery are currently being used
to fill clay and shale pits. There are several other schemes in operation which can
return the land to acceptable agricultural standards. In 1963, London Brick
Company signed an agreement with the CEGB involving a considerable
restoration programme. Pulverised fuel ash is transported by rail from coal-fired
power stations in the East Midlands to Peterborough where it is re-slurried and
pumped into disused clay pits. Top-soiling of the filled pits uses soil washed off
sugar beet at a local factory in addition to topsoil saved during continuing
brickclay excavation.

Frequently, deep disused pits are allowed to fill up with water or, less commonly,
have water pumped into them. Such pits may be used for water storage purposes
(for domestic water supply, industrial process water or power station cooling
water) if the banks are carefully stabilized, though many have proved to be
unsuitable. Other projects which have been proposed include hovercraft testing
and air-sea rescue training. Filling old pits with water purely for amenity
purposes is an attractive proposition where suitable filling material is not
economically available. An example is Stewartby Lake (100 ha), which LBC
rents to Bedfordshire County Council at a ‘peppercorn’ rent as a water sports
amenity area.

Although there are local concentrations of land despoiled by clay working
elsewhere, particularly in the coalfields, a major restoration scheme is that of the
Lower Oxford Caly workings for Fletton brick manufacture and particularly
those of Bedfordshire. The examples cited above of pulverised fuel ash filling at
Peterborough, transport of GLC refuse to Bedfordshire, and Stewartby Lake
illustrate that there have been some successes and in one year an excess of
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600,000 tonnes of fill material have been used in addition to about one million
tonnes for the CEGB scheme. These quantities are increasing each year and
further increases are planned with the pace of filling increasing rapidly.
However, the worked out pits are steep-sided and deep. The capacity of existing
pits available for back-filling in Bedfordshire alone is more than 80 million m3
and the annual increase in void space is of the order of 3 million m3. The
workings are concentrated in a relatively small area of Bedfordshire, and are
quite remote from major urban concentrations, although conveniently situated
on a major rail link (as the London domestic refuse disposal schemes have
shown). Many of the excavated areas were worked out before the introduction of
planning control or under Ministerial permissions which were vague as to
restoration conditions, typically containing a requirement to fill ‘having regard to
the availability of suitable filling materials at suitable times, on reasonable terms’
(letter from MHLG to LBC, 1952). Local authorities are therefore keen that
most pits should be refilled completely to provide a surface, at approximately the
original ground level, which might be put to further use. It was recognised that
companies should not have to pay an inordinate price for filling materials nor
that the cost of tipping to other parties should be unreasonably high. London
Brick Landfill seeks solutions to, and fulfills the joint objectives of, offering a
service to Local Government while restoring large areas of land. However, the
local planning authority in Bedfordshire is still concerned about the problem of
restoration (and air pollution, see below) and it has stated that ‘new applications
will only be granted if further workings would lead to rationalisation of existing
workings or to an improvement in the environment’ (Bedfordshire Minerals,
Appraisal and Issues, 1978). London Brick Company’s New Works proposals for
Bedfordshire embody these principles and will result in considerable
improvements. The value to the country as a whole of a very economically
produced building product which is used to build one in three houses in Britain
as well as many schools and other buildings has to be set against the disruption
caused by quarrying in the relatively small area affected by Fletton brick
production.

Air Pollution

Air pollution associated with brick manufacture may be in the form of dust
generated during the handling and loading of bricks or gas produced in the kilns
and emitted to atmosphere via chimneys.

Heavy clay processing works are registered under the Alkali and Works
Regulation Act 1906 as extended by the Alkali and Works Orders 1966 and 1971
and the Control of Pollution Act 1974. The present list of scheduled ceramic
works comprises works in which:

(a) pottery products (including domestic earthenware and china, sanitary ware,
electrical porcelain, glazed tiles and teapots) are made in intermittent kilns
fired by coal or oil;
or

(b) heavy clay or refractory goods are fired by coal or oil in
(i) intermittent kilns
(ii) continuous grate-fired kilns, not being tunnel kilns
(iii) any kiln in which a reducing atmosphere is essential
(iv) salt glazing of any earthernware or clay material is carried on.

For certain processes it is considered that the more difficult technical problems
have been solved and there is no longer a need for special control by a central
inspectorate. As a result it is intended to amend the list of scheduled ceramic
works to comprise works in which:

(a) areducing atmosphere is essential to the firing of any heavy clay or
refractory material in any form of kiln.
or

75



(b) salt glazing of any earthenware or clay material is carried on.

This revision would result in the handing back of about 100 ceramic works to
local authority control, under the Public Health and Clean Air Acts and the
Control of Pollution Act 1974, with retention on a scheduled basis of about 40
works where there are special problems. The works descheduled would
constitute installations previously having smoke control problems which were
now largely overcome. The case for retaining the scheduling of certain ceramic
processes in order to control dust emissions is considered to be indeterminate
and rather doubtful.

Scheduled works are required to use the “best practical means’’ to prevent or
render harmless the emission of noxious and offensive gases, smoke, grit and
dust. Standards of emission are laid down by the Chief Alkali and Clean Air
Inspector from time to time. Local authorities must be satisfied both under
environmental health legislation and as a consideration in determining planning
applications, that chimneys will be high enough to prevent smoke, grit, dust and
gases from becoming prejudicial to health or from being otherwise
objectionable. In the heavy clay industry, codes of practice have been
formulated and manufacturers are required to provide data on emissions as
supporting evidence for the chimney height they recommend. The dust problem
is now less important than hitherto because of improved dust catchment from
stock gases and highly mechanised brick handling methods as well as the
increasing use of polythene shrink-wrapping, which effectively seals off the fired
products until they are required on site. Because of the moisture content of
brickmaking materials, dust is seldom a problem during quarrying. Smoke
emission is now a problem only in blue brick manufacture.

During the firing of clay bricks, pipes and tiles, all the volatile components such
as water, organics, carbon dioxide and halogens are released. Pollution due to
the use of coal in the firing of kilns is no longer so important as cleaner fuels such
as natural gas, oil and liquefied petroleum gas are increasingly used. However,
there must be some doubt as to whether this trend will continue in the light of
rising world oil prices. The ‘rubbery’ odour which characterises many
brickmaking areas is caused by mercaptans. Although the emission of odours
may be offensive and causes some problems, it does not appear to have any
effects on health, and can be mitigated by the degree of dispersion achieved by
modern high chimneys.

Ceramic firing processes liberate fluorine bound in the crystal lattices of rock-
forming minerals. The quantity of fluorine thus emitted depends on the
mineralogical composition of the raw materials as well as on the top temperature
of the kiln. The fluoride contents of many green pressed bricks range from 500 to
700 ppm, while those of fired bricks range from 90 to 300 ppm (Troll and
Farzaneh 1978). Although fluorine compounds are emitted whenever clay is
fired, they are of consequence only in certain areas where local problems of
fluorosis in cattle have been reported. The major part of Fletton works emissions
is sulphur dioxide, and both this and fluorine compounds have been studied in
various reports on the area, whose results were generally inconclusive. A report
by the County Medical Officer of Health on Atmospheric Pollution in the
Brickworks Valley 1960, indicated air pollution from the chimneys to a distance
of at least 3 km, though results about health hazards were inconclusive. The
Alkali Inspectorate concluded that the ground level concentrations of sulphur
and fluorine compounds are satisfactorily low and there is no public health
hazard. The Ministry of Agriculture, Fisheries and Food investigated the
farming hazards and found fluorosis severe enough to cause economic loss to a
number of farmers in the area (Fluorosis in cattle—Animal disease survey,
Report No2, 1964-1965). However, in their Fenton Manor Farm experiment
they considered that no danger exists if normal methods of good husbandry are
used.
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At the present time no single abatement technique exists to remove all the
materials from the stack gases and pending a solution to these problems
dispersion by tall chimneys is considered by the Alkali Inspectorate to be the
‘best practicable means’. In 1974 the Fletton Brickworks Liaison Committee was
formed to review the environmental aspects of emissions from the industry and
the principal body which has carried out research on the subject has been
London Brick Company itself. The Department of the Environment was asked
to produce a comprehensive review on what, if any, conclusions could be drawn
from existing information on emissions and their effects on the local
environment (Air pollution in the Bedfordshire Brickfields, 1980, DOE). This
reported no positive correlation between the air pollution concentrations in the
Bedfordshire area and health effects. The incidence of fluorosis in cattle appears
to be much reduced since 1957, and research on the effect of air pollution on
crops is inconclusive. Although there is some enhanced deterioration of building
and structural materials in the Bedfordshire area due to the elevated levels of
SO, and fluoride, the problem is not specific to Bedfordshire.

TECHNOLOGY

Extraction

The raw materials for heavy clay ware manufacture are normally available at or
near the surface and are extracted by opencast quarrying. However, the waste
products of some underground coal mining operations are also used.

The methods of winning depend firstly upon the physical and chemical
properties of the clay itself when dry, wet or weathered and, secondly, on
whether the material needs selective extraction or can be utilised en masse. If
certain seams are to be avoided, a benched or terraced quarry profile is adopted;
where the clay is almost homogeneous and free from undesirable impure bands it
is advantageous to mix the strata, and hence to cut a deep and steeply angled
quarry face.

The depth to which clay is dug may depend upon the continuity of its physical
and chemical properties with depth and on the stability and natural angle of
repose of the material in the quarry slopes. Some homogeneous clay and shale
sequences can be quite safely dug to depths in excess of 20m without benching
eg. Oxford Clay, while others with inherent mineralogical and physical
inhomogeneities may require careful management. Other factors such as water
seepage, dip of the béds, the quantities of material to be dug, and the condition
in which the raw material must be delivered to the plant, also affect the choice of
excavation methods. The in situ moisture content of the deposit worked is
important in the continuity of feed to the works, and the height of the local water
table may influence the method of winning and the ultimate pit depth.

The uniformity of many brick clay sequences makes them well suited to
mechanised methods which are now ubiquitous. Hand digging has the advantage
that impurities can be easily avoided, but not even the smallest pits use this
method today. Various modern mechanical excavators are employed according
to the properties and requirements of the clay dug; they include front-end
loaders, bulldozers, tractors with scrapers, face shovels, draglines, multi-bucket
excavators, and planers. Face shovels and draglines are the most widely used
excavators in the heavy clay industry, the positive action of the former being
effective even with hard shales, so that blasting is not normally necessary.

The dragline-type of single-bucket excavator scrapes over a large radius and

excavates below the level on which it is set; it is therefore useful for a sloping cut
and in pits where water seepage is a problem or where the clays are relatively
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PRODUCTS AND SPECIFICATIONS

Common clays are used primarily for the manufacture of (i) building bricks, (ii)
permeable hollow ware such as field drains, (iii) almost non-permeable hollow
ware such as sewers, drains, and electrical conduits, (iv) almost non-permeable
roofing tiles, unglazed floor tiles and quarries etc, (v) cement, and (vi)
lightweight expanded clay aggregate.

Bricks

Building bricks are made primarily from clay, shale or mudstone, though a small
proportion is produced from calcium-silicate or concrete. There are three basic
types of clay brick in current production, based on end use:

1 Commons—which are suitable for general building purposes;

ii Facings—which are specially made for their attractive appearance, achieved
by variations in colour and surface texture;

iii Engineering bricks—which have high strength and low absorption.

Specialised acid-resisting bricks are also available.

Bricks may also be classified according to the type of clay used to produce them,
the forming process employed or the method of firing. Bricks made from the
Lower Oxford Clay are termed ‘Flettons’ after a village near Peterborough
where the process originated in 1881. Fletton bricks can be commons or facings,
but because of the particular properties of the raw material none are of
engineering quality. Other clay bricks made from a wide variety of geological
formations may be referred to in this way e.g. ‘Keuper Marl’, but are more
normally referred to collectively as non-Fletton bricks. No special designation is
given, for example, to building bricks containing a significant proportion of low-
grade fireclay. Bricks may also be referred to as ‘clamp-fired’ or ‘kiln-fired’, and
‘mechanically moulded’ or ‘handthrown’; the latter are in great demand for
certain applications because of their natural, rustic, and aesthetically pleasing
texture. Their return to popularity is evidenced by the installation in some works
of equipment capable of producing machine-moulded simulated ‘handthrown’
bricks, and by the inclusion in brand new works of a traditional handthrown
forming line.

There are no British Standards relating to the raw material of the industry since
traditionally tests are carried out on the products. The essential requirements are
that, after being ground and prepared, the clays and shales are capable of taking
a good shape, by one or other of the various forming methods, and that the
shape should be retained without significant shrinkage, warping or cracking
when the bricks are dried and fired under suitable conditions. Details, such as
Atterberg limits, dry strength, drying shrinkage and amount of grog or sand to
be added to the raw clay, are not generally available.

There are, however, British Standards for the finished structural clay product.
Clay bricks are classified in B.S. 3921:1974 “Clay bricks and blocks’, which
defines varieties, qualities and types, formats and dimensions, strengths and
absorptions, soluble salts content, liability to efflorescence, frost resistance, and
quality of finish, and recommends testing procedures. Bricks are classified on the
basis of quality as well as variety and type. ‘Internal’ quality bricks are suitable
only for internal use, ‘Ordinary’ quality are normally durable in the external face
of a building, and ‘Special’ quality bricks are durable in conditions of extreme
exposure to water and freezing. Thus common bricks may be not only of
‘internal quality’, since some of ‘special quality’ are durable even when used in
situations of extreme exposure. Common bricks produced from Coal Measures
shales in Staffordshire are suitable for exterior use. The vast majority of common
bricks produced from Coal Measures shales in Scotland are not of sufficient
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The production of hollow blocks requires less raw material than conventional
bricks, while load-bearing capacity can be maintained and thermal insulation is
improved.

Conduits, cowls, flue liners, chimney pots (B.S. 1121 : 1961) and flower pots
account for a very small part of total clay product output. Production of these is
often concentrated in small areas where clays with special qualities occur or
where there is a local demand or tradition. Clay and shale have been used
extensively in fill for roadworks, although it is preferable for environmental
reasons to use waste material, e.g. colliery waste, or to match the amount of
material derived from cuttings with the fill required. Clay and shale are
occasionally worked specifically for road projects.

New uses

Research into new outlets for clay has been aimed at modification of traditional
building products. The main research body working in this field is the British
Ceramic Research Association. The Brick Development Association also
sponsors work at BCRA and at universities and polytechnics. Various clay
blocks, planks and panels have undergone tests and have been designed mainly
in an attempt to counter competition from other materials. The results of tests,
mainly in Switzerland during the 1950s, suggested that UK safety standards were
unrealistically high and led to the production of ‘CP 111’ : 1964 ‘Structural
recommendations for loadbearing walls’ (with subsequent amendments). In a
connected field, the Ronan Point disaster (although this involved a non-brick
building) led to work on the deformation of brickwork and other materials in gas
explosions. The Building Research Station developed the ‘V’ brick, a brick
which allowed a two-leaf cavity wall to be laid in one operation. However, it was
never a success for building external walls and was subsequently modified for use
in internal cross-walls, (the Calculon brick). The scope for research into new
uses which would lessen the clay industry’s reliance on the building industry
seems limited, as the most promising products, for example fillers, would
consume only relatively small amounts of clay in comparison with fired clay
products. An exception would be in the alumina field if substantial advances
were made. The possibility of using alumina-rich clays in the production of
aluminium has been discussed from time to time but the exploitation of clays for
this purpose is unlikely as long as alumina continues to be freely available from
bauxites. Fireclays, certain alumina-rich shales in Coal Measures sequences (see
Mineral Dossier No. 20. Bauxite, Alumina and Aluminium, in this series), and
unburnt colliery spoil would probably be the most appropriate raw materials for
this purpose.

SUBSTITUTES

Traditionally, bricks, tiles and pipes have been made from natural argillaceous
materials such as clay, shale and mudstone, but they have been, and are, facing
competition from other building products. Although there are no economically
acceptable substitutes for clay as a raw material, there are numerous alternatives
for clay building products, many of which are based on, or employ, cement at
some stage, thus replacing only part of the clay formerly used. Clay-like
properties may be given to non-clay minerals by organic reagents, but this has
only been carried out on a laboratory scale. Traditional clay bricks may be
replaced by clay blocks or by clay-free bricks and various lightweight or dense
blocks.

The demand for increased speed of construction, and ease of laying, led to the
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STATISTICS : PRODUCTION, CONSUMPTION, TRADE.

Production

In 1784 a Brick Tax was imposed in Britain and subsequently increased in 1794
and again in 1803. Apart from checking the use of bricks, the excise duty also
meant that their manufacture was placed under surveillance and standards could
be introduced. For example, brick sizes were laid down by the Act 17 Geo. 111
c.42, prices were controlled and some record of manufacture was kept. The tax
also gave a strong incentive to the use of brick tiles, since these were not subject
to tax.

Hunt (1859) quotes numbers of bricks paying duty in the early part of the 19th
Century as follows:

1821 899 178 510
1840 1677 811 134
1847 2193 829 491
1849 1462 767 154

With the exception of 1849, ‘being the year when the oppressive nature of the
duty on bricks was strongly urged and the repeal expected’ with the result that
the construction of many large buildings was delayed and the manufacture of
bricks diminished, these figures illustrate the expansion of brick-making which
came in the 19th Century with the rapid growth in urban population and
industry.

The common clay and shale from which most of this material was manufactured
are, as their description implies, of widespread occurrence. There is little or no
record of the quantity of clay worked until almost the end of the 19th century.
Most of it was worked by small enterprises, and often intermittently near
construction sites as demanded and not, as later, in extensive pits and quarries.
In 1858 Robert Hunt made his first and only attempt to collect returns from all
clay works and quarries. In Part IT of the Mineral Statistics of United Kingdom
for that year output of bricks, tiles, and pipes produced is recorded together with
considerable detail of the clay works and quarries from which these were
produced, but no record of the amount of clay dug. (For example, see Figure
14.) It was not until the Quarries Act of 1894 that regular returns of the output of
common clay and shale were collected and published. At first, these excluded all
quarries and pits of less than 6m in depth, so that the earlier figures tend to
understate output. This restriction was lifted by an amendment under the
Factory Act of 1937 but between 1941 and 1944 quarries with an output of less
than 1,000 tonnes per annum were omitted. The annual production of common
clay and shale in the United Kingdom is summarised in Table 11.

Since 1895 nearly 1,600 million tonnes of common clay and shale have been dug
in the United Kingdom and annual production increased from approximately 10
million tonnes to almost 38 million tonnes in 1968. Although output has fallen
recently, it was still over 25 million tonnes in 1978. For much of the period before
the Second World War the tonnages produced were larger than those for any
other mineral apart from coal. Output of clay and shale has subsequently been
overtaken by those of limestone, sand and gravel and igneous rock, but clay and
shale remain the basis of an industry with sales of over £300 million per year.
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Table 15 Great Britain: Deliveries of bricks from economic planning regions', 1969-1980

Millions
Economic Planning
Region 1969 1970 1971 1972 1973 1974 1975@® 1976 1977 1978 1979 1980
Northern 352 351 390 398 405 331 379 361 298 315 339 281
Yorkshire & Humberside 332 317 321 334 339 240 260 296 278 289 270 241
North West 556 502 563 618 600 384 395 418 391 398 379 315
East Midlands 381 414 445 438 422 306 414 375 326 374 364 311
West Midlands 445 438 441 409 409 331 349 335 299 281 313 307
East Anglia 914 882 959 999 1,048 766 757 777 646 773 737 510
South-east ,
Greater London } 1,016 951 1,000 1,067 1,043 605 967 1,111 933 1,071 992 784
Eastern counties
Southern counties 956 1,042 1,168 1,098 1,057 760 592 420 347 403 368 294
South east counties 414 424 499 515 485 374 409 442 398 390 392 371
South West 167 166 179 200 191 132 195 204 187 204 210 175
England Total 5,533 5,487 5,964 6,078 5,999 4,229 4,722 4,739 4,166 4,498 4,364 3,589
Wales 228 231 243 252 259 192 196 167 149 172 156 133
Scotland 720 638 618 693 740 590 550 474 403 436 388 324

Great Britain

Total 6,481 6,356 6,825 7,023 6,998 5,011 5,468

5,380 4,718 5,107 4,909 4,046

() Deliveries of brickworks situated in each region.
(@ Figures from 1975 refer to the economic planning regions as defined by the Local authority reorganisation of 1st April 1974.
() Figures from 1975 include additional sites increasing figures of deliveries by:— Northern 6%, GLC & Eastern Counties 1%, South West

3%, West Midlands 3%, North West 2%, and Great Britain 1%.

Table 16 Great Britain Consumption @ of bricks—all types 1960-1980 Millions
Year Total of which of which
Alltypes  Commons Facings Engineering Clay Sand-lime Concrete

1960 7,232 4,623 2,307 302 6,857 222 153
1961 7,356 4,624 2,407 325 6,961 227 168
1962 7,075 4,483 2,309 284 6,720 202 153
1963 7,287 4,529 2,473 285 6,863 238 187
1964 8,098 4,706 3,055 337 7,500 320 278
1965 7,424 4,258 2,833 332 6,799 334 291
1966 6,729 3,943 2,467 318 6,184 274 271
1967 7,701 4,259 3,038 404 7,015 372 315
1968 7,221 3,958 2,886 377 6,572 334 315
1969 6,481 3,545 2,565 372 5,686 307 306
1970 6,356 3,334 2,631 391 5,784 299 274
1971 6,825 3,339 3,060 426 6,143 355 327
1972 7,022 3,275 3,330 419 6,210 408 407
1973 6,998 3,191 3,392 415 6,138 439 422
1974 5,011 2,406 2,256 350 4,432 296 283
1975 5,468 2,391 2,682 395 4,828 268 371
1976 5,380 2,138 2,836 406 4,716 276 388
1977 4,718 1,849 2,526 342 4,146 202 369
1978 5,107 1,957 2,799 351 4,512 207 389
1979 4,909 1,787 2,762 360 4,407 211 371
1980 4,046 1,423 2,299 324 3,599 149 299

Source

: Department of the Environment

1960~1970 Annual Bulletin of Construction Statistics
1971-1980 Monthly Statistics of Building Materials and Components

(M Home deliveries.
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Consumption of heavy clays in the United Kingdom is almost entirely from
domestic production; there is no known overseas trade in common clay and
shale. Over the last 25 years, consumption has been between 20 and 40 million
tonnes per annum with fluctuations in the annual total clearly reflecting the
variable levels of activity in the construction industry, (See Figure 17).
Production and consumption (home deliveries) of clay products also relates to
the prosperity in the construction industry, though the general trend differs for
some clay products. The steady decline in the use of clay roofing tiles in favour of
cheaper and more durable concrete tiles has already been referred to. Similarly
the output of common bricks has fallen from 4,335 million in 1950 to 1,591
million in 1980 with the increasing use of breeze block, plasterboard and other
materials for internal walling. Total consumption of clay bricks has declined
despite increasing use of facing and engineering bricks. The use of vitrified clay
pipes and conduits has changed less markedly but production and home
deliveries of quarry tiles have declined while the use of other unglazed tiles has
increased. Stocks of bricks also fluctuate with demand from the construction
industry, the increased stocks in 1966, 1969 and 1974 following sharp falls in the
number of housing starts (Table 18 and Figure 17).

Table 17 Great Britain Consumption of tiles, pipes and conduits 1960-1980

Roofing Tiles Unglazed Tiles Vitrified Clay Pipes
and Conduits
Year
Clay Concrete Quarry Other Pipes Conduits
Thousand square metres Thousand tonnes
1960 3,508 20,807 1,432 831 556 85
1961 3,297 21,698 1,390 806 584 114
1962 3,006 20,521 1,397 827 571 118
1963 2,654 20,601 1,277 767 576 100
1964 2,437 25,980 1,413 808 659 134
1965 2,005 26,006 1,344 825 638 144
1966 1,789 25,609 1,063 755 660 155
1967 1,596 27,345 1,115 798 782 150
1968 1,451 27,892 1,181 834 745 123
1969 1,307 24,584 1,219 911 646 101
1970 952 23,273 1,118 892 640 47
19711 969 26,908 1,298 1,392 715
1972 1,151 28,255 1,259 1,528 750
1973 1,238 30,939 1,325 1,840 753
1974 1,195 25,214 1,241 1,906
1975 1,108 26,061 1,146 1,704
1976 1,170 27,454 1,019 1,769
1977 1,192 24,644 1,155 1,900
1978 1,207 26,868 1,273 2,025
1979 2,265 27,583 1,220 2,099
1980 2,420 25,921 1,230

Sources: Department of the Environment
Business Statistics Office

Enquiry on clay roofing tiles, quarry and other unglazed tiles, vitrified clay pipes and conduits was
discontinued in mid 1971. All subsequent figures relate to sales (including export sales) of firms employing
more than 25 persons classified to SK. Minimum List Heading 461.2 Clay Building Bricks and other non-
refractory goods.

... Not available.
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Table 18 Great Britain Stocks of bricks all types 1960-1980 Millions
Total of which of which
Year all types Commons Facings Engineering Clay Sand-lime Concrete
1960 160 97 54 8 141 3 16
1961 213 118 80 14 191 8 14
1962 422 230 169 23 396 13 13
1963 263 131 115 17 247 3 14
1964 115 63 48 4 100 3 12
1965 561 308 226 26 510 21 29
1966 905 455 407 44 846 36 24
1967 405 168 206 32 370 13 22
1968 635 290 310 36 583 25 27
1969 877 422 370 35 819 32 26
1970 575 271 279 26 540 19 16
1971 275 129 136 10 245 12 19
1972 180 90 84 6 143 12 25
1973 362 125 225 12 319 19 24
1974 925 452 423 51 861 40 24
1975 504 208 258 38 437 32 36
1976 528 188 295 46 460 26 43
1977 865 311 481 73 798 28 39
1978 588 172 359 57 535 25 28
1979 578 254 295 29 516 22 40
1980 1,075 437 582 56 1,015 15 45

Sources: Annual Bulletin of Construction Statistics
Monthly Statistics of Building Materials and Components

QOverseas Trade

The United Kingdom trade in heavy clays, though not separately specified in the
trade statistics, is believed to be minimal, and trade in clay products is not large,
but in recent years there has been an export surplus, for example in 1979 exports
earned some £15,061,000 (fob) compared with the cost of imports of £1,564,000
(cif). Exports of certain products such as quarry tiles and interlocking roofing
tiles are increasing, namely to Belgium, Holland, West Germany and France.

The Standard International Trade Classification (SITC R2) and Customs Co-
operation Council Nomenclature (CCCN) headings under which any United
Kingdom trade in common clay and shale and clay products was recorded in 1979
are summarised below.

a. Common clay and shale is not separately specified in the UK trade
classification, but any such material which is traded would be classified under
the SITC (R2) heading 278.21: “Clay (for example kaolin and bentonite), and
andalusite, kyanite and sillimanite, whether or not calcined, but not including
expanded clays falling within 663.5; mullite; chamotte and dinas earths”.
Under this description common clay and shale would probably be classified

into the CCCN code 2507. 8099.

b. Trade in unglazed clay products—bricks, tiles, pipes etc. is recorded under
the SITC (R2) heading 662.4. The main subdivisions in the CCCN
classification are:
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6904 Building bricks etc.
6905 Roofing tiles, chimney pots, cowls, etc.
6906 Ceramic piping, conduits and guttering.
6907 Unglazed ceramic setts, flags and paving and wall tiles.
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Table 19 Imports and Exports of clay building bricks and other non-refractory goods 1975-1979

Tonnes
1975 1976 1977 1978 1979

Description Imports Exports Imports Exports Imports Exports Imports Exports Imports Exports
Building bricks:
of common pottery 178 1,600 539 4,238 953 27,163 768 66,331 1,582 59,874
other 6,457 12,215 2,144 6,592 92 3,302 133 5,656 67 1,832
Roofing tiles:
of common pottery 222 161 683 1,820 575 14,241 468 18,820 998 14,192
other 282 2,311 273 1,026 92% 245% 79* 133* 49~ 91*
Pipes, conduits
and guttering:
of common pottery 10 5,306 138 260 62 338 0 — — 3
other 87 5,226 411 15,327 912 36,872 851 27,230 184 39,440
Unglazed setts,
flags and tiles:
of common pottery 392 13,301 261 6,992 188 181 101 — — —
other 5,070 21,353 3,881 32,964 4,169 45,562 3,803 52,699 5,532 48,960
Other
constructional goods: 52 441 79 267 92* 245% 79* 133* 49* 91*
Total value £ £ £ £ £ £ £ £ £ £
£.stg. 1,078,000 4,496,000 937,000 6,094,000 1,209,000 11,655,000 1,158,000 13,522,000 1,564,000 15,061,000

(* categories grouped together)

Source: HM. Customs & Excise



For full details of the UK classification, code numbers, and descriptions see
‘Guide to the Classification for Overseas Trade Statistics 1980’ and/or H.M.
Customs and Excise ‘Tariff & Overseas Trade Classification in the United
Kingdom of Great Britain and Northern Ireland’.

Imports and exports of clay products for the years 1975 to 1979 are shown in
Table 19. Imports are small, seldom exceeding £1-1.5 million in value and come
predominantly from neighbouring EEC countries. Exports are larger but,
despite signs of rising exports in the last three years seldom exceed 1% of
domestic production. The exception is exports of unglazed setts, flags and tiles,
which apparently exceed domestic consumption. The export headings however
include items not included in the production inquiry, but clearly a substantial
proportion of the production of unglazed quarry tiles, and other setts, flags etc.
are exported, though the bulk of the exports is of tiles etc., other than of
common pottery. The common market countries still take a major proportion of
the exports of bricks, roofing tiles and other constructional goods, but Saudi
Arabia and the Gulf States are the major markets for pipes and conduits, and
over 60% of exports of unglazed setts, flags and tiles are destined for Australia,
Canada and the USA.

INDUSTRY

The structural clay products industry in the United Kingdom comprises some 90
companies engaged in winning clays and shales for the production of brick and
tile at about 200 works. About twenty companies manufacture clay roofing tiles
or quarry tiles and at least twenty-five firms produce engineering bricks. A
further twelve or so companies manufacture clay pipes (evenly split between
those who produce porous land drains and those whose speciality is impermeable
vitrified pipes).

As recently as 1939 there were 1,316 brickworks in Britain served by over 1300
clay pits; nearly one third of these used Coal Measures shales, one third used
recent alluvial and brickearth material and most of the remainder Jurassic and
Cretaceous clays. The production capacity of the Oxford Clay was 2,606 million
out of a total of 8,429 million bricks per year, so the trend towards the
dominance of this deposit was already well established. By 1971 the Oxford Clay
brickworks contributed a large proportion of national output of bricks
distributed throughout the country. The total number of works at the end of 1970
was 360, a drop of about 72% from 1939; 107 works closed in the three years
ending December 1969. There was an overall diminishing demand for bricks in
the late nineteen-sixties and early nineteen-seventies which, coupled with the
particular cost advantages of the Oxford Clay, accelerated the reduction in the
number of works. The trend recently has been towards fewer, larger, capital-
intensive producing units, serving much larger market areas. Also, some
companies have broadened their base by diversifying into various non-brick
interests, such as concrete tiles, waste disposal and light and dense aggregate.

Today, the industry is still extremely diffuse and a wide variety of geological
horizons and production methods are used. London Brick Company, however,
accounts for about 40% of total brick production (clay, calcium-silicate and
concrete) and another eleven companies each have between one and ten per cent
of total production (Armitage, Butterley, Crossley, Downing, Steetley Brick,
Ibstock, Ockley, Redland, Ryarsh (CS), Scottish Brick Corporation, West-
brick). The twelve major companies between them account for 75% of total
brick production, with the remaining eighty or so companies representing less
than one per cent each.
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The use of Carboniferous shales for brickmaking, often despite their poor
suitability, arose partly from favourable supply and demand conditions in certain
parts of the country. Traditionally, many brickmaking companies concentrated
in the coal field areas; there was a relatively cheap and steady source of both raw
material, either blaes, in-situ shales or fireclays, and energy (coal). The demand
for both refractory and building bricks was great in these mining areas due to the
concentration of heavy industry and the consequent influx of population during
and since the Industrial Revolution.

London Brick Company, Britain’s largest brick manufacturer, was incorporated
in 1900. It currently operates fourteen Fletton and three non-Fletton works in
the southeast of England producing about 50% of total United Kingdom clay
brick production, as well as land drains and hollow clay blocks. Production
capacity is about sixty million bricks—enough to build about 5,000 houses—per
week, as well as 1.6 million land drains. The Stewartby complex near Bedford is
currently the Company’s largest plant with a capacity to produce some 13 million
Fletton bricks per week. Other London Brick Company works are situated in
Bedfordshire, Buckinghamshire, Cambridgeshire and Surrey.

The name Fletton derives from a village near Peterborough where this type of
brick was first made in 1881; from its earliest days the Fletton brick was
produced for national construction projects—the early Fletton brickworks were
built along the Great Northern Railway, and were used primarily for what was
then known as ‘‘the Metropolis”. Upon the initiative of several smaller brick
companies in the area (together representing about 30% of Fletton production)
London Brick Company acquired further Fletton operations—the Marston
Valley Brick Company Ltd in 1968, Redland Ltd’s Fletton brickworks in 1971,
and Whittlesea Central Brick Co Ltd in 1973. Thus by 1974, L.ondon Brick
Company was the only producer of Fletton brick with 22 works in the
Peterborough, Bedford and Bletchley areas. Eight of these works were however
closed or put on a care and maintenance basis due to the severe reduction in
demand experienced that year. The Monopolies and Mergers Commission
decided in 1976 that the monopoly conditions prevailing in the United Kingdom
with regard to the supply of building bricks were not against the public interest.

All but two of London Brick Company’s works date from before the last World
War, but major and continuing expenditure has been incurred since the end of
the war on the modernisation and mechanisation of all existing and acquired
Fletton brickworks. The ‘new generation’ works built since 1968 are the Kings
Dyke works and the New Saxon works at Whittlesey, near Peterborough. The
‘New Works’ plan will result in the replacement of existing works representing
about half of London Brick’s current production capacity. All Fletton kilns are
of the transverse arch Hoffmann continuous chamber type, built of about 11
million of the company’s own bricks, although the Weald Clay works near
Horsham, Sussex, has a modern tunnel kiln. The Hot Air System Hoffmann Kiln
can be more energy efficient than the modern tunnel kiln, especially when
Fletton clay is being fired, since this clay supplies substantial amounts of fuel.
Brick distribution to all part of Britain is carried out either by the Company’s
fleet of lorries equipped with patented ‘Strapack’ unloading facilities or by
private road hauliers. The bulk of rail dispatches are made up into ‘Fletliner’
trains for delivery to the Company’s depots at King’s Cross, Manchester and
Liverpool. The Stewartby complex includes comprehensive research facilities
where studies of the properties of clays from the company’s deposits and of
samples from overseas are carried out. The company has an important
engineering and foundry division and much of the brickmaking machinery is
designed and manufactured ‘in house’. While brickmaking is its main concern,
London Brick Company has diversified in an attempt to provide a hedge against
the vagaries of house building fluctuation. Thus the London Brick Group
includes waste disposal (London Brick Landfill Ltd) and domestic, industrial,
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garden and leisure construction subsidiaries (London Brick Buildings Ltd), as
well as other companies involved in, for example, rubber and plastic household
accessories and structural, sheet-metal or engineering work. The Group’s
overseas ventures include Ajor Iran Press in Iran, designed by LBC on the Kings
Dyke and Saxon model to produce 145 million bricks per year. Otherwise,
overseas involvement is concerned with the supply of construction and
engineering products and services.

Redland Brick Ltd accounts for about 4% of clay building brick production and
operates some fourteen brickworks in the southeast of England. The Surrey-
Sussex works utilize a large amount of Weald Clay and also Tunbridge Wells
Sand, Wadhurst Clay and Ashdown Beds material. The Kent stock brickworks
use brickearth, and Redland is the largest user of this material for brick
manufacture. A wide variety of quality facing and stock bricks are produced by
various methods including soft-mud hand and machine moulding, wire-cut
extrusion and pressing. Redland was the first company to introduce a fully
mechanised ‘hand-made’ facing brick production line at its Beare Green works.
The resultant brick is a simulated hand-thrown facing called ‘Wealdmade’.
Redland Brick Ltd is part of Redland Limited, a large organisation with a wide
base providing materials and services to the construction industry in many
countries of the world. The company has operations in the form of subsidiary
companies in the Federal Republic of Germany, Netherlands, Belgium, Austria,
Australasia and the USA and associate companies in France, Switzerland,
Sweden, Italy and South Africa; these cover a wide range of fields, mainly in
building products and engineering, and account for a substantial part of the
organisation’s turnover. Redland Limited’s diverse interests include concrete
and plastic pipes, aggregates, ready mixed concrete, road surfacing materials and
services, concrete roofing tiles (they are responsible for the majority of UK
concrete roofing and cladding tile output) and other building products as well as
a waste disposal subsidiary. Redland Brick Limited’s new works at Bexhill-on-
Sea, produces multi-stock bricks at a rate of 25 million per year.

Butterley Building Materials Ltd, is one of Britain’s major manufacturers of
facing and engineering quality brick with a weekly output capacity in excess of 8
million at 13 production units in the Midlands and north and south Wales. Some
of the works were originally operated by the National Coal Board, and most are
thoroughly modernised. Tunnel kilns are used throughout and brickmaking
technology, research and development are studied at comprehensive
laboratories. Butterley’s range of products includes quality facings of some 60
colours and textures, specials, pavoirs and engineering bricks, handmade
briquettes and refractory shapes as well as Aglite lightweight clay aggregate and
lightweight refractory aggregate. 45% of production is from the ‘Keuper Marl’,
but Coal Measures shales are also widely used as well as some Devonian marl,
and Ordovician and Silurian shales. Subtle shades are achieved by using north
Wales fireclays, while cream bricks similar to the old Gault brick are produced
from cream-firing ‘Keuper Marl’. Coal Measure shales from old ironstone dumps
are used with NCB fireclay in south Wales to produce buff bricks. Brick delivery
is effected by the Company’s fleet of lorries equipped with mechanical off-
loading (‘Stackpack’ system). Butterley exports its products to many parts of
mainland Europe, Ireland, the Middle East and South Africa.

Ibstock Building Products Ltd comprises seven brickmaking subsidiaries
operating eleven factories in the Midlands, north of England, southeastern
England and Avon areas. They produce some fifty colours and textures of facing
and engineering brick, pavers and specials from the Coal Measures, the Etruria
and ‘Keuper’ marls, Wadhurst Clay, Weald Clay and Gault Clay. The bricks are
predominantly wire-cut, but a sizeable proportion of hand-thrown bricks is also
manufactured, as well as soft-mud pressed clamp-fired bricks in the Weald.
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Modern tunnel kilns are almost ubiquitous. Total brick production is in the order
of 250 million per year with an additional 2 million pavers.

Crossley Building Products Ltd (Bowater Group) operate five brickworks, one of
which also produces tiles, in the northeast of England. The company produces
facing bricks in a variety of colours and textures, engineering bricks and high
class, frost resistant, interlocking clay roofing tiles. Crossleys are the only
manufacturer of these tiles in the UK and have considerable export outlets in
Belgium, Holland, West Germany and Denmark. They are probably the biggest
users of superficial clays in Britain (boulder clay, glacial lake clays etc.) and until
recently operated the sole works in Kimmeridge Clay. Engineering bricks are
manufactured from Coal Measures shales.

G. H. Downing and Co Ltd manufacture facing, engineering and common clay
bricks as well as ridge tiles, flat roofing tiles, specials and refractories. They are
the largest users of Etruria Marl in north Staffordshire though about one sixth of
their production is from Coal Measures shales and fireclays. The five building
brick and tile factories are situated in Staffordshire, and total production is
currently about 86 million bricks and 45 million tiles per annum. Wirecut
extrusion and tunnel or chambered kiln firing are employed.

The Gibbons Dudley Group now Steetley Brick comprises five brick
manufacturing subsidiaries in its Building Products Division:

Gibbons Northern Brick Ltd., Newcastle-upon-Tyne,

Henry Foster Bricks Ltd., Bishop Auckland, Co. Durham,

Ravenhead Brick Co Ltd., Skelmersdale, Lancs.,

Wm. Thomas (Wellington Bricks) Ltd., Wellington, Somerset and

United Fireclay Products Ltd, at Armadale, Bathgate, Scotland.
Expansion into the building brick industry took place in 1971 with the acquisition
of U.F.P. Ltd., and Gibbons Northern Brick from the National Coal Board in
1973, and then in 1974 Henry Foster Building Products Ltd. at Bishop Auckland.
Gibbons Northern Brick operates 3 works, 2 adjacent works in Tyne & Wear
using Coal Measure shales from various quarries, plus fireclay from NCB
opencast sites. This company is probably the largest user of fireclay in the
building brick industry and produces a comprehensive range of facing bricks,
containing varying ratios of shale and fireclay. Henry Foster Bricks and
Ravenhead also use Coal Measures shales and fireclays; Wm. Thomas uses
‘Keuper Marl’ and U.F.P. Ltd. uses colliery shale from old tips. One small works
in Northumberland belonging to Gibbons Northern Brick and the works of the
U.F.P. Ltd. makes Commons from waste colliery shale, but the majority of the
brick production of Gibbons Dudley Ltd. are high quality facing and engineering
Bricks made in modern tunnel kiln factories, by wirecut extrusion or stiff-plastic
pressing. The annual production of all the works together is approximately 250
million bricks.

The Scottish Brick Corporation Ltd., owned jointly by the National Coal Board
and Tilling Construction, is the largest building brick producer in Scotland. Until
comparatively recently the company operated about 25 brickworks, but closures
in line with rationalization of the industry have reduced the number to 13
producing works. All these units are located within the Midland Valley of
Scotland from east of Edinburgh to Ayrshire, and all are based on the use of
Carboniferous blaes, either virgin or bing material. The use of virgin blaes is
steadily increasing and to meet the demand for locally made facing bricks in
Scotland, Scottish Brick opened a modern wirecut extrusion facing brick
production line with new chambered continuous kilns just outside Glasgow.
Other Corporation factories produce common and engineering bricks.
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The remainder of the brick industry comprises a large number of small or
moderately sized and mainly private companies serving more local requirements
or providing specialist products. Approximately 80% of United Kingdom brick
makers are members of the Brick Development Association which collates
production data and generally promotes the products.

Calcium-silicate and concrete account for approximately 10% of current United
Kingdom brick production, and the largest company concerned, having 4% of
the market, is Ryarsh Brick Co. at West Malling, Kent.

There are approximately twelve companies which manufacture clayware land
drains in the United Kingdom, from Aberdeenshire in the north to
Cambridgeshire in the south. The majority also produce clay building bricks and
are members of the British Clayware Land Drain Industry, which exists to
promote and advise on its members’ products. A variety of geological horizons
are dug for clayware land drain manufacture, the commonest being superficial
clays and Coal Measures shales in Scotland and the north of England, and
Oxford Clay and ‘Gault Clay in the south. London Brick Company is an
important supplier of clayware land drains and plans to replace its existing plant
at Arlesey, Bedfordshire with a new pipe works, having a capacity of 120,000
tonnes per annum. Larger diameter pipes are produced at the company’s plant at
Warboys, Cambridgeshire.

A major proportion of British vitrified clay pipe production is accounted for by
the Hepworth Group of companies. The only significant other producer is Naylor
Brothers (Clayware) Ltd. Important centres for these pipes exist in south and
west Yorkshire, and in the Swadlingcote—Woodville area of the south
Derbyshire coalfield. Starting as a brick producer at the turn of the century,
Hepworth Iron Co Ltd is now the world’s largest single producer of vitrified clay
pipes and cable conduits. The Hepworth Iron rtame originated from the
company'’s early interest in iron ore mining prior to brick production. Hepworth
started producing cable conduits after the last world war and about 15 years ago
went into sanitary pipes. Production today centres on three locations; at
Hazlehead, near Sheffield, seven plants are grouped in one unit; five plants are
situated within an eight km radius near Burton-upon-Trent and two are in
Lancashire.

A number of medium sized firms produce clay floor (and sometimes wall) tiles
from a variety of British common clays and shales; products include thick quarry
tiles, thinner unglazed earthenware tiles and acid-resisting varieties. Some of the
companies, e.g. Hawkins Tiles (Cannock) Ltd, combine floor tile production
with roofing tile and brick manufacture, while others, e.g. Dennis Ruabon Ltd,
concentrate on the floor sector. The vast majority of quarry tile and unglazed
floor tile manufacturers are concentrated around the Stoke-on-Trent area where
the Staffordshire Etruria Marl is used to produce a very dense, hard wearing and
highly resistant flooring product. The equivalent Ruabon Marl is utilized by
Dennis Ruabon Limited near Wrexham.
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ECONOMIC FACTORS

Common clay and shale are used captively and are seldom traded on the open
market; therefore, unlike ball clay or china clay, there are no market prices as
such for this raw material. All the products of the heavy clay industry are value
added products, that is to say, the cost of processing forms a far greater
proportion of the final cost than does the mining of the raw material. The
proportion of the price which is represented by the raw material increases only
when higher quality material such as fireclay is added to the mix or when
expensive body pigments and surface sandings are used. In the former case, even
this additional cost can be reduced if the fireclay is obtained as a by-product of
opencast coal mining as, for example, in Northumberland, where the National
Coal Board agents’ fee for fireclay was about £2 per tonne ex-site in 1977.

The 1979 cost of extraction of clay or shale was in the region of 60p per tonne and
any additional raw material cost to the brick maker is largely for transport and
perhaps the cost of stockpiling. In Scotland 60p per tonne for blaes transported
22 km or so was average.

As clay building products are made from a wide variety of clay materials by
numerous production methods, production costs vary greatly and there is no
agreed producer price for specific categories of product. However, the prices
quoted by manufacturers employing similar methods and raw materials tend to
fall within certain broad limits. The average works cost of producing 1,000 good
quality wirecut facing bricks must include at least £16 fuel costs (1980); the ex-
works price covers the works cost plus administration, sales, advertising, and
other factors. The cost of the raw material, assuming it is dug from a pit adjacent
to the works, is about £3 per 1,000 bricks, which represents only 5% to 6% of the
works cost and 2% to 3% of the ex-works price. In Scotland the cost of
producing 1000 common bricks in 1980 was about £30.

The other non-processing costs which may greatly affect product price are for
transport. About 10p per tonne-mile is usual for short hauls. Haulage of more
than 12 km or so from quarry to works is avoided where possible, although some
companies, for example those using fireclay additives in their building bricks, are
willing to transport this material greater distances. Longer haulage may also be
involved when a company closes a works but continues to use the adjacent
quarry, transporting the dug clay to an operational works some distance away.

The greatest part of the value-added cost of clay products is made up of energy
costs (with the exception of Fletton production) and wages, with capital costs,
depreciation of machinery, packaging and sales promotion adding a further
proportion.

Energy costs refer only to energy consumed directly in the production process,
but total combined energy costs for the industry as a whole would need to
include figures for extraction (quarrying), transport and handling of the raw clay
and of the end product. The largest proportion of energy used in the heavy clay
industry is for drying and firing, and of the remainder the highest single item is
electricity to power, for example, grinding and forming machinery. The amount
of fuel needed to fire a brick depends on various factors not the least of which is
the original fuel or carbonaceous content of the raw clay. The Fletton sector dry
press Lower Oxford Clay which contains 75% of the total fuel requirement to
fire the bricks; additional energy requirements are supplied by low grade coal,
and therefore, the energy cost of the dry press Lower Oxford Clay bricks is low.
In addition, they do not require separate drying and their bulk density after
firing is less than that of other clay bricks. For example, there are approximately
400 Flettons per tonne compared to 320 to 390 non-Flettons, a factor
contributing to lower transport costs for Flettons. Clays from other geological
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horizons have variable fuel contents, ranging from highly carbonaceous Coal
Measures shales to low carbon-content oxidised marls. Only 18 therms of fuel
are required per tonne of red commons made from Coal Measures shales or
blaes, but 80 to 90 therms per tonne are required to fire buff, fireclay-based
facing bricks. The type of kiln used also affects the amount of energy consumed.
Tunnel or continuous kilns, for example, tend to give better energy utilization
than intermittent kilns or clamp firing.

Until the 1950’s coal was used as the main firing agent in the heavy clay ware
industry, (in 1947 1.8 Mt of coal were used). Many of the brickworks were
situated in or adjacent to coalfields and coal was relatively cheap. With the
increasing availability of heavy fuel oil and increasing labour costs, the industry
turned away from ash-producing solid fuel. The heavy clay sector’s energy
requirements are currently about 1.35 Mt coal equivalent per annum, of which
90% is used for drying and firing. The industry uses 17.5% of its energy as coal
(equivalent to 235,000 tonnes per annum): natural gas supplies 31.4%, L.P.G.
43%, fuel 0il 4.1% and electricity 4.0% (Tate 1979). Recently there has been a
swing to L.P.G. (liquified petroleum gas, butane or propane) and natural gas
from the North Sea. These fuels are clean, easily controlled, permit even greater
firing precision and can be used to bring up the preheat. However, with
continued increase in oil prices there may be a renewed interest in the direct or
indirect use of coal as an energy source in the brick industry.

Modern automated brick factories now include tunnel kilns, top or side-fired by
oil, LPG or natural gas. Dual fuel type burners using oil and LPG or oil and
natural gas are also common, and all factories have backup fuel systems in the
event of supply stoppages. Impulse burners are used with heavy fuel oil for top-
fired tunnel kilns and side-fired kilns use atomizing high-velocity oil burners.
The use of natural gas in top-fired kilns involves a ring main on the kiln top with
air induction burners. Natural gas is also suited to intermittent kilns with one
burner per fire-hole.

An interesting use of an indigenous and relatively cheap fuel supply in the
ceramic industry is provided by the case of a quarry tile works in north Wales.
Here, methane gas seeping naturally from the coal face of a nearby colliery, is
drawn off and piped to the clay works, where it is used in the dryers and to fire
both intermittent down-draft beehive kilns and a modern tunnel kiln. The supply
has to be augmented by butane, since the methane has a low thermal value, but
firing costs are kept low and the colliery benefits from increased revenue. Similar
schemes using colliery methane to supply brickworks operate in the Stoke on
Trent area and in Yorkshire.

The British Ceramic Research Association (West 1976) has carried out surveys
which suggest that energy consumption in the heavy clay industry compares very
favourably with other ceramic sectors and with other bulk mineral processing
industries, and that the modern tunnel kiln plant can be very efficient as can the
transverse arch Hoffman kiln used in the Fletton process with heat recycling
from the cooling to the drying clay ware. Such procedures as reducing the
amount of water in the making process, using ‘waste heat’ from the kiln to dry
green bricks, better kiln insulation and speeding up kiln throughput all help to
reduce energy consumption.

The finished products of the heavy clay industry are'generally transported to the
market areas by road; efficient self-loading lorries have been widely introduced
which take full advantage of modern strapping, shrink-wrapping and handling
methods. Despite the large increases in cost, the advantages of using road
transport, particularly its flexibility, have led to a decline in the number of bricks
carried by rail.
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The economic market radius for the finished product varies considerably,
generally with the scale of production, from a few tens of miles in the case of
small non-mechanised brick yards to hundreds of miles for the largest producers.
Most manufacturers have a scale of charges for brick transport and these reflect
the cost of transport for a product with a high weight/value ratio. Sometimes the
product may be in great demand or is sufficiently unusual to have a wider than
normal market radius e.g. English facing bricks in Scotland, or fireplace
brickettes in England whose greater profit margin enables them to be
economically hauled further afield.

All the Fletton works are in close proximity to major railways, and are suitably
located close to main roads, a factor which has helped their growth considerably.
On the other hand the high cost of transport has enabled some smaller works in
thinly populated areas to continue operating.

The popularity of bricks from the smaller works stems from their uniqueness and
they are usually used locally where they blend well with existing buildings and
preserve local character. However, architects sometimes specify bricks produced
by small companies at some distance from the building site because of their
particular appeal.

Up to date prices for a variety of construction materials including clay bricks,
pipe, tile and block, are published each month in the ‘current prices’ section of
the periodical “Building”, or alternatively annually in Spon’s Architect’s and
Builder’s Price Book.

DEMAND TRENDS AND OUTLOOK

As most clay is used in the production of bricks and other building materials,
output is directly related to construction activity. Apart from the two World
Wars, when clay and shale production declined significantly, demand has been
directly related to national economic growth, showing a general rise between
1900 and 1938.

The marked increase from 1946 to 1953 was largely attributable to large-scale
house building, particularly in the public sector. Since 1946 increasing
proportions of clay products have been used in house construction so that there
has been a general tendency for house starts, clay brick production and clay and
shale output to show similar fluctuations (Fig. 17). These may in turn be traced
to the level of Government spending and its construction policies, bank rates,
the availability of mortgages and credit and even weather conditions affecting
clay extraction and building. Figures for cement production and clay output also
show close correlation. In the medium and longer term, population trends,
architectural preferences, changing building techniques and the use of
alternative materials influence demand.

Since 1945 the pattern of brick production and demand has changed. There has
been a steady increase in facing brick production, a rise in demand for
engineering bricks, but a decline in commons. These facts have manifested
themselves in the increased use of facing bricks on external walls and in a
decreased use of commons in internal leaves and partitions.

There is a small but increasing use of lightweight aggregate blocks and panels,
and although those produced from expanded clay are not differentiated in
statistics, it is understood that output is rising in line with the general trend. Clay
roofing tile manufacturers have experienced a marked decline in domestic
demand over the past few decades, largely as result of competition from
concrete, though exports to EEC countries have increased. There are now signs
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however of an increased demand generally. Unglazed vitrified clay pipe has
largely replaced the salt-glazed variety and within certain diameter ranges
demand is almost static. Electricity Board expenditures influence the number of
clay cable conduit covers used.

There has always been some incentive in the construction industry to change
from brick to less labour-intensive building units such as blocks and
prefabricated concrete panels, and it was feared that demand for brick would not
keep pace with other types of construction materials. However there has been a
general return in recent years to rationalised traditional brick building as a result
of revised safety factors, the increasing social resistance to high rise buildings, an
improved knowledge of the load-bearing properties of bricks and the aesthetic
appeal of the vast range of facings and specials now available. However, for
inner leaf work and internal partitions common brick has been largely replaced
by larger, lighter building blocks or lightweight panels.

Brickmakers in the United Kingdom, in common with other building material
suppliers, have experienced a recession due to cutbacks in the building
programme. This state of affairs has lasted for six years with little sign of
improvement and the housing programme is now at its lowest ebb since the war.
Inevitably this has led to a loss of brickmaking capacity. The cutback in housing
is of particular significance to brickmakers since some two-thirds of their
products go into housing and average brick deliveries have dropped from
approximately 7,000 million bricks per annum to about 5,000 million.

On the other hand the industry has continued to invest in modern plant and
machinery and its factories are now highly efficient. A large number of
inefficient yards employing unproductive or labour-intensive equipment have
closed in the last five to ten years, and production has concentrated at a smaller
number of modern plants. The industry would therefore be able to accept a slow
steady rise in trade but, like other material producers, would find it difficult to
accept a sudden large surge in demand beyond current capacities and despite
large stocks.

In any continuous process industry plant has to be run at or near full capacity.
Whilst small changes of output are possible, long lead times are required to bring
new works on stream. The whole construction industry is one that needs a strong
steady demand, yet paradoxically it is one of those most affected by changes in
policies. Wide fluctuation in construction activity inevitably causes problems of
over or under supply for building material producers, and accurate forecasting of
demand is essential.

There do not appear to have been any long term forecasts of the future demand
for the raw materials of the brick and tile industry. Short term forecasts of brick
demand are made by the Brick Development Association which also keeps up to
date with production, deliveries, stock, production capacity and usage of bricks.
These demand forecasts are related to forecasts of construction activity made by
a number of bodies, chief amongst which are the National Council of Building
Material Producers, the National Economic Development Office and the
Department of the Environment.

It is clear that highly mechanised means of brick and tile production are essential
if building costs are to be contained within reasonable limits, but there is
evidence that there will always be a demand for the more individualistic
appearance of hand-made bricks. The trend towards mechanisation of
production of bricks with a handmade appearance shows signs of continuing, as
will the decline in usage of rendered common bricks for exterior use in Scotland.
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Appendix I

Representative Chemical Analyses
(Weight per cent basis)

The following selected chemical analyses have been taken, as far as possible,
from samples of raw material used in the manufacture of certain heavy clay
products. In many cases the analyses have been provided by manufacturers and
are of representative grab samples; in some cases analyses of the blended clay
fed to the production line are shown.
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Ordovician

1 2

- Si0, 56.27 49.66
ALO; 22.29 26.90
Fe,Os 0.64 10.24
FeO 7.12
MgO 2.11 1.88
CaO 0.39 0.26
Na,O 0.79 0.76
KO 3.16 3.00
H,0 5.60
TiO, 1.05
P,O; 0.18
MnO 0.23
S tr
BaO 0.06
C 0.27

Sources:
1 Grey-green to blue-black Blake Fell Mudstones of the Skiddaw Slates in Cumbria (average).

2 Butterley Building Materials Ltd., Caernarvon works, Ordovician shale used to produce wirecut red facing
bricks.

Devonian

1 2 3
SiO, 59.6 54.26 66.0
AL O, 19.9 16.82 20.0
Fe, 0, 11.4 7.54 5.0
TiO, 1.2 0.32 1.0
CaO 0.2 2.46 n.d.
MgO 1.2 2.94 1.0
Na,O 1.0 0.68 1.0
K,O 4.2 3.50 5.0
SO, 0.1 n.d. n.d.
Loss on Ignition 0.5 11.46 n.d.
Sources:

1 W. E. Worrall 1964. Inst. of Ceramics Textbook Series, No. 1, Raw Materials.

2 Butterley Building Materials Ltd., Upper Devonian Marl, Caerleon works, Ponthir, nr. Newport, Gwent,
S. Wales. Mixed with Coal Measure shales to produce wirecut red engineering and facing bricks.

3 Westbrick Ltd., Devonian shale, Steer Point works, Devon, {(semi-quantitative only). Used to produce
wirecut facing bricks.
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Carboniferous
COAL MEASURES SHALES

1 2 3 4 5

- Si0, 53.14 53.69 62.40 65.30 70.20
‘TiO, 0.20 - 0.87 1.05
ALO; 29.65 -20.50 17.60 15.90 17.80
Fe,0; 4.04 7.81 6.70 636 . 1.33
CaO 0.22 0.30 0.40 1.66 0.16
MgO 0.31 2.41 1.50 1.46 0.71
KO 1.65 2.73 3.11 2.28 2.50
Na,O 0.26 062 045 1.74 0.24
Loss on Ignition 10.70 11.14 6.25 533 . 583

Sources: Butterley Building Materials Ltd.

1 Catheralls works, Buckley, Clwyd, Wales. Shale/low grade fireclay used to manufacture buff refractary and
facing bricks (pavoirs).

2 Merthyr works, Merthyr Tydfil, Mid. Glamorgan, Wales. Ironstone dump shales used to manufacture
wirecut red facing bricks. )

3 Thurcroft works, Rotherham, S. Yorks. Shales used to manufacture red engineering and facing bricks.
4 Waingroves works, Ripley, Derby. Shales used to manufacture wirecut red engineering and facing bricks.

5 George Armitage and Sons Ltd., seatearth to Middleton Little Coal from Oxbow Extension—Charcoal NCB
opencast coal site used to produce buff facing brick. o :

Carboniferous
COAL MEASURES SHALES

6 7 8 9 10 11

S10, 55.84 62.50 60.65 64.50 69.50 61.40

TiO, n.d. 1.15

ALO; 23.65 21.53 30.10 24.70 23.25 21.10

Fe, 04 4.53 - 7.40 © 2.68 3.03 2.35 3.00
*CaO n.d. 1.00 0.20

MgO 3.36 2.03 1.60

K,O 2.77 2.90 ‘

Na,O 2.83 0.77 , 4.70

MnO, n.d. 0.09

Loss on Ignition 7.00 8.20 12.40 10.23 10.90 7.00

Sources: Gibbons Northern Brick Ltd.
6 Crawcrook shale, Phoenix quarry (NZ 135628}, Hutton and 5" or 6’ seams.

7 Average of red burning samples from NCB Wardley Quarry, North Durham, used to produce common
bricks.

& Partial analyses: Average of white and cream burning fireclays from NCB Esh Winning opencast site,
Durham, suitable for silver-grey facing bricks.

9 Partial analyses: Average of cream burning bastard fireclays from NCB Esh Winning opencast site,
Durham, suitable for yellow, cream or buff bricks.

10 Partial analyses: Average of white burning bastard fireclays from former NCB Sisters opencast site,
Northumberland.

11 Crossley Building Products Ltd. Coal Measures shale used at Eldon works Bishop Auckland, Durham, to
produce stiff-plastic formed engineering bricks.
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Carboniferous
COAL MEASURES AND MILLSTONE GRIT

1 2 3 4 5

Sio, 61.66  51.82  53.69 5230  57.67
TiO, 0.91 0.40 0.20 0.88 1.09
ALO, 17.50 1424 2050  20.61  20.44
Fe,0, 3.33 0.57 6.95 2.29 1.84
Mn,O, 0.10 0.06
FeO 3.12 2.97 0.86 3.61 2.83
FeS, 1.61 0.13 0.18 0.12
CaO 1.17 7.00 0.30 0.91 1.18
MgO 1.18 4.43 2.41 1.42 1.06
K,O 2.52 2.10 2.73 3.26 1.92
Na,O 1.17 0.52 0.62 0.41 0.27
SO, 0.57 0.18 0.37 0.04 0.20
Loss of Ignition 6.60  14.08  11.14  14.02  11.38

Source: Bonnell and Butterworth, ‘Clay Building Bricks’, Ministry of Works, National Brick Advisory Council,
Paper 5, 1950.

1 Lower Coal Measures shales, Lancs/Yorks.

2 Grey Weeton shales, Millstone Grit, Lancs/Yorks.

3 Red Weeton Shales, Millstone Grit, Lancs/Yorks.

4 Red-burning, Productive Coal Measures, colliery waste, Midlands/N. Wales.

5 Buff-firing bastard fireclays from Black Band Group and upper Productive Coal Measures (average),
Midlands/N. Wales.

Carboniferous
COAL MEASURES AND LOWER LIMESTONE GROUP

1 2 3 4

Sio, 59.21 56.1 50.77 47.81
TiO, 0.98 1.00 0.84
AL O, 18.62 24.1 24.10 18.03
Fe,0, 2.35

FeO 423 }6.0 }7.72 }13.84
Mn, O, 0.12 0.08 0.11
CaO 0.56 0.7 0.49 2.6
MgO 2.01 3.0 1.38 1.58
K,O 3.28 1.64 1.78
Na,O 1.04 1.1 0.15 0.08
SO, 0.14

CO, 0.49

C 0.53

Loss on Ignition 7.46 9.0 12.36 12.96

Sources:

1 R. W. Nurse 1959 ‘The Relationship between the constitution of brickmaking clays and firing properties’.
Clay Miner Bull. Accrington Mudstone.

2 A.B. Searle ‘Clay, and what we get from it’ London. 1925. Accrington Mudstone.

3 Scottish Brick Corporation; Lower Limestone Group blaes, Blairskaith quarry, for common brick
manufacture.

4 Scottish Brick Corporation; Lower Coal Measures blaes, Drumshangie quarry, for facing and engineering
brick manufacture.
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Carboniferous
RUABON MARL

SiO,

TiO,

AL O,

Fe203

CaO

MgO

K,O

N320

Loss on Ignition

57.50
1.16
23.10
7.26
0.33
0.87
1.46
0.23
7.50

Source: Dennis Ruabon Ltd. Colomendy quarry. Used in the production of unglazed floor quarries.

CALCIFEROUS SANDSTONE SERIES RED MARL

SiO,
ALO,
FeO
Cd0
MgO
H,O

57.34
18.81
8.53
0.63
1.66
9.65

Source: Terra-cotta clay formerly used for red firing bricks and tiles at Cleghorn brickworks, Glasgow.

CULM

Sio, 62.00
TiO, 0.94
ALO, 18.70
Fe,O, 7.43
CaO 0.46
MgO 1.50
K,O 3.69
Na;O 0.86
P,04 0.10
Mn;0, 0.11
Loss on Ignition 4.16

Source: Westbrick Ltd., Culm mudstones, Pinhoe works, Exeter, Devon; used to produce stiff-extruded facing

and engineering bricks.
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Carboniferous
ETRURIA MARL

1 2 3a 3b 4 5
SiO, 56.07 57.2-70.3  58.12 51.39 60.62 59.29
TiO, 1.25 1.2- 1.5 1.35 1.27 -~ 1.22 1.27
ALO; 20.85 13.7-21.8  22.40 23.10 20.62 20.09
Fe,0; 790  7.1-99 7.55 10.02 7.4 8.43
Mn,0; 0.06 tr n.d. n.d. : 0.03 0.25
CaO 0.50 tr— 0.2 0.40 2.00 0.28 0.76
MgO 1.13 0.6-1.0 1.28 0.96 0.73 0.72
K,0 1.78 0.8-1.6 ~ 1.65 1.79 1.63 1.42
Na,O 0.51 0.04-0.2 0.14 0.10 0.12 0.10
SO, 0.04 nd. - n.d. n.d. n.d. n.d.
Loss on Ignition ~ 10.42 51-7.1 ~ 7.40 9.09 7.59 7.37

Sources:

1 Bonnell and Butterworth. ‘Clay Building Bricks’, Ministry of Works, National Brick Advisory Council,
Paper 5, 1950. )

‘2 Range of Etruria Marls from Silverdale and Goldenvale areas, Staffs, after D."A. Holdridge, ‘The Effect of
firing on some physical properties of Etruria Marls’, Clay. Miner. Bull, v.5, p.90-97, 1962.

3a Non-calcareous Etruria Marl, and 3b Calcareous Etruria Marl, P. S. Keeling ‘The Geology and Mineralogy
of Brick Clays’, B.D.A. 1963.

4 Average of 18 basal Etruria Marls from Goldendale Quarry North Staffs., after D. A. Holdridge,
‘Compositional Variation in Etruria Marls’, Trans. Brit. Ceram. Soc. 1959, v.58, no.5, p. 301-328.

"5 Average of 20 middle Etruria Marls from Bradwell Wood Quarry, North Staffs., after D. A. Holdridge (as

above).

Permian
1 2

Si0, 60.1 59.1
ALO; 16.7 19.3
Fe, 05 5.8 7.1
TiO, 0.5 0.9
CaO 6.5 2.1
MgO 4.2 1.7
Na,O 1.2 0.6
K,O 33 4.3
SO, 0.9 1.1 (CO,)
Loss on Ignition 0.3 4.6
Sources:

1 W. E. Worrall, Inst. of Ceramics Textbook Series, No 1, Raw Materials.

2 Red-bed mudstones from the Permian of southwest England, average major element chemistry. M. E.
Cosgrove, Chem. Geol. v.11, 1973, p. 31-47. )
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‘Keuper Marl’ (Mercia mudstone group)

1 2 3 4 5 6 7
Si0, 48.70 46.20 65.30 42.74 -49.54 61.14 41.38
TiO, ‘ 0.69 065 074 095 080 0:77 0.63
ALO, 13.30 © 12.80 14.00 16.32 13.70 13.16 12.57
Fe,O4 - 561 495 506 6.55 451 433 393
CaO 559 732 169 946 610 330 8.69
MgO 837 877 273 623 598 313 779
K,O 5.07 500 503 357 398 472 3.62
Na,O 0.09 008 053 08 062 041 050

Losson Ignition 11.80 13.50 4.48 13.58 13.63 7.86 17.56

Sources: Butterley Building Materials Ltd.

1 Blaby works, Glen Parva, Leics. ‘Keuper Marl’ used for pink/buff handmade facing bricks.
2 Desford works, Bagworth, Leics. ‘Keuper Marl’ used for wirecut buff facing bricks.

3 Heather works, Ashby-de-la-Zouch, Leics. ‘Keuper Marl’ used for wirecut red facing bricks.
4 Kirton works, Newark, Notts. ‘Keuper Marl’ used for wirecut pink/buff facing bricks.

5 Average of six saniples from top 92m of ‘Keuper Marl’ from Birmingham, Notts., Warwicks, and Leics areas

after Bonnell and Butterworth 1950.

6 Average of four samples from basal 92m of ‘Keuper Marl’ from Leics. Notts, and Devon (after Bonnell and

Butterworth 1950).

7 Average of two samples from middle ‘Keuper Marl’ from Northern Ireland (after Bonnell and Butterworth

1950).

Jurassic
MIDDLE LIAS

1 2

SiO, 57.8 62.96
AL O, 23.2

Fe,0, 9.3 }23'68
TiO, 1.2 n.d.
CaO 1.0 1.16
MgO 2.5 n.d.
Na,O 0.9

K,O 2.9 4.74
SO, 0.3 0.33
Loss on Ignition 1.0 7.13

Sources:

1 W. E. Worrall 1964. Institute of Ceramics, Textbook Series, No. 1 Raw Materials. (analysis of fired brick).

2 Middle Lias ‘brown clay’, formerly used at Napton brickworks, Warwickshire, with the addition of lower
‘blue clay’ to produce red paving and kitchen flooring tiles.
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Jurassic
LOWER OXFORD CLAY

1 2 3
SiO, 43.96 43.68 45.82
TiO, 0.30 0.85 0.84
ALO; 17.51 17.10 15.21
Fe,O, 2.76 2.08 3.12
Fe$, 2.60 2.35 1.83
CaO 8.14 10.55 10.10
MgO 1.59 1.57 2.21
K,O 2.66 2.84 2.62
Na,O 0.72 0.17 0.86
SO, 1.30 2.01
F 0.05

Loss on Ignition 18.46 18.10 15.00

Sources:

1 P.S. Keeling, 1963. The Geology and Mineralogy of Brick Clays, B.D.A.
2 London Brick Company Ltd, Saxon works, Whittlesea.

3 London Brick Company Ltd, Hicks No. 1 works, Fletton.
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Jurassic
KIMMERIDGE CLAY

SiO, 18.7
AlL,O4 8.1
Fe,0; ‘ 10.6
TiO, 0.3
CaO 27.3
MgO 4.0
K,0&Na,O 0.4
CO, 24.1
H,O 4.4
Carbon 2.1

Source: Crossley Building Products Ltd, Kirby works, Kirbymoorside, N. Yorks., used to produce facing
bricks.

UPPER ESTUARINE CLAY

1 2
Sio, 79.03 73.98
AlLO, 10.97 13.53
Fe,0; 1.95 1.55
TiO, 2.11 1.90
CaO 0.52 0.45
MgO 0.35 0.46
Na,O 0.20 0.19
K,O 0.26 0.61
Loss on Ignition 4.56 6.43
clay mineral (illite) 20% 29%
quartz 62% 45%
carbon 0.3% 1.7%

Source:

1 Williamson Cliff Ltd, white-burning ‘fireclay’ from Upper Estuarine Clay of Jurassic at Little Casterton,
Lincolnshire, formerly used for facing bricks.

2 Brown-burning “fireclay” from Upper Estuarine Clay of Jurassic at Little Casterton, Lincolnshire, formerly
used for facing bricks. '
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Cretaceous. Hastings Beds
ASHDOWN BEDS AND WADHURST CLAY

1 2 3a 3b 3¢ 3d 4a 4b

Sio, 78.16 91.84 63.33 6523 72.16 74.31 55.25 49.81
TiO, 096 0.65 144 136 1.32 1.24  0.98 1.00
ALO; 8.88 322 1746 19.05 1536 1320 19.20 14.16
Fe,O, 3.63 1.74 394 208 0.88 1.97 4.56 10.29
FeO 0.32 tr 274 065 072 140 0.68 1.40
Mn, 0, 0.08 tr 002 002 0.01 0.01 0.05 0.39
CaO 037 033 036 020 027 026 1.9 0.35
MgO 070 0.11 064 0.64 046 050 1.51 1.25
K,O 1.71 031 236 245 1.82 1.67 2.83 2.57
Na,O 065 0.14. 017 0.19 0.15 0.13 022 0.19
CO, 0.08 n.a. 0.58  n.a. 0.14  n.a. 092 3.32
SO, 0.01 0.01 012 002 031 004 0.02 0.06
Carbon 0.18

Loss on Ignition 4.41 1.67 629 799 641 5.02 11.35 10.20

Source: B. Butterworth and D. B. Honeyborne, Bricks and Clays of the Hastings Beds; Trans. Brit. Ceram.
Soc. 1952, ) )

1 Representative sample of Ashdown Beds clay used to make hand made facing bricks.

2 Ashdown Beds clayey sand used mixed with Wadhurst Clay to make hand made and machine moulded facing
bricks.

3 Wadhurst Clays used mixed with T.W.S. to make stiff-plastic and wirecut engineering and common bricks a)
Red clay; b) White clay; ¢) Very dark clay; d) Buff clay.

4 Wadhurst Clays used to make hand made facing bricks.
a) Bluish yellow clay
b) Yellow plastic clay.

Cretaceous. Hastings Beds. (contd).
TUNBRIDGE WELLS SAND AND GRINSTEAD CLAY

1 2 3 4 5
Si0, 85.38 77.86 66.05  64.56 54.42
TiO, 1.06 1.32 1.04 1.18 0.96
ALO; 6.63 9.77 17.17 16.42 21.52
Fe,O4 2.44 - 4.05 4.10 6.59 6.35
FeO 0.14 0.46 0.36 0.17 0.58
Mn,0, 0.05 0.01 0.03 0.03 0.03
CaO 0.20 0.07 0.12 0.27 0.47
MgO 0.32 0.26 0.69 0.66 1.09
K,O 0.87 1.16 1.95 2.37 2.47
Na,O 0.13 0.18 0.20 0.12 0.24
CO, tr 0.15
SO, 0.02 0.07 0.03 0.03 0.03
Carbon 0.34
Loss on Ignition 3.00 4.56 8.35 7.43 11.62

Source: B. Butterworth and D. B. Honeyborne, Bricks and Clays of the Hastings Beds; Trans. Brit. Ceram.
Soc., 1952

1 Clayey Tunbridge Wells Sand used with Wadhurst Clay in the proportions 2:1 (commons), 1:2 (engineerings)
and 1:1 (facings). )

2 Clayey Tunbridge Wells Sand used with Wadhurst Clay for engineering and common bricks.
3 Grey plastic Grinstead Clay used for machine-moulded facing bricks.

4 Yellow Grinstead Clay used for machine-moulded facing bricks.

5 Yellow Grinstead Clay used with T.W.S. for machine-moulded facing bricks.
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Cretaceous
WEALD CLAY AND GAULT CLAY

1 2 3 da 4b
Sio, 58.27 52.50 54.98 48.26 35.44
ALO, 2.16 22.37 18.43 19.86 13.77
Fe,0, 7.04  7.85(Fe0,0.43)  10.37 570 2.84
MgO 1.04  1.10 0.91 174 1.47
CaO 0.20 - 0.62 2.66 4.14 19.08
Na,O 033 033 0.46 034 0.15
K,O 267 2.72 3.25 2.89  2.35
TiO, 1.05  0.90 1.01 090 0.67
P,0; 0.09 n.d. .

MnO 0.03  0.10 (Mn,05) 0.02 0.06
Co, 0.14 . 0.25 ‘ n.d. 2.88  14.42
SO, 0.03  0.19 n.d. 124 0.57
Loss on Ignition  0.95 10.67 771 12.60 22.86

Carbon 9.72  0.35
FeO 229 1.01

Sources: Weald Clay:

1 Southwater works, nr. Horsham, Sussex. Redland Brick Ltd.

2 Pluckley Brick & Tile Co Ltd, Pluckley Works, nr. Ashford, Kent, used to make wire-cut multicoloured
facings.

3 P. S. Keeling ‘The Geology and Mineralogy of Brick Clays’, B.D.A. 1963.

4 R. W. Nurse. ‘The Relationship between the constitution of brickmaking clays and firing properties’, Clay
Minper. Bull. 19. i
(a) Gault Clay (Dunton Green) used for incorporation with other clays.
(b) Gault Clay (Burwell) used to produce white brick.

Tertiary

1 2 3 4 5
Si0O, 65.87 58.38 59.4 57.18 50.00
TiO, 0.76 n.d. 1.08 n.a.
Al O, 10.35 15.31 16.9 17.18 21.10
Fe,04 3.94 7.00 7.5 7.98 11.30
FeO 0.83 n.d. n.d. n.d.
Mn,0; 0.01 nd. n.d. n.d.
CaO 4.26 0.97 2.1 (CaCOy) 2.41 4.10
MgO 1.58 2.72 6.3 (MgCO») 2.82 0.70
K,O 1.93 2.86 3.2 3.27 }12 30
Na,O 0.37 0.3 0.27 )
SO, 0.23 1.80 n.d. n.d.
CO, 2.61 n.d. n.d. 2.10
Carbon n.d. n.d. n.d. n.d.
Loss on Ignition 9.67 820 n.d. 8.00
Sources:

1 Eocene (Hammill). R. W. Nurse ‘The relatidnship between the constitution of brickmaking clays and firing
properties’. Clay Miner. Bull. 19

2 Typical analysis of London Clay, Tunnel Cement Co., Aveley quarry, Essex.

3 London Clay, Ockendon, supplying A.P.C.M. Ltd, Northfleet works, Dartford, Kent.

4 London Clay, P. S. Keeling, ‘The Geology and Mineralogy of Brick Clays’, B.D.A.., 1963.
5 Reading Beds, Star works, Knowl Hill, Berkshire.
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Quaternary

1 2 3
Si0, 51.74 67.7 52.36
TiO, 0.86 n.d. 0.80
ALO, 12.70 23.1 19.78
Fe,0s 5.64 }2 6 6.75
FeO 0.30 : 1.32
Mn, 05 0.06 n.d. 0.13
CaO 9.94 3.4 1.63
MgO 1.27 0.2 3.60
K,O 1.76 }2 4 4.35
Na,O 0.35 : 1.29
SO, 0.02 n.d. 0.02
CO, 7.16 n.d.

C n.d. n.d.

Loss on Ignition 15.35 0.6 (‘H,O etc’) 8.66

Sources:

1 Boulder Clay, Garston, Herts., suitable for red hand-moulded bricks, R. W. Nurse, ‘The Relationship
between the constitution of brickmaking clays and firing properties’. Clay Miner. Bull. 19

2 Glacial brick clay (unspecified), A. B. Searle, ‘Clay, and what we get from it’, London, 1925
3 “Upper red clay’, Tipperty pit, Ellon, Grampian (raised beach clay).

Waste Materials
1 2 3 4 5 6 7

SiO, 37.90 48.10 49.00 43.00 54.70 75-90 50.30
TiO, 0.65 1.00 1.08 0.95 1.00 0.05-0.15 0.11
AL O, 15.90 19.90 18.00 21.50 18.10 5-15 32.70
Fe, 0, 2.70 1.80 2.80 0.60 1.70 0.50-1.20 2.37
FeO 2.70 3.30 5.60 3.70 5.40 n.d. n.d.
P,0, 0.16 0.16 0.22 0.24 0.18 n.d. n.d.
CaO 0.56 0.61 0.73 1.30 1.70 0.05-0.50 0.07
MgO 1.10 1.67 2.55 1.26 3.90 0.05-0.50 0.35
MnO 0.08 0.10 0.23 0.08 n.d. n.d. n.d.
Na,O 0.30 0.39 0.64 0.14 1.50 0.02-0.75 0.24
K,O 1.36 1.64 1.48 0.90 2.80 1.00-7.50 5.30
SO; 2.05 2.32 0.34 0.46 0.40 n.d. n.d.
Loss on Ignition 35.06 19.05 16.81 25.47 6.70 1-2 8.30
to 950°C 0.02F

0.10 Mn, 03

0.53S

Source: R. J. Collins, ‘A method for measuring the mineralogical variation of spoils from British Collieries’.
Clay Miners. v.11, p.31-48. 1976 (weight %).

1 Unburnt colliery spoil, Morlais colliery, S. Wales.
2 Unburnt colliery spoil, Snowdown colliery, Kent.
3 Unburnt colliery spoil, Thorne colliery, Yorks.

4 Unburnt colliery spoil, Bedlay colliery, Scotland.

5 Average composition of four Scottish slate waste samples Building Research Establishment, Current Paper
19/74 (Gutt, Nixon, Smith, Harrison and Russell).

6 Composition range of waste china clay coarse sand fraction Ref. as above.
7 Composition of waste china clay fine micaceous residue. Ref. as above.
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‘Waste Materials (cont’d)

8
Sio, 48.50
AL O, 25.20
Fe,0; 12.10
CaO 5.30
MgO 2.20
SO, 3.20
C 3.00
Chloride trace
Alkalis trace

Source:

8. Analysis of a typical spent shale (Oil Shale Group) as discharged from oil retorts, Scotland, (Building
Research Establishment Current Paper 50/78.)
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Appendix 11

Producers

a. Clay brick, pipe and tile manufacturers
b. Calcium—Silicate brick manufacturers

N.B. Because of recurrent takeovers and closures it is accepted that some inaccuracies may be inherent in this
compilation, but it was believed to be substantially correct at the time of going to press.
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(a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Accrington Brick & Tile Co.,

Ltd
(Geo. Armitage Group)
Nori Works, Altham West
Accrington, Lancs.
No. 1 & 2 Works,
Accrington.
No. 3 Works, Whinney
Hill, Accrington.

‘No. 4 Enfield Works,
Accrington.
Deerplay Works,
Accrington.

Afton Bricks Ltd
Larbert, Stirlingshire.

Aldeburgh Brickworks
Saxmundham Road,
Aldeburgh, Suffolk.

Alne Brick Co., Ltd
1. Forest L.ane Works,
Alne, North Yorks.
2. Hemingborough, nr
Selby, Yorks.

Geo. Armitage & Sons Ltd

Robin Hood, Wakefield,
Yorks.

1. Howley Park Brick
Factory (1 & 2)
Woodkirk, nr
Dewsbury, W. Yorks.

2. Thorpe Brick Factory,
Thorpe, Wakefield,
W. Yorks.

3. Swillington Brick
Factory, Swillington,
Leeds, W. Yorks.

Ashpark Brickyard Ltd
Plaistow, W. Sussex.

Baggeridge Brick Co., Ltd

1. Gospel End Works,
Sedgley, Dudley, W.
Midlands.

2. Hartlebury Works,
Kidderminster, Worcs.

3. Kingsbury Works,
Dosthill, nr Tamworth,
Staffs.

Barker & Briscoe Ltd

North Wirrall Brickworks,

Carr Lane, Saughall
Massie, Wirral, Cheshire.

Lower Coal Measures
shales ‘Accrington
Mudstone’

Coal Measures or
Millstone Grit shales

Chillesford Clay

Superficial clays

Middle Coal Measures
shales and fireclays

Weald Clay

Etruria Marl

Etruria Marl

Old Hill Marl

‘Keuper Marl’

‘Facing

bricks, acid-
resisting bricks & blocks,
acid-resisting tiles.

Common bricks.

Facing bricks.

Bricks and various clay
products.

Comprehensive range of
facing and engineering
bricks.

Facing bricks.

Facing and engineering
bricks, and pavers.

Common and facing
bricks, and air bricks.
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a)

COMPANY & WORKS DEPOSIT WORKED PRODUCTS
Barnett & Beddows Ltd Etruria Marl Staffordshire Blue
Atlas Brickworks, engineering and acid-

Aldridge, Walsall, Staffs.

Belton Brick Co. Ltd
(Innes Lee Industries),
Belton Works.

H. Birkby & Sons Ltd
Storr Hill Brickworks,
Wilson Road, Wyke, nr
Bradford, W. Yorks.

Birtley Brick Co. Ltd

Union Brickworks, Birtley,

Tyne & Wear.

Blockleys Ltd
Hadley, Telford, Salop.

Blue Circle Industries Ltd
Brick Division,
Sittingbourne Works,
Murston, Kent.

Bovingdon Brickworks Ltd
Hemel Hempstead, Herts.

William Blyth,
Hoe Hill,

Barton-on-Humber, Lincs.
Blythe & Sons (Birtley) Ltd

1. Birtley Station
Brickworks, Birtley,
Tyne & Wear.

2. Washington Station
Works, Washington,
Tyne & Wear.

S. T. Brown & Co.
The Brickfields,

Cholesbury, Tring, Herts.

Lower Coal Measures
Shales or Millstone Grit
shales

Superficial deposits

Coalport Beds, Upper
Coal Measures shales
and fireclays

Brickearth

Clay-with-flints

Marine alluvium

Coal Measures shales

Clay-with-flints

Bulmer Brick & Tile Co. Ltd London Clay

The Brickfields, Bulmer,
Sudbury, Suffolk.

138

resisting bricks, and
pavers.

Facing brick.

Brick.

Slop-moulded facing
bricks and pavers.

Facing bricks, briquettes
and pavers.

Facing bricks (London
Stocks).

Facing bricks.

Clay roofing tiles and
pan-tiles.

Engineering and facing
bricks.

Facing bricks.

Facing bricks.



a)

COMPANY & WORKS

DEPOSIT WORKED PRODUCTS

Butterley Building Materials
Ltd

1. Blaby Brickworks,
Cork Lane, Glen
Parva, Leics.

2. Kirton Brickworks,
New Ollerton, nr
Newark, Notts.

3. Thurcroft Brickworks,
Thurcroft, Rotherham,
Yorks.

4. Waingroves
Brickworks,
Waingroves, nr Ripley,
Derby.

5. Buttington
Brickworks, (Castle
Brick Co.), nr
Welshpool, Powys.

6. Catheralls Brickworks,
Buckley, Clwyd.

7. Hooton Brickworks,
Hooton, Wirral,
Cheshire.

8. Heather Works,
Heather, nr Ashby-de-
la-Zouch, Leics.

9. Desford Works, Heath
Road, Bagworth,
Leics.

10. Seiont Works,
Caernarvon, Gwynedd.

11. Lane End Works,
Buckley, Clwyd.

12. Merthyr Works,
Merthyr Tydfil, Mid.
Glam.

13. Caerleon Works,
Ponthir, nr Newport,
Gwent.

Aglite Works, Street
Lane, Denby, Derbys.

14.

John Caddick & Sons
Spoutfield Tileries, Stoke-
on-Trent, ST4 7BX

‘Keuper Marl’ Comprehensive range of
facing bricks,
engineering bricks,
handmade bricks and

‘Keuper Marl’ pavers.

Upper Coal Measures

shales

Middle Coal Measures

shales

Llandovery shales

Coal Measures fireclays

Boulder Clay

‘Keuper Marl’

‘Keuper Marl’ +
imported Etruria Marl
from Cannock
Ordovician slates

Coal Measures shales

Coal Measures shales
(ironstone dumps) and
fireclays

Coal Measures shales
and Devonian marl

Coal Measures shales
and blocks.

Etruria Marl Quarry tiles.

- Temporarily closed.

Lighweight aggregate
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a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Caledonian Brick Co. Ltd
1. Newmains Brickworks,
" Morningside Road,
‘Newmains.
2. Mayfield Brickworks,
Wilton Road, Carluke.
3. Hamilton Brickworks,
Newpark Street,
Hamilton.
4. Fife Brick Co. Ltd.,
Braehead-Lassodie,
Kelty Fife.

Campbell Brick Co

(Innes Lee Industries Ltd.),

Barrow Hill, Chesterfield,
Derbys. '

Cannerton Brick Co. Ltd
Banknock, Bonnybridge,
Stirlingshire.

Carlton Main Brickworks
Ltd
Grimethorpe, nr Barnsley,
Yorks.

Carty Tile Works
Newton Stewart,
Ardrossan, Ayrshire.

Charnwood Forest Brick &
Tile Works Ltd
Shepshed, Lougborough,
Leics.

Chellaston Brick Co. Ltd
Derbyshire.

Claughton Manor Brick Co.
Ltd
1. West End Works,
Claughton, Lancaster.
2. Manor Works,
Claughton, Lancaster.

Coalisland Brick Co. Ltd

Coalisland, Dungannon, N.

Ireland.

Coleford Brick & Tile Co.
Ltd
Royal Forest of Dean
Brickworks, Cinderford,
Glos.
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- Opencast and bing

blaes (Coal Measures
shales)

Coal Measures blaes

Middle Coal Measures
shales

Boulder clay

‘Keuper Marl’
‘Keuper Marl’
Namurian shales
Coal Measures

Coal Measures (using
stockpiles)

Common bricks

Common bricks.

Common, facing and
engineering bricks.

Facing bricks.

Facing bricks.

Common, facing and
engineering bricks,
pipes, conduits and odd
stuff.

Facing bricks.



a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

W. H. Collier Ltd
Church Lane, Marks Tey,

nr

Colchester, Essex.

Conways Tiles Ltd
Globe Lane, Dukinfield.

Cremer Whiting & Co. Ltd
(W.T. Lamb & Sons Ltd.)
Ospringe Brickworks,
Faversham, Kent.

Crossley Building Products

Ltd
1.

Cruden Bay Brick & Tile Co.

Ltd

Coatham Stob
Brickworks,
Eaglescliffe, Cleveland.

. Eldon Brickworks,

Bishop Auckland,
Durham.

. Hetton Brickworks,

Hetton-le-Hole,
Tyne & Wear.
Kibblesworth
Brickworks, Birtley,
Tyne & Wear.

. Hurworth Brickworks,

Darlington, Durham.

. Kirby Brickworks,

Kirbymoorside,
N. Yorks.

. Broomfleet Brickworks,

Brough,
N. Humberside.

. Broomfleet Clay Tile

Works, N. Humberside.

Newark Tile Works,

Tipperty, Ellon, Grampian.

Dennis Ruabon Ltd
Hafod Tileries, Ruabon, nr
Wrexham, N. Wales.

Glacial lake clays,
(Hoxnian Interglacial
silts)

Brickearth

Boulder clay and
laminated clay

Coal Measures shales

Boulder clay. Closed

Boulder clay. Closed

Boulder clay. Closed

Kimmeridge Clay.
Closed

Glacial lake clays &
interglacial clays

Glacial lake clays &
interglacial clays

Interglacial clays and
boulder clay

Ruabon Marl

Facing bricks and
briquettes, handmade
bricks.

Quarry tiles.

Facing bricks (London
Stocks).

Comprehensive range of
facing, common and
engineering bricks, and
handmade bricks.

Double-interlocking
roofing tiles and
pantiles.

Facing bricks.

Quarry tiles and bricks.
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a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

G. H. Downing & Co. Ltd
1. Brownhills Works,
Tunstall, Staffs.
2. Birchenwood Works,
Kidsgrove, Staffs.

3. Keele Works, Madeley

Heath, Newcastle,
Staffs.

4, Chesterton Works,
Newcastle, Staffs.

5. Knutton Tile Works.

Drury Brickworks Ltd
Buckley, Clwyd.

Dunton Bros. Ltd
Meadhams Farm
Brickworks, Ley Hill,
Chesham, Bucks.

Emlyn Brick Co. Ltd

Penygroes, Llanelli, Dyfed.

Henry Foster Bricks Ltd

(Steetley Brick), Todhills
Works, Newfield, Bishop

Auckland, Co. Durham.

Freshfield Lane Brickworks

Ltd
Dane Hill, Haywards
Heath, West Sussex.

H. R. Gibbs & Sen Ltd
Steamhall Works,

Bromyard, Herefordshire.
Gibbons Northern Brick Ltd

Gibbons Dudley Group
(Steetley Brick);

1. Ashington Works,
Northumberland.

2. Cramlington Works,
Northumberland.

3. Seghill Works,
Northumberland.

4. Throckley Works,
Tyne and Wear.
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Etruria Marl

Middle Coal Measures
shales
Etruria Marl

Etruria Marl &
fireclays
Etruria Marl

Coal Measures fireclays
& shales

Clay-with-flints or
weathered Reading
Beds

Coal Measures

Lower Coal Measures

Base of Upper
Tunbridge Wells Sand
+ top of Wadhurst
Clay

Devonian marl

Coal Measures shales
and fireclays

Comprehensive range of
common and facing
bricks, Staffordshire
Blue engineering bricks,
and clay roofing tiles.

Facing bricks.

Common bricks.

Facing bricks, roofing
tiles & field drains.

Facing and paving
bricks, briquettes, and
handmade bricks.

Quarry tiles.

Comprehensive range of
common, facing and
engineering bricks, and
pavers.



a)

COMPANY & WORKS DEPOSIT WORKED PRODUCTS

Glasgow Iron and Steel Co.  Coal Measures shales =~ Common bricks.

Ltd
Birkhill Brickworks,
Boghall Road, Carluke.

Hammill Brick Eastry Ltd Brickearth Facing bricks (London
Kent. Stocks).

Hastings Brickworks Ltd Hastings Beds Facing bricks.
Fourteen Acre Lane,
Guestling, nr Hastings, E.
Sussex.

Haunchwood Lewis Brick & Etruria Marl Staffordshire Blue

Tile Co. Ltd engineering bricks;
(Thomas Wragg & Sons facing bricks, pavers and
Ltd Group), Rosemary roofing tiles.
Works, Cannock Staffs.

HawKins Tiles (Cannock) Etruria Marl Roofing tiles; quarry

Ltd tiles, floor tiles, pavers,
Longhouse Works, facing and engineering
Cannock Staffs. bricks.

Hemstocks Pottery Ltd ‘Keuper Marl’ Redware garden and

Old North Road, Sutton-
on-Trent, Newark, Notts.

Hepworth Group (Hepworth
Iron Co., Ltd)

1. Hazlehead,
Stockbridge, S. Yorks.

2. Woodpville,
Swadlingcote and
Ellistown.

3. Jacksdale,
Nottinghamshire.

4. Operations of Northern
Ceramic Pipe Co. Ltd in
Lancashire: Burnley and
Horwich factories.

5. Escrick, near Yorks.

6. Glanboig, Scotland.

Hinton, Perry & Davenhill
Ltd
Dreadnought Works,
Pensnett, Brierley Hill
(Ketley Brick Co. Ltd)

Lower Coal Measures

Middle Coal Measures
fireclay

Fireclay from

S. Derbyshire

Lower Coal Measures
mudstones

Vale of York drift
Middle Coal Measures
virgin blaes

Coal Measures shales

utility pots, and brick
specials.

Comprehensive range of
vitrified clay pipes and
fittings.

Field drains.
Field drains.

Engineering bricks and
pavers.

143



a)

COMPANY & WORKS

DEPOSIT WORKED PRODUCTS

Ibstock Building Products
Ltd

1. Ibstock Brick Aldridge
Ltd, Aldridge,

W. Midlands.

2. Ibstock Brick
Cattybrook Ltd,
Almondsbury, Bristol.

3. Ibstock Brick Himley
Ltd, Kingswinford,
Brierley Hill, Staffs.

4. Ibstock Brick Leicester
Ltd, Ibstock, Leicester.
(2 works).

5. Ibstock Brick Nostell
Ltd, Nostell, Wakefield,
Yorks.

6. Ibstock Brick
Roughdales Ltd,

a) Chester Lane
Factory, St. Helens,
Merseyside.

b) Elton Head Works,
Sutton, St. Helens,
Merseyside.

7. Ibstock Brick Hudsons
Ltd,

a) West Hoathly Works,
W. Sussex.

b) Laybrook Works,
Pulborough, W.
Sussex.

J. & A. Jackson Ltd
1. Adswood Works, nr
Stockport, Cheshire

2. Denton Works.

3. Poynton Works.

Jacksons (Warwickshire)
Brickworks Ltd
Coventry Road, Bickenhill,
Solihull, W. Midlands.

J. Jameson & Son Ltd
Corbridge-on-Tyne,
Northumberland.

H. & R. Johnson-Richards
Tiles Ltd
Highgate Tile Works,
Tunstall, Stoke-on-Trent.
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Comprehensive range of
facing and engineering
bricks, handmade bricks
and pavers.

Etruria Marl
Middle Coal Measures
shales & fireclays

Etruria Marl

‘Keuper Marl’

Middle Coal Measures
shales

Upper Coal Measures
shales and fireclays

Upper Coal Measures
shales and fireclays

Basal Wadhurst Clay
Weald Clay

Facing and common
Boulder clay bricks.

Carboniferous Shale
from Glossop

(Mouselow)

‘Keuper Marl’ Facing and common
bricks.

Fireclay Salt glazed pipes &
fittings.

Unglazed earthenware
floor tiles (among other
products).



a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Kenneths Building Services
Ltd
(Scottish Brick
Corporation), Annandale
Brickworks, Kilmarnock.
Pitcon Brickworks, Dalry,
Ayrshire.
Commondyke Brickworks,
Auchinleck.
Broadie Brickworks,
Dalry, Ayrshire.

Keymer Brick & Tile Co.
Ltd
(Maidenhead Brick & Tile
Co. Ltd, subsidiary),
Keymer Brick Works,
Burgess Hill, nr Haywards
Heath, W. Sussex.

Coal Measures shales

Weald Clay

Kirkheaton Brickworks Ltd Lower Coal Measures

(subsidiary of S. Wilkinson
& Sons), Lane Side,
Kirkheaton, Huddersfield,
Yorks.

W. T. Knowles & Sons Ltd
Ash Grove Sanitary Pipe
Works, Elland, W. Yorks.

W. T. Lamb & Sons Ltd
Pitsam Works,
nr Midhurst, W. Sussex.
South Godstone Works,
Surrey.

Leadbetters Ltd
Grotton Brickworks,
Grotton, nr Oldham;,
Lancs.

shales

Lower Coal Measures
mudstones and fireclay

Gault Clay

Weald Clay

Coal Measures

Common bricks.

Handmade clay roofing

tiles.

Engineering bricks.

Vitrified clay pipes.

Facing bricks and
briquettes.

Clay products.
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a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

London Brick Co. Ltd

1.

10.
11.
12.
13.

14.

15.
16.

17.
18.

Dogsthorpe Star
Brickworks,
Dogsthorpe, nr
Peterborough.

. Northam Brickworks,

Eye Green,
Peterborough.

. Beebys Brickworks,

Yaxley, Peterborough.
Kings Dyke
Brickworks,
Whittlesey,
Peterborough.
Saxon New
Brickworks,
Whittlesey,
Peterborough.
Orton Brickworks,
Yaxley, nr
Peterborough.
London Brick No. 1
Brickworks, Fletton,
Peterborough.

. Hicks No. 1

Brickworks, Fletton,
Peterborough.

Hicks No. 2
Brickworks, Fletton,
Peterborough.

Calvert Brickworks,
Steeple Clayton,
Bucks.

Bletchley Brickworks,
Newton Longville,
Bletchley, Bucks.
Jubilee Brickworks,
Skew Bridge, nr
Bletchley, Bucks.
Ridgmont Brickworks,
Ridgmont, Beds.
Coronation
Brickworks, Stewartby,
Beds.

Clockhouse
Brickworks, Capel,
Surrey.

Warboys Brickworks.
Arlesey Works, Beds.

Lumley Brickworks Ltd
Woodstone Village,
Houghton-le-Spring,
Co. Durham.
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Lower Oxford Clay

Lower Oxford Clay -

Lower Oxford Clay

Lower Oxford Clay
Lower Oxford Clay

Lower Oxfdrd Clay
Lower Oxford Clay
Lower Oxford Clay
Lower Oxford Clay
Lower Oxford Clay
Lower Oxford Clay
Lower Oxford Clay

Lower Oxford Clay

Lower Oxford Clay
Weald Clay

Upper Oxford Clay
Gault Clay

Coal Measures shale
and fireclay

Fletton, Common and
facing bricks, and at
some works, Fletton
field drain pipes.

Simulated handmade
bricks.

Engineering and facing
bricks.



a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Maltby Metallic Brick Co.
Ltd

(Nottingham Brick Co. Ltd

subsidiary),
Maltby Brickworks,
Maltby, S. Yorks.

H. G. Matthews
Dundridge Manor,
St. Leonards, nr Tring,
Herts.

Michelmersh Brick Co. Ltd

Michelmersh, Romsey,
Hants.

Milton Hall (Southend) Brick

Co. Ltd

1. Cherry Orchard Lane,

Rochford, Essex.

2. Starr Lane, Wakering,

Essex.

Thos. Mosedale & Sons Ltd

Flixton Brickworks,
Flixton, Lancs.

Naylor Bros. (Clayware) Ltd
Denby Dale, Huddersfield,

Cawthorne, nr Barnsley.

New Brick & Tile Co.

(Newhey) Ltd
Huddersfield Road,
Newhey, Rochdale,
Greater Manchester.

Normanton Brick Co. Ltd
1. Newland Lane
Brickworks,

Normanton, W. Yorks.

2. Wakefield Road
Brickworks,

Normanton, W. Yorks.

Northcott Works Ltd
Blockley,

Moreton-in-Marsh, Glos.

Nottingham Brick Co. Ltd
Lime Lane, Arnold,
Nottingham.

Upper Coal Measure
shales

Clay-with-flints

Reading Beds

Loam brickearth;
terrace of the
River Crouch
Loam brickearth;
terrace of the
River Crouch

Late glacial laminated
clays

Lower Coal Measures
shales and fireclay

Coal Measures

Middle Coal Measures

Lower Lias

‘Keuper Marl’

Facing, common and
engineering bricks.

Facing bricks.

Facing bricks and
briquettes.

Facing bricks and
briquettes.

Facing and common
bricks.

Comprehensive range of
vitrified clay pipes and
fittings.

Facing and engineering
bricks.

Facing and engineering
bricks.

Common and facing
bricks, handmade bricks
and briquettes.

Facing bricks
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a)

COMPANY & WORKS DEPOSIT WORKED PRODUCTS
Ockley Brick Co. Ltd Repressed facing bricks.
1. Smoke Jacks Weald Clay
Brickworks,
Walliswood, Ockley,
Dorking, Surrey.
2. Ewhurst Brickworks, Weald Clay Machine and handmade
Horsham Lane, facing bricks.
Ewhurst, Surrey.
Daniel Platt & Sons Ltd Etruria Marl Quarry tiles and acid-
Brownhills Tileries, resisting tiles.
Tunstall, Stoke-on-Trent,
Staffs.
Pluckley Brick & Tile Co. Weald Clay Facing bricks and
Ltd pavers.

Pluckley, nr Ashford,
Kent. (Redlands Bricks
Ltd., subsidiary)

Ravenhead Brick Co. Ltd
(Steetley Brick), Chequer
Lane Factory, UpHolland,
and Stormy Corner Plant,
Greater Manchester.

Redbank Manufacturing Ltd

Measham, Leics.
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Lower Coal Measures
shales and some
fireclay

Etruria & ‘Keuper’
marls, and fireclays

Facing and engineering
bricks and pavers,
clayware field drain

pipes.

Roof ridges, land drains,

" air bricks.



a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Redland Bricks Ltd

1.

10.

11.

12.

13.

14.

15.

Warnham (Pressed &
Wealdon)
Langhurstwood Road,
Horsham, Sussex.

. Southwater, Horsham,

Sussex.

Chailey, South
Chailey, Lewes,
Sussex.

. Hamsey, South

Chailey, Lewes,
Sussex.

. Nutbourne, Roundals

Lane, Hambledon,
Godalming, Surrey.

. Lingfield, Pikes Lane,

Crowhurst, Kingfield,
Surrey.

. North Holmwood,

Spook Hill, North
Holmwood, Dorking,
Surrey.

. Beare Green,

Newdigate Road,
Beare Green, Dorking,
Surrey.

. Ashford Works,

Turkey Road, Bexhill-
on-Sea, Sussex.
Tonbridge, Quarry
Hill, Baltic Road,
Tonbridge, Kent.
Crowborough,
Farningham Road,
Crowborough, Sussex.
Conyer, Sittingbourne,
Kent.

Funton, Sheerness
Road, Lower Halstow,
Sittingbourne, Kent.
Otterham, Otterham
Quay Lane,
Gillingham, Kent.
South Holmwood,
Beare Green, Dorking,
Surrey.

Rudgwick Brickworks Co.

Ltd

Lynwick Street, Rudgwick,
Horsham, Sussex.

Sandtoft Tileries Ltd
Doncaster, S. Yorks.

Weald Clay

Weald Clay

Weald Clay

Weald Clay

Weald Clay

Weald Clay

Weald Clay

Weald Clay

Tunbridge Wells Sand
Lower Tunbridge Wells
Sand & Wadhurst clay

Ashdown Beds

Brickearth

Brickearth

Brickearth

Weald Clay

Weald Clay

Comprehensive range of
facing bricks, London
Stocks and handmade
bricks; Calculon
common bricks, pavers
and fireplace briquettes.

(care and maintenance).

(care and maintenance).
(care and maintenance).

(care and maintenance).

Facing bricks, briquettes
and pavers.

Clay & concrete roofing
tiles.
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a)

COMPANY & WORKS DEPOSIT WORKED PRODUCTS
Scottish Brick Corporation
1. Airdrie Brickworks, Mixed bing blaes, Common bricks.

10

11.

12.

13.

14.

15.

Peersburn Road,
Airdrie, Lanarks.

. Cadder Brickworks,

Balmuildy Road,
Glasgow.

. Centurion Brick

Factory, Balmuildy
Road, Glasgow.

. Dalry Brickworks,

Carsehead, Dalry,
Ayrshire.

. Gartshore Brickworks,

Twechar, nr Kilsyth,
Glasgow.

. Holytown Brickworks,

New Stevenson,
Motherwell, Lanarks.

. Meta Brickworks,

Fishcross, by Alloa,
Clackmannanshire.

. Niddrie Brickworks,

Portobello, Edinburgh.

. Northfield Brickworks,

Shotts, Lanarkshire.
Roslin Brickworks,
Roslin, Midlothian.

Skares Brickworks, nr
Cummock, Ayrshire.
Summerston
Brickworks, Balmore
Road, Glasgow.
Whitehill Brickworks,
Rosewell, Midlothian.

Newton brickworks,
Uddingston, Glasgow.
Blackhill Brickworks,
Balmore Road,
Glasgow.

Selbourne Brick & Tile Co.

Ltd

Honey Lane Works,
Selbourne, nr. Alton,
Hants.

Sevenoaks Brick Works Ltd
Greatness, Sevenoaks,
Kent. (clay brick works)
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virgin blaes

Mixed colliery blaes &
virgin blaes

Virgin dug blaes

Bing blaes from
Limestone Coal Group

Mixed bing blaes &
virgin blaes

Mixed bing blaes &
virgin blaes

Mixed bing blaes &
Virgin blaes

Mixed bing blaes,
virgin blaes & colliery
washery slurry.

Mixed bing blaes &
virgin blaes

Mixed bing blaes,
virgin blaes & colliery
washery slurry

Bing blaes from
Limestone Coal Group
Mixed colliery blaes &
virgin blaes

Mixed bing blaes,
virgin blaes & colliery

washery slurry
Barren Red Marls

Gault

Gault

Common bricks.
Facing and engineering
bricks.

Common bricks.
Common bricks.
Common bricks.
Common bricks.

Common bricks.

Common bricks.

Common bricks.

Common bricks.

Common bricks.

Common bricks.

Common bricks.

(care and maintenance
basis.)

Facing bricks & pavers.

Facing bricks



a)

COMPANY & WORKS

DEPOSIT WORKED

PRODUCTS

Severn Valley Brick Co. Ltd
Severn Road Avonmouth.

Sheffield Brick Sales Ltd

Rutland Road, Neepsend,

Sheffield 3.

W. H. & J. Slater Ltd
Denby, nr Derby.

Stoneware Ltd
Dosthill, nr Tamworth,
Staffs.

Stourbridge Brick Co. Ltd

Shut End Works, Pensnett,

Brierley Hill, Staffs.

Swallows’ Tiles (Cranleigh)

Ltd

Brookhurst Hill, Cranleigh,

Surrey.

Swanage Brick & Tile Co.

Ltd
Godlingston Tileries,
Swanage, Dorset.

The Swarland Brick Co. Ltd

Thrunton Works,
Whittingham, Alnwick,
Northumberland.

W. Thomas (Wellington
Bricks) Ltd
(Steetley Brick), Poole
Works, Wellington,
Somerset.

Tilling Construction Services

Ltd
Tilcon Wilnecote Brick,

Hedging Lane, Wilnecote,

Tamworth, Staffs.
Tyrone Brick Co. Ltd

Dungannon, Co. Tyrone,

N. Ireland

United Fireclay Products Ltd

(Steetley Brick)

1. Etna Works, Armadale,

West Lothian.
2. Brownhill Works,
Cleland, Lanarks.

H. F. Warner Ltd
Star Works, Knowl Hill,
Reading, Berks.

Estuarine alluvium

Lower Coal Measures
shales.

Coal Measures fireclay
Etruria Marl

Etruria Marl

Weald Clay

Weald Clay or

Wealdon beds

Boulder clay

‘Keuper Marl” + some
fireclay

Etruria Marl

Carboniferous shales

Coal Measures bing
blaes

Reading Beds

Facing bricks.

Common, facing and
engineering bricks.

Clay pipes and conduits.
Clay pipes, conduits,

tiles.

Facing and Engineering
bricks and pavers.

Tiles.

Facing bricks, handmade
bricks, briquettes and
pavers.

Facing bricks.

Facing bricks.

Facing and engineering
bricks.

Facing bricks and pipes.

Common bricks

Roofing tiles.
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a)

COMPANY & WORKS DEPOSIT WORKED PRODUCTS
Websters Hemming & Sons  Etruria Marl
Ltd

Midland Brickworks,

Coventry.
The Wellawood Brick Co. Lower Limestone Common bricks.
Ltd Group bing blaes

Wellawood, Dunfermline,
Fife.

Wemyss Brick Co. Ltd
Wemyss Brickworks,
Denbeathy, Methil, Fife.

Westbrick Ltd

1. Pinhoe Brickworks,
Exeter, Devon.

2. Rougemont Works,
Monks Road, Exeter,
Devon

3. Steer Point Works,
Brixton, nr Plymouth.

Westgate Brick Co. Ltd
Dewsbury Road,
Wakefield, W. Yorks.

Wheatly & Co. Ltd
Springfield Tileries,
Trent Vale, Stoke-on-
Trent.

S. Wilkinson & Sons Ltd
1. Atlas Works, South
Lane, Elland, Yorks.
2. Calder Works, Elland,
Yorks.

H. Williamson & Co. Ltd
Broomfleet, Brough,
N. Humberside.

Williamson Cliff Ltd
Stamford, Lincs.

The Withnell Brick & Terra
Cotta Co. (1912) Ltd
Abbey Village, nr Chorley,
Lancs.

G. Woolliscroft & Son Ltd
Stoke-on-Trent, Staffs.

Yorkshire Brick Co. Ltd
1. Stairfoot Works, nr
Barnsley, W. Yorks.
2. South Elmsall, nr
Pontefract, W. Yorks.

Virgin Coal Measure
blaes + boulder clay

Culm
Culm

Devonian

Middle Coal Measures
shales ‘

Etruria Marl

Lower Coal Measures
shales

Lower Coal Measures
shales

‘Keuper Marl’
Upper Estuarine Series

Coal Measures

Etruria Marl

Middle Coal Measures
shales

Facing and common
bricks.

Facing bricks, handmade
bricks and pavers.

Common and
engineering bricks.

Floor tiles: quarries and
acid resisting.

Facing and engineering
bricks.

Facing bricks, roofing
tiles, and field drains.

Hand and machine made
facing bricks and pavers.

Floor tiles and acid
resisting tiles.

Facing, common and
engineering bricks.



b)

Beacon Hill Brick Co. Ltd, Corfe Mullen, Wimborne, Dorset.

Brick Division, Blue Circle Enterprises, Portland House, Stag Place, London.
Ensor (Sandbach) Ltd, Forge Fields, Wheelock, Sandbach, Cheshire.

Esk Manufacturing Co. Ltd, Dalston Road, Carlisle, Cumbria.

Kentish White Brick Co. Ltd, Greatness Farm Road, Sevenoaks, Kent.
Kirkforthar Brick Co. Ltd, Kirkforthar, Markinch, Fife.

Mansfield Standard Sand Co. Ltd, Sandhurst Avenue, Mansfield, Notts.
Midhurst Whites Ltd, The Common, Midhurst, west Sussex.

Ryarsh Brick Co. (Celcon Group), Ryarsh, West Malling, Kent. (incorporating
Sevenoaks Brick Works Ltd., Greatness, Sevenoaks, Kent).

Stavely Lime Products, Buxton, Derbyshire.
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GLOSSARY

Absorption

Adsorption

Air brick

Alluvium

Alumina

Band

Bastard
Bing

Black coring

Blaes

Bloating

Bonding
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The process by which a liquid or gas is drawn into and tends
to fill permeable pores in a porous solid body. As applied to
ceramic products, the weight of water which can be
absorbed by the ware, expressed as a percentage of the
weight of the dry ware.

Taking up by physical or chemical forces of the molecules of
gases, of dissolved substances or of liquids by the surfaces of
solids or liquids with which they are in contact.

A brick pierced to provide for ventilation.

A general term covering all detrital materials transported by
flowing water and deposited in comparatively recent
geological time as sorted or semi-sorted sediments in
riverbeds, estuaries, flood plains, lakes, shores and
mountain slope fans.

The only stable anhydrous oxide of aluminium; Al,O;.
When the compositions of silicate minerals are stated in
terms of the component oxides, alumina is found to be
important in such groups as the felspars, micas and clays.

A thin stratum. Now used chiefly as part of the compound
words Blackband, Clayband, Musselband etc. in
Carboniferous terminology.

Impure, e.g. bastard fireclay, bastard limestone.
A heap, e.g. a coal bing, A dirt bing. (Scottish).

A condition usually resulting from the premature
vitrification of the exterior of a ceramic body which prevents
the oxidation of carbonaceous material, sulphur compounds
etc., the interior remaining in a reduced state.

Carbonaceous mudstones and shales of a blue-grey colour
associated with coal seams and oil shales; brittle, but
produce a crumbling mass on weathering which, when
wetted, is plastic.

The expanding or swelling of a ceramic shape during firing.
Results in a defective ware and is generally caused by
overfiring of black coring. The expansion of certain
nonmetallic materials by heating until the exterior of the
particle or pellet becomes sufficiently pyroplastic or melted
to entrap gases generated in the interior by the
decomposition of gas-producing compounds.

The regular arrangement of bricks in a pattern for strength
or decoration.



Boulder clay

Brick clay

Brickearth

Brick Slips

Brick-tiles
(Mathematical
tiles, mechanical
tiles)

Calm
Calmy
Cavity wall

Ceramic

Ceramic
Industries

Clamp

Clay-with-flints

Compressive
strength

Concrete bricks

Crushing strength

Glacial drift that has not been subjected to the sorting action
of water and therefore contains mixed particles ranging from
boulders to clay sizes. The most widespread and distinctive
of the glacial deposits left behind upon melting of an ice
sheet; also called till.

An impure, mainly argillaceous sediment. In industry
applied to any clay, loam or earth suitable for the
manufacture of bricks or structural clay ware.

Strictly the term applies only to silty clays or loams of the
Pleistocene period found in parts of the Thames and Kennet
Valleys, Middlesex, East Anglia, the north of Kent, West
Sussex and southern Hampshire. In practice often used to
denote any material of an earthy nature suitable for making
bricks.

Thin pieces of brick specially moulded and fired or cut to
match the headers and stretchers of ordinary brickwork.
Used for example to cover concrete beams or stanchions in
order to give the illusion of a continuous brick wall.

Tiles with one face moulded like the face or end of a brick.
They were nailed to battens on a timber frame or bedded
into plaster rendering over cobble stones or pebbles, and
were then pointed to resemble bricks.

White or light coloured blaes. (Scottish).
Of an argillaceous nature. (Scottish).

A wall built of two adjacent vertical leaves of bricks or
blocks, separated by an air space but linked by ties of
galvanized wire or wrought iron.

Any of a class of inorganic, nonmetallic products which are
subjected to a high temperature during manufacture or use.

Industries which manufacture products from nonmetallic
materials by heat treatment. These products include brick,
tile, terra-cotta, sewer pipe, drain tile, lightweight
aggregate, china, pottery, porcelain, (cement, plaster),
glass, enamel, refractories, insulants, ceramic coatings etc.

A stack of unburnt bricks fashioned into a temporary kiln
and made ready for firing.

A deposit of mixed chalk flints and clay in England that lies
directly on the Chalk in many areas and is often seen in
potholes or in pipes. It is normally ascribed to the effect of
solution-weathering on the Chalk, but in many instances
there may be an additional admixture of Tertiary material.
Often erroneously applied to almost all clay-flint drift
deposits that rest on the Chalk.

The load per unit of area under which a block fails by shear
or splitting.

Bricks moulded from cement, sand and aggregate. Unlike
clay bricks they are not burnt in a kiln. They are used as
common bricks in districts which lack clay or cheap fuel, but
are rough to handle and easily chipped.

The resistance which a body offers to vertical pressure
placed upon it. The maximum load per unit area, applied at a
specified rate, that a material will withstand before it fails.
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Diagenesis

Drying shrinkage
~ Efflorescence
Engineering
bricks

Extrudability

Facing bricks

Fakes
Fireclay

Firing range

Firing shrinkage

Flashing

Flettons

Fluvioglacial

Flux

Fluxing
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Any change occurring within sediments, subsequent to
deposition and before complete lithification, that alters the
mineral content and physical properties of the sediments.

The reduction in size of a mass of shaped clay consequent
upon drying in order to drive off pore and adsorbed water.

White to grey soluble salt deposits which have a crystalline
appearance that develop on the surface of ceramic ware
after a period of exposure to the weather.

Dense bricks with high crushing strength and low porosity.
They have been employed mostly for structures such as
railway viaducts, bridges or large buildngs.

The ease of extruding a clay mixture through a die.

Bricks selected for use on the exposed surface of a wall
because of their superior appearance to common bricks.

Laminated sandy shale (Scottish).

A clay that is high in alumina or silica; diffusion is not less
than cone 19 (1515°C). Fireclays may be sedimentary or
residual, plastic or nonplastic, are dominantly composed of
kaolinite and are low in iron and alkalis. Classification is
often imprecise and may be related to composition,
refractoriness, use, associated with other materials etc., such
as plastic fireclays, nonplastic fireclays, high alumina
fireclay, siliceous fireclay, Coal Measures fireclay. Fireclay
is plastic when sufficiently pulverized and wetted, rigid when
subsequently dried, and of sufficient purity and
refractoriness for use in commercial refractory products;
(see “underclay”).

The range of firing temperature within which a ceramic
composition develops properties which render it
commercially useful.

The decrease in size that usually occurs when ceramic ware
is fired; it is usually expressed as a linear percentage
contraction from the dry to the fired state. Firing shrinkage
always occurs with shaped products containing plastic clay
and often amounts to 5 or 6 per cent.

Manipulation of the valence state of iron oxide to produce
certain desired colours on clayware in the kiln; accomplished
by reducing the air supply to the deficiency side of perfect
combustion by either decreasing the air supply to the fuel or
introducing excess fuel.

Common and facing bricks made from the Lower Oxford
Clay using the semi-dry process.

Of, pertaining to, produced by, or resulting from combined
glacial and river action. Fluvioglacial drift is transported by
waters emanating from a glacier.

A substance or mixture which lowers the normal vitrifying
temperature of a ceramic body or composition.

The development of the liquid phase in a ceramic body
under heat treatment by the melting of low fusion
components.



Frog

Glacial lake clay

Glazed bricks

Green strength

Ion exchange

Interglacial

Lightweight
expanded clay
aggregate

Lime blowing

Load-bearing
Marl

Marl Slate
Metric bricks
Mullite

Paving bricks
(Pavoir bricks)

Permeability

Periglacial

An indentation in the surface of a brick which reduces its
weight, enables better mortar adhesion and in many cases
helps to ease inherent stresses set up in the brick during
firing. When it is laid “frog-up” the indentation must be
filled with mortar by the bricklayer.

Of, relating to, or coming from lakes deriving much or all of
their water from the melting of a glacier.

Bricks with a shiny surface resulting from the application of
a salt glaze during firing. Usually only one end and one face
are glazed. Used in situations where easy cleaning or light-
reflecting properties are important.

The ability of a clay, after it has been rendered plastic by the
addition of water and has been shaped, to retain that shape
till it is dried.

1) Refers to exchange reactions taking place at the solid-
liquid interface between anions and cations held in
unbalanced charges at or near the surface of the solid
material and with ions present in the surrounding mobile
phase. '

2) Reversible exchange of ions contained in a crystal for
different ions in solution without destruction of crystal
structure or disturbance of electrical neutrality.

An age or time of comparatively warm or day climate
between times of glaciation.

A bloated clay aggregate made by the sudden heating of
suitable clays either in a rotary kiln or less commonly on a
sinter hearth. It is used as an aggregate and for making
lightweight blocks and concrete.

The falling away of small pieces from the face of a clay
building brick as a result of the expansion (following
hydration and carbonation by the atmosphere) of nodules of
lime present in the fired brick.

Designed to support loads in addition to their own weight.

A calcareous clay or argillaceous limestone, or intimate
mixture of clay and carbonate particles.

Calcareous shale; a variety of marl splitting into thin plates.
Bricks made to metric dimensions, €.g. 215 x 107.5 x 65 mm.

An aluminium silicate, 3A1,03. 2 SiO,, formed by heating
other aluminium silicates to high temperature; the only
stable member of the group. Used in refractories and in
glass.

Bricks of special composition and dimensions to serve as
paving; designed for hard wear, low porosity and resistance
to frost.

The permeability of a porous solid is its capacity for
transmitting a fluid. Degree of permeability depends upon
the size and shape of the pores, the size and shape of their
interconnections, and the extent of the latter.

Refers to areas, conditions, processes and deposits adjacent
to the margin of a glacier.
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Plasticity

Plastic limit

Quarry tile

Raised beach

Refractoriness

Rendered
brickwork

Residual clay

Souring

Specials

Staffordshire
Blue bricks

Stock-brick

Structural clay
products

Terracotta

Till
Underclay

Vitrification
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The ability of a clay-water mass at its maximum consistency
to be shaped and to hold its shape after the forming forces
are removed.

The water content corresponding to an arbitrary limit
between the plastic and the semi-solid states of consistency
of a soil.

A vitreous unglazed tile, usually 6 square inches or more in
surface area and 2 to % inch in thickness made by the
extrusion and firing of natural clays and shales.

A shelf or terrace of shingle, gravel, sand and silt elevated
above the present level of the lake or sea in which it was
formed, and indicating a change in the relative level of land
and water surface.

The capacity of a material to resist high temperature. The
pyrometric cone equivalent is a comparative value used to
determine the refractoriness of a material.

Brickwork covered externally by some variation of plaster.
The finish may be stucco, roughcast, or pebble-dash.

A clay deposit produced by the decay of rock in situ; often
by the removal of soluble material from the original
substance.

Some clays and shales derive considerable benefit from
being exposed to the action of atmospheric weathering.
Although there is little evidence to prove that such souring is
an advantage in subsequent stages of manufacture, it is often
convenient to leave clay in stockpiles when extraction is
seasonal.

Purpose-made bricks of non-standard shape, e.g Bullnose
bricks. '

Dense hard bricks of slate-grey to deep purple colour made
from Staffordshire shales. Intended for engineering or
industrial purposes and damp-proof courses.

Originally applied to any brick hand-made with the aid of a
brick stock, a wooden board on which a frame was placed to
contain the clay.

Building material units which, when assembled in a
structure, may be load-bearing or non-load-bearing.

Burnt clay of uniform and fine-textured quality. Can be
glazed or unglazed, and may be moulded to provide
architectural details.

see Boulder clay (above).

A bed of clay, in some cases higily siliceous, in many others
highly aluminous, occurring immediately below a coal seam,
and representing the soil in which the trees of the
Carboniferous swamp forests were rooted. Many underclays
are used as fireclays.

The progressive partial fusion of a clay, or of a body, as a
result of a firing process. As vitrification proceeds the
proportion of glossy bond increases and the apparent
porosity of the fired product becomes progressively lower.



Vitrification Also known as the maturing range of a vitreous bodys; it is

range the temperature interval between the beginning of
vitrification of a ceramic body and the temperature at which
the body begins to become deformed.

Vitrified That characteristic of a clay product resulting when the
temperature in the kiln is sufficient to fuse all the grains and
close all the pores of the clay, making the mass non-porous.

159



SELECTED BIBLIOGRAPHY

Untersuchungen deutschen Kaolinen. R. Rieke, Ber. deut. keram. Ges., 1923.
Vol. 4, pp. 176-187.

The data of geochemistry. 5th Ed. F. W. Clarke. Bull. No. 770, U.S. geol. Surv.,
1924. 841 pp., refs.

The composition of the earth’s crust. F. W. Clarke and H. S. Washington. Prof.
Pap. No. 127, U.S. geol. Surv., 1924. 117 pp., fig., refs.

Goldschmidt, V. M., 1934. Quoted in: B. Mason, Principles of Geochemistry,
(London: Chapman & Hall Ltd., 1956).

The mica in argillaceous sediments. R. E. Grim, R. H. Bray and W. F. Bradley.
Am. Miner., 1937, Vol. 22, No. 7, pp. 813-829, fig., refs.

Manual of Sedimentary Petrography. W. C. Krumbein and F. J. Pettijohn. 549
pp-, figs., refs. (New York-London: D. Appleton—Century Company
Incorporated, 1938.)

The mica of certain Coal Measures shales in South Wales. G. Nagelschmidt.
Mineralog. Mag., 1943, vol. 26, pp. 297-303, figs.

Minerals of the montmorillonite group. Their origin and relation to soils and
clays. C. S. Ross and S. B. Hendricks. Prof. Pap. No. 205-B, U.S. geol. Surv.,
1945, pp. 23-79, figs., photos., refs.

Brick clays of north-east Scotland. D. G. R. Bonnell and B. Butterworth.
Geological Survey of Great Britain, Wartime Pamphlet No. 47, November 1946.

88 pp.
The properties of clays. W. A. White. M.S. thesis, University of Illinois, 1947.

Ministry of Works. National Brick Advisory Council. Paper-Five. Clay Building
Bricks of the United Kingdom with a Note on Comparisons of Bricks made by
Different Processes. D. G. R. Bonnell and B. Butterworth. 169 pp., figs.,
photo., refs. (London: H.M.Stationery Office, 1950.)

Analytical data on reference clay materials. P. F. Kerr, P. K. Hamilton, R. J.
Pill, G. V. Wheeler, D. R. Lewis, W. Burkhardt, D. Reno, G. L. Taylor, R. C.
Mielenz, M.E. King and N. C. Schielto. Prelim Rep. No. 7, Am. Petrol. Inst.,
1950. 160 pp., figs., refs.

Relation of chemical properties to the bloating of clays. C. M. Riley. Jnl. Am.
Ceram. Soc., 1951, Vol. 34, No. 4, pp. 121-128, figs., refs.

Bricks and Clays of the Hastings Beds. B. Butterworth and D. B. Honeyborne.
Trans. Br. Ceram. Soc., 1952, Vol. 51, No. 4, pp. 211-257, figs., photos., refs.

Fullstoffe und keramische Rohmaterialien. U. Hoffman. Rapport Européen
congrés electronmicroscopic, Gent, 1954, pp. 161-172.

Raw material survey. P. S. Keeling. Spec. Publ. No. 7, Br. Ceram. Res. Ass.,
1954. 102 pp., refs.

Memorandum on the Brick Clays of England and Wales. (Revised 1955)
(London: Ministry of Housing and Local Government, 1955.)

160



Sedimentary Rocks. 2nd Ed. F. J. Pettijohn. 718 pp., figs., photos., refs. (New
York: Harper and Brothers, 1957.)

Subsolidus relations between mullite and iron oxide. W. E. Brownell. Jul Am.
Ceram. Soc., 1958, Vol. 41, No. 6, pp. 226-230, figs., refs.

Compositional variation in Etruria Marls. D. A. Holdridge Trans. Br. Ceram.
Soc., 1959, Vol. 58, No. 5, pp. 301-328, figs., refs.

A note on the practical value of clay mineralogy in coarse ceramics. W. F. Cole.
Clay Miner. Bull., 1960, Vol. 4, No. 23, pp. 134-141, figs., refs.

The examination of clays by IL/MA. P. S. Keeling. Trans. Br. Ceram. Soc.,
1961, Vol. 60, No. 4, pp. 217-243, figs., photos., refs.

Clay mineralogy of selected clays from the English Wealden. R. W. Tank. Geol.
Mag., 1962, Vol. 99, No. 3, pp. 128-136, figs., refs.

Rock-Forming Minerals. Vol. 3. Sheet Silicates. W. A. Deer, R. A. Howie and
J. Zussman. 270 pp., figs., photos., refs. (London: Longmans, 1962.)

Applied Clay Mineralogy. R. E. Grim. 422 pp., figs., refs. (New York, Toronto,
London: McGraw-Hill Book Company, Inc., 1962.)

The Geology and Mineralogy of Brick Clays. P. S. Keeling. 83 pp., figs.,
photos., refs. ([Nottingham]. Brick Development Association Limited, 1963.)

The red glacial drift deposits of north-east Scotland. R. Glentworth, W. A.
Mitchell and B. D. Mitchell. Clay Miner, Bull., 1964, Vol. 5, No. 31, pp.
373-381, fig., refs.

Institute of Ceramics. Textbook Series. 1. Raw Materials. W. E. Worrall. 101
pp., figs., photos., refs. (London: Maclaren and Sons Ltd., 1964.)

Comparative geochemistry of geosynclinal and platform sedimentary rocks. A.
B. Ronov, Yu. P. Girin, G. A. Kazakov and M. N. Ilyukhin. Geochem. Int.
1965, Vol. 2., No. 4, pp. 692-708, figs., refs.

Geochemistry of Sediments. A Brief Survey. 342 pp., figs., rep. (Englewood
Cliffs, New Jersey: Prentice-Hall Inc., 1965.)

The effect of a variation in precipitation on the nature of clay mineral formation
in soils from acid and basic igneous rocks. I. Barshad. Proc. Int. Clay Conf.,
1966, Jerusalem, Israel, Vol. 1, pp. 167-173, figs., refs.

IL/MA: a practical method of assessing pottery clays. P. S. Keeling. Trans. Br.
Ceram. Soc., 1966, Vol. 65, No. 8, pp. 463-377, figs., refs.

The significance of clay minerals in sediments. C. E. Weaver. pp. 37-75, in
Fundamental Aspects of Petroleum Geochemistry. Edited by B. Nagy and U.
Columbo. 388 pp., figs., refs. (Amsterdam, London, New York: Elsevier
Publishing Company, 1967.)

The drying of bricks. R. W. Ford, Brick Development Association, 1967.

The distribution of clay minerals in the world ocean. J. J. Griffin, H. Windom
and E. D. Goldberg. Deep-Sea Res., 1968, Vol. 15, No. 4, pp. 433-459, figs.,
refs.

Clay Mineralogy. 2nd Ed. R. E. Grim. 596 pp., figs., photos., refs. (New York:
McGraw-Hill Book Company, 1968.)

IL/MA as a geological index. P. S. Keeling. Res. Pap. No. 609, Br. Ceram. Res.
Ass., 1968, 9 pp., figs., refs.

Nature and appraisal of clay deposits. P. S. Keeling, Proc. 9th Commonw. Min.
Metall. Congr., 1969, 1970, pp. 475493, figs., refs.

161



Heavy Clay Technology. 2nd Ed. F. H. Clews. 481 pp., figs., photos., refs.
(London & New York: Academic Press, 1969.)

The Establishment of the Brick and Tile Industry in Developing Countries. H.
W. H. West. 122 pp., figs., photos., refs. (Vienna: United Nations Industrial
Development Organization, 1969.)

Classification of fine-grained sedimentary rocks. M. D. Picard. Jnl. sedim.
Petrol., 1971, Vol. 41, No. 1, pp. 179-195, figs., refs.

The Chemistry and Physics of Clays and Allied Ceramic Materials. 4th Ed. R.
W. Grimshaw. 1024 pp., figs., photos., refs. (London: Ernest Benn Limited,
1971.)

Industrial Clay Minerals—their evaluation and beneficiation in the United
States, United Kingdom and Europe. B. R. Houston. Rep. No. 65, geol. Surv.
Qd, 1971. 70 pp., figs., refs.

The Clay Mineralogy of British Sediments. R. M. S. Perrin. 247 pp., figs., refs.
(London: Mineralogical Society (Clay Minerals Group), 1971.)

Industrial Ceramics. F. Singer and S. S. Singer. 1455 pp., figs., photos., refs.
(London: Chapman and Hall Ltd., 1971.)

Origin of Sedimentary Rocks. H. Blatt, G. Middleton and R. Murray. 634 pp.,
figs., photos., refs. (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1972.)

Fuller’s earth. D. E. Highley. Miner. Dossier No. 3, Miner. Resour. Consult.
Comm., 1972. 26 pp., figs., refs.

Gruppo Italiano, Association Internationale pour I’ Etude des Argiles. Clay
Mineralogy and Ceramic Processes and Products (Milano, 12-14 September
1973). Edited by F. Veniale and C. Palmonari. 263 pp., figs., refs. (Bologna:
Stampato dalla Cooperitiva Libraria Universitaria Editrice, 1974.)

Results of the 1974 Survey of Derelict and Despoiled Land in England. 93 pp.,

map. (London: Mineral Working Section, Department of the Environment,
1975.)

Wealden of the Weald: a new model. P. Allen. Proc. Geol. Ass., 1975, Vol. 86,
Pt. 4, pp. 389436, figs., refs.

Slate. R. N. Crockett. Miner. Dossier No. 12, Miner. Resour. Consult. Comm.,
1975. 26 pp., fig., refs.

Ball clay. D. E. Highley. Miner. Dossier No. 11, Miner. Resour. Consult. Comm.,
1975. 32 pp., figs., refs.

Clays and Ceramic Raw Materials. W. E. Worrall. 203 pp., Figs., refs. (London:
Applied science Publishers, 1975).

How to improve the workability of a schistose clay. Anon. Refrattari Laterizi,
1976, Vol. 1 (2), p. 24.

Energy saving in the British brick industry. H. W. H. West. Trans. Br. Ceram.
Soc., 1976, vol. 75, No. 1, pp. xxii-xxvi.

The Monopolies and Mergers Commission Building Bricks: a Report on the
Supply of Building Bricks. 97 pp. (London: H.M. Stationery Office 1976.)

Structural Clay Products. W. E. Brownell. 231 pp., figs., photos., refs. (Vienna:
Springer-Verlag, 1977.)

Legislation and the role of the alkali inspectorate. G. G. Jones. Chemy. Ind.,
1977, No. 2, pp. 54-58.

Bedfordshire, Minerals, Appraisal and Issues. G. Cowley. 136 pp., figs.,
photos., refs. (Bedford: Bedfordshire County Council, 1978.)

162



A survey of the locations, disposal and prospective uses of the major industrial
by-products and waste materials in Scotland. E. M. Lawson and P. J. Nixon Bldg
Res Estab. Curr. Pap. No. 50/78, 1978. 54 pp., figs., photos., refs.

Fluorine loss in production of bricks and comparison with losses in fluorine-
bearing minerals. G. Troll and A. Farzneah. Interceram, 1978, Vol. 27, No. 4,
pp. 400-402, figs., refs.

English Brickwork. R. Brunskill and A. Clifton-Taylor. 160 pp., figs., photos.,
refs. (London: Ward Lock Limited, 1977.)

Clay. G. Millot. Scient. Am., 1979, Vol. 240, No. 4, pp. 76-84, figs., photos.
The future of coal in the clay industry. P. Tate. Euroclay, 1979, pt. 4, pp. 10-16.

Regional appraisal of clay resources, a challenge to the clay mineralogist. J. A.
Bain and D. E. Highley. Dev. Sedimentol. Vol. 27, 1979, pp. 437-446, figs., refs.

Brick industry—large imbalance persists. Anon. Stand. Bank Rev., May 1981,
pp- 3-4.

Mudrocks in the Carboniferous of Britain. W. H. C. Ramsbottom, P. A. Sabine,
J. Dangerfield and P. W. Sabine. Q. Jnl Engng Geol., 1981, Vol. 14 Pt. 4. [In
press|.

Limestone and dolomite. P. M. Harris Miner. Dossier No. 23 Miner. Resour.
Consult. Comm. [In press].

‘Fireclay’. D. E. Highley. Miner. Dossier No. 24 Resour. Consult. Comm. [In
press].

163



- Periodicals:

Euroclay

Ceramic Industries Journal

Industrial Minerals

Transactions of the British Ceramic Society
Clay Minerals Bulletin

The Brick Bulletin (B.D.A.)

Building

Interceram

Printed in England for Her Majesty’s Stationery Office
by Albert Gait Ltd. 00.718836 000 9/81

164



	Summary
	Introduction
	History
	Terminology and Classification
	Mineralogy and Properties of Argillaceous Rocks
	Origin and Occurrence of Argillaceous Rocks
	Resources
	Land Use and the Environment
	Technology
	Products and Specifications
	Substitutes
	Statistics: Production Consumption Trade
	Industry
	Economic Factors
	Demand Trends and Outlook
	Appendices: I Representative Chemical Analyses
	I1 Producers

	Glossary
	Selected Bibliography
	Average chemical composition of mudrocks
	Chemical analyses of clay minerals
	Physical properties of some brick clays
	Green strength values for certain clay minerals
	Dry strength values for certain clay minerals
	Linear drying shrinkage of certain clay minerals
	Chemical analyses of the Earth™s crust compared
	Stratigraphic classification of brick pipe and tile
	Estimated current geological distribution of clay-
	Classification for strength and absorption of
	United Kingdom Production of common clay and
	United Kingdom Production of common clay and
	Great Britain - Production of bricks - all types
	Great Britain - Production of tiles pipes and
	Great Britain - Deliveries of bricks from economic
	Great Britain - Consumption of bricks all types
	Great Britain - Consumption of tiles pipes and
	Imports and Exports of clay building bricks and
	Grain size scales relevant to brickmaking materials
	Average amounts of metallic cations in the most
	Variation in clay mineralogy of soils with mean
	Relative abundances of major clay mineral groups in
	Variation in abundances of clay mineral species with
	Relative importance of UK geological horizons in
	Sketch map of geological horizons in eastern
	Sketch map of geological horizons in central and
	Approximate moisture adsorption ranges with type
	Typical process route at a modern fully automated
	Maximum safe rates of drying for various types of
	The action of heat on heavy clays during drying and
	Typical shrinkage-under-load curves for some
	Extract from ﬁMineral Statistics of the United
	Importance of clay-shale extraction for brick pipe
	Production of common clay and shale by end use and
	Production of clay and shale bricks cement and
	1906
	191

