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PREFACE

The present volume forms Bulletin No. IT of the series of
reports issued -on the economic geology of Virginia, under the
co-operation of the State Board of Agriculture and the Board of
Visitors of the Virginia Polytechnic Institute.

This report is based on field work carried on during the sum-
mer of 1905. The investigation was limited to the clays of the
Coastal Plain Area or the Tidewater Belt of Virginia. Beginning
with the next field season, it is expected that this work will be
extended as rapidly as possible to all portions of the State and,
when completed, a final volume will be issued on the clays and
clay industry of the entire State.

The investigation of the Virginia clays was undertaken for the
purpose of determining (1) the extent, qualities, and applicability
of the clays; and (2) whether the clays now being utilized could
be used for making other or better, products than are now being
made from them. This is fully covered for the Coastal Plain clays
in the summary given by Dr. Ries under Clay Working Industry
of the Virginia Coastal Plain and Its Future Tendency, on pages
175 and 176 of this report, to which the reader is especially referred.
In the prosecution of the field work a large number of samples
of the clays were collected from the various deposits and submit-
ted to careful chemical and physical investigation, the results of
which are given in Part IT, Chapter V of this report.

The Geology of the Virginia Coastal Plain, by Dr. Wm. Bullock
Clark and Dr. Benjamin LeRoy Miller, forms Part I of the
report. It is a brief summary of our present knowledge of the Vir-
ginia Coastal Plain stratigraphy, and was prepared to be used as a
basis or guide in the correlation of the various clay deposits de-
scribed by Dr. Ries in Part II, Chapter V. A report, treating
in considerable detail of the Virginia Coastal Plain stratigraphy,
prepared under the direction of- Dr. Clark, is nearly completed and
will be published as a separate report by the Virginia Survey.
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In Part II, Chapters, IT, IT1, and IV, Dr. Ries discusses in
considerable detail the origin, mode of occurrence, physical and
chemical properties of clay; the methods of exploiting, mining,
and preparation of clay; and the methods of manufacture of the
- different clay products, with particular reference to the Virginia
Coastal Plain clays. A detailed description of the Coastal Plain
clays' is given in Chapter V, including their chemical and phy-
sical properties and uses, summarized by counties.

The large number of complete chemical analyses of the clays
described in the report were made by Mr. John R. Eoff, Jr., and
Mr. James H. Gibboney, assisted by Mr. D. D. Spiller, in the
laboratories of the Virginia Polytechnic Institute, at Blacksburg.
The physical tests made of the same clays, including air shrink-
age, fire shrinkage, color in burning, temperature of vitrification,
and of fusion, etc., were carried out under the immediate direction
of Dr. Ries in his laboratory at Cornell University, Ithaca, N. Y.
Mr. Henry F. Day, a student in geology at the Virginia Poly-
technic Institute, served as field assistant to Dr. Ries during the
season’s work.

THOMAS L. WATSON,

Geologist in Charge. ‘



Part I

A BRIEF SUMMARY OF

The Geology

of the

Virginia Coastal Plain

——

By WILLIAM BULLOCK CLARK
and BENJAMIN LE ROY MILLER



CHAPTER 1.

THE GEOLOGY OF THE VIRGINTA COASTAL PLAIN.

INTRODUCTION.

The Virginia Coastal Plain is an area of low relief that slopes
gradually from the Piedmont hill country to the ocean border,
beyond which it is represented in the shallow sea floor that de-
clines gently to the margin of the continental shelf. The sub-
marine division is not materially different from the subeerial di-
vision and has often stood above the sea level, the coast line hav-
ing shifted its position in successive geological periods all the way
from the Piedmont border far out toward the edge of the continen-
tal shelf where the ocean bed falls rapidly to the greatest depths.

The great body of deposits forming the Coastal Plain has been
laid down along the border of the Piedmont on the floor of crys-
talline rocks of which that district is composed. At first estuarine
in character, these sediments were later of marine origin and con-
tinued to be chiefly such until the later geological epochs, when the
surficial deposits of the Pleistocene were laid down in the en-
closed bays and estuaries of the dissected Coastal Plain district.
As the sea stood at different elevations throughout this partially
eroded area, a series of terraces were developed similar in character
to that now forming along the margin of the tidal bays and streams
that penetrate the Coastal Plain in all directions and give to the
country the name of “tide-water” Virginia. Farther up the
streams flood-plain deposits were laid down, most of which have
disappeared as the result of erosion in the subsequent elevations
of the area. )

Across the district stretches the great estuary of the Chesapeake
Bay, -which finds its outlét seaward between Capes Charles and
Henry. This sheet of water, so broad and deep today, affords
the great highway of commerce for Virginia’s export trade
as well as the unparalleled local transportation facilities for the
tide-water country. It occupies the lower valley of the old Susque-
hanna River which flowed across Maryland and Virginia and



VIRGINTA COASTAL PLAIN 13

found its way seaward, past the Capes, its channel being traced
today across the sea floor of the submarine portion of the Coastal
Plain. Tts many tributaries, among them the Potomac, Rappa-
hannock, York, and James Rivers, give access to vessels as far as the
Piedmont border, widely known in geological literature as the
“fall-line,” since at this point the swiftly flowing streams of the
Piedmont change rapidly, their strong currents becoming lost in
the tidal estuaries.

Although composed of a succession of formations which repre-
sent nearly every period from the Jurassic to the Recent, the
Coastal Plain deposits do not succeed each other in a conformable
series, nor do they possess the same strikes and dips. A differen-
tial movement, at times pronounced and materially influencing
the attitude of the beds, has so affected the district that trans-
gressions have occurred, eliminating in certain sections the land-
ward exposures of whole formations that appear in adjacent re-
gions. Thus the upper Cretaceous deposits, so well exhibited in
Maryland, are gradually transgressed by the Eocene southward,
shutting out the former throughout the entire area of outcrop in
Virginia although recognized in the deep-well horings at Fortress
Monroe.

The deposits of the Coastal Plain for the most part consist of
unconsolidated beds of sand, gravel, clay, and marl which may be
locally indurated by the presence of a cement either of iron oxide
or carbonate of lime. At times these indurated ledges serve as
sources of building stone for local uses, and in one instance, viz.,
near Aquia Creek, the oldest formation of the Coastal Plain se-
ries has afforded stone suitable for export, this material having
been employed for building purposes in Washington before the

~days of railroad transportation. -

In general the beds strike from north to south, although some
variation occurs as above explained. The strata have a general east-
erly dip which changes from 30 feet to the mile in the lowest for-
mations—about the slope of the crystalline floor on which the de-
posits rest—to less than five feet to the mile in the highest de-
posits. With this relatively low dip the beds generally appear
horizontal in any given section and may be actually so locally, so
that measurements must be extended over a wide area before the
average dip of any particular formation can be determined.

2
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Along the eastern margin of the Piedmont district outliers
of the Coastal Plain formations are frequent, while along the val-
leys of the larger streams the crystallines can at times be followed
for some distance into the body of the Coastal Plain sediments
where the mantle of the latter has been cut through.

THE FORMATIONS.

The formations comprising the Virginia Coastal Plain are given
in the following table:

FORMATIONS OF VIRGINTA COASTAL PLAIN.

CeNozoic
Quaternary
Recent
Talbot :
Pleistocene............ Wicomico }Co]umbia Group
{ Sunderland
Tertiary
Pliocene .............. Lafayctte
{ Yorktown )
. | 8t. Mary’s | 3
) Miocene. ....v.ovevnen QL Choptank I}Chesapeake Group
Calvert J
Eocene.......coovevinin {Egﬁ%;moy }Pamunkey Group ‘
MEsozoic
Cretaceous : ]
Lower Cretaceous.... .. .... Patapsco |
Jurassic?  Aremdel TPotomac Group
Upper Jurassic?......... Patuxent J

THE JURASSIC (?) PERIOD.
UrpEr J URASSIC? '

. The Patuzent Formation.

The Patuxent formation, so called from Patuxent River, Mary-
land, where the deposits are well exposed, constitutes the basal
portion of what was originally described as the Potomac forma-
tion but which is now known to comprise several distinet strati-
graphic units. The Patuxent formation has only been recognized
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in the Chesapeake Bay drainage basin in Virginia and Maryland al-
though- it may exist farther southward. To the northward in
New Jersey it has been overlapped by later deposits. In Vir-
ginia the formation is found near the head of tide in the leading

- drainage basins directly overlying the floor of crystalline rocks.

The deposits consist chiefly of sand, sometimes quite fine and
gritty, but generally containing a considerable amount of kaolin-
ized feldspar producing a clearly defined arkose. Sandy and plastic
clays also occur, the latter commonly of light color, but. often
highly colored and locally not unlike the variegated clays of the
Patapsco formation. The Patuxent formation includes the James
River series and part of the Rappahannock series of Ward, and
has a thickness of 250 to 300 feet. The fossils consist of plant
remains, among which the cycads are the most distinctive. A few
primitive dicotyledons also occur.

The Arundel Formation.

The Arundel formation, so named from Anne Arundel County,
Maryland, is but poorly shown in Virginia, its maximum develop-
ment occurring in Maryland. Certain clays in the vicinity of
Mt. Vernon are thought to represent this formation. Further
study of the Virginia region may result in the discovery of addi-
tional beds of this age.

The deposits consist of dark clays generally highly lignitic and
in Maryland often carry large quantities of nodules of iron car-
bonate. The beds are thought to represent swamp accumulations
in warped valleys of post-Patuxent time. The fossils are highly
significant, since they consist in part of dinosaurian remains that
are regarded by many vertebrate paleontologists as affording proof
of the Jurassic age of the deposits, although the paleobofanists
regard the beds as Tower Cretaceous. The plant remains are,
however, not distinctive and the flora could with almost equal
propriety be classed as Jurassic. For the present, therefore, the
Arundel formation, together with the Patuxent which underlies
it, is questionably referred to the Jurassic and assigned to-its up-
per division.

-
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THE CRETACEOUS PERIOD."
‘ LowrRr CRETACEOUS.

The Patapsco Formation.

The Patapsco formation, so called from the Patapsco River in
Maryland, overlies the Patuxent and Arundel formations uncon-
formably. It has been traced in a broad belt across Maryland
and Virginia and is found in isolated remnants to the north-
ward in Delaware and Pennsylvania. Its southward extension
has not been studied.

The deposits consist largely of highly-colored and variegated
clays that grade over into lighter-colored sandy clays, while
sandy bands of coarser character are at times interstratified.
The sandy beds are sometimes arkosic and often carry clay lumps.
The formation has a thickness of about 150 feet and dips about
30 feet in the mile to the eastward. The fossils are chiefly plants,
among which many dicotyledons are found, and the formation
is unquestionably Lower Cretaceous in age.

The Patuxent, Arundel, and Patapsco formations, together with
the Raritan formation of Maryland, Delaware, and New Jersey,
constitute the Potomac group. '

The Raritan, Magothy, Matawan, Monmouth, and Rancocas,
formations, the last three representing the greensand series of
New Jersey south of Delaware Bay in Delaware and Maryland,
are gradually transgressed one after the other by the Eocene de-
posits to the southward, and have not been found along the line of
outerop south of the Potomac River in Virginia. The Cretaceous
greensands have been penetrated in the deep wells at Fortress
Monroe so that some at least of these absent formations are buried
beneath the later deposits farther to the eastward in the Vir-
ginia Coastal Plain. ’

THE TERTIARY PERIOD.
EocENE.

The Aquia Formation.

The Aquia formation, so called from Aquia Creek in Stafford
County where the most conspicuous section of the deposits of this
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horizon occur, first appears beneath the northward transgressing
Miocene deposits near the Delaware-Maryland line from which
point it extends across Maryland into Virginia where it rests un-
conformably on the Patapsco formation.

The deposits consist of greensands and greensand marls, the latter
often holding great quantities of molluscan shells that afford at
times a cement which causes the heds to be indurated into hard
limestone ledges. Beds of clay occur but are less conspicuous
than in the overlying Nanjemoy. The formation has a thick-
ness of about 100 feet in the Potomac River region where it
dips to the eastward at somewhat less than 15 feet to the mile.
The fossils are numerous and distinctive, most of the important
groups of .animal life being represented, the marine mollusca
predominating.  The deposits are of undoubted Eocene age.

The Nanjemoy Formation.

The Nanjemoy formation, so called from Nanjemoy Creek,
in Maryland, is first recognized on the western shore of Maryland
in Anne Arundel County, from which point it stretches across
the state into Virginia and has been recognized as far south as
the James River basin. The deposits rest conformably on those
of the Aquia throughout the area. .

The Nanjemoy, like the Aquia formation, consists largely of
greensands but at the same time contains a larger element
of argillaceous materials, the basal bed known as the Marl-
boro clay extending from central Maryland across the Po-
tomac into Virginia. This clay bed consisting of 25 feet of com-
pact clay, the lower part pink in color, the upper white, is well de-
veloped between Potomac Creek and the Rappahannock River.
The Nanjemoy formation has'a.thickness of about 125 feet and
has a dip of from 12 to 15 feet in the mile to the eastward. The
fossils are numerous and distinctive and consists, as in the Aquia
formation, largely of marine mollusca of characteristic Eocene
types. o o o
The Aquia and Nanjemoy formations together constitute the
Pamunkey group which is now recognized to consist of two clear-
ly defined formations which can be readily traced across the region.
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MIOCENE.

The Calvert Formaition.

The Calvert formation, so called from Calvert County, Maryland,
in which region the deposits of this horizon are well exposed, along
the high cliffs of the Chesapeake Bay, is first recognized in
southern New Jersey, from which point it extends across Delaware
and Maryland into Virginia. To the north of Maryland the
Calvert formation rests directly on the Upper Cretaceous deposits
by the overlapping of the Eocene northward, but south of the Dela-
Ware-Maryland line it overlies first the Aquia and then the Nan-
jemoy formation from central Maryland southward into Virginia.

The deposits consist chiefly of clays, sands, and diatomaceous
earth. The clays are commonly sandy and at times highly cal-
careous but the latter less frequently appear as indurated ledges
than in the Eocene. The diatomaceous earth is especially
well developed in the lower part of the formation, although occur-
ring in greater or less amounts in the upper beds and at higher
horizons in the Miocene. Diatomaceous earth consists of the re-
mains of vast numbers of diatoms which are miscroscopic plant
forms with siliceous tests. This material which has been worked
at many points is known in the trade as “infusorial earth,” “tri-
poli,” or “silica.”” It has also been called “Richmond earth” and
“Bermuda earth,” from localities in Virginia. The Calvert forma-
tion has a thickness of 150 to 200 feet and a dip of about 10 feet
in the mile to the eastward. The fossils of the Calvert formation
consist of the remains of marine organisms, chiefly mollusca,
which are characteristically Miocene.

The Choptank Formation.

The Choptank formation, which receives its name from the Chop-
tank River in Maryland, overlies the Calvert formation unconform-
ably and gradually transgresses the latter northward, and in New
Jersey rests directly on the Upper Cretaceous deposits. This for-
mation is prominently exposed in southern Maryland and Vir-
ginia, outcropping In a nearly complete section in the Nomini
Bluffs on the Potomac River.
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The deposits consist of clays, sands, and diatomaceous earth,
the sands being more largely developed than in the underlying
Calvert formation. The clays are sandy and frequently calca-
reous. The diatomaceous earth is more prominent at this horizon

‘than in the same formation in Maryland. The formation has

a thickness of about 125 feet and the beds dip to the eastward at
about 10 feet in the mile. The fossils are largely marine mol-
lusca and although many of the same species occur in the Calvert
formation, other and characteristic forms are found.

The St. Mary's Formation.

The St. Mary’s formation, so called from St. Mary’s County and
river, Maryland, is buried beneath the Pleistocene cover in New Jer-
sey, Delaware, and the Eastern Shore of Maryland, but outcrops in
the bluffs of the Chesapeake Bay and its tributaries in lower southern
Maryland and across the central district of the Virginia Coastal
Plain. The formation overlies the Choptank formation conform-
ably.

The deposits consist primarily of clays and sands, the former
often blue in color and rich in calcareous matter from the disin-
tegrated molluscan shells that often fill the beds. This shell marl
has been employed for agricultural purposes. The formation is
about 150 feet thick and has a dip of about 10 feet in the mile to
the eastward. The fossils are chiefly marine mollusca as in the
other Miocene formations although many representatives of other
classes of animal life are found.

The Yorktown Formation.

The Yorktown formation, which receives its name from York-
town, Virginia, apparently overlies the St. Mary’s formation con-
formably. The infrequent exposure of the beds, due to the heavy
cover of later sediments, renders it difficult to determine many of
its characteristics and its entire area of outcrop. It does not ap-
pear at the surface in Maryland, although, perhaps, part of the great
thickness of Miocene beds penetrated in the Crisfield well should
be assigned to this formation. ‘
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The deposits which consist of sands and clays are crowded with
remains of calcareous shells, chiefly marine mollusca. and at York-
town and on the James River afford the most highly fossiliferous beds
in the Chesapeake Bay region. Thick ‘beds almost entirely com-
posed of broken shells, representing shallow-water deposition, form
the most striking feature. = The thickness of the formation is ap-
parently in excess of 100 feet.  The fossils show certain differences
when compared with the underlying Miocene formations, and
evidently represent a distinct faunal aggregate.

The Calvert, Choptank, St. Mary’s and Yorktown formatmm
combined constitute the Chesapeake group. The deposits have
many common characters, both physical and faunal.

PL10CENE.
The Norfolk Formation.

The Norfolk formation, so called from Norfolk County, Virginia,
where the deposits have been recognized in the deep cutting in the
Dismal Swamp Canal, probably forms the northward extension of the
Pliocene beds of North Carolina where the strata of this age are
much more extensively developed than in Virginia. The deposits
are buried beneath a heavy mantle of later Pleistocene sediments
so that the areal extent and thickness cannot be readily determined.
To the northward, in southeastern Maryland, if the deposits oceur
they must be deeply buried beneath the Pleistocene.

The deposits consist of clays and sands, the physical character-
istics of the material being not unlike the Miocene strata beneath.
In places the sandy clays, as in the canal cuts below Portsmouth,
contain great quantities of shell remains, making the beds distinetly
calcareous. The formation probably does not reach a thickness
of 50 feet in Virginia. The fossils are chiefly marine mollusca
of characteristic Pliocene types.

The Lafayette Formation.

The Lafayette formation, so named from Lafayette County, Miss-
issippi, has been traced as a nearly continuous mantle over the older
members of the Coastal Plain series all the way from the Mississippi
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valley, parallel with the - Coastal border, to Virginia, and south-
ern Maryland, north of which the deposits become less extensive
and are represented in northern Maryland, Delaware, and Penn-
sylvania by only a few small remnants. In Virginia a broad belt
extending from the Piedmont margin to the center of the Coastal
Plain is covered by a ma.ntle of Lafayette deposits in the inter-
stream areas.

The deposits consist of clay, loam, sand, a.nd gravel, the latter
often highly ferruginous, and cemented into a compact iron-stone.
The sediments ‘were much less fully sorted than was the
case in the earlier Tertiary formations, although the coarse sandy
and gravelly materials are most common in the lower part and the
loams most common in the upper part of the formation. The
gravel, too, is often considerably decayed. The deposits frequently
possess a characteristic orange color. The Lafayette formation
has an average thickness of about 50 feet, but at times' exceeds 75
feet.

‘A few fragments of molluscan shells have been reported from
eastern Virginia but they are quite inadequate to determine the
age of the deposits if they should ultimately prove to have come
from beds of this horizon. The reference of the beds therefore to
the Pliocene is based on the fact that they have been found
overlying the Miocene, and that they are in turn older than the
Columbia deposits of Pleistocene age which wrap about their mar-

- gin. The discovery of authentic fossils of chronologic value is

therefore necessary before the correlation can be regarded. as satis-
factory.

THE QUATERNARY PERIOD.
PLEISTOCENE.

The Sunderlcmd Formation. '

The Sunderland formation, so called from Sunderland, Calvert
County, Maryland, wraps as a terrace about the Lafayette or, in
case of its absence by erosion, the older formations of the Coastal
Plain area throughout the middle Atlantic region. At the close
of the Lafayette ‘epoch the Coastal Plain region was elevated and
the main drainage channels of the area were deeply cut, the coast
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line standing far to eastward of its present position. The great
Susquehanna River flowed through the channel now occupied by
Chesapeake Bay, and passing the Capes, reached the sea far to
the eastward. »

With the advent of Sunderland time the sea filled the old chan-
nels far above the present level but fell short of the greater ele-
vations of the western Coastal Plain district. As the water stood’
at this position, a fringing terrace was formed, such as we find at the
present time co-extensive with the coast line of the tide water
region. Just as in the case of the terrace forming today, this
early Pleistocene terrace shelves off toward the main channels,
and, by a slight depression seaward relative to the main land far-
ther westward, the top of this terrace also slopes a few feet in the
mile eastward. Tts old surface has been extensively eroded over
considerable areas, and its level character is less apparent than in
the case of the later and the lower-lying Wicomico and Talbot.

The deposits consist of clay, sand, and gravel, with here and
there ice-borne blocks that have been brought down the rivers
by the streams from the mountains to the westward. The mate-
rials are for the most part poorly sorted although commonly the .
coarser sands and gravels are found in the lower part of the for-
mation and the loams in the upper part. The beds seldom have a
thickness exceeding 40 feet. A few leaves of recent types have
been found in the Sunderland deposits in Maryland but none are
reported from Virginia. :

The Wicomico Formation.

The Wicomico formation, so called from the river of that name
which enters the Potomac from the Maryland bank between Charles
and St. Mary’s counties, wraps about the Sunderland formation
as a terrace at a lower level and from its less elevation and younger
age has suffered less from erosion than has the Sunderland. It
is found throughout the same general district as is the Sunder-
land but extends farther seaward, often occurring as a broad plain
with a slight slope which stretches from the Sunderland border
eastward.

The materials of the Wicomico are very similar to those of
the Sunderland, and consist of clays, loams, sands, and gravels, with
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here and there beds of peat and scattered ice-borne boulders.
A bed of loam commonly forms the top of the formation with sand
and gravels below, although the materials in general are- poorly
sorted. The sands ‘are often cross-bedded, and occur in irregular
lenses. The beds seldom exceed 40 feet in thickness and are com-
monly much less. Clay deposits containing leaf impressions of
recent types are not unusual, but no animal remains have as yet
been recognized. ‘ ‘

The Talbot Formation.

The Talbot formation receives its name from Talbot County,
Maryland, which is. widely mantled with deposits of this age.
In the same manner as the Wicomico formation wraps about the
Sunderland so does the Talbot wrap about the Wicomico through-
out the Coastal Plain. Its surface has an elevation landward of
about 40 feet but this declines slowly seaward, until it falls nearly
to sea level. Its level surface can be seen at this elevation through-
out the eastern portions of the Coastal Plain on both sides of the
Chesapeake Bay. On account of its slight elevation and late
origin it has suffered much less from erosion than has any other
formation of the Coastal Plain series.

The deposits consist of clays, loams, sands, and gravels, with
many peat beds, and here and there ice-borne boulders. The phy-
sical and lithological characters are similar t6 the other formations
of Pleistocene age, although at times the gravels seem less decayed
than at the older horizons. This is, however, by no means univer-
sal. The deposits seldom exceed 30 feet in thickness.

The fossils found in the Talbot formation consist chiefly of leaf
impressions, molluscan shells, and at some points of mammalian
bones.  The mollusca are chiefly marine and a number of locali-
ties-are known in the Chesapeake Bay district where they oc-
cur in large numbers. o ,

The Sunderland, Wicomico, and Talbot formations combined,
constitute the Columbia group and possess many characters in
common. The materials of which they are made come largely from
the earlier Coastal Plain formations, although the streams flow-
ing from the Piedmont and Appalachian districts have brought
down additional supplies.
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RECENT.

The Recent deposits embrace chiefly those which are being laid
down today over the submarine portion of the Coastal Plain and
along the various estuaries and streams. To these must also be added -
such terrestrial deposits as talus, wind-blown sand, and humus.
In short, all deposits which are being formed today under water or
on the land by natural agencies belong to this division of geologi-
cal time.

The Recent terrace now under construction along the present
ocean shore line and in the bays and estuaries is the most signifi-
cant of these deposits and is the last of the terrace formations
which began with the Lafayette, the remnants of which today oc-
cupy the highest levels of the Coastal Plain, and which has been
followed in turn by the Sunderland, Wicomico, and Talbot.

Beaches, bars, spits, and other formations are built up on this
terrace belt and are constantly changing their form and position
with the variations in currents and winds.  Along the streams
flood-plains are formed that in the varying heights of the water
suffer changes more or less marked. On the land the higher slopes
are often covered with debris produced by the action of frost and
the heavy downpours of rain which form at times accumulations
of large proportions known as talus and alluvial fans. '

A deposit of almost universal distribution in this climate is
humus or vegetable mold, which, being mixed with the loosened
surface of the underlying rocks, forms our agricultural soils. The
wltimate relationship therefore of the soils to the underlying geo-
logical formations is evident.

The deposit of wind-blown sands, more or less apparent every-
where, as may be readily demonstrated at every period of high
winds, is especially marked along the sea coast, particularly in
the vicinity of Cape Henry where sand dunes of large dimensions
have been formed. Other accumulations in water and on the land
are going on all the time and with those already described repre-
sent the formations of Recent time.
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GHAPTER II.

THE ORIGIN, PROPERTIES AND MODE OF OCCURRENCE

OF CLAYS.

IntrODUCTORY.—Clay is one of the most curious and least under-
stood of our common mineral products, and various investigators
have spent much time in attempts to discover the causes of its
peculiar properties. In some cases they have partially succeeded ;
in others it must be admitted that while they have partly solved
the problem, they are mnevertheless still very far from a complete

. and satisfactory interpretation of the phenomena discussed.

In the pages here devoted to a discussion of the properties of clay,
nothing further is attempted than a description of these char-
acters and their practical value. The scientific discussion of them
will be left for the final report which will cover the entire state.

Man at a very early period in the earth’s history discovered the
peculiar qualities of the common substance known as clay. That
its usefulness has steadily increased is evidenced by the fact that in
1904, the value of clay products made in the United States alone ex-
ceeded $130,000,000; which was greater than the value of other im-
portant products such as gold, silver, copper and petroleum, and
was only outranked by iron and coal. This being the case, we
can justly regard clay as one of our most important mineral re-
sources, although up to a few years ago it was quite neglected
by both government and state surveys.

CrAY DERINED.—The term clay is applied to a group of earthy
materials occurring in nature, whose most prominent character
is that of plasticity when wet. This peculiar property permits
their being shaped into any desired form when moist, which shape
they retain when dried. By exposing the clay to the heat of a
fire, it becomes hard and rock-like, thus enabling us to render
permanent the form given to it when green or soft. These are
two important physical properties which make clay of such great
value, but there are a number of minor characters which are
also of some importance and will be discussed later.
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To the unaided eye, clay usually appears so fine-grained that -
most of its component grains cannot be identified, although some
particles of quartz, or small scales of mica are not infrequently
recognizable. Microscopic examination, however, reveals the pres-
ence of a number of small mineral grains, many of which are un-
der one one-thousandth of an inch in diameter. In addition
to these there are particles of organic matter as well as other
small bodies of non-crystalline character, which are classed as
colloids, and may be of either organic or inorganic origin. The
mineral fragments making up the bulk of the clay represent a
variety of compounds in ‘all stages of decomposition, but their
properties and effects on the clay will be left until a later page.

- ORIGIN OF CLAY.

So far as we know clay results primarily from the decompo-
sition of other rocks, and very often from rocks containing an
appreciable amount of the mineral feldspar. There are some rocks,
however, that contain practically no feldspar which, on weathering,
yield a most plastic clay. In all of these clays there is found a
variable amount of the mineral kaolinite, which is of secondary
origin, 4. e., it is derived from other minerals by decomposition.
This is termed the clay base.

In order to trace the process of clay formation, let us take
the case of granite, a rock which is commonly composed of three
minerals, namely, quartz, feldspar, and mica. When such a mass of
rock is exposed to the weather, minute cracks are formed in it,
due to the rock expanding when heated by the sun and contract-
ing when cooled at night; or there may be joint-planes formed
by the contraction of the rock as it is cooled from a molten con-
dition. Into these cracks the rain water percolates and, when
it freezes in cold weather, it expands, thereby exerting -a prying
action, which further opens the fissures, or may even wedge off
fragments of the stome. Plant roots force their way .into these
cracks and, as they expand in growth, supplement the action of
the frost, thus further aiding in the breaking up of the mass.
This process alone, if kept up, may reduce the rock to a mass of
small angular fragments. ' :
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The rain water, however, acts in another way. It not only car-
ries oxygen into the pores of the rock, but also acids in solution,
the latter being gathered in part from the air, and in part:
from decaying vegetable matter. The result of this is that the
oxygen and the acids attack many of the mineral graing of the
rock and change them. into other compounds. Some of these are
soluble and can be carried oft by the water circulating through the
mass, but others are insoluble and are left behind. It will thus
be seen that one effect of this action is to withdraw certain ele-
ments from the rock, and, the structure of the minerals as well
as the rock being destroyed, it crumbles to a clayey mass.

The three minerals mentioned as being commonly present in
granite are not equally affected, however, by the weathering agents.
Thus the quartz grains are but slightly attacked by the soil waters,
while the feldspar loses its lustre and changes slowly fo a white,
powdery mass, which is usually composed entirely of grains of kao-
linite. The mica, if whitish in color, remains unattacked for a long
time, and the glistening scales of it are often visible in many. clays.
If the mica is dark colored, due to iron in its composition, it
rusts rapidly and the iron oxide, thus set free, may permeate the
entire mass of clay and color it brilliantly. The kaolin deposits
of Henry county, Virginia, contain mmuch coarse mica, while
the surrounding clay is brilliantly colored by iron-oxide liberated
in the weathering of iron-bearing mica.

If now a granite, which is composed chiefly of feldspar, decays
under weathering action, the rock will be converted into a clayey
mass, with quartz and mica scattered through it. Remembering
that the weathering began at the surface and has been going
on there for a longer period than in deeper portions of the rock,
we should expect to find on digging downward from the surface,
(a) a layer of fully formed clay; (b) below this a poorly defined
zone containing clay and some partially decomposed rock frag-
ments ; (¢) a third zone, with some clay and many rock fragments ;
and (d) below this the nearly solid rock. In other words there is .
a gradual transition from the fully formed clay at the surface
" into the parent rock beneath (Fig. 1). A marked exception
to this is found in clays formed from limestone, where the passage
from clay to rock is sudden. The reason for this is that the change

3
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from limestone into clay does not take place in the same manner
as granite. Limestone consists commonly of carbonate of lime,
with a variable quantity of clay impurities, so that when the weath-
ering agents attack the rock, the carbonate of lime is dissolved
out by the surface waters, and the insoluble clay impurities
are left- behind as a mantle on the undissolved rock-—the
change from the rock to clay being, therefore, a sudden one,
and not due to a gradual breaking down of the minerals in the rock,
as in the case of granite.

FIc. 1. Section showing passage from residual clay on surface to parent rock
below. The clay is thinneron the slopes than in the depressions.

Resiouan Cray.—Where the clay is thus found overlying the
rock from which it was formed, it is termed residual clay, because
it represents the residue of rock decay in place, and its grains are
more or less insoluble. .‘

A residual clay formed from a rock containing little or no
iron oxide is usually white, and is termed Fkaolin, and deposits of
this type generally contain a high percentage of the mineral
kaolinite. On the other hand, a residual clay derived from a
rock containing much iron oxide will be yellow, red, or brown, de-
pending on the iron compounds present. ‘Between the pure white
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clays and the brilliantly colored ones, others are found represent-
ing all intermediate stages, so that residual clays vary widely in
their purity.

The form of a residual clay deposit, which is also variable,
depends on the shape of the parent rock. Where the residual
clay has been derived from a great mass of granite or other clay-
yielding rock, the deposit may form a mantle covering a cun-
siderable area. On the other hand, some rocks, such as pegma-
tites (feldspar and quartz), occur in veins, that is, in masses hav-
ing but small width as compared with their length, and in this
case the outcrop of residual clay along the surface will form a
narrow belt. The Henry county kaolin deposits are of this type.

The depth of a deposit of residual clay will depend on ciimnatic
conditions, character of the parent rock, topography and location.
~ Rock decay proceeds very slowly, and in the case of most rocks

the rate of decay is not to be measured in months or years, but
rather in centuries. Only a few rocks, such as some shales or other
soft rocks, change to clay in an easily measurable time. With
other things equal, rock decay proceeds more rapidly in a moist
climate,” and consequently it is in such regions that the great-
est thickness of residual materials is to be looked for. The thick-
ness might also be affected by the character of the parent rock,
whether composed of easily weathering minerals or not. Where
the slope is gentle or the surface flat, much of the residual clay
will remain after being formed, but on steep slopes it will soon
wash away.

Tn, some cases the residual materials are washed away but a short
distance and accumulate on a flat or very gentle slope at the fvot
of the steeper one, forming a deposit not greatly different from the
original one, although they are not, strictly speaking, residual
clays.

Residual clays, usually of impure character, are widely distri-
buted over the southern portion of the United States, except in
the Coastal Plain belt. In Virginia they are to be seen at many
points throughout the Piedmont and Appalachian belts. where the
slopes are not too steep. Around Richmond and Petersburg,
for example, the residual clay forms a mantle of variable thick-
ness in the granite quarries, and in the regions underlain by schist
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and shale (both easily decomposable rocks), it frequently occurs
in masses of great thickness.

Residual clays are commonly highly colored by a large percent-
age of iron oxide, but in a few instances where they have been
derived from a rock poor in iron-bearing minerals, the clay is light
yellow or even white. o '

Uses of Residual Olay — Owing to their gritty character,
caused by the presence of numerous quartz fragments and impure
nature, the majority of residual clays cannot be used for any-
thing except common brick. There are, however, occasional de-
posits which, on account of their fine grain, are available for pot-
tery manufacture; or others which are low in impurities, and
can hence be used for making fire brick or even buff pressed brick.

- The " distribution of Virginia occurrences is left for a future
report.

SEDIMENTARY OrLaYs.—As mentioned above, residual clays rare-
ly remain on steep slopes, but are washed away by rain storms into
streams and carried off by these to lower and sometimes distant
areas. By this means residual clays possibly of very different
character may be washed down into the same stream and become
mixed together. This process of wash and transportation can
be seen in any abandoned clay bank, where the clay on the slopes
is washed down and spread out over the bottom of the pit.

As long as the stream maintains its velocity it will carry the
clay in suspension, but if its velocity be checked, so that the water
becomes quiet and free from currents, the particles begin to settle
on the bottom, forming a clay layer of variable extent and thickness.
This may be added to from time to time, and to such a deposit the
name of sedimeniary clay is applied. All sedimentary clays are
stratified or made up of layers, this being due to the fact that one
layer of sediment is laid down on top of another.

The stratified character of the clay is not seen with
equal clearness in all beds, and to the untrained eye may not al-
ways be apparent, but the sand grains and pebbles found in sedi-
mentary clays are always more or less rounded, caused by a rub-
bing together of the particles while being transported. Plate
11, Fig 2, shows a sedimentary deposit of loamy clay overlain by
gravel.
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Sedimentary clays can be distinguished from residual clays
chiefly by their stratification, and also by the fact that they
commonly bear no direct relation to the underlying Tock on which
they may rest.

All sedimentary clays resemble each other in being stratified,
but aside from this they may show marked irregularities in struc-
ture., (Fig. 2.)

Thus, any one bed, if followed from point to point, may show
variations in thickness, pinching or narrowing in one place and
thickening or swelling in others.
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F16.2. Section showing how sedimentary clay beds may vary
horizontally and vertically.

In digging clay the miner often finds streaks of sand extend-
ing through the deposit and cutting through several different
layers, these having been caused by the filling of channels cut
in the clay deposits by streams. Occasionally a bed of clay may
be extensively worn away or corraded by currents subsequent to
its deposition, leaving its upper surface very uneven, and on this
an entirely different kind of material may be deposited, covering
the earlier bed, and filling the depressions in its surface. If the
erosion has been deep, adjoining pits dug at the same level may
find clay in one case and sand in the other.

While in many instances the changes in the deposit are clearly
visible to the naked eye, variations may also occur, due to the
same cause, which would only show on burning.
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The clays found south of Richmond, Sturgeon Point, Bermuda
Hundred, City Point, etc., are in the same formation, and super-
ficially they appear to be very similar; yet in burning they be-
have somewhat differently as to shrinkage, color, vitrifying qual-
ities, ete. This is due to variations in both their chemical compo-
sition and physical character.

All the clays found in the Coastal Plain or Tidewater Belt of
Virginia are of sedimentary origin. Those found in other parts
of the State are either residual or sedimentary. The former are
more abundant, but the latter are the omes more often worked.

As the finer material can only be deposited in quiet water
and coarse material in disturbed waters, so from the character
of the deposit we can read much regarding the conditions under
which it was formed. If, therefore, in the same bank alternating
layers of sand, clay and gravel are found, it indicates a change
from disturbed to quiet water, and still later rapid currents
over the spot in which these materials were deposited. The com-
monest evidence of current deposition is seen in the cross-bedded
structure of some sand beds, where the layers dip in many dif-
ferent directions, due to shifting currents, which have deposited
the sand in inclined layers (Pl II, Fig. 1).

Such conditions as these are by no means uncommon in the
Virginia Coastal Plain belt.

Classification of Sedimentary Clays.— Sedimentary clays are
deposited .under a variety of conditions which tend to influ-
ence not only the form of the deposit but in many cases its phy-
sical character. 'The different groups may be briefly referred to
as follows:

1. Marine Clays, which include all those sedimentary clays
deposited on the ocean bottom, where the water is quiet. They
have therefore been laid down at some distance from the shore,
since nearer the land, where the water is shallower and disturbed
only coarse materials can be deposited. This means that in a
formation carrying marine clays, the clays may pass into the
beds of sand as we go towards the ancient shoreline of the sea
in which they were laid down.

Beds of marine clay may be of vast extent and great thick-
ness, but will naturally show much variation, horizontally at
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least, because the different rivers flowing into the sea usually .
bring down different classes of material.

Thus, one stream may carry the wash from an area of iron-
stained clay, and another the drainage from an area of white or
light-colored clay. As the sediment spreads out over the bot-
tom the areas of deposition might overlap, and there would thus
be formed an intermediate zone made up of a mixture of the
two sediments. This would show itself later as a horizontal tran-
sition from one kind of clay to another. These changes may oc-
cur gradually or at other times within the distance of a few feet.

2. Estuarine Clays represent bodies of clay laid down in shal-
low arms of the sea, and are consequently found in. areas that
are comparatively long and narrow with the deposits showing a
tendency towards basin shapes. Estuarine clays often show sandy
laminations, and are not infrequently associated with shore marsh-
es. Deposits of this type are found in the coastal belt.

3. Swamp and Lake Clays constitute a third class of deposits,
which have been formed in basin-shaped depressions occupied by
lakes or swamps. They represent a common type of variable
extent and thicknesss, but all agree in being more or less basin-shap-
ed. They not infrequently show alternating beds of clay and
sand, the latter in such thin laminae as to be readily overlooked,
but causing the clay layers to split apart easily.

Clay beds of this type are not especially common in the Coastal
Plain of Virginia, but in the areas to the west, are to be looked
for in many depressions which have received the wash from the
residual clays on the surrounding slopes. Their quality is variable. ‘

4. Flood-Plain and Terrace Clays.— Many rivers, especi-
ally in broad valleys, are bordered by a terrace or plain, there
being sometimes two or more, extending like a series of shelves
or steps up the valley side. The lowest of these is often covered
by the river during periods of high water, and is consequently
termed the flood-plain. In such times much clayey sediment
is added to the surface of the flood terrace, and thus a flood-plain
clay deposit may be built up.

Owing to the fact that there is usually some current setting
along over the plain when it is overflowed, the finest sediments can
not settle down, except in protected spots, and, comsequently,
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most terrace clays are rather sandy, with here and there pockets
of fine, plastic clay. They also frequently contain more or less
organic matter. Along its inner edge the terrace may be covered
by a mixture of clay, sand and stones, washed down from neighbor-
ing slopes. v

Where several terraces are found, it indicates that the
stream was formerly at the higher levels, and has cut down its
bed, each ferrace representing a former flood-plain. Even along
the same stream, however, the clays of the several terraces may
vary widely in their character, those of one terrace being perhaps
suitable for pottery, and those of a second being available only
for common brick and tile.

Flood-plain clays may occur in the Coastal Plain but they are
of little importance. They will be found, however, at many points
in the Piedmont and Appalachian belts, and are sometimes worked
for common brick at least.

5. Drift or Boulder Clays are tough, dense, gritty clays,
often containing many stones, and represent ice transported ma-
terial which has been largely ground to fine rock flour, through
which are scattered pebbles and boulders. Such deposits are
found only in those portions of the United States which were
covered by the ice sheet during the glacial period. Glacial clays
are, therefore, not found in Virginia. Some of the clays in the
Manchester brick-yards (Pl. X, Fig. 2.) contains large boulders.
but these have probably been dropped in the clay by masses of

floating ice.

SECONDARY CHANGES IN CLAY DEPOSITS.

Changes often take place in clays subsequent to their deposition.
These may be local or widespread, and in many cases they may either
greatly improve the clay or else render it worthless. At a number .
of localities the entire deposit may have been altered so that it
is difficult to tell what “its original character was, but in others
only a portion of the deposit has been altered, and one can easily
trace the changes that have gone ‘on.

The changes which take place in clay subsequent to its forma-
tion are of two kinds, namely, mechanical and chemical.
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MECHANICAL CHANGES.

Forping, TIuriNg AND FavrTiNe.—From what has been said
regarding the origin of sedimentary clays, it has been seen
that they were laid down under water, but the fact that they now
appear at the surface indicates that the water has been drained off,
either by the water level falling or the sea bottom being elevated.
If the latter occurred, and such has been the case in Eastern Vir-
ginia, there was little likelihood that the elevation of all points
over such a large area was the same, and such a differential uplift
has produced a tilting or dipping of the beds towards the south-
east. '

. )

(2)

Fre.8. Section showing clay bed (a), with uneven upper ‘surface caused by
erosion. The currents causing this deposited the pebbles in the hol- -
lows, and these were in turn covered by a bed ofsandy clay (b).

Beds of clay and shale sometimes show folds or undulations.
In the Coastal Plain clays of Virginia these are rarely seen, but
in the shales of the Appalachian region they are by no means
uncommon.

Where beds of clay or shale are bent into arches (anticlinal
folds) (Fig: 7) and troughs (synclinal folds), (Fig. 8), each
bed slopes or dips away from the axis of an anticlinal fold
and towards the axis of a synclinal fold, but if followed parallel
to the axis it will remain at the same level, provided the axis
itself 1s horizontal. These considerations are of importance
in prospecting for clays in central and western Virginia
but they do not have to be considered in the Coastal Plain region.

Where a bed is-not sufficiently elastic to bend under pressure,

it breaks, and if, at the same time, the beds on the opposite: side:
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of the break slip past each other, this displacement is termed
faulting. When the breaking surface or fault plane is at a low
angle, one portion of the bed may be thrust over the other for some
distance. In other cases the displacement may amount to but a
few inches. Faulting is not uncommon in some of the shale de-
posits of central and western Virginia but no evidence of it was
observed in the Coastal Plain deposits.

Both tilting and folding exert an important influence on the
form and extent of the outcropping beds. Where no tilting has
occurred, that is, where the beds are flat, only one bed, the up-
per one of the section, will be exposed at the surface. Where the
latter is level, these lower beds will be exposed only where stream
valleys have been carved. (Tig. 5.)

FIG. 4. Section in horizontally stratified beds of elay and sand. The lower ‘

beds are exposed in the deeper valleys.

If the beds are tilted or folded and the crest of the folds worn
off, then the different beds will outcrop on the surface as parallel
bands (Figs. 5 and 6), whose width of outcrop will decrease, with
an increase in the amount of dip.

These facts are again especially applicable to the shaly clays
of the Great Valley and Allegheny belt.

Eroston.—All land areas are being constantly attacked by the
weathering agents (frost, rain, etc.), resulting in a erumbling
of the surface rocks and the removal of loose fragments and grains.
This brings about a general sculpturing of the surface, forming
hills and valleys, the former representing those parts of the
rock formations which have not yet been worn away. The effect
of this is to cause conditions, which may at first sight appear puzz-
ling, but are nevertheless quite simple, when the cause of them is
understood. ‘



VIRGINIA COASTAL PLAIN 39

If the beds have a uniform dip, the conditions may be as indi-
cated in Fig. 9. Here, bed 1 appears at the summit of two hills, a
and b, but its rise carries it, if extended, above the summit of hill
¢, which is capped by bed 3. If one did not know that the beds

F1c.5. East-west section showing outcropping beds of inclined strata.

rose in that direction it might be assumed that bed 1 passed into
bed 3, because they are at the same level. This dipping of the
layers or beds sometimes accounts for the great dissimilarity of
beds at the same level in adjoining pits.

../IN-—""
5 o), 4t
/]!"H !

F16. 6. Section of vertical beds.

Where a bed of clay is found outeropping at the same level on
two sides of a hill, it is reasonable to assume that it probably ex-
tends from one side to the other, but it is not safe to predict with
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certainty, for, as has been mentioned above, clay beds may thin
out within a short distance,

It is not always possible to correlate clays by means of their -
position, and assume that in a region of but slightly tilted strata
all those occurring at the same level are of the same 'age or

vice versd.

F1a. 7. Section of folded beds. The crest of the arch has been worn away,
thus exposing several of the beds.

For example, let us consider a case like that shown in Fig. &
Here we have a series of horizontally stratified clay and sand
beds which have heen eroded, but in some places the valleys which

F16. 8. Section of beds folded into a trough or syneline,

have been cut are much deeper than others. Now if this area
were depressed so that the sea could fill the valleys and deposit
a series of estuarine clays, these, although formed at the same
time, would not be found at the same level after the sea re-
ceded. This is not an uncommon phenomenon in the Coastal
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Plain region and makes it difficult to formulate a rule for pros-
pecting clays belonging to any given formation. That is to say,
if the clays of any one period were deposited at the same level, and
had a uniform dip, we could map the line of outcrop and point
out the elevation above sea level at which the beds were to be
sought for in any given area, but since the clays were not always
deposited on a plain surface, this cannot be done.

CHEMICAL CHANGES.

Nearly all clay deposits are affected, superficially at least, by the
weather. The changes are chiefly chemical, and can be grouped
under the following heads:

Change of color.

Leaching.

Softening.

Consolidation,

Cuange oF Coror—DMost clay outerops which have been ex-
posed to the weather for some time show various tints of yellow

F16.9. Inclined beds, showing how they are found at continually higher
- levels if followed up their slope or dip.

or brown, such discoloration being due to the oxidation or
rusting of the iron oxide which the clay contains. This
iron compound is usually found in the clay as an original
constituent of some mineral and rusts out as the result of weather-
ing, so that the depth to which the weathering has penetrated
the material can often be told by the color. The lower limit of
this is commonly not only irregular, but the distance to which it
extends from the surface depends on the character of the de-
posits, sandy open clays being affected to a greater depth than
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dense ones. The discoloration of a clay due to weathering does
not always originate within the material itself, for in many in-
stances, especially where the clay is open and porous, the water
seeping into the clay may bring in the iron oxide from another
layer, and distribute it irregularly through the lower clay.

The changes of color noticed in clay are not in every case to
be taken as evidence of weathering, for in many instances the
difference in color is due to differences in mineral composition.
Many clays are colored black at 6ne point by carbonaceous mat-
ter, whereas a short distance off the same bed may be white or
light gray, due to a smaller quantity of carbonaceous material.

F1e.10. Section illustrating how weatbering penetrates a clay, working in
deepest along joint planes, or roots,

Changes in color due to weathering can be distinguished from
differences in color of a primary character by the fact that dis-
coloration caused by weathering begins at the surface and works
its way into the clay, penetrating to a greater distance along
planes of stratification or fissures, and even following plant roots
as shown in Fig. 10.

Where the clay deposit outerops on the top and side of a hill, it
does not follow that because the whole cliff face is discolored, the
weather will have penetrated to this level from the surface, but in-
dicates simply that the weathering is working inward from all
exposed surfaces. The overburden often plays an important role
in the weathering of clay, for the greater its thickness, the less
will the clay under it be affected. This fact is one which the clay
worker probably overlooks, and, therefore, does not appreciate
the important bearing which it may have on the behavior of his
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material. Some unweathered clays crack badly in drying or
burning, but weathering seems to mellow them, as well as to in-
crease their plasticity, so that the tendency to crack is some-
times either diminished or destroyed. If a clay which is being
worked shows this tendency it will be advisable to search for some
part of the deposit which is weathered, and if the clay is covered
by a variable thickness of overburden, the most -weathered part
will be found usually under the thinnest stripping.

LeacuiNe.—More or less surface water seeps into all clays
and in some cases drains off at lower levels. Such waters con-
tain small quantities of carbonic acid which readily dissolves some
minerals, most prominent among them carbonate of lime. In
some- areas, therefore, where calcareous clays occur, it is not un-
common to find the upper layers of the deposit containing less
lime carbonate than the lower ones, due to the solvent action of the
percolating waters. This leaching action is especially noticeable
in the case of residual clays formed from limestone or calcareous
shales, where, during the decomposition or mellowing of the rock
under weathering influences, the easily soluble carbonate of lime
is removed by percolating waters, so that little or none is found
in the residual clay. This is well shown by the two following
analyses in which I represents the fresh limestone and IT the resid-
nal clay derived from it. .

II
Silica (Si0,)u. vivveieieennunicnneenns . . 33.69
Alumina (Al1,0,) 30.30
Ferric oxide( Fe,0,) . 1.99
Lime (CaO) .......cc.... S . 44, 3.91
Magnesia (MgO)....ccvveeieenee B SO . .26
Potash (K,0) veviir v v ciitieels viee et ceeeee e, . .96
Soda (Na;0) . cvvveiiiiis it et . .61
Water (HyO)uumovnniiiiin i e e e e, . 10.76
Carbonic acid (CO,) y : 0.00
Phosphoric acid (PyOg5). ceveeiieriniiiier viiies i, 8,04 2.54

Manganous oxide (MnO)..... .. ereler aeeeeees [ SN 4.33 14,98

100.00  100.00

1t is not to be understood that because the particular clay which

this analysis represents the composition of runs high in manganese
oxide, that all residual clays do. '

 SorrENING.—Most weathering processes break up the clay de-

‘posits, either by disintegration or by leaching out some soluble
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constituents that served as a binding or cementing material, thus
mellowing the outerop, and many manufacturers recognize the
beneficial effect which weathering has on their clay. They con-
sequently sometimes spread it on the ground after it is mined’
and allow it to slake for several months or in some cases several
years. The effect of this is to disintegrate thoroughly the clay,
render it more plastic, and break up many injurious minerals
such as pyrite. Although mentioned under chemical changes. it
will be seen that the process of softening is partly a physical one.

Some of the pressed brick yards near Alexandria store up their
clay, partly for this purpose, but partly as a means of blending the
different kinds. Common brick manufacturers rarely follow this
plan, it being done at but one yard in eastern Virginia.

CONSOLIDATION.—Some clays, and more especially sandy ones,
become somewhat consolidated subsequent to their formatiom.
This is commonly caused by a deposition of- limonite (hydrous
iron oxide) between the clay particles. In the majority of de-
posits, where such a change has occurred, the deposition of the
limonite takes place in those portions of the clay where the water
carrying it can enter, as in cracks, or locally porous parts of the
mass. Very few instances of this were noticed in the Virginia -
Coastal Plain clays, but in the sandy beds accompanying them it
was not uncommon. In some, as at Oldfield, the limonite has
been deposited around plant rootlets, forming small, irregularly
cylindrical concretions, from a quarter of an inch to two inches
long. _

FormarioN oF SHALE—This is nothing more than a consoli-
dated clay and its formation is properly referred to under this
head. Many sedimentary clays, especially those of marine origin,
after their formation, are covered up by many hundred feet
of other sediments, due to continued deposition on a sinking ocean
 bettom. It will be easily understood that the weight of this great
thickness of overlying sediment will tend to comsolidate the clay
by pressure, converting it into a firm rock-like mass, termed shale.
That the cohesion of the particles is due mostly to pressure alone
is evidenced by the fact that grinding the shale and mixing it
with water will develop as much plasticity as is found in many
surface clays. An additional hardening has, however, taken place
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in many shales, due to the deposition of mineral matter around
the grains, as a result of which they become more firmly bound
together. . :

~ In regions where mountam-makmg processes have been active
and folding of the rocks has taken place, heat and pressure have
been developed, and the effect of these have sometimes been to
transform or metamorphose the shale into slate or even mica-
schist (where the metamorphism was intense), both of which
are devoid of any plasticity when ground.

While many shales develop high plasticity, others are so gritty and
coarse-grained that they possess little value for the manufacture
of clay products. In Virginia, it is only the Paleozoic shales
that, so far as known, possess any economic value. There are
shales associated with the Triassic coals near Richmond, hut these
are so gritty and carbonaceous as to preclude their use for the
manufacture of clay products. Some of the partially decomposed
schlsts will also prove of value to the clay—worker

- CHEMICAL PROPERTIES OF CLAY.

THE COMBINATION’ 0F ErzMmeNTs IN Cravy.—Many chemical
elements are found in the rocks of the earth’s crust, vet only a few
of them are widespread and important. But, by averaging up
the analyses of several hundred rocks from all parts of the world,
a fairly accurate estimate can be made of the average quantity
of each element present. This has been done by F. W. Clarke;
chief chemist of the United States Geological Survey, and the
results obtained by him are given in the following table. The
name of the element is given first, followed by its symbol in
parenthesis, 'and then the average per cent. : ,

Table showing percentage of elements found in the earth’s crust.

Oxygen (0)......... redeeedeennenie 47.02 Hydrogen (H)........coovee i 0.17
Silicon (8i). ....cccee'uerrernrennnn. 28.06 Carbon (C).......c. ceevivniiveienins 0.12
Aluminum (A1) oo i, 8.16 Phosphorus (P)......... ... .. v 0.09
Iron (Fe)., 4.64 Manganese (Mn). ........... rend 0.07
Calcium (Ca) .. ..orvsiveceerrnnrnn, 3.50 Sulphur (8) . .cviieeeeen s 0.07
Magnesium (Mg) ........... s 262 Barium (Ba) .........oiicveeennen: 0.05

Sodium (Na).......... seevene - 2:63 - Strontium (Sr)..,.eeccriineiiiiniin 0.02
Potassium (K) . Chromium (Cr) .....ccvrerrvorencens 0.01
Titanium (Tl) :

4
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Of those mentioned in the above list, carbon and sulphur are the
only ones ever found in the elementary state in clays. The others
are usually found in combination with each other. Thus, for ex-
ample, silicon unites with oxygen to form the compound known
as silica, which consists of one atom of silicon and two atoms of
oxygen, and which would be designated by the symbol 810,. Sim-
ilarly, two of aluminum will unite with three of oxygen, forming
the compound known as alumina and represented by the symbol
ALO,; again, iron in similar combination may give either FeOQ or
Fe,0,; or Ca0 (lime) may be formed from calcium and oxygen.
Carbon and oxygen form CO,, known as carbon dioxide or carbon-
ic acid gas. If the latter unites with CaO, we get a compound. ex-
pressed by the symbol CaCOj, and called lime carbonate; Ca0 and
8i0, may unite, giving CaSi0O,, which is called a silicate of lime
because it is a compound containing calcium, silicon and oxygen.

The elements are divisible into two groups, the one known as
acid elements, the other as basic elements or bases. The latter are
commonly oxides of the metallic elements, and include CaO
(lime), MgO (magnesia), Al,O, (alumina), Fe,0, (ferric ox-
ide), K,0 (potash), Na,0 (soda). The acids and bases are
strongly opposed in their characters, and, while there is little or
no affinity between members of the same group, those of opposite
groups show a marked affinity for each other. ~An acid, there-
fore, tends to unite with a base under favorable conditions, these
conditions being either the presence of moisture or heat, both of
which promote chemical activity and therefore combination. = Com-
pounds formed by the union of acid elements and basic elements
are termed salts, and the different ones possess a different degree of
permanence or destructibility. Thus, some exist only at low tem-
peratures, and are broken up or pass off in gaseous form at a red
heat, while others may form only at a temperature of redness or
higher.

Clay contains a great many different chemical compounds
of more or less definite chemical composition, and often having
a definite form. Rach of these represents a mineral species,
possessing definite physical characters, which could be easily seen
if the grains of clay were large enough. The latter is the case,
however, with only a few of the scattered, coarse grains, which
the material may contain, and, consequently, it is necessary to .
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use a microscope in order to identify the various mineral particles
present in any clay, as even a powerful hand glass cannot ordi-
narily distinguish them.

MINERALS IN CLAY. .

Many different kinds of minerals are found in clay, but few of
them are present in large amounts, and only a very small percent-
age of them are recognizable with the naked eye. Those most
commonly found are quartz, feldspar, kaolinite, calcite, gypsum,
mica, pyrite, dolomite, iron ores, hornblende, and rutile. Of
these, quartz is probably always present, and often very abundant.
Kaolinite is doubtless rarely wanting; calcite is common in the
very calcareous clays.

Quartz—This mineral, which chemically is silica, is found in
at least small quantities in nearly every clay, whether residual or
sedimentary, but the grains are rarely large enough to be seen
with the naked eye. They are translucent or transparent, usual-
ly of angular form in residual clays, and rounded in sedimentary
ones, on account of the rolling they have received while being
washed along the river channel to the sea, or dashed about by the
waves on the beach previous to their deposition in still deeper
water. Quartz may be colorless, but it is often colored superficial-
ly red or yellow by iron oxide. It breaks with a glassy, shell-like
fracture, and is a very hard mineral, being seven in the scale of
hardness. It will, therefore, scratch glass, and is much harder
than most of the other minerals commonly found in clay, with
the exception of feldspar. Quartz at times forms nodules, which
have no crystalline structure and are termed flint, or chert, but
these are not found in the Coastal Plain clays. They are not
uncommon in some of the residual deposits found in Virginia.

Feldspar.— Feldspar is a mineral of rather complex composi- -
tion, being a mixture of silica and alumina, with either potash, or
with lime and soda, and occurring usually in red, pink or white
grains. When fresh and undecomposed, the grains have a bright
lustre, and split off with flat surfaces or cleavages. Feldspar is
slightly softer than quartz, and while the latter, as already men-
tioned, scratches glass, the former will not.. Feldspar rarely occurs
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in such large grams as quartz é,nd furthermore, -is not " as
lasting a mineral, being easily attacked by the Weather or soil wa-
ters, and so decomposed to a whitish clay.

Mica.— This is one of the few minerals in clay that "can be
easily detected with the naked eye, for it occurs commonly in the
form of thin, scaly particles, whose bright shining surface ren-
ders them very conspicuous even when small. Very few clays are
entirely free from mica even in their washed condition, because
the light scaly character of the mineral keeps it in suspensmn
until it settles in quiet water with the clay particles.

There are several species of mica, all of rather complex compo-
sition, but all silicates of alumina with other bases. Two of the
commonest species are the white miica or muscovite, and the
black mica or biotite. The former is a silicate of alumina and
potash, and the latter a silicate of alumina, iron oxide and mag-
nesia. Of these two, the muscovite is the most abundant in clay,
because it is not readily attacked by the weathering agents. The
biotite, on the other hand, rusts and decomposes much more rapid-
ly on account of the iron oxide which it contains. The eﬁect of
mica in burning is mentioned under alkalies.

Iron Ores— This title includes a series of iron compounds,
which are sometimes grouped under the above heading, because
they are the same compounds that serve as ores of iron, when found
in sufficiently concentrated form to make them workable. The
mineral species included under this head are: :

Limonite (2Fe,0,.3H,0)
Hematite (Fe,Oy)
Magnetite (Fe;O,)
Siderite ('eCO;)

The first is an oxide, with three parts of water (a hydrous ox-
ide), the sccond and third are oxides, and the fourth is a car-
bonate. :

Limonite has the same composition as iron rust. It occurs
in various forms, and is often widely distributed in ‘many
clays, its presence being shown by the yellow or brown color of
the material. When the clay is uniformly colored, the limonite
is evenly distributed through it, sometimes forming a mere film
on the surface of the grains; at other times it is collected - into small



v

VIRGINTA COASTAL PLAIN 49

rusty grains, or again it forms concretionary masses of spherical
or irregular shape.

- Hematite, the anhydrous oxlde of iron, is of red  color and
may be found in clays, but it sometimes changes readily to: limo-
nite on exposure to the air and in the presence of moisture.

Magnetite, the magneétic oxide of iron, forms black magnetic
grains, and while not common, is sometimes found when the ma-
terial is examined mmroscoplcally lee the. hematlte it is hable
to change to limonite. : :

S@demte the carbonate of irom,- may occur in clavs in the fol-
lowing forms: (1) As concretionary masses of variable size
and shape, often strung out in lines parallel with the stratification
of the clay. These are more abundant in shales than in clay, and,
if near the surface, the siderite concretions'change to limonite on
their outer surface. (2) In the form of crystalline grains, scat-
tered through the clay and rarely visible to the naked eye.  (3)
As a film coating other mineral grains in the clay. This mineral
will also change to limonite, if exposed to the weather.

- Pyrite.— This is another mineral, which is not uncommon in
some clays, and can often be seen by. the naked eye. It is some-
times called iron pyrites or sulphur, and, chemically, it is a sulphide

‘of iron (FeS,). It has a yellow color and metallic lustre, and

occurs in large lumps, in small grains or cubes, or again in flat
rosette-like forms.

When exposed to weathering action, pyrite 1s a rather un-
stable compound, that is to say, it tends to alter, and it changes
from sulphide of iron (FeS,), to the sulphate of iron (FeSO,),
by taking oxygen from the waters filtering into the clay. This
also destroys its form, the yellow metallic particles changing to
a white powdery mineral, which has a bitter taste and is soluble
in water. Clays containing pyrite are not, as a rule, desired by
the potters. Nome of the economically valuable clays examined
in the Coastal Plain region were found to contain. pyrite, but
it will be found in many of the earbohiferous ghales of' western
Virginia. Ce ~ ~

Glaucomte—Thls mmeral which is sometlmes fermed green-
sand, and in bulk, greensand marl, or simply marl (an incorrect
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term) is an important constituent of some of the Virginia Coastal
Plain clays. Chemically, it is a compound containing silica, pot-
ash, iron and water (a hydrous silicate of potash and iron), occur-
ring in the form of greenish sandy grains. Its composition is
often somewhat variable and it may contain other ingredients
as impurities. Thus a sample from New Jersey analyzed: Silica,
50.70 per cent.; alumina, 8.03 per cent. ; iron oxide, 22.50 per cent.;
magnesia, 2.16 per cent.; lime, 1.11 per cent.; potash, 5.80 per
cent.; soda, 0.75 per cent.; water, 8.95 per cent. It is an easily
fusible mineral, and hence a high percentage of it is not desired in
clay. None of the clays which are being worked contain it so
far as known. ’

(lauconite clay is dug to some extent’ along the James river,
southeast of City Point, but it is used in fertilizer manufacture
and not in clay products.

Kaolinite— This mineral is 8 compound of silica, alumina
and water (a hydrated silicate of alumina), represented by the
formula Al,O,, 28i0,, 2H,0, which corresponds to a composition of
silica (810,), 46.3 per cent.; alumina (ALO;), 39.8 per cent.;
water (H,0), 13.9 per cent. It is rarely found in pure masses,
but when isolated is found to be a white, pearly mineral, the
crystals forming small hexagonal plates, which are often found
to be collected into little bunches that can be separated by

~ grinding. When the mineral kaolinite forms large masses, the

name kaolin is applied to it. Tt is plastic, and is also highly re-
fractory, fusing at cone 36. (See p. 75 under fusibility.) The
amount of kaolinite present in clays varies, some white kaolins
containing over 98 per cent. while other sandy impure clays may

‘have less than 20 per cent.

Associated with kaolinite, there have been found ome or more
species of allied minerals which are all hydrated silicates of
alumina. They are known as halloysite, rectorite, newtonite, al-
lophane, etc. Some of these have been found in the form of crys-
tals, and others have not.

Rutile—The oxide of titanium (TiO,) rutile is of widespread
occurrence in clays, and is usually found on chemical analysis,
when proper tests are made. Rutile grains can be seen under the
microscope in many fire clays, and the analyses show the presence
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A, Cross-bedded clay, sand and gravel. Harbaugh’s Pit, Richmond.

B. Deposit of loamy clay overlain by gravel, showing sudden change of character
often met with in sediment-ry clay and sand deposits.
Brower’s Pit, Richmond.
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A. Cross-bedded clay, sand and gravel. Harbaugh’s Pit, Richmond.

B. Deposit of loamy clay overlain by gravel, showing sudden change of character
often met with in sediment-ry clay and sand deposits.
Brower’s Pit, Richmond.
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ence of titanium oxide to the extent of nearly two per cent. The
presence of this mineral, however, is unfortunately too commonly
ignored in the analysis of clay, and yet, as will be shown later, its
effect on the fusibility of the clay is such that it should not be
neglected, in the higher grades at least. It is possible, however,
that some of the titanium found in clay, is present in some other
form than rutile, such as leucoxene. ‘

Calcite—This mineral is composed of carbonate of lime, and,
when abundant, is found chiefly in clays of recent geological age,
but some shales also contain considerable quantities of it. Tt can
be easily detected, for it dissolves rapidly in weak acids, and
effervesces violently upon the application of a drop of muriatic’
acid or even vinegar. When in grains large enough to be seen
with the naked eye, it is found to be a translucent mineral with
a tendency to split into thombohedral fragments, due to the presence
in it of several directions of splitting or cleavage. It is also soft-
enough to be easily scratched with a knife. Few clays contain grains
of caleite sufficiently large to be seen with the naked eye, although
in some the calcite, as well as some other minerals, may form con-
cretions. The concretions, although lacking a granular or crys-
talline structure, would nevertheless give the acid test.

Gypsum.—This mineral, the hydrous sulphate of lime, contains
lime (CaO, 32.6 per cent.), sulphuric acid (SO, 46.6 per cent.),
and water (H,0, 20.9 per cent.). It may occur in clays, even
in large lumps. The only locality in the Coastal Plain where it
was noted was in some clays near City Point on the James river.
Here the gypsum forms nodules scattered through the mass, and
the clays have no value either for clay products or as a gypsum
proposition. ‘

Gypsum when present in clay, and large enough to be visible
without the use of a microscope, forms crystals or plate-like masses.
Tt is much softer than calcite and can be scratched with the finger
nail; has a pearly lustre, is transparent; and it does not effer-
vesce with acid or vinegar. When heated to a temperature of
250°C. (482°F.), the gypsum loses its water of combination, and
when burned to a still higher temperature, at least a part of the
sulphuric acid passes off. , ~

Hornblende and Garnet—These are both silicate minerals of
complex composition, which are probably abundant in many impure
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clays, but their grains are rarely larger than microscopic size.
Both are easily fusible and weather readily, on account of the iron
oxide in them, and, therefore, impart a deep red color to clays
formed from rocks in which they are a prominent constituent.

Dolomite—Dolomite, the double carbonate of lime and mag-
nesia, and also magnesite, the carbonate of magnesia, may both oc-
cur in clay. They are soft minerals resembling calcite, and either
alone is highly refractory, but, when mixed with other minerals,
they exert a fluxing action, although not at so low a temperature
as lime.

Judging from the very low percentage of magnesia in the Coast-
al Plain clays, there is but little dolomite or magnesite in them,
indeed most of the magnesia which they contain is probably
a constituent of mica.

THE CHEMICAL ANALYSIS OF CLAYS.

There are two methods of quantitatively analyzing clays. One
of these is termed the ultimate analysis, the other is known as
the rational analysis. ‘

Tae UrLriMate Awavysis—In this method of analysis, which
is the one usually employed, the various ingredients of a clay
are considered to exist as oxides, although they may really be pres-
ent in much more complex forms. Thus, for example, calcium
carbonate (CaCO,), if it were present, is not expressed as such,
but, instead, is considered as broken up into carbon dioxide (CO,)
and lime (CaO), with the percentage of each given separately.
The sum of these two percentages would, however, be equal to
the amount of lime carbonate present. While the ultimate analy-
sis, therefore, fails to indicate definitely what compounds are
present in the clay, still there are many facts to be gained from it.

The ultimate analysis of the clay might be expressed as follows:

[Bilica -.oovve i s

Lime oreen i e
Fluxing Magnesia .......ccoeeeeees e e aeenees e foes
Impurities Alkalies § Potash

Titanic oxide ......
Sulphur trioxide .
Carbon dioxide ....
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In most analyses, the first seven of these and the last one are
usually determined. The percentage of carbon dioxide is mostly
small, and commonly remains undetermined, except in very cal-
careous clays. Titanic oxide is rarely looked for, except in fire
clays, and even here its presence is frequently neglected. Since
the sulphur trioxide, carbon dioxide and water are volatile at
a red heat, they are often determined collectively and expressed

s “Loss on Ignition.” If carbonaceous matter, such as lignite, is
present, this also will burn off at redness. To separate these four,.
special methods are necessary, but they ‘are rarely applied, and,
in fact, are not very necessary, except in calcareous clays, or black
clays. The loss on ignition in the majority of dry clays is chiefly
chemically combined water. The. ferric oxide, lime, magnesia,
potash and soda are termed the fluxing impurities, and their ef-
fects are discussed under the head of iron, lime, magnesia, etc.,
and also under Fusibility.

All clays contain a small but variable amount of moisture in
their pores, which can be driven off at 100°C. (212°F.). In order,
therefore, to obtain results that can be easily compared, it is desir-
able to make the analysis on a moisture-free sample, which has
been previously dried in a hot-air bath. This is unfortunately
not universally done, but all the analyses made for this report:
have been calculated in this way.

. The facts obtainable from the ultimate analysis of a clay are

-the following:

1. The purity of a clay, showing the proportions of silica,
alumina, combined water and fluxing impurities. High-grade
clays show a percentage of silica, alumina and water, approaching
quite closely to those of kaolinite. ‘

R. The refractoriness of the clay; for, other things being
equal, the greater the sum of the ﬂuxmg 1mpur1t1es, the more
fusible the clay.

3. The color to which the clay burns. Thls may be Judged
approximately, for clays with several per cent. or more of ferric
oxide will burn red, provided the iron is evenly and finely dis-
tributed through the clay, and there is no excess of lime. The
above conditions will be affected by a reducing atmosphere in burn-
ing, or the presence of sulphur in the fire gases.
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4. The quantity of water. Clays with a large amount of chemi-
cally combined water sometimes exhibit a tendency to crack in
burning, and may also show high shrinkage. If kaolinite is the
only mineral present containing chemically combined water, the
percentage of the latter will be approximately one-third that of
the percentage of alumina, but if the clay contains much limonite
or hydrous silica the percentage of chemically combined water may
be much higher.

5. Excess of silica. A large excess of silica indicates a sandy
clay. If present in the analysis of a fire clay, it indicates low re-
fractoriness.’

6. The quantity of organic matter. If this is determined sep-
arately, and it is present to the extent of several per cent., it
would require slow burning if the clay were dense.

7. The presence of several per cent. of both lime (CaO) and
carbon dioxide (CO,) in the clay indicates that it is quite cal-
careous. ’

In the table below are given the analyses of a number of Vir-
ginia clays, in order to illustrate the variation in comparison which
this class of materials shows. To this is added one calcareous
clay from another state, as none of those described in this report
run high in lime.

Y 2 | 3 4 5
Silica (Si05). wvrs rreerere crersomreorene e e 46.38| 57.26 55.33, 25.72| 41.86

Alumina (ALOg). oovveieese e et e | 39.76| 28.97| 25.69| - 5.83| 10.70
. Ferric oxide (Fe203) ...... rrereianees evereene el 790 3.10] 9,020 174 502
Lime (Ca0)..ccoecerevenn. \ 44/ .04 .22/ 1.01].1433
Magnesia (MgO) .................................... | 05 .19 .08 .11] 2.81
Potash (K,0)... revteee eeneven seeeninees -] 180 L40] 2.57] 1.31 2.80
Soda (NaZO).,.....,.... ‘ .20 A2 .25 .64 )
Water (F;0) oore covvesns ovrveers oios veime oeeneene] 1026] 8 44] 6.00] 8.55 *8.00
Titanic 8id (TiOp). oo cooreoreer crore oo ‘ 98 14 .81 06| oem......
Carbonic acid (COy)...cvveee crvnn covveiiiee mrvselinnonncee|cinengn | e tereneen) 1450

* Includes moisture.

1. Washed Kaolin, Oak Level, Henry Co.

2. Clay from between Stafford and Fredericksburg.

3. Red Clay, Fredericksburg.

4. Clay from South Shore of Rappahannock River, near Layton.
5. A Caleareous Clay.

Rarronat ANavysis.—This method has for its object the deter-
mination of the percentage of the different mineral compounds
present in the clay, such as quartz, feldspar, kaolinite, ete., and
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of titanium oxide to the extent of nearly two per cent. The
terial. Most kaolins and other high-grade clays consist chiefly of
kaolinite, quartz, and feldspar, the kaolinite forming the finest par-
ticles of the mass, while the balance is quartz, feldspar, and perhaps
mica. The finest particles are known as the clay substance, which
may be looked upon as having the properties of kaolinite. Now, as
each of these three compounds of the kaolin—clay substance, quartz,
and feldspar—have characteristic properties, the kaolin will vary
in its behavior according as one or the other of these constituents
predominates or tends to increase.

As to the characters of these three, quartz is nearly infusible,
nonplastic, has little shrinkage, and is of low tensile strength;
feldspar is easily fusible, and alone has little plasticity; kaolinite
is plastic and quite refractory, but shrinks considerably in burning.
The mica, if extremely fine, may serve as a flux, and even alone
is not refractory. It is less plastic than kaolinite and, when the
percentage of it does not exceed 1 or 2 per cent., it can be neglected.
Some chemists include mica under clay substance, but it does not
seem wise, as it differs somewhat in its properties from kaolinite.

The rational composition of a clay can be determined from an
ultimate analysis, but the process of analysis and calculation be-
comes much more complex. The rational analysis is furthermore use-
ful only in connection with mixtures of high-grade clays, in which
the variation of the ingredients can only be within comparatively
narrow limits. For ordinary purposes the ultimate analysis is
of greater value.

Clays may agree closely in their ultimate analysis, and still dlf-
fer widely in their rational composition.

MINERAL COMPOUNDS IN CLAY AND THEIR CHEMI-
CAL EFFECTS.

All the constituents of clay influence its behavior in one way
or another, their effect being often noticeable when only small
amounts are present. Their influence can perhaps be best dis-
cussed individually.

S1rica.—This is present in clay in two different forms, namely,
uncombined as silica or quartz, and in silicates, of which there
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are several. Of these one of the most important is the mineral
kaolinite, which is found in all clays and is termed the clay base
or ‘clay substance. The other silicates include feldspar, mica,
glauconite, hornblende, garnet, ete. These two modes of. occur-
rence of silica, however, are not always distinguished in the ulti-
mate analysis of a clay, but, when this is done, they are commonly
designated as “free” and “combined silica,” the former refer-
ring to all silica except that contained in the kaolinite, which is
indicated by the latter term. - This is an unfortunate custom, for
the silica in silicates is, properly speaking,-combined silica, just
as much so as that contained in the kaolinite. <A better practice
is to use the term sand to include quartz and silicate minerals,
other than kaolinite, and which are not decomposable by sulphuric
acid. In the majority of analyses, however, the silica from both
groups of minerals is expressed collectively as total silica.

The percentage of both .quartz and total silica found in clays
varies between wide limits.

In the Virginia clays analyzed for this bulletin the average sili-

ca percentage was 68.74 per cent. with a minimum of 51. 12 per
cent. and a maximum of 85.72 per cent.
' With the exception of kaolinite, all of the silica-bearing miner-
als mentioned above are of rather sandy or silty character, and,
therefore, their effect on the plasticity and shrinkage will be similar
to that of quartz. In burning the clay, however, the ‘general
tendency of all is to affect the shrinkage and also the fusibility
of the clay, but thelr behavior is in the latter respect more indi-
vidual. :

Sand (quartz and silicate‘s) is an important ‘anti-shrinkage
agent, which greatly diminishes the air shrinkage, plasticity
and tensile strength of the clay, its effect in this respect increasing
with the coarseness of the material. Clays containing a high per-
centage of very finely divided sand (silt) may absorb considerable
water in mixing, but show a low shrinkage. The brickmaker recog-
nizes the value of the effects mentioned above and adds sand or
loam to his clay, and the potter brings about- s1m11ar results in hlS
mixture by the use of ground flint. : :

‘In considering the effects of sand in the burnmg of clays, it
must be first stated that the quartz and. silicates fuse at different
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temperatures, and each changes its form but little up to its fu- -
sion point. ‘A very sandy clay will, therefore, have a low -fire
shrinkage as long as none of the sand grains fuse, but when fu-
sion begins, a shrinkage of the mass occurs. We should, therefore,
expect a. low fire shrinkage to-continue to a higher. temperature
in a clay whose sand..grains-are refractory...

Of the different minerals to be included under sand, the glau-
conite is the most easily fusible, followed by hornblende and garnet,
mica (if yery fine-grained), feldspar and quartz. The glauconite
would, therefore, other things being equal, act as an anti-shrink-
age agent only at low temperatures. Variation in the size of the
grain may affect these results.

TRON OXIDE-—SOURCES OF TRON OXIDE IN OLAYS.—Iron oxide is
one of the commonest ingredients of clay, and a number of different
mineral species may ‘serve as sources of it, the most important of
which are grouped below: :

Hydrous oxide, limonite; oxides, hematite, magnetite; silicates,
biotite, glauconite ( greeﬂsa,nd), hornlﬂende, gamet, sulphiidies,
pyrlte carbonates, 51der1te ‘

In some, such as the oxides, the ifon is combined only with
oxygen, and is better prepared to enter into the chemical combina-
tion with other elements in the clay when fusion begins. In
the case of the sulphldes and carbonates, on the contrary, the vola-
tile elements, namely, the sulphur of the pyrite and the carbonic
acid of the siderite, have to be driven off before the iron contained
in them is ready to enter into similar union. In the silicates the
iron ig chemically combined with silica and several bases, forming
mixtures of rather complex composition and all of them of low
fusibility, particularly glauconite. Several of these silicates are
easily decomposed by the action of the weather, and the iron ox-
ide which they contam combines with water to form limonite.

‘The range of ferric ox1de as determmed from a number of clay
analyses, is as follows:

- 'AMOUNT OF FERR.IC OXIDE IN CLAYS,

Kind of Clay ’ : T l Minimum’ I Maximum- l Average
Brick clays wieeeesereensisnieniiiinininennnes vl - 0126 .0 8212. | 5.3811
Fire clays ........ aeraeiennes eeeran Ceevessrarens . 0.01 7.24 1.506
Kaoling.. .ccoveviiverancind i revieeenneies e e - 6.87. 1.29
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In the Virginia Coastal Plain clays analyzed, ferric oxide rang-
ed from 1.74 per cent. to 10.70 per cent. with an average of 5.33
per cent.

Effects of Iron Compounds—Iron is the great colormg agent
of both burned and unburned clays. It may also serve as a flux
and even affect the absorption and shrinkage of the material.

Coloring Action of Iron in Unburned Clay. —Many clays
show a yellow or brown coloration, due to the presence of limonite,
and a red coloration, due to hematite. Magnetite is rarely pres-
ent in sufficient quantity to color the clay; siderite or pyrite may
color it gray, and it is probable that the green color of many clays
is caused by the presence of silicate of iron. The intensity of
color is not always an indication of the amount of iron present,
since the same quantity of iron oxide may, for example, color a
sandy clay more intensely than a fine-grained one, provided both
are nearly free from carbonaceous matter; the latter, if present
in sufficient quantity, may even mask the iron coloration complete-
ly. The coloring action will, moreover, be effective only when the
iron is evenly distributed through a clay in an extremely fine
form. It is probable that the limonite, coloring clays, is pres-
ent in an amorphous or non-crystalline form, and forms a coating
on the surface of the grains.

Coloring Action of Iron Oxide in Burned Clay.—All of the
iron ores will, in burning, change to the form of oxide, provided
the clay is not completely vitrified, and so affect the color of the
burned material ; if vitrification occurs, the iron oxide enters into
the formation of silicates of complex composition. The color and
depth of shade produced by the iron will, however, depend on: 1st,
the amount of iron in the clay; 2d, the temperature of burning; 3d.
condition of the iron oxide; and 4th, the condition of the kiln at-
mosphere. -

1. Clay perfectly free from iron oxide burns white. If a small
quantity, say 1 per cent., is present, a slightly yellowish tinge is
imparted to the burned material, but an increase in the iron
content up to 2 or 3 per cent. produces a buff product, while 4
or 5 per cent. of iron oxide makes the clay burn red. -

2. If a clay is heated to successively higher temperatuves, it
is found that, other things being equal, the color usually deepens
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as the temperature rises. Thus, if a clay containing 4 per cent.
of iron oxide is burned at a low temperature, it will be pale red,
and harder firing will be necessary to develop a good brick red,
which will pass into a deep red ‘and then reddish purple.

3. Among the oxides of iron two kinds are recognized, known
respectively as the ferrous oxide (FeO) and ferric oxide (Fe,0,).
In the former we see one part of iron united with one of oxygen,
while in the latter one part of iron is combined with one and one-

“half of oxygen. The ferric oxide, therefore, contains more oxygen

per unit of iron than the ferrous salt, and represents a higher stage
of oxidation. In the limonite and hematite the iron is in the fer-
ric form, representing a higher stage of oxidization. In magnetite
both ferrous and ferric iron are present, but in siderite the fer-
rous iron alone occurs. In the ultimate chemical analysis the
iron is usually determined as ferric oxide, no effort being made
to find out the quantity present as carbonate or sulphide.

Iron passes rather readily from the ferric to the ferrous form,
and vice versa. Thus, if there is a deficit of oxygen in the inside
of the kiln the iron ddes not get emough oxygen and the ferrous
compound results, but the latter changes at once to the ferric con-
dition, if sufficient air carrying oxygen is admitted. Similarly,
if ferric oxide is present in a clay containing considérable car-
bonaceous matter, the latter will, if it cannot get epough oxygen
from the kiln atmosphere, take it from the ferric oxide and so
reduce the latter to the ferrous condition. . The same change may
be produced by smoky fires. - The necessity for recognizing these
two forms of iron oxide is because they .affect the: color of the
clay differently. Ferrous oxide alone is said to produce a green -
color when burned, while ferric oxide alone may give purple or
red, and mixtures of the two may produce yellow, cherry red,
violet, blue and black. Seger found that combinations of ferric
oxide with silica produced a yellow or red color in the burned
clay. We may thus get a variation in the color produced in burn-
ing clay depending on the character of oxidation of the iron, or
by mixtures of the two oxides. '

It is found sometimes that bricks after burning show a black
core, due to the iron in the centre of the brick being prevented
from oxidizing (see Carbon in clay), but this should not be con-
fused with the black coloration seen on the ends of many arch
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brick, which is caused by the slagging action of therimpurities in
the fuel.

4. Since the stage of oxidization of the iron is dependent
on the quantity of air it receives during burning, the condition of
the kiln atmosphere is of great importance. If there is a defi-
ciency of exygen in the kiln so that the iron oxide, if present,
is reduced to the ferrous condition, the fire is said to be reducing.
If, on the contrary, there is an excess of oxygen, so that ferric ox-
ide is formed, the fire is said to be owidizing. These various
conditions are often used by the manufacturer to produce certain
shades or color effects in his ware. Thus, for example, the manu-
facturer of flashed brick produces the beautiful shading on the
surface of his product by having a reducing atmosphere in his kiln
followed by an ozidizing one. The potter aims to reduce the
vellow tint in his white ware by cooling - the klln as quickly as
possible to prevent the iron from oxidizing. ‘

FLUXING ACTION OF TRON. OXIDE.—Iron oxide is a fluxing impu-
rity lowering the fusing point of a clay and this effect will be
more pronounced if the irom is in the ferrous state -or if silica is
present. A low iron content is, therefore, desirable in refractory
clays, and the average of a number of analyses of these shows
it to be 1.3 per cent. Brick clays which are usually easily fus-
ible, contain from 3 to 7 per cent. of iron: oxide.

Effect of Iron Oxide on Absorptive Power and Shrmkage
of Clay.—So far as the writer is-aware no experiments have. been
made to discover the increased. absorptive power of a clay con-
taining limonite, although the clay soils show that the quantity
of water absorbed. is greater with limonite present. The greater

- absorptive power may be accompanied by an inereased shrinkage.

The fire shrinkage might also be great because of the increased
loss of combined water due to the presence of limonite.

- Lime—Lime is found in many clays, and in the low-grade ones
may be present in large quantities at times. -Quite a large number
of minerals may serve as sources of hme in clays, but all fall into
one of the three following groups:

1. Carbonates. Calcite, dolomite.

'?. Silicates containing lime, such as feldspar, garnet.
" 3. Sulphates. - Gypsum ‘
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When the ultimate analysis of a clay shows several per cent.
of lime (CaO0), it is usually present as an ingredient of lime carbon-
ate (CaCOy), and. in such cases its presence can be easily detected
by effervesence if a drop of muriatic acid or vinegar is put on the
clay. When present in this form it is apt to be finely divided,
although it may occur as concretions or limestone pebbles.

When lime is present as an ingredient of silicate minerals, such
as those mentioned above, its presence cannot be detected with
muriatic acid. It is doubtful, however, if many calcareous clays
contain much lime in this combination and the fact that practi-

- cally all limy clays, so indicated on chemical analysis, give a

strong test with muriatic acid, strengthens this theory. Gypsum,
which is found in a few clays, is often of secondary character,
having been formed by the action of sulphuric acid on lime-bearing
minerals in the clay. Since these three groups of minerals
behave somewhat differently, their effects will be discussed sepa-
rately. ,

Effect of lime carbonate” on clay— Lime is probably most
effective in the form of the carbonate. When clays containing it
are burned, they not only lose their chemically combined water,
but also their earbon dioxide, but while the water of hydration passes
off between 450°C. (842°F.) and 600°C. (1112°F.), the carbon
dioxide (CO,) does not seem to go off until between 600°C.
(1112°F.) and 725°C. (1562°F.). In fact, it more probably passes
off between 850°C. (1562°F.) and 900°C. (1652°F.). The result
of -driving off this gas in addition to the chemically combined
water is to leave calcareous clays more porous than other clays up

to the beginning of fusion.

If the burning is carried only far enough to drive off the car-
bonic acid gas, the result will be that the quicklime thus formed
will absorb -moisture from the air and slake. No injury may
result from this if the lime is in a finely divided condition, and
uniformly distributed through the brick, but if, on the contrary,
it is present in the form of lumps, the slaking and accompanying
swelling of these may split the ware.

If, however, the temperature is raised- higher than is required
simply to drive off the carbon dioxide, and if some of the mineral
particles soften, a chemical reaction begins between the lime, iron

5
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and some of the silica and alumina of the clay, the result being
the formation within the clay of a new silicate compound of very
complex composition. The effects of this combination are sever-
al. In the first place, the lime tends to destroy the red coloring
of the iron, and impart instead a buff color to the burned clay.
This bleaching action—if we may call it such—is most marked
when the percentage of lime is three times that of the iron. It
should be remembered, however, that all buff-burning clays are not
calcareous, and that a clay containing a low percentage of iron oxide
may also give a buff body. Another effect of lime, if present in
sufficient quantity, is to cause the clay to soften rapidly, thereby
sometimes drawing the points of incipient fusion and viscosity’
within 41.6°C. (76°F.) of each other. This rapid softening of

" caleareous clays is one of the main objections to their use, and on

this account also, it is not usually safe to attempt the manufac-
ture of vitrified products from them, but, as mentioned under mag-
nesia, the presence of several per cent. of the latter substance,
will counteract this. It has also been found possible to increase
the interval between the points of incipient fusion and viscosity
by the addition of quartz and feldspar.

Many erroneous statements are found in books, regarding the
allowable limit of lime in clays, some writers putting it as low as
3 per cent.; still a good building brick can be made from a clay
containing as much as 20 per cent. or 25 per cent. of lime car-
bonate, provided it is in a finely divided condition and a vitrified
ware is not attempted. If, however, that much lime is contained
in the clay in the form of pebbles, then much damage may result
from bursting of the bricks, when the lumps of burned lime slake,
by absorbing moisture from the air.

Clays containing a high percentage of lime carbonate are used
in the United States, especially in Michigan, Wisconsin and Illi-
nois, for making common brick, common earthenware, roofing,
tile and some terra cotta.

Effect of Lime-bearing Silicates—The effect of these is
much less pronounced than that of lime carbonate. They contain
no volatile elements, and hence do not affect the shrmka,ge as
lime carbonate does. They serve as fluxes, but do not cause a
rapld softening of the clay.
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Effect of Gypsum.—Lime, if present in the form of gypsum,
seems to behave differently from lime in the form of carbonate
although few clays contain large percentages of it.

Gypsum, as already shown, is a hydrous sulphate of lime. In
calcining gypsum for making plaster of Paris, the chemically
combined water is driven off at 250°C., and it has probably been
usually taken for granted that the sulphuric acid was driven off
at a red heat, but only a portion of it volatilizes up to a tempera-
ture of 1300°C.

The range of lime, as determined from a series of clays is as
follows:

AMOUNT OF LIME IN CLAYS.

Kind of Clay | Minimum Maximum l Average
Brick elays .o.oveereeviiiiiiiiiiinniinn 0.024 15.38 1.513
Pottery clays ......ocooeeieiiiiiiecernrennens 0.011 9.90 1.098
Fire clays....ciooviimiict i i, 0.03 15.27 0.655
Koalins.. .oceveine ceiviins covecrnnr vveeeennennn. tr. 2.58 0.47

In the Virginia Coastal Plain clays it ranged from 0 per
cent. to. 1.46 per cent. with an average of 0.45 per cent.

MacxNesta  (MgO) rarely occurs in clay in larger quantities
than 1 per cent:, and, so far as known, none of the Virginia clays
are exceptions to this rule. When present, its source may be any
one of several classes of compounds, i. e., silicates, carbonates,
or sulphates. ‘

In the majority of clays the silicates, no doubt, form the most
important source, and minerals of this type carrying magnesia are
the black mica or biotite, hornblende, chlorite, and pyroxene.
These are scaly or bladed minerals, of more or less complex compo-
sition, and containing from 15 per cent. to 25 per cent. of mag-
nesia. The biotite mica decomposes or rusts very easily, and its
chemical combination being thus destroyed, the magnesia is set
free in the form of a soluble compound, which may be retained
in the pores of the clay. Hornblende is mot an uncommon con-
stituent of some clays,.especially in those which are highly stained
by iron, and which have been derived from dark-colored igneous
rocks. Like biotite, it alters rather rapidly on exposure to' the
weather. Dolomite, the mixed carbonate of lime and magnesia,
is no doubt present in some clays, and would then serve as a
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source of magnesia. Magnesium sulphate, or Epsom Salts, prob-
ably occurs sparingly in clays, and might form a white coating
either on the surface of clay spread out to weather, or else on
the ware in drying. It is most likely to occur in those clays
which contain pyrite, the sulphide of iron (FeS,), for the de-
composition of the latter would yield sulphuric acid, which, by at-
tacking any magnesium carbonate in the clay, might form magne-
sium sulphate. This substance has a characteristic bitter taste.

The effect of magnesia is quite different from that exerted by
the lime, for mixtures containing magnesia do not vitrify sud-
denly, as in the case of calcareous clays.

The effect of magnesia, therefore, if present in sufficient quantity,
is to act as a flux and make the clay soften slowly instead of sud-
denly, as in the case of calcareous clays.

The range of magnesia in several classes of clays, as figured from
a number of analyses, is as follows: o

AMOUNT OF MAGNESIA IN CLAYS

Quality | Minimum 1 Maximum ‘ Average
Brick Gl v eeies cereeeeesrins cerreerenan 0.02 | 729 | 1.052
Pottery clays .ooeeeeeimuiennni i 0.05 ! 4 80 | 0.8b
Fire clays. .covvee coeevn covmcienineeeninn, 0.02 | 6.25 ’ 0.513
K a0liD8ue eerracaereeneercoamrunenane e tr. ‘ 2.42 i 0.223

In the Virginia Coastal Plain clays it ranged from .05 per cent,
to 1.18 per cent. with an average of .38 per cent.

ALALIES.—The alkalies include potash (K,0), soda (Na,0),

and ammonia (NH,). There are other alkalies but they are
probably of rare occurrence in- clays. ‘

The amount of total alkalies contained in a clay varies from a
mere trace in some to 7 per cent. or 9 per cent. in others. The
range of alkalies in several classes of clays was determined to be
as follows:

AMOUNT OF TOTAL ALKALIES IN CLAYS

| Range Average
Kaolins cceevaer cannes N eeeniiesereren s e 0.1 -6.21 1.01
Fire clays..cccvrieeeisecinirnainminnerirenennes 0.048- 5.27 1.46
Pottery clays..coeeermeriianeeioiensinniienniaien 0.52 - 7.11 2.06
Brick clays.......... Ciieereet sneirriensssrreseaenas 0.17 -15.32 ; 2.768
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In the Virginia Coastal Plain clays potash ranged from .75 per
cent. to 3.13 per cent. with an average of 2.05 per cent.; and soda
from .22 per cent. to 1.33 per cent. with an average of .72 per cent.

Ammonia is, no doubt, present in some raw clays, judging from
their odor, and it may possibly exert some effect on the physical
structure of the clay, it being found that the bunches of grains in
a clay tend to separate more easily, when the clay is agitated with
water, if a few drops of ammonia are added.  As ammonia is
easily volatile, it leaves the clay as soon as the latter is warmed,
and, therefore, plays no part in the burning of the clay. The two
other common alkaline substances, potash and soda, are more stable
in their character, and are, therefore, sometimes termed fized al-
kalies.. These have to be reckoned with in burning, for they are
present in nearly every clay.

Several common minerals may serve as sources of the alkalies.
Feldspar may supply either potash or soda or both. Muscovite,
the white mica, contains potash. Greensand or glauconite contains
potash. Other minerals, such as hornblende or garnet, might serve
as sources of the alkalies, but are unimportant, as they are rarely
present in clays in large quantities.

Orthoclase, the potash feldspar, contains 17 per cent. of pot-
ash (K,0), while the lime-soda feldspars contain from 4-12 per
cent. of soda (Na,0), according to the species. The lime-soda feld-
spars fuse at a lower temperature than the potash ones, but are also
less common.

Muscovite mica contains nearly 12 per cent. of potash and may
contain a little soda. Muscovite flakes, if heated alone, seem to
fuse at cone 12, but, when mixed in clay, they appear to act as a
flux at different temperatures, according to the size of the grains.
If very finely ground, the mica seems to vitrify at as low a temper-
ature as cone 4, but if the scales are larger, they will retain their
individuality up to cone 8, or even 10. k

We, therefore, see that the minerals supplying alkalies are all sili-
cates of complex composition. Each has its fixed melting point, and
the temperature at which the alkalies flux with the clay will de-
pend on the containing mineral, and also on the size of the grains.
If the alkali-bearing mineral grains decompose, the potash or
soda is set free and forms soluble compounds.
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Alkalies are considered to be the most powerful fluxing material
that the clay contains, and, if present in the form of silicates,
are a desirable constituent, except in clays of a refractory charac-
ter. On account of their fluxing properties, they serve, in burn-
ing, to bind the particles together in a-dense, hard body, and
permit a white ware, made of porous-burning clays, to be burned
at a lower temperature than it otherwise could. In the manufacture
of porcelain, white earthenware, encaustic tiles and other wares
made from white-burning clays, and possessing an impervious body,
feldspar is an important flux.

Alkalies alone seem to exert little or no coloring influence on the
burned clay, although in some instances potash seems to deepen
the color of the ferruginous clay in burning.

TrTaANIUM is an element which is found in several minerals,
some of which are more common in clays than is usually imagined,
although they appear rare because they are seldom found in large
quantities. Among the titanium-bearing minerals, the common-
est is rutile, which is-an oxide of titanium (TiO,), containing
60 per cent. of metallic titanium and 40 per cent. of oxygen. So
far as known it is never found in clays in sufficiently large grains
to be visible to the naked eye, although a .microscopic examination
may often show its presence in the form of little needles or grains.
Its frequent occurrence is, no doubt, due to the fact that it is quite
resistant to weathering. ILeucoxzene might also be present.

Very few State Geological Surveys, in investigating their clay
resources, have made special determinations of this mineral, but
in an investigation of the clays of New Jersey, made in 1877, Prof.
Cook found that in 21 clays examined it ranged from 1.06 to 1.93
per cent. In a series of Pennsylvania fire clays the percentage of
titanium oxide ranged from 0.87 per cent. to 4.62 per cent.

In the Virginia Coastal Plain clays analyzed, titanium oxide
ranged from O per cent. to 1.95 per cent. with an average of 44
per cent.

Titanium serves as a flux at high temperatures, and even 1 or 2
per cent. may lower the fusion point of a refractory clay slightly.
It is also probable that it may cause some of the yellowish tint
seen in some.clays which have an exceedingly low percentage of
iron. So far as we know a small percentage of it does not materi-
ally affect the qualities of the lower grade clays.
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WaTER.—Under this head are included fwo kinds of water
1. Mechanically admixed water or moisture. 2. Chemically com-
bined water. - :

M echcmically admized water— The mechanically admixed
water is that held in the pores of the clay by capillary action,
and ﬁlhng all the spaces between the clay grains. When these
spaces are small the clay may absorb and retain a large quantity,
because each interspace acts like a capillary tube. Tf the spaces
exceed a certain size they will no longer hold the moisture by
capillary action, and the water, if poured on the clay, would fast
drain away. The fine-grained clays and sands, for these reasons,
show high power of absorption and retention, while coarse sandy
clays or sands represent a condition of minimum absorption. This
same phenomenon shows itself in the amount of water required for
tempering a clay. It is not the highly aluminous ones, however, that
always absorb the most water. The total quantity found in different
clays varies greatly. In some air-dried clays it may be as low
as 0.5 per cent., while in those freshly taken from the bank it may
reach 30 to 40 per cent. without the clay being very soft.

Water held mechanically in a clay will pass off partly by evapo-
ration in air, and it can all be driven off by heating the clay to
100°C. (212°F.). The evaporation of the mechanical water is
accompanied by a shrinkage of the mass which ceases, however,
when the particles have all come in contact and before all the
moisture is driven off, because some remains in the pores of the
clay. This last portion is driven off during the early stages of
burning, and this part of the burning process is referred to as
water-smoking or steaming. The shrinkage that takes place when
the mechanical water is driven off varies, ranging from 1 per cent.
or less in very sandy clays up to 10 or 12 per cent. in very plastic
ones.

Since most clays having a high absorption shrink considerably
in drying, there is often danger of their cracking, especially if

- rapidly dried, owing to the rapid escape of water vapor. Mechani-

cal water may hurt the clay in other ways. Thus, if the material
contains any mineral compounds which are soluble in water, the
latter, when added to the clay, will dissolve a portion of them at
least. During the drying of the brick, the water rises fo the sur-
face to evaporate, and brings out the compounds in solution, leaving
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them behind ‘when it vaporizes. It may also help the fire gases
to act on certain elements of the clay, a point explained under
burning. Black coring is indirectly affected by it. (See Carbon.)

Chemically combined water—Chemically combined water,

as its name indicates, is that which exists in the clay in chemical
combination with other elements, and which, in most cases, can
be driven out only at a temperature ranging from 400°C. (752°F.)
- to 600°C. (1112°F.). This combined water may be expelled
from several minerals such as kaolinite which contains nearly 14
per cent.; white mica or muscovite with 4 to 5.5 per cent.;
and limonite with 14.5 per cent. Unless a clay contains
considerable limonite or hydrous silica the percentage of com-
bined water is commonly about one-third the percentage of alumi-
na contained in the clay. In pure or nearly pure kaolin there is
nearly 14 per cent. Other clays contain varying amounts, rang-
ing from nearly 14 per cent. down to 3 per cent. or 4 per cent.,
the latter being the quantity found in some very sandy clays.
The loss of its combined water is accompanied by a slight, but
variable shrinkage in the clay, which reaches its maximum some-
time after all the volatile substances have been driven off.

- CARBONACEOUS MATTER.—Under this head is included all matter

of carbonaceons chiaracter, most of which is of vegetable origin.
Few sedimentary clays are entirely free from it, the material hav-
ing become incorporated with the clay during its deposition. Al-
though when first mixed with the clay it may have been more or
less fresh it has since often undergone subsequent changes which
imparted to it an asphaltic or coaly character.

Carbonaceous material may occur in clay in three different
forms, namely: ‘

1. Vegetable tissue, such as wood, leaves, stems, etc., in which
form it is but slightly altered, and when of this character it is
commonly found in surface clays of recent origin. Organic mat-
ter of this character rarely affects the color of the raw clay and it
burns out so easily, that it causes but little trouble; then too, it
is not present in large quantity, rarely exceeding one per cent.

R. Carbonaceous matter of asphaltic or bituminous character.
This burns readily at a low red heat, because of the highly com-
bustible gases given off by it. It is found in some clays and in
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many shales, especially in those associated with coal seams, and
in the shales which are worked may range anywhere from 0 to 10
per cent. If in excess of 10 per cent. the shales are not workable.
Even 5 to 6 per cent. cause much trouble in burning.

3. Hard or coaly carbon, resembling anthracite. This burns
slowly, and gives off but few combustible gases. :

EFFECTS OF CARBON IN CLAY.—Ounly the second and third of the
kinds mentioned need to be considered. The first alone causes
trouble when it occurs in the form of sticks or thick roots and has
to be screened out. It is therefore not inciuded in what follows.

Carbonaceous matter often serves as a strong coloring agent of
raw clays. If present in small amounts it tinges them gray or
bluish-gray, while larger quantities cause a black coloration. In-
deed so strong may this be, that it masks the effect of other color-
ing agents, such as iron. In fact two clays, colored black, might
burn red and white, respectively, because one had much iron and
the other none, and yet owing to their black color this could not
be foretold with certainty.

Asphaltic carbon, aside from its coloring action, often causes
much trouble in burning, causing black cores, or even swelling and
Tusing of the brick. More than this, it may keep the iron in a
ferrous condition and prevent the development of the best color ef-
fects in the ware.

This is due to several causes. Carbon has a strong affinity for
oxygen, much stronger than that of iron, therefore as long as it
remains in the clay it will monopolize the supply of oxygen and
keep the iron in a ferrous condition, the form in which much of it
is in gray or black clays and shales. In burning a clay one of
the aims is to get the irom -into the ferric condition, so as to
fully develop its coloring property. As long as any carbonaceous
matter remains there is little or no chance for the iron to oxidize,
and, consequently, the carbon must be burned out.

" What the manufacturer needs to do, then, is this: First, water
smoke the clay; second, burn the carbon out; and third, oxidize
the iron. In order to burn off the carbon and oxidize the iron,
air supplying oxygen must be drawn into the kiln during burning,
for the gases resulting from the combustion of the fuel will supply
none. Moreover, the brick or ware must he sufficiently porous to

N
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permit these oxidizing gases to enter and perform their task, which
means that this must be done before the clay enters the period of
vitrifieation and the pores begin to close up, due to a shrinkage and
fusion of the mass.

What then is the best temperature at which this can be peform-
ed? The experiments of Orton and Griffin* have shown that from
800°C.-and 900°C. is the best temperature interval. Below this the
oxidation of the carbon does mnot proceed as rapidly .and above
thig there is danger of vitrification beginning and the oxidation
process being stopped. .

The method of procedure would, therefore, be to thoroughly
watersmoke fhe ware, then raise the heat as rapidly as possible to
a temperature between 800°C. and 900°C. and hold it there until
the black core is entirely gone. :

Oxidation may be accelerated by increasing the amount of air
entering the kiln and by reducing the density of the clay as much
as possible. Fineness of grinding also assists it. In case the oxi-
dation is not complete, and the pores of the clay close up hefore all
the carbon is burned off, the expansion of the gases given off by
the carbon will bloat the clay as soon as it becomes soft, and this
may even be followed by complete fusion of the mass. When the
carbon is all burned off, then the iron has a chance to oxidize.

If the clay contains much asphaltic carbon, then the oxida-
tion must be carried on with as little air as possible, otherwise
the heat generated by the burning hydrocarbons may be so intense
as to vitrify the ware before the oxidation is completed.

Since dense clays are more difficult to oxidize than porous ones,
the process of manufacture may also influence the results, and in
this connection it has been found that bricks made by the soft-
mud process are most rapidly oxidized, followed by either the stiff
mud or dry-press (there being no difference between the two),
and lastly by the semi-dry-press. \

Black coring in Virginia clays.— The only clays of the series
tested from the Coastal Plain, which showed a serious tendency
to black core, were those from the Miocene south of Chester. These,
if used, would require careful treatment. The blue clays at Suffolk

*Second Report of Committee on Technical Investigation, Indianapolis, 1905.
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also require plenty of air in the earlier stages of burning, but
little serious trouble is experienced with them.

Bffect of waler on black coring.— It is often stated by brick
makers, that black cores are caused by the brick being set too wet.
This is not strictly true, and the relation is but a very indirect one.
While carbon burns off most rapidly between the temperature of
800°C. and 900°C., still it also passes off somewhat at much lower
temperatures. If now the brick is set wet, it requires so much .
more heat in the early stages of firing to drive out or evaporate the
water, that other changes, such as the oxidation of the carbon, will
be retarded, and the brick begins to vitrify before it is all driven
out.

PHYSICAL PROPERTIES OF CLAY.

THE PHYSICAL PROPERTIES OF CLAY discussed here are plasticity,
tensile strength, shrinkage, fusibility, texture, color, slaking and
absotrption. R .

PrASTICITY.—As already stated, this property is peculiarly- char- -
acteristic of clays, and by virtue of it they can be shaped into
any desired form. The cause of it need not be discussed here,
but will be left to a future report on the Virginia clays of the Pied-
mont and Mountain .belts. A

Clays, as is well known, vary widely in their plasticity, some
very sandy ones being of low plasticity or lean, while others are
highly plastic or fat. Although scientists have not yet been able
to satisfactorily explain the cause of plasticity, the clay-worker
finds it possible to alter it to some extent. Thus a very plastic
clay can be rendered less so by mixing it with sand, or a lean clay
can often have its plasticity increased by washing.

TENSILE STRENGTH.—The tensile strength of a clay is the resis-

" tance which it offers to rupture on being pulled apart when air-

dried. Itis an important property by virtue of which the unburn-
ed clay ware is able to withstand shocks and strains of handling
and probable shrinkage in drying. Through it, also, the clay is
able to carry more or less nonplastic material which may be added
to reduce the shrinkage. The tensile strength is not to be re-
garded as an index to the plasticity. Some clays of high tensile
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strength show a high plasticity, but all do not. Others of low ten-
sile strength are often highly plastic to the feel.

The tensile strength is measured by moulding the tempered clay
into briquettes of similar form and dimensions to those made for

testing cement and, when they are thoroughly air-dried, pulling
- them apart in a suitable testing machine. The cross section of the

briquettes when moulded is 1 square inch and, after being formed,
they are allowed to dry first in the air and then in a hot-air bath at
a temperature of 100°C. (212°F.). When thus thoroughly .dried the
briquette is placed in a machine, in which its two ends are held
in a pair of brass clips, and is subjected to an increasing tension
until it breaks in two. Theoretically, the briquette should break
at its smallest cross-section, with a smooth, straight fracture, and
when this does not occur it is due either to a flaw in the briquette
or because the clips tend to cut into the clay. In such event the
briquette breaks across one end. In.order to prevent this it is
necessary to put some soft material, such as asbestos; pasteboard
or rubber between the inner surface of the clip jaws and the sides
of the briquette. If the briquettes are moulded and dried with
care, the variation in the breaking strength of the individual
briquettes should not vary more than 15 or 20 per cent., but with
some very plastic clays it is extremely difficult to keep the varia-
tion within these limits.

In testing the Virginia clays 12 briquettes were made of each
sample, and the average of these taken. In case a briquette broke
very low on account of a flaw, it was not averaged in.

The tensile strength of clay briquettes is expressed in pounds
per square inch, but, since the briquettes shrink in drying, the
strength actually obtained will be less than that for one square
inch, and the result must be increased in proportion to the amount
the briquette has shrunk.

- Practically all kinds of clay, exoeptmg kaolins, show great varia-

tion in their tensile strength. The latter are always ot low
strength, but the former may be either low or high. . In the Vir-
ginia Coastal Plain clays tested the tensile strength ranged from
34 pounds to 300 pounds per square inch.

SHRINKAGE.~—AIL clays shrink in drying and burning, the former
loss being termed the air shrinkage, and the latter the fire shrink-
age.
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- Air shrinkage—When a mass of clay is mixed with water, each
of the grains of clay can be considered as being surrounded by a film
of liquid, which may prevent the grains from coming into close
or actual contact. As soon as the wet, moulded mass is set aside
to dry, however, evaporation of the water contained in the pores
of the clay begins, and, as it passes off, the particles of clay draw
closer together, causing a shrinkage of the mass. This will con~
tinue until all the particles come in contact, but since they do not
fit together perfectly, there will still be some spaces left between
the grains, and these will hold moisture, which cannot be driven
off except by gentle heating. The air shrinkage may, therefore,
cease before all the water has passed off.

‘The amount of air shrinkage is usually low in lean clays, and
high in very plastic ones, for thé¢ reason that the latter absorb con-
siderable water in mixing, which they give off in drying. At
the same time, however, it must be noted that all clays which re-
quire a high percentage of water in mixing, do not show a high ai~
shrinkage. »

The air shrinkage of a clay will not only vary with the amount
of water added, but also with the texture of the material. Soft-
mud bricks may shrink more than stiff-mud ones, because in the
latter cases less water is added to the clay, and it is melted uuder
greater pressure. At the same time the shrinkage of many soft-mud
bricks is low, because much sand is often added to the clay. The
low shrinkage of some sandy clays is seen in the case of Nos. 1322
and 1363, in the table opposite page 131.

While coarse or sandy clays shrink less than fine-grained ones,
they may sometimes absorb considerable water, especially if they
are silty in their character, but the fact that their pores are much
coarser allows the water to escape rapidly, and thus often permits
more rapid drying. The cracking of scme fine-grained clays in
drying is due partly to the surface shrinking more rapidly than
the interior, because the evaporation there is greatest. As the out-
er portion of the product cannot stretch, it must pull apart and
crack. ‘ . 4

Fire shrinkage— All clays shrink during some stage of the
burning operation, even though they may expand slightly at ccr-
tain temperatures. The fire shrinkage varies within wide liniits,
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the amount depending partly on the quantity of volatile elements,
such as combined water, organic matter and carbon dioxide pres-
ent in the clay, and partly on the texture. It reaches a maximum
when the clay vitrifies, but does not increase uniformly up to that
point, and, in fact, is very irregular. Thus a certain amount of
shrinkage takes place when the combined water begins to pass off,
namely, at 400°C. (752°F.), and an additional amount occurs at
higher temperatures, but not apparently the result of contraction
following volatilization of some of the elements.

Wherever the fire shrinkage is given in this report, it refers fo
the linear shrinkage occurring during burning, and is expressed in
terms of the length of the bricklet when molded. Thus, if the fire
shrinkage at cone 1 is given as 4 per cent., it means that the
amount of fire shrinkage at that cone is 4 per cent. of the length of
the bricklet when freshly molded.

Referring to the samples tested for the present report (see table,
opposite page 1381), Nos. 1300 and 1335 have a low fire shrinkage
on account of their sandy character; No. 1356 has a high fire
shrinkage, owing to its highly plastic character; Nos. 1313 and
1326 show the increase in shrinkage up to the point of vitrification,
beyond which the clay begins to swell somewhat as shown by the
decreased fire shrinkage.

Since many clays when used alone shrink to such an extent as to
cause much loss from warping and cracking, it is necessary to add
materials which have no fire shrinkage, and so decrease the shrink-
age of the mixture in burning. Sand or sandy clays are the ma-
terials most commonly used for this purpose, but ground bricks
(grog) and even coke or graphite may be employed. These ma-
terials serve not only to decrease the shrinkage in drying and burn-
ing, but also tend to prevent blistering in an easily fusible fer-
ruginous clay when hard fired. They furthermore add to the po-
rosity of the ware, and thus facilitate the escape of the moist-
ure in drying and in the early stages of burning, as well as en-
able the product to withstand sudden changes of temperature. If
sand is added for this purpose, it may act as a flux at high tempera-
tures, and this action will be the more intense the finer its grain.

Large particles of grog are undesirable, especially if they are
angular in form, because, in burning, the clay shrinks around them,
and the sharp edges, serving as a wedge, open cracks in the clay,
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which may expand to an injurious degree. Large pebbles will do
the same, and at many of the common brickyards in the State, the
writer has seen numbers of bricks split open during the burning
because of one large quartz pebble left in the clay, as the result
of improper screening of the tempering sand. For common brick,
the type of sand used does not make much difference, as long as
it is clean, but if sand is to be added to fire brick mixtures, it
“should be coarse, clean, quartz sand. Burned clay grog is more de-
sirable than sand for high-grade wares, since it does not affect the
tusibility of the clay, or swell with an increase of temperature as
sand does, but precaution should be taken to burn the clay to its
limit of shrinkage before using it.

FusipiniTy.—When clays are heated to a temperature of 1000°C.
they show little or no fire shrinkage, but there is another important
change which takes place, namely, expulsion of volatile matter,
such as, chemically combined water contained in kaolinite, limo-
nite, or mica. In this interval much carbonaceous matter, if pres-
" ent, also burns off.

The rapidity with which the latter is driven from the clay de-
pends on its condition, that is to say whether it is present as vol-
atile carbon or fixed carbon. Of these two, the former burns off
more readily. ‘ /

From what has just been said, it is easily seen that the vol-
atilization of the substances mentioned must necessarily leave
the clay in a somewhat porous condition, until fire shrlnkage again
begins at 1000°C. or a little above.

A clay should, therefore, be heated slowly up to 600°C.
(1112°7F.), but from that point up to 1000°C. (1832°F.), the tem-
perature can be rapidly raised unless much carbonaceous matter
is present. (See Carbon in Clay.)

When a clay is heated, its hardness slowly increases until it

finally reaches that of steel, or, in other words, cannot be scratched
by a knife. This simply means that the clay particles have be-
comé so cemented by fusion that none can be scratched loose by a
piece of steel.

The reaching of steel hardness by the clay does not mean vitri-
fication, for many bricks are still porous. The temperature at which
steel hardness occurs varies with the character of the material,
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in pure easily fusible clays becoming so at a low temperature, such
as cone 05, while others, such as kaolins, will not become steel-hard
before cone 5 or possibly 8.*

Most clays soften slowly when heated, until they melt completely
or run. Since the softening of clays under heat is comparatively
slow, three stages are commonly recognized, termed, respectively,
incipient fusion, vitrification, and viscosity.

The first of these expresses a condition in which the clay has
softened just enough to make most of the particles stick together.

The second indicates a condition in which the clay particles have
softened sufficiently to pack together and practicaily close up all the
pores; and since it represents a stage of greatest compactness it is
also the point of maximum shrinkage.

_The third represents a stage at which the clay particles have soft-
ened so that the mass no longer holds its shape but runs.

It is sometimes difficult to recognize precisely the exact attain-
ment of these three conditions, for the clay may soften so slowly
that the change from one to the other is very gradual. ‘

The difference in temperature between the points of incipient fu-
sion and viscosity varies with the composition of the clay. In
many calcareous clays these points are within 27.7°C. (50°F.) of
each other, while in refractory clays they may be 377.7°C. (700°F.)
to 444.4°C. (800°F.) apart. The glass-pot clays which are re-
fractory but still burn dense at a comparatively low temperature,
approach the last mentioned condition quite closely.

It is of considerable practical importance to have the points of
incipient fusion and viscosity well separated, because in the manu-
facture of many kinds of clay products the ware must be vitrified
or rendered impervious. If, therefore, the temperature interval
between the points of vitrification and viscosity is great, it will be
safer to bring the ware up to a condition of vitrification without
the risk of reaching the temperature of viscosity and melting all
the wares in the kiln, because it is impossible to control the kiln
temperature within a range of a few degrees. In many clays the
point of vitrification seems to be midway between that of incipient
fusion and viscosity, but in others it is not.

* For description of Seger cones see p. 79 of this chapter.
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Several of the Pleistocene Coastal Plain clays, which were test-
ed, soften with sufficient slowness to warrant their trial for vitri-
fied products.

Temperature of fusion~ The temperature at which a clay
fuses depends on: (1) The amount of fluxing impurities; 2)
the condition of the fluxes; (3) the size of the grains; and (4)
the condition of the kiln atmosphere, whether oxidizing or reduc-
ing.

1. Other things being equal, the temperature of fusion of a clay
will fall with an increase in the percentage of total fluxes. If we
compare the analyses of a brick clay and a fire clay we shall find
that the analysis of the former shows perhaps 12 or 15 per cent.
of fluxing or fusible ingredients, while that of the latter may show
only 2 or 3 per cent., and that their fusion points are perhaps
1093°C. (2000°F.) and 1644°C. (3000°F.) respectively. All
fluxing impurities do not, however, act with equal energy, some
being more active than others.

2. The condition of chemical combination may also affect the
result. Thus lime, for example, will induce a fluxing action in
clay at a lower temperature if present in the form of carbonate of
lime than as silicate.

3. The size of the mineral grains in clay undoubtedly exerts
more effect than some investigators have been willing to admit.
Other things being equal, a fine-grained clay: will fuse at a lower
temperature than a coarse-grained one, for the reason that when
the particles of a clay begin to fuse or flux with each other, this
action begins on the surface of the grains and works inward to-
wards the center. Tf, therefore, the easily fusible grains are of
small size, they fuse more rapidly, and are more effective in their
fluxing action than if the grains were large. Since some of the
mineral grains in the clay are more refractory than others, the clay
in the earlier stages of fusion can be regarded as a mixture of fused
particles, with a skeleton of unfused ones. If the proportion of the
former to the latter is very small there will be a strong hardening
of the clay with little shrinkage, and the burned clay will still
be porous. With an increase of temperature, and the fusion of
more particles, the pores fill up more and more, and the shrinkage

6
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goes on until, at the point of vitrification, the spaces are com-
pletely filled. Above this point there is no longer a sufficiently
strong skeleton to hold the mass together, and the clay begins to
flow. The conditions which influence the difference in the temper-
ature between vitrification and viscosity still remain to be satis-
factorily explained, but it probably depends on the relative amounts
of fluxes and nonfluxes and the size of grain of the latter.

4. TFinally, it is found that the same clay will fuse at a lower
temperature, if in burning it is deprived of oxygen, than it will
if burned in an atmosphere containing an abundance of the lat-
ter.

Classification of ‘clays based on fusibility—The fact that .
different clays fuse at different temperatures makes it possible to
divide them into several different groups, the divisions being
based on the degree of refractoriness of the material. Such a
grouping, however, is more or less arbitrary, since no sharp natu-
ral lines can be drawn between the different groups, and it is to
be expected that no grouping proposed will meet with universal
approval.

The following classification of clays, based on refractoriness,
has been suggested by the writer:*

1. Highly refractory clays, those whose fusing point is above
cone 33. Only the best of the so-called No. 1 fire-clays belong to
this class.

2. Refractory clays, those whose fusion point ranges from cone
31-33 inclusive.

3. Semi-refractory clays, those Whose fusion point lies between
cone 27 and 30 inclusive.

4. Clays of low refractoriness, those whose fusion point lies be-
tween cone 20 and 26 inclusive.

5. Nonrefractory clays, fusing below cone 20

The Coastal Plain clays in Virginia all fall in groups 4 and 5.

Determination of fusibility.— The temperature at which a
clay fuses is determined either by means of test pieces of knmown
composition, or by some form of apparatus or mechanical pyrom-
eter, the principle of which depends on the expansion of gases or
solids, thermo-electricity, spectro-photometry, ete.

* New Jersey Geological Survey, Final Report 1904, Vol. VI, p. 100.
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Seger cones.— These test pieces consist of a series of mixtures
of clay with fluxes, so graded that they represent a series of fusion
points, each being but a few degrees higher than the one next
to it. They are so called because originally introduced by H. Se-
ger, a German ceramist. The materials which he used in mak-
ing them were such as would have a constant composition, and
consisted of washed Zettlitz kaolin, Rirstrand feldspar, Norwe-
gian quartz, Carrara marble, and pure ferric oxide. Cone No. 1
melts at the same temperature as an alloy composed of one part
of platinum and nine parts of gold, or at 1150°C. (2102°F.).
Cone 20 melts at the highest temperature obtained in a porcelain
furnace, or at 1530°C. (2786°F.). The difference betwen any two
successive numbers is 20°C. (36°F.), and the upper member of the
series is cone 36, which is composed of a very refractory clay slate,
while cone 35 is composed of kaolin from Zettlitz, Bohemia. A
lower series of numbers was produced by Cramer, of Berlin, who
mixed boracic acid with the materials already mentioned. Hecht
obtained still more fusible mixtures by adding both boracic acid
and lead in proper proportions to the cones. The result is that-
there is now a series of 58 numbers, the fusion point of the lowest be-
ing 590°C. (1094°F.), and that of the highest 1850°C. (3362°F.).

As the temperature rises, the cone begins to soften, and when its
fusion point is reached it begins to bend over until its tip touches
the base.

For practical purposes these cones are very successful, though
their use has been somewhat unreasonably discouraged by some.
~ They have been much used by foreign manufacturers of clay pro-
ducts and their use in the United States is increasing. The full
series can be obtained from Messrs. Seger and Cramer, of Berlin,
for $0.01 each (or about two and one-half cents apiece, including
duty and expressage), or numbers .010 to 35 can be obtained for
$0.01 each from Prof. E. Orton, Jr., of Ohio State University,
Columbus, Ohio. The table of fusing points of these cones.and
their composition is given below:
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Comgposition and fusing points of Seger cones.

Composition.

Number of cone.
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Fusion Point.

Cent.
590

620
650
680
710
740
770
800
830
860
890
920
950
970
990
1010
1030
1050
1070
1090
1110
1130
1150
1170
1190
1210
1230

Fahr.
1094

1148
1202
1256
1310
1364
1418
1472
1526
1580
1634
1688
1742
1778
1814
1850
1886
1922
1958
1994
2030
2066
2102
2138
2174
2210
2246
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Composition and fusing points—Continued.

Number of cone. . Composition:
0.3 K,0 .
Brrrrererreeeessersesnanenns 05 0i0 b 07 ALO, {6 $i0,
0.3 K,0 / )
Y S 0300 b 07 ALO, T SiO,.
0.3 K,0 .
Brreereeeresrssmiesens e o5 oo } 08 ALO, 8§ Si0,
9. White heat. .......05 &30 } 09 an0, 9 sio,
0.3 K,0 .
111 o o cio} 1.0 ALO, 10 SiO,
0.3K,0 \" .
1S DR 03ER Y 12 a0, 12 SO,
0.3 K,0 .
12 ieeveeeeneeresesreeen, 07 oo } 14 ALO, 14 SO,
0.3 K,0 .
LT TR SIe8 1 16 A0, 16 s,
14 Brightwhiteheat..g'ggazg} 1.8 ALO, 18 SiO,
0.3 K,0 )
T eemeees reveeseasemrenens P } 21 ALO, 21 SO,
03K,0 1\ . .
16ureenceees aerrentneeerenens 03 e } 24 ALO, 24 Si0,
L TR &3&8} 27 ALO, 27 SO,
0.3 K,0 .
18uuicerueereren sevene enen 0589 } 31 ALO, 31 SiO,
0.3 K,0 -
mI {0.7050} 3.5 ALO, 85 SiO,
0.3 K,0 .
20 LDazzling white l0.7 Ca0 } 8.9 ALO, 89 8i0,
[ 0.3 K,0 .
21 | ]0.7 058 } 4.4 ALO, 44 Si0,
03K .
mJ La7c&)} 49 ALO, 49 SiO,
0.3 K,0 :
L T 02T} 54 ano, 54 sio,
0.3K,0 Can
Porieveren ceveviesienones 03} 60 aL0, 60 sio,
0.3 K,0 v .
0B eerereerseeeeneesrenennas PR } 6.6 ALO, 66 SiO,
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8 Si0,
6 SiO,
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4 Si0,
3 S0,
2.5 SO,
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2 Si0,
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Fusion Point.

Cent.
1250

1270
1290
1310
1330
1350
1370
1390
1410
1430
1450
1470
1490
1510
1530
1550
1570
1590
1610
1630
1650

1670

1690
1710
1730
1750
1770
1790
1810
1830
1850

Fahr.
2282

2318
2354

- 2390

2426
2462
2498
2534
2570
2606
2642
2678
2714
2750
2786
2892
2858
2894
2930
2966
3002

3038

3074
3110
3146
3182
3218
3254
3290
3326
3362
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If the heat is raised too rapidly the cones which contain much
iron swell and blister and do not bend over, so that the best results
are obtained by the slow softening of the cone under a gradually
rising temperature. In actual use they are placed in the kiln at
a point where they can be watched through a peep-hole, but at
the same time will not receive the direct touch of the flame from
the fuel. It is always well to put two or more cones of different
numbers in the kiln, so that warning can be had, not only of the
end point of firing, but also of the rapidity with which the tem-
perature is rising.

In determining the proper cone to use in burning any kind of
ware, several cones are put in the kiln, as, for example: numbers
.08, 1 and 5. If .08 and 1 are bent in burning and 5 is not af-
fected, the temperature of the kiln is between 1 and 5. The next
time numbers 2, 3 and 4 are put in, and 2 and 3 may be fused,

but 4 remains unaffected, indicating that the temperature reached

the fusing point of 3.
The cone numbers used in different branches of the clay work-
ing industry are as follows:

CommOon DFICK....coiieiteeieiiniiies et dieiiiet rieeivreeearar i ens i ean e 010—01
Hard-burned, common brick.. ......cocovviviiiiiiiiiiiiin e e e 1— 2
Buff front brlck ....................................................................... 6— 8
Hollow blocks and ﬁreprooﬁng ............................ 03— 1
Terra cotta 04— 7
Conduits.....c.covevens 7— 8
White earthenware 8— 9
Fire bricks............ 9—12
Porecelain ............. e 11—13
Red earthenware ... coviiiiiiiii i cc i ieeies s e esaeee 010—05

SEONEWATE ...\ eueetiieeianeniire i e ceiean e aminad e vereaane anaan 6— 8

While the temperature of fusion of each cone number is given
in the preceding table, it must not be understood. that these cones
are for measuring temperature, but rather for measuring pyro-
chemical effects. Thus if certain changes are produced in a clay
at the fusing point of cone 5, the same changes can be reproduced
at the fusion point of this cone, although the actual temperature
of fusion may vary somewhat, due to variation in the condition
of the kiln atmosphere. As a matter of fact, however, repeated
tests with a thermo-electric pyrometer demonstrate that the cones
commonly fuse close to the theoretic temperatures.
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Manufacturers occasionally claim that the cones are unreliable
and not satisfactory, forgetting that their misuse may often be
the true reason for irregularities in their behavior. It is unneces-
sary, perhaps, to state that certain reasonable precautions should
be taken in using these test pieces. The cones are commonly
fastened to a brick with a piece of wet clay, and should be set in a
vertical position. After being placed in a position where they can
be easily seen through a peep-hole, the latter should not be opened
wide during the burning, lest a cold draft strike the comes, and
a skin forms on its surface and interferes with its bending. More-
over, one set of cones cannot be used to regulate an entire kiln, but
several sets should be placed in different portions of the same kiln.

- One advantage posesssed by a cone over trial pieces is that the

cone can be watched through a small peep-hole, while a larger
opening must be made to draw out the trial piece. If the cones
are heated too rapidly, especially those containing a large per-
centage of iron, they are apt to blister. ‘

The best results with cones are obtained in closed kilns. They
are not of much service in scove kilns, for the reason that the tem-
perature in these is apt to be more or less irregular, there be-
ing no good means of watching them, and they are liable to be
touched by cold drafts. If placed in such kilns, they should be
carefully enclosed to protect them from flashing or drafts of cold
air.

Thermo-electric pyrometer.— This pyrometer, which is the only

‘one that will be described in this report, is one of the best

instruments for measuring temperatures. Tt is based on the prin-
ciple of generating an electric current by the heating of a ther-
mopile or thermo-electric couple. This consists of two wires, one
of platinum and the other of an alloy of 90 per cenf. platinum
and 10 per cent. rodium. The two are fastened together at one
end, while the two free ends are connected with a galvanom-
cter which measures the intensity of the current. That portion of
the wires which is inserted into the furnmace or kiln is placed
within two fire-clay tubes, one of the latter being smaller and
sliding within the other in order to insulate the wires from each
other. The larger tube has a closed end to protect the wires from
the action of the fire gases.
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To measure the temperature of a furnace or kiln the tube con-
taining the wires is placed in it either before starting the fire, or
else during the burning. If the latter method is adopted, the tube
must be introduced very slowly to prevent its being cracked by
sudden heating. The degrees of temperature are measured by
the amount of deflection of the needle of the galvanometer.

Thermo-electric pyrometers are useful for measuring the rate
at which the temperature of a kiln is rising, or for detecting
fluctuations in the same. It is not necessary to place the gal-
vanometer near the kiln, for it can be kept in the office some rods
away. This pyrometer is not to be used as a substitute for Seger
cones but to supplement them. The more modern forms have an
automatic recording device. As at present put on the market, the
thermo-electric pyrometer costs about $180 ; and the price, delicacy
of the instrument, and lack of realization of its importance, have
tended to restrict its use. However, many of the larger clay-work-
ing plants are adopting it, as it is better than other forms of py-
rometer for general use and probably more accurate. It can be
used up to 1600°C. (2912°F.).

TexTUrRE—By the texture of a clay is meant its size of grain.
Many clays contain sand grains of sufficient size to be visible to the

naked eye, but the majority of clay particles are too small to be seen

without the aid of a microscope, and are, therefore, so small that
it becomes impossible to separate them with sieves. In test-
ing the texture of a clay it is perhaps of sufficient importance for
practical purposes, to determine the per cent. of any sample that
will pass through a sieve of 100 or 150 meshes to the inch, since in
the preparation of clays for the market by the washing process
they are not required to pass through a screen any finer than the
one above mentioned.

If it is desired to measure the size of all the grains found in the
clay, some more delicate method of separation becomes neces-
sary. In many clays the grains cohere more or less, forming com-
pound ones, and these have to be disintegrated by some preliminary
treatment, such as boiling, or, better still, by agitating.

CoLor.—An unburned clay owes its color commonly to some iron
compound or carbonaceous matter; a clay free from either of these
being white. Carbonaceous matter will color a clay gray or



VIRGINTA COASTAL PLAIN 85

black, depending on the quantity present; 3 to 4 per cent. being
usually sufficient to produce a deep black. A sandy clay will,
however, be more intensely colored by the same quantity than one
with many clay particles.

Iron oxide colors a clay yellow, brown, or red, depending on
the form of oxide present. The greenish color of many of the
clay marls is due to the presence of the mineral glauconite. The
iron coloration is, however, often concealed by the black coloration
due to the carbonaceous matter. It is often more or less difficult
to make even an approximate estimate of the iron content in a clay
from its color.

Thus, for example, the bluish-black Miocene clay, collected
from along the Atlantic Coast-Line RailWay south of Chester,
burns to a bright red color.

The color of a green or raw clay is not always an indication of
the color it will be when burned. Red clays usually burn red;
deep yellow clays burn red or buff; chocolate ones commonly burn
red or reddish brown; white clays burn white or yellowish white;
and gray or black ones may burn red, buff or white. Calcareous
clays are often either red, yellow or gray, and may burn red at
first, but turn yellow or buff as vitrification is approached.

SLAKING.—When a lump of clay is thrown into water it falls to
pieces or slakes but the rapidity with which this takes place varies
greatly in different clays. Open, porous, sandy ones fall rapidly to a
powdery ‘mass ; others may spall or chip off slowly when immersed ;
while still others either do not slake at all, or only after long soak-
ing. The slaking property is one of some practical importance, as
easy rlaking clays temper more readily, or, if the material is to be
washed, it disintegrates more rapidly in {he long washer.

SPECIFIC GRAVITY.—The specific gravity of a clay stands in more
or less close relation to the density of its mineral particles, and
affects its weight per cubic foot, but most clays do not vary much
in their specific gravity, which ranges commonly from about 1.80 to
2.60. That is they weigh 1.80 to 2.60 times as much as an equal
amount of water.
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CHEMICAL AND PHYSICAL PROPERTIES OF THE COAS-
TAL PLAIN CLAYS IN VIRGINIA.

Having discussed the chemical and physical properties of clays
in general, it may-be well to summarize those of the Virginia clays.
During the course of the field work all the known deposits were
visited and samples collected from many of them for physical tests
and chemical analyses. Not a few of these deposits are being
worked, and the question may be asked whether it pays to sub-
mit these to examination. In many cases it does, for the reason
that the results of such a study suggests additional uses for the
clay. At the present time the Virginia Coastal Plain clays are
used for little else than the manufacture of common brick. For
this purpose the clay is commonly burned at a very low temperature,
sometimes under cone 010, which is not sufficiently high to bring
out the vitrifying qualities of the material.

Prys1cAL PROPERTIES.—The clays collected were all tested for:
(1) Amount of water required to work them up; (2) slaking
qualities; (3) plasticity by feel; (4) grit; (5) air shrinkage; (6)
tensile strength; (7) fire shrinkage, color, and per cent. of absorp-
tion at seven cones, namely 010, 05, 03, 1, 3, 5, 8.

The amount of water required for mixing ranged from 18.7 per
cent. to 62.4 per cent., with an average of 26.5 per cent. - The max-
imum was shown by a sample of diatomaceous earth, which is very
silty in its character, and the majority absorbed between 20 and 25
per cent. of water, which is not excessive.

Most of the clays tested slake fast or moderately fast, so that
they temper rather easily.. The plasticity is variable, depending
usually on the amount of silt or sand present, but in many of the
Pleistocene clays it is excellent, and entirely sufficient to permit of
their being worked in an auger or a dry-press machine. At present.
soft-mud machines, or hand methods unfortunately find.the great-
est favor. , k

The grit content of some of the Coastal Plain clays is consider-
able, in others it is very low, and even in the bank there may
be variations from place to place. Not all of the clays of the
same formation show uniformity in grade, those at one point be-
ing quite sandy, those at another point being quite free from sand.
The air shrinkage of the different samples tested ranged from 1.6



VIRGINIA COASTAL PLAIN 87

per cent. to 14 per cent., with an average of 8.2 per cent.; and
even in the sandy ones the air shrinkage was not low. At the
same time it is in most cases not sufficiently high to cause any
trouble.

The tensile strength of the clays tested ranged from 41.2 pounds
per square inch up to 300.9 pounds per square inch with an average
of about 130 pounds. Few of them had a high tensile strength
and very few of them showed a very low tensile strength, so that
in most cases the bonding power is entirely sufficient for the
uses to which they are liable to be put. Considering the burning
qualities of the clays we find that the majority of those tested
burned to a red body, only three yielding a cream colored or buff
product. These three were respectively a clay from Oldfield on |
the James river (Lab. No. 1312), a whitish clay from between
Stafford and Fredericksburg (Lab. No. 1352), and a buff clay
from southeast of Wilmont (Lab. No. 1865). - As already stated,
all of the others burned red or red-brown, the color increasing
with the intensity of the fire.

When burned at cone 010 the fire shrinkage of nearly all was
under 1 per cent., but the absorption as seen from the tabulated
tests was in most cases not excessive, that is to say, the absorption of
many of them at this cone is between 15 and 20 per cent., which is
no more than that shown by many common brick of good strength.
In examining the tables of the tests made at other comes it is
noticed that the clays usually show a gradual shrinkage up to their
points of vitrification, after which they begin to expand slightly.
Some of the clays burned to a very dense body at a comparatively
low cone. A few examples of this are given below.

Loeality . : r Cone ’ AB:,?IE‘):BF
1 Mile North of Bermuda Hundred.........c.ccccceeen teeeennn 1 ! 0.12
Broadway.... ..ccce cvierieetit et ceeneeern e eeeaaan 1 ! 1.7
6 Miles South of Richmond........ccoeeiveveiiiinsirioveneaenn. 1 | 1.5
Sturgeon Point...cc.covveeiis creevniiiiienii s e eeenen 1 ‘ - 2.80
Suffolk, Drab Clay.....cc.cce. ceeec ocs il i L 1 1.50

A clay on the Williamsburg road near Richmond (Lab. No. 1330)
showed an absorption of only 5.65 when burned at as low a cone
as 03, and one from the Ball property six miles south of Richmond
(Lab. No. 1316) had only 4.7 absorption at cone 03. It is probable
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that clays burning as dense as these at such low heats could per-
haps be used in the manufacture of paving brick or poss1bly even
common stoneware.

CHEMICAL PROPERTIES.—A complete chemical analysis was
made of each sample for the purpose of determining the silica,
alumina, iron oxide, lime, magnesia, potash, soda, titanic oxide,
and water. -Examining the silica contents, first we notice that
many of the clays show a somewhat high silica percentage, and
this would lead us to suppose that they had a very low air shrink-
age which, however, is not always the case, as much of the silica
seems to be present in the form of fine silt; which would reduce the
air shrinkage less than if it were there as coarse sand grains.
The silica content ranged from 51.12 up to 85.72, with an average
of 68.74 per cent. Some of those running highest in silica are sam-
ples of diatomaceous earth which should not perhaps be classed
with the clays, but it is done for the reason that the material is
interbedded with the clay deposits and often is more or less clayey
in its character, sometimes even passing into a bed of clay. The
percentage of alumina ranged from 5.83 to 28.97 with an average
of 16.62, and in many the percentage of alumina is somewhat high-
er than it often is in brick clays. The highest alumina content,
namely, 28.97 was shown by the Miocene clay collected between
Stafford and Fredericksburg at a point about six miles east of
north from the latter town. The lowest alumina percentage was
found in a greenish gray clay which outcrops along the bank of
the Rappahannock river about 1 mile south of Layton on the prop-
erty of Mr. Beverley. This clay, which is pretty gritty, had
a very low tensile strength, and on account of its highly siliceous
nature its fire shrinkage was very low, and, in fact, at cone 010 it
swelled slightly. Its siliceous character and its low fire shrinkage
were accompanied, as one might expect, by a high ahsorption.

Turning to the iron oxide percentages we find that these range
from 1.74 to 10.70 with an average of 5.33 per cent. In almost
every case the percentage of iron shown by the analyses indicates
its red burning color, although there are one or two which are
slightly misleading. Thus, for example, a gray clay from Oldfield
(Lab. No. 1312) burns to a somewhat buft color, although it has
an iron content of 3.49. The reason for this is probably due
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to the fact that the iron is not uniformly distributed in the clay, .
a condition which cannot be told from the chemical analysis.
Again, a clay from Suffolk (Lab. No. 1343) tends to burn to a
somewhat buff color, although it has 3.17 per cent. of iron. The
sample of clay from the House Bank southeast of Wilmont (Lab.
No. 1365) burns to a pink cream at low temperatures but above
cone 1 its color begins to deepen somewhat. This on amalysis
showed but 2.42 per cent. of iron. '

It is interesting to note that nearly all of the clays tested con-
tained a variable but usually small quantity of titanic oxide, which
ranged from 0 up to 1.95 per cent. with an average of .44 per
cent.

As an example of the variation which may occur in clays in dif-
ferent parts of the same bank, we can take numbers 1334, 1335, and
1336 of the table. These three clays all occur in the same bed,
and the one grades into the other. No. 1334 works 211 right, gives
a good color, and makes a good brick. No. 1335 is less satisfactory,
for it does not give as sound a brick. No. 133G is a very sandy
clay, and makes a porous brick that lacks in ring. For purposes
of comparison the physical tests and chemical analyses are given
in parallel columns.

The difference in behavior of these clays is brought out quite
well in the physical tests. The greater sandiness and low plas-
ticity of No. 1336 is quite marked; it also required less water for
mixing than No. 1334, but about the same quantity as 1335.
The air shrinkage decreases with the increase in the sand contents
of the clay, No. 1334 being the least gritty and No. 1336 the most
sandy. The same applies to the tensile strength or bonding power,
that of 1336 being but little over half that of 1334.

When we examine the results of the fire tests, similar differences
are found. No. 1334 burns to a brighter red color and denser body
than either of the other two, and also has a higher fire shrinkage.
The very sandy one which yields porous brick swells slightly at
cone 010 and above that shows no shrinkage up to cone 5, above
which it begins to diminish slowly in size.

The chemical analyses, although less expressive than the physi-
cal tests, nevertheless, show some differences. Thus we notice the in-
crease in total silica from 1834 to 1336, and the decrease in alu-
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1334 1335 1336

Color......... ST P light brown aray ghhy
Water required......cc.cceeneeinivienns con. 24.2 18.7 18.7
SlaKINg.. vrns votsrrmirrereneirirniraaeene ....| mod. fast fast fast
PlagtiCity.. coreeevrrannss vovee covninne vies e fair fair low
Griteoes s vanenee crrar e teetiaseesenstrern sandy sandy sandy
Alir shrinkage 8.3 6.0 5
Average tensile strength ........... e 144.2 105.1 79.8
Cone 010

Fire shrinkage........cccooe ceenen ceennnn, .3 0 8. 8.%

(873 103 S T light red pink pink. -

Absorption.......vieun it 17.7 15.7 15.08
Cone 05 ‘

Fireshrinkage............ ccocciiiniiil 1.6 .3 8. 8.%

Color ...| light red pink light red

Absorption......eveeeeveen v ceeinniien, 14.7 14.5 14.0
Cone 03

Fire shrmkage 3 1.8 0

Color... e light red light red | light red

Absorptlon ................................... 21.1 12.2 13.9
Cone 1

Fire shrinkage............ veevee eeeas 4.3 1.3 0

Color red light red red

ADBSOrPtion. ceceeveescient i 8.2 10.3 12.90
Cone 38 :

Fire shrinkage 5 2.6 0

Color.......... ...| darkred |mottled red| lightred

AbSOrption....... ceevveeeeeiveene PR 6.6 9.3 12.3
Cone 5

Fire shrinkage. w.cooeeeseiciinniniennnnnnn, 4.6 2.3 0

Color...cvvens ovene ...| - red gray red red

Absorption 5.0 7.86 10.91
Cone 8

Fire shrinkage.. .ovevvciiinniiin i 5.0 3.6 1.3

Color .cuceuue e . ...| red brown |light brown | 1t. brown

AbSOrption..cceeveeniveeiicriiieciinenn. 21 31 6.50
Silica (Si0y)-cererrvriunen weeees et eeeeens 69.75 74.55 717.78
Alumina (ALGO,)...ccuveen . 17.13 15.43 12.84
Ferric oxide (Fe,0;) .... 4.67 3.07 3.05
Lime (Ca0).eoeernne veees .53 .43 .40
Magnesia (MgO) .31 .65 .29
Potash (K, O) .......................... 1.89 1.42 1.69
Soda (NaO) .56 1.16 44
Titanic oxide (TlOz) e tiees eeeaeaa .06 .22 . .20
Water (H,0)... e erernees veeeaenan haen 5,07 3,03 .3.24
Total Auxes.....ccorvremiernniinscreresnennan 7.96 6.73 5.87

*s. 8.—Slightly swelled.

mina in the same direction. The brighter color burning qual-
ity of 1334 is due to a higher percentage of ferric oxide.

Bricks are sometimes made from clays running as high in silica
as 1336 does, or even higher, but the product is usually porous and
weak, and from the series analyzed and tested for this bulletin,
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one might assume that 75 per cent. silica is as high as it is wise
to go.

It will be noticed that most of the clays have to be burned up
to cone 1 to show what they are really good for, as below this the
majority are quite porous. In this connection it is interesting to
note that of two clays, the one showing the lower absorption at
one cone will not show the same condition at a higher cone; in
other words they do not always densify at the same rate in the
same temperature interval. Compare 1306 and 1330.

CHAPTER IT1.
EXPLOITING AND MINING CLAYS.

PRrOSPECTING FOR 0LAYS.—While the methods used in search-
ing for clays are simple, still, if the work is not thoroughly done,
deposits are often easily overlooked.

Outcrops—The presence of a clay bed is usually detected by
means of an outcrop. These exposures are commonly to be found
on inclined surfaces such as hill slopes, or where natural or arti-
ficial cuts have been made. The washing out of gullies by heavy
rains; the cutting of a stream valley; railroad cuts and wagon-
road cuts; all form good places in which to look for outeropping
clay beds. The newer the cut, the better the exposure, for the
sides of such excavations wash down rapidly, and a muddy-red
surface clay or loam will often run down over a bed of lighter
colored clay beneath, so as to completely hide it from view. If the
cut is deep and freshly made, the depth of weathering can fre-
quently be determined

Springs—In many cases the presence of clay is shown by the
occurrence of one or more springs issuing from the same level
along some hill slope. These are caused by waters seeping down
from the surface, until they reach the top of some impervious clay
stratum, which they then follow to the face of the bank where they
issue. The presence of springs, however, cannot be used as a
positive indication of clay, for a bed of cemented iron sand, or

even dense silt, may produce the same effect. In the Coastal Plain -

area, the best exposures are usually found along the rivers, such
as the James, Appomattox, Rappahannock, York, ete., but even
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here the banks become so low as the coast is approached, that
exposures are rare.. Moreover, along the coast there is often a
more or less continuous covering of sand which tends to obscure the
clay deposits.

Ezploitation.—The location of a clay deposit is followed hy
a determination of its thickness, extent, character and uses. The
first two points and some facts bearing on the third are determined
in the field; the behavior of the clay when mixed up and burned
is found out by tests made in the laboratory or at some factory;
and the information thus obtained indicates the commercial value
of the material. ‘ /

To determine the thickness and extent of the deposit, a careful
examination should be made of all clay outcrops in neighboring
gullies, or other cuts on the property having the clay. Since, how-
ever, most clay slopes wash down easily, it may be necessary to dig
ditches from the top to the bottom of the cut or hillside in order
to uncover the undisturbed clay beds. In most cases, however, the
cuts are not sufficiently close together and additional means have
to be taken to determine the thickness of the deposit at interme-
diate points. Such data are sometimes obtainable from wells or
excavations made for deep cellars, but the information thus ob-
tained has to be taken on hearsay evidence. Borings made with
an auger furnish a more satisfactory and rapid means of deter-
mining the thickness of the clay deposit away from the outcrop.

From comparison of the data obtained from the bore holes and
outcrops, any vertical or horizontal variations in the deposit can
usually be traced. TLimonite concretions or crusts, if present in
any abundance, are almost sure to be discovered, and even the
dryness of the beds can be ascertained. Variations in the thick-
ness of the bed and amount of stripping are also determinable.
If small samples are desired for laboratory testing these can be
taken from the outcrops and bore holes, but if large samples are
wanted from the intermediate points it is best to sink test pits
where the borings are made.

Winning the clay—Having determined the thickness, extent
and character of the clay, there still remains several important
points which have to be considered.

One of these is the amount of stripping. TUnless the clay is of
high grade it will not pay to remove much overburden unless the
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latter can be used. It is sometimes utilized for filling where the
factory is to be erected next to the bank, or for admixture with
the clay, especially if the latter is too plastic or fat. In such event,
however, the overburden should be free from pebbles, or, if not, it
should be screemed. Frequent neglect of this often injures the
bricks. If the overburden is sand, there is in some localities a
market for it for foundry use, building or other purposes.

Drainage facilities must be looked out for, since dryness is es-
sential for successful and economic working of the clay bed. In
some districts, the clay is underlain by a stream of wet sand,
which should not be penetrated.

If the clay deposit lies below the level of the surrounding coun-
try, drainage will be more difficult than where the bed outerons on
a hillside, although in the latter case trouble may be and often is

. caused by springs.

Some banks contain several different grades of clay, and it then
remains to see whether they are all of marketable character, or if
not, whether the expense of separating the worthless clay will over-
balance the profit derived from the salable earth.

Transportation facilities are not to be overlooked, either for the
raw clay or for the product, where the factory is located at the
pit or bank. Long haulage with teams is costly, and steam haul-
age is far more economical when the output warrants it. But even
with the establishment of favorable conditions in every case, the

- successful marketing of the product is sometimes a long and tedi-

ous task, for’ many manufacturers hesitate to experiment with
new clays. ,

MermODS OF MINING.—The methods of mining employed are
slightly different for clays and shales, the latter on account of their
greater hardness requiring stronger machinery. All that follows
below regarding mining methods will apply to clay.

1. Underground workings—This method may be resorted to
when the clay bed is covered by such a great thickness of overburden
that its removal would be too costly. If the bed sought outcrops
on the side of a hill, a tunnel or drift is driven in along the clay
bed ; but in case no outerop is accessible, it is necessary to sink a
vertical shaft until the bed of clay is reached, and from this, levels

7
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or-tunnels may be driven along the clay bed. TUnderground meth-
ods are desirable, however, only under certain conditions, which
may be enumerated as follows:

1. Tn the case of high-grade clays. ;

9. Where there is much overburden as compared with the
thickness of the clay deposit. , - o

3. There should, if possible, be a solid dense layer overlying
the clay stratum, otherwise the expense of timbering for support-
ing the roof may be too great. Where the clay is not interstratified
between dense water-tight beds, it is often mnecessary to leave the
upper and lower foot of clay to form a roof and floor. o

4. The workings should be free from water, both on account of
the cost of removing the same and because of the tendency of wet
ground to slide.

5. The output is usually restricted, unless the workings under-
lie a large area, and can be worked by several shafts or drifts.

No underground mining for clay is done in the Virginia Coastal
Plain-area nor would it be practicable. ‘

Surface working.—This consists in digging the material from
open pits or cuts of variable size. Where the pit is small, it is
commonly the custom to use picks and shovels to dig.the clay
(Pl. XI, Fig. 2.); and, indeed, this method is necessary in those
cases where the clay is not of uniform quality from top to bottom,
or when the bank contains a number of layers of different kinds.
Tt is then necessary to strip off each one separately and place it in
a separate storage pile or bin.

The cost of removing the stripping will depend on its character,
whether hard or soft, the distance to be moved, and the possibility
of its being used for any purpose, such as filling or grading. The
methods of removal employed will also affect the expense. If
the thickness of the overburden is considerable, and a large quan-
tity has to be removed, it is cheaper to dig it with a steam shovel
than by hand. Wheel scrapers are also employed at times, and,
if the distance to the dump heap is short, the material can be
carried there in the scraper. If the stripping can be used to mix
with the clay, it is sometimes dug with shovels and screened to
free it from pebbles. A method tried at some localities is to Te-
move the sandy or gravelly overburden by washing. This is done
by directing a powerful stream of water from a hose against the
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face or surface of the gravel and washing it down into some ditch
along which it runs off.

In selecting a site for a dump heap, care should be taken not
to locate it over any clay deposit which is to be worked out later,
but the presence or absence of such clay under the proposed dump
can commonly be determined by a few bore holes made with an
auger.

Where there is danger of the pit caving in, the sides are some-
times protected in the weak parts by planking, held in place by
cross timbers. .

Where a pit is dug so deep that it is not possible for the work-
man to throw or lift the lumps to the surface of the ground, a
platform may be built in the pit, halfway up its side, or else the
clay is loaded into buckets and hoisted to the surface by means of
a derrick operated by -steam- or horse-power.

When the clay lies above the ground or road level, there is less
trouble with the water, and it is not necessary to work the elay
in pits, although the general system of working forward in a suc-
cession of pit-like excavations or recesses 1is followed. In such
banks, the cart or car is backed against the face of the excavation
and the clay thrown into it.

Unless a number of pits are being dug at the same time, the out-
put of any one deposit or of any one grade is mnecessarily
small, since five or six different kinds are sometimes obtained from
one pit. It would also seem that by this method any one grade of
clay might show greater variation than if the excavation were more
extended, for the reason that since clay beds are liable to horizon-
tal variation the material extracted from one pit might be different
from that taken from another farther on. Against this we may,
of course, argue that the clays from different pits get mixed up
on the storage pile. The surface drainage is commonly diverted
by means of ditches dug around the top of the pit. In some dis-
tricts there is ‘a bed of water-bearing sand underlying the lowest
clay dug, and, as this is approached, hand pumps have to be used
to keep down the water until the last spit of clay is all taken out.

When clay deposits are worked as a bank or large pit, the clay is
commonly dug by means of pick and shovel, but if the scale of op-
erations warrants, a steam shovel is far better and more economi-
cal. If the clay is tough, the material is sometimes loosened by

|
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means of a blast, but more often by undermining or falling.
This is done by digging a narrow cut into the bank at its base,
and then driving in a line of wedges on top, one or two feet from the
edge. In this manner large masses weighing many tons are pried
off and break in falling.

Steam shovels are much used in some of the clay pits around
Alexandria, where a large area has been worked over.

Pit mining for kaolin—Some clays, like kaolin, occur in vein-
like deposits, which are narrow as compared with their length,
and have to be mined by special methods. In these a circular pit
of about 25 ft. diameter is dug, and sunk to the bottom of the clay.
The sides of the pit are supported by a crib work of short timbers
which are anchored every four feet. When the clay has been dug
out the pit is filled in, and a new one started next to it. The old
pit is filled, if possible, by stripping removed in digging the new
one. Such pits are sometimes dug to a depth of over 100 feet.

PREPARATION OF CLAY AFTER MINING.—For most grades of clay
products, the clay is run from the bank directly to the machine,
but where used for the better grades of clay ware, some prepara-
tion is oftentimes necessary.

Large concretions, pyrite nodules and lumps of lignite are often
picked out by hand and thrown to one side. Where the impuri-
ties are present in a finely divided form and distributed throughout
the clay, screening or hand picking may be ineffective, and wash-
ing is necessary.

Washing.—The method of washing most commonly adopted is
the troughing method, in which the clay, after being stirred up and
disintegrated with water, is washed into a long trough along which
it passes, dropping its sandy impurities on the way and finally reach-
ing the settling vats, into which the clay and water are discharged,
and where the clay finally settles.

Details.—The disintegration of the clay is generally accom-
plished in washing troughs. These consist of cylindrical or rect-
angular troughs, in which a shaft revolves, bearing a series of
arms or stirrers. The clay, after soaking a short time in a pit,
is shoveled into the washer, into which a stream of water is also di-
rected, and the revolving blades break up the clay so that it goes
more readily into suspension. The water, with suspended clay,
then passes out at the opposite end from which the water entered.
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The troughing into which the material is discharged is construct-
ed of plank and has a rectangular cross-section. Its slope is very
gentle, not more than 1 inch in 20 feet, usually; and its total
length may be from 500 to 700 feet, or even 1,000 feet. In order to
economize space, it is usually built in short lengths, which are
set side by side, and thus the water and clay follow a zigzag
course. The pitch, width and depth of the troughing may be
varied to suit the conditions, for at some localities it is necessary to
remove more sand than at others. If the clay contains much very
fine sand, the pitch must be less than if the sand is coarse, since
fine sand will not settle in a fast current. In the case of very
sandy clays, it is customary to place sand wheels at the upper
end of the troughing. These are wooden wheels bearing a number

of iron scoops on their periphery. As the wheel revolves the

scoops pick up the coarse sand which has settled in.the trough,
and, as the scoop reaches the upper limit of its turn on the wheel,
by its inverted position, it drops the sand upon a slanting chute,

.which carries it outside the trough.

By the time the water reaches the end of the troughing, nearly

“all the sand has been dropped and the water and clay are discharged

into the settling tanks; passing first, however, through a screen of
about 80 or 100 mesh. This catches any particles of dirt or
twigs and thus keeps the clay as clean as possible.
" The settling tanks are of wood, usually about 4 feet deep, 8 feet
wide and 20 to 50 feet long. As soon as one is filled, the water
and clay is diverted into another. When the clay has settled, most
of the clear water is drawn off, and the cream-like mass of clay
and water in the bottom of the vat is drawn off by means of slip
pumps and forced into the presses. These consist of flat iron or
wooden frames, between which are flat canvas bags. The latter
are either connected by nipples with the supply tubes, or else
there may be a central opening in all the press bags and frames,
which, being in line, form a central tube when the press is closed
up. By means of pressure from the pumps, the slip is then forced
into the press, and the water is also driven out of it. It commonly
takes about two hours to fill a press. When the water has been
squeezed out, the press is opened, and the sheets of clay are re-
moved from the press cloths and sent to the drying room or racks.
In Virginia the washing of clays is practised only at kaolin mines.
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CHAPTER IV.
THE MANUFACTURE OF CLAY PRODUCTS.

INTRODUCTION.

Although many persons are familiar with the wide distribution
of clay, yet few appreciate its value or the wide variety of uses
to which it is put. All recognize its application to brick manu-
facture, and table or toilet ware, but here the knowledge of its value
often ceases. Even the lower grades of clay have a wide variety of
uses. ,

Uses or Cray.—Since the owners of clay property are often de-
sirous of knowing to what uses clays can be put, the following
table is given :*

Domestic—Porcelain, white earthenware, stoneware, yellow ware -
and Rockingham ware for table service and for cooking; ma-
jolica stoves; polishing brick, bath brick, fire kindlers.

Stmctuml.—Brick; common, front, pressed, ornamental, hol-
low, glazed, adobe; terra cotta; roofing tile; glazed and encaustic
tile; drain tile; paving brick; chimney flues; chimney posts; door
knobs; fire proofing; terra-cotta lumber; copings; fence posts.

Hygienic—TUrinals; closet bowls; sinks; wash-tubs; bath-tubs:

. pitchers; sewer plpe ~ventilating flues; foundatlon blocks; vitri-

fied bricks.

Decorative—~—Ornamental pottery; terra cotta; majolica garden
furniture; tombstones.

Minor uses—Food adulterants; paint fillers; paper filling;
electric insulators; pumps; fulling cloth; scouring soap; packing
for horses’ feet; chemical apparatus; condensing worms; ink bot-
tles; ultramarine manufacture; emery wheels; playing marbles;
battery cups; pins, stilts and spurs, for potters’ use; shuttle eyes
and thread guides; smoking pipes; umbrella stands; pedestals; fil-
ter tubes; caster wheels; pump wheels; electrical porcelain; foot
rules; plaster; alum. ,

Befractory wares—Crucibles and other assaying apparatus:
gas retorts; fire bricks; glass pots; blocks for tank furnaces; sag-
gers; stove and furnace bricks ; blocks for fire boxes ; tuyeres ; cupola
bricks ; mold linings for steel castings.

* Hill, Mineral Resources, U. 8. Geological Survey, 1891, p. 475.
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" Engineering works.—Puddle; Portland cement; railroad bal-
last; water conduits; turbine wheels; electrical conduits; road
metal. '

CLASSIFICATION OF cLAYS.—The classification of clays may be
based on their uses, origin, or physical and chemical properties ;
any of which are more or less unsatisfactory. Certain variety
names are often used, which are more indicative of the physical
characteristics of the clay than its application. Many of these are
given below. : .

Kaolin—A term applied to white-burning residual clays, used
in the manufacture of white earthenware, porcelain, wall tiles,
white floor tiles, paper making, etc. White burning sedimentary
clays are referred to by a few as plastic kaolins.

Ball clays—White-burning, plastic, sedimentary clays, em-
ployed chiefly in the manufacture of the finer grades of pottery,
namely, those having a white body. .

Fire clays—A term loosely applied to clays considered suitable
for making fire brick. No standard of refractoriness ‘has been
adopted in this country, and many clays are ‘called fire clays which
have absolutely mo right to the name. A classification of fire

clays is suggested by the writer under fusibility.

Stoneware clays—TUnder this term are included such clays
as are adapted to the manufacture of stoneware. " They must show
good ~ plasticity, ~ dense-burning qualities and good tensile
strength. The lower grades of stoneware are often made from a
non-refractory clay, but the better grades are generally made
from a No. 2 fire clay. »

Sagger clays—This is a term applied to clays which are used
for making saggers, in which white ware and other high grades
of pottery or tiles are burmed. The clays employed vary in their
character; they ‘must be of sufficient refractoriness to hold their
shape at the temperature at which they are burned. Nomne of those
seen in the Coastal Plain are. adapted to this purpose. '

. Terra . cotta. clay—This term does not mean very, much and
is used rather i’ndiscriminately‘to indicate different kinds of clays,
which are being dug for the manufacture of terra cotta. Most of
the clays used for this purpose are semi-refractory, and buff-burn-
ing, sometimes sandy, at other times dense burning. Red-burning
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clays are but little used now in terra-cotta bodies, and the Coastal
Plain clays so far as known are not well adapted to this purpose.

Retort clay—A  dense-burning, plastic, semi-refractory clay,
used chiefly in the manufacture of stoneware.

Pipe clay—This term is a loose one, applied to almost any fine-
grained plastic clay. Strictly speaking, it would refer to a clay
used for sewer pipe.

Brick clay—This includes all impure, non-refractory elays
adapted to the manufacture of common brick. The less sandy
kinds are often used for drain tile. ;

Paper clay includes many white, fine-grained clays, which are
used for filling paper. ‘ 4 _

Pamng brick clay.—This includes  both clays and shales cf
red burning character, and of such a composition and texture
that they can be vitrified.

THE METHOUS OF MANUFACTURE.

In the present report are considered only the manufacture
of those products which could probably be made from clays oc-
curring within the Coastal Plain area of Virginia. = This, therefore,
includes common and pressed brick, paving brick, drain tile, roof-
ing tile, fire proofing, low grade fire brick, red earthenware, and
stoneware. From this it will be seen that such products as terra
cotta, sewer pipes, floor and wall tiles, white earthenware and por-
celain are omitted.

THE MANUFACTURE OF BUILDING BRICK.

Building brick include common, face, and pressed brick, enamel
brick and glazed brick. A consideration of the last two is excluded
from this report. Common brick include all those used for ordi-
nary structural work, and are employed commonly for side and rear
walls of buildings, or, indeed, for any portion of the structure where
appearance is of minor importance, although for the sake of economy
they are often used for front walls. They are usually made without
much regard to color, smoothness of surface, or sharpness of edges.

Face, front, or pressed brick, includes those made with greater
care, and usually from a better grade of clay, much consideration
being given to their uniformity of color, even surface and straight-
ness of outline.



VIRGINTIA COASTAL PLAIN 101

RAW MATERIALS.

Clays for common brick—The clays used for common brick
are usually of a low grade, that is they contain a large amount of
impurities, and- are often gritty. Except in certain districts, those
selected are almost invariably red-burning. The main requisites
are that they shall mold easily and burn hard at as low a tempera-
ture as possible, with a minimum loss from cracking and warping.
Few brick clays are used as taken from the bank, but they are
generally mixed with sand. In fact so much sand is sometimes
added that the air shrinkage is not more than 2 or 3 per cent.
Moreover, in burning, the temperature oftentimes does not exceed
the fusion point of cone 012 or 011, so that the fire shrinkage
is exceedingly low, and the firing not always intense enough to
give a good hard brick.

Of course in some cases it is necessary to mix in some sand or
sandy clay, as otherwise the mixture would be too tough to mold
easily, and shrink too much in drying and burning. The blue
bottom clay from Suffolk is a good example of a material which re-
quires the addition of a less strong clay or sand. Some clays.
however, are so tough, that it is difficult to thoroughly incorporate
the materials added, without proper mechanical separation.

Common brick clays vary widely in their composition. Tak-
ing the analyses of all those dug and wused for this purpose in
the Virginia Coastal Plain we get the following figures:

CHEMICAL COMPOSITION OF SOME VIRGINIA COASTAL PLAIN
BRICK CLAYS. .

Coustituents . Minimum Maximum Average
Silica (8iO0g) .eevvvviiiiii i ol el 51.12 .85.72 68.74
Alumina (ALO;) oveiviins i, 5.83 28.97 16.62
Ferric oxide (FeZO Yoo e 1.74 10.70 5.33
Lime (CaO)... (0 1.46 .45
Magnesia (MgO) .05 1.18 .38
Potash (K0 )eiereniiiniiiiniiiieenieeinnnnns .75 3.13 2.05
Soda (Nay0) . eivvionveiiieienee v, .22 1.23 72
Titanie oxide (TiO,). ..ooo v iirinivennns .00 1.95 .44
Water (H,0).ocoiieiiniviiien e e, 2.81 8.63 5.18

The average composition of several hundred analyses from all
parts of the country is as follows:*

* H. Ries, Bull. N. Y. State Museum, No. 35, pp. 639, 189.
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Silica (S10,).ervrcerrereen . oot oesearen v eeeene e eneesrn e . . 49.27

Alumina (ALOy).. cevveniiiiinns e 22,774
Ferric oxide (Fe,0;) e 5.311
Lime (CaO)......... 1.513
Magnesia (MgO)....... .. 1052
Alkalies (Na,0.K,0) .. 2.768
Water (H,0) oo e e e eerere e 5.749
Moisture g 2.502

Clays suitable for common brick are found in many parts of
the Virginia Coastal Plain area, and are worked at a number of
points as-described in chapter V.

Pressed brick—These require a higher grade of clay than is
necessary for common brick. At the present day those most used
are buff-burning clays, of a semi-refractory character. In addition
to these, red-burniug clays and white-burning clays are also em-
ployed. The third class does not occur in the Virginia Coastal
Plain, so far as known. Red-burning clays are by no means un-
common, and some of those now utilized for common brick could
be applied to the manufacture of pressed ones. Buff-burning clays
are rare; certain beds around Alexandria give a buffish product,
and some of the Pleistocene clays on the lower Rappahannock
river also burn buff, but the former of these only are used for face
brick. ,

The physical requirements of a clay for pressed brick are: (1)
uniformity of color in burning; (2) freedom from warping or split-
ting; (3) absence of soluble salts; (4) sufficient hardness and low
absorption when burned at a moderate temperature. The air and
fine shrinkage, as well as tensile strength, vary within the same
limits as for common brick.

At the present day, buff-burning, semi-refractory or refractory
clays are probably more used than any others. This is partly be-
cause their color finds favor, and partly because coloring material
can he effectively added to them, for since the range of natural
colors that can be produced in burning is limited, artificial coloring
agents are sometimes used. Of these, manganese is the most im-
portant, and is obtainable in many localities in Virginia.

The clay must necessarily burn hard at a moderate tempera-
ture, and in the case of red-burning clays the temperature reached -
is usually the fusing point of cone 1 or 2. Many of the Pleistocene
clays in the Coastal Plain yield an excellent hard product at this
temperature. If buff-burning -clays are employed it is commonly
necessary to go to cone 7 or 8 to make the brick steel-hard.
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A chemical analysis is of little use in judging the value of a
clay for pressed-brick manufacture. It is true that the ferrie ox-
ide content will give us a clue to the color burning qualities of
the clay, and a high silica content would indicate high absorption
and low shrinkage, but that is all; so that a physical examination
of the material is imperative.

METHODS OF MANUFACTURE.

The methods employed for making common and pressed brick are
often very similar, the differences lying chiefly in the selection of
the material, the degree of preparation and the amount of care
taken in burning. The manufacture of bricks may be separated
into the following steps: preparation, molding, drying and burning.

PrEPARATION.—Many clays are put through a preliminary treat-
ment before being mixed with water or tempered, and while clays
for either pressed or common brick may go through this treatment,
more care is naturally given to the preparation of clays for com-
mon brick than those for pressed brick.

Weathering—This is a mnatural process of preparation. By
spreading the dug clay out and leaving it exposed to the elements,
it slakes down under the action of rain, and is more or less broken
up by the frost. The whole mass thereby becomes more or less
thoroughly disintegrated and homogenized. Iron nodules, if pres-
ent, rust out, and are thus more easily seen and rejected, while py-
rite, if present, may also decompose and give rise to soluble com-
pounds, which form a white crust on the surface of the clay. The

"number of establishments where clays are weathered is few, and

it is almost mnever practiced in the case of common clays. One
yard at Suffolk digs its clay and leaves it exposed through the
winter. Weathering clay sometimes makes up. for insufficient tem-

‘pering, but this should not be relied on to prepare the clay in all

cases.

Dry crushing.—When hard material like shale is used, it has
to go through some form of crushing machine, which will com-
minute it sufficiently to permit its mixing with water. The same
thing has to be done if the clay is to be worked in a dry press ma-
chine, and in this case the material has to be ground, whether shale
or clay. '
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Several types of crushing machines are used, the selection of
which depends on the character of the raw material, degree of fine-
ness required, capacity, and perhaps in some cases personal prefer-
ence. The more important types used are jaw crushers, rotary
crushers, rolls, and disintegrators.

Crushers.—The jaw crushers consist of two movable jaws that
interact, and are set closer together at their lower than at their
upper ends. One jaw is stationary, the other is pivoted at its low-
er end. The material to be crushed is fed info the opening be-
tween the top of the jaws and moves slowly downward, until it
is fine enough to pass out between the lower edges of these.

In the rotary crushers, the machine consists essentially of a cylin-
drical hopper, within which there rotates a conical metal head,
whose surface is corrugated, and which revolves with a gyrating
motion. Of these two types of crusher, the former is more often
used, and requires less power, but the latter is adapted to a wider
range of materjal, because it is adjustable. The capacity of these
crushers varies from two to two hundred tons per hour, accord-
ing to the character of the shale.*

It should be remembered that these materials. are applicable
only to dry materials, and not wet ones.

Eolls consist of two steel cylinders, revolving at different
velocities. The rolls are often adjustable, so that they can be
set at varying distances apart, according to the size to which the
clay is to be crushed. The differential speed of the two rolls serves
not only to pull the material in between them, but also exerts a
tearing action of the lumps. The surface of the rolls is either
smooth-toothed or corrugated. The surface of some rolls is pro-
vided with a spiral thread, which catches large stones and carries
them to the edge of the rolls where they are thrown out. Smooth
conical rolls act in the same manner and are not infrequently used
for preparing stony clays. In many cages the use of rolls for
soft, wet clays, does not seem to prepare them very well, as the
rolls simply flatten the lumps. An average size roll will prepare
- sufficient clay for 25,000 to 150,000 bricks per day, depending on
the size of the rolls and their speed.t

* Williams, Iowa Geological Survey, Vol. X1V, p. 165.
* 1 Iowa Geol. Survey, Vol. X1V, p. 168.
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Ring pit used for tempering clay.
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Ring plt used for tempering clay.
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Disintegrators represent a third type of machine wused for-
breaking up clay and shale, and, where used, are commonly found
to be quite effective, provided they are run on dry material. Their
capacity is large, but much power is also required to drive
them. A disintegrator has several drums or knives on axles, re-
volving rapidly within a case and in opposite directions. As the
lumps of clay or shale are dropped into the machine they are thrown
violently about between the drums and also strike against each
other, thus pulverizing the material completely and rapidly. Such
machines can pulverize from 8,000 to 28,000 pounds of material,
such as shale, in one hour, and are said to require from two and
one-half to four-horse power per ton per hour. Since disintegrators
work best on dry material, they are commonly used in the dry-
press process of brick manufacture.

Dry pans are much used for hard clays or soft shales, but they
are also adapted to a wide range of materials. They consist of a
circular pan in which revolve two large mullers, supported on a
horizontal shaft, which may be in one piece or in two,
in which case the mullers revolve independently of each

- other. The wheels turn because of the friction against

the bottom of the pan, the latter being rotated by steam-power,
and, in turning, grind by reason of their weight, which is from 2,000
to 5,000 pounds. The machine is constructed so that the mullers
have some vertical play, thus permitting them to run over any lump
which may not be hard enough to crush. The bottom of the pan
is made of perforated removable plates, so that the material falls
through as soon as it is ground fine enough, and two scrapers are
placed in front of the rollers to throw the material in their path.
The diameter of a dry pan ranges from 6 to 9 feet. Dry pans
form a highly efficient machine, even though they are wasteful of
power. Their capacity depends on the size of the screen meshes, and
character of the raw material, whether hard or soft, dry or moist.
For a medium shale it is possible to grind 8 tons per hour through

‘a 1-8 inch screen, and about 12 tons through a 1-4 inch screen.

Few rolls are used in the Virginia Coastal Plain area.

Ball Mills—These form a type of machine especially adapted
to fine grinding. They consist of a tube closed at both ends,
and revolved by means of a suitable gearing. The charge which
partly fills the tubes consists of rolled flints, and the clay to be

-
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ground. Ball mills are not adapted to anything but high-grade
. clays and hence they are not discussed further here.

Machines for preparing wel clay—These include soak plts
‘ring pits, pugmills and wet pans.

Soak pits and ring pits represent a primifive form of machine,
much used at common brick yards. The former are semi-circu-
lar or rectangular pits in which the clay and water are allowed to
soak over night, while the latter consists of a shallow circular pit
in which the clay and water are mixed by a large iron wheel travel-
ing around on a horizontal axis. (Pl. II1.) The use of both is be-
ing slowly but surely discontinued te make room for the next type.

Pugmills—These consist usually of semi-cylindrical troughs
varying in iength from 3 to 14 feet, with about 6 feet as an average.
In this trough there revolves a horizontal shaft, bearing knives
set spirally around it and having a variable pitch. The clay and
water are changed at one end, and the blades on the shaft not only
cut up the clay lumps but mix the mass, at the same time pushing
it towards the discharge end. The speed of the clay through the
machine varies with the angle of the blades on the shaft. Theo-

retically, the entire mass of clay will be mixed up by the revolving

blades, but if the machine is overcharged it is not uncommon to
see lumps of clay travel from one end of the trough to the other,
before they are pushed through the discharge end. This can be ob-
viated by using a closed form of pugmill, in which the clay is un-
der pressure and the mixing action of the machine becomes more
effective. 'The thoroughness of the mixing depends partly on the
clay and partly on the length of the mill. Short ones on account of
their cheapness appeal to some manufacturers, but their use should
be avoided, especially in the Coastal Plain region, where the common
clays used are so often of a mottled character, that it requires thor-
ough pugging to homogenize them. :

Pugmills are thorough and continuous in their action, take up
less space than ring pits and do not require as much power to oper-
ate them. With a good working clay, a pugmill will, in ten hours,
temper enough clay for 25,000 to 60,000 brick according to its
size. They are in operation at but few yards in the Coastal Plain
belt, and their use should be extended. .

Wet pans represent one of the most efficient machines for prep-
aration that the brick-maker can select, since they do both grinding
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Cut of a soft-mud brick machine

Plate IV.
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Cut of a soft-mud brick machine
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and mixing in the same operation.  Structurally, they are simi-
lar to dry pans but differ from them in having a solid bottom. The
material and water are put into the pan, and the clay is crushed
and at the same time mixed with the water. Where the clay con-
tains hard lumps of limonite, or pyrite nodules, a wet pan is su-
perior to a pugmill, as these are crushed. It takes but a few min-
utes to temper a charge, which is then removed by a shovel, mount-
ed on a pivoted-bearing by the side of the pan. . A new charge is
then added. It will be seen, therefore, that a wet pan is not con-
tinuous in its action, and its capacity is consequently smaller than
that of a dry pan of corresponding size, although the amount of
power required to operate it will be the same. The wet pan is not
used in common brick manufacture, nor, as a rule, for those clays
which are free from stones.

Screens.—When clay or shale is crushed dry, it is customary to
screen it for the purpose. of separating all particles that are too
large and returning them to the crusher.

There are a numbeér of different makes of screens on the market,
but all-belong to one of three types, namely, the inclined stationary,
the inclined bumping screen, and the rotary screen of either cylin-
drical or polygonal section. Their qualities may perhaps be briefly
summed up as follows:

Fixed inclined screens are cheap, and require few repairs, but
they take up more space, are of low capacity, and, on account of their
inclined position, require the material to be hoisted to their upper
end so that it can be discharged on them.

Shaking screens are very efficient, and keep themselves pretty
clean,-so that the clay does not clog. On account of their jarring
motion, however, there is more or less wear on the screen itself as

-well as on the building.

Rotary screens are of large capacity, especially if of polygonal
section, and provided there is some means for keepmg the screen
cloth clean.

Screens are used in connection with the dry-press process.

Moipixg.—Bricks are molded by one of the three methods,
namely, soft-mud, stiff-mud, and dry-press. -

Soft-mud process—In this method the clay is mixed to the con-
sistency of a soft-mud and pressed into wooden molds. This orig-
inally was done by hand, and this indeed is the method- still
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followed at many small yards. The more modern method however
consists in forming the bricks in machines driven by steam-power.

Since the clay mixture is sticky when wet, and likely to adhere
to a wooden surface, the molds are sanded each time before being
filled. Soft-mud bricks, therefore, show five sanded surfaces, while
the sixth surface will be somewhat rough, due to the excess of clay
being wiped off even with the top of the mold. They are also slight-
1y convex on one side and slightly concave on the other, caused by
the sides of the soft brick dragging slightly as it is dumped from
the mold, to the drying floor.

The soft-mud machine (Pl IV.) consists usually of an upright
box of wood or iron in which there revolves a vertical shaft, bearing
several blades or arms. Attached to the bottom of the shaft is a
curved arm, which forces the clay into the press box. The six
compartment molds after being sanded either by hand or in a sand-
ing machine, are shoved underneath the press box from the rear
side of the machine. The plunger descends in the press box and
forces the clay into the mold, after which the latter is pushed for-
ward automatically upon: the delivery table, while an empty one
moves into its place. The upper surface, of the mold is then
“struck” off by means of an iron scraper. Under very favorable
conditions soft-mud machines have a capacity of about 40,000
bricks per ten hours, but most of them rarely exceed 25,000.

The soft-mud process is adapted to a wide range of clays, and
produces a brick of very homogeneous structure, which is rarely
disintegrated by frost. Since the pressure applied to the brick
is not as great as that given to it in other methods of molding, the
© product is somewhat porous. This, however, tends toward the de-
velopment of brighter colors, since the iron in the clay is more easi-
ly oxidized during burning. :

The cost of the soft-mud process is small, but its capacity is
limited as compared with a good stiff‘mud machine, and for the
same capacity a larger number of men are required to operate it.

The soft-mud machine does not produce a product with smooth
faces or sharp edges, but this defect can be overcome by repressing
the product, and where the bricks are to be used for fronts this
is often necessary.

Curiously enough many of the Coastal Plain yards of Virginia
still adhere to the hand method of molding.
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Plate V.

A stiffmud brick machine; shows bar of clay issuing from die.
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A stiffmud brick machine; shows bar of clay issuing from die.
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Stiff-mud process—In this method of molding the clay is
tempered with less water, and is consequently much stiffer. The
principle of the process consists in taking the clay thus prepared
and forcing it through a rectangular die in the form of a bar
which is then cut up info bricks. The machine now most used is
known as the auger type. (Pls. V, VI, and VII.) This consists
of either a vertical or horizontal (usually the latter) pugging
chamber from which the clay passes to the die, and is forced out
through the latter by means of an auger. The internal shape of the
die is variable, depending on the make of the machine, and is heated -
by steam or lubricated by oil on its inner side in order to facilitate
the flow of the clay through it. ,

The tempered clay is charged into the cylinder at the end farthest
from the die, is mixed up by the revolving blades, and at the same
time moved forward until it is seized by the auger and forced
through. the die. Since this involves considerable power it re-
sults in a marked compression of the clay. Ome serious fault of
the stiff-mnd machine is its tendency to produce a laminated struc-
ture in the bar of clay. This is due partly to the action of the
auger, which acts to twist the clay into a series of concentric lay-
ers, that slip over each other producing a slickened surface. This
laminated structure is still further emphasized by the friction be-
tween the sidés of the die and the surface of the clay bar, which
causes its central portion to move faster than the outer part.

The laminated structure is greatest in highly plastic clays, but
with proper pugging and lubricating it can be often decreased,
and machine manufacturers have spent much time endeavoring to
perfect a die and auger which will give smooth resulis.  Lubrica-
tion of the die also serves the purpose of preventing serrations on
the edges of the bar. Neither very sandy nor highly plastic clays
yield good results in an auger machine.

Laminations are undesirable, as they weaken the brick, but are
more harmful in pavers than in common building brick; their ef-
fect is probably lessened by harder burning.

Some machines are provided with a sand box, which sands the
bar of clay as it issues from the die, the object of the sand being
to prevent the bricks sticking together in burning, or improve
their color, and incidentally to aid in handling. The brick made
in auger machines are either end cut or side cut, depending on

8
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whether the area of the cross-section of the bar of clay corresponds
to the end or side of a brick.

The auger machine has a large capacity, and can produce 45,000
or even 60,000 bricks in ten hours, the output of the machine be-
ing sometimes increased by the use of a double or even triple die,
but this is not a desirable practice. A machine making eight to
ten thousand brick per hour requires seventy to seventy-five horse-
power.* ‘

As the bar of clay comes from the machine it passes on to the
cutting table, of which there are several different types, the cut-
ting apparatus being operated either by hand or automatically,
but the cutting is in every case done by wires, which are drawn
across the bar. These wires have to be as thin as possible and
yet be strong; they must make a small clean cut in a downward
direction. Strong and thin as they are they nevertheless are easily
broken by striking on stones, roots or hard lumps, within the bar of
clay. In some cutters the wires are fastenmed with springs so
that there may be some give to them in case they meet with an ob-
struction in cutting the clay. ~ Some cutters are also provided with
automatic wire cleaners.

Cutting machines are of two classes, namely, those in which the
cutting wires move at right angles to the bar, and those in which
the wires revolve in the same direction in which the clay moves. -

Those of the former type are so designed that the wires are
drawn either straight through it from one side to the other, or
else they cut through it with a partially rotary motion. A cutter
of this type may be operated by hand or automatically. In the
latter type, there are a number of short wires, each borne on a fork-
like frame at the end of a series of arms corresponding to the
spokes of a wheel. This cutter revolves as the bar of clay issues
from the die, so that each wire as it descends cuts through the
bar.

Any of the several types of cutting machines mentioned can be
uged for either end-cut or side-cut bricks, and although there are
many different makes of cutting tables on the market it is doubt-
ful whether any possess special advantages over the others.

The stiff-mud process is adapted mainly to clays of moderate plas-
ticity, and does not work well with stony clays, unless the stones

* Jowa Geol Survey, Vol. XIV, p. 195.
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are previously removed, for the cutting wires are likely to be
broken by contact with them, which necessitates a frequent stoppage
of the machine for repairs. While these do not take long to make,
still delays of any kind are expensive. Stiff-mud brick, like soft-
mud ones, can be repressed, and many face brick are now made by
this method. ‘

The stiff-mud process is a good one, if properly used, but the
clays should be thoroughly tempered before molding.

Repressing—Many soft-mud and stiff-mud brick, that are

.to be used for fronts or pavers, are repressed for the purpose

of giving them greater density, straightening the edges and smooth-
ing the surfaces. The repressing of stiff-mud brick can be done
as soon as they are molded, or after they have been hacked for sev-
eral hours. Soft-mud brick have to be dried somewhat before be-
ing sent to the repress.

The repress consists essentially of a steel mold box, into which
the molded brick is dropped automatically and pressure applied
from above or below or both, by means of plungers. The pressure
is applied gradually until it reaches its maximum, or else the
brick may be given two distinct pressures, with a slight interval
of relief between. The latter probably yields the best results.
The amount of pressure varies, and in the strongest machines a

maximum of 45,000 pounds per square inch can be attained,* but

the amount of pressure given to the brick can be regulated.

Since the brick does mot fit perfectly into the mold, it will
undergo a slight change of dimensions in repressing, which in-
volves increase in length and width and decrease in thickness ;
the cubic volume will, however, be less after repressing than be-
fore. A certain amount of flow thus takes place in the mass, re-
sulting naturally in something of a change in structure. There
has been much discussion regarding the advantages of repressing,
and the possibly injurious effects. .

If a brick fits tightly into the press box of the repress, practically
no change of structure takes place in repressing ; if there is some
room for a flow of the mass the original structure may be partly
destroyed ; or, if the brick fits loosely, the flow in the mass may be
sufficient to produce an entirely new structure.

* Jowa Geol. Survey, Vol. X1V, p. 204.
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Since the action of most represses agree most nearly to the sec-
ond of the three cases mentioned, it would seem doubtful wheth-
er repressing could be looked upon as desirable treatment. '

Some years ago the National Brick Manufacturers Association
appointed a committee to investigate this subject and determine, if
possible, whether repressing always increased the strength of a brick.
After making a long series of experiments on both end cut and

side cut brick, they found that in most cases, repressing injures’

the wearing qualities of the brick. Following this was a series of
experiments to determine the influence of flow in the repress die,
in which they used dies permitting a varying degree of flow in
the mass during repressing. Their conclusions were, that it is
best to assume that plain wire cut bricks are superior to repressed
ones, until it can be proved that in any case the reverse holds
true. :

Repressing is at times necessary in order to meet local require-

ments, or market conditions, in which case it should be of such

character as to completely destroy the auger machine structure,
and develop an entirely new one. Under such conditions the brick
may often be improved. ’

Repressed bricks often have a very smooth surface, ¢aused in part

by the rubbing of the clay against the sides of the die, and in

part by the liberal use of oﬂ, which tends to facilitate the delivery

of the brick from the press box. The operation of repressing may
also serve to form a skin which is denser than the interior of the

brick and thus protect it against the weathering. If - stiff-mud

bricks are to be used for fronts it is often desirable to repress them
because many irregularities of surface caused by the cutting wires
are thus reduced. :
Dry-press process—In this method of molding, the clay is
used in a nearly dry condition, that is it may contain perhaps 15
per cent. of moisture. The clay is first pulverized in some form
of pulverizer or dry pan, screened to from 12 to 16 mesh, and
then delivered to the machine. Before describing the latter, it
may be well to refer to the methods of preparation used. If plas-
tic clays are chosen these are often too moist when first dug and
are stored up under a shed for the purpose of drying out as well
as disintegrating them. Shales, too, are often stored up in piles
in order to allow them to mellow somewhat. Disintegrators seem
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often to pulverize the raw material more finely than a dry pan, and
if the clay or shale is not ground fine enough, or not properly
screened; it does not add to the appearance of the brick. Im-
proper grinding yields coarse particles which give the brick a
coarsely granular structure. Sandy clays do not always work well
in a dry-press machine. '

The molding machine consists of a steel frame of varying height
and weight, with the delivery table about three feet above the
ground, and a press box sunk into the rear of it. The charger is
connected with the clay hopper by means of a canvas tube, and
consists' of a frame work which slides back and forth over the
molds. It is filled on the backward stroke, and on its forward
stroke allows the clay to fall into the mold box. As the charger
recedes to be refilled, a plunger descends, pressing the clay into the
mold.

The clay in most dry-press machines is subjected to several
maximum pressures, the relief between pressures being for the pur-
pose of allowing the air imprisoned in the clay by compression
to escape through holes in the die. Were this niot dome, the ex-
pansion of the compressed air, following release of pressure, would

burst the brick. = After the clay has received its pressure in the

mold, the upper plunger, and also the lower one (which forms
the bottom of the mold box), ascend, until the molded bricks reach

the level of the delivery table, when they are pushed -forward

by the charger as it advances to refill the molds. The ‘mold
is of hard steel and heated by steam to prevent -adherence of
the clay. The pressure necessary to form the clay is generally ap-
plied by means of a toggle joint, and four or six bricks are usually
molded at a time according to the size of the machine. A four
mold press will make about 20,000 bricks per day, and a six mold
press about 30,000.

The advantages claimed for the dry press process are, that in

one operation it produces a brick with sharp edges and smooth

faces. There is little water to be driven off, hence no drying ap-
paratus is necessary. The process itself is probably the cheapest
that there is for molding brick, although the initial cost of the plant
is somewhat high. If properly burned the bricks are as strong and
durable as those made by any other process.

The dry-press process is adapted to quite a wide range of clays,
and although the plastic qualities of the clay do not play any
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role, still the more plastic clays seem to cohere .vbetter when dry.

Practically all of the clays produced in the Coastal Plain re-
gion of Virginia could be used for the manufacture of dry press
brick, andyet there is but one machine of this type in operation
in the entire area.

DryiNe.—The primary object of drying clays is to free them of
water added during tempering, and also the water which they
originally held in their pores, although the latter is expelled with
difficulty.

This water is removed by exposing the bricks to an atmos-
phere of hot air. In natural drying this is supplied by the sun;
m artificial drying, it is generated with some form of fuel. As
the water in the clays is warmed it begins to evaporate, forming
watery vapor, and unless this is removed from around the brick,
and fresh, dry air allowed to take its place, drying is retarded.
Consequently, the air in which the bricks are drying, should be in
motion. In open-air drying the wind aids this; in chamber or
tunnel drying, the hot air passing up the chimney draws in a fresh
supply of drier air behind it. Now while lack of motion in the air
surrounding drying brick may retard evaporation, so, too, an excess
of air current may accelerate it and indeed to such an extent as
to make the brick shrink too fast and consequently crack.

Or, if, on the other hand, the brick is heated too rapidly, the water
within the pores may be converted into steam, which, in its efforts
to escape, splits the ware.

Bricks made by either the soft-mud or stiff-mud process have to
be freed of most of their moisture before they can be burned.
This is done by drying them in, (1)open yards; (2) on covered
yards; (3) on pallet racks; (4) in tunnel dryers; or, (5) on floors.

In the open yards the bricks are set on the ground and dried
by the heat of the sun; the same is the case on covered yards which
differ only from the former in having a sectional roof which can be
lifted up in stormy weather and closed in rainy weather. With
the pallet system the bricks are set on racks, protected by a roof,
and while not exposed to the direct rays of the sun are dried by its
warmth. All these methods are essentially open air methods,
one or the other of which is usually employed at common brick
yards.  Indeed it is very improbable that any of these will ever



VIRGINIA COASTAL PLAIN 115

go entirely out of use, to make way for artificial dryers. While
cheaply operated, they possess many disadvantages.  They are
dependent on the weather, and bricks cannot dry in wet, stormy
weather, neither can this system of drying be operated in winter.
Drying proceeds very irregularly, fast one day and slow the
next, according to the meteorologic conditions. In windy weather
many tender clays have to be carefully protected, to prevent
rapid drying and cracking.

They also occupy considerable space. It is possible to construct
the roofed yards, referred to above, with steam coils under ihe
floors, and utilize exhaust heat from the engine, thus greatly in-
creasing their efficiency.

Tunnel dryers represent a drying system much used in brick
plants at the present day, and is probably the most economical means
there is. :

They consist essentially of a series of parallel tunnels of brick
or wood, heated either by hot air passing through them, or by heat
radiated from steam pipes on the surface of brick flues. The heat
passes in at one end, and out through a stack at the other, which
is the cooler. The cars containing the green brick are pushed in at
the cooler end, slowly traverse the tunnel and emerge at the other,
so that while in use the tunnel is filled with cars of brick. Each
time a ear is pushed in at the cool end one is drawn out at the other
end. :

The action of the tunnel dryer is somewhat as follows: The hot
air which enters the tunnel is moderately dry, but as'it comes in
contact with the brick in ifs passage towards the stack, it becomes
loaded with moisture from the brick, so that when it gets to the
chimney it is very close to saturation. The bricks entering the
stack end come at once in contact with a hot moist atmosphere,
which tends to warm them up, but permits of little drying, for
the water in them will not pass off into an atmosphere which is al-
ready saturated with it. Consequently, the bricks at first become
warmed up. - As they move slowly towards the less humid air of
the middle section of the tunnel they begin to lose some of their
moisture and shrink; finally, when they reach the hot end the
shrinkage has ceased but most of the remaining moisture is driven
from their pores.
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All clays cannot be dried with equal rapidity ; indeed, some have
to be dried very slowly in order to prevent checking. 'This is ac-
complished partly by moving them very slowly through the. dryer
and partly by diminishing the air current in the end, at which the
brick enter.  The latter is accomplished in some dryers by carrying
off the hot air before it reaches the end of the drying tunnel, thus
decreasing the circulation of the air at the entrance end of the
tunnel. .

Drying tunnels are heated in several different ways. The one
most commonly adopted is to heat the interior of the tunnel by ra-
diation from steam coils, which are arranged along the sides, or bot-
tom or both. The coils are supplied by either live or exhaust
steam, the former by day, the latter by night, or sometimes in
the daytime as well. Some persons advocate live steam, while oth-
ers prefer the exhaust. Tt seems probable however that the latter
is the more desirable from the standpoint of economy, since we are
utilizing a waste produect.

Steam heating, whatever kind of steam be used, is probably the
most desirable method, since it is efficient; there is little risk from
fire due to overheating, and, moreover, the heat can be easily distri-
buted from the point at which it is generated. ‘

A modification of this type consists in having the steam pipes
outside the dryer in a chamber by themselves, and by means of
a fan draw the air over them before conducting it to the dryer.

According to Richardson* the advantages of this form of dryer
are: 1. Less pipe required; 2. Greater economy of steam; 3.
Better = circulation in dryer and hence more rapid drying;
4. Convenience of making repairs to steam pipes; and 5.
This system permits of the use of waste heat from cooling kilns
without any change other than the adjusting of dampers.

In another type of dryer the heat is generated in a fireplace and
conducted through brick flues which extend under the dryer floor,
the heat being thus radiated through the flue walls. The gasés
pass from the flues into the same stack which draws the heated air
from the dryer, and thus aid the draft in it. Such dryers are not
adapted to tender clays, and while their cost of mamtenance is low
they are exceedingly wasteful of heat.}

*Clay-Worker, XLIV, p. 342.
tIowa Geol. Survey, Vol. X1V, p. 258.
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In both the foregoing types the bricks are heated by radiation
from hot surfaces. There are other kinds of dryers in which the
hot air is conducted directly into the tunnel, and comes in contact
with the bricks. This heated air may be supplied by fuel burned
for the purpose, or else by the waste gases from the kilns. In
the former there is danger of the ware becoming coated with soot or
a scum unless the combustion of fuel supplying the heat is perfect.
The scum owes its formation to sulphuric acid from the combus-
tion gases settling on the moist hot brick in the dryer attacking
some compounds, such as carbonate of lime, and converting them
into sulphates which remain as a whitish coating on the surface
of the ware,  Tans are often used to aid the draft.

Dryers heated by waste gases from cooling kilns are not yet

. extensively used ‘in this country, although they possess many excel-
lent points. With this method the heat from the cooling kiln
is carried through pipes into the dryer.. Since this air is usual-
1y much hotter than desired it is necessary to mix some cold air
with it. At the same time the air must not be allowed to cool
down to its dew point, as it would deposit moisture on the bricks.

The advantages of this system are that a waste product is
being used as a source of the heat, while among the disadvantages
are the cost of piping the hot air, and the great care needed to main-
tain the hot air at a constant temperature.

Some large plants in the United States are usmg the proeess Wlth
excellent results.

There are other drying methods such as slatted floors heated by
steam . coils, and brick floors .warmed by -hot air flues beneath
them, but they are not used in the drymg of. bulld]ng brlck and
hence are not mentioned here. :

Burninae.—This stage of the process of ma,nufacture is an impor-
tant one, and although the clay may have passed safely through the
preceding stages, much loss may occur at this very point. The im-

| perfect bricks thus obtained may be due (1) to mistakes of the

| " burner; (2) to the clay; (3) to the fuel;and (4) to the construc-
| tion of the kiln. In burning, certain changes, partly physical and
partly chemical, take place in all clays, as the result of which
the brick is converted into a solid mass, which is hard and rock-
like when cool. Other changes, due ‘to the presence of certain in-
gredients or certain physical characteristics of the clay, occur in

spe01ﬁc cases.
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The amount of heat required for burning brick will vary with
the clay; and the color, density and degree of hardness desired;
the same clay giving different results, when burned at different
temperatures. Common brick are rarely burned higher than
cone 05 or 03, while pressed brick are frequently fired to cone 7
or 8, because the clays generally used have to be burned to that
point to render them hard.

General effects—In burning, the last traces of moisture are
driven off. " The chemically combined water is also. expelled, most
of it passing off at a very dull red heat. Its expulsion is shown
by the steam (water smoke) issuing. from the kiln and results
in a slight loss of weight. If the bricks are set too wet, rapid
heating causes much split or popped ware, due to the steam pass-
ing off too violently. This applies to mechanical and not chemi-
cal water. A good draft aids the evaporation of the water in the
clay. ‘A poor draft may cause moisture to condense on the sur-
face of the ware and produce scumming.

If the clay contains considerable carbonaceous matter, this will
burn off at a low heat, provided in the first place sufficient air is
present to insure an oxidizing atmosphere. In this case carbon in
the clay uniting with the oxygen of the kiln atmosphere burns off as
carbon dioxide. If the heat is raised too rapidly the clay contracts
before all the carbonaceous matter is burned off, and the result is
a black centre to the brick, which may also be accompanied by a
swelling of the clay. In calcareous clays the carbonate of lime
present also loses its carbon dioxide. The driving off of all these
substances will, therefore, tend to make the brick very porous.
Further -heating, however, after volatilization of these substances,
causes a drawing together of the clay particles, or shrinkage, and
this is accompanied by an increase in density and hardness—the
maximum density and shrmkage being reached when the brick is
vitrified.

The effects-of heating a clay may be summarized as follows :

1. Loss of volatile substances present, such as water, carbon

dioxide and sulphur trioxide, the volatilization of these leaving the
clay more or less porous.

2. A shrinkage of the mass by further heating.

3. Hardening of the clay due to fusion of some, at least, of
the particles.
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Cutting table of stiff-rnud brick machine; shows revolving cutter, and the cut
brick coming from cutting table.
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Cutting table of stiffitmud brick machine; shows revolving cutter, and the cut
brick coming from cutting table.
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4. Increasing density with rlsmg temperature, the maximum
being reached at the v1tr1fy1ng point of the clay.

Effects due to wvariation in the clay—Burned clays may be
of many different colors. Although the majority of -clays con-
tain sufficient iron oxide to burn red, nevertheless it is not safe to
predict from the color of the clay, the shade that it will burn,
since some bright red or yellow clays may yield a buff brick.
If considerable iron oxide is present, 4 to 5 per cent., the brick
burns red, provided the iron is evenly distributed, unless much lime
is also present. If only 2 to 3 per cent. are present, a buff product
is obtained, whereas, with 1 per cent. or under, the clay burns
white, or nearly so. An excess of lime in the clay will, however,
counteract the effect of the iron oxide and yield a buff brick, but
a brick owing its buff color to this cause will not stand as much
fire as one which owes ity buff color simply to a low percentage of
iron oxide.

When a clay is mottled a red and white, for mstance, the colors
of the different spots will retain their individuality most plainly
after burning, unless the clay is thoroughly mixed. Some Vir-
ginia clays contain lumps of bluish white clay, much tougher than
the rest of the mass. These resist disintegration in the tempering
machines, so that after burning they can be plainly seep as buff
spots in the red ground of the brick.

The normal iron coloration may often be destroyed by the ef-
fects of the fire gases. When these are reducing in their action.‘
i. e, taking 4 part  of the oxygen from the ferric compounds
and reducing them to ferrous compounds, the red color
may be converted to gray, or even bluish black, if the
reduction is sufficient, so that in some districts the bricks, on account
of lack of air in the kilns and carbonaceous matter in the clay,
do not burn a very bright red. Moreover, other things being equal,
the higher the temperature at which a clay is burned, the deeper
will be its color. -

The surface coloration of a burned brick may often be different
from the interior. This is due to several causes. (1) Soluble
salts may accumulate on the surface, sometimes causing a white
coating, because they have been drawn out by the evaporation of
the water during the drying of the brick. (2) The deposition of
foreign substances by the fire gases may cause a colored glaze.
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This is especially seen on the énds of arch brick, and on the bag
walls of a down-draft kiln, where the particles of ash carried up
from the fires stick to the surface of the hot brick and cause a
fluxing action. (3) If the clay contains much lime carbonate,
and there is much sulphur in the coal, the latter may unite with
the lime, forming sulphate of lime, and thereby prevent the combi-
nation of the lime and iron. In this case the centre of the brick,
not being thus affected by the gases, may show a buff color, where-
as the outside has a different tint.

Flashing.—Many bricks used for fronts are often darkened on
the edges by special treatment in firing, caused chiefly by setting
them so that the surfaces to be flashed are exposed to reducing
conditions, either at the end of the firing or during the entire pe-
riod of burning. This color is superficial and may range from a
light gold to a rich, reddish brown. .The- principle of the opera-
tion depends on the formation - of ferrous silicate and
ferrous - oxide, and their subsequent partial oxidation to the
red or ferric form. This oxidation probably takes place during
cooling, for if-the kiln be closed so as to shut off the supply of oxy-
gen, the brick are found to be a light grayish tint.

The degree of flashing is affected, (1) by the compos1t10n
and physical condition of the clay; (2) the temperature of burning ;
(3) the degree of reduction; and (4) the rate of cooling and the
amount of air then admitted to the kiln. :

1. The percentage of iron oxide should not be large enough to
make the brick burn red but to produce buff coloration, and the
clay should have sufficient fluxes to reduce the point of vitrification
to within reasonable limits, thus facilitating the flashing. Clays
high in silica are apparently better adapted to flashing than those
low in silica and high in alumina. The condition in which the
iron is present in the clay probably exerts some influence, that is,
whether it is there as ferric oxide, ferrous silicate, concretionary
iron, ferrous sulphide, or perhaps ferrous carbonate. Bleininger’s
experiments showed that of three clays used for flashing, all
contained considerable quantities of iron soluble in acid.. Some
eastern manufacturers are obliged to.add magnetite ores to their
clays, which are low in combined iron, and No. 2 fire clays, which
contain more iron than the finer grades, seem to give the best results.
As to the effect of the physical condition of the clay, fine grinding
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seems to give more uniform flashing effects, and the reason that

- stiff-aud bricks flash better than dry-press ones is claimed by sonte

to be due to vitrification taking place more easily in the former.
The following analysis gives the composition of a No. 2 fire-clay
from Ohio used for flash brick:

ANALYSIS OF AN OHIO NO. 2 FIRE CLAY.

Silica (B105) . eiien i i i et e e s e 67.14
Alumina (ALO) .oooiiviiet i e e e Ot 19.74
Ferric oxide (Fe20 ) et et e reeeneetteeesseeeeees eran aeerateetieetans 2.46
Lime (CaO)... 0.53
Magnesia (MgO) ......... P 0.71
Potash (K,0)... 2.80
Soda (NazO) 0.43
Water (HZO)... 7.01

Total...ooi i iiiis cerit it e rer seeas seeenn i cerres e 100.82

In one case the green clay showed a total of R.15 per cent. of
ferric oxide, of which 0.88 per cent. was soluble in acid. The

flashed surface of a brick made from this clay gave, on analysis,

a total of 2.31 per cent. of ferric oxide, of which 0.14 per cent.
was soluble in mnitro-hydrochloric acid, thus indicating that dur-
ing the burning most of the iron oxide had combined with silica,
forming a ferrous silicate.

2. The temperature reached must be sufficient to cause a com-
bination of the iron and silica, and, therefore, it varies with dif-
ferent clays, the combination heing aided by the presence of fluxes.

1f the kiln atmosphere is oxidizing during nearly the entire burn-
ing, with only a small period of reduction at the end, the tempera-
ture reached must be comparatively high, in order to insure union
of the iron and silica by fusion. If, however, a reducing fire is
maintained during most of the burning, then the temperature
need not be as high, because the clay will vitrify sooner.

At one factory it had formerly been the practice to burn with
an oxidizing fire to a high temperature, namely, from cone 11-12,
and then to cause reducing conditions to take place in the kiln
during the last 5 or 6 hours of the burn. This practice, however,
was changed, it being found that by maintaining a reducing fire
during the entire period following water smoking, a lower tempera-
ture was sufficient.

3. The oxidation which causes the flashing probably takes
place in the first twelve hours after closing the kiln, and can be
regulated by a proper handling of the dampers.
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In the experiments of Bleininger already referred to, it was
found that a reduction of air, equal to 20 per cent. below that re-
quired for ideal oxidation, and considered as 100, is usually suffi-
cient to produce flashing,

By this is meant that “100 per cent. of air represents, theoreti-
cally, ideal conditions, in which just enough air is present to con-
sume all the combustible gases forming CO,; less than 100 per
cent. of air corresponds to reducing conditions. For instance, if
an analysis on calculation represents 90 per cent. of air, it tells
us that the gases are reducing to the extent of 10 per cent. of
air; similarly 100 per cent. shows an excess of air to the amount
of 10 per cent.”

While 100 per cent. represents, theoretically, the amount of air
required for perfect combustion, still in actual practice with coal
fuel the mixture of gases is not perfect, and it may be necessary

to have more than 100 per cent. of air present to bring about thor-

ough oxidation. ‘

4. As regards the rate of cooling, it was found that the longer
the period of cooling from the maximum temperature down to ap-
proximately 700°C., the darker the flash under given conditions.

Kruns.—Bricks are burned in a variety of kilns, ranging from
temporary structures, which are torn down after each lot of brick
is burned, to patented or other permanent forms of complicated de-
sign. They are built on one or two principles, either up-draft or
down-draft.

Up-draft kilns—In these the heat from the fire boxes at the
bottom passes directly into the body of the kiln and up through the
wares, escaping from suitable chimneys or openings at the top.

The simplest type of up-draft kiln is known as the scove-kiln,
which is in use at many yards where common brick are made.
With this method the bricks are set up in a large rectangular mass,
from 36 to 42 courses high (in Virginia), while at the base a series
of parallel arch-like openings is left extending through the pile.
The bricks are surrounded by a wall two bricks thick, of green brick,
or underburned ones, and the exterior daubed over with wet clay
to exclude cold air during burning. The top of the mass is closed
by a layer of bricks laid flatwise, and termed the platting. The
fuel is placed in the arches, and the heat ascends through the
kiln and passes out at the top. Such kilns are adapted only to
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the manufacture of common brick. They are wasteful of heat,
difficult to regulate and require considerable skill. Moreover, the
walls have to be torn down and rebuilt each time a new lot of bricks
is burned. Then, too, the percentage of poor bricks is often
large.

A step in advance of the scove-kiln is the up-draft kiln with
permanent side, and partial end walls, and sometimes even a
furnace for burning the fuel, instead of putting it in the arches.
(PL VIII, Fig. 2.). It is this type of kiln which is most used in
the Coastal Plain region. Such kilns can be better regulated, and
there is less loss of heat and product. Another step further are
those up-draft kilns, constructed with both walls, and roof perma-
nent, the products of combustion escaping through a series of
small chimneys at the top of the kiln. Such kilns are either rect-
angular or circular in plan.

Down-draft kilns—In these the heat from the fires is con-
ducted first to the top of the kiln chamber by means of suitable
flues, on the inner wall of the kiln, and then down through the
ware, being carried off through flues in the bottom of the kiln to
the stack. The down-draft system of burning is growing in fa-
vor, as the operation can be regulated better, and there is less loss
from cracked or overburned brick. Furthermore, since the bricks
at the top receive the greatest heat, and those at the bottom the least,
there is less danger of the bricks in the lower courses being crushed
out of shape. There are many different types of down-draft kilns,
most of which are patented, but they differ chiefly in the number
and arrangement of the flues leading from the kiln chamber to
the stacks, and in the shape and number of stacks as well. In
the construction of such kilns it is essential to see that they are so
built as to distribute the gases as evenly as possible throughout
the kiln, otherwise irregular burning results.

If this is not looked after, the gases will, after entering the kiln
chambers, attempt to take a short cut to the flues nearest to the
stack. Where the kiln shows a tendency to act in this manner an
effort is sometimes made to remedy it by setting the ware close in
that portion which the gases follow too freely, so as to divert some
of them at least into those parts of the kiln which do not receive
enough heat. This tendency on the part of the gases to follow
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the shortest route would be common in a circular kiln, with a cen-
ter draft and one outside stack. The best results, and the most uni-
. form heat are obtained by taking the gases off through a number
of channels in the bottom of the kiln. The arrangement and size
of these channels is variable, but the best results are obtained when
with a central outlet, the flues nearest this are of smaller area than
those farthest from it, the object of this being to counteract any
tendency for the gases to follow the most direct path. But even
if the kiln has a perfect draft, setting may to some extent in-
terfere with this.

The bottom of a down-draft kiln is rarely as hot as the top, due
partly to the gases cooling somewhat in their passage through the
kiln. To overcome this, the draft may be accelerated, so as to
draw the gases through the kiln as quickly as possible. A com-
mon means of accomplishing this is to have a false work or bottom
of flues, under which there is a free space for the gases to move
freely before entering the stack, the large volume of gas moving
in this underspace tending to overcome the retardation caused
by the gases passing through the set ware.

Down-draft kilns are either circular or rectangular in form, the
former having a capacity of 25 to 60 thousand, and the latter from
150 to 200 thousand. 'The rectangular are more ecomomical of
space, and are the type commonly used for burning brick, while
the circular ones are preferred for drain tile, sewer pipe, or stone-
ware. ‘

Rectangular down-draft kilns are often operated with one stack,
located either at the end or side, the latter being preferable as it
promotes a more uniform draft. In the circular kiln, a center

stack gives the best results, even though it may take up some

space in the interior of the kiln.

These kilns naturally require skill and intelligence to insure
their proper workings, and must also be kept in proper repair, as
well as having dry foundations to insure continuously good re-
sults.

In addition to finding considerable structural variation in the
interior of the kiln, the style of fireplace or mode of firing varies.
This may be done on flat grate bars, inclined grate bars, or dead
bottom.
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Stifffmud brick machine and revolving cut-off for making side-cut brick,
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Stiffmud brick machine and revolving cut-off for making side-cut brick,
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Of these, the flat or horizontal grate bar is the more often used,
the fuel being placed on this and the air for combustion passing
up through it. = Firing by this method requires care, so as not to
allow of too much air passing through the fuel, but the method
permits higher efficiency. Overfeeding the fires results in smoke,
and means loss of heating elements. ’

In some furnaces, styled coking furnaces, the grate has a plate
of sheet iron or fire brick set in front of it, and on which the fresh
fuel is placed before it goes into that portion of the fireplace where
it is burned. In this position it gets preheated by the coal on the
grates and is thereby warmed enough to drive off its volatile hydro-
carbons, which are drawn in over the fire, where they are burned.
If this same fuel were put directly on the fire, these gases would
pass off in large part without being consumed. When the gases
have been driven off, the coked coal is pushed onto the grate, where
it is burned.

Inclined grate bars are set in a slanting position, reaching from
the front of the furnace, part way towards the rear. In starting
the fire, the fuel is heaped up at the rear of the furnace, and as coal
is added the fire gradually builds up on ‘the grate bars. The air
for combustion passes in over the fuel and through it. There is
less danger of an inrush of cold air into the kiln by this method
of firing, but danger from gases passing into the kiln during cool-
ing, for the fuel on the grates burns for some time after the firing
is stopped. If the coal contains much sulphur this is liable to
cause discoloration of the ware. .

Dead-bottom firing is done without the use of grate bars, but
the furnace is somewhat differently constructed, having an up-
per and lower opening in front. The fire is started in the lower
part of the furnace or ash pit, and fuel gradually added, so that the
mass Teaches to the upper door, the top of the fuel being inclined.
Owing to the necessity for cleaning out the fires from time to time,
the supply of air is irregular, or, in other words, may alternate be-
tween reducing and oxidizing conditions. This is not favorable to
the development of uniformity of color in the ware. This method
is, however, a cheap one, and adapted to any grade of coal of the
proper clinkering qualities.

Continuous kilns—These were originally designed to utilize
the waste heat from burning, and although the kiln has been con-
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structed in several different forms, the principle of them all is the
same. The kiln consists of a series of chambers, arranged in a
line, circle, oval or rectangle, and connected with each other
and with a central stack by means of flues. The object of this is
to utilize the waste heat from the cooling ware, by drawing it
through chambers of cooling ware, which are thus warmed by heat
that would otherwise go to- waste.

The chambers are separated by brick walls or temporary walls of
thick paper, and each chamber holds about 20,000 brick. In
starting the kiln, a chamber full of bricks is first fired by means of
exterjor fire boxes, and while the water smoke is passing off,
the vapors are conducted to the stack, but as soon as this ceases
the heat-from the chamber first fired is conducted through several
other chambers ahead of it, before it finally passes to the stack.
In this manner the waste heat from any chamber is used to heat the
others. When any one compartment becomes red hot, fuel in the
form of coal slack is added through small openings in the roof,
which are covered by iron caps. ,

~ As soon as one chamber has reached its highest temperature, the
two or three chambers ahead of it are being heated up while those
behind it are cooling down. A wave of maximum temperature. is
therefore continually passing around the kiln. It is thus possible
to be burning brick in certain chambers, filling others, and empty-
ing still others all at the same time. The distance ahead of the
fire which the gases may be carried depends on the point at which
they are nearly saturated with moisture. If carried farther they
begin to deposit moisture on the ware instead of taking it from it.
A strong draft is of great importance, as the gases have to travel
a much longer distance than they do in other types of kilns.

Continuous kilns are not used nearly as much in this country as
abroad, although there seems no reason why they. should ‘not. be,
but it has been' suggested that greater care in the construction and
operation is necessary in order to insure uniform success.

PAVING BRICK.

Many -different kinds of clay are utilized in the manufacture of
paving brick, although shales perhaps are most tavored. None of
these occur in the Coastal Plain of Virginia, but they aré not
" ymcommon in the western part of the State. Some of the reasons
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Why shales are found to be so well adapted for the manufacture of
paving brick are, that they are so fine grained, and.because they
often contain the proper quantity of fusible impurities. These two
characteristics permit the shale to fuse to a homogeneous mass
at a comparatively low temperature. Paving brick materials vary
considerably in their composition, but the range shown by 25 se-
lected samples is given below.*

Components |Minimum|Maximum| Average
Silica (Si0,) .. .. .. . .. .. .. .. .. .| 49.00 75.00 56.00
Alumina (ALO) .. .. .. .. .. .. .. .. .. 1100 25.00 22.50
Ferric oxide (Fe,O3) .. .. .. o0 0 oo o0 .. 2.00 9.00 6.70
Lime (CaQ) .. .. .. .. . .. .. 0. . .20 3.50 1.20
Magnesia (MgO) .. e e e e e e e .10 3.00 1.40
Alkalies (NaZO K O) e e e e e e 1.00 5.50 3.70
Ignition .. .. e e e e e 3.00 13.00 7.00

These analyses indicate a somewhat high percentage of iron ox-
ide, lime, magnesia, and alkalies.

" Clays used for making paving brick should possess at least fair
plasticity since they are commonly molded by the stiff-mud process;
and they should vitrify at a comparatively low temperature. The

. methods of manufacture are essentially the same as those describ-

ed under building brick.
' DRAIN TILE.

The clays employed for the manufacture of drain tile are very
similar to those used for building brick, care being often taken,
however, to use materials as free from grit as possible. They are
tempered in the same manner as brick clays and molded in a stiff-
mud auger machine, which differs only from that used for brick,
in the style of the die.

Drain tile are commonly dried on pallet racks, although at some
yards drying floors are employed. They are burned either in a kiln
by themselves, or set in with the bricks, in case both are made at
the same yard, and are to be burned at the same temperature.

Although a few manufacturers burn their tile to vitrification,
the majority are not burned any harder than common brick, so
that the temperature ranges usually from cone 010 to cone 05.
This is generaly sufficient, as the tile do not have to bear any pres-
sure when in use. Being set in the soil, they are subject only
to the action of frost.

*Wheeler, Missouri Geological Survey, Vol. XI, p. 456.
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HOLLOW WARE FOR STRUCTURAL WORK.

Under this title are included fire-proofing, terra-cotta lumber,
hollow blocks and hollow bricks. They resemble each other in
being hollow, frequently of rectangular outline, and are strength-
ened by one or more cross-webs or partitions.

Fireproofing applies to those shapes used in the comstruction
of floor arches, partitions and wall furring for columns, girders,
and other purposes in fireproof bhuildings.

Terra-colta lumber is a form of fireproofing that is soft and
porous, owing to the addition of a large percentage of sawdust to
the clay. The former burns out in the kiln, thus leaving the ma-
terial so soft and porous that nails can be driven in it. Tt is used
chiefly for partitions.

Hollow blocks are used for exterior walls in both fireproof and
non-fireproof buildings.

Hollow brick are like hollow blocks in form, but little or no
larger than ordinary building bricks.

A number of different shapes and sizes of fireproofing are made,
and while the ma;)omty of them agree in being 12 inches long, the
other two dimensions may vary. Thus, of the blocks which are
12 in. long, the other two dimensions may be 6 by 3 in., 6 by 4 in.,
6 by 5 in., 6 by 6 in., ete. Many different fire-proof shapes made
are for floor arches, and in such cases the architect commonly speci-
fies the depth of the arch, while the width of the blocks is govern-
ed by the width of the span.

Hollow blocks are usually made in 8 inch 1engths, but vary mn
the other two dimensions, being 4 by 16, 6 by 16, 8 by 16, ete. They
are used extensively in the Central States, but not so much in the
eastern ones. It is probable that the more plastic Coastal Plain
clays of Virginia could be used for this purpose.

The method of preparation and molding is essentially the same as
that employed in making stiff-mud brick. The die of course is of
special type, which emits a hollow tube with cross partitions.
The cutting table is likewise of a specialized type, and so designed
that as the brick reaches the end of the table it is turned to an up-
right position to facilitate handling.

Owing to the peculiar structure of the die, the clays used must
flow through it easily, and after burning yield a body sufficiently
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A. Car of green bricks. These are wheeled to the drying shed, where the platform
with brieks is set on supports, and the trucks taken back to the molding
machine for another load.

B. Up-draft kiln, with permanent side-walls but no roof. Much used in the Coastal
Plain area for burning common brick.
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A. Car of green bricks, These are wheeled to the drying shed, where the platform
with bricks is set on supports, and the trucks taken back to the molding
machine for another load.

B. Up-draft kiln, with permanent side-walls but no roof. Much used in the Coastal
Plain area for burning common brick.
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hard and strong to bear the necessary weight when set in a wall.

Williams gives the following advantages for hollow blocks:*

Lightness—Sufficient strength to insure a large factor of safety
in any common building construction. Amount of clay required,
from one-third to one-half that necessary for solid brick. Small-
er expense of transportation due to decreased weight of product.
Full protection against dampness and temperature. Possibility
of terra cotta decoration on exterior of block.

In some states shales are used for making hollow-ware, while
in others plastic clays are employed. Calcareous clays are unde-
sirable as being unsuited to the production of a vitrified ware.

The composition of clays used for hollow ware varies so, that
no one can be selected as typical, but it may be said that several
of those analyzed from the Virginia Coastal Plain agree closely
with hollow-ware clays used in other states.

POTTERY MANUFACTURE.

It seems doubtful whether the clays of the Coastal Plain region,
thus far examined, can be used for any form of pottery other than
common red earthenware. A few could be employed for a low
grade of stoneware, but the product could probably not compete suc-
cessfully with the cheap stoneware made in Ohio or Pennsylvania,
and shipped in enormous quantities to neighboring states.

Raw materials—The clays used for making common red earth-
enware, such as flower pots, are usually those beds of the poorer
grades of clay, which are of good plasticity, free from grit, and
burn to a porous, but often steel-hard body at from cone 05 to 03.
Some are even burned at 010. Clays of this type are not uncom-
mon in the Pleistocene formations of the Coastal Plain. If they
are too dense-burning, even at these low cones, fine sand can be add-.
ed to preserve the porosity.

Stoneware, at the present day, is usually made of a No. 2 fire
clay, which can be burned to a hard, nearly vitrified body, and
is also sufficiently refractory to take a slip glaze (an easily fusible
clay), or an artificial glazing mixture, which may melt at cone 4
or so. ’

On this account, low grade clays are undesirable. Those near
Curle’s Neck, Virginia, for example, are not sufficiently refractory

*Iowa Geological Survey, Vol. XIV., p. 213.
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to stand up at the heat required to melt the glazes now commonly
used for stoneware. They would require a glaze of very low fusi-
bility or have to be glazed with salt, which can be done at about
cone 1.

Manufacture~—The clay for pottery manufacture has to be
thoroughly mixed in order to render it perfectly homogeneous, and
free from air bubbles. To this end it is first tempered in some
form of pugmill, and then wedged. This latter operation con-
sists in taking a large lump of the tempered clay, cutting it in
two, bringing the two parts together with-force, and then kneading
the reunited lumps, this treatment being repeated a number of
times. The molding is accomplished by several methods. Turn-
ing is done on a rapidly turning horizontal wheel, the potter tak-
ing a lump of clay and placing it on a revolving disk. Wetting
the surface with a slip of clay and water, he gradually works the
whirling mass up into the desired form. After being turned, the
object is then detached from the wheel by running a thin wire un-
derneath it, and is set on shelves in the drying room. Only ar-
ticles with a circular cross-section and thick walls can be formed
in this manner, since they have to hold their shape under their
own weight.

Jollying or jigging is a more rapid method than turning, and
the clay for this purpose is tempered to a softer consistency. The

jolly is a wheel fitted with a hollow head to receive the plastic

mold, the interior of which is the same shape as the outside of the
object to be molded. A lump of clay is placed in the revolving
mold and shaped into the proper form, first by means of the fingers.
and lastly with the aid of a template attached to a pull-down arm,
which is brought down into the mold. Cups, jars, jugs, and the
larger flower pots are molded in this manner. A modification of
this method, termed pressing, is used for the smaller size of flower
pots. A pressing machine consists of a revolving steel mold, with
a steel plunger of the shape and size of the interior of the pot.
The tempered clay is-first put through a plunger machine from
which it issues in the form of columns, which are cut up by wires
into a number of pieces, each containing just enough clay for
making a pot of the desired size: These lumps of clay are then
placed, one at a time in the mold, and the latter raised by means
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of a lever, until the plungers fit into it, thus pressing the clay into
the mold. The bottom of the mold is movable, so that as the
mold is Jowered the bottom rises and pushes out the pot. Such
machines have a large capacity, and are now used at most flower pot
factories for pots up to seven inches diameter.

Red earthenware is commonly burned in circular or rectangular
up-draft kilns. '

CHAPTER V.*

DETAILED ACCOUNT OF THE VIRGINTIA COASTAL
PLAIN LOCALITIES.

The fallowing discussion does not attempt to include every clay
deposit in the Virginia Coastal Plain or Tidewater belt. In the
time at my disposal the endeavor was made to vigit all the de-
posits which were being actively worked and which appeared to
be promising, and it is felt that the results are sufficiently detailed
to afford one a fairly accurate idea of the clay resources of this
region. In this chapter the subject is discussed from the eco-
nomic standpoint. The descriptions of the different localities are
taken up from north to south and in general from west to east, the
main exception being the descriptions of the diatomaceous earth
deposits which are grouped by themselves. ‘

The Virginia Coastal Plain region lies east of a line passing
through Alexandria, Fredericksburg, Bothwell, Richmond, Peters-
burg and Emporia, and having an area of approximately 9,500
square miles. -

The region is traversed by many southeast flowing rivers,
which cut the area into a number of broad low ridges.

The Coastal Plain formations consist in general of a series of
clays, sand, and gravels, with some beds of greensand. These
beds, which range in age from early Cretaceous to. Pleistocene,

*The writer was assisted in the field work for this report by Mr. H. F.
Day, a student in geology at the Virginia Polytechnic Institute, and in the
laboratory work by Mr. H. Leighton, of Cornell University. Acknowledg-
mex‘lits %re due to both of these gentlemen for -the efficient -aid which they
rendered.
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dip very gently to the east and southeast at the rate of about
10 to 12 feet per mile (according to B. L. Miller), so that if the
outerop of a formation is at the western edge of the Coastal Plain,
it would be at a much greater depth near the sea coast. Or, again,
if a formation were found at sea level at a point midway between the
coast line and the fall line, its dip would carry it higher up if
it were followed inland, or lower down if followed toward the
coast.

Of the different materials going to make up the deposits, the
sands seem to be the most prominent, the clays being found at
scattered localities, either on the surface or interbedded with the
sands, and rarely forming deposits of great extent. In fact they
seem in most cases to be of lenticular or lens-shaped character.
The majority are red-burning, while only a few are buff-burning.
No white-burning clays have been found ; but even though they lack
in variety so far as their color-burning qualities are concerned, it
is probable that their possible uses are more numerous than is now
supposed, and it is hoped that the tests given in this report may
serve to encourage their development.

ALEXANDRIA COUNTY.
THE ALEXANDRIA AREA AND VIOINITY.

This area is the most important brick-making district in the
Virginia Coastal Plain region. It cannot be said that this marked
local expansion of the clay-working industry is due to the
more abundant occurrence of clay at this point, but rather to the
fact of its nearness to an active and important market, namely,
the city of Washington. Nearly all the brick yards of the area
here described are situated so close to the city, that the product is
hauled across the river by teams, and the daily continuous proces-
sion of wagons loaded with brick indicates the demand for the Vir-
ginia product.

The clays used in the Alexandria district are the Columbian
loams, which underlie the low hills around Alexandria, Arlington,
Addison, Riverside, efc.* They are all sandy loams of variable
color, yellow, red, brown and bluish gray, and are frequently of

*Their distribution is shown on the Washington Folio, of the U. S. Geo-
logical Survey.
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mottled character. Most of the clays burn to a red brick, but
certain ones show a tendency to fire buff, and since these lighter
burning parts are oftentimes tougher, they do not mix readily with
the red-burning clay when the run of the bank is used, so that the
buff spots show in the brick after burning. At the yard of the
Washington Hydraulic Pressed Brick Company, the several clays
are carefully separated and burned alone, thus giving several
different shades of product.

Owing to the extent of the deposits and the amount of clay used,
many of the yards dig their clay with a steam shovel, this being a
rapid and economical method, but one to be émployed only when
the clay can be mixed from the top to the bottom of the bank. At
the hydraulic works, where the different beds are separated, a
wheel seraper or special form of clay gatherer is employed.

At most of the yards the-clay is put through a pair of rolls,
and pugmill before it passes to the press. Several types of the
latter are used in this area. At one or two yards molding is doné
by hand ; an equally small number use a stiff-mud machine, and one
a dry press. The majority, however, use a peculiar type of machine
known as the Trenton Wheel Machine. This consists of two large
wheels, revolving slowly in opposite directions. A series of mold
boxes, is set into the rim of one of these, each mold box having an
easily movable bottom, to which is attached a thick stem, which
passes through a plate set below the mold. As the wheel revolves,

_the movable bottom falls to the bottom of the mold as it comes on

top of the wheel, and rises in the mold relatively, but actually drops,
as any one mold reaches its lowest point in the revolution of the
wheel. Two screen boards fit up closely against the rim of the
wheels where these converge above, the boards and edges of the
wheels thus forming a sort of hopper. As the wheels revolve the
clay is charged into the hopper, and falling in between the rims
of the wheels as they go around, is forced into the molds. As the
filled mold reaches its lowest or inverted position, the movable bot-
tom drops and the green brick is pushed out onto a belt. The
brick is rather rough and granular even for a common one, and it is
usually repressed. It is remarkable to find this machine so exten-
sively used at this one locality for common brick making, as it
takes up much space, requires much power, is cumbersome, of
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limited capacity, and does not give any smoother product than a
soft-mud machine. At those yards where stiff-mud machines are
employed, they seem to give good results.

Drying is done on open yards, on pallets, or in a number of
cases in tunmel driers. Throughout the Alexandria region, the
kilns employed are with few exceptions up-draft with permanent
side walls. A few use scove kilns, and the Hydraulic Company
has down-draft ones.

The firms in operation in this region are: Washington Hy-
draulic Pressed Brick Company; Jackson-Phillips Company; Po-
tomac Brick Company ; Virginia Brick Company ; Estate of Charles
Ford ; Walker Brick Company; West Bros. ; Alexandria Brick Com-
pany ; Washington Brick and Terra Cotta Company; and Ameri-
can Hygienic Brick and Tile Company. The last is located near

. Riverside.

SPOTTSYLVANIA COUNTY.
THE FREDERICKSBURG AREA.

There is only one small yard at this locality, namely, that of the
Fredericksburg Brick Works, which is located on the western edge
of the town. The material nsed is a red silty clay, containing small
angular quartz grains, and is possibly a residual clay, which has
been worked to some extent by water.. The material burns to an ex-

cellent red color, but not to a very dense body. It is utilized for -

common brick, and molded in an end-cut auger machine, it being
claimed that fewer cracked bricks are obtained than when a soft-mud
machine was used. The bricks are dried on pallets and burned
in Dutch kilns.

The most prominent clays in the region around Fredericksburg
are those belonging to the Focene formation. While these no doubt
underlie a considerable area between Fredericksburg and Stafford
to the north, still prominent outcrops of them are not very abun-
dant.

The nearest of these to Fredericksburg is located along the road
from Fredericksburg to Davis’ granite quarry on the hill leading up
from the canal. This material, which is of a bright red color, is
known, locally, as paint clay,and is said to have been used by the In-
diang for that purpose. How extensive the bed is can only be de-
termined by boring, for no outcrops of it are seen, except along the
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road, but there it is exposed in the ditch at the roadside for several
hundred feet at least. The clay (Lab. No. 1356) which slakes down
fast, works up to a very plastic mass with 33 per cent. of water,
and has but little grit. The air shrinkage is 9.6 per cent., and
the average tensile strength is 79.9 pounds per square inch. In
burning it behaved as follows:

WET-MOLDED BRICKLETS.
Cone...coeveeennnnnnnnnen. 010 05 03 1 3 5 8
Fire shrinkage .6 4 6 11 12.3 | 12.6 13.3
Color .| 1t. red |1t. red | red |dk. red|dk. red|dk.red|dk. red
Absorption 28.01 | 21.70 | 15.40 1 4.08 1.4 .18 .02
DRY-PRESSED BRICKLETS.
Cone......... e irveeeieteeraaes s N Y 1 8
Fire shrinkage .....cc....ccocieciiiniiiiiiniieineninnionen e 8 9
COLOF 1eeneuer ceramtnae ve vernneeeeeenuresanseras cessnns e sannsns .1 -dk. red red
ADSOTPLION.cccocuvieiiiirne erelierisirenrenrennanes e eeeene 11.45
Tts chemical composition was: .
Siliea (Si02) .. . .. .t .t et et e e e e e e e e .. .. 5533
Alumina (ALOG) .. .. . v ot it et e e e e i e ee e e 25,69
Ferrie oxide (Fe,0:) .. .. .. oo ot tv vh th i i e e e e 9.02
Lime (Ca0) .. .. .. vt it e e e e e e e e e .. 22
Magmesia (MgO) .. .. . cv cv vn it ee e e e e e e e o . 08
Soda (Na,0) .. .. .. . o (v ch il el e e e e e e 25
Potash (KiO) -. v v v v it e e e e e e e e .. 25T
Titanic oxide (Ti0,) .. .. «v o0 tv vt th vr he i e e e e e 81
Ignition .. .. .. .. .. .. .. .. 6.00
99.97
Total flUKES .. .. .. o0 vt e e e e e e e e e e e e s 1214

This is a red-burning clay which reaches steel hardness at cone -
1, burning to a rich red color at that heat, but showing a sudden
and marked increase in its fire shrinkage. The total shrinkage of
this clay is too high to permit its being used alone for the manu-
facture of clay products. At cone 8 it is practically vitrified. The
main use of this clay would seem to be for the manufacture of

. mineral paint. ‘

Following the road from Fredericksburg to Stafford, there are
a number of indications of bluish-white Eocene clay in the ditches
along the road side but most of these are topped by a heavy bed of
sand. About six miles east of north from Fredericksburg, a heavy
bed of the clay is found on top of a ridge.

The section here involves:
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Surface sand and soil .. .. .. .. e e e e e i e e e 12 feet
Pmkclay,La.mma.ted S e e e e e s i i e ae bl 12 feet
Whitish clay .. .. .. . . ceee e i e o 4 feet

The pink clay (Lab No. 1350) is dlstmctly stratified and in its
upper part contains some scattered crusts of limonite. It slakes
fairly fast, and works up with 36.3 per cent. water to a mass of
moderate plasticity and little grit, whose air shrinkage is 9.3
per cent. and whose average tensile strength is 115.3 pounds per
square inch. In burning it behaved as follows:

; WET-MOLDED BRICKLETS.
Cone.ennveenreivererirnein 010 05 03 1 3 & 8

Fire shrinkage......... .6 2.6 3.6 7 9 10.3 | 10.3
light . light | light | light | red red

Color.cccears crveennnnn.n, red pink red red red | brown | brown

Absorption............... 282 | 23.1 | 14.20 [ 1206 | 7.91 | 3.50 | 3.74

DRY-PRESS BRICKLETS.

O0NE. oot et et e e e e 1
Fire shrinkage e 7
COL0F it ittt et teitttete e e soese s o light red
Its chemical composition was:
Siliea (8i0.) .. .. .. .. .. .. .. .. ... .. e ee e .. BLI2
Alumina (ALOs) .. .. .. .. .. .. .. .. ... .. e ee e .. .. 2614
Ferric oxide (Fe,O3) .. .. .. .. .. .. .. .. .. .. ... ... .. 1070
Lime (CaO) .. .. .. .. .. .. .. .. .. .. ... ... R [}
Magnesia (MgO) .. .. .. .. .. .. .. .. .. .. ... ... a5
Potash (K,0) .. .. .. .. .. .. .. .. ... . .0l .. L78
Soda (Na,0) .. . B &
Titanic oxide (T10) Y. v
Ignition .. .. . L - N ¢ 7
, 99.96
Total fluxes ... .. .. .. ... .0 12.87

The clay, although burning to a good color, is not a dense-burn-
ing one, in fact it does not yield as tight a body as some of the Ple-
istocene clays. It burns steel-hard at cone 1, but does not make a
product of low absorption until cone 8 is reached. Its main use
would be for common brick, pressed brick or drain tile. It seems
too low in plasticity to work on a stiff-mud machine. The outcrop
mentioned is somewhat distant from the railroad for cheap exploi-
tation, but the extension of this bed should be found to the westward,
nearer lines of transportation.

The whitish clay (Lab. No. 1852) which underlies the pink clay,
slakes moderately fast and works up with 35.2 per cent. of water
to a mass of good plasticity whose air shrinkage is 8.6 per cent.
and the average tensile strength 113.7 pounds per square inch.
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In burning it behaved as follows:
WET-MOLDED BRICKLETS.

Cone ..couvvennnnnnnnnnnn. 010 J 05 ’ 03 ( 1 3 5 | &8

Fire shrinkage ......... .6 1.6 2.6 5 6.3 7.6 | 10

Color........iovuueer o, pink | white | cream | cream | baff | buff drab

Absorption...... v 1 25.4 1 222 196 | 13.2 | 131 8.30 2.49
DRY-PRESS BRICKLETS.

QM. ceeiie eliieie ittt et e cemeeaes eeee ceeen otaveees v eaenenie: 1

Fire Shrinkage .....ce.ccccvieeiieenuiiiniiiiinreescieeees e eeeeeveenas e 4

COlOT eeee it ittt it i e e e cream

The chemical analysis yielded:

Siliea (Si0,) .. .. .. .. .. .. ... ... ... .. ... .. .. b57.26
Alumina (ALO;) .. .. .. .. .. .. .. .. .. i 0o . ... 2897
Ferncox1de(I‘e20) - 8 [
Lime (CaO) .. .. .. .. . .. . . o .04
Magmesia (MgO) .. .. .. .. .. .. .. . ae e 19
Potash (K,0) .. .. .. .. .. .. .. .. .. .. .. .. ... . 1.40
Soda (Na,0) .. .. .. . .. . o e 42
Titanie oxide (TiO,) .. .. .. .. .. .. .. . o ve it e .14
Lossonignition..................................7 8.44

99.96
Total fluxes .. .. .. .. .. .. . .. .. .. .. .. .. .. .. ... .. 515

This is a buff-burning clay, which burns to a good body, becom-
ing steel-hard at conme 05. It does not vitrify, however, until cone
8, at which temperature its total shrinkage is quite high. It would
no doubt make a good light-colored pressed brick by either the wet
method repressed, or the dry-press process, and up to cone 5 has an
excellent color. It is not a fire clay.

KING GEORGE COUNTY.
THE WILMONT AREA.

This is practically the only locality along the Rappahannock river
where the Pleistocene clays are worked, and the quality of those de-
veloped at this point would make it seem desirable to prospect
further for other deposits.

At the brick works at Wilmont the following sectlon is ex-
posed :

S | P D SN 1 ft.
Blue clay (so-called) ......cccccoes covs it ivinmevae ciieeee eeeeee st e 5— 6 ft.
Gravelly sand (variable thickness).............. voeeeiecereririccisioeeenenn, 6—15 ft.
Diatomaceous earth.......ccoviieiivesiees vierereeeireesieeeeiacerenees et 10 ft.
Green sand elay ......ioeciiiiiiiniiiiie ecins et e e et 4 ft.
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The blue clay, which is of Pleistocene age, is mixed with either the
diatomaceous clay, or with clay from another surface deposit not
far distant. The green sandy clay, which is the same as that tested
from Layton, lies below the level of the yard. PL XV, Fig. 1.
shows the Pleistocene clay overlying the diatomaceous earth.

Another deposit of Pleistocene clay, known as the House Clay,
is dug about one-fourth mile northeast of the brick works. Here
‘the clay ruhs from 9 to 13 feet in thickness and is underlain by sand.
Still another deposit has been located one-half mile northwest of
the brick yard. Only the House Clay (Lab. No. 1365) and that at
the brick yard (Lab. No. 1362) were tested. Their properties were

. as follows:

1362 1365

Water reqmred 19.2 T 22
Slaking... mod. fast | mod. fast
Plastlclty .......................................... good good -
(€3 5 1 OO some much
Air shrinkage .....ccccovrivveeriiiiincs cevvennannns 7.3 7.6
Average tensile strength 130.8 87.1
WET-MOLDED RRICKLETS.
Cone 010
Fire shrinkage.. 0 8. 8%
Color ........... . . light red | pink cream
Abso rptlon ................................................... 12.84 15.2
Cone 05
Fire shrinkage .. cccoereinvinnnini i, . 0 0
L0141 1 O SO light red |pink cream
Absorption 12.00 14.4
. Cone 03
Fire shrinkage 1 .3
Color .c.vvviinnunennns . light red | pink cream
ADBSOTPHiON. . wiviseveriiiniinin cerirans cormert e 10.3 14.01
Cone 1
Fire shrinkage.....ccocoinviiiiiinn s voveneiiiinininnn 2.6 1.3
Color............ .| light red | yel. brown
ADSOrpHion ...iivecevieeiiien riineit e e e 8.5 12.22
Cone 3 .
Fire shrinkage.. :ceeovvierenninennine Cesreesisresiten e 2.3 1.6
COlOT.cuuerrairieresrannenerenners vrrenns vnens seen .... | light brown | brown
Absorption 6.1 10.72
Cone 5 :
Fire shrinkage 3 1.3
COlOT ... ciriiiiieniiis crvviiens e ees cevserenieenis red buff
ADSOTPLION «ovvvinriiiirienenieeineaeae eeenaaas eeeirerenee 5.9 11.2
Cone 8
Fire shrinkage.. ....cccoovvveecrenierinierene sveeessninen 43 2.3
Color... e . br. buff " buff
Absorptlon .......... teevasran vensrennrbesenie 2.03 9.87

*3lightly swelled.
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DRY-PRESS BRICKLETS.

L e | 1365
Cone 1

Fire shrinkage........ . eterrnecneessens sressses tevenaeas 1 0

COl0T s euueunee wveenieanenaaee cnenaas seniarenssassnnanessnin brown buff
Cone 3 ) )

Fire shrinkage .......cccooen cveniieeniemnnnninnns coennnis 1

COLOT e cens aveveeiieeeertose emvntens wssssarcscnsverainnsanssn red

ADSOTPLION. cvuenrenes cerees carrse cveraeeinsvrntae enes 15.57

. CHEMICAL COMPOSITION.
Silica (S102) <« «v cv cv e n ee e e e e e e 71.60 77.28
Alumina (ALOs) «. «t vv vr er co e e v ee ae .. wn] 1318 13.01
Ferric oxide (Fe,0;) .. .. .. . o oo oo oh oo ae 4.65 2.42
Lime (Ca0) .. .. v co ci it e e e e e e e 42
Magnesia (MgO) .. .. .. . o o oo o ee i ol e e .66 .70
Potash (KZO) e e e e e e e e e e e e 1.58 1.22
Soda (Na,0) : TP 1.23 .68
Titanic oxide (TlO) e e e e e e e e e e 1.88 .06
Ignition .. .. .. 4.74 4.59
99.94 99.96

Total fluxes .. .. .. .. .. .+ .. .. o Lo L 8.54 5.02

Although these clays are both surface clays, and occur in the
same formation, at no great distance from each other, still they are
quite dissimilar in many respects.

No. 1362 is a red-burning clay which burns to a good bright
color. TIts air shrinkage is not excessive and its fire shrinkage is
low. It contains some coarse grit which shows up clearly on the
fractured surface of the burned bricklet. At cone 8 portions of the
clay become viscous. This is not a fire clay, but it works well for
brick and fireproofing. '

No. 1365 is a gritty, light-burning clay which does not burn
steel-hard until cone 5, and even at 8 still shows a rather high
absorption. Its low air shrinkage and low tensile strength are
characteristic of sandy clays. The material can be classed as a
low-grade fire clay, such as is used in terra-cotta manufacture, or
for boiler-setting brick. It is the most refractory of the series
tested from the Coastal Plain area.

The brick works at Wilmont (P1. XV, Fig. 2.) produce fireproof-

ing, boiler brick and some front brick. In each case a mixture of
the Pleistocene clays, or of these with the diatomaceous earth is
used. :
The clays are molded on either a stiff-mud or soft-mud machine,
and dried in tunnels, Burning is done in up-draft kilns. The pro-
duct is all shipped by water, as the yard is located on the bank of
the Rappahannock river.
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ESSEX COUNTY.
THE LAYTON AREA.

Along the shore of the Rappahannock river about 1 mile south
of Layton, there is a long outcrop of gritty greenish clay, of Mio-
cene age, which is. evidently part of a rather extensive deposit.
The material is well shown in the river bluff, and its smooth ver-
tical surface stands out in marked contrast to the overlying sand.
The bed as here exposed is not less than 9 feet thick, and is over-
lain by 6 to 8 feet of sand which may be adapted to molding pur-
poses. The clay (Lab. No. 1354) evidently underlies the diato-
maceous earth which crops out farther down the river, and hoth
are overlain by the sand referred to above. This same clay is seen
inland from the river, behind the mill at Occupacia postoffice;
it also underlies the diatomaceous earth at Wilmont, and is seen at
several other points along the river bank. It washoped that since
there was a great abundance of the material, that it might prove
of economic value, and, accordingly, it was tested in the usual de-
tailed way; but the results given below are rather disappointing.

Water required, 24.2 per cent.; slaking, slow; plasticity, low;
grit, much, especially in certain layers; air shrinkage, 6 per cent.;
average tensile strength, 41. ® pounds per square inch. In burning
it behaved as follows:

WET-MOLDED BRICKLETS

Cone ....oovvrnnnine e 010 05 ‘ 03 | 1 3 L5 8
Fire shrinkage......... 8. 8.% 0o | .3 1 ? 2 ‘ 2.3
light | light | light | light i red
Color..... .ecveurniennnnn. rod rad red re d } red brown brown
Absorption...............| 26.80 | 27.50 | 27.77 ‘ 256.5 27.9 | 24.79

#3lightly swelled.
CHEMICAL COMPOSITION.

Silica (Si0,) .. .. .. .. .. .. o .. .. .. L. . ... 8572
Alumina (ALO,) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 583
Ferric oxide (Fe,O5) .. .. v v o0 ov ol ot il o e e e 1.74
Lime (CaO) .. .. .. .. .. .. ... s 1.01
Magnesia (MgO) .. .. .. .. .. .. .. .. .. .. .00 11
Potash (K,0) .. .. .. .. .. .. o e e 1.31
Soda (Na,O) .. .. .. .. .. oo vv i o e e e .64
Titanic oxide (Ti0,) .. .. .. .. .. .. .. .. .. o o e .06
Ignition .. .. .. .. .. .. ... .. .. .. .. .. .. .....0...... 855

99.97
Total fluxes .. .. .. R 4.81

It is exceedmgly sandy as can be told by the feel and seen from
the analysis (silica, 85.72 per cent.). Its shrinkage is very low
and it burns to a very porous body, so that it would seem undesir-
able to use it for even common brick.



VIRGINIA COASTAL PLAIN 141

Overlying this at Occupacia postoffice is a whitish sandy clay,
which, although quite different in appearance from the green clay,
resembles it closely in both physical and chemical properties. One
might suppose, judging from its color, that it was a fire clay, or
at least semi-refractory in its character, but it is not.

The clay (Lab. No. 1367) slakes fast, and works up with 26.4
per cent. of water to a fairly plastic mass, which is very sandy, but
it has an air shrinkage of 8.6 per cent. Its average tensile strength
was 54.2 pounds per square inch. In burning it behaved as fol-

lows: »
WET-MOLDED BRICKLETS.

CONE ...vvevrens veinnnen 010 05 03 1 8
Fire shrinkage. .....| 0 .6 1.6 2 d [ 5
Color.............. . 1t. red | It. red | It. red | pink |]1t. Ted | brown brown
Absorption ..... .... 29.89 | 28.3 | 27.72 | 23384 | 23.7 | 23.05 | 19.00
The chemical composition was:
Silica (Si0,) .. .. .. . . . . . T sae
Alumina (ALOs) .. .. .. .. .. .. .. L. .. .. .. ... .. .. 743
Ferric oxide (Fe,05) .. .. .. .. .. .. .. .. .. .. .. .. .. 2.59
Lime (CaO) .. .. .. .. .. i e e .10
Magnesia (MgO). .. .. .. .. .. .. .. .. ..o a i . L. 17
Potash (K,0) .. oo oo o vt it e e e T 102
Soda (Na0) .... .. .. .. .. oo oo io o e o e .32
Titanie oxide (TiO;) .. .. .. .. .. .. .. .. oo o vt oo ol 24
Ignition .. .. .. .. .. 0oL o L e 3.06
, "99.97
Total fluxes .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... 430

This clay does not burn steel-hard until coné 8, and is not dense
burning. It is doubtful if it can be put to any special use, as even
for common brick it is too sandy.

THE DIATOMACEOUS EARTH DEPOSITS.

Diatomaceous earth, tripoli, or infusorial earth as it is variously
called, is a fine, silty, or clay-like material, which, when pure, is
made up almost entirely of the tests of diatoms. It may be of
variable color, ranging from white, yellow, brown, ete., and it is
very light in weight; porous and soft. In the Atlantic Coastal
Plain, deposits of it are by no means uncommon in the Miocene for-
mations, and those around Richmond have long been known, and
are referred to in many publications.

There the beds outecrop in great thickness in the embankment
along the tracks by the Richmond TLocomotive Works, as well as
along the sides of the valley to the west. The general character
of the earth is that of a silty, porous clay, which breaks out in ir-

regular lumps. In places it is traversed by vertical fissures, which
10 ’

o
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are filled with limonite. Along the Rappahannock river there are
long exposures of the diatomaceous earth. In places it forms great
bluffs of a yellowish white color, which stand out prominently in
the sunlight and can be seen for a long distance (Pl XIV, Fig. 2.).
This earth appears to be purer and lighter than that around
Richmond, but still in places it passes into a clay.

Samples were collected from several localities and examined with
some care. Microscopically examined they proved to be somewhat
disappointing for the reason that most of them contained very few
diatoms, and in some, which to the feel appeared like diatomaceous
earth, hardly any diatoms could be found. This is due to the fact
_that the diatoms are not uniformly distributed through the de-
posit, but are found chiefly in certain layers. The results of the
physical and chemical tests are given below:

Lab. No. 1322 1323 1358 1363
Color, moist.........cceee «....| brown buff buft light yellow | white
Water required .............. 31.6 34.6 23.1 62.4
Slaking ..ovvivieirreren ceranen fast fast fast fast
Plasticity ..ccocouv eeneen lean lean low low
(€5 6 1 PN some some little some
Air shrinkage .......cceocene 13 14 10.3 3.6"
Average tensile strength.... 29.4 344
Cone 010

Fire shrinkage............ .6 .6 .6 1.3

(0753 165 O light red light red light red | yellowish

Absorption .......ceee weee 14.62 14.9 21,73 50.96
Cone 05

Fire shrinkage............ .6 2.3 .6 1.6

Color ....coueivvinenns light- light light light pink

Absorption 13.6 10.9 20.70 484
Cone 03

Fire shrmkage............. 2 3.3 2.3 1

Color? .. vieneeeeenn]  light red light red light red pink

Absorptlon ................. 1242 9.0 15.88 44.70
Cone 1 '

Fire shrinkage.. 3 5 56 - 4.6

Color ........... ..| light brown | medium red pink pk. cream

Absorption ........occemeee 9.1 416 11.3 41.4
Cone 3

Fire shrinkage............ . 3.3 6 5.6 4.6

Color..... voov vevvineeniinns red brown | medium red | red gray yellow

Absorption .......ceevenenne 6.9 2.30 9.5 40.9
Cone 5

Fire shrinkage............ 5 6 6 5.3

Color red gray red gray |light brown | yellow

Absorption ........ e 5.06 1.70 5.4 38.3
Cone 8

Fire shrmkage.... 2 5.5 6.3 5.6

Color.. . . brown red gray |light brown |yellow br.

Ab- orptlon ................. 2.04 1.08 2.57 3232
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The following analyses of the earths collected from different
points show their chemical composition:

Silica (Si0,) .. .. .. .. .. ., ....| 7042 63.17 78,82 82.85
Alumina (ALO;) .. .. .. .. .. ....| 15.15 19.30 9.24 6.76
Ferric oxide (Fe,0,) .. .. .. .. ... 5.17 6.32 5.42 2.34
Lime (CaO) .. .. .. .. .. .. .. .. .14 .06 04 35
Magnesia (MgO) .. .. .. .. ...... 79 69 | 12 1.06
Potash (K,0) .. .. ..... .. .. ..., 224 2.45 1.51 1.07
Soda (Na,0) .. .. .. .. .. .. .. .. .39 .69 81 .99
Titanic oxide (TiO,) .. .. .. .. ... 44 | .88 33 1,09
Ignition .. .. .. .. .. .. .. .. .. 5.21 6.39 3.66 3.40
i !

99.95 99.95 99.95 99.91

Total fluxes .. .. .. .. .. .. .. .. 8.73 10.21 7.90 5.81

The location of these samples is as follows:

No. 1322. Weathered diatomaceous earth from Tth St., near Richmond
Locomotive Works, Richmond. This, after burning, closely resembles the
diatomaceous earth from along the Rappahannock river near Layton. It
seems to be vitrified at cone 5, and at cone 8 is viseous.

No. 1323. This sample was also collected from the same locality as No.
1322, but farther from the surface. It is quite impure, and shows a high
air shrinkage. It burns red and becomes steel-hard at cone 05. Tt is vit-
rified at cone 5, and nearly viscous at cone 8.

No. 1358. Diatomaceous earth from along the Rappahannock river south
of Layton. This burns fairly dense at the higher cones, and gives a clean
color, but is quite porous at the lower cones. :

No. 1363. Diatomaceous earth from Wilmont. This burns to a very po-

rous body as can be seen from the absorption figures. It has a low air and
fire shrinkage.

It will be seen from an inspection of the chemical analyses that
these earths show much variation in their chemical composition.
All are quite siliceous, and one of them highly so. Nos. 1322 and
1323 represent the fresh and weathered parts respectively of the
same bed. The weathered material is more siliceous and contains
a lower quantity of fine particles and soluble substances, due prob-
ably to the leaching action of water filtering through it from the
surface. The higher silica content seems also to affect its po-
rosity and shrinkage in burning. It will also be noticed that the
most siliceous one, namely, No. 1363 from Wilmont, is exceedingly
porous after being burned.

Uses of diatomaceous earth.—Though occurring in Virginia in
great abundance, the deposits of diatomaceous earth are but little
worked. There are several uses to which the material has been put,
the most important of which is as an abrasive. For fine polishing or
rubbing it should be of value, since the small, siliceous diatom cases
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possess more or less cutting power, but as the abrasive action de-
pends on these, it is quite evident that the presence of clay impuri-
ties will decrease the abrasive power of the material. This prob-
ably accounts for the failure of much of the Virginia earth to be
employed for such purposes. In this connection it should be stated
that some of the Virginia material contains a large number of dia-
toms, and it is such beds that should be chogen. A microscopical
examination will at once show whether or not the material contains
many diatoms.

A second use of diatomaceous earth is for the manufacture of
boiler coverings. For this purpose it is commonly mixed with as-
bestos, and gives a mixture which forms an excellent non-conductor
of heat.

Diatomaceous earth has also been employed as an absorbent for
nitroglycerine in the manufacture of dynamite, but little is now
used for that purpose.

CAROLINE COUNTY.
THE MILFORD AREA.

Along the road from Milford to Bowling Green, and about
three-quarters of a mile from the former locality, there is a prom-
ising deposit of yellowish brown Pleistocene clay, 10 to 12 feet
thick. The bed is underlain by sand, but has very little over-
burden. It (Lab. No. 1853) works up with 27,5 per cent. of wa-
ter, and has good plasticity, but its air shrinkage is high, namely,
11 per cent. The average tensgile strength is 193.6 pounds per
square inch. TIts behavior in burning was as follows:

WET-MOLDED BRICKLETS

CONe veeeeevvenniinninne, 010 05 |. 03 1 3 5 | 8

Fire shrinkage ........ .3 2 2 4 4.3 1 5 5

Color. . OO 11t red | 1t. red | red br.| red | red | red br.|red br.

Absorptlon........, ...... 16.6 13.8 | 11.79 | 9.70 5.32 J 2.09 1 202
DRY-PRESS BRICKLETS

CONE voeiviivennsn s veeivis rersanesecansas e eeentaeesenaetcaaeerre cannas srananin

Fire shrinkag

Color .cceueus”.

Absorption .....eeerii. il
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The chemical analysis yielded:

Silica (Si02) .. .. «. v ce e i et ee et e ee e e ... 8900
Alumina (ALO;) .. .. .. .. .. .. .. v e e e e e ..., 1558
Ferric oxide (Fe,0;) .. .. . v th ch hh dh il e ee ae 6.72
Lime (Ca0) .. .. .. . oo it il il e e e e e e e e e .06
Magmesia (MgO) .. .. .. .. .. . .. ol ol el o e e e .15
Potash (Ky0) v v cr tr ve e vn e en s e e e ee e e . 234
Soda (NagO) .. oo v vt vt e e e e e e e e e e e 91
Titanic oxide (Ti0.) .. .. .. . v vt th th vt e e e s .10
Tgnition .. .. .. .. .. .. .. et e e ir eeee er e 2 ee .o .. D09

: 99.95
Total AUXES .. .. .. vt i i e e e ee e e e e e .. .. 1018

This is a red-burning surface clay, which becomes steel-hard at
03, but is too gritty to use for any purpose except common-brick
manufacture. It would possibly work on a dry press machine.

HENRICO COUNTY.
THE RICHMOND AREA.

Richmond, next to Alexandria, is the most important clay work-
ing center in the Coastal Plain region of Virginia, there being a
number of yards engaged in the manufacture of common and in
some cases pressed brick. Most of these are located on the edge
of Richmond and in the suburbs of Manchester and Fulton, while
a few are located near the reservoir and race track.

The output of these is not sufficient to supply the demand, and
some outlying towns are also drawn upon. The better grades of
pressed brick in Richmond are mot made in the Coastal Plain
area. Some are obtained from Clayville, Va., but most of them
come from points outside of the State.

There are four yards in operation in Manchester, all of them
being located in the vicinity of Knight and Maury streets. All
of these are engaged in the manufacture of soft-mud brick and a
few of them also produce a small quantity of pressed brick. '
The clay used is a more or less mottled, gritty, yellow or reddish
clay, which is covered by a thin layer of sandy soil and eommonly
underlain by a bed of sand. At only one point, namely, the yard -
of Green and Harrison, is an underlying crystalline rock en-
countered. The clays in general are very tough and plastic, some-
times quite sandy, and they contain a variable quantity of stony
material which ranges in size from small pebbles up to large boul-
ders, most of these being of crystalline character. . This stony
material is not found to be uniformly distributed through all the
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beds, but seems to run rather in streaks, the greatest quantity of it
having been observed in the bank of W. J. Ready, and Green and
Harrison (Pl X, Fig. 2.).

At G. E. Redford’s yard (PL X, Fig. 1.) the clay shows an av-
erage thickness of 1?2 feet with a maximum of 17 feet, and is
underlain by a hard bed of sand and gravel. .It is a mottled gritty
clay with scattered mica fragments and many limonite stains run-
ning through it; and it contains also many decomposed pebbles
of crystalline rock. The clay pit is a large shallow excavation
lying to the south of the yard and the working face has a height
of from 6 to 8 feet. The material is red-burning and for the
manufacture of bricks the run of the bank is commonly. used.
This is necessary because the clay seems to vary somewhat in its
physical character. Thus, for instance, it is not safe to use that
found in the north end of the pit alone, because it is very tough
and cannot be used without cracking. Tt is mixed in, therefore,
with the more sandy portions of the bed. The brick are molded
by hand and dried in open yards and burned in up-draft kilns with
permanent side walls. The fuel used is wood or coal.
When there is a call for front brick some of the hand-
molded ones are repressed in a hand-power machine.

Adjoining the yard of Redford on the west is that of W. B.
Davis. This pit, which is a large shallow excavation, lies to the
south of the yard, and has a working face of from 6 to 7 feet in
height. The clay is similar to that in Redford’s bank, but seems
to contain fewer stones. It is claimed that it runs 20 to 25 feet
in depth, and is underlain by whitish sand. The bricks are molded
by hand, dried on open yards, and burned in up-draft kilns, with
permanent side walls. The fuel used is wood and coal.

Adjoining Davis’ yard on the east is that of W. J. Ready. The
clay pit which lies to the northwest of the yard is much deeper
than the neighboring excavations and also lies at a slightly lower
- level, for the upper surface of the clay is uneven and slopes
towards the river. The clay in general is somewhat similar to that
found at the two preceding yards but contains more stones and
boulders than are found in either Redford’s or Davis’ bank. The
thickness of the clay is said to be at least 18 feet, and it is prob-
ably underlain by sand. Here in a working face of perhaps 200
feet in length they recognize three different kinds of clay, only one
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B. View of a clay pit at Manchester by Richmond, showing the boulders found at
times in the clay of this vicinity,
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A. General view of Redford’s clay bank and brick yard, Manchester.

B. View ofa clay pit at Manchester by Richmond, showing the boulders found at
times in the clay of this vicinity,
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of which they claim can be used alome. If either of the other
| two is used by itself, it results in an imperfect produet. The phy-
sical and chemical characters of these three clays are as follows:

Locality No. 1324 1325 1326
| Color it e s rrenensenaeere yellow buff brown browa buff
| Waiter required. ....oocevivieeriiiienrannenn 20.3 20.3 18.7
Slaking...... co.ou B mod. fast mod. fast fast
Plasticity ...cceesivrerniiriniionenenninenineen. good good fair
Grit .. sandy much sandy
Air shrmkage ..................... ...| 7 per cent. | 6 per cent. | 6 per cent.
Average tensile strength .....c......ceett 93.7 132 99
Come 010
Fire shrinkage ...c.c.ooveeeieennnnniinanns 8. 8.% 8 8% 8. 8.%
Color..c.uuviirnivenn light red light red | * light red
Absorption 15.5 17.5 16.4
Cone 05
Fire shrinkage.........cooevvviniinnnnnes 1.3 2 6
Color.......c...... red light red red
| ADBOTPLioN....cevvireniverenirinar e - 12.9 16.8 15.1
‘ Cone 03
| Fire shrinkage .......-cooevemmnniiinnnan 1.6 2.6 1
| (010) 16 O SO red med. red red
‘ ADSOTPHON cv.vveerseerressrersereseranns 11.4 12.07 14.4
Cone 1 )
‘ Fire shrinkage . 3.7 3.6 . 2
Color ........cu... ...| dark red dark red red
Absorption 6.2 9.8 10.3
Cone 3
‘ _Fire shrinkage....cc.ccooovinennininnnna 5.3 4 3
73] (3} RSP dark red dark red dark red
Absorption ........ccocvenin - 3.4 8.7 8.2
Cone &
Fire shrinkage 5 5 5.6
w Color erversieeniienns veee] dark red dark red red
Absorption «..oceveieeeinieeiinninns 1.4 6.29 1.6
Cone 8
Fire shrinkage. ccooocvviriisiarennnn. 5.5 vis. beg. 6
‘ Color.. .....vvvenninninns dk.red brown| red brown | red brown
\ ADBOTPEOD e evevevs sreaes eesesersemrrranaes .19 1.47

A chemical analysis of each of these yielded the following results:

1324 | 1325 | 1326

Silica (Si0,)-- .. .. .. ~. .. .. .. .. ..] 7338 69.43 72.61
Alumina (ALO,).. .. .. .. .. .. .. .. ..| 1353 14.79 13.08

Iron oxide (Fe,0y) .. .. .. o0 oo oo ov oL e 5.53 6.70 5.61
Lime (Ca0) .. «. .« v vl i e vh ee el e .58 .57 96
Magnesia (MgO).. e e e e e e e s .14 .63 23
Potash (K, 0).. .. .. .o v tv oh ve oe e 2.32 2.26 2.45
Soda (Na,0) . A7 ! 44
Titanic oxide (T‘lO) —_— —_— 44
Ignition.. .. .. 4.03 4.85 3.65

99.98 | 99.94 | 99.96
Tot,alﬂuxes.. e e e e e e e e e e 9.04 10.87 10.18

*31lightly swelled.
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No. 1324, which was taken from the northwest corner of the
bank, can be used alone. This burns to a good red color up to
- cone 03, but above that it deepens so that it becomes unsightly.
At cone 5 it is very close to viscosity.

No. 1825, taken from the west side of the bank, is too tough to
be used alone, and is mixed with 1326. When wet it is very plas-
tic, even though quite gritty. At the same time it does not
burn to a very dense body, and it has a comparatively low fire
shrinkage. Tt becomes steel-hard at come 1, and at come 8 has
reached the point of viscosity.

No. 1326, from the southeast corner of the bank, is very sandy,
with a low fire shrinkage, and does not work well alone.

W. J. Ready also operates a plant mnear the West End yard,
which is located a quarter of a mile west of the track near the reser-
voir. The material is the usual mottled surface clay which is

‘worked to a depth of about 7 feet, although a total thickness of 20

feet is claimed for it. No information could be obtained regarding
the character of the underlying material. Overlying the clay are
about 4 feet of loamy material which is probably the weathered
clay. For brick manufacture the run of the bank is used, the clay
being tempered in a ring pit, molded on a soft-mud machine,
and burned in Dutch kilns. The product consists entirely of com-
mon brick and no repressing is done at this yard.

Green and Harrison have a yard located just east of W. J.
Ready’s. - The pit is a small one and contains a large quantity of
“boulders (PL. X, Fig. 2.), while in the northwest corner of it
the underlying gneiss has been struck. The clay is worked up by
the same methods as those used at the adjoining yards.

The yard of the Fulton Brick Company, which is commonly
spoken of as Westford’s yard, is located west of the Chesapeake and
Ohio Railway round house. The clay used here is the ordinary sur-
face clay and does not seem to run over 10 feet in thickness.
It also contains many cobble stomes. Underlying this is a fine
sand which is at least 8 feet deep and is used for sanding the brick
molds. The clays here are tempered in ring pits molded by hand
and- burned in Dutch kilns. The product is almost exclusively
common brick.
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The Baltimore Brick Company operates two yards at Rockett, a
suburb of Richmond. The yards are located near the intersection
of Ohio and Williamsburg Avenues. The clay is tempered in ring
pits, molded by hand, and burned in Dutch kilns. Some 12 years
ago the company tried making soft-mud machine brick but gave it
up for some unknown reason. The clay is obtained from under the
surface at several points in the vicinity of the yard and averages
from 15 to 18 feet in thickness with an underbedding of sand.
The material is quite similar in its character to that at Manchester,
but lacks the stones and boulders. At the more southerly of the
two yards operated by the Baltimore Brick Company the clay is also
molded by hand and burned in Dutch kilns. The product has a
good ring but is not very smooth or bright in color.

Maynard & Powers operate a pit lying to the southeast of the
Baltimore Brick Company’s excavation. The working face here is
about 12 feet high and shows a sandy, mottled, yellowish brown
and gritty clay similar to that occurring in the other pits in this
vicinity. The company claims that their clay runs 20 feet in
depth and is underlain by a bluish gray sand. The properties of
a sample (Lab. No. 1300), representing the run of the bank and
uged for brick manufacture, are as follows: Color, when moist,
yellow buff; water required, 20.9 per cent.; slaking, moderately
fast; plasticity, good; grit, fine; air shrinkage, 6.4; average ten-
sile strength, 89.6. When burned the clay behaved as follows:

CONE «cvevraesrieorses vovnn 0101 05 03 1 | 8 t‘ 5

Fire shrinkage......... 0 1.6 1.6 | 5 6.3 6.6 6.3
670103 U 1t. red | It. red| It. red | [ red |dk. red igray br.| red br
Absorption.....ceeueeean. 17.40 | 15.08 | 14.06 | 7.1 404 1.4 | 1.29

A dry-press bricklet burned to cone 1 had a fire shrinkage of
4 per cent. and burned to a light red color. This clay is to be class-
ed as a common-brick clay which burns steel-hard at 05 and has an
excellent red color at that cone. It gives a rather rich red at cone
1 but at cone 3 the color is too deep and impure to make a nice
looking brick.

At cone 5 it appears to be vitrified, but contains too much fine
grit to make a good paving-brick body. It is probable that in using
this clay for brick manufacture it is not burned at a higher tem-
perature than cone 010.
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The chemical analysis of this clay yielded :
Silica (Si0.) .. .. .. .. .. .. .o .. o0 .. L. o0 o . .. .. TL50

Alumina (ALOg) .. .. .. .. .. .. . et et o e oo e e e .. .. 1386
Ferric oxide (Fe203) e e e e e e e e e e e 4.78
Lime (CaO) .. .. .. .. .. .. .. .. . o ee e o .56
Magnesia (MgO) . e e e e e e e e e e e e e 11
Potash (K,0) .. .. .. .. .. .. o0 oo 0L 0o e 2.29
Soda (Na,0) .. e e e e e e e e .81
Titanic oxide (TlO) OO X 2§
Ignition .. .. . 4.61

99.96

Total fluxes .. .. .. .. ... .. .. .. 3.55

At the yard where it is used the clay is tempered in ring pits,
molded by hand, dried on open yards and burned in Dutch kilns, of
which the company has three. The product is sold chiefly in Rich-
mond.

A clay very similar in appearance to that on the Ball property
6 miles south of the city and probably of the same age is also found
outcropping on the Williamsburg road leading to Stagg’s Mill,
about one-half mile to the west of where the road crosses the rail-
road. The clay is exposed on a sloping hillside, and in such a
position that a large quantity can be removed without having to
take off much overburden. It is also well located for shipment.
As far as could be ascertained the bed is not less than 20 feet
thick. It (Lab. No. 1330) is a grayish clay, which slakes slowly
and works up with 27.8 per cent. water to a mass of high plasticity.
Its air shrinkage, 12.6 per cent., is somewhat high; so also is the
average tensile strength, namely, 800.9° pounds per square inch.
In burning, it behaved as follows:

WET-MOLDED BRICKLETS.

Cone .. Ceeeed 010 I 05 k 03- 1 38 |\ & 8
Fire shrmkage ......... ‘ 1 3 5 7.6 7.6 2 .3
Color..... ......occeun.. | pink ’ pmk 1t. red | red |dk: red| gray | drab
ADSOTPHiOn ..o eoornns| 14,4 565 1107 | os | %2d | 156
The chemical composition is:
Siliea (Si0,) .. .. .. .. .. .. .. .. .. .0 Lo .. i. .o .. ... 63.06
Alumina (ALOg) .. .. .. oL .. L ee e e et e e e e .. 2090
Ferric oxide (Fe203) e e e v i e e de e e iy ees. W, 626
Lime (CaO) . 16
Magnesia (MgO e e e e e e e e e e e .45
Potash (K,O) . .. .. . .. .. ot o e i e e e e e e .. 323
Soda (Na,0) .. . P .68
Titanie oxide (TIO) e e e e e e i e e e e e e 04
Ignition .. .. e e e e et e e e e e e e ee e 5.29
T799.97

Total fluxes .. .. .. ., .. .. .. .. .. .. .. .. .. .. .. .. 1068
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This is a very plastic clay which becomes steel-hard at cone
05. It gives a light red color up to cone 03, but at cone 1 gives an
excellent dark red color. TIts point of vitrification is apparently
reached at about cone 3, and at cone 5 it was well passed vitrifica-
tion and had swelled considerably. It is not as good a clay as that
described from near Bermuda Hundred (Lab No. 1317) or Curle’s
Neck (Lab. No. 1314).

THE FORT LEE AREA.

At Fort Lee on the Chesapeake and Ohio Railway about 2 miles
south of Richmond there is a group of yards operated, respectively,
by C. H. Oliver, J. M. Davis and the Fulton Brick Company.
The general run of the clays is not unlike those used around Rich-
mond, but none of the pits show stony material such as is found
in some of the Richmond clay banks.

The most southern of this group of yards is that of C. H.
Oliver, which is located one mile west of Fort Lee. The clay here
is found immediately underlying the surface and the bank shows
12 feet of clay, although the total thickness of it is said to be R0
feet. Underlying it is a pit of gravel and sand of unknown depth.
For making bricks the run of the bank is used. An examination of
the clay in the bank shows that the material is mottled in its char-
acter, the mottlings consisting of yellow and bluish-white clay,
the latter being tougher than the former and unless the material is
thoroughly pugged before molding, the bluish white clay shows up
in the product in the form of light colored lumps.

The general physical properties of this clay (Lab. No. 1202) are
as follows: Color, when moist, yellow buff; water required, 24.2;
slaking, moderately fast; plasticity, good; grit, much, fine; air
shrinkage, 8.6; average tensile strength, 60.6 pounds per square
inch.

In burning it behaved as follows:

WET-MOLDED BRICKLETS.

C’one [P I/ ¥ (/] 05 03 1 3 8
Fire shrmkage ......... 0 1.6 4 6.3 7 8 3 7.3
Color.vuceains vencaivinans It. red|lt. red|lt. red |It. red|lt. red|dk. red| brown
Absorption............ ..} 202 17.6 14.06 7.5 -5.9 | 260 1.10

‘A dry-pressed bricklet burned at cone 1 showed a light red color
and a fire shrinkage of 4 per cent.
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A chemical analysis of this material is as follows:

Siltea (8i02) .. .. .. .. . .. .. st ei e ee ee v e .... 6955
Alumina (ALOg) .. .. .. .. .. L. o oo o Lo .. .. ... 1879
Iron oxide (Fe.0;) .. .. .. .. .. «. vt vt vh vh eh v . .. .. 6.05
Lime (CaO) .. .. P 1 ¢ TS
Magnesia (MgO) .. .. .. .. .. oo ot e ae i e e e e .08
Potash (K O0) .. .. .. .. i vi i ch e e e e e 1.54
Soda (Na,0) .. .. vt vt it i e e e e e e e e e e .38
Titanic oxide (TlOz) S 1.06
Ignition .. .. . S P s 25924

99.97
Total fluxes .. .. .. .. .. .. .. .. .. v .. .. i it e ee ee ..- 805

This would be classed as a common-brick clay which burns to an
excellent light-red color up to 03; a rich red at cone 1, and which
vitrifies not far from cone 5. At cone 8 it is beginning to swell, due
to the fact that portions of the matrix fuse. These fused parts are
‘evidently small limonite specks which are scattered through the
clay. The chemical analysis indicates its siliceous character, and
also its red-burning qualities, while the percentage of total fluxes
shows that it is not of high refractoriness. In the working of
this clay care has to be taken to pug it thoroughly, otherwise the
lamps of unpugged clay are apt to cause trouble in the drying and
burning of the ware. The sand for the molds is obtained from the
foundries, and, on account of its high iron percentage, helps the
color of the brick. In the process of brick manufacture at this
yard the clay is first put through rolls and passed from there
through a soft-mud machine. The bricks are all dried on pallets
and the burning is done in Dutch kilns. In the last mentioned
stage of the process they get a settle of about 15 inches in 38
courses. ;

Adjoining Mr. Oliver’s yard on the west is that of J. M. Davis.
The clay used is similar to that employed at Oliver’s pit described
above. It is molded by hand; dried on pallets; and burned in
Dutch kilns. A few hundred feet up the track and on the north
side of it are two yards operated by the Fulton Brick Company.
The brick yard adjeins the clay bank on the west and the material
is practically the same as that seen at the Davis place, but the
methods used for winning the clay are more improved. After the
clay is dug it is loaded on to dumping tram-cars and hoisted up
to the plant. There it is put through a pair of rolls and passes
from these into a Freese side-cut auger machine. While the clay
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is not apparently a difficult one to work, still the lumps of bluish
gray clay are not thoroughly broken and they show in the finished
product. The material is one which also flows very smoothly
through the die of the machine.

The clay is taken from the machine to drying tunnels which are
steam heated and passes through these in 38 to 40 hours. The
burning is done in Dutch kilns. It is quite evident from the re-
sults obtained that this clay is not one which will stand rapid dry-
ing in the tunnel, for such treatment results in many cracked bricks.
In the burning of the ware it was noticed that in several of the
kilns the two courses above the arches were nearly vitrified, while
the others were by no means so.

'The dark-colored clays, similar to those described from south of
Chester, outerop at several points around the base of
Government hill, especially along the Government road leading
down from the top of the hill, but in nearly every instance they
are covered with too much overburden to permit of their be-
ing profitably worked.

SUMMARY.—It may be well to make a comparative summary of
the clays found in the Richmond area. Those found near the city,
and those which are worked at Manchester, Fulton, and near the
Teservoir, are to be classed as good common-brick clays, which burn
to a good color, and also make a fair grade of front brick when
repressed. They are too gritty and stony as well as too irregular
in their character to be used for drain tile, hollow blocks or red
earthenware. The methods used for working them are usually
crude, and therefore the yards are of limited capacity. The manu-
facturers claim, however, that owing to difficulties with labor, it
is  impracticable to use more improved methods, such as machine
molding. Some also maintain that the hand-molded brick sells
better on the local market.

The clays found at Fort Lee appear to be less stony and even
less sandy than those occurring at Richmond, and they are sus-
ceptible of being worked by more improved methods. = Of the yards
located at Fort Lee one used a soft-mud machine, and another a
stiff-mud machine. Even these clays, however, are somewhat sili-
ceous for any use other than brick, although it is probable that
drain tile or hollow brick could be made from them.



154 THE CLAYS OF THE

Apparently the best clay in the Richmond area is that describ-
ed from near Stagg’s Mill on the Williamsburg road. This is more
plastic, denser burning and less sandy, than any of the clays now
being worked either around Richmond or Fort Lee. The deposit
being located so close to the city, as well as close to a railroad line
should be investigated by clay manufacturers.

Large areas have already been dug over in the brick making dis-
triects around Richmond, because the deposits are comparatively
shallow, and the output of the yards has been large. HEach manu-
facturer naturally excavates the clay nearest to his yard first, so
that as year after year goes by the pit face recedes, and the clay
haul becomes longer and longer. As the city of Richmond and
its suburbs are growing, it will not be many years before buildings
will encroach on the brick yards, and the latter will have to be
moved. Being, as it were, temporarily located, there ig therefore
not much inducement for establishing an extensive plant.

THE CURLE'S NECK AREA.

About one mile north of Curle’s Neck and 6 miles south of Rich-
mond there are a number of exposures of clay along the
road, and also on the farm on the west side of the road at
a locality pointed out by Mr. A. W. Ball, of Richmond.
This material has been wusually spoken of as fullers earth,
and some sample car-loads have been shipped to cotton oil
factories in order to test it for bleaching purposes. The
material, however, is very plastic and on inspection one would
be likely to form the opinion that it was a clay suitable for the
manufacture of some red-burning ware. In fact it is stated that
at one time a small stoneware pottery was in operation at this
point and there is considerable evidence of this in the numerous
fragments of stoneware which are scattered around in the field near
the farmhouse. I was not able to find out, however, just what
part of the deposit had beeu used for making the pots and jugs.
In order to determine its value the material was examined both
as to its burning qualities and also its bleaching properties. Three
samples in all were collected. The first of these (Lab. No. 1314)
was a so-called pottery clay taken from about one-half way down
the gully just west of the barn on the A. W. Ball property and one
mile east of Coltman’s postoffice. A second sample ( Lab. No.
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1315) was taken from the head of the gully and was said by
Mr. Ball to represent the best grade of the fullers earth fo be
found on this land.

A third sample (Lab. No. 1316) was collected from an outerop
" on the west side of the road just southwest of the barn. As regards
. their bleaching power, it may be said that, while all three bleached
‘the oil moderately well, neither of them is to be classed as a good
grade of fullers earth. In fact their bleaching power was inferior
to that of some of the earths found in Georgia. They were then
tested in order to determine their value for the manufacture of
clay products and the results of these tests are given in parallel

columns below. .
Number 1314 1315 1316
Color.. reeestvseees wvsereensessesionneene] yellow buff | yellow buff | light gray
Water requu’ed ................................ 20.9 23.1 24.2
Slaking...e...oveeeivirns ceveenre sevrneiaes e mody. fast | mody. fast | mody. fast
Plasticity. ereet crreersr s o good good excellent
Urit.eeens..... .. little little little
Airshrinkage ................ 7.4 7.3 8.6
Average tensile strength...........cce..... 134.8 126.7 135.1
WET-MOLDED BRICKLETS.
1314 1316 1316
Cone 010 :
Fire shrinkage ..o .ovuiieniveens ceennnee 0 0 0
[0 113 O light red light red |pink cream
ABSOrPtion.ceseeiiies veiriiiiiiriieacnnn. 17.7 19.5 16.03
Cone 05
Fire shrinkage.......c.ccvecrenrviiennnnnnn. 4.7 3 4.3
Color........... ....| light red light red | pink buff
AbSOrption ..eeeenis viiveecres o Ceenan 10.1 14.8 9.2
Cone 03
Fire shrinkage..c.ceivuee everiviencannnnen. 6 4.3 5
Color ....coveeeennenn light red light red buff
Absorption 7.02 13.1 4.7
Cone 1
Fire shrinkage ......c..cccoivemvvenesensnn 8.3 9 6.5
Color red red gray buff
AbSOTPION cvvrercras verearee vieeesserennean 1.5 2.5 .09
Cone 8
Fire shrmkage 76 8.6 7
Color dark red dark red | gray buff
Absorption 4 1.01 .07
Cone 5
Fire shrinkage ..... ...cooeveeeinennns .beyond vitri, 7 7
(071 13) S PR gray drab
Absorption .70 .14
Cone 8
Fire shrinkage «..occeveinieinnieinnisoncn 7 beyond vit.
Color dk.red brown
ADSOrption..ccceev vt vieiiierrieaneninenann .85 9
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DRY-PRESS BRICKLETS |

Cone 1 ]
Fire shrinkage.. 7 | 8
Color. .eceuvinnnn .. light red - | light red
Cone 8 i
Fire shrinkage.......cccoovvieemmmiiiiiiiiinieiininn e, i 8.
[0 1) OO N | dark brown
AbSOrption......coceviiiniiiiiiiii e e | 5.93
Chemical analyses of samples of these earths yielded the follow-
ing results:

Lab. No. 1314 1315 1316
Silica (Si02) .. .. .. vt vt e e ee .n e o] 6597 63.82 66.01
Alumina (ALO;).. .. .. .. .. .. .. .....] 17.38 20.44 20.77
Ferric oxide (reOg).. .. .. .. oo o oo . 6.74 6.32 3.59
Lime (Ca0).. .. oo v o0 oo oh ciin el 1.16 22 .92
Magnesia (MgO).. .. .. .. .. .. ..o o0 e A7 A1 11
Potash (K,O).. .. .. v oo oo ov oo oo 2.46 2.72 2.52
Soda (Na,O).. .. .. .. oo v o0 v oe . .93 .93 .74
Titanie oxide (TiO;).. .. .. .. .. .. ¢ .. 1.04 tr. .50
Loss on ignition.. .. .. .. .. .. .. .. .. .. 4.10 5.41 4.82

99.95 99.97 99.98
Total fluxes.. .. .. .. .. .. 11.46 10.30 7.88

Number 1314, the so-called pottery clay, is a red-burning clay of
good plasticity which becomes steel-hard at come 05. The color
does not deepen appreciably until cone 1, at which temperature
it makes a pretty dense body and is almost vitrified. At cone
3 the body is also dense but the clay is beyond vitrification, while
at cone 8 it has reached the beginning of viscosity. The qualities
shown by this clay would seem to warrant its being tested on a
larger scale for the manufacture of paving brick or perhaps even:
common stoneware.

Number 1315. This clay is very similar in appearance to No.
1314 and becomes steel-hard at cone 05. It burns red but the
color deepens appreciably at cone 1 and the clay does not appear to
be really vitrified until cone 3. The chances are that it might serve
for making paving brick for light traffic and perhaps even com-
mon stoneware. ’

Number 1316 burns steel-hard at cone 05, and gives an excellent

“buff color at that cone. In fact at that temperature it would do
for buff pressed brick but even if heated above that cone the color
is not at all unpleasing. It appears to be vitrified at cone 5 and
at cone 8 is very close to viscosity. Its lighter burning character
is due to the smaller percentage of iron oxide which it contains.
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CHESTERFIELD COUNTY.
) THE CHESTER AREA.

There are mo brick yards in operation at this locality, but a
number of outerops of clay are to be seen in the railroad and trol-
ley road cuts in the vicinity. None of them, however, are suited
to the manufacture of brick. About two miles gouth of Chester
along the Atlantic Coast-Line Railway there are several cuts,
which show outcrops of a sandy, bluish, fossiliferous clay. The
material is not uniform in character, certain layers being highly
fossiliferous, others very sandy, and still others very plastic. The
exact thickness of the deposit is not known, but from the exposures
it is evidently not less than thirty feet thick. No attempts have
been made to utilize it. Since there is a large amount of the clay
at this locality, and the same material is found outeropping around
Richmond, it was thought desirable to look into its properties.
These were as follows: -The color of the moist clay (Lab. No.
1305) is gray black, indicating a considerable quantity of organic
matter. It slakes fast, and .worked up with 25.3 per cent. water
to a somewhat gritty mass of low plasticity, whose air shrink-
age was 9.3 per cent., and whose average tensile strength was
177.3 pounds per square inch. Tn burning it behaved as follows:

WET-MOLDED BRICKLETS.

Cone...2. ... 010 05 03 1 3
Fire shrinkage 0 1.3 .. 1.6 2.3 viscous
Color......... ... | light red light red red red
Absorption..... | 18,2 14.2 12 7.54

The material does not burn steel-hard until cone 1, and has te
be carefully burned to prevent black cores forming.

Its  chemical composition was as follows:

Silica (810,) .. .. .. .. .. .. T 6oq4
Alamnia (ALO,).. .... .. .. .. .. . 1264
Ferricoxide(FégO3).,.................,.........4.. 6.00
Ferrous oxide (FeO) .. .. .. .. .. .. .. .. .. .. .. .. .. 1.00
Lime (CaO) .. .. .. .. .. .. .. .. .. .. .. ... oo oo .o .. 146
Magnesia (MgO) .. .. .. .... ... . .. .. el e e e 1.18
Potash (K, 0) .. .. .. .. . .. .. ... 2.54
Seda (Na:O) .. .. .. .. .. .. .. .. 92
Titanie oxide (TiO.) .. .. .. .. .. .. .. .. .. .. ... .06
Water and organic matter .. .. .. .. .. .. . ol L. . . 441

» 99.55
Total fluxes .. .. .. .. .. .. . oL .. 1310

1%
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The general characteristics of the clay may therefore be summed
up as follows:  Red burning, low fire shrinkage, and low fusibility.
Difficult to burn., It is not to be recommended for anything but
common brick, and even for this purpose it should be avoided if
something better can be found.

THE BERMUDA HUNDRED AREA.

Much clay is exposed at a point along the railroad from Chester
to Bermuda Hundred and about 1 mile from the railroad station
at the latter locality. The same material is also seen in the gullies
in the neighboring fields. This elay is at the same level as that
which is worked at Broadway on the Appomattox and it is probable
that the deposit extends in that direction, but they do not belong
to the same formation.

The exposures in the railroad cut show a thickness of not less
than ten feet, and- Mr. Strothers, of Chester, claims that a thick-
ness of 49 feet was proved by boring in one place. Although the
clay along the railroad track does not show much variation on in-

spection, it is stated that at the northeastern end is brick clay,
~ while at the southeastern end it is tile clay. A sample of the latter
(Lab. No. 1306) was tested with the following results: Color,
yellow buff ; slaking, fast; water required, 29.7 per cent.; plasticity,
good ; grit, very fine; air shrinkage, 8.6 per cent.; average ten-
sile strength 148.8 pounds per square inch. In burning it be-
haved as follows:

WET-MOLDED BRICKLETS.

Cone...oovvsene. neannnn 010 05 03 1 5 8
TFire shrinkage ......... .3 5.7 7 10.7 10 3 | 46 6.6
Color ...oiiiiniviiniennndd lt. red|lt. red|lt. red|dk. red |dk. red |dk. red | dk. red
Absorption............... | 22.04 ) 12.9 | 8.7 12 1 2.1 | 139
DRY-PRESS BRICKLETS.

Cone ........... g TN 1 3
Fire shrinkage ... . . ... ..., et s e e e 9 9
Color ..... ........... e e PPN It. red | It. red
AbBOIption ..o.eoeiviiiiins e e eeeeeens e 6. 8

~ The clay burned steel-hard at cone 03. It burned to a good red
up to cone 03 but above this began to darken appreciably, and at
cone 5 had gotten beyond vitrification.
The chemical composition was:
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Silica (8Si0,) .. .. .. .. .. ... . . ... . .. .. 6183
Alumina (ALOs) .. .. .. .. .. . Lo o 21.26
Iron oxide (Fe,O5) .. .. .. .. ... .. .. .. .. .. .. .. ..... 685
Lime (CaO) .. .. .o .. .0 .0 e .. .38
Magnesia (MgQ) .. .. .. .. .. .. .. .. .. .. .. .. ... .. . 18
Potash (K,0) .. .. .. .. .. .. .. .. .0 .. ... .. .. ... 9244
Soda (Na,0) .. .. .. .. .. .. .. .. .. .. e e e e e 1.01
Titanic oxide (Ti0,) .. .. .. .. .. .. .. .. .. .. ... .. .. .08
Ignition .. .. .. .. .. ... . ... ... ... .. .. 532

99.95

Total ﬂuxeq e e ee .. 1146

Judging from the dense body of this material it would be worth
experimenting with for paving brick, or perhaps pipe. The most
serious objection to it is its high air and fire shrinkage.

This clay has been dug and shipped, occasionally, to the works
of the Powhatan Clay Manufacturing Company, at Clayvﬂle near
Rlchmond

DINWIDDIE COUNTY.
THE PETERSBURG AREA.

There are three yards in operation near Petersburg. Two of
these, operated, respectively, by W. R. Turner, and Brister and
Harrison, are located in Ettricks, across the river from Peters-
burg ; the third, that of the Chesterfield Brick Company, is situated

about two miles from Petersburg near the line of the Petersburg-

Richmond trolley road. ,

At the yard of W. R. Turner, the clay (Pl XIII, Fig. 2.) which
is covered by a foot of sand, runs from 15 to 20 feet deep. It is
mottled, red, yellow, brown and whitish, and there is also some
variation in the other physical properties of the clay. It is there-
fore necessary to use the run of the bank, as one part, if used alone,
laminates too much, or another portion, if used alone, is too sandy,

ete.  The clay is underlain by sand.

The properties of the run of the bank (Lab. No 1331) were
as follows: Color, when moist, brown buff; water required, 23.1;
slaking, slow; plasticity, excellent; grit, little; air shrinkage, 8
per cent.; average tensile strength, 135.5 pounds per square inch.

In burning it behaved as follows:

WET-MOLDED BRICKLETS.

8

Cone.. e 010 05 03 1 3 | 7

Fire shrlnkage .3 2 3.6 4.6 5 | 7.6 6.3
Color. ceveviiiiiiiinninns 1t red [1t. red|lt. red| red red |dk. red |dk. red
Absorption. .. 17.09 15.30 | 11.80 | 7.8 87 | 3 1.3
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DRY-PRESS BRICKLETS.

QDN «oererciiniiinreniiets srtevesaunsanees coveanraeseasacens 1 | 3
Fire shrmkage 4 | 4
Color...... eoevians 1t. red i It. red
Absorption ......ceevveniinnn & T 11.78
The chemical analysis showed :
Silica (Si02) -. .. <+ vr vr it e e e e e e e e ee e ... 6L35
Alumina (ALO;) .. .. .. .. o o oo o e e e e 19.70
Ferric oxide (Fe,0;) .. .. .. . . . . ol e oL e e 7.10
Lime (Ca0) . .. .. (. .. oo oLl o e e e e e .67
Magnesia (MgO) .. .. .. .. .. .. . ae e el e e i e .34
Potash (K.0) .. .. . (. oo vh oo ol e e e e e e e 2.38
Soda (Na,0) .. . e e e e 1.11
Titanic oxide (T10) P .06
Ignition .. .. .. 7.25
99.96
Total flUXES .. .. vo oo ev e ee e e e e e oo ... 1160

This clay burns to an excellent red color which is rather light
up to cone 03, but at cone 1 is much richer, and if burned for front

brick at this cone would probably yield an excellent product.

The

clay burns steel-hard at cone 1, and vitrifies a little above cone

5. At cone 8 1t was not yet viscous.

The air shrinkage is some-

what higher than is desirable, but this can be regulated by using
a larger proportion of the sandy clay. The clay would no doubt
work for dry-press brick and if hard burned might even serve for
paving purposes under light traffic.

At present it is used only for common building brick. The run
of the bank is tempered in a pugmill, and molded in an auger
side cut machine. (Pl. VIL.). The bricks are dried under sheds,
and the burning dene in Dutch kllns Some repressing is done
in a hand-power machine.

Brister and Harrison’s yard adjoins Turner’s on the east, and the
clay deposits at the two yards are undoubtedly continuous. The
- overburden is not more than one foot thick and the clay varies from
10 to 20 feet in thickness, resting on an uneven bottom of sand
and gravel. As the clay in this bank varies much like that in
the preceding, it is cqually important to mix it. If properly
mixed and pugged it works well on a stiff-mud machine.

The clay is molded on a plunger stiff-mud machine, dried on pal-
lets" and burned in scove kilns. ' :
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A. General view of Keeler’'s brick yard at Broadway on the Appomattox River.
The clay bank lies at top of bluff to rear of yard.

B. Keeler's clay bank at Broadway on the Appomattox River.
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A. General view of Keecler's brick yard at Broadway on the Appomattox River.
The clay bank lies at top of bluff to rear of yard.

B. Keeler's clay bank at Broadway on the Appomattox River.
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The type of clay used at Turner’s, and Brister and Harrison’s
vards is not an uncommon one around Petersburg, and a number
of exposures of it are to be found, especially in the cuts along the
Seaboard Air-Line Railway, but much of the area around the city
is underlain by a heavy bed of sand and gravel.

At the works of the Chesterfield Brick Company, whose loca-
tion is mentioned above, the material used is a sandy surface loam,
of a type not uncommon in this vicinity, and which is perhaps of
residual character, having been derived ' from the underlying
granites. The clay is very shallow and suitable only for com-
mon brick. At present it is being worked by the stiff-mud pro-
cess, but the company is abandoning the use of this clay, and in-
tends working a more plastic material which will give better results.

The local contractors state that the supply of bricks from the
yards around Petersburg is entirely insufficient to meet the de-
mand in that city.

PRINCE GEORGE COUNTY.
THE BROADWAY AREA.

The only brick yard in operation at this loeality is that of
Keeler & Son, which is located immediately at the foot of the bluff
along the Appomattox river. The clay deposit lies about 75 feet
above the river and the clay is being dug at a point in the terrace
about 300 feet south of the yard. It is a tough, mottled material
with a thickness of at least 15 feet, the upper two feet of which
are weathered. Overlying this is about 18 inches of gravelly
sand similar to that which occurs immediately under the surface
throughout this region on both sides of the river. The clay is
underlain by a coarse, gravelly sand which extends down to the
river level and probably below it.  The pit, however, ig not over 7
feet deep (PL XI, Fig. 2:). The physical and chemical proper-
ties of the clay (Lab. No. 1307) are as follows: Color, moist,
yellow buff; slaking, slow; water required, 24.6; plastlclty, good ;
grit, “not excessive; air shrinkage, 9 per cent.; average tensile
strength; 138.1 pounds per square inch. In burmng the clay be-
haved as follows:
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WET-MOLDED BRICKLETS

Cone .. J o100 v 05 1 08 i 1 3 5 8
Fire shrmkage .3 5 6.3 8 9.3 7 7.6
Color....ccoooies censuiins lt red:| 1t. red |It. red | red |dk. red|red.gr.|red br.
Absorption., ... 17.9 | 1040 ¥.3 1.7 .8 1.7 .50
DRY-PRESS BRICKLETS.

Cone .. 1 3
Fire shrmkage ................................................................. 8 8
Color e e er e e red red
ADSOTPLION...ceu.iiiiiiieiae cetieevevnes revten vainas s tirees aare arereans. 10.17

The clay burns steel-hard at cone 05 and at either this tempera-
ture or cone 03 it makes an excellent red brick. I doubt, however,
if even cone 05 is reached in burning the product. If burned to
this cone, or, better still, to cone 1, the material would probably
make a good pressed brick.

The chemical composition is:

Silica (8i0,) .. .. .. .. o . .. .. .. . T 5959
Alumina (ALO;) .. .. .. .. .. .. .. .. ... .. .. . .. 2110
Ferric oxide (Fe,03) .. .. .. .. .. .. .. .. .. .. .. .. . .... 80T
Lime (CaO) .. .. .. .. .. .. .. e e .20
Magnesia (MgO) .... .. .. .. .. .. . .. L. .76
Potash (K,0) .. .. .. .. .. .. .. .. .. .. .. .. oo i, 288
Soda (Na20) e e e e e e e e i e e e e 1.06
Titanic oxide (T102) e e e e e e e e e e e e 12
Loss on ignition .. .. .. .. .. .. .. .. .. .. ... .. L ... 667

99.95
Total fluxes .. .. .. .. .. .. .. .. .. .. .. .. . .. .. ... 1247

~ This is an excellent red-burning clay which could probably be
used for making front as well as common brick, provided it is
thoroughly pugged. Although it burns to a good hard body, still,
at the same temperatures, the product is not as dense as that tested
from near Bermuda Hundred (Lab. No. 1306) or that tested from
6 miles south of Richmond (Lab. Nos. 1314 and 1316). At the pres-
ent time it is utilized for making common brick and the run of the
bank is used, leaving out the overburden of gravelly sand. The
clay is loaded onto tram-cars, drawn to the edge of the terrace,
and then slid down a chute to the rolls. From these it passes to
a sidé cut stiff-mud machine. The clay, owing to its good plas-
tlclty, seems to flow very rapidly from the die. Drying is done
by what is known as the Scott system. This consists in loading
the freshly molded brick onto cars, the platform of which is
separate from the trucks. These cars are run in under long drying
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sheds similar to those shown in Pl. XI, Fig. I., and the plat-
forms carrying the bricks are deposited on separate racks. In order
to prevent the clay from drying too fast and cracking, the sides
of the racks are protected from the wind by canvas curtains.
The bricks are burned in Dutch kilns and the product is shipped
by boat, most of it going to Petersburg.

THE CITY POINT AREA.

. The Pleistocene clays outerop in the bluff along the James
river, about 1-8 mile south of City Point landing. Their distri-
bution is evidently irregular, for in the first cut of the rail-
road after leaving City Point, there is nothing but sand exposed,
although the bottom of the cut is not as high as the upper part
of the clay along the river shore. I was informed that. borings
made to the south of the railroad cut had revealed the presence of
the clay under the surface sand. Along the shore the clay is not
less than 20 feet thick, but it contains occasional streaks of sand.
There is also about four feet of sandy overburden. No brickyard
is located at this point, although the deposit is at the water’s edge
and the product could be easily shipped. Occasional car-load lots
have, however, been dug and shipped to the smoking pipe factory at
Pamplin City. As for this line of ware, a small quantity of clay
will go a long way; as the amount that has been dug has produced
but little impression.

The characters of the clay (Lab. No.1339) are as follows: Color,
when moist, brown buff ; water required, 20.3 per cent. ; slaking, slow ;
plasticity, excellent; grit, much ; air shrinkage, 7.6 per cent.; aver- -
age tensile strength, 155 pounds per square inch. In burning it
behaved as follows:

WET-MOLDED BRICKLETS.

COne covvvenns v e .| 010 06 03 1 3 5 1 8

Fire shrinkage... ..... .6 33 4 6 6.3 6.6 6.6
Color.... cciceverinnenn. 1It. red | 1t. red | 1t. red | red |[dk. red |dk. red |dk.red
AbSOrption............... 17.2 | 11.5 l 10.05 | 4.6 2.7 1.3 | 1.52

The chemical composition of this clay is shown in the following
analysis: :
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Silica (8i0,) .. .. .0 T T T T 61.06
Alumina (ALO,) .. .. .. .. . ... .. e [N Y
- Ferric oxide (Fe,0,) .. .. .. .. .. .. .. .. . T 7.03
Lime (CaO) .. .. .. ... . .. .. .. ... e Nt
Magnesia (MgO) .. .. .. .. . .. .. ... e e e .09
Potash (K,0) .. .. .. .. .. .. .. .. .. ... e e . 234
Soda,(NaﬂO) 1.01
Titanic oxide (TiO,) .. .. .. . .. .. .. .. .. . e e e .16
Ignition .. .. .. ... .. .. . L0 I A (

99.83
Total fluxes .. .. .. .. .. .. . FE T U i .7 §

This clay burns steel-hard at cone 05, and yields 4&n
excellent red color which it maintains up to cone 03, but above
that the color deepens appreciably. It is not as fine grained a clay
as that found in the same formation near Bermuda Hundred, nor
1s it as sandy as that at Broadway. The main advantage of it is,
that it is conveniently located for shipment by rail, an advantage
not possessed by most deposits along the James river.

CHARLES CITY COUNTY.
THE STURGEON POINT ARFA. -
W. C. Mayo & Sons operate a common-brick yard at this locality.
The plant is located along the river edge at the base of the bluft,
while the clay is obtained from near the top of the bluff. The

~ section at this point involves:

Clay.. ... ..o s
Mottled clay with iron streaks.. .. .. .. .. .. .. .. .. .. .. .. .. .9 ft.
Sand.. .. ... .. ..20 to 30 ft.
Blue Clay .. .. .. .. .. .. .. .......... .. .. .. .. ... .3 ft.4

The sand mentioned in the lower part of the section extends
down to the river’s edge, and at that point it is underlain by a bed of
dark bluish gray, highly plastic clay which is about three feet
in thickness. The upper layer of clay was formerly worked and
a considerable quantity of it has been dug. It was found, how-
ever, that it was so variable in its character and burning qualities

_ that it was undesirable to use it, and consequently the raw material

for the yard is now taken from the middle clay bed given in the sec-
tion which yields a more uniform product. The variation in char-
acter of the upper clay has been referred to and the tests given.
The properties of the lower clay (Lab. No. 1311) are as follows:
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Color, yellow buff; water required, 23.1; slaking, moderately
fast ; plasticity, good ; grit, mostly fine; air shrinkage, 7.6 per cent.;
average tensile strength, 122.6 pounds per square inch.

In burning the material behaved as follows:

WET-MOLDED BRICKLETS.

Cone ... ... ... 010 05 03 1 3 5 8
Fire shrinkage ... ... 0 2.3 3 . 7 5.3 5.6
Color............. “.1t. red|lt. red| red | red |dk. red |dk. red | dk. red
Absorption.......... 1 16.8 11.9 8.2 3.9 1.9 15 1.07
" DRY-PRESS BRICKLETS. .
COME v e ittt e e et ieee et 1
Fire shrinkage «..oovviriiniiiiiiii i i i i i ci e e 3
COlOr o e i e e e e e 1t. red
The chemical composition of the material was:
Silica (8105) .. .. . . . .. . .. T .Te860
Alumina (ALO;) .. .. .. .. L. o0 il el e e e ae e el 1611
Iron oxide ((Fes0;) .. .. .. .. .. . . .. .. ... ... lo.e 641
Lime (CaO) .. .. .. .. .. (. oL oL oL Lol ol i e e e 75
Magnesia (MgO) .. .. «. v vt ve th e e e e e e e e e .32
Potash (K,0) .. .. .. . . . e i e e e e e e 2.35
Soda (Na0) .. P 71
"Titanic oxide (T102) e e e e e e e 16
Loss on igmition .. .. .. .. .. ... Lo e e e 4.53
99.94
Total fluxes .. .. .. .. .. .. .. .. .. ii e ee e ... 1054

This clay which becomes steel-hard at cone 05 burns to a rather
light red up to cone 03, but at cone 1 it yields a very rich red.
1t appears to vitrify at a rather low temperature, namely, cone 3,
and yet on account of the fine grit it contains, it does not give as
dense a body as some of the other clays tested from this formation.
At cone 8 it was almost viscous. Tt is claimed that this deposit of
clay extends more or less continuously for at least 12 miles back
from the river. Tn making the clay into brick the run of the bank
i¢ used. 'The matemal is put through a pugmill and molded in
an end-cut auger machine. - The bricks are dried in a steam drier,
this operation taking about 36-hours. The burning is done in
Dutch kilns, and there is said to be 10 inches settle in 46 courses.

The bluish gray clay which outerops along the river’s edge is
not more than' 3 feet thick and it would probably be difficult to
mine, but since the bed is quite persistent and there is a possibility
of its outcropping at other points, it was deemed advisable to
test a sample of 1t whlch was- done Wlth the followmg results

e
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Color, when moist, bluish-gray ; water required, 30.2 ; slaking, mod-
erately fast; plasticity, fair; grit, some; air shrinkage, 8 per cent.;
average tensile strength, 118.7 pounds.

In burning it behaved as follows:

WET-MOLDED BRICKLETS. .

-8

i 010 05 03 1 3 I
‘ .3 2 5.3 8.3 8.3 8.6 7
- red |1t. red|lt. red|dk. red |dk. red |dk. ved | dk. red
Absorption ..............| 20.54 | 15.9° | 9.81 | 2.80 1.5 .15 .04
A chemical analysis of this yielded the following results:
Silica, (8i0.) .. .. .. . .. ... Lo L0 o0 L. L. L. Lo . ezl
Alumina (ALOs) .. .. oL L oL o L e e e o o 2082
Ferric oxide (Fe,05) .. .. .. .. .. oo o0 oL i o e 5.81
Lime (CaO) .. .. .. .. .. .. . 0 o 37
Magnesia (MgO) .. .. .. .. .. .. <. .. .. .. .. .. ... ... b
Potash (K,0) .. .. .. .. .. .. .. .. .. . . . ... ... as7
Soda (Na,O) .. .... .. .. .. .. .. .. o0 s e 73
Titanic oxide (Ti0,) .. .. .. .. .. .. vv ot vt i e tr.
Loss on igmition .. .. .. .. .. ... ... o0 .00 .. 749
99.95
Total fluxes .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... ... 1043

This material is a red-burning clay which burns to a good color
and becomes steel-hard at cone 03. It is well vitrified at cone
5, and viscosity has just begun at cone 8. The material would no
doubt work for the manufacture of common red earthenware,
but cannot be recommended for anything better. The overburden
immediately at Sturgeon Point is too thick to permit of the clay
being worked at that point. It is possible, however, that the same
bed could be found at some other point where there would be less
stripping to remove.

. TIE OLDFIELD AREA.
This locality lies about 4 miles south of Sturgeon Point and on

the same side of the river. There is one yard in operation here,-

namely, that of the Oldfield Brick and Tile Company (Pl. XII,
Fig. 1.), which is engaged in the manufacture of common brick.
The clay here, as at Sturgeon Point, underlies the terrace which
borders the river (Pl. XIII, Fig. 2.), and the brick yard itself
is - located at the base of the terrace escarpment on ‘the
river’s edge. It may be said that the materials underly-
ing the terrace consist of dense or alterating beds of sand

and clay overburden, and an upper bed of loamy clay underlain -
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A. General view of Oldfield Brick Co.’s Plant, Oldfield, on James River.
Clay pit at rear of yard.

B. Clay pit of Oldfleld Brick Co. The clay underlies terrace bordering river.
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A. General view of Oldfield Brick Co.’s Plant, Oldfield, on James River.
Clay pit at rear of yard.

B. Clay pit of Oldfleld Brick Co. The clay underlies terrace bordering river.
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by a siliceous clay, which weathers to a whitish color and contains
many cylindrical limonite = concretions. The = upper bed = has
an average thickness of about 38 feet,  and this 'is first
removed and utilized for the manufacture of common brick. The
under hed seems to be variable in its thickness but where best exposed
at the south side of the deposit and nearest to the yard the thickness
is at least 7 feet. Itisunderlain by a tough sandy clay which is not
used and which passes downward into a bed of loamy sand con-
taining streaks of pebbles. The two kinds of clay are worked sepa-
rately, the upper clay being used for common brick, and the lower
clay, with the limonite concretions, known as the tile clay, being
used for tile or extra hard brick termed paving brick. A sample
of each of these was tested and the tests of the two are given in
parallel columns, No. 1 being the brick clay, and No. 2 the so-called
tile clay. 4

Lab. No. 1313. .| 1312
Color........ .... .. e i eeadan e buff gray
Water required.... .. S P 23.1 - 20.3
Slaking. ... oo e mody. fast slow
Plasticity.......ooooooiiin o " good good
Grit. . e e PR little much
Airshrinkage. ... .. . ... 000000 PO 8.6 7.6
Average tensile strength, ...... ... (.. . 191 . 1115
Cone 010 ‘ -

. Fire shrinkage..... ..... e i e 3 0
Color..... . e e light red pink buff
Absorption.... ...... eertsree e i 17.5° - 16.3

Cone 056 E

. Fire shrinkage...... ...... e e S 1.6 1.6
Color....... [ e e light red pink buff
Absorption.... L.iia. LLooiirai el 14.8 15.04

Cone, 03 L e - . : . } :

Fire shrinkage...... ... .00 0o i ., 4 i 2
Color....coovvnviiiiiii i light red pink buff
Absorption.............iviinan, R 9.6 13.6.
" Cone 1 S P : . o
Fire shrinkage........ e e e e 6.3 3.6
Color.................% e e red yellow red
Absorption ...... e e e 5.5 2
Cone 3

Fire shrinkage........... ..o ... S 7 : 6
Color...........i.. e, e e red pink buff
AbSOrption..... .« i e e 4.9 3.9

Cone 5 . : . )

... Fire shrinkage.. . v. oo i veeionivee il | 20 7.6 6.6
.Color..... et a e e s .~+-| dark green |  gray
‘Absorption. il L B TR 1.68 ©1.08

Coné 8 -. s o .

Fire shrinkage.............. e e e 5 7.3
< Color....... .. e i e R R ~ drab - drab
ADSOrption......ive ci it 1.10 1.57
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- DRY-PRESS BRICKLETS

Cone 1 t
Fire shrinkage.... ........ ...... e e

4 3
107 T light red gray buff
Absorption....ooouiiiiiii e
Cone 3 : i
Fire shrmkage ............................. '

Color. .o i s

| 3
] light pink
1514

A chemical analysis made of each of these clays yielded the fol-
lowing results:

1313 1312
Siliea (Si0,).. .. .. .. .. T 6897 73.84
Alumina (ALO) .. .. .. .. .. .. .. .. .. .. .. ... 1651 15.08
Ferric oxide (Fe203)........................ 4.22 3.39
Lime (CaO).. e e e e e e e i e e .44 .62
‘Magnesia (MgO e e e e e e e e .05 A2
Potash (K,O).. .. .. .. .. .. .. .. .. .. .. 2.59 2.17
‘Soda (Na,0).. . e e e e e e e e e .56 71
Titanic oxide ('.1‘10) e e e e e e e e 1.28 1.22
Loss on ignition.. .. .. .. .. .. .. L. o0 oL oL L L 5.34.. 2.81

99.96 | - 99.96

Total fluxes .. .. .. .. .. .. .. ceveee o el ol 7.86 | 7.01

No. 1313 at low temperatures is a rather light-burning brick
clay which becomes steel-hard at cone 03. The color does mnot
deepen appreciably up to cone 1. ~ In order to get a good, hard brick
it should be burned at cone 05. The clay seems to vitrify about
cone 5, giving a good hard body, but at cone 8 it is past vitrification.
At cone 5 the body is very dense and appears much like a stoneware
body. Its air shrinkage is a little high and its fofal shrinkage at
cone 5 is not any too low.

Number 1312 is a much more sandy clay which does not ‘burn

steel-hard until cone 1, and appears to vitrify at cone 8. At that
temperature it burned to a very hard dense body, but one which
‘was not as dense as the Bermuda Hundred clay when burned at
cone 3. The difference in the sandiness of the clays-is brought out
quite well by a comparison of the chemical analyses, No. 1312
having much the higher silica percentage. The chemical compo-
sition also indicates the red-burning character of the clay, and No.
1312 burns to a lighter color, not because it contains much less iron
than No. 1313 but because the iron is not evenly dlstrlbuted



COASTAL PLAIN CLAYS OF VIRGINIA, Plate XIII.

A. Ferruginous sandy clav; a type not uncommon around Petersburg. Used for
common brick making, but of greater value as a molding sand.

B. General view of Turner’s clay pit, Ettricks, near Petersburg. There is
practically no overburden.
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A. Ferruginous sandy clav; a type not uncommon around Petersburg. Used for
common brick making, but of greater value as a molding sand.

B. General view of Turner’s clay pit, Ettricks, near Petersburg, There is
practically no overburden.
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through the clay; it being present rather in spots. Of these two
clays No. 1813 is by far the more preferable for the productlon of
a hard, dense product.

At present the product of the yard consists almost entirely of
common brick for which the run of the bank is used. The clay
is hauled in cars to the edge of the terrace and dumped into rolls
from which it passes into a Chambers end-cut auger machine
with a revolving cut off (Pls. V. and VL). The green bricks
are loaded onto cars which are run onto the drying racks where
the platform of the cars is left, the Scott system of drying being
used. The product is burned in Dutech kilns and most of it is
shipped to Norfolk.

GREENESVILLE COUNTY.
THE BELFIELD AREA. .

This town, which adjoins the better known one of Emporia, has
one yard, whose product consists entirely of common brick, and
which is operated by Dr. Wood, of Emporia. The soil is quite
sandy around Belfield, and the surface flat, so that there are very
few clay exposures. Af the brick yard the clay extends nearly to
the surface and averages about 5 feet deep, being bottomed on a
coarse, whitish sand, which is not mixed in with the clay as it does
not seem to improve its quality. . The clay (Lab. No. 1333) is
a tough brownish material, with comparatively little sand, but
much fine grit. - It slakes slowly and works up with 24 per cent.
of water to a mass of good plasticity, whose air shrinkage was 8.6
per cent. and whose average tensile strength was 132.4 pounds per
square inch.

In burning it behaved as follows

WET-MOLDE D BRICKLETS

Cone e eagaaeenaana 010 05 03 1 3 5 8
.3 1 2.7 3 3.6 4.3 6
1t. red | lt. red | 1t. red red |dk. red |dk. red:dk. red -
16.30 | 13. 70 | 11.90°! 11.05 99 | 6.20 | 1.08

DRY-PRESS BRICKLETS.

1 3
Fire shrinkage ....c..cvuiiiiii i iiiiiiiiiiiencens 2 2
LY 0} ST red | red
ADBSOrPIOn ..t i e e e 17.25
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A chemical analysis of this clay gave:

Silica (Si0,) .. .. .. .. .. . .. .. L L. L0 .. L. .. .. 6114
Alumina (ALOg) .. .. .. .. .. .. .. L. .0 L0 . o0 .. ... 1818
Ferric oxide (Fe,05) .. .. .. .. .. .. ... .. .. ... .. .. 821
Lime (CaO) .. .. .. .. .. .. .. . L e s 1.19
Magnesia (MgO) .. .. .. .. .. .. .. .. .0 ii e o 11
Potash (K, O0) .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... L9
Soda (NasO) .. .. .. .. .. .. .. .. .. i vt v iiee o ..., 110
Titanic oxide (Ti0,) .. .. .. .. ciiiir vttt i et e e . e
- Ignition .. .. L. L0 oL L L L L L o e e s heee wy .. 609

‘ 99.97
thal fluxes .. .. .. .. .. L0 L0 .. o0 o i e e e e.. 10.56

The clay burns to an excellent red color, but contains so much
fine grit that even at .cone 3 it does not yield a dense brick; in-
deed it does not show a very low -absorption until cone 8, at which
point it begins to fuse. It is not to be recommended for anything
but common brick.

The clay as it comes from the bank is put through a pug-mill,
from which it is fed directly through the die of an auger machine,
so that the material does not receive enough pugging. The bricks
are piled on cars, which are run onto racks for drying. Sun drying
causes the clay to ecrack. Burning is done in Dutch kilns.

NORFOLK COUNTY.

THE NORFOLK AREA AND VICINITY.

The cities of Norfolk, Portsmouth and Newport News are among
the most important in the Coastal Plain area of Virginia, and in all
building operations are being carried on quite extensively. There
is here consequently a good market for building brick, either com-
mon or pressed, and the supply is drawn from a number of points.

There are several yards in the immediate vicinity of these cities
which deserve mention. E. W. Face and Son operate a yard on
North Avenue, Atlantic City. The raw material-is brought from
a pit of Pleistocene clay on the Nansemond river, near Suffolk, and
in its general character resembles that worked at the brick vards
around Suffolk. It is a red-burning clay of excellent plasticity,
which yields a good product for structural work. Before molding
the clay has a small quantity of fine coal mixed in with it, to help
in burning, a practice somewhat unusual in the Coastal Plain area.
It is molded on an end-cut auger machme, dried on hot floors,
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and burned in up-draft kilns with permanent side walls. The
drying takes 48 hours and the burning from eight to ten days.
Some repressing is also done. The entire product is disposed of in
Norfolk. E : '

- The plant of the Builders Supply Company is located on Middle
street, Chesterfield Heights. The clay is a light-colored sandy ma-
terial averaging about 3 1-2 feet in thickness. There are only a few
inches of soil over it, and the clay is free from stones or shells.

The brick are molded in an end-cut auger machine, dried in the
sun and burned in Dutch kilns. No repressing is done. The pro-
duct is of a red color and sells on the local market.

G. A. Stephens’ brick yard is located on the Princess Anne
road near Godfrey Avenue. It is also working a surface clay,
which, however, is somewhat different in its appearance from that
at the preceding plant. The clay which immediately underlies
the soil is a bluish black, very stiff red-burning clay. On account
of its plasticity it is necessary to mix some sand with it to malke
it more easy working as well as to reduce its plasticity. The clay
is molded in soft-mud machines, air dried, and burned in up-draft
kilns. The product is sold for common brick.

. C. H. Phillips and Brothers operate a yard at Hampton, near
Newport News, and here a reddish, sandy, surface clay is used,
for making common soft-mud brick.

At Morrison, 1 mile north of the station, is the yard of the
Booker Brick Company, whose product goes mostly to Norfolk.
This is a shallow Pleistocene deposit, 3 or 4 feet in depth and un-
derlain by sand. The material is red-burning and used only for
the manufacture of common brick. Its chemical composition is:

Silica, (Si0.) .. .. .. .o T ésma
Alumina (ALOR) .. .. .. .. .. oL 14.78
Ferric oxide (Fe203) S e e e e e e s e e e e 3.08
Lime (CaQ) .. .. 12
Magmesia (MgO) e e e e e s e e e e e .08
Potash (K,0) . 2.32
Soda (Na,0) .. .. ..o .. .. 0 o e .83
Titanic oxide (TIOZ) T 4.
Moisture 110° C.. .. .. .. ... .. .. .. ... .. .0 T 390
Ignition.. .. .. .. .0 o000 L L 544

100.17

Total fluxes .. .. .. .. .. .. .. .. ... 0, 6.43

-
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NANSEMOND COUNTY.
THE SUFFOLK AREA.

Four brick yards were visited at this locality, namely, those of
the Standard Brick Company, Horrell and Company, Suffolk Cla)
Company, and West End Company.

The Standard Brick Company’s yard is located about one and

a half miles south of Suffolk along the Southern Railway. The -

surrounding region is underlain. by a deposit of sand, often of
coarse grain and variable thickness. Some of it might serve for
molding sand, and much of it no doubt would answer for the
manufacture of sand-lime brick. If the region between Suffolk
and the brick works is"underlain by clay it could only be determin-
ed by boring or test-pits. At the pit of the Standard Brick Com-
pany (Pl. XIV, Fig. 1.) there is a little stripping to be done before
the clay is reached. The bed has & depth of about 6 feet, the lower
two to three feet being a dark bluish gray and. the upper half discol-
ored by weathering. At the time of the writer’s visit only the lower
clay was being used.” This burns to a harder brick but has a higher
shrinkage than the top clay. The material is loaded onto cars and
hoisted up an incline to the works. Then it passes through a pair,of
rolls to the pugmill which tempers it for the end-cut auger machine.
The clay runs through the die with remarkable smoothness. Dry-
ing is done in tunnels, and here the clay shows a tendency to crack
badly unless properly handled. It is possible that an admixture
of the top clay would prevent this. The bricks are burned either
in circular down-draft kilns or in up-draft kilns with permanent
side walls.. The bricks should be burned harder than they are be-

ing fired to insure better results.

The properties of the blue clay (Lab. No. 1343) are as follows:
Slaking, slow; water required, 22 ; plasticity, excellent; grit, much;
air shrinkage, 8.6; average tensile strength, 144.9 pounds per
square inch.

WET-MOLDED BRICKLETS.

Oone.evennennnns e 010 05 08 1 3 5 8

Fire shrinkage........ slewell.| 1.6 1.6 1.6 2.3 2.3 3.3

(00)13) pink | pink | pink | It. red | 1t. red | 1t. red | light
buff | buff brown

Absorption............... 14.6 13.6 | 12.6 | 10.7 7.9 7.01 3.6
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A, Clay bank of Standard Brick Co., near Suffolk.

B. Bluffs of diatomaceous earth (Miocene age) along Rappahannock River,
southeast of Wilmont.
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A. Clay bank of Standard Brick Co., near Suffolk,

B. Bluffs of diatomaceous earth (Miocene age) along Rappahannock River,
southeast of Wilmont,
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DRY-PRESS BRICKLETS.

COME. .« o v iiiiieriiiinins cririroscotteire cieees ceernueeracenssesssnns sassassnes savnesaneeas 1
Fire shrinkage.......cccuvimeiiieriiieinnsionieeieniieeeniens et e 2
COLOT crvuineiiiiitiin ittt ettt eeee et evearas ceeeeeens ceers veesaeees cveeeneen ans pink

The chemical composition is:

Silica (Si0.).. .. .. .. .. .. .. .. .. .. .. .. T T8T9
Alumina (ALOg) .. .. .. .. .. .. ... 0oL oo e ee .. .. 1485
Ferric oxide (Fe,0.) .. .. .. o o ot vt v ve oe oo o BT
Lime (Cal) .. .. «v.. o vt vi e i e e e e e e .04
Magnesia (MgO) .. .. .. .. .. .. .. .. .. it ii e ie e .. 08
Potash (K,0) .. oo o v cn v or o o e e e e e e 75
Soda (Na;0) .. .. . oo th v vh v e e e e e e e 22
Titanic oxide (Ti0,) .. .. .. .. .. vt vt ot et ve vt v oo oo .. trace
Ignition .. .. .. .. 5.06

. : 99.96
Total fluxes .. .. .. .. .. .. .. o0 o0 o e e e e 4.26

The clay burns steel-hard at cone 03 but does not yield a very
deep-colored product. It cannot be stated in advance, without
practical trials, whether the clay would yield a good pressed brick.

The yards of the Suffolk Clay Company, and the West End Com-
pany are located west of Suffolk and on adjoining properties;
in fact the clay deposits worked at the two are probably continuous
at the yard of the West End Company. The clay deposit varies
from 5 to 15 feet in thickness with very little overburden. It is
underlain by a bed of black sand, which in places is quite clayey,
but is not mixed with the brick clay. The clay bed has been traced .
horizontally for at least 200 yards, and contains few stones. No
sample of this was tested. The clay is worked up in a stiff-mud ma-
chine, and dried in 24 hours in steam heated tunnels.

At the bank of the Suffolk Clay Company, the section shows:
»

Topsoil.coevuvennivnes coi i T 1 ft.
Yellowelay. .ovu it it e s 3 ft.
Blue clay, lower footsandy...... ... .o ittt e, 9 ft.
Limonite sand.............. ettt ittt et eateaeae N 1 ft.
L 8 ft
Blue marl ...........c...0 Lo i i 20 ft

is used. The blue clay is not safe to use alone by any process of wet-
molding, but it gives a harder, denser body. The properties of
the brick mixture (Lab. No. 1345) and the blue clay (Lab. No.

1344) are given below:
12




174 THE CLAYS OF THE

Laboratory No. 1345 1344
L e B 1o £ N buff | blue
Water required.. ........... S 26.4 | 31.9 .
[ Y1 slow slow
Plasticity...ooviiiiie i i i e e e good |excel't
¢ PN some | little
Air shrinkage. ..... coviiiiiii i e ceieiii e 10.3 | 11.6
Average tensile strength....................oooilllia 142.5 ' 143.8
. WET-MOLDED BRICKLETS.
Cone 010
Fire shrinkage . ....ooovvniiiiiiiii ittt cinenns .6 1.3
Color. o i e e pink | pink
AbSOrption ... iie i e e 15.4 16.9
Cone 05
Fire shrinkage.........coooiiiiiiiiii i i 3 4
Color. o e e e e e It. red| pink
Absorption. .. ...t il L e e 10.6 8.87
Cone 03
Fire shrinkage.........cooiviiiiiiins tiiiiiiiiiiiiienn. 3.6 5.6
L07) 1o red It. red
AbSOFPHION. v vvi ittt i e it 7.5 6.11
Cone 1
Fire shrinkage ........ ..o iiiin il 6.6 7
[0 1) A red | lt. br.
ADSOTPLION. vttt ittt e et 2.6 1.50
Cone 3
Fire shrinkage.......... et reaeiee resaiee eereeneeanns 7.3 7.6
(071 1 dk. red| drab
ADBOTPLION . 4t vt iieie et i e e e 1.04 .20
Cone &5
Fire shrinkage.... «..o.ioieiii i, 7 beg.vit.
L0 10 T P gray | gray
Absorption....c.oooiiiiiiiier L iit e et .60 1.2
Cone 8
Fireshrinkage ... ....ccoiiiiiiiiiiiiiniiiiiiiant, 5
(074 T redgray'
ADBOTPLION . o vt ot i e e et 02
- DRY-PRESS BRICKLETS
Cone 1
Fire shrinkage...........oooiiiiiiiiiiiiinn .. / 6 J 7
COlOr. ot e e e e It red{ 1t. br.
Chemical analyses of these two clays gave: '
o 1345 1344
Silica '(‘SiO;,) S I 3 T 64,39
Alumina (ALO,) .. .. .. .. .. .. ..o 1813 . 20.49
Ferric oxide (Fe,0,).. 5.29 4.40
Lime (CaO).. .. .. .. .. .. .39 A7
Magnesia (MgO).. .. .. .. .51 91
Potash (K.0).. .. e e e e 1.82 2.31
Soda (NaO).. .. .. oo oo vi vr v v vt v e ol .33 .54
Titanic oxide (Ti0;) .. v v ee v oo ee ee i e ve il 1.95 08
Ignition. . N 5.98 6.66
: 99.95 99.95
Total fluxes.. .. .. .. v v tl il o el e e 8.34 8.33
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A. Diatomaceous earth overlain by Pleistocene clay at Wilmont.

Plate XV,

B. General view of brick plant at Wilmont.
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A. Diatomaceous earth overlain by Pleistocene clay at Wilmont.

B. General view of brick plant at Wilmont.
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Number 1345 is a very hard-burning clay and becomes steel-hard
even at cone 05. It burns to a light red up to cone 03, and deep
but good red at cone 1. Tt is very plastic, and has a high air shrink-
age but the fire shrinkage is low. Tt works well in a stiff-mud ma-
chine. Tt appears to be completely vitrified at about cone 4, and at
cone 8 it is nearly viscous. The clay should be fired slowly in the
early stages of burning on account of the carbonaceous matter
which it contains. Tt seems probable that this clay could be used
for pressed brick. The difference in character between this clay
and the blue clay alone is well brought out by the physical tests
given abhove. "

Number 1344 also burns steel-hard at cone 05. Tt is practically
vitrified at cone 1, and were it not for its high total shrinkage,

‘it could probably be used for paving brick. It might also serve

for common stoneware. This was one of the most dense-burning
clays of the entire series tested.

The method of -manufacture employed at the Suffolk Clay Com-
pany’s yard consisted in feeding the clay first into rolls, from which
it passed to a double pug-mill. The brick were molded in a Fate
auger machine, with end-cut table. Drying was done in tunnels
heated by coal, and required 48 hours to prevent cracking. The
bricks were burned in up-draft kilns with permanent side walls.

Horrell and Company use a mottled clay, similar to that dug
along the Nansemond river near Suffolk. It is dug in the fall
and piled up thfough the winter. The molding is done on a small
auger machine, drying on pallets and burning in scove kilns. The
clay burns to an excellent color.

THE CLAY WORKING INDUSTRY OF THE VIRGINIA COASTAIL PLAIN
AREA AND ITS FUTURE TENDENCY.

Having given in some detail the properties of the commercially
valuable clays which are found in the Coastal Plain region of Vir-
ginia, it seems proper to say a few words regarding the present
condition of the clay-working industry in this region, and its fu-
ture development.

As already noted there are five important brick making districts
in the Tidewater belt which, in the order of their importance, are:
Alexandria, Richmond, Norfolk, Suffolk, and Petersburg. In ad-
dition to these there are a number of other places at which one,
or at most two, usually small plants are located.
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At nearly every one of these localities the product consists exclu-
sively of common red brick. Some yards are equipped with a hand-
power repress, and when the occasion demands, repressed brick are
supplied, but throughout this entire area, there is only one company
which makes a specialty of pressed brick, namely, the Hydraulic
Pressed Brick Company at Alexandria. This firm has taken the
trouble to separate the different layers of the deposit near its yard,
recognizing that they do not all burn fo the same color.

In addition to building brick a few drain tiles are made, some
hollow brick and boiler brick at one locality, Wilmont. ;

This represents the range of products now being turned out in
the Coastal Plain belt of Virginia, and naturally leads to the
conclusion that there is ample room for development, provided
the clays are suitable.

From the experiments made in the laboratory the writer feels,
convinced that the Coastal Plain clays have not yet been put to
their fullest uge. Some of these clays could be made into a hard
brick suitable for use under at least light traffic; not a few could
be turned into red earthenware, and many would undoubtedly work
up into dry-press brick. The manufacture of hollow brick should
also be considered in connection with the expansion of the clay-
working industry in this area. There seem strong possibilities
too in the buff-burning Kocene clays already referred to as oc-
curring northeast of Fredericksburg. ’

As regards the methods of manufacture now employed at the
active brick yards, it cannot be said that they are in all cases modern.
The old method of hand molding, sun drying and scove kilns, is
still adhered to, where the clay would stand improved treatment.
Curiously enough, where machines are employed for molding,
stiff-mud machines are more often seen than soft-mud ones. In
such cases the pugging is incomplete, and the drying method not
as improved as the molding.

It is true that with the methods now bemg employed, a good com-
mon brick is being turned out ; but, with better methods the ecapacity
of the yard could be increased and the cost of production lowered.

Building operations and town or city improvements are going
on in many of the towns and cities of eastern Virginia, and there
is no good reason why the clays should not be converted into pro-
ducts to be used in these improvements.
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